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Preface

Preface to the First Edition

One of my objectives in writing this book was to combine a
home study exercise with a laboratory dissection experience.
Each chapter is a separate dissection and lesson. Indexed to
Clemente’s Anatomy, A Regional Atlas of the Human Body (4th
Edition) with references to three other popular atlases (Grant’s
Atlas, 11th Edition; Netter’ s Atlas, 3rd Edition; and Rohen’sAtlas,
5th Edition), the student learns the step-by-step dissection pro-
cedure for the laboratory along with relevant text information
that enhances the laboratory work. At home, the learning
process can be repeated by reading the text of each chapter and,
following the dissection procedure, by simultaneously viewing
theline drawings of thisbook and the relevant pages or platesin
one of the referenced atlases.

The dissection directions are detailed beyond those of other
currently used laboratory manuals, allowing students the oppor-
tunity to dissect on their own if they wish to do so, yet thetext is
brief and stresses essentials. Usually, each dissection will require
one laboratory period of 2.5 to 3 hours. Exceptions to this may
be the dissections of the pelvisand perineum, which may require
some moretime. The descriptionsfor these latter two dissections
are similar in format. They include sections to be dissected sim-
ilarly in both sexes and then special instructions required for in-
dividua dissectionsin male and female cadavers.

One need not defend again the value of dissecting the hu-
man body in schools of medicine and the other health profes-
sions. Experience through the centuries has proved its value in
introducing the student to the study of medicine and its allied
professions. Some have claimed that often “irrelevant” infor-
mation was stressed in anatomy dissection courses. | have tried
to select a dissection method that exposed essential structuresin
the most straightforward manner. No part of the body is sum-
marily excluded, allowing the book to be of value for various
types of curricula

One departurefrom other dissection guidesintroduced inthis
book and suggested by my colleague, the late Professor David
Maxwell, isthe dissection of the posterior triangle of the neck im-
mediately following that of the axilla but before the remainder of
the upper limb. This allows the student to see the source of the
neurovascular structures that supply the shoulder, arm, forearm,
and hand. Thiswas changed in 2nd and subsequent edition.

In thisbook, significant attention is paid to surface anatomy
invirtually every relevant dissection. This aspect of anatomy is
of prime importance for its clinical implications.

Because the dissections are described in separate chapters,
the study guide can be used in virtually any of the varied curric-
ula and course sequences in our health science schools. The se-
guence of dissection chaptersfollowsfrom the pectoral region to
the upper limb, thorax, abdomen, pelvis and perineum, lower
limb, back, neck, and head. Additionally, the separate dissection
chapters and their subheadings can readily be selected to meet
the needs of a systems curriculum or to a classical regiona se-
guence that commences in parts of the body other than the pec-
toral and upper limb regions.

Many of the line drawings in this book were done by the
artist Ms. Jill Penkhus in Los Angeles. Many others were pro-
duced under the direction of Professor Gene Colborn severa
years ago at the Medical College of Georgia for the Urban &
Schwarzenberg Publishing Company. Still otherswere drawn by
Ms. PatriciaVetter. | am most grateful to Ms. Penkhus, Ms. Vetter,
and especialy to Professor Colborn for their contributions. My
appreciation isalso extended to Mr. Timothy Satterfield and Ms.
Susan Katz at Lippincott Williams & Wilkins for their patience
as well as Ms. Ulita Lushycky for her most effective managing
of the manuscript. Finaly, but by no means least, | am most
grateful to Julie, my wife, who has spent many hours at the com-
puter during the development and eventual completion of the
manuscript.

Los Angeles, 2002

Preface to the Second and Third Edition

My appreciation goesto the many faculty and studentswho have
used this dissector. Its wide acceptance not only in the United
States but in foreign countries as well has been most gratifying.
Severa significant changes have been made. One is that in the
first edition, dissection of the posterior triangle of the neck
(which contains the neurovascular structures for the upper limb)
wasintroduced just prior to dissections on the pectora girdleand
upper limb. In subsequent editions, the posterior triangle of the
neck was shifted to the section on neck and head dissections
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vi PREFACE

(29) just prior to the anterior triangle dissection. This changewas
made only because most courses use this latter dissection
sequence and not because it especialy makes better anatomic
sense.

Since publication of the first edition of this dissector, new
editions of the Grant’s, Netter's, and Rohen atlases have ap-
peared. Thus, the 3rd edition is now cross-referenced with the
new 6th edition of the Clemente atlas, the 12th edition of the
Grant’ s atlas, the 4th edition of Netter, and the 7th edition of Ro-
hen. Many new figures have been introduced, severa of which
have come from the 30th American edition of Gray's Anatomy,
which | edited and which appeared in 1985. Many positive com-
ments have been received from course chairsthat each dissection
is a separate “chapter” in the book, making it easy in their as-
signments to the students. Thisformat has also been appreciated
by chairs whose courses do not include dissections of the entire

body or, perhaps, even certain dissections within specific body
regions.

| have also attempted to edit some descriptive material inthe
various dissections and have added paragraphs on clinical rele-
vance. My appreciation again goes to Professor Gene Colborn
for several drawingsin this book, along with artists Jill Penkhus
and Patricia Vetter. At Lippincott Williams & Wilkins, my ap-
preciation is extended to Ms. Betty Sun and especialy to Ms.
Crystal Taylor and Ariel Winter. At UCLA my many thanks are
extended to my Gross Anatomy colleagues Professors Shaleen
Metten, Robin Fisher, Guido Zampighi, David Hovda, Charles
Olmstead, Anna Taylor, Yau Shi Lin, Jayc Sedlmayer, and
Francesco Chiappelli for their suggestions and for their use of
this book in their courses.

Los Angeles, 2010
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How to Use This Book

This dissector has been designed to assist students of medicine
and health professions in performing comprehensive and effi-
cient dissections. The text has the following features:

Each chapter can be used on its own, as a separate dissection
and lesson, in the sequence most appropriate for any anatomy
course. Therefore, the arrangement of the content makes this
dissector applicable to varied curricula.

Basic information on surface anatomy and related prepara-
tory techniques precedes the dissecting instructions. This text is
printed in black on white background.

Dissection procedures are printed in black on a shaded red
background.

Figure references are color-coded in red, so the student can
easily establish the connection between figures and dissecting
steps.

Important structures are set in boldface in text. Some cau-
tionary statements are set in capitalized letters.

References to Clemente’s atlas are embedded in the text.
However, cross-references to other major atlases are placed in a
middle column next to the appropriate procedure. Red arrows
clearly indicate to which column the references correspond.

The beginning of each dissection lists the referenced atlases,
their corresponding edition numbers, and information indicat-
ing whether the numbers refer to plates or pages.

Clemente' s Dissector is referenced to the following atlases:

Anatomy: A Regional Atlas of the Human Body, 6th Edition
Carmine D. Clemente
Lippincott Williams & Wilkins, 2010

Grant’s Atlas of Anatomy, 12th Edition
Anne M.R. Agur

Arthur F. Dalley 11, Editors

Lippincott Williams & Wilkins, 2009

Netter’ s Atlas of Human Anatomy, 4th Edition
Saunders/Elsevier, 2006

Color Atlas of Anatomy: A Photographic Sudy of the Human
Body, 7th Edition

Johannes W. Rohen

Chihiro Yokochi

Elke Litjen-Drecoll

Lippincott Williams & Wilkins, 2010

vii
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DISSECTION Introductory Session and Surface
Anatomy of the Thorax, Shoulder,

and Upper Limb

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant's Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

I. General Comments and Care
of the Cadaver

The first dissection period of a course in human
anatomy proves to be a moving experience. It isinspir-
ing simply to realize that the privilege exists to dissect
the remains of another human being and that society
today recognizes and approves the intrinsic value of
human dissection in the education of the health profes-
sional. This was not always the case, and the history of
anatomic dissection shows that a long struggle was
waged through several centuries by courageous medical
scientists to achieve our current state of enlightenment.
It is important for the student to appreciate that the
cadaver to be dissected was once a living person and
that it commands both admiration and respect. Most
bodies used for dissection in the United States and
Canada are willed to medical schools by public-spirited
citizens in the community.

Even properly embalmed cadavers require special
attention. The hands, feet, and head of the cadaver
must be wrapped in cloth (such as cheesecloth) that
is liberally moistened with embalming fluid. This
cloth should be moistened periodically. After each
dissection period, the dissected regions should not be
alowed to dry by remaining exposed to air.

The skin and superficial fasciaare usually dissected as
separate layers and will be retained as large tissue flaps
to cover previously dissected regions. As dissection
progresses, regions of the body already studied should be
kept moistened so that they may be reviewed later.

II. Dissection Instruments
(Figure 1-1)

Different types of dissection instruments are available.

Students should obtain the following instruments:

A. A scalpel handle that can receive detachable,
large size #20 or #21, rounded contour blades.

B. Two pairs of tissue forceps (5% to 6 inches in
length): one with rounded blunt ends and the
other with sharply ridged (rat-toothed) ends in
order to grasp tissues securely.

C. Two pairs of scissors: one should be 5 to
6 inches in length and have either sharp ends
or one sharp and one rounded end; the other
should be a pair of fine dissection scissors with
two sharp ends.

D. A blunt inflexible metal dental probe.

E. A grease marking pencil (one to a table) for
outlining skin incisions.

III. The Anatomic Position

The anatomic position is the standard position of the
body that is used universally to describe the location of
anatomic structures. The body is in this position when
the person is standing upright with the anterior surface

1
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2 DISSECTION 1
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Dissection instruments to be used. A, B, and C, forceps; D, blunt probe; E, scalpel; F and G, scissors.

of the body facing forward and the posterior surface ori-
ented dorsally. The lower limbs and feet are together
and oriented anteriorly. The upper limbs are by the side
of the body with the palmar surface of the hands
oriented anteriorly (Figure 1-2).

IV. Anatomic Planes

With the body in the anatomic position, structures and
regions are often described in one or another plane.
The midsagittal (or median) plane divides the body
into right and left halves (Figure 1-3A). Planes parallel
to the midsagittal plane are referred to as parasagittal
(paramedian) planes. Vertical planes at right angles
to the midsagittal plane are called coronal planes. A
coronal plane down the middle of the body divides the
body into anterior and posterior halves. Transver se or
horizontal planes course across the body at right
angles to the median and coronal planes (Figure 1-3).

V. Surface Anatomy of the Anterior
Thorax, Shoulder, Axilla, and
Upper Limb

During this first laboratory session, students should
inspect and pal pate structures on the surface of the body
and identify certain bony landmarks and other anatomic
features.

Clinical Relevance

It is important to have a thorough knowledge of the
bony structures on the anterior thoracic wall because
their locations can often be correlated to deeper
structures and organs in the chest. Realize that de-
scriptions of the incision sites through the chest wall
to approach deeper structures or the identifications of
surface lesions often use bony landmarks for precise
communication.

One male student at each dissection table is to
strip to the waist, so that the following surface struc-
tures can be identified:

A. Anterior Thorax.

1. Jugular (or suprasternal) notch: At the
superior border of the sternum between the
two clavicles (ATLAS PLATES 139, 140,
141).

2. Sternal angle (of Louis): A transverse ridge
on the sternum approximately 4 to 5 cm (1.5
to 2 inches) inferior to the suprasternal notch
where the manubrium and body of the ster-
num fuse (ATLAS PLATES 140, 141). Note
that the 2nd ribs are attached to the sternum
lateral to the sternal angle.
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Ulna (medial)
aspect of the
forearm

Radial (lateral)
aspect of the
forearm

Supinated hand
(palmar surface
anterior)

Fibular (lateral)
aspect of the leg

Tibial (medial)
aspect of the leg

Dorsum of the foot

(VBN The anatomic position.

A. Anterior view. B. Lateral view. A

3. Manubrium of the sternum: Located
between the suprasternal notch and the ster-
nal angle (ATLAS PLATES 140, 141). Pal-
pate the attachment of the clavicle to the
manubrium at the sternoclavicular joint.

4. Body of sternum: Extends for about 10 cm
(4 inches) inferior to the sternal angle. Note on
a skeleton that ribs 3, 4, 5, and 6 attach to the
body of the sternum (ATLAS PLATE 141).

5. Xiphoid process: Papate the inferior <«

extremity of the sternum in the midline for | Grants2 10, 12

. . . . Netter’s 185, 186

the xiphoid process. It attaches to the inferior Rohen 369, 370
border of the body of the sternum. The 7th

ribs join the sternum at the xiphisternal junc-
tion (ATLAS PLATE 141).
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Anterior or
ventral surface
of the body

Posterior or
dorsal surface
of the body

Forearm

Gluteal
region

Thigh

Leg

6. Costal margins: Note on a skeleton that ribs

8, 9, and 10 join to form the cartilaginous
lower costal margin of the rib cage (ATLAS
PLATES 4, 5) and that ribs 11 and 12 do not
attach to the sternum.

. Infrasternal angle: The acute angle below

the sternum between the costal margins.

. Palpate the clavicle and the sternoclavicular

joint (ATLAS PLATES 115, 140). Visudize

several imaginary vertical lines on the chest

wall (Figure 1-4 and ATLAS PLATE 2).

a. Midsternal line: Descends in the midline
over the sternum.

b. Parasternal line: Any line that descends
paralel to the sternum.
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Coronal plane
Midsagittal plane

Parasagittal plane

Horizontal plane

Horizontal plane
through the lower limb

Coronal plane
through the lower limb y
i
1
4 !/
- — Y
A B

(VBN Planes used to define views of body structures. A. Frontal view. B. Lateral view.

¢. Midclavicular line: Descends from the 7th ribs and intercostal spaces in this manner
middle of the clavicle over the anterior (ATLAS PLATE 140).
thoracic wall. This line often courses
near the nipple in the male or the young
female (Figure 1-4).

d. Midaxillary line: A verticd line from the
middle of the axillary fossa (armpit) down
thelatera thorax.

10. Observe the nipple. In most men and young
women it is located either over the 4th inter-
costal space or over the 5th rib (Figure 1-4).
The location of the nipple on the chest wall in
older women may vary, because aging of
connective tissue results in sagging of the

9. Palpate the 2nd ribs through the skin. Feel breasts (ATLAS PLATES 2-5).
the softer tissue in the 2nd intercostal space
below the 2nd rib. Pal pate the 3rd through the B. Anterior and Lateral Shoulder and the Axilla.
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Parasternal line

Midsternal line

Sternal angle

Midclavicular line

Midaxillary line

Clavicle

Acromion

Head of humerus

I Imaginary vertical lines on skeleton of thoracic cage.

Clinical Relevance

Within the anterior and lateral shoulder region is lo-
cated the glenohumeral (shoulder) joint. Additionally,
anterior and posterior folds define a cone-shaped re-
gion called the axilla (armpit).

Located as a strut between the sternum and the
acromion is the clavicle, one of the most frequently
fractured bones in the body.

Dislocations of the humerus at the shoulder joint
usually result from direct falls. Frequently, the head of
the humerus is dislocated through the joint capsule
inferiorly and medially below the coracoid process.
This painful injury also results in a loss of the normally
smooth contour of the lateral shoulder.

1. At thejugular notch, palpate the sternoclavic-
ular joint and follow the clavicle laterally to
its articulation with the scapula called the
acromioclavicular joint (ATLAS PLATES
112, 114-116).

2. Papate the rounded contour at the tip of
the shoulder. The underlying bony structure is
the acromion of the scapula (ATLASPLATES
34, 44, 119).

ww.cafepezeshki.ir
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3. More difficult to feel is the coracoid process.
Press inferior and slightly medial to the
acromioclavicular joint (ATLAS PLATES
112, 114-116) in a depression, the infraclav-
icular fossa (Figure 1-5).

4. With the upper limb abducted, feel the hollow
of the axillary fossa (armpit). Grasp the ante-
rior axillary fold, consisting of the pectoralis
major and minor muscles. Grasp the posterior
axillary fold, formed by the subscapularis,
teres major, and latissimus dorsi muscles
(ATLASPLATE 34).

5. Note the smooth contour of the shoulder formed
by the deltoid muscle (ATLAS PLATES 29,
34). On a skeleton, find the greater and lesser
tubercles on the head of the humerus. On your
laboratory partner, palpate the greater tubercle
deep to the soft tissue of the deltoid. Feel for
the lesser tubercle on the anterior aspect of
the humerus (ATLAS PLATES 113, 115).
Between the two tubercles, palpate the intertu-
bercular (or bicipital) sulcus containing the
tendon of the long head of the biceps muscle.

C. The Arm and Forearm (Figure 1-5).
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Clavicle

Infraclavicular y
fossa
Acromon— :

/

Anterior axillary
fold

Arm __—Areola
(brachium) .

Nipple

— —Breast

Cubital fossa

Forearm
(antebrachium)

WriStC
Thenar

eminence\

J Hypothenar
eminence

(GIILIEED Photograph of upper limb and breast in a
young woman.

Clinical Relevance

Fractures of the humerus or of the radius or ulna fre-
quenty result from direct trauma or from falls. These
fractures can injure or even sever large nerves, thereby
disrupting neuromuscular functions. Fractures of the
shaft of the humerus could injure the radial nerve,
whereas fractures in the upper forearm can injure the
ulnar nerve, especially near the posterior aspect of the
elbow joint.

Blood is frequently drawn from veins (antecubital
vein) on the anterior aspect of the elbow. Realize that
deep to the superficial vein in the antecubital fossa
are located the brachial artery and median nerve.

| 2

Grant’s 496, 497,
558, 585, 589
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435, 440
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1. Between the elbow and the shoulder joint is the

arm (or brachium), and the forearm (or ante-
brachium) extends between the wrist and the
elbow (ATLAS PLATE 1). Flex the forearm
and observe the belly of the biceps brachii
muscle. Thismuscle is active both in flexion of
the forearm and in supination (turning the hand
over, so that the palmar surface lies anterior).

. Note the bicipital furrows along the sides of the

biceps muscle (ATLAS PLATE 34). Deep to
thefurrow course the brachial artery, its accom-
panying veins, and the median nerve. Feel for
the arterial pulse through the skin. Identify the
cephalic vein coursing along the lateral aspect of
thearm (ATLAS PLATES 36, 41).

. Palpate the triceps muscle on the posterior arm

during extension of the forearm. At the elbow
locate three bony structures posteriorly, the
olecranon of the ulna, felt between the medial
and lateral epicondyles of the humerus
(ATLASPLATES 34, 36, 44).

With the forearm fully extended, note that
the two condyles and the olecranon lie in a
straight line. Flex the forearm to a right angle
with the arm, and note that the olecranon lies dis-
tal to the two condyles. In full flexion, the ole-
cranon lies anterior to the two condyles. These
relationships are lost if the ulnais dislocated.

. Feel the ulnar nerve behind the media epi-

condyle (ATLAS PLATE 66). The sensation
felt by palpating across this nerve will remind
you of the “crazy bone” feeling in the hand
when you bump your elbow.

. In the supinated forearm position, palpate

the cubital fossa anterior to the elbow joint
(ATLAS PLATE 41). Feel the muscle mass
bounding the fossa laterally. This consists of
the brachioradialis muscle and the underly-
ing extensor compartment muscles of the
forearm (ATLAS PLATES 80, 81).

Below the medial epicondyle, palpate the
pronator teres muscle and the common origin
of the flexor compartment muscles of the fore-
arm. These form the medial boundary of the
cubital fossa. Observe the median cubital
vein superficially in the cubital fossaand real-
ize that the venous pattern is variable at this
site (ATLAS PLATE 41).

Deep to the median cubital vein, palpate the
aponeurosis of biceps brachii muscle (bicipi-
tal aponeurosis). When the biceps muscle is
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tensed, this aponeurosis protects the underly-
ing brachial artery and median nerve (ATLAS
PLATES 70, 76).

6. Palpate the ulna from the olecranon distally to
the wrist. When supinated, the ulnaisthe medial
forearm bone at the wrist joint. Feel the styloid
process, which is the distal end of the ulna. On

and realize that this nerve courses into the thumb
muscles at that point. Injury of the nerve will impair
functions of the thumb, especially in performing op-
position to the other fingers.

1. Flex and extend the hand at the wrist. Note that
you can bend your hand medialy (ulnar flexion)

the lateral side of the forearm, the radius lies > . . : .

deep to muscles, but the bone can be felt subcu- Grant's 518, 519, and dightly laterally (radial flexion) at the wrist.
taneoudly 4 inches above the wrist. Palpate the 53{:@?2 45580? 2. On a skeleton, observe the 8 carpal (wrist)
distal end of the radius, aso called the styloid 451, 456 bones, 5 metacarpal bones, and 14 phalanges

process (ATLAS PLATES 122, 127).
D. Wrist and Hand.

Clinical Relevance

Coursing into the palm deep to a strong ligament is the
median nerve along with the tendons of the flexors dig-
itorum superficialis and profundus within the carpal tun-
nel. Overuse of these tendons or the development of an
inflammatory condition within this tunnel can cause
pressure on the median nerve, resulting in weakness or
loss of function of the thenar muscles of the thumb.
Perhaps the most important nerve in the hand is
the recurrent branch of the median nerve. Feel at your
wrist the most distal point of the radius. Project distally
into the hand a distance of about 1% inches (or 4 cm)

Rohen 375-377

that form the bony structures of the wrist and
hand (ATLAS PLATES 128, 129). Make a
strong fist. Thisinvolvesflexion at joints between
the phalanges and between the metacarpa bones
and the proxima phaanges of the fingers.

3. Place one of your hands alongside an articu-
lated skeleton of ahand of the same side. Note
that the transverse creases at the wrist, hand,
and fingers are related to the joints. The three
principal creases in the palm overlay the
metacarpal bones (Figure 1-6).

Observe that the skin of the palm is taut and
cannot be displaced across the underlying tis-
sue. In contrast, note the “looseness’ of the
skin on the dorsum of the hand where the large
veins of the upper limb commence.

Distal interphalangeal creases

Proximal interphalangeal creases

Metacarpophalangeal creases

GIILTEED Palmar aspect of the right

hand indicating longitudinal and transverse
creases.

Distal transverse
palmar crease

Proximal transverse
palmar crease

Radial longitudinal

- crease
Ulnar longitudinal

crease
Transverse carpal

creases
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DISSECTION

Mammary Gland and
Pectoral Region

Objectives

4 Learn the course of a typical spinal nerve and learn
how to dissect several lateral and anterior cutaneous
branches.

1 Remove the skin and superficial fascia from the
pectoral region.

2 Dissect the nipple of the female mammary
gland to see some of the lactiferous sinuses 5 Expose the pectoralis major muscle and the medial
and ducts. and lateral pectoral nerves that supply it.

6 Dissect the thoracoacromial artery and cephalic vein
as they penetrate the clavipectoral fascia.

3 Study the blood supply and lymphatic drainage of

the breast from figures in the Atlas.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant’s Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

I. Observe Other Cadavers

The primary objective of human dissection isto separate
structures in the body and thereby observe their three-
dimensional relationships. You must understand the
meaning of terms such as medial and lateral, superior
and inferior, anterior and posterior (dorsal and ven-
tral), and proximal and distal because these are used to
describe the relationships of structures to each other.
Also, you must know what is meant by a sagittal or
median sagittal plane, a coronal plane, and a trans-
verse plane.

Take advantage of viewing the other cadaversin the
laboratory. Because variation is a biologic constant, the
precise location of structures as described in textbooks
may not be duplicated in your cadaver. Vessels (and
especially the superficial veins) are among the most
variable of structures to be dissected. The large and
important arteries are usually less variable than superfi-
cial veins, whereas the major nerve trunks, the muscles,
and organs are typically similar from one body to the
next. Size, body build, and gender account for certain
differences in organ relationships. Make it a habit to
see and learn as much as you can in the dissection
hall.

II. Reflection of Skin

jugular (suprasternal) notch, the manubrium, body
and xiphoid process of the sternum, the sternal angle,
the acromion, and the clavicle. Also note the position
of the nipple, and in males (or young females), identify
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Mammary Gland and Pectoral Region 9

the rib or specific intercostal space on which the nipple
is located.

Epidermis ‘

v Superficial fascia

Dermal ' s
L o papillae < \\U/ 8
A. Initial Incisions. Make a midline incision (Fig-
ure 2-1: A—C) through the skin from the jugular L/ E
notch to the xiphoid process. From this incision, SN = AN
make three other incisions laterally: S

1. Between the upper border of the manubrium to
the acromion (tip of the shoulder) along the .
clavicle (Figure 2-1: A-D). Extend this inci- ;/
sion down the arm about 5 inches (Figure 2-1:
D-G) and then around the arm (Figure 2-1:
G, H).

2. From the midline laterally (encircling the pig-
mented areola) to the midaxillary line about
3 inches below the anterior axillary fold (Fig-
ure 2-1: B-E).

GETEEY Suggested manual technique for dissecting
the skin from the superficial fascia.

many small pock marks, or pits, called der mal papil-
lae. Keep the two skin flaps attached laterally. They

3. From the xiphisternal junction to the midaxil-
lary line over the 6th rib (Figure 2-1: C-F).

B. Reflection of Skin. Reflect the skin from the
underlying superficial fascia. This is best done
by beginning at the jugular notch (Point A in
Figure 2-1) and proceeding laterally. Hold the
scalpel edge at a slight angle to the underlying
superficial fascia. Apply traction to the overly-
ing skin by making an incision in the reflected

will be replaced over the chest to prevent drying of
the cadaver surface.

L eavethe nipple and areolaattached to the underly-
ing tissue. In males, note the location of the nipple on
the anterior thoracic wall and proceed to reflect the su-
perficial fascia (ATLAS PLATES 2, 3). Observe that
thefemale breast lies completely in the superficial fas-
cia. Any dissection of the mammary gland should be
doneprior tothereflection of the superficial fascia.

skin through which the index finger of the free

i in Fi 2-2.
hand can be inserted as shown in Figure I1I. Mammary Gland

When properly done, little or no fat will be adher- (Atlas Plates 3-5)
ent to the deep surface of the skin, which will show
The mammary gland, or breast, develops as a special-
ization of approximately 15 modified sweat glands, al
of which open onto the surface of the nipple by way of
the lactiferous ducts. Note that the fully formed breast
extends between the lateral sterna line and the midax-
illary or anterior axillary lines and lies over the anterior
chest wall between the 2nd and 6th ribs.

>
Grant’s 4-9

Netter's 182—-184
Rohen 208, 290

Dissect the breast by removing the fat that lies
between several of the connective tissue septa called
the suspensory ligaments of Cooper. Do this either
with the handle of the scalpel or with alarge pair of
forceps (ATLAS PLATE 6 #6.1). Note that these
ligaments are attached to the skin superficially and to
the deep fascia posterior to the breast.

Dissect the deep surface of the areola and nipple
and identify one or more of the lactiferous ducts.
These open on the nipple and are arranged in aradial
pattern beneath the surface of the pigmented skin.
Trace one duct more deeply whereit enlargesto form
lactiferous sinuses (Figure 2-3).

AN Incision lines for the pectoral region.

ww.cafepezeshki.ir



10 DISSECTION 2

Pectoralis
major muscle

Latissimus
dorsi muscle

Loculi in the
connective tissue

Lactiferous ducts

Lobules

Serratus anterior
muscle

Ampullae

Nipple

Areola

Fat

GIITIEE) Dissection of the lateral half of the right breast during a period of lactation. (From Clemente CD.
Gray's Anatomy. 30th American Edition. Philadelphia: Lea and Febiger, 1985.)

Clinical Relevance

Pay particular attention to the blood supply (Figure 2-4)
and the venous and lymphatic drainage (Figure 2-5 and
ATLAS PLATES 3-5) of the breast because of their im-
portance as routes for the spread of cancer cells.

The arteries that supply the breasts are derived
from the axillary artery, the intercostal arteries, and
the internal thoracic artery. The lateral thoracic
branch of the axillary artery descends in the chest
and gives off the lateral mammary branches,

whereas medial mammary branches come from the
internal thoracic artery as it descends just lateral to
the sternum (see Figure 2-4). Intercostal arteries
send perforating branches through the 2nd to the
5th intercostal spaces to supply blood to the deep re-
gions of the breast.

Venous channels form an anastomotic ring
around the nipple from which larger vessels are
formed laterally and medially to drain into the internal
thoracic vein. These vessels flow into the axillary
and subclavian veins.
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Lymphatic vessels from the mammary gland
are numerous and of great clinical importance (Fig-
ure 2-5). Channels from the deep regions of the
gland course in the connective tissue between the
glandular lobules and along the lactiferous ducts.
From the central part of the gland and from the skin
deep to the areola and nipple is the subareolar
plexus. From these sources, collecting vessels
course laterally and superiorly to the anterior axil-
lary or pectoral nodes along the course of the lat-
eral thoracic vessels and to the central and deep or
apical axillary nodes.

Although most lymph drains superiorly and later-
ally, some channels drain medially along parasternal
or internal thoracic nodes (Figure 2-5). Lymph
channels from the inferior and medial parts of the
breast may communicate with diaphragmatic and
abdominal vessels as well as with channels across
the midline to the opposite breast.

IV. Reflection of the Superficial Fascia

The superficial fasciaisto bereflected asasingle layer,
but only after some of the anterior and lateral cuta-
neous branches of the spinal nerves are located.
Learn the general pattern and course of atypical spinal

nerve (Figure 2-6 and ATLAS PLATE 10).

Lateral branch?/(Medial branch
Dorsal root (sensory)

Dorsall_ root -7
. ganglion Z
Dorsal primary ramus 7

Spinal nerve (mixed)
Ventral primary ramus

Postenor ///

V\\

Lateral cutaneous

Ventral root (motor)

Sympathetic ganglion

Anterior

branch Rami communicantes

Ventral prlmary ramus

Anterior
cutaneous branch

Medial branch
Lateral branch
\/\

(GETEE) A typical spinal nerve and its branches.
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With a probe and forceps, separate structures within
the superficial fascia. Identify one or two anterior
and lateral cutaneous branches of the intercostal
thoracic nerves and the supraclavicular nerves
(ATLAS PLATES 13, 16). Find these structures as
follows:

A. Anterior Cutaneous Branches. Identify the
2nd, 3rd, and 4th ribs lateral to the sternum by
probing through the fascia to the hard surface of
the costal cartilages. In the 3rd intercostal space
1 cm lateral to the sternum, probe for the anterior
cutaneous branch of the 3rd thoracic nerve usu-
ally accompanied by a small artery and vein
(ATLASPLATE 13).

B. Lateral Cutaneous Branches (Figure 2-7).
Palpate the 3rd and 4th ribs in the midaxillary
line. In the 3rd intercostal space, dissect the lat-
eral cutaneous branch of the 3rd intercostal
nerve. Note other lateral cutaneous branches in
the intercostal spaces inferiorly (Figure 2-6).
Larger than the anterior cutaneous branches,
these nerves are also accompanied by lateral
cutaneous branches of the intercostal vessels.
Find the inter costobrachial nerve (T2), which
emerges in the 2nd intercostal space and courses
toward the axillary fossa and arm (ATLAS
PLATES 13, 26, 27).

C. Supraclavicular Nerves (Figure 2-7). Derived
from the 3rd and 4th cervica nerves, these nerves
descend in the superficial fascia and supply the
skin over the clavicle and the first two intercostal
spaces. To find them:

1. Make a 4-inch transverse incision through
the superficial fascia only, commencing
1 inch lateral to the sternal angle. Cut only
deep enough to see the deep fascia covering
the darker muscle fibers of the pectoralis
major.

2. Elevate the superficial fascia above the trans-
verse cut and identify strands of a thin sheet
of muscle on the inner surface of the superfi-
cial fascia, called the platysma muscle
(ATLAS PLATES 521, 529).

3. Between this muscle and the deep fascia, lo-
cate at least one or more supraclavicular
nerves (ATLAS PLATES 13, 16).
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D. On finding the cutaneous nerves, reflect the

superficial fascia laterally. Make a longitudinal
incision just lateral to the sternum through the
superficial fascia and only as deep as the deep
fascia covering the pectoralis major muscle. As
you reflect the superficial fascia lateraly, retain
some of the cutaneous nerves for future review.
Observe the fibers of the pectoralis major muscle
beneath the layer of deep fascia over the muscle
(pectoral fascia).

V. Pectoral Muscles and Other Structures

In addition to containing the mammary gland, the pec-
toral region contains the pectoralis major and minor

>
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Mammary Gland and Pectoral Region 13

muscles, the vessels and nerves that supply them, and
the pectoral and clavipectoral fasciae.

A. ThePectoralisMajor Muscle. Clean the surface
of the pectoralis major muscle and identify its
clavicular, sternocostal, and abdominal parts
(ATLAS PLATE 11). Within the groove that
separates the pectoralis major from the deltoid
muscle, find the cephalic vein (variable in size).
This groove is the deltopectoral triangle
(ATLAS PLATE 17), the three sides of which
are the deltoid muscle, the pectoralis major mus-
cle, and the clavicle. Its apex is directed inferi-
orly. Free the cephalic vein and note that it dis-
appears deep to the pectoralis major muscle. Do
not sever it at thistime.

Locate the separation between the sternal and
clavicular heads of the pectoralis major muscle.
Widen this separation with a probe through the depth
of the muscle to the underlying chest wall. Insert
your index finger upward beneath the clavicular head
and carefully separate the clavicular head from the
underlying clavipectoral fascia. Feel for the vessels
and nerves that penetrate this fascia. These are
branches of the lateral pectoral nerve and the pec-
toral branches of the thoracoacromial artery and
vein (ATLASPLATE 22 #22.1).

Cut the clavicular head of the pectoralis major
muscle closeto its origin on the clavicle and reflect it
laterally (Figure 2-8). Observe the curved line of the
attachment of the sternocostal and abdominal heads
of the pectoralis major muscle (ATLAS PLATE 17).
Feel for branches of the medial pectoral nerve
penetrating through the pectoralis minor to enter the
deep surface of the pectoralis major. Look for a
branch of the lateral pectoral nerve entering the upper
part of the sternocostal head.

Realize that the lateral and medial pectoral nerves
are branches from the lateral and medial cords of the
brachial plexus; hence, their names. Do not be disturbed
that the medial pectoral nerveis located at a site on the
anterior thoracic wall somewhat lateral to the lateral
pectoral nerve. The lateral pectora nerve supplies only
the pectoralis major muscle, whereas the medial pec-
toral nerve supplies both the pectoralis major and minor
muscles.

After freeing the pectoralis major muscle from its
underlying fascial attachments, make a curved cut
through it 1.5 inches from its sternal attachment
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Deltoid muscle

Pectoralis major muscle (reflected)
(clavicular head)

Pectoralis major muscle
(sternocostal head)

Sternal angle

Body of sternum

Xiphoid process

(GEIEEY The incision line for the pectoralis major muscle.

(Figure 2-8). Reflect the cut ends of the muscle and
identify the branches of the nerves and of the thora-
coacromial artery that supply the muscle (ATLAS
PLATES 22 #22.1, 24 #24.1, 27).

B. Clavipectoral Fascia. Deep to the pectoralis ma-
jor muscle, observe a broad sheet of deep fascia
called the clavipectoral fascia (Figure 2-9).
Extending down from the clavicle, it continues
inferiorly to the axillary fascia. Observe that it
encases the subclavius muscle, just below the
clavicle, and the pectoralis minor muscle more
laterally.

Identify the following structures penetrating the
clavipectoral fascia:

1. The cephalic vein coursing into the axillary vein;
2. Thethoracoacromial artery;

3. Thelateral pectoral nerve and its branches.

<

Grant’s 500, 508
Netter's 188, 428
Rohen 207, 407

<

Grant’s 508
Netter's 428, 429
Rohen 207, 385

C. The Pectoralis Minor Muscle. Note that the
pectoralis minor attaches to the coracoid process
of the scapula proximally and the 2nd, 3rd, 4th,
and 5th ribs on the thorax distally (ATLAS
PLATE 22 #22.2). |dentify branches of the
medial pectoral nerve that pierce the muscle
from the underlying medial cord of the brachial
plexus, thereby gaining access to the overlying
pectoralis major.

Clinical Relevance

Sternal angle: The site of articulation of the
manubrium and the body of the sternum has several
important relationships.
(a) At this site the second rib articulates with the
sternum and that allows each of the lower ribs
and intercostal spaces to be counted;
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Branches of | Clavicular branch
thoracoacromial { Acromial branch Clavipectoral fascia
artery |Deltoid branch ~~~ (costocoracoid membrane part)
Thoracoacromial artery
Cephalic vein
/
/ Pectoral branch of
// thoracoacromial
artery
Pectoralis minor
muscle
-}~ Clavipectoral
fascia
ar
A
s
Pectoralis major Pe(_:toralis
muscle major
. muscle
Superficial fascia
Deep pectoral
fascia
GEIEE) The clavipectoral fascia deep to the pectoralis major muscle.

(b) A transverse plane at the sternal angle inter- fluids from the pleural cavity, thereby reducing a
sects the vertebral column between the 4th pneumothorax or hemothorax to restore breathing.
and 5th thoracic vertebrae. At this plane is the Bone marrow biopsy is often achieved from the ster-
bifurcation of the trachea and the commence- num, a bone that is rich in bone marrow and relatively
ment of the ascending aorta from the left easy to tap.
ventricle.

Thoracostomy by needle or tube through an inter-
costal space is often necessary for removal of air or
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DISSECTION

Deep Pectoral Region
and Axilla

Objectives

4 Find the M of the brachial plexus and dissect the
cords of the plexus and its peripheral nerves.

1 Identify the axillary vein and some of its tributaries.

2 Understand why the pectoralis minor is called the
“key to the axilla.” 5 Identify the subscapularis, latissimus dorsi, teres

3 Tdentify the branches of the axillary artery. major, serratus anterior, coracobrachialis muscles,

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #

Grant’s Atlas, 12th Edition = Grant’s Page #
Netter's Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

and the short head of the biceps brachii.

A. Axillary Vein. Abduct the upper limb of the ca-
daver nearly to a 45° angle. Remove fat lateral
and medial to the pectoralis minor muscle and
uncover the large axillary vein and the underly-
ing axillary artery and cords of the brachial
plexus (ATLASPLATES 27, 31, 58). With your
index finger, loosen the neurovascular structures
deep to the pectoralis minor muscle. Trace the
cephalic vein medial to the coracoid process and
follow it to its junction with the axillary vein.

I. Deep Pectoral Region Grant’s 501>, Also identify the thoracoacromial branch of the
......................................................................... ‘ 503, 757 ainIary artery and thelateral pectoral nerve pen-
Through the deep pectoral region and axilla course the | "*°r* 1% 2% etrating through the fascia from below (ATLAS
nerves, arteries, and veins that supply the upper limb Rohen 170, PLATE 22.1). Separate the axillary vein from
(ATLASPLATE 27). Of additional importance are the 171,398 the underlying axillary artery and cords of the
lymphatic channels and nodes in these regions. They brachial plexus.

receive lymph from the upper extremity, but more

significantly from the anterior thorax and—of special

importance—from the mammary gland in women o :

(ATLAS PLATES 8, 20). The axillary vein receives | arants 500,500 | ati;?’r:‘]z‘;e d?!;“ﬂg;?ﬁgrdm;@ faéea:;lt;g
blood from the upper limb (including the shoulder) as | Netter's 427-429, veins retain some coaaulated blood after deaih. th
well as from the pectoral region. It commences near the Rohen 207 248344 fit dark t?? th . t' ney
lower border of the teres major muscle at the junction W07 411-a13| o on @PPear darker than the accomparlying arteries.
of the bisilic and brachial veins that ascend in the arm. Cut away the smaller veins thet flow into the axillary
The axillary vein becomes the subclavian vein as it Yﬁ;?ﬁgu?aﬁgo Mo eV R ENES e B e MRz
ascends beneath the clavicle. '

16
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Acromion

Greater tubercle
Lesser tubercle

Humerus

Pectoralis minor
muscle

Deep Pectoral Region and Axilla 17

Coracoid process

Subclavius muscle
Clavicle

i
i

i

\-,\‘.“\
\\\\\i Xiphoid process

I FCBEN The pectoralis minor muscle.

B. Reflect the Pectoralis Minor Muscle and
Removethe Axillary Vein. Reflect the pectoralis
minor muscle by severing its distal attachmentsto
the 2nd, 3rd, 4th, and 5th ribs, but maintain its
attachment to the coracoid process (Figure 3-1).
Relax the upper limb by dlightly adducting it and
dissect through the axillary fascia with a probe.
This fascia partially surrounds the axillary vein
but more completely envelops the axillary artery
and cords of the brachial plexus.

Sever and remove the axillary vein and its
tributaries from the clavicle to the tendons of the
latissimus dorsi and teres major muscles. This
will better expose the artery and nerves. DO NOT
CUT THE AXILLARY ARTERY, ANY OF

ITS BRANCHES, OR THE CORDS OF THE
BRACHIAL PLEXUS SURROUNDING THE
AXILLARY ARTERY WHILE REMOVING
THE VEINS.

II. Axilla

The axillais acone-shaped or pyramidal region that lies
deep to the pectoral muscles, superficia to the scapula
and between the upper part of the brachium (arm)
and the lateral chest wall. Its anterior wall is the pec-
toralis major and minor muscles and forms the anterior
axillary fold; its posterior wall is formed by the teres
major, latissimus dorsi, and subscapular muscles and
comprises the posterior axillary fold; its medial wall is
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18 DISSECTION 3

Superior angle of scapula

Lateral border
of scapula

Medial border
of scapula

Inferior angle
of scapula

Serratus
anterior
muscle

Clavicle

Manubrium

2nd rib

Body of

8th rib

(GELEEE) The serratus anterior muscle.

the upper six ribs and intercostal spaces and is covered
by the serratus anterior muscle (ATLASPLATES 18.2,
22.2); and the lateral angle consists of the intertubercu-
lar groove or sulcus (bicipital groove) on the surgical
neck of the humerus.

A. ldentify the Following Muscles Associated
With the Axillary Region.

1. Pectoralis major and minor: form the ante-
rior axillary fold.

2. Subscapularis: occupies the subscapular
fossa and inserts on the lesser tubercle of the
humerus (ATLAS PLATES 31 #31.1).

3. Latissimus dorsi: ascends from the back of
the trunk to attach on the medial lip of the
bicipital groove of the humerus (ATLAS
PLATES 18.2, 22.2).

<
Grant's 509-511

Netter's 188, 424,

428, 429
Rohen 385, 386,
407,415

. Teresmajor: itstendon islocated deep to that

of the latissimus dorsi and with the subscapu-
laris forms the posterior axillary fold (ATLAS
PLATES 58, 60).

. Serratus anterior: extends from the upper 8

or 9 ribs to the medial (or vertebral) border of
the scapula (Figure 3-2). Probe its lateral sur-
face longitudinally and find the long thoracic
nerve (C5, C6, and C7).

. Short head of bicepsbrachii: extendsfrom the

coracoid process and joins the long head of the
bicepsinthearm (ATLAS PLATES 54, 56).

. Coracobrachialis: alsoarisesfromthecoracoid

process and inserts on the humerus (ATLAS
PLATES 54, 57). The musculocutaneous
nerve usually pierces the coracobrachialis
muscleto enter the anterior arm region.
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Anterior humeral circumflex artery

Posterior humeral
circumflex artery

GETIEE) The axillary artery and its branches.

Circumflex

B. Axillary Artery and Branches (Figure 3-3).

Replace the pectoralis minor and note that it divides
the axillary artery into three parts (ATLAS PLATE
24.1). The first part lies medial to the pectoralis
minor and has one branch. The second part courses
beneath the pectoralis minor muscle and has two
branches, and the third part lies lateral to the pec-
toralis minor (as far as the lower margin of the teres
major muscle) and has three branches. The axillary
artery becomes the brachial artery below the teres
major muscle. Realize that some variability in the
pattern of these branches exists.

Find the branches of the axillary artery as follows
(Figure 3-3and ATLASPLATE 24.1):

1. From the first part:

a. Superior (supreme) thoracic artery: a
small vessel arising just below the clavicleto
supply the upper one or two intercostal
spaces.

2. From the second part (Figure 3-4):

a. Thoracoacromial artery: ashort trunk that
quickly divides into pectoral, acromial, cla-
vicular, and deltoid branches. It frequently
branches near the medial border of the pec-
toralisminor (ATLAS PLATE 22.1).

b. Lateral thoracic artery: in 30% of speci-
mens it arises from the axillary artery near
the lateral border of the pectoralis minor

ww.cafepezeshki.ir

scapular
artery

Subscapular artery

Thoracodorsal artery

<

Grant’s 486,

508, 509

Netter’s 183, 188,
427-429

Rohen 170, 396,
397, 411, 412
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Thoracoacromial artery

Supreme thoracic
artery

Lateral thoracic
artery

and descends along the side of the chest
(ATLAS PLATES 26, 27). In approxi-
mately 70% of specimens, it arises either
from the thoracoacromial or from the sub-
scapular artery.

3. From the third part (ATLAS PLATES 20, 24):
a. Subscapular artery: usualy the largest
branch from the axillary artery that is found
on the anterior surface of the subscapularis
muscle or near its axillary border. After 1%
inches, it divides into the scapular circum-
flex branch that courses around the lateral
border of the scapula in the triangular
space, and the thoracodorsal artery that
descends to the latissimus dorsi muscle with
the thoracodor sal nerve.

With a probe, pull the trunk of the axillary artery
medially away from the humerusto see thefollowing
circumflex vessels:

b. Anterior humeral circumflex artery: it is
small and arises near the upper border of the
teres major muscle. It passes anteriorly
around the humerus.

c. Posterior humeral circumflex artery:
larger than the anterior, it passes posteriorly
around the humerus. With a probe, trace the
posterior humeral circumflex artery to the
guadrangular space, through whichitisac-
companied by the axillary nerve to achieve
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24 Subclavius musclej

Thoracoacromial artery
Lateral pectoral nerve

Pectoral branch of
thoracoacromial artery
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Pectoralis major muscle

Medial pectoral nerve
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Thoracodorsal
artery and nerve

Pectoralis minor muscle

Serratus anterior muscle

the dorsal shoulder region. See ATLAS
PLATES 32, 33 for triangular and quadran-
gular spaces.

C. Brachial Plexus and Its Branches (Figures 3-5
and 3-6).

Use ATLAS PLATES 46-48 to learn the general
pattern of formation of the brachial plexus. This dis-
section is concerned with the infraclavicular (or axil-
lary) part of the brachial plexus. This consists of the
lateral, medial, and posterior cords of the plexus,
and the terminal nerves that branch from them. The
cervical portion of the brachial plexus will be stud-
ied with the posterior triangle of the neck.

1. ldentify thelateral cord of the brachial plexus

by finding the muscul ocutaneous nerve, which < 5
is the most lateral nerve of the plexus and the | &2 5%

nerve that penetrates the coracobrachialis | etters 183, 429,

muscle (ATLAS PLATES 58, 59). Follow the 430, 433
musculocutaneous nerve proximally to its | fonen 1939

point of origin from the lateral cord. Also find

G The lateral pectoral nerve and some
branches of the thoracoacromial artery coursing
between the pectoralis major and minor muscles.

the lateral pectoral nerve, which either
comes off the lateral cord directly or arises
higher in the axilla from divisions that form
the lateral cord (Figure 3-4).

. Note that the lateral cord contributes a large

branch that helps form the median nerve.

. |dentify the median nerve and note that it re-

ceives another large contribution from the
medial cord. Thus, the median nerve most of-
ten is formed by two large nerve trunks, one
contributed from the lateral and the other
from the medial cord.

. From the medial cord, identify its other termi-

nal branch, the ulnar nerve.

. Place your index finger behind the musculo-

cutaneous, median, and ulnar nerves and ele-
vate them dlightly from the axillary artery.
Notice that their pattern resembles the letter
M (ATLAS PLATE 48). Return to the medial
cord and find three other nerves that arise
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Pectoralis major muscle

Coracobrachialis
muscle

Biceps brachii
muscle

7 7457
P /
y

S 7

Latissimus dorsi muscle

Subscapular artery

Musculocutaneous nerve

Deep Pectoral Region and Axilla 21

Pectoralis minor Axillary artery
muscle and vein

Medial pectoral nerve

Serratus anterior
muscle

Long thoracic nerve

Thoracodorsal nerve

Subscapularis muscle

GITIEED The axillary artery and vein and the musculocutaneous, median, and ulnar nerve
branches from the medial and lateral cords of the brachial plexus.

from it above the origin of the ulnar nerve.
These are;

a. the medial antebrachial cutaneous
nerve: this large sensory nerve to the
forearm is sometimes confused with the
ulnar nerve.

b. the medial brachial cutaneous nerve:
smaller than the preceding nerve, it arises
dlightly higher on the medial cord and of -
ten sends a communicating branch to the
intercostobrachial nerve (T2) that
passes through the 2nd intercostal space
in the midaxillary line (ATLAS PLATES
26, 27).

c. themedial pectoral nerve: tracethisnerve
back to the medial cord from its site of pen-
etration of the pectoralis minor muscle.

ww.cafepezeshki.ir

Clinical Relevance

Thoracic outlet syndrome: The apex of the cone-
shaped axillary region is formed by three bones: the
clavicle, scapula, and first rib. At this site the brachial
vessels and the nerves of the brachial plexus might
become compressed against the bones. Frequently
this pressure results in symptoms related to spinal
segments C7 and C8 (inferior trunk of the brachial
plexus) and results in pain related to the distribution of
the ulnar and medial antebrachial cutaneous nerves
along the medial aspect of the forearm and hand.

Klumpke’s paralysis: This syndrome is usually the
result of a birth injury caused by the excessive ab-
duction of the upper limb, which injures the C8 and T1
roots of the brachial plexus. The resulting deformity
includes a “claw hand” owing to trauma to the inferior
trunk of the brachial plexus (C8, T1) and consequent
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GITIERD The roots, trunks, divisions, cords, and peripheral branches of the brachial plexus.

paralysis of muscles supplied by the ulnar nerve.
Some flexion at the wrist occurs, but considerable
flexion of the medial three fingers gives a clawlike
appearance to the hand.

Winged scapula: Characteristic of this condition is
the projection outward of the medial border of the
scapula on the posterior chest wall in a manner that
resembles a wing. This condition is caused by a weak-
ness or paralysis of the serratus anterior muscle that
holds the vertebral border of the scapula close to the
posterior chest. At times when surgery is performed
to remove lymph nodes along the course of the long
thoracic nerve in women with breast cancer, inadver-
tent severance or trauma to this nerve on the lateral
chest wall results in a winged scapula.
Erb-Duchenne paralysis: This syndrome is a partial
paralysis of the brachial plexus that is usually the re-
sult of a birth injury. It involves the superior roots (or
trunk) of the brachial plexus (C5, C6). The resultant
deformity includes pronation of the forearm, exten-
sion at the elbow joint, and adduction of the upper
limb. The pronated forearm and flexed hand project-
ing posteriorly is reminiscent of the hand of a waiter
expecting a tip (waiter’s tip position).

6. Locate the posterior cord of the brachial
plexus behind the axillary artery. Identify its
two terminal nerves, the largeradial nerve and
the axillary nerve. Trace the axillary nerve to

<«
Grant’s 510
Netter’s 430

the quadrangular space, which it traverses with
the posterior humeral circumflex artery.

7. Higher on the posterior cord find three other
nerves that course inferiorly. The upper sub-
scapular nerve supplies the subscapularis
muscle; the lower subscapular nerve supplies
both the subscapularis and teres major mus-
cles. Between these two nerves, locate the
thoracodorsal nerve that descends with the
thoracodorsal vessels to supply the latissimus
dorsi muscle.

Clinical Relevance

Cervical rib: In 1 of 200 persons, an anomalous bony
rib arises from the transverse process of the 7th cer-
vical vertebra. Called a “cervical rib,” it can cause
pressure on the inferior trunk of the brachial plexus or
the subclavian artery, resulting in a thoracic outlet
syndrome.

Central venous line: Most often the right subclavian
or right internal jugular vein is selected to place a
catheter into the venous system. Visualized radi-
ographically, the catheter is guided into the right bra-
chiocephalic vein, then into the superior vena cava,
and finally into the right atrium of the heart. A central
venous line catheter is at times required to deliver
therapeutic drugs or to measure venous pressure
directly in the right atrium.

ww.cafepezeshki.ir



DISSECTION Scapular and Deltoid Regions;
Posterior Compartment

of the Arm

Objectives
1 Study the surface anatomy of the upper back and 4 Dissect the quadrangular and triangular spaces and
posterior scapular region. find the axillary nerve, posterior humeral circumflex

2 Detach the trapezius and the deltoid muscles from artery, and circumflex scapular artery.

the spine of the scapula, expose the supraspinatus 5 Dissect the posterior compartment of the arm and

muscle, and locate the suprascapular vessels and expose the heads of the triceps muscle.

nerve. 6 Separate the medial and lateral heads of the triceps
3 Dissect the infraspinatus muscle and identify the brachii and follow the radial nerve and deep brachial

teres major and minor muscles. artery around the shaft of the humerus.
ATLAS KEY: A. Surface Anatomy and Bony Landmarks.
Clemente Atlas, 6th Edition = Atlas Plate # Before making the skin incision, review the sur-
Grant’s Atlas, 12th Edition = Grant’s Page # face anatomy of the back and palpate the fol-

lowing several bony landmarks on one of your

Netter’s Atlas, 4th Edition = Netter’s Plate # colleagues or on the cadaver or articulated
Rohen Atlas, 7th Edition = Rohen Page # skeleton.

1. External occipital protuberance: Found in
the midline on the back of the skull (ATLAS
PLATES 373, 589). Identify bony ridges,

I. Surface Anatomy; Skin Incisions; > called superior nuchal lines, that extend lat-
Cutaneous Nerves Grzagéség P erally from the protuberance and its most cen-
......................................................................... Netter's 8, 9, tral p0| nt’ Ca”ed the inion.
Place the cadaver face down (prone) and elevate the 174-176 2. Spinous process of the 7th cervical verte-
| m f aw lock in n Rohen 21, 29, 33, : ; i ; L
shoulders by means of a wooden block inserted under 192,193 bra: Pass your index finger in the midline

the anterior thorax. Partially abduct the upper limbs (to
approximately 45°) and realize that the pectora girdleis
attached to the axial skeleton completely by muscles
posteriorly and by muscles and one bony articulation
anteriorly, the sternoclavicular joint.

down from the skull over the dorsal aspect of
the cervical vertebrae. The first prominent
bony process felt is the spinous process of the
C7 vertebra, called the vertebra prominens

23
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B.

DISSECTION 4

(ATLASPLATES371.1, 389.1). A fibroelas-
tic membrane called the ligamentum nuchae
covers the other cervical spines, making them
less palpable.

3. Study the location of the scapula over the pos-
terior thoracic wall on a skeleton (ATLAS
PLATE 141.1) and note its superior, inferior,
and lateral angles. Palpate the spine of the
scapula and follow it laterally to the acromion
(ATLASPLATE 371.1). Note that the medial
(vertebral) border is parallel to the vertebral
column and that the lateral (axillary) border is
oriented toward the axillary fossa.

4. Palpate the posterior part of theiliac crest, a
curved bony ridge below the waist (ATLAS
PLATES 323, 326.2, 373). It terminates at
the posterior superior iliac spine on the
surface of which is a dimple in the skin on
each side.

Skin Incisionsand Skin Reflection (Figure 4-1).

To dissect the posterior scapular region, remove
the skin from the back of the neck and upper
half of the back. Make an incision through the

AN

(I[N Skin incision for the back.

>

Grant’s 321,513
Netter's 174, 424
Rohen 226, 227

>

Grant’s 321
Netter's 177
Rohen 229, 234

| 2

Grant’s 513, 515,
516, 528

Netter's 174, 177,
434,432

Rohen 226,

234, 403

II.

skin along the posterior midline extending from
the external occipital protuberance to 1 inch
below the inferior angle of the scapula (Figure
4-1, A to C). Make two lateral incisions on
each side at right angles to the midline cut as
shownin Figure4-1,BtoEand Fand Cto G
and H.

Initially, remove only the skin by reflecting it
from the underlying superficia fasciain four flaps.
Next, reflect the superficial fascia from the deep
fasciathat overlies the dark fibers of the trapezius
muscle above and the latissmus dor s muscle be-
low (ATLAS PLATE 373) and look for branches
of the cutaneous nerves of the back (ATLAS
PLATE 382).

. Cutaneous Nerves of Back (ATLAS PLATE

452, Figure 4-2).

Dissect several of the segmentally arranged pos-
terior primary rami of the thoracic nerves.
They are frequently accompanied by cutaneous
blood vessels and they traverse the trapezius and
|atissimus dorsi muscles to become superficial,
yet they DO NOT supply these muscles either
with motor or with sensory innervation. To
|locate these nerves, probe the fascia overlying
the trapezius muscle 1 inch lateral to the spinous
processes of the thoracic vertebrae. Realize that
most of the thoracic nerves pierce the trapezius
muscle, and, after becoming superficial, they
course laterally in the superficial fascia across
the back (Figure 4-2).

Now remove the superficial fascia over the
scapular and deltoid regions, preserving short
lengths of the dissected cutaneous nerves.

Cut Scapular Attachments of Trapezius
and Deltoid Muscles; the Supraspinous
and Infraspinous Fossae

To uncover the muscles within the fossae above and

below the spine of the scapula, detach the trapezius and
deltoid muscles but only from the acromion and spine
of the scapula (ATLAS PLATES 32, 373).

A. Reflection of Trapezius and Deltoid M uscles.

Palpate the upper border of the trapezius and pal-
pate the acromion and scapular spine. Cut the
attachment of the trapezius along the medial mar-
gin of the acromion and along the superior aspect
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FEIREY Cutaneous nerves of the back (posterior
primary rami).

of the spine as far as its media end. Using your
finger, separate the trapezius from underlying
structures. Cut those fibers attached to the clavicle
and reflect the trapezius medialy to uncover the
underlying supraspinatus muscle (see ATLAS
PLATE 60).

Observe that the deltoid muscle attaches
above to abony arch formed by the clavicle ante-
riorly, the acromion laterally, and the spine of the

ww.cafepezeshki.ir
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Grant’s 531,
532,534
Netter's 421, 431
Rohen 418, 432

>

Grant’s 513,
516,517

Netter's 174,177,
424-427, 477
Rohen 382, 383

scapula posteriorly (ATLAS PLATE 44). This
muscle'sfibers convergeinferiorly to attach to the
deltoid tuberosity. Cut the origin of the deltoid
from the scapular spine and acromion and free its
posterior border inferiorly to the deltoid tuberos-
ity, leaving the clavicular origin intact. Reflect the
deltoid anteriorly to uncover the underlying in-
fraspinatus and teresminor muscles (Figure4-3
and ATLASPLATES 32, 60).

. Subacromial Bursa.

Deep to the deltoid muscle, identify the large
subacromial bursa (ATLAS PLATES 32,
119.2). Open it and, with your finger, exploreits
extensive sac. Note that it extends beneath the
deltoid muscle (but superficial to the joint cap-
sule) and is continued under the acromion and
the coracoacromial ligament, superficial to the
tendon of the supraspinatus (ATLAS PLATES
119.2, 114.1).

When the bursa is inflamed, 90° abduction of
the arm at the shoulder joint (using the supraspina-
tus and deltoid muscles) is painful because the
entire bursa moves under the acromion.

. Supraspinatus Fossa; Suprascapular Vessels

and Nerve.

Remove the deep fascia overlying the supra-
spinatus muscle. Observe that it arises in the
supraspinatus fossa, courses deep to the acromion,
and inserts on the uppermost part of the greater
tubercle of the humerus (Figure 4-4). Palpate the
superior border of the scapula and locate the
sharp edge of the superior transverse scapular
ligament (ATLAS PLATE 114.2) where the
suprascapular nerve and vessels pass into the
supraspinatus fossa (Figure 4-4). Make a vertical
cut across the supraspinatus muscle media to the
ligament, approximately 1%, inches lateral to the
vertebral border of the scapula. Reflect the lateral
part of the muscle toward the humerus and note
that the suprascapular nerve usualy enters the
fossa deep to the ligament and the suprascapular
vessels pass superficia to the ligament (ATLAS
PLATE 33.1 and Figure 4-4).

. Infraspinatus Fossa.

Remove the deep fascia covering the infraspina-
tus muscle below the spine of the scapula.
Observe that most of its fibers arise from the
medial two-thirds of the infraspinatus fossa. From
this origin, the muscle ascends over the fibrous
capsule of the shoulder joint and terminates on
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Rhomboid
minor muscle

Levator scapulae muscle

Supraspinatus muscle  Spine of scapula

Infraspinatus
muscle

Rhomboid
major
muscle Greater
tubercle
(humerus)
Teres
Vertebral minor
border of muscle
scapula
Teres major ;:f ;’E
muscle it 1
.
I |
SRR
NN R
The scapular muscles, posterior view.
the greater tubercle of the humerus below the Observe the suprascapular nerve and vessels
supraspinatus muscle (ATLAS PLATES 58, passing into the infraspinatus fossa to supply this
456). < muscle by coursing through the spinoglenoid
Grant's 513, 517, notch (greater scapular notch), located lateral to
Cut through the infraspinatus muscle vertically 528 the free edge of the scapular spine (Figure 4-4).
with ascalpel 2 incheslateral to the vertebral bor- ?;HZ; 7447’71 , At times, abursaisfound between the infraspina-
der of the scapula; reflect the lateral part of the | gopen 30, 383, tus tendon of the muscle and the capsule of the
muscle toward the humerus (ATLAS PLATE 33). 403-405 shoulder joint.
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AW The suprascapular nerve and artery (posterior scapular view).

III. Lateral Border of Scapula; Triangular
and Quadrangular Spaces; Axillary
Nerve and Deltoid Region

The sharp latera border of the scapulaisthickly covered
with muscles. These include the latissmus dors at the
inferior angle and then the teres major, teres minor, and
the long head of the triceps brachii attaching to the infra-
glenoid tubercle (ATLAS PLATES 32, 60, 65).

A. Lateral Border of the Scapula (Figure 4-3).

Clearly define the inferior border of the infraspina-
tus muscle and separate it from the teres minor
muscle, which arises along the middle third of the
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lateral border of the scapula (ATLAS PLATE 65).
Follow the teres minor muscle laterally and
observeitsinsertion on the lower part of the greater
tubercle of the humerus below the infraspinatus.

Find the teres major muscle, which arises
from the lower one-third of the lateral border, as
far astheinferior angle (ATLAS PLATE 65). Its
fibers can be distinguished from those of the teres
minor because they form a flat tendon (approxi-
mately 2 inches long) that courses to the anterior
aspect of the humerus. The teres major muscle
inserts along the medial lip of the intertubercular
sulcus. At itsinsertion, the teres major tendon lies
just behind that of the latissimus dorsi muscle
(ATLAS PLATE 64).
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Identify the long head of the triceps brachii
muscle and observe its origin from the infragle-
noid tubercle of the scapula (ATLAS PLATES
60, 63, 65). Follow the muscle inferiorly, and
note that it passes between the teres major and
minor muscles on the humerus.

As the long head of the triceps brachii muscle
descends from the infraglenoid tubercle to the extensor
aspect of the arm, it crosses a three-sided area bounded
above by the lower border of the teres minor, below by
the upper border of the teres major, and laterally by the
surgical neck of the humerus. Two spaces are thereby
formed from the three-sided area, one medial to the
long head of the triceps, called the triangular space,
and one lateral to the muscle, called the quadrangular
space (ATLAS PLATES 32, 60).

B. Triangular and Quadrangular Spaces (Figure
4-5).

Find the long head of the triceps. Clean the lat-
eral and medial borders of the muscle and iden-
tify the triangular space bounded laterally by
the long head of the triceps, superiorly by the
teres minor muscle, and inferiorly by the teres
major muscle (ATLASPLATE 60). Find thecir-

Infraspinatus
muscle

Teres minor
muscle

Teres major
muscle

| 2

Grant’s 484, 510,
527,528

Netter's 426,
477, 481

Rohen 400,

405, 409
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Rohen 408, 409
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cumflex scapular branch of the subscapular
artery that courses around the lateral border of
the scapula and through the space from the axilla
(ATLASPLATE 33.1).

Similarly, identify the quadrangular space
located lateral to the long head of the triceps
muscle. Observe that it is bounded superiorly by
the teres minor muscle, inferiorly by the teres
major muscle, laterally by the neck of the
humerus, and medially by the long head of the
triceps. Probe for the posterior humeral cir-
cumflex artery and axillary nerve that pass
through the quadrangular space from the axilla
(ATLASPLATE 67).

. Axillary Nerve.

Because the scapular origin of the deltoid muscle
has already been detached, the muscle can be
turned forward to demonstrate the axillary nerve
that entersits deep surface (ATLAS PLATE 67).
Onits course through the quadrangular space, the
axillary nerve gives sensory branches to the
shoulder joint and supplies the teres minor mus-
cle and the posterior part of the deltoid (ATLAS
PLATE 67). This branch then becomes superfi-
cia over the deltoid muscle as the upper lateral

Deltoid muscle

Upper lateral brachial
cutaneous nerve
(from axillary)

Axillary nerve
A (in quadrangular

Posterior

L humeral
\\\\\\\\ circumflex
NN
N \ artery
M W

¥ =
——

~,

§\

3 N

S
— e

S5~ Triceps muscle
S (long head)

Circumflex scapular artery
(in triangular space)

ALY The quadrangular and triangular spaces (posterior view).
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brachial cutaneous nerve (ATLAS PLATE
37). Another large branch continues around the
humerus with the posterior humeral circumflex
artery to supply parts of the deltoid attaching to
the acromion and the clavicle.

Four structures are supplied by the axillary nerve:
two muscles with motor innervation, the teres minor
and deltoid; and two regions with sensory innervation,
the shoulder joint and the cutaneous area covering the
shoulder joint and deltoid.

Clinical Relevance

Axillary nerve injury. The axillary nerve branches
from the posterior cord of the brachial plexus and trav-
erses the quadrangular space to reach the posterolat-
eral aspect of the shoulder. At this site it can be injured
when the humeral head is dislocated or the surgical
neck of the humerus is fractured, because that part of
the humerus forms the lateral boundary of the quad-
rangular space. Resulting from this nerve lesion is the
loss of innervation to the deltoid and teres minor mus-

Thyrocervical trunk

Subclavian artery

Supraspinatus muscle

Descending branch of
transverse cervical artery

<Y &‘d " <

= 2 = mﬂlﬂ“‘"’""—""

cles and a loss of sensory supply to the skin over the
shoulder joint and, to some extent, the shoulder joint it-
self. Denervation of the deltoid muscle causes a loss of
the smooth contour of the shoulder and a weakness or
inability to abduct the upper limb beyond the first 20°
still be performed by the intact supraspinatus muscle.

IV. Anastomoses Around the Scapula

The blood vessels in the scapular region participate in
anastomoses that alow blood to reach the remainder of
the upper limb should blockage occur between the first
and third parts of the subclavian artery. The transver se
cervical artery (with its descending branch coursing
down the vertebral border of the scapula) and the supra-
scapular artery (which enters both the supraspinatus
and infraspinatus fossae) both arise as branches off the
thyrocervical trunk from the 1st part of the subclavian
artery. These anastomose freely with the circumflex
scapular branch of the subscapular artery and the
posterior humeral circumflex artery, which arisefrom
the 3rd part of the axillary artery (Figure 4-6).

Transverse cervical artery

Suprascapular artery

humeral circumflex
arteries

Circumflex scapular artery

I

Brachial artery

Teres major muscle

GAIWAY The scapular anastomosis on the posterior aspect of the shoulder. Note the descending branch of the transverse
cervical artery, the suprascapular artery, circumflex scapular artery, and the two humeral circumflex arteries.
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(el|[{ WAV Skin incisions of arm and forearm.

V. Posterior (Extensor)
Compartment of the Arm

The posterior compartment of the arm contains one large
muscle with three heads—the triceps brachii muscle—
and the important radial nerve with its accompanying
profunda brachii artery (ATLASPLATES 62, 63, 67,
68). The principal function of the tricepsis to extend the
forearm at theelbow joint. However, becauseitslong head
arisesfromtheinfraglenoid tuberosity, thetricepsalso can
extend the humerus at the shoulder joint.

Clinical Relevance

Suprascapular nerve injury. The suprascapular
nerve runs laterally from the superior trunk of the

Supraclavicular
nerves (C3, C4)

Upper lateral
brachial cutaneous
nerve (axillary)

Intercostobrachial
nerve (T2)

Lower lateral
brachial cutaneous
nerve (radial)

Posterior brachial
cutaneous
nerve (radial)

Posterior cutaneous
nerve of forearm
(radial)

Medial cutaneous
nerve of forearm
(medial cord)

brachial plexus and then courses deep to the supra-
scapular ligament that overlies the suprascapular
notch. It then enters the supraspinatus fossa where it
supplies the supraspinatus muscle. Trauma to this
nerve can occur in persons who have jobs that re-
quire carrying heavy objects, such as steel rods, or
persons that ascend ladders with a V-shaped wooden
container full of bricks (hod carrier). They begin to feel
that something is wrong with their arm and, when told
by their doctor to lift their upper limb, they bend the
upper part of their body toward the side, gaining the
first 20° of abduction of their arm, after which they
easily raise their arm because the deltoid is intact.
These patients are unable to initiate the first 20° of ab-
duction because the supraspinatus muscle is dener-
vated because of trauma to the suprascapular nerve.

I[N Cutaneous nerves of the arm (posterior view).
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A. Superficial Nerves. From the circular incision
through the skin around the upper part of the arm
(Figure 4-7), incise the skin downward along the
anterior surface of the arm and forearm to the
wrist. Make another circular incision at the wrist
(Figure 4-7 A, B).

Dissect the superficial fascia of the arm and
find the upper lateral brachial cutaneous nerve
from the axillary nerve over the deltoid muscle
(described earlier). Find the lower lateral
brachial cutaneous nerve (a branch of the radial
nerve). It passes through the triceps muscle to
become superficial just below the insertion of the
deltoid muscle (Figure 4-8). More medidly, find
the intercostobrachial nerve (T2) extending
through the 2nd intercostal space to supply the
medial and posterior part of the arm (ATLAS
PLATE 36).

B. Triceps Brachii Muscle. Remove the fascia
completely and clean the three heads of the tri-
ceps. Trace the long head down from the scapula
and follow it to the lateral head (Figure 4-9),
which arises from the upper, posterior surface of
the humerus above the spiral groove. |dentify the
medial head of the triceps arising from the pos-
terior surface of the humerus below the insertion
of the teres major muscle and just distal to the
spiral groove (ATLAS PLATE 63).

Observe that the triceps tendon of insertion
forms near the middle of the arm and inserts on
the upper posterior part of the olecranon of the
ulna (ATLAS PLATES 62, 67). Identify the
small triangular anconeus muscle on the dorsal
aspect of the elbow (ATLAS PLATES 63, 66).

C. Radial Nerve and Profunda Brachii Vessels
(Figure 4-10). With the forearm extended, insert a
probe deep to the lateral head of the triceps ap-
proximately 1 inch above itsinsertion (in the same
direction as the spiral groove). Being certain that
you do not sever the radial nerve and the profunda
brachii artery, cut completely through the lateral
head of thetricepsand reflect itstwo ends(ATLAS
PLATE 67). Thiswill expose theradial nerve and
its accompanying vessels within the spiral groove
(see cross section (ATLAS PLATE 132.1). Ap-
preciate the vulnerability of these structures if the
upper part of the shaft of the humerusis fractured.

Follow the main trunk of the radial nerve
through the lateral intermuscular septum. Note
that medially the brachialis muscle is found, and
laterally the nerve is bounded by the brachioradi-

<«

Grant’s 483, 484
Netter's 479, 480
Rohen 400-408

<
Grant’s 524-528,
542, 544, 600

Netter's 424, 432,

477
Rohen 382, 387

<

Grant’s 481, 488,
504,510

Netter's 432, 434,
477

Rohen 399,

408, 409

iy )
| &/ Infraglenoid
T i tubercle of
' scapula

) Long head
Tglce[;s.:l Lateral head
rachil | \edial head
muscle
Triceps
tendon
_ Medial Lateral
epicondyle epicondyle
Olecranon Head,
process of radius
ulna Radius

GI{WACN The triceps muscle.

alis muscle and the extensor carpi radialis longus.
Follow the nerve to the lateral epicondyle where
it divides into superficial and deep branches, both
of which enter the forearm.

In addition to the small cutaneous branches from the
radial nerve that supply the posterior region of the arm,
the larger posterior cutaneous nerve of theforearm is
also derived from the radial nerve (Figure 4-8 and
ATLAS PLATE 37). This nerve traverses the lateral
head of the triceps to become superficial 2 inches above
the elbow. It then descends behind the lateral epi-
condyle to supply the skin on the dorsum of the forearm
asfar asthewrist (ATLAS PLATE 69).
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Clinical Relevance

Find the profunda, or deep brachial artery, <
coursing with the radial nervein the spiral groove | Grants 486,487

Netter's 434 Rotator cuff. This musculotendinous structure rein-
(ATLAS PLATE 44). It branches from the

forces the capsule of the shoulder joint. It tends to re-

Rohen 397
brachial artery and courses laterally and posteri-
orly to join the nerve. Note that the vessel termi-
nates by dividing into the middle and radial col-
lateral branches (ATLAS PLATE 44). These
branches participate in the anastomosis around
the lateral aspect of the elbow joint (ATLAS
PL ATE 44). The middle collateral branch anasto-
moses with the interosseous recurrent artery (from
the common interosseous artery), whereas the ra-
dial collateral branch anastomoses with the radia
recurrent artery (from the radial artery) (ATLAS
PLATE 79.1).

tain the head of the humerus within the glenoid fossa.
The cuff consists of the tendons of the supraspinatus,
infraspinatus, teres minor, and subscapularis mus-
cles. Tears in the rotator cuff frequently occur when
dislocation of the humeral head occurs. The tendons
reinforce the anterior, posterior, and superior aspects
of the joint capsule, but not the inferior part. Conse-
quently, these dislocations are most often inferior and
medial to the joint. Rotator cuff injury frequently
occurs in curveball pitchers when strong rotation of
the upper limb is required to throw the ball.
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Radial nerve injury. The course of the radial nerve
(accompanied by the deep brachial artery) around
the shaft of the humerus places the nerve vulnerable
to injury or to severance in fractures of the humerus.
The nerve can also be injured more proximally in the
axilla by excessive pressure from the inept use of
crutches or by the so-called “Saturday night palsy”
when the arm or armpit of a drunken person is
draped over a hard surface (such as the back of a
chair) and the person falls asleep. Additionally, the
nerve can be injured by an inferomedial dislocation of
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the humeral head. The resultant injury in the axilla
paralyzes the triceps muscle and the posterior fore-
arm muscles so that the person is unable to extend
the forearm at the elbow joint, the hand at the wrist,
and the fingers. “Wrist drop” (flexion of the hand) oc-
curs because the flexor muscles of the forearm act
unopposed. The flexed hand also reduces the
strength of flexion of the fingers. Radial nerve lesions
may result in some sensory loss along the middle of
the posterior surface of the forearm and the lateral
aspect of the dorsal hand.



DISSECTION

Anterior Brachial Region;
Cubital Fossa; Anterior

Forearm and Wrist

Objectives

1 Learn the surface anatomy and bony features of the

arm and forearm.

2 Dissect the basilic vein and cutaneous nerves of the

anterior arm and forearm.

3 Dissect the anterior compartment of the arm.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant’s Atlas, 12th Edition = Grant’s Page #
Netter's Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

I. Surface Anatomy; Skin Incisions;
Superficial Veins and Nerves

Turn the cadaver onto its back and orient the upper limb
anteriorly. Review severa surface anatomy features of
the anterior aspect of the upper limb introduced in the
first Laboratory Session.

A. Surface Anatomy of the Arm and Forearm.
Palpate the following structures on one of
your dissection partners:

1. Greater and lesser tubercles; coracoid
process; intertubercular (bicipital) sulcus.
The greater tubercle of the humerusis the most
lateral bony structure felt when you palpate the

34

4 Dissect the structures in the cubital fossa.

5 Dissect the anterior compartment of the forearm.

6 Identify the tendons, vessels, and nerves at the

anterior wrist.
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rounded contour of the shoulder below the
acromion (ATLASPLATE 115). It moveswith
the humerus when the arm is rotated, but the
acromion does not.

Feel a small depression, the infraclavicular
fossa, just below the lateral end of the clavicle.
Palpate the cor acoid process of the scapula by
pressing laterally and backward in the fossa.

The lesser tubercle of the humerusis oriented
anteriorly and may be felt through the deltoid
muscle 1 inch lateral and slightly below the
coracoid process (ATLAS PLATE 18). On a
skeleton, find the intertubercular sulcus
between the two tubercles. On your arm, feel
for the tendon of the long head of the biceps
muscle within the sulcus.

2. Biceps brachii muscle; medial and lateral
bicipital furrows. The biceps brachii muscle
is the rounded prominence on the anterior arm
when the forearm is flexed.

Observe the medial and lateral bicipital fur-
rows extending longitudinally on either side of
the arm. Intermuscular septa project deeply from
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them and separate the flexor and extensor com-
partments of the arm (ATLAS PLATES 34, 44).
Deep to the medial furrow is a neurovascular com-
partment that contains the brachial vessels; the
basilic vein; and the median, medial ante-
brachial, and ulnar nerves (ATLAS PLATE
132). Along the lateral furrow ascends the
cephalic vein (ATLAS PLATE 41).

3. Cubital fossa; median cubital vein; bicipital
aponeurosis; brachial artery and median
nerve. The hollow in front of the elbow is
called the cubital fossa (ATLAS PLATE 36).
By applying pressure over the superficial veins
above the elbow, the median cubital vein
(used for venipuncture) becomes visible as it
interconnects the basilic vein seen medially
and the cephalic vein laterally (ATLAS
PLATE 68).

Have a lab partner flex the forearm against
resistance, and feel the tendon of insertion of
the biceps in the lateral part of the cubital
region. Palpate the bicipital aponeurosis
extending medially across the floor of the
fossa (ATLAS PLATE 43.1).

Feel the pulse of the brachial artery in the
cubital fossa by pressing over the media part
of the cubital fossa with the forearm resting
on a surface. At this site, the median nerve
lies medial to the artery beneath the bicipital
aponNeurosis.

4. Lateral and medial epicondyles; ulnar
nerve; olecranon, shaft, and styloid process
of the ulna. With your left thumb and index
finger, identify your right lateral and medial
epicondyles by palpating the flexed lower end
of the humerus. Feel for the ulnar nerve behind
the medial epicondyle. Move laterally and feel
the olecranon of the ulna and the tendon of
the triceps at the back of the elbow (ATLAS
PLATES 79.1, 113).

From the olecranon, follow the sharp poste-
rior border of the shaft of the ulna just deep
to the skin to the wrist. At its distal end pal-
pate the styloid process (ATLAS PLATES
127-129).

5. Head and styloid process of radius; radial
artery. Feel the rounded head of the radius
just below the lateral epicondyle of the
humerus at the back of the elbow (ATLAS
PLATES 123-126). Rotate the head of the
radius by supinating and pronating the forearm.
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The upper shaft of the radius is difficult to feel,
but the lower 3 or more inches can be palpated. The
distal extremity of the radiusis also called the sty-
loid process, and it extends %, inch below the ulna
(ATLAS PLATES 127, 128). Feel the pulse of the
radial artery above and medial to the styloid
process on the anterior wrist (ATLAS PLATES
127-129).

B. Skin Incisions. If not already done, make skin
incisions as indicated in Figure 4-7 (A-B).
Remove only the skin without cutting into the
superficial fascia because the superficial veins
and cutaneous nerves will be dissected before
removing the fascia. The skin may be left
attached at the dorsum of the wrist.

Two large superficial veins commence from ve-
nous plexuses on theradial and ulnar sides of the dor-
sal hand (ATLAS PLATE 90 #90.1). These are the
cephalic vein laterally and the basilic vein medialy.
They ascend in the forearm to the cubital fossawhere
there is usually an interconnecting vein, the median
cubital vein. The cephalic vein ascends to the del-
topectoral triangle and enters the axillary vein. The
basilic vein courses deep to the media bicipital fur-
row and will join with the veins accompanying the
brachial artery to form the axillary vein. In the lower
arm, the basilic vein is accompanied by the medial
antebrachial cutaneous nerve, and the cephalic
vein lies adjacent to the lateral antebrachial cuta-
neous nerve at the cubital fossa.

C. Superficial Veins and Cutaneous Nerves. |so-
late and clean the cephalic vein laterally in the
arm (ATLAS PLATES 36, 68). On the medial
side of the limb, clean the basilic vein in the
superficial fascia. Follow it distally to the dorsal
hand and proximally to the middle of the arm
where it penetrates the deep fascia (ATLAS
PLATES 36, 68).

Find the medial antebrachial cutaneous nerve
(Figure5-2) by probing the superficial fasciawhere
the basilic vein penetrates the deep fascia. Follow
the nerve distally, where it may divide in two or
more branches (ATLAS PLATES 36, 68). Do not
confuse this nerve with the ulnar nerve; both arise
from the medial cord.

Locatethelateral antebrachial cutaneousnerve
(Figures5-1, 5-2) by probing the fasciain the lateral
part of the cubital fossa deep to the cephalic vein
(ATLAS PLATES 36, 68). It is the continuation of
the muscul ocutaneous nerve.
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On the medial aspect of the brachium (arm), find
the smaller medial brachial cutaneous nerve
(Figure 5-1, ATLAS PLATE 36). This also arises
from the medial cord of the brachial plexus above
the origin of the medial antebrachial cutaneous
nerve. It frequently communicates with the inter-
costobrachial nerve that emerges through the 2nd
intercostal space to help supply the skin of the ax-
illaand arm.

II. Anterior Compartment of the Arm:
Muscles, Vessels, and Nerves

With the superficial fascia removed, observe that the
deep fascia thickens laterally and medially to form
the lateral and medial intermuscular septa. These
descend to the lateral and medial epicondyles and
divide the arm into anterior (flexor) and posterior
(extensor) compartments (Figure 5-3A).

A. Anterior Compartment Muscles and M uscu-
locutaneous Nerve.

Identify the biceps brachii muscle and dissect its
short head arising from the coracoid process adja-
cent to the origin of the coracobrachialis muscle
(ATLAS PLATE 56). Observe that the short
head joins the long head to form muscle mass of
the biceps. The coracobrachialis descends to
insert directly onto the medial aspect of the
humerus (Figure 5-4).

Lift thelateral cord of the brachial plexusand find
the musculocutaneous nerve. Follow its course
through the substance of the coracobrachialis muscle
and then distally between the biceps and the underly-
ing brachialis muscle. It supplies all three muscles
(ATLASPLATESS58, 59).

Deep fascia
of arm, brachial

Lateral
intermuscular
septum

<
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Trace the tendon of the long head of the biceps
superiorly to the intertubercular sulcus, where it
isinvested by athin layer of synovial membrane ex-
tending down from the shoulder joint (ATLAS
PLATES 54, 56, 57). Realize that the tendon arises
from the supraglenoid tubercle of the scapula
(Figure 5-4A) and descends within the capsule of
the shoulder joint before it reaches the sulcus.

Separate the bicepsfrom the underlying brachialis
muscle, but do not cut the muscul ocutaneous nerve
(Figure 5-4B). Sever the biceps muscle 2 inches
above the cubital fossa and reflect the distal part and
its tendon to the cubital fossa. Identify the aponeu-
rotic expansion from the tendon called the bicipital
aponeurosis, which extends medially over the bra-
chial vessels and median nerve (ATLAS PLATES
56, 58). Follow the tendon of insertion of the biceps
to the tuberosity of the radius (Figure 5-4A).

Identify the brachialis muscle arising from the
lower half of the anterior humerus (ATLAS PLATE
57). Follow its thick tendon of insertion to the
tuberosity of the ulna and the anterior surface of the
coronoid process (Figure 5-4B).

Dissect the muscul ocutaneous nerve distally to the
lateral sideof the bicepstendon of insertion just above
the cubital fossa. Here, it becomes the lateral ante-
brachial cutaneous nerve (ATLASPLATE 68).

Review the musclesthat insert on the upper half of
the humerus (Figure 5-5). Identify the rotator cuff
muscles: supraspinatus, infraspinatus, and teres
minor. These insert on the posterior surface of the
greater tubercle. More anteriorly, the subscapularis
inserts on the lesser tubercle. Note that on the medial
aspect of the intertubercular sulcus attach the latis-
simus dorsi and the teres major, while the pec-
toralismajor inserts on the lateral lip of the sulcus.

B FOREARM

Deep fascia
of forearm,
antebrachial

Interosseous
membrane

G Muscle compartments in the arm (A) and forearm (B).
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Intertubercular
sulcus

Coracoid
process

Supraglenoid
tubercle

Greater
tubercle

Lesser
tubercle

\/_/ ’
Short head,
biceps brachii Coracobrachialis
Long head, muscle
biceps brachii
Brachialis
muscle
Biceps brachii
muscle
Bicipital
aponeurosis Ulnar
tuberosity
Tendon of biceps
v" brachii muscle iy
Radial [ /,’ﬁ A BT The muscles of the anterior (flexor) compartment
" 4 ! . .o o qe
! tuberosity Ji /" ! / of the arm: biceps brachii (A) and the brachialis and coraco-
o brachialis (B).
A B (B)

Infraspinatus

muscle .
Supraspinatus

muscle

Supraspinatus Subscapularis
muscle muscle

Teres minor
muscle

ZETEEE) Insertions of muscles on the greater and lesser
tubercles and neck of the humerus.

Intertubercular
sulcus
Latissimus
dorsi muscle
Teres major
muscle

Pectoralis major
muscle
Anterior view Posterior view
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B. Anterior Compartment Vessels and Nerves.
Dissect along the medial bicipital furrow and
find the brachial artery and veins and the
median and ulnar nerves. The brachial artery
is the continuation of the axillary artery below
the tendon of the teres major (Figure 5-6).
Clean the brachial artery and its accompanying
veins distally to the cubital fossa (ATLAS
PLATES 58, 59). Just distal to the tendon of

GETEEE) The brachial artery and its branches.
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the teres major, find the site of branching of
the profunda (deep) brachii artery from the
main trunk of the brachial artery (ATLAS
PLATE 67). Moreinferiorly, find the superior
and inferior ulnar collateral branches,
which anastomose around the medial aspect of
the elbow joint with ulnar recurrent branches
from the ulnar artery (ATLAS PLATES
79.1, 79.3).
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Trace the median nerve to the cubital fossa
from the lateral and medial cords of the
brachial plexus. Note that the median nerve ac-
companies the brachial artery. It courses anterior
and lateral to the artery along the upper half of
the arm but then passes over the artery to lie me-
dia to the vessel in the cubital fossa (ATLAS
PLATES 58, 59).

Find the ulnar nerve medial to the brachial
artery and follow it from the media cord of the
brachial plexus to the medial epicondyle accom-
panied by the superior ulnar collateral artery.
Here, it lies superficial to the medial head of the
triceps muscle (ATLAS PLATES 59, 53.1,
53.2).

ITII. The Cubital Fossa
(Atlas Plates 76-78)

The cubital fossaislocated in front of the elbow and is
bounded above by an imaginary line between the two
epicondyles of the humerus; medially, by the pronator
teres muscle; and laterally, by the brachioradialis
muscle. The floor of the fossa is formed by the
brachialis muscle and partially by the supinator, visible
when the brachioradialis is pulled aside (ATLAS
PLATES 70, 76).

Slightly flex the elbow to help identify the bicipi-
tal aponeurosis (ATLAS PLATE 56) deep to the
median cubital veins and superficial to the brachial
vessels and median nerve. Cut the bicipital aponeu-
rosis and dissect the brachial artery asit divides into
its ulnar and radial branches (ATLAS PLATES
76-78). Note that the median nerve enters the
forearm by coursing through the pronator teres
muscle, i.e., between its superficial (humeral) and
deep (ulnar) heads (Figure 5-7).

Separate the upper parts of the brachioradialis
and extensor carpi radialis longus muscles from
the brachialis muscle in order to expose the radial
nerve (ATLAS PLATE 78). Verify that the radial
nerve divides at this site into two terminal branches
(Figure 5-7): the superficial (cutaneous) branch,
which descends beneath the brachioradialis and the
deep radial nerve, which passes through the
supinator muscle (ATLAS PLATES 86, 88-90).

Confirm that the cubital fossa contains from me-
dial to lateral the median nerve, brachia artery, ten-
don of the biceps muscle, the deep radial nerve, and
the superficial branch of the radial nerve (ATLAS
PLATE 78).
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Grant’s 538-540
Netter's 433, 434,
437, 446

Rohen 416-418
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Biceps
Ulnar

muscle
nerve
; Humeral
Radial head
nerve pronator
Lateral teres
epicondyle muscle
Ulnar
head,
- pronator
Superficial teres
branch muscle
Deep
branch
Biceps Y/ ‘ _
tendon ! i |} ~ Median nerve
Pronator

teres muscle

Radius  Ulna

The location of the radial, median, and ulnar
nerves as they enter the forearm.

IV. Anterior Forearm Muscles, Vessels, and

Nerves (Atlas Plates 70-72, 76-78,
Figure 5-3B)

The anterior compartment of the forearm (Figure 5-3B)
contains muscles that (1) flex the hand at the wrist,
(2) flex the fingers at the interphalangeal and metacar-
pophalangeal joints, (3) pronate the hand and forearm,
and (4) adduct (ulnar flexion) and abduct (radial flex-
ion) the hand at the wrist. The muscles are arranged in
three layers—superficial, intermediate, and deep. Two
major arteries, the radial and ulnar branches of the
brachial artery, descend in the anterior forearm, as do
the ulnar and median nerves.

A. Anterior Forearm Muscles, Superficial Layer.
Put your right thumb in your own left cubital
fossa and pal pate with your other four fingers the
muscles below the lateral epicondyle. These are
the brachioradialis and extensors carpi radialis
longus and brevis muscles, and they will be stud-
ied with the extensor compartment muscles.

Now palpate the smaller flexor muscle mass me-
dial to the cubital fossaand in front of the medial epi-
condyle. This mass consists of four flexor—pronator
muscles, and they comprise the superficial anterior
compartment layer. Arising from a common origin,
the medial epicondyle and supracondylar ridge of the
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humerus, they include the pronator teres, the flexor
carpi radialis, the palmaris longus, and the flexor
carpi ulnaris(ATLASPLATES 70-73). The prona-
tor teres and the flexor carpi ulnaris also have heads
that arise from the ulna.

Remove the deep fascia from the front of the fore-
arm and separate the four muscles of this superficial
layer. Note how they fan out over the flexor surface
(Figure 5-9A). Trace the tendons of the flexor carpi
radialis, palmaris longus, and flexor carpi ulnaris to
the wrist.

Do not cut the radial artery and the ulnar
nerve and artery in this procedure (ATLAS
PLATES 76, 77). Dissect the most lateral muscle of
this group, the pronator teres. Being careful not to
injurethe median nerve (which courses between its
humeral and ulnar heads), follow the insertion of the
pronator teres laterally to the radius. Then sever its
humeral head near its middle to expose the median
nerve (Figure 5-7).

At this point, it isimportant to trace the ulnar nerve,
ulnar artery, radial artery, and the superficial branch of
the radial nerve from the forearm to the wrist.

B. Ulnar Nerve and Artery; Radial Artery;
Superficial Branch of Radial Nerve (Figure
5-8). Follow the ulnar nerve from its groove
behind the medial epicondyle into the forearm.
Passing between the humeral and ulnar heads of
the flexor carpi ulnaris, the ulnar nerve descends
deep to the flexor carpi ulnaris muscle. Note that
at thewrist the nerveliesjust lateral to the tendon
of this muscle (ATLAS PLATES 76-78).

Midway down the forearm find the ulnar
artery at its origin. Follow it medially (deep to
both the superficial layer of flexor muscles and
the flexor digitorum superficialis) and dissect its
distal half. The proximal part of the vessel is best
seen after the flexor digitorum superficialis is cut
(ATLASPLATE 78).

Identify the radial artery at the wrist, where it
liesjust deep to the skin and fascia. During life, pul-
sationscan easily befelt here because the vessd lies
directly on the distal radius between the tendons of
the brachioradialis laterally and the flexor carpi
radialismedially (ATLAS PLATE 76). Dissect the
artery distally asit courses backward to the dorsum
of thehand (ATLAS PLATE 93.2).

In the cubital fossa identify the superficial
branch of the radial nerve. Dissect it distally
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deep to the brachioradialis muscle and, in the mid-
dle third of the forearm, find it just lateral to the
radial artery (ATLAS PL ATES 76-78). Note that
3 inches above the wrist, the nerve leaves the ves-
sel to descend over the radial side of the dorsal
hand (ATLAS PLATE 90.1).

C. Flexor Digitorum SuperficialisMuscle (Figure
5-9B) and the Median Nerve. Cut across the
flexor carpi radialis and the palmaris longus mus-
cle 5 inches below the medial epicondyle and
reflect the severed ends. This exposes the flexor
digitorum superficialis muscle, which comprises
the intermediate layer of forearm muscles
(ATLAS PLATE 71, Figure 5-9B). Note that
from its origin on the common flexor tendon, as
the muscle descends, it forms two more superfi-
cial and two deeper tendons. Pull on these ten-
donsindividually to verify that those going to the
middle and ring fingers are more superficial and
those going to the index and little fingers lie

deeper.

With a scalpel, detach the flexor digitorum
superficialis from its origin laterally on the radius
(ATLASPLATES 77, 78). Turn the muscle medially
to see the median nerve as it leaves the pronator
teres. The nerve descends to the wrist along the deep
surface of the superficialis (ATLAS PLATE 78).
Two inches above the flexor retinaculum, the median
nerve becomes more superficial and lies between the
tendons of the flexor carpi radialis and those of the
flexor digitorum superficialis (ATLAS PLATE 76).
Detach the nerve from the deep surface of the flexor
digitorum superficialis (FDS) and, protecting the
nerve, cut across the belly of that muscle halfway
down the forearm. Reflect the two ends of the FDS
and expose the deep muscles of the forearm.

Find the common inter osseous branch of the ul-
nar artery behind the ulnar head of the pronator
teres. By dissecting distally, observe that this vessel
branches into anterior and posterior interosseous
arteries, which descend in front of and behind thein-
terosseous membrane (ATLAS PLATE 78).

D. Anterior Forearm Muscles, Deep Layer (Fig-
ure 5-9C,D). Anterior Interosseous Artery
and Nerve.

Deep to the flexor digitorum superficialis are located the
flexor pollicislongus (laterally) and theflexor digitorum
profundus muscles (Figure 5-9C,D, ATLAS PLATE
72). Deep to these, the four-sided pronator quadratus
muscleisfound (ATLASPLATE 99.1). Also descending
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GETIEE) The arteries and nerves in the anterior forearm.
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in the forearm with these deep muscles are the anterior
interosseous branch of the common interosseous
artery and the anterior interosseous nerve, a branch of
the median nerve (ATLAS PLATE 78).

Turn back the ends of the flexor digitorum superfi-
cialis and identify the underlying flexor digitorum
profundus and flexor pollicis longus (ATLAS
PLATE 72). Pull on the tendons of these muscles near
the wrist and note movements of the fingers and
thumb on which these tendonsinsert. Now separate the
tendons of the flexor digitorum profundus from the
flexor pollicis longus and expose the inter osseous

A

Brachioradialis
muscle

Pronator teres
muscle

Flexor carpi
radialis muscle

Palmaris
longus muscle

Flexor carpi
ulnaris muscle

|
Grant’s 553, 555,
557

Netter's 443, 448,
473,476

Rohen 392, 398,
399, 423

membrane (ATLAS PLATE 126.1) along which
descend the anterior interosseous artery and nerve.
Follow the artery and nerve to the upper border of the
transversely oriented pronator quadratus muscle
(Figure 5-9D).

The median nerve supplies al of the anterior forearm
muscles except the flexor carpi ulnaris and the medial
half of the flexor digitorum profundus, which are sup-
plied by the ulnar nerve. Note that the lateral half of the
flexor digitorum, the flexor pollicislongus, and the prona-
tor quadratus all receive innervation from the median
nerve by way of its anterior interosseous branch.

Flexor digitorum
superficialis muscle

(GEIEE) The muscles on the anterior aspect of the forearm: superficial muscles (A); Flexor digi-

torum superficialis (B). (continued)
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GEIEE) (Continued) The muscles on the anterior aspect of the forearm: Flexors digitorum pro-
fundus and pollicis longus (C); Pronator quadratus and interosseous membrane (D).

V. Tendons, Vessels, and
Nerves on the Anterior Wrist

Before dissecting the palm of the hand, it is of impor-
tant clinical value to be able to envision the sequential
order of structuresacrossthewrist anterior to the carpal
bones.

Flex your hand and note the level of the most dis-
tal crease at the wrist. On the cadaver, cut away the
skin of the wrist, but do not cut too deeply. Superfi-
cial to the fibrous flexor retinaculum, locate the ten-
dons of the palmaris longus and flexor carpi ulnaris,
the ulnar nerve and artery medially, and, if till intact,
the superficial palmar branch of the radial artery lat-
erally (ATLAS PLATES 76, 107).

Find the median nerve between the tendons of the
flexor digitorum superficialisand flexor carpi radialis
and insert a probe into the carpal tunnel deep to the
flexor retinaculum. Observe that, in addition to the
median nerve, the tendons of the flexor digitorum
profundus and the flexor pollicislongus aso enter the
palm by passing deep to this retinaculum (ATLAS
PLATE 107).

Approximately 1 inch proximal to the carpal tun-
nel, identify sequentially from the ulnar to thera-
dial sidethefollowing structure at thewrist (ATLAS
PLATE 107):

A. Tendon of Flexor Carpi Ulnaris

B. Ulnar Nerve
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0O

. Ulnar Artery

D. Four Tendons of the Flexor Digitorum
Superficialis

. Tendon of Palmaris L ongus
Median Nerve

. Tendon of Flexor Carpi Radialis

. Radial Artery

Just beyond the lateral border of the radius are found
more superficialy:

I O M m

|. Superficial Branch of the Radial Nerve

J. Cephalic Vein (near its commencement)

Clinical Relevance

Bicipital tendinitis. Inflammation of the tendon of the
biceps muscle occurs often following repeated direct
trauma to the upper arm such as pushing your shoul-
der against a heavy door to open it. Within the bicipi-
tal sulcus on the anterior aspect of the humerus, the
tendon is held securely within the sulcus by the trans-
verse humeral ligament and overlying dense fascia.
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The inflamed, edematous tendon is tightly retained
within the bicipital sulcus and it becomes painful with-
out the opportunity to expand out of the sulcus.
Median nerve lesions. These lesions often occur in
the arm as a result of a supracondylar fracture of the
humerus, or in the lower forearm from wounds just
above the wrist. Denervation of the muscles in the
flexor compartments of the forearm and paralysis of
the thenar muscles are debilitating. The thumb re-
mains rotated laterally and adducted.
Supracondylar fracture (of the humerus). In a frac-
ture of the humerus just above the elbow joint, the dis-
tal part of the humerus is pulled posteriorly because
of the attached triceps muscle. If the brachial artery
becomes displaced, the blood supply to the anterior
forearm muscles could be compromised, resulting in
an ischemia that causes severe contractures of the
fingers or wrist (Volkmann’s contracture).

Fracture of the head of the radius. This fracture oc-
curs most often as a result of falling on the out-
stretched hand. The head of the radius articulates
with both the ulna and the humerus, and the ascend-
ing force of the fall results in the head of the radius
fracturing as it impacts the capitulum of the humerus.
Often synovial fluid fills the synovial cavity, enhancing
fat pads in the olecranon and coronoid fossae that be-
come visible with a lateral radiograph.



DISSECTION Palmar Aspect of the Hand

Objectives

1 Study the surface anatomy of the palm; visualize the 5 Dissect the middle finger: tendons, vessels, and

recurrent branch of the median nerve.

nerves.

2 Dissect the palmar aponeurosis; expose the digital 6 Dissect the thenar muscles and understand the

vessels and nerves; and learn the cutaneous
innervation of the hand.

3 Dissect the superficial palmar arch and the ulnar

artery and nerve.

movements of the thumb; dissect the hypothenar
muscles.

7 Dissect the deep palmar arch, the deep branch of
the ulnar nerve, and the interosseous muscles.

4 Open the carpal tunnel; dissect the flexor tendons
and median nerve in the middle palmar compartment.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #

Grant's Atlas, 12th Edition = Grant’s Page #
Netter's Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

The human hand is capable of performing many precise
movements. It is the motor organ for grasping, and the
richly innervated skin of the fingertips allows for fine
tactile sensibility.

I. Surface Anatomy; Skin Incisions; the
Palmar Aponeurosis and Digital Vessels
and Nerves

A. Study the Surface Anatomy of the Palm. Flex
your left hand and observe the creases at the
wrist, palm, and fingers (Figure 6-1).

46

1. Realize that the distal crease at the wrist
overlies the flexor retinaculum. This trans-
verse fibrous band converts the concave arch
of the carpal bones into the carpal tunnel.

2. Observe that the distal and proximal trans-
verse palmar creases cross the palm superfi-
cial to the metacarpal bones and that the distal
crease crosses the palm proximal to the three
medial fingers (Figure 6-1).

3. Notethat thethenar palmar crease definesthe
muscles of the thumb that form the thenar
eminence. Observe that the thumb can approx-
imate the tip of each finger. Pal pate the muscu-
lature on the medial side of the palm forming
the hypothenar eminence (Figure 6-1).

< 4. Note the metacar pophalangeal crease located
Grant’s 560, 561,

563, 568 on each finger 1 cm distal to the metacar-
Netter's 460, 461 pophalangeal joint. The joints are found at the
‘F:gge%zs, level of the knuckles on the dorsum of the hand.
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GEIXEY Surface anatomy of the palm. At point D along the
dotted red line is the approximate site where the recurrent branch
of the median nerve enters the thenar muscles.

Observe that each of the four fingers has two
interphalangeal creases but the thumb has
only one.

5. With one of your thumbs, push across the
palm of your other hand and try to displace the
skin. Do the same on the dorsum of the hand.
Note the looseness of the dorsal skin in con-
trast to that in the palm.

6. Envision aline on the pam from between the <
index and middle fingers to the distal crease
at the wrist (Figure 6-1A to B). Along thisline
1 cm distal to that crease, palpate the tubercle
of the scaphoid bone (Figure 6-1, at C).
Three centimeters distal to the tubercle along
this line is the site where the important recur -
rent branch of the median nerve courses lat-
erally and backward to supply the thenar mus-
cleswith motor innervation (Figure 6-1, at D).
This nerveisonly a few millimeters deep to
the skin at this point and isin a vulnerable
position if the thenar eminenceisinjured.

B. Skin Incisionsand Reflection of the Skin. Make
incisions in the palm only through the skin and
not into the connective tissue. Palmar skin is
especially adherent to the underlying palmar
aponeurosis. Maintain your dissection plane
between the skin and this aponeurosis.

Skin incisions on the palm and fingers are
shown in Figure 6-2. Make two incisions from

Grant’s 566, 567
Netter's 460
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Interphalangeal
crease

Metacarpophalangeal
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Distal transverse
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Distal carpal
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|

GEIEER Lines of skin incisions on the palm, fingers,
and thumb.
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the midpoint of the distal crease of the wrist: one
to the tip of the middle finger (Figure 6-2, A to
B), and the other angled laterally to thetip of the
thumb (Figure 6-2, A to B"). Make a transverse
cut across the palm just proximal to the metacar-
pophalangeal crease (Figure 6-2, C to D) and
additional incisions down the other three fingers.

Reflect the skin carefully. Start at the incision
corners and skin the palm, thumb, and severa fin-
gers, aso detach the skin from the dorsum of the
hand.

With the palmar skin removed, note that the superficial
fascia contains some fat and fibrous connective tis-
suethat pad thepalm. Deeptothesuperficial fasciaisfound
adenselayer of deep fasciacalled the palmar aponeuro-
SIS(ATLASPLATE 94). Thistough fasciaprotectstheun-
derlying vesselsand nervesfrom pressure and injury.

C. Palmar Aponeurosis; Digital Vessels and

Common palmar
digital nerves

Nerves. Expose the palmar aponeurosis by re-

y

(
\

>
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Proper palmar

\\%\\I

Ulnar nerve,
deep branch

Hypothenar
muscles

Ulnar nerve l \W

| <

//

//// y
" Recurrent branch

digital nerves

(J

moving the superficial fascia. Scrape away the
fat on the central palm with the scalpel edge until
glistening longitudinal bands of the palmar
aponeurosis become visible (ATLAS PLATE
94). Itsfibers fan out distally from the flexor reti-
naculum as fibrous bands that extend to the prox-
imal parts of the fingers. Probe between the mar-
gins of the aponeurosis in the webs of the fingers
and identify the common digital vessels and
nerves. Thesedivideinto proper digital vessels
and nerves, which course distally along the fin-
gers (ATLASPLATES 94, 107).

On the lateral side of the palm, locate the
common digital branch of the ulnar nerve,
which divides between the ring and little fin-
gers. Note that all of the other palmar digital
nerves come from the median nerve (Figures
6-3 and 6-4). On the lateral sides of the four
fingers, locate the delicate lumbrical muscles
found deeper to the digital vessels and nerves
(ATLAS PLATE 96).

GETIEE) The median and ulnar nerves and

their branches.

Proper palmar
digital nerves

of median nerve

(motor)

Median nerve

Thenar muscles
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Proper palmar
digital arteries

Radial index artery

Flexor pollicis
brevis muscle

Abductor pollicis
brevis muscle

Recurrent branch,
median nerve

Median nerve

Flexor retinaculum
(opened)

Radial artery

QAN Superficial palmar arch; digital vessels and nerves.

II. Ulnar Artery and Nerve; Fascial
Spaces of the Hand

The blood supply to the hand is derived from the ulnar

and radial arteries. These vessels anastomose and form >
arterial arches called superficial and deep palmar rarts oo
arches (ATLAS PLATES 106-108). Netter's 460, 461,
465, 466

. Rohen 422,

A. TheUlnar Artery and Nerve. Theulnar arteryisthe 423,426

principal contributor to the superficial arch, whereas
theradial artery isthe main vessel sending blood to
the deep arch. The ulnar nerve sends a dorsa cuta-

ww.cafepezeshki.ir

neous branchto theback of thehand (ATLASPLATE
90.1), but the main trunk of the nerve accompaniesthe
ulnar artery superficia to the flexor retinaculum into
the pam and divides into superficial and deep (pal-
mar) branches (ATLASPLATE 107).

Remove the superficial fat pad from the hypo-
thenar eminence. On its deep surface may be found
some transversely oriented fibers of the small pal-
maris brevis muscle coursing laterally from the pal-
mar aponeurosis (ATLAS PLATE 94). Follow the
ulnar nerve and artery into the palm and find where
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they send deep branches (not to be followed now)
that penetrate the hypothenar muscles to get to deep
pamar structures (ATLAS PLATE 107).

B. Fascial Spacesof theHand (Figure6-5). Thepalmar
aponeurosisisfused laterally and medially to the fas-
cia coverings over the thenar and hypothenar mus-
cles. From these fusion sites, a septum passesinto the
palm to attach to deep fascia and metacarpal bones.
Medially, the septum bounds the hypothenar muscles
and attachesto the 5th metacarpal bone, enclosing the
hypothenar space(Figure6-5). Laterally, thepalmar
septum penetrates deeply, media to the thenar mus-
cles, and then splits. One leaf courses laterally, at-
tached to the 1st metacarpal bone, and encloses the
thenar spaces. Theother leaf continues medially, be-
comes fixed to the 3rd and 4th metacarpal bones, and
helpsenclosethemiddlepalmar space (Figure6-5).

In the middle palmar space are the flexor tendons,
the lumbrical muscles, branches of the median and
ulnar nerves, and the superficial palmar arch and its
branches (ATLAS PLATE 137.2). Superficial to the
adductor pollicis muscleisthethenar spaceinto which
infections can spread. Infections and edema can spread
also to the middle palmar space deep to the flexor ten-
dons. To dissect the middle palmar space, the palmar
aponeurosis must be removed.

With forceps and scalpel, separate the palmar
aponeurosisfrom underlying structures. Detachit from
the flexor retinaculum and reflect it downward by cut-
ting itslateral and medial fusionsto the palmar septa.

Superficial palmar arch

Common digital branch, ulnar nerve

Palmar aponeurosis and septum

Hypothenar
compartment \’

o4

5th metacarpal

é ‘
J

Tendons of flexor

Lumbrical muscles

(E OB

\y,, > X
: ‘\\\V_ \\\W o= \ ;
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>
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Dissect the superficial palmar arch and clean the
common palmar digital arteries (usually three) that
descend to the intervals between the fingers. Another
branch also supplies the ulnar side of the little finger
(ATLAS PLATES 107-109). Note where the ulnar
artery in your cadaver isjoined by asmall superficial
branch of the radial artery. Sometimes, the radial
contribution may be difficult to find.

Identify the ulnar and median nerves found deep
to the superficial palmar arch. Verify that they give
rise to the common palmar digital nerves (Figure 6-3).
Observe that the arteries are usually superficial to the
nerves (ATLAS PLATE 107). Confirm that the me-
dian nerve supplies the lateral side of the pam, the
thumb, the index and middle fingers, and, usually, the
lateral half of the ring finger, whereas the ulnar nerve
supplies the media side of the palm, the little finger,
and the media half of the ring finger (see Figure 6-5).

Carefully remove the fascia over the thenar emi-
nence and find the recurrent branch of the median
nerve as it enters the thenar muscles approximately
3 cm below the scaphoid tubercle (Figures 6-3
and 6-4).

III. Flexor Retinaculum; Flexor Tendons
and Synovial and Fibrous Sheaths;
Dissection of Middle Finger

A. Flexor Retinaculum. The flexor retinaculum is
astrong, transversely oriented band of fibrous con-
nectivetissue measuring approximately 1 inchwide
and 1 inch long (Figure 6-8). It bridges the carpal

Midpalmar compartment

Tendons of flexor digitorum superficialis

iV < S
QRS

\»

T "‘,.'.ﬁ

Digital branches of median nerve

Thenar
compartment
)

e N

1st metacarpal

Thenar septum

Adductor pollicis
muscle

Dorsal interosseous muscles

GETEEE) Cross section of the palm showing the thenar, hypothenar, and middle palmar compartments.
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bones and transforms the concavity of these bones
into the carpal tunnel (ATLAS PLATES 96, 98).
The retinaculum attaches to the pisiform and ha-
mate bones medially and the scaphoid and trape-
zium laterally. Through the tunnel descend the
flexor tendons of the fingers and thumb, their syn-
ovial sheaths, and the median nerve (ATLAS
PLATE 107).

Clinical Relevance

Dupuytren’s contracture. This condition results in
the fibrosis and contraction of the palmar aponeuro-
sis, and it usually causes a partial flexion of the ring
and little fingers. Eventually, the metacarpopha-
langeal and interphalangeal joints become perma-
nently flexed.

Pulp space infection. This condition is the result of
bacterial infection in the distal phalanx of a finger. It
occurs most frequently in the thumb or index finger
and is usually initiated by a pinprick or needle prick or
a minor cut in the distal part of the finger.

Mallet or baseball finger. Severe pull on a tendon of
the extensor digitorum muscle can result in the avul-
sion of the tendon from the distal phalanx of a finger.
This injury can also be caused by sudden and ex-
treme flexion of the distal phalanx by direct trauma on
the end of the finger induced (e.g., by a baseball that
jams the end of the finger). A loss of extension of the
distal phalanx results.

Anatomic snuff box. This is a hollow depression on
the back of the thumb that is bounded by the tendons
of the extensors pollicis longus and brevis muscles. In
its floor can be palpated the scaphoid and trapezium
carpal bones, and the radial artery crosses the floor
just prior to penetrating the two heads of the first dor-
sal interosseous muscle.

>
Grant’s 568

Netter’s 461-463

Rohen 391
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condition that diminishes the size of the carpa tunnel
could lead to motor and sensory loss caused by impair-
ment of the nerve. This condition, called carpal tunnel
syndrome, can berelieved surgically by severing part or
all of the flexor retinaculum.

B. Flexor Tendons and Synovial Sheaths (ATLAS
PLATE 96). As the tendons traverse the carpal
tunnel, they are invaginated into glistening synovial
sheaths. Thesetubular structures consist of tissuesim-
ilar to that lining bursae, and each hasan inner visceral
layer adhering to the tendon and an outer parietal layer
lining the osseous and fibrous canal. Between the lay-
ersisasmall amount of [ubricating fluid that allowsthe
tendonsto move fredly.

Note that there are two synovia sheaths in the
carpal tunnel: one surrounds the flexor pollicis
longus, and the other, whichislarger, surroundsall the
tendons of the flexorsdigitorum superficialisand pro-
fundus. OnATL ASPL ATE 96, observethat, distally,
the sheath for the flexor digitorum tendons of the in-
dex, middle, and ring fingers ends as ablind pouchin
the palm, but the sheath continues down the little fin-
ger. Individual synovial sheaths resume for the mid-
diethreefingers at the metacarpophal angeal joint and
extend to the distal phalanx. Likewise, the synovial
sheath for the flexor pollicislongus extends al ong the
thumb to the distal phalanx.

Observe that in the carpal tunnel the superficialis
tendons are arranged in pairs: tendons of the middle
and ring fingers are anterior to those of the index and
little fingers. The four profundus tendons lie behind
the superficialistendons and are all in the same plane
(ATLAS PLATE 99). Separate the flexor tendons
and turn them distally to the metacarpophalangeal
joint.

Dissect the lumbrical muscles from their origin

»| on the tendons of the flexor digitorum profundus to

Insert a probe directly behind the flexor retinacu- Nthta”T's456505 the lateral aspect of the metacarpophalangeal joints

lum so that it enters the palm (ATLAS PLATE 98). ? Zg; 43| Where they insert on the dorsal extensor tendon
Identify the main trunk of the median nerve both Rohen389|  expansion (ATLAS PLATES 99, 104).

proximal to the retinaculum and then in the palm. Be
careful that the probe is located in front of the
nerve and not behind it. Cut through the flexor reti-
naculum but only as deeply as the probe, so that you
do not injure the underlying structures. Flex the hand
to release tension on the tendons and separate the me-
dian nerve from the tendons.

Recognize that the median nerve and tendonsliein a

<

Grant's 567, 568
Netter's 460, 461
Rohen 423, 426,

428

C. Fibrous Sheaths of Flexor Tendons; Dissect the
Middle Finger. The flexor tendons course along
the palmar surface of each finger within fibrous-
bony canalsformed anteriorly and laterally by fibrous
sheathsand dorsally by the phalangeal bones. Each fi-
brous sheath consistsof strong bandsof connectivetis-
suethat attach to both sides of the phalanges.

restricted space between the flexor retinaculum and the
carpal bones. Trauma that leads to fibrosis or any other

ww.cafepezeshki.ir

These become cruciform in shape and thin over the
interphalanged jointsto permit free flexion (Figure 6-6A).
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Fibrous digital sheath
cruciform part

Tendon, flexor
digitorum profundus
muscle

Tendon, flexor

Fibrous digital sheath
annular parts

Deep transverse
metacarpal ligament

digitorum superficialis

muscle

G The fibrous flexor digital sheaths (A) and the flexor tendons (B) along a finger.

Surrounding the tendons within the fibrous sheath
and lining the bony-fibrous canal is the digital synovia
sheath (ATLAS PLATES 96, 98). The flexor retinacu-
lum, palmar aponeurosis, and digital fibrous sheaths
form a strong connective tissue binding, anterior to the
flexor tendons, that maintains their position. This allows
powerful flexor contraction of the fingers and hand with-
out loss of strength owing to bowing of the tendons.

Clean the fascia from the anterior aspect of the
middle finger and expose the fibrous tendon sheath
anterior to the three phalanges (Figure 6-6). Dissect
only the middlefinger; it serves asa model for all
fingers (ATLAS PLATE 98).

Slit the fibrous sheath longitudinally along the
anterior midline of the middle finger (Figure 6-6B).

Tendon, extensor digitorum muscle

<«
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Observe that the tendon of the flexor digitorum su-
perficiais (FDS) lies anterior to the flexor digitorum
profundus (FDP) tendon (ATLAS PLATE 98). Ele-
vate the tendon of the superficialis and note that it
flattens and then splits to form an opening through
which the tendon of the FDP passes (Figure 6-6).
See how the dlips of the FDS tendon reunite, split
again, and insert on the sides of the middle phalanx.

Follow the deep tendon to itsinsertion on the distal
phalanx. Lift the superficiais tendon and find small
folds of synovial membrane called vincula that alow
minute blood vessel sto enter thetendons (Figure 6-7).
Dissect the proper digital arteries and nerves coursing
distally along the lateral and medial aspects of the
fibro-osseous canal (ATLASPLATE 107.1).

Metacarpal bone

Extensor expansion

Proximal phalanx

Vincula

Tendon, flexor digitorum Interosseous muscle

superficialis muscle

Lumbrical muscle

Tendon, flexor digitorum profundus muscle

GIAVNEVA Lateral view of the flexor tendons along one finger showing how the lumbricals and
interossei insert into the extensor expansions on the dorsum of the fingers.
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IV. Thenar Muscles; Movements of
the Thumb; Dissection of the Distal
Thumb; the Hypothenar Muscles

A. Thenar Muscles (ATLAS PLATES 96, 99-101).
Three superficial muscles of the thumb comprise the
thenar eminence. These are the abductor pollicis
brevis, the flexor pollicis brevis, and the opponens
pollicis, and they are al supplied by the recurrent
branch of the median nerve.

Clinical Relevance

Recurrent branch of the median nerve. This nerve
lies superficially along the medial surface of the
thenar eminence about 4 cm distal to the end of the
scaphoid process of the radius. Any small cut along
the surface of the thumb could sever this nerve,
resulting in a loss of the ability of the thumb to oppose
the other fingers. This deficit seriously diminishes the
use of the hand.

Identify and protect the recurrent branch of the
median nerve (Figures 6-3 and 6-4). Separate the
most superficial layer of muscles (abductor pallicis

\\\\
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brevis laterally and the adjacent flexor pollicis
brevis) from the underlying opponens pollicis
(Figure 6-8). Note that the fibers of the opponens are
oriented more obliquely than those of the overlying
muscles (ATLAS PLATE 99).

Find a cleavage line on the surface of the thenar
eminence between the abductor brevis and the flexor
brevis (ATLAS PLATE 98). Note that recurrent
nerve branches cross over the belly of the flexor
pollicis brevis. Cut the belly of the abductor pollicis
brevis and reflect its ends to expose the opponens
(Figure 6-8). Note that the thenar muscles arise from
the trapezium and scaphoid bones and the flexor reti-
naculum. The abductor brevis and flexor brevisinsert
medially on the base of the proximal phalanx of the
thumb, and the opponens pollicis inserts along the
proximal anterior surface of the 1st metacarpal bone.

B. Movements of the Thumb. Movements of the
thumb are at right angles to those of the fingers.
Flexion and extension are in the medial—lateral
plane, and abduction and adduction occur in the
anterior—posterior plane.

Extension—Flexion: Move your thumb to an
outstretched position laterally, but in the same plane
as the anterior surface of the palm. It is now fully

Adductor pollicis muscle
—_——
Transverse Oblique
head head

/ / Flexor pollicis
. V)~ brevis muscle

Abductor pollicis
brevis muscle

GIIANFEY The thenar and hypothenar
muscles.

Abductor digiti
minimi muscle (cut)

Opponens

// pollicis muscle
i

Flexor pollicis
brevis muscle (cut)

Opponens digm
minimi muscle

Flexor digiti minimi
brevis muscle

Abductor digiti
minimi muscle (cut)

Tendon, palmaris
longus muscle
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extended. Flex your thumb by approximating the
extended thumb to the radial border of the palm, and
continue this action across the palm hugging closely
the anterior surface of the palm until the tip of the
thumb reaches the little finger. From this fully flexed
position, extend your thumb by retracing this action
until the thumb is once again outstretched laterally.

Abduction—Adduction: Abduct your thumb by
pulling it forward at right angles anterior to the plane
of the palm, and then adduct your thumb by moving
it back to the anterior surface of the palm.

Opposition: Oppose your thumb by moving it
across the palm and approximateits distal phalanx to
the tip of any of the fingers.

C. Dissection of the Distal Thumb. The course of the

tendons and nerves of the thumb is similar to that of

the fingers, but the arterial source is principally

from the radial artery.

Expose the fibrous sheath along the length of the
thumb, but preserve the proper palmar digital arter-
ies and nerves. Trace the two proper digital nerves
back to the median nerve (ATLAS PLATE 107).

Find the two proper digital arteries of the thumb.
Seeif they are derived from the princepspollicisar-
tery (ATLASPL ATE 108) which branchesfrom the
radial artery after that vessel enters the deep palm
from the dorsum of the hand (ATLAS PLATE 93.1).
Open the fibrous sheath and dissect the tendon of the
flexor poallicis longus and its synovial sheath to the
distal phalanx.

D. Hypothenar Muscles (ATLAS PLATE 96). The

three muscles forming the hypothenar eminence
correspond in name and mirror image to those seen
in the thenar eminence. These include an abductor,
a flexor, and an opponens digiti minimi (Figure
6-8). They arise from the pisiform and hamate
bones and from the flexor retinaculum. The abduc-
tor and flexor digiti minimi insert into the base of
the proximal phalanx of the little finger; the
opponens is inserted along the shaft of the 5th
metacarpal bone (ATLAS PLATE 99).

Separate and identify the hypothenar muscles. The
abductor digiti minimi is the superficial muscle on the
ulnar side. Separate it from the underlying flexor digiti
minimi (ATLASPLATE 99.1). Cut the abductor pol-
licisbrevis, reflect its ends, and separate the flexor pol-
licis brevis from the opponens pollicis. Note that the
fibers of the opponens are the most oblique of the hy-
pothenar muscles (Figure 6-8). Identify the deep
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branch of theulnar nervethat suppliesthe hypothenar
musclesasit courses between theabductor pollicismin-
imi and the flexor pollicisminimi. The nerve may beac-
companied by a small branch of ulnar artery (ATLAS
PLATE 108.1).

V. Adductor Pollicis Muscle; Deep Palmar

Arch; Deep Branch of the Ulnar Nerve;
Interosseous Muscles

. Adductor Pallicis Muscle. The adductor pollicis
muscle and the other structures of the deep palm lie
dorsal to the flexor tendons in the middle palmar
space. Sometimes referred to as the adductor—
interosseous space, this region contains the deep
pamar arch, the deep branch of the ulnar nerve, and
the interosseous muscles in addition to the adductor
poallicis.

To approach the adductor pollicis muscle, cut
the superficial palmar arch and reflect the tendons of
the flexor digitorum superficialis down to the roots
of the fingers. Sever the four tendons of the flexor
digitorum profundus 2 inches above the flexor reti-
naculum, and also turn thedistal endsof thesetendons
and their attached lumbrical musclesdownward to the
fingers. Note that the two medial lumbrical muscles
receive innervation from the ulnar nerve (ATLAS
PLATE 108.1). Observethat theadductor pollicishas
transver seand oblique heads. These convergetoin-
sert on the media side of the first phalanx of the
thumb (Figure 6-8).

B. Deep Palmar Arch and Deep Branch of Ulnar

Nerve. Between the two heads of the adductor
pollicis courses a branch of the radial artery (to help
form the deep palmar arch) accompanied by the
deep branch of the ulnar nerve.

Having the deep palmar arch now partially
exposed, cut the origin of the oblique head of the ad-
ductor pollicis and reflect it to expose the radia artery
asit entersthe palm from theback of thehand (ATLAS
PLATES 93.1, 108.1). Sever the opponens pollicis
muscle, being careful to protect the ulnar nerve and ar-
tery that pierce the muscle before crossing the palm.
Identify the palmar metacarpal arteries branching
from the deep arch to join the common palmar digital
arteries. On theradial side of the deep palm, again find
theprincepspallicisartery, which suppliesthethumb
(ATLAS PLATE 108.1), and the radial indices ar-
tery, which courses along the radial side of the index
finger ATLASPLATE 111).
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The ulnar nerve supplies the muscles of the
hypothenar eminence, the medial two lumbricals, the
adductor pollicis muscle, and all of the interosseous
muscles (and at times the deep head of the flexor
pollicis brevis); the median nerve innervates the three
thenar muscles and the lateral two lumbricals.

C. Thelnterosseous Muscles (Figures 6-9 and 6-10).
The muscles that lie between the metacarpal bones
are the palmar and dorsal interossei (ATLAS
PLATES 102, 103). These muscles help flex the
metacarpophalangeal joints and extend the
interphalangeal joints. More important, the three
palmar interosseous muscles adduct the fingers,
and the four dorsal interossel abduct the fingers.
These latter actions are considered in relationship to
the middle finger, which serves as the longitudina
(median plane) axis of the hand (Figure 6-9).

The palmar interossei arise from the metacarpal
bones of the index, ring, and little fingers (which they
adduct) and insert onto the extensor surface of the
corresponding fingers. Because the thumb and the little
finger have their own abductors, the four dorsal
interossei are inserted onto the index, middle, and ring

Line of reference

/

Palmar
interosseous
muscles

GETE) The four dorsal interosseous muscles. They
abduct the fingers.
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GELEET) The arteries and nerves in the anterior

forearm.

fingers, the middle finger having two, one attached to
each side (Figure 6-10). These muscles move the
fingers away from the long axis of the hand.

If time allows, try to identify some of the
interosseous muscles in the deep palm and note that
they are supplied by deep branches of the ulnar nerve
(ATLASPLATES107.1, 108.1).

Clinical Relevance

Guyon’s canal syndrome. The ulnar nerve at the
wrist courses between the pisiform bone and the
hamulus of the hamate bone. A ligament superficial to
this site creates a canal within which the ulnar nerve
may become compressed. The resulting syndrome in-
cludes a loss of sensory innervation to the ring and lit-
tle fingers along with a weakness in movements
because of the denervation of the interossei and
hypothenar muscles.
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DISSECTION

Objectives

1 Learn the surface anatomy of posterior forearm and
dorsum of hand.

2 Dissect the superficial nerves of the dorsal forearm
and the venous plexus on the dorsum of the hand.

3 Dissect three superficial muscles in the extensor
compartment on the lateral aspect of the forearm.

4 Dissect four superficial muscles on posterior aspect
of the forearm.

ATLAS PLATE:

Clemente Atlas, 6th Edition = Atlas Plate #

Grant’s Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 6th Edition = Rohen Page #

I. General Introduction

The posterior compartment (Figure 7-1) of the forearm
contains muscles that extend the hand at the wrist and
the fingers and thumb at the metacarpophalangeal and
interphalangeal joints. Certain posterior forearm mus-
clesassist in abduction (radial flexion) and adduction of
the hand at the wrist. The brachioradialisis an impor-
tant flexor of the pronated forearm, while the supina-
tor, as its name implies, supinates the forearm and the
little anconeus muscle weakly assists the powerful tri-
ceps in extension of the forearm at the elbow.

56

Posterior Compartment of Forearm
and Dorsum of the Hand

5 Dissect five deep muscles of the posterior forearm.
6 Find the posterior interosseous nerve and artery.

7 Dissect the extensor retinaculum and identify the
structures on the dorsal aspect of the wrist.

8 Dissect the dorsum of the hand and the dorsal
interosseous muscles.

Through the posterior forearm course the deep
branch of the radial nerve and the posterior
interosseous artery (ATLAS PLATE 88). Both the
cephalic and basilic veins commence superficially on
the dorsum of the wrist (ATLAS PLATE 90.1).
Cutaneous innervation of the extensor surface of the
forearmis supplied by branches of theradial nerve, but
thelateral and medial antebrachial cutaneous nerves
supply its radial and ulnar borders (ATLAS PLATES
34.1, 49.3). Most of the dorsum of the hand is supplied
by the radial and ulnar nerves, but the median nerve
gives cutaneous innervation to the distal halves of the
dorsal thumb, index finger, middle finger, and lateral
half of thering finger (ATLAS PLATE 34).

II. Surface Anatomy; Removal of
Skin; Superficial Veins and Nerves

the dorsal forearm and hand serve as important
clinical landmarks in consideration of injuries or
other conditions that require treatment.
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| dentify the following bony structures on yourself
or on your |lab partner.

1. With the fingers of your right hand, follow the

shaft of your left ulna (just deep to the skin)

from the olecranon to the styloid process

(ATLASPLATES 122.1, 122.2). Fed the head
of the left radius below the lateral epicondyle.
Palpate the shaft of the radius, deep to the mus-
cle overlying it, down to the styloid process on

thelateral aspect of itsdistal extremity (ATLAS

PLATES 122.3, 122.4).

2. Pronate your right hand and fully extend the

thumb. Find the triangular depression 1 cm dis-
tal to the styloid process called the “anatomic

snuff box.” This small fossa lies between the
prominent tendon of theextensor pollicislongus

on the ulnar side of the fossaand the tendons of
the extensor pollicisbrevisand abductor pol-
licislongus on the radial side of the fossa (AT -
LASPLATES44, 82, 83). Know that ther adial
artery crosses the floor of the fossa deep to
thesethree tendons (ATLAS PLATE 93.2).

3. Extend your right hand and fingers fully. With
your left hand, palpate the extensor tendons
leading down from the wrist and over the
knuckles (which are the bases of the metacarpal
bones) to the dorsal surfaces of the fingers.
Proximal to the knuckles feel the bodies of the
metacar pal bones and palpate the softer tissue
(the dorsal interosseous muscles) between
the bones (ATLAS PLATE 93.2). The largest
dorsal interosseous muscle forms the tissue
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between the index finger and the thumb
(ATLASPLATE 93.1).

4. Note the looseness of the skin on the dorsum
of the hand. This is why edema often occurs
here even though an infection may be on the
pamar aspect of the hand. Observe the promi-
nent subcutaneous venous plexus, which is
used at times for intravenous injections or
catheters.

B. Removal of Skin. The cutaneous nerves of the fore-
arm and hand are just deep to the skin, as are the
basilic and cephalic veins (ATLAS PLATE 90.1).
Be aware of these on removal of the skin.

Make an incision down the midline of the back of
the hand to the root of the middle finger (Figure 7-2,

469, 470 A to B). Make transverse incisions across the knuck-

Rohen 394 les to the lateral and media margins of the hand
(Figure7-2,Bto C and B to D) and turn back thetwo
flaps. Removethe skinfrom the back of thethumb and
fingersto the fingernails, but retain the dorsal digital
nerves and vessels (Figure 7-2, dashed lines).

C. Superficial Veins and Nerves. Superficia digital
veins on the palmar aspect of the hand drain into
venous networks over the thenar and hypothenar
muscles, and these drain dorsally. Digital veins on
the dorsum of the fingers empty into venous

< channels on the dorsum of the thumb or on the

Grant's 576, hypothenar eminence.

582, 585

Rorers oo 470 Dissect the superficial veins on the radial and ul-
ohen 389, . . . .

392, 424 nar sides of the dorsum of the hand in the superficial
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—

)

A (el[{EBN Skin incisions on the dorsum of the hand.

fascia and follow the formation of the cephalic and
basilic veins (ATLAS PLATES 67, 69, 90). Ob-
serve how the dorsal metacarpal veins on the ulnar
side form the basilic vein, and the metacarpal veins
of the thumb and index finger ascend into the
cephalic vein.

The lateral and medial antebrachia cutaneous nerves
course around the radial and ulnar sides of the forearm to
supply the adjacent portions of the dorsal forearm. The
skin of the middle region of the dorsal forearm between
these two zones is supplied by the posterior antebrachial
cutaneous nerve (ATLAS PLATES 39, 69). The dorsum
of the hand receives innervation from the ulnar, radia, and
median nerves (Figure 7-3).

Identify and lift the brachioradialis muscle to un-
cover the radial nerve as it divides into its posterior
antebrachial cutaneous branch (superficial
branch) and its deep branch (ATLAS PLATES
76-78). Follow the posterior cutaneous branch down
the forearm as it courses with the radial artery.
Dissect the nerve distally and see how it divides into
two or three branches that supply the dorsum of the
hand. These dorsal digital nerves can be traced to
the proximal halves of the thumb, index, and middle

>

Grant's 484, 578
Netter’s 467-469
Rohen 399,

400, 424

<«

Grant‘s 490
Netter's 474, 480
Rohen 398, 420,
424

Median Ulnar & Radial
nerve nerve nerve
DORSAL

PALMAR

Gl AN The cutaneous innervation on the palmar and
dorsal surfaces of the hand.

fingers and the radial half of thering finger (ATLAS
PLATES 89, 90.1).

Follow the ulnar nerve down the forearm and find
its dorsal branch proximal to the wrist. Dissect this
branch into the dorsum of the hand as it passes
between the flexor carpi ulnaris and the ulna
(ATLAS PLATES 77, 78). Find its two dorsal
digital branches that supply the ulnar aspect of the
little finger and the adjacent sides of thering and little
fingers (ATLAS PLATE 90.1).

III. Muscles of the Extensor
Compartment of the Forearm

The muscles of the extensor compartment of the fore-
arm are divided into superficial and deep layers. The
superficial layer contains three lateral muscles and four
posterior muscles. The deep layer contains five mus-
cles: three* outcropping muscles’ of the thumb, which
bound the “anatomic snuff box,” plus the extensor
indicis and the supinator.

A. Superficial Extensor Forearm Muscles, Lateral
Group (Figure 7-4). Located on the radial side of
the posterior forearm, these lateral muscles include
the brachioradialis and the extensor carpi radialis
longus and brevis (ATLAS PLATE 81).

Remove the superficial deep fascia covering the
muscles of the posterior compartment as high in the
forearm as possible and detach the cutaneous nerves
and superficial veins. The extensor retinaculum
located inferiorly should be |eft intact. Note how the
retinaculum serves as a strong transverse band of
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Brachioradialis
muscle

Extensor carpi
radialis longus
muscle

Supinator
muscle

Extensor carpi
radialis brevis
muscle

Brachioradialis
tendon

Extensor carpi
radialis longus
tendon

Extensor carpi
radialis brevis
tendon

2nd metacarpal bone

3rd metacarpal bone

The three superficial lateral muscles plus the
deeply located supinator muscle (dorsal/posterior view).

connective tissue that retains the tendons close to
the wrist during extension of the hand (ATLAS
PLATES 80, 81).

Separate the most superficial muscle of the lateral
group, the brachioradialis, from the underlying
extensors carpi radialis longus and brevis. Do not
sever the posterior antebrachial cutaneous nerve
that descends just deep to the brachioradialis.
Observe the origin of the brachioradialis from the
upper two-thirds of the supracondylar ridge above
the lateral epicondyle of the humerus (ATLAS
PLATES 44, 64, 81). Follow its tendon of insertion
to thelower end of the lateral radius whereit attaches
above the styloid process.

Separate the extensor carpi radialis longus away
from the extensor carpi radialis brevis by following

ww.cafepezeshki.ir
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their tendons upward from about 6 inches above the
wrist to their muscle bellies. Note that the longus
arises above the brevis from the lateral epicondyle
(ATLAS PLATES 39, 81). Follow the tendon of in-
sertion of the longus onto the base of the 2nd
metacarpal and the brevis onto the 3rd metacarpal
(Figure 7-4). Observe that these two tendons course
deep to the tendons of the abductor pollicis longus
and the extensors pollicislongus and brevis (ATLAS
PLATES 83, 92.1, 93.2).

B. Superficial Extensor Forearm M uscles, Posterior

Group (Figure 7-5A). The muscles of the superfi-
cial posterior group includethe extensor digitorum,
extensor digiti minimi, extensor carpi ulnaris, and
thesmall triangular anconeus musclelocated behind
theelbow (ATLAS PLATE 80).

Two inches above the extensor retinaculum iden-
tify and separate from lateral to medial the extensor
digitorum, the extensor digiti minimi, and the exten-
sor carpi ulnaris muscles and their tendons (Figure
7-5A). Observe that al three muscles arise from the
common extensor origin on the lateral epicondyle of
the humerus. Follow the tendons distally deep to the
extensor retinaculum (ATLASPLATE 92.1).

On the dorsum of the hand, observe how the
extensor digitorum becomes flattened and divides
into four tendons. These diverge and continue over
the knuckles to reach the dorsum of each of the four
fingers (Figure 7-5A). Note that the tendon to the
index finger is accompanied by the tendon of the
extensor indicis (one of the deep muscles). Follow
the tendons distally where they spread over the
dorsum of the fingers and are called dorsal digital
expansions. Note that the expansions receive the
insertions of the interosseous and lumbrical muscles
(ATLASPLATE 92.2).

I dentify the extensor digiti minimi medial to the
extensor digitorum (ATLAS PLATE 80). Note that
its tendon goes through a separate compartment of
the extensor retinaculum (ATLAS PLATE 82).
Follow the tendon to itsinsertion onto the dorsum of
the little finger.

Follow the tendon of the extensor carpi ulnaris
toitsinsertion on the ulnar side of the base of the 5th
metacarpal bone (ATLAS PLATE 82, 83). If time
permits, remove the deep fascia over the anconeus
muscle and uncover its attachmentsto the lateral epi-
condyle and the olecranon above and upper part of
the ulna below (ATLAS PLATES 82, 83). This site
becomes inflamed and edematous in the condition
called “tennis elbow.”
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Anconeus
Anconeus muscle
muscle
Extensor iy
— digitorum R ‘
muscle TSN 4

Extensor carpi
ulnaris muscle

Abductor pollicis
longus muscle
Extensor pollicis

longus muscle Extensor pollicis

brevis muscle

Extensor digiti

minimi muscle Extensor

indicis
muscle

G AN A, The extensor digitorum, extensor digiti minimi, extensor carpi ulnaris, and anconeus
muscles (posterior view). B. The three outcropping muscles, and the extensor indicis and anconeus

muscle (posterolateral view).

C. Deep Muscles of the Posterior Forearm
(Figures 7-5B and 7-6). The deep muscles of the
posterior forearm include the supinator (Figure
7-4), the “outcropping” muscles of the thumb that
bound the anatomic snuff box, i.e., the abductor
pollicislongus, and extensor s pollicis brevis and
longus, and the extensor indicis(ATLASPLATE
83).

To expose the supinator muscle, retract the
brachioradialisand the extensorscarpi radialislongus
and brevis laterally (ATLAS PLATES 83, 88).
Detach thelower end of their originsif necessary. Ex-
pose the remaining muscles of the posterior forearm

by cutting the extensor digitorum, extensor digiti min-
imi, and extensor carpi ulnaris 3 inches below thelat-
eral epicondyle and then reflecting their bellies.

I dentify the deep branch of theradial nerveasit
enters the supinator muscle in front of the lateral
epicondyle (ATLASPLATE 79.2). Find it again near
the lower border of the supinator, where it is now
calledtheposterior interosseousnerve andisjoined
by the posterior interosseous branch of the
common interosseousartery (ATLAS PLATE 88).

Note that the supinator muscle arises from the
lateral epicondyle of the humerus and the lateral
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Brachialis muscle

Biceps brachii muscle

Supinator muscle

Posterior interosseous artery

Brachioradialis muscle

Extensor carpi radialis
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nerve
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S Abductor pollicis longus muscle
carpi radialis

Extensor pollicis brevis muscle
Extensor pollicis longus muscle

Extensor retinaculum

Extensor digiti
minimi muscle

GIAIWEN The posterior interosseous artery and nerve in the deep extensor forearm.

side of the upper ulna, and its fibers spiral around
the forearm to insert on the upper radius (ATLAS
PLATE 83). If the forearm is pronated, the fibers
become more twisted. The action of this muscle
results in untwisting its fibers, thereby supinating
the forearm.

Below the supinator, find the abductor pollicis
longus and follow its tendon down to the thumb
where it inserts onto the 1st metacarpal (ATLAS
PLATE 111). Below the abductor, identify the
smallest of the outcropping muscles, the extensor
pollicis brevis. Its tendon courses adjacent to
that of the abductor to the proximal phalanx of
the thumb where it inserts (ATLAS PLATES 83,
111).

Dissect the remaining two deep muscles, the
extensor pollicis longus and the extensor indicis,
both of which arise from the posterior ulna and the
interosseous membrane. Observe that the extensor
pollicis longus forms the lateral boundary of the
“anatomic snuff box” and descends to the distal
phalanx of thethumb (ATLASPLATES83, 88). Be-
low the extensor poallicis longus in the forearm, find
the extensor indicisand follow its tendon to the dor-
sal expansion hood of the index finger where it
inserts (ATLAS PLATE 83).
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92.1,

Extensor Retinaculum; Extensor
Synovial Sheaths; Structures Across
the Dorsum of the Wrist

The extensor retinaculum is an obliquely oriented band
of deep fasciaon the dorsal surface of the distal forearm
(ATLASPLATES92.1, 93.2). It extends from the pisi-
form and triquetral bones medialy to the anterolateral
border of the distal radius laterally. Connective tissue
septa attach from the retinaculum to the underlying
bone (ATLAS PLATE 82) and form six fibro-osseous
compartments through which the extensor tendons and

synovial sheaths enter the hand (ATLASPLATES
137.1). The compartments are as follows (Figure

The most lateral compartment contains the ten-
dons of the abductor poallicis longus and the ex-
tensor pollicisbrevis (ATLAS PLATE 83).

. Deep to the “anatomic snuff box” is the compart-

ment contai ning the tendons of the extensors carpi
redialislongus and brevis (ATLAS PLATE 137).

. Next is a compartment that extends obliquely to-

ward the thumb and contains the tendon of the ex-
tensor pollicislongus (ATLAS PLATE 82).

. Thetendons of the extensor digitorum and extensor

indicis occupy a broad compartment over the mid-
dle part of the dorsal wrist (ATLAS PLATE 82).
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Extensor indicis tendon
Extensor pollicis longus tendon
Extensor carpi radial brevis tendon

Extensor carpi

radial longus
tendon

Extensor pollicis
brevis tendon

Abductor pollicis
longus tendon

LATERAL

Extensor digitorum tendons

Extensor digiti minimi tendon

Radius

5. The fifth compartment lies over the distal radio-
ulnar joint and contains the tendon of the extensor
digiti minimi (ATLAS PLATE 82).

6. The most medial compartment lies over the distal
ulnaand contains the tendon of the extensor carpi
ulnaris (ATLAS PLATE 83).

The synovial sheaths around these tendons commence
proximal to the extensor retinaculum and terminate just
distal to the retinaculum. All tendons have individua
synovia sheaths, except for the abductor pollicis longus
and flexor pollicis brevis, which share a common
synovia sheath as do the extensor digitorum and exten-
sor indicis tendons (ATLAS PLATE 92.1).

Cut longitudinally through the extensor retinacu-
lum along these extensor fibro-osseous compartments
to expose the tendons and the synovial sheaths that
they enclose (ATLAS PLATES 82, 83). Approxi-
mately 1 cm distal to the retinaculum, identify each of
the following structures. (Vessels and nerves are listed
in parentheses; tendons are numbered.) (SEE ATLAS
PLATES 82, 92.1,93.2, 137.1).

1. Abductor pallicis longus tendon

2. Extensor pollicis brevis tendon
(Cephalic vein)
(Superficial branch of radial nerve)
(Radia artery)

Extensor pollicis longus tendon
Extensor carpi radialis longus tendon

Extensor carpi radialis brevis tendon

o 0~ W

Extensor indicis tendon

<«

Grant’s 576, 582
Netter's 469, 470
Rohen 420, 424

Ulna

Extensor carpi
ulnaris tendon

Cross section of the tendons
and bones of the wrist showing the tendons
in their compartments (anterior ventral view).

MEDIAL

collateral artery

Posterior ulnar
recurrent artery
Anconeus muscle

Interosseous
recurrent artery

Supinator muscle

Posterior
interosseous
artery

Abductor pollicis
longus muscle

Extensor pollicis
longus muscle

Extensor indicis muscle
Extensor pollicis
brevis muscle

Dorsal carpal branch

(of ulnar artery) Extensor pollicis

longus tendon
Extensor carpi

ulnaris tendon Radial artery

N v First dorsal

> metacarpal artery

Extensor indicis
tendon

Dorsal metacarpal
arteries

G
1. 2 interosseous
- /| muscle

A  Arteries in the posterior forearm, wrist, and
hand.
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Extensor indicis tendon .
Extensor digiti minimi tendon

Extensor pollicis brevis

tendon Intertendinous connections

Dorsal interosseous muscles
Abductor pollicis longus Extensor digitorum tendons
tendon

Extensor pollicis longus tendon

Extensor retinaculum

Extensor carpi radialis longus tendon

- . Extensor carpi ulnaris tendon
Extensor carpi radialis brevis tendon

AN Tendons and dorsal interosseous muscles on the posterior wrist and hand.

radial arteries and terminal branches of the ante-
rior and posterior interosseous arteries (ATLAS
PLATE 93.1). These vessels form an anastomosis
8. Extensor digiti minimi tendon called thedor sal carpal network that may appear as
adorsal carpal arch. From this network or arch de-
scend dorsal metacarpal arteries that then divide
into dorsal digital arteries(ATLASPLATE 93.1).

7. Extensor digitorum tendon
(Basilic vein)

9. Extensor carpi ulnaris tendon
(Dorsal branch of ulnar nerve)

Cutaneous innervation on the dorsum of the hand

V. Arteries and Nerves on Dorsum of (Figure 7-3) and the dorsum of the proximal half of the
Hand; Dorsal Interosseous Muscles fingers is derived from the superficial radial nerve
(Figures 7-8 and 7-9) (thumb and radial 2%, fingers) and from the dorsal

cutaneous branch of the ulnar nerve (ulnar 1%, fin-

A. Arteriesand Nerves on the Dorsum of the Hand. gers). Innervation of the distal half of the dorsum of the
The arterial supply to the dorsum of the hand is de- fingers comes to the dorsum from the median and ulnar
rived from dor sal carpal branchesof theulnar and palmar digital nerves (ATLAS PLATES 34.2, 49.2).
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Dissect deep to the extensor tendons and identify
dorsal carpal branches from the radial, ulnar, and
interosseous arteriesthat join to form adelicate trans-
versely oriented arch (ATLAS PLATE 93.1). Find
dorsal metacarpal arteriesthat descend from this net-
work over the dorsal interosseous muscles. Follow
one of the metacarpal arteriesto the web between two
fingers where it divides into dorsal digital arteriesto
supply their adjacent surfaces.

Find the radial artery asit passes from the floor of
the “anatomic snuff box” through the two heads of
the first dorsal interosseous muscle to enter the deep
pam (ATLAS PLATE 93). It then gives off the
princeps pollicis (ATLASPLATE 93.1) and radial
index (ATLAS PLATE 109) arteries before
continuing as the deep palmar arch (ATLAS
PLATE 102).

B. Dorsal Interosseous Muscles. The four dorsal
interossei abduct the fingers from the midline axis of

the hand (Figure 7-2). The thumb and little finger
have their own abductors. The dorsal interosseous
muscles insert onto the ring and index fingers on the
sides away from the midline axis. The middle finger

hastwo dorsal interosseous muscles, oneon each side,
allowing it to be abducted both to the lateral or medial
sides of the midline axis (ATLAS PLATE 108.1).

Clean the fascia from the surfaces of the dorsal
interosseous muscles in the intermetacarpal spaces.
Observe that each dorsal interosseous muscle is
bipennate and arises by two heads from the adjacent
sides of two metacarpal bones (ATLAS PLATE
102). Other delicate perforating arteries may be
found between the heads of the 2nd, 3rd, and 4th
dorsal interosseous muscles.

Dissect the tendons of insertion of the dorsal
interosseous muscles distally to their attachments
onto the extensor expansions of the index, middle,
and ring fingers.

<«
Grant’s 576,
577,582

Netter's 467, 469,

Rohen 399, 400,
420, 421, 424
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Grant’s 576, 606
Netter's 465,
409, 470

Rohen 389

Clinical Relevance

Tennis elbow. Tenderness and painful to pressure
over the lateral epicondyle of the humerus is called
“tennis elbow.” It is caused by an overuse of the
extensor muscles of the upper limb, usually in sports
such as tennis or golf.

Bursitis at the olecranon. This inflammation occurs
in the bursa that is located superficial to the olecranon
of the ulna. It is usually caused by excessive or
prolonged pressure on the posterior aspect of the
elbow joint.

Wrist drop. This condition is caused by a radial
nerve injury that results in paralysis of the extensor
muscles in the forearm. The fingers are flexed as
well, because the paralysis significantly reduces
extension at the metacarpophalangeal and interpha-
langeal joints.

Synovial cysts at the wrist. These are usually small
cysts filled with a semiclear fluid, which occur dorsally
on the wrist within or adjacent to the synovial tendon
sheaths of the extensor muscles. Sometimes one is
referred to as a “ganglion.”

De Quervain’s disease. This condition is caused by
tenosynovitis of the common tendon sheath of the ab-
ductor pollicis longus and extensor pollicis brevis.
Movements of the thumb are painful.

Colles’ fracture. This is a fracture of the distal end
of the radius (styloid process) caused by a fall on
the outstretched hand. The distal fractured part is
displaced dorsally and superiorly and usually results
in a dorsal bump at the wrist.

Bennett’s fracture. This is a fracture of the first
metacarpal bone proximal to the phalanges of the
thumb. Often, this is caused by a direct force along the
longitudinal axis of the thumb.

Metacarpal bone fracture. These long bones of the
hand are usually fractured by a direct impact on the
hand dorsally. At times it is caused by a clenched fist
hitting a hard surface. Fracture of the two ulnar
metacarpal bones (4th and 5th) is more common than
fracture of the radial three metacarpal bones.
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DISSECTION

Objectives

1 Expose the acromioclavicular and coracoclavicular
joints and dissect the glenohumeral (or shoulder)
joint.

2 Dissect the elbow joint and open the proximal
radioulnar joint.

3 Visualize the middle radioulnar joint and expose the

distal radioulnar joint.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant’s Atlas, 12th Edition = Grant’s Page #
Netter's Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

Dissect the joints of the upper extremity on one limb
only. Save the soft tissues overlying the joints of the
other limb for review.

I. Joints of the Shoulder Region

The clavicle participates in the formation of the pec-
toral girdle by attaching to the sternum medially and to
the acromion of the scapula laterally. Note that the
acromion and coracoid process of the scapula and
the clavicle are bony structures that help protect the
glenohumeral articulation, or shoulder joint, superi-

Joints of the Upper Extremity

4 Open the radiocarpal joint and expose the distal row
of carpal bones at the midcarpal joint.

5 Open the carpometacarpal, metacarpophalangeal,
and interphalangeal joints of one finger.

orly. The acromioclavicular and coracoclavicular
joints are now to be dissected (Figure 8-1).

A. Acromioclavicular Joint. The acromioclavicular
joint (ATLASPLATE 115) isasynovid joint of the
gliding or plane type, located between the lateral end
of the clavicle and the media border of the acromion
(Figure 8-1).

Elevate the shoulder by placing a wooden block
under the upper back. Initially, the bony arch formed
by the acromion, the clavicle, and their attached
ligaments must be exposed. Palpate the acromion
and lateral clavicle. Sever the deltoid muscle away
from the clavicle anteriorly, the acromion laterally,
and the scapula posteriorly (SEE ATLAS PLATE
60). Cut away the attachment of the trapezius muscle
from the spine of the scapula.

Using ascalpel, scrape the soft tissue from the up-
per surface of the acromioclavicular joint. Note that
thejoint capsule consists of fibroustissue comprising

65
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66 DISSECTION 8

the acromioclavicular ligament (Figure 8-1 and
ATLAS PLATE 118.1). Open the joint capsule by
cutting close to the acromion. Determine whether a
partial or complete fibrocartilaginous articular disc is
present. Sometimes a disc divides the joint cavity
into two separate synovial cavities.

B. Coracoclavicular Joint. The coracoclavicular
joint isthe ligamentous union between the coracoid
process of the scapula and the distal clavicle. It has
no synovial cavity but consists of interosseous lig-
aments between the two bones (a syndesmosis).
The coracoclavicular ligament consists of two
parts, the trapezoid and conoid ligaments, named
because of their shapes (ATLAS PLATES 116.1,
118.1). These powerful ligaments support the lat-
eral aspect of the scapulaasit hangs from the clav-
icle (Figure 8-1).

By disarticulating the acromioclavicular joint, you
will partly mobilize the distal end of the clavicle and
expose the coracoclavicular ligaments. Elevate the
clavicle and identify the trapezoid ligament between
the clavicle and the coracoid process (ATLAS
PLATE 118.1). Define the borders of the conoid

Coracoacromial ligament

Acromioclavicular
ligament

Subscapularis
muscle

Capsule of
shoulder joint

Biceps tendon,
long head

Humerus
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ligament posteromedial to the trapezoid ligament
(Figure 8-1). Its shape resembles a cone with the base
directed toward the clavicle and the apex toward the
coracoid process.

The coracoclavicular ligaments provide stability to the
acromioclavicular joint. They prevent the acromion from
being didocated medialy under the clavicle after afal on
the outstretched hand. The force transmitted up the arm
and then from the head of the humerus to the glenoid cav-
ity is partially disspated to the clavicle through the cora-
coclavicular ligaments (especially the trapezoid ligament).

The coracoacromial ligament is an intrinsic liga-
ment of the scapula (Figure 8-1). This strong triangular
band of fibrous tissue has its base attached to the cora-
coid process and its apex to the tip of the acromion
(ATLASPLATE 116.1).

On disarticulating the acromioclavicular joint,
identify the coracoacromial ligament. Note that,
with the coracoid process and acromion, the ligament
forms a fibro-osseous arch over the head of the
humerus, protecting the shoulder joint from above.
Also note that the subacromial bursaand supraspina-
tus muscle overlie the shoulder joint at this site
(ATLASPLATE 119.1).

Trapezoid ligament | Coracoclavicular
Conoid ligament

ligament

G {FEBN The acromioclavicular,

coracoacromial, and coracoclavicular
ligaments (anterior view).
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C. Glenochumeral (or Shoulder) Joint. The shoulder
joint is a ball-and-socket type in which the head
of the humerus is disproportionately large for the
shallow glenoid cavity (ATLAS PLATE 115,
Figure 8-2). Thisfeature, combined with aloose ar-
ticular capsule, allows freedom of movement, but at
some expense to stability. Some protection against

insertion and reflect the muscle medially away
from the joint. Posteriorly, sever the tendons of the
supraspinatus, infraspinatus, and teres minor
from their insertions on the greater tubercle and the
joint capsule and reflect the muscle bellies medially
(ATLASPLATE 116.2).

this weakness and tendency for dislocation is
achieved superiorly by a fibro-osseus arch (see the
previous discussion) and the clavicle and by muscles
and their tendons around the joint. These musclesin-
clude the deltoid that surrounds the joint, the

subscapularisanteriorly, the supraspinatus superi-
orly, theinfraspinatus and teres minor posteriorly,

The articular capsule should now be exposed.
Leave the teres major, latissmus dorsi, and pectoralis
major muscles attached to the humerus so that the limb
will not detach when the joint capsule is opened.
Before opening the fibrous capsule, find the coraco-
humeral ligament, which is a wide fibrous band that
strengthensthe upper part of thejoint capsule (ATLAS

and thelong head of thetricepsinferiorly (ATLAS |« PLATES 114.1, 116.1). It extends over the shoulder
PLATES 54, 60). Drants o1 joint from the lateral aspect of the coracoid process to

Dissection of the shoulder joint requires exposure
of the articular capsule. If the deltoid muscle has
not been reflected downward from the clavicle,
acromion, and spine of the scapula, do it now. Cut the
origins of the coracobrachialis, short head of the
biceps, and long head of thetricepsand reflect them
downward. Cut the subscapularis muscle near its

Netter's 423, 425,

426, 431
Rohen 383, 397

the greater tubercle of the humerus.

Observe the attachments of the fibrous capsule to
the margin of the glenoid cavity medially and the
anatomic neck of the humerus laterally (ATLAS
PLATE 114.2).

The superior, middle, and inferior glenohumeral
ligaments thicken the joint capsule and strengthen it
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anteriorly. They are best studied by opening the joint
capsule from behind, removing the head of the humerus,
and visualizing theinner surface of the anterior aspect of
the joint capsule from this posterior view (Figure 8-3).

Make a longitudinal incision along the posterior
aspect of the joint capsule. Make transverse cuts from
the flaps so that the posterior parts of the capsule can
be opened to expose the head of the humerus from
behind (ATLASPLATE 115). With achisel and ham-
mer, remove the head of the humerus by cutting
through the anatomic neck just proximal to the
tuberosities (Figure 8-3). Observe the fibrocartilagi-
nous rim, called the glenoid labrum, around the
circumference of the glenoid fossa. Note that it
increases the depth of the glenoid cavity by approxi-
mately 5 millimeters.

At the uppermost part of the glenoid labrum, iden-
tify the tendon of the long head of the biceps
muscle and the superior glenohumeral ligament
(Figure 8-3). From the supraglenoid tubercle, the
tendon passes across the joint cavity anterior to
the head of the humerus (ATLASPLATE 115). Ob-
serve that the narrow superior glenohumeral liga-
ment also extends from the upper part of the glenoid
cavity but anterior to the origin of the biceps tendon.
It courses laterally and helps form that part of the
capsule attaching to the humerus just superior to the
lesser tubercle.

Glenoid cavity

ligament

>

Grant’s 544,
546, 547
Netter's 436
Rohen 374, 375

<
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Inferior glenohumeral
ligament

Biceps tendon, long head

Superior glenohumeral

Middle glenohumeral
ligament

GELTEEY The interior of the shoulder

joint opened from behind after the posterior
part of the capsule has been removed and
the head of the humerus cut away.

Humerus

Identify the middle and inferior glenohumeral
ligaments (sometimes seen as a single ligament).
These al so attach to the superior and anterior margins
of the glenoid cavity and descend inferolaterally to
strengthen the part of the capsule that attaches below
the lesser tubercle (Figure 8-3).

II. Joints at the Elbow Region

There are two joints in the elbow region: (1) the elbow
joint, which itself has two articulations, humeroulnar
and humeroradial, and (2) the proximal radioulnar
joint.

A. Elbow Joint. Within a single articular capsule, the
capitulum of the humer us articulates with the head
of the radius as a gliding joint, and the trochlea of
the humer us articulates with the trochlear notch of
theulnaasahingejoint (Figure 8-4). Thisisacom-
pound synovia joint, and its synovia cavity is con-
tinuous with that of the proximal radioulnar joint
(ATLASPLATE 125).

Two inches above the antecubital fossa, sever the
veins, nerves, and arteries, and turn their distal parts
downward to expose the cubital fossa. Sever themain
belly of the biceps brachii muscle and reflect the
lower part to its insertion on the tuberosity of the ra-
dius. Cut the belly of the brachialis muscle in the
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Olecranon fossa
of humerus

Lateral
epicondyle Medial
epicondyle
Capitulum 2 )
of humerus i \/,‘:, Lateral
d of radi Trochlea epicondyle
Head of radius of humerus ond o
ead o
Neck of radius ) radius
Coronoid process
dial tub of ulna Neck of
Radial tuberosity / eck o
Ulnar tuberosity Olecorfaur}gg ; ) radius
i i
Body of radius Body of ulna “ ) i%?gsof
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AV The humerus, radius, and ulna at the elbow joint. A. Anterior view. B. Posterior view.

lower arm and reflect the distal part downward away
from the anterior aspect of the joint capsule. Cut the
triceps muscle approximately 2 inches above the
olecranon and reflect its lower part distally to itsin-
sertion without damaging the capsule.

2

Grant’s 546, 547
Netter's 438
Rohen 379

Cut the origins of the pronator teres, palmaris
longus, and flexor carpi radialis from the medial
epicondyle. Remove the origins of the flexor
digitorum superficialis and flexor carpi ulnaris
and cut away the ulnar nerve. This exposes the
medial aspect of the joint capsule and the ulnar
collateral ligament (Figure 8-5A).

L aterally, sever the origins of the brachioradi-
alisand extensor s carpi radialis longus and brevis
and reflect them downward. Cut and reflect upward
the extensor carpi ulnaris and extensor digitorum
in the posterior forearm and then sever their attach-
ments on the humerus. This exposes the supinator
muscle. Cut the attachments of the supinator muscle
from the radius, ulna, and humerus, and remove the
small anconeus muscle. This exposes the lateral as-
pect of the joint capsule and theradial collateral lig-
ament (Figure 8-5B).

>

Grant’s 548
Netter's 438
Rohen 379

Note that the anterior part of the capsule also en-
closes the proximal radioulnar joint, and that superi-
orly, the capsule attaches to the medial epicondyle and
shaft of the humerus (ATLAS PLATE 124.1). Inferi-
orly, the capsule stretches to the coronoid process of

| 2
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the ulna and blends with the annular ligament.
Define the three bands of the ulnar collateral liga-
ment (strong anterior and posterior bands and a
thinner oblique or middle band). Note that they form
three sides of atriangular ligament, the apex of which
isthe medial epicondyle (Figure 8-5A).

Laterally, observe that the articular capsule is re-
inforced by the radial collateral ligament (ATLAS
PLATE 124.1). This strong band, also triangular in
shape, attaches superiorly to the lateral epicondyle
and fans downward to blend with the annular liga-
ment (Figure 8-5B).

Dissect the annular ligament and note that it
attaches to both the anterior and posterior lips of the
radial notch on the ulna, surrounding the head of the
radius (ATLAS PLATES 123, 125). Verify by pal-
pation that it forms a fibrous circular collar within
which the head of the radius rotates.

Cut into the capsule of the elbow joint anteriorly
and posteriorly by making transverse incisions
between the ulnar and radial collateral ligaments
(Figure 8-6). Leaving the ligaments intact, examine
the synovial membrane lining the inner surface of
the capsuleasit extends over the fossae of the lower
humerus. Note that the membrane attaches distally
around the margin of the articular surface of the ulna
and that the synovial cavity of the elbow joint is con-
tinuous with that of the proximal radioulnar joint.
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Humerus
Annular ligament of radius

A
Capitulum
Trochlea
Radial collateral ligament
Lateral Radius
epicondyle
Trochlear
notch
Olecranon ~
Annular ligament Ulna
B of radius
Radial fossa

Medial epicondyle

Coronoid fossa Trochlea

Capitulum

Capsule of joint

Annular ligament of radius

Head of radius <~ T /
"N ! Y .
Neck of radius o Radial notch of ulna
'
Radial tuberosity ;o Ulna

Anterior band
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GEILIEEE) The ligaments of the elbow joint.

A. Medial view. B. Lateral view.

FIAIIFTY The elbow joint with the anterior part of the
capsule opened (anterior view).
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FOREARM:

Radius

The bones of the forearm in the supinated
(A) and (B) pronated positions.

B. Proximal Radioulnar Joint.

ment and one-fifth by the radial notch of the ulna.

1st metacarpal

Coronal section through the left
wrist showing the distal radioulnar joint, the
radiocarpal joint, the midcarpal joint, the
intercarpal joints, and the carpometacarpal joints.

Ulna

The proximal
radioulnar jointisasingle axispivot joint in which
the head of the radius rotates within afibro-osseous
ring during supination and pronation (Figure 8-7).
Thisring is formed four-fifths by the annular liga-

>
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Cut the annular ligament and observe that the
synovial membrane lines the inner surface of the lig-
ament and continues to attach to the neck and margin
of the head of theradius (ATLAS PLATE 126.1).

III. The Middle and Distal
Radioulnar Joints

In addition to the proximal radioulnar joint, the radius
and ulna are attached by an interosseous ligament
(syndesmosis) between the shafts of the two bones that
are called the middle radioulnar joint, and by a sy-
novial joint (pivot) between the lower ends of the radius
and ulna, the distal radioulnar joint.

A. Middle Radioulnar Joint. The interosseous bor-
ders of the shafts of the radius and ulna are joined
by a strong fibrous interosseous membrane
(ATLAS PLATE 126.1). It provides a surface for
the attachment of deep forearm muscles and as-
sists in transmitting sudden forces from the hand
and radius at the wrist (such as in falling) to the
ulna along its shaft and then to the humerus at the
elbow.

On the flexor surface of the forearm, remove the
flexor muscles and any other tissue necessary to
expose the anterior surface of the interosseous

Carpometacarpal joint

5th metacarpal

Carpometacarpal _ N\ Intermetacarpal joint
joint of thumb &
. N
Trapezium
. Hamate
Trapezoid
Capitate Pisiform-triquetral joint
Scaphoid Pisiform
Midcarpal joint Triquetrum
Lunate

Radiocarpal joint

Distal radioulnar joint

LATERAL

Articular disc

Ulna
Radius

MEDIAL

LEFT WRIST
PALMAR VIEW
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72 DISSECTION 8

membrane. Observe that its fibers course obliquely
downward and medially from the border of the radius
tothe ulna (ATLAS PLATE 126.1). Find the poste-
rior inter osseousvesselsasthey enter (leave) the ex-
tensor compartment through a gap just below the
oblique cord (ATLAS PLATE 126.1), which ex-
tends opposite in direction to the fibers in the in-
terosseous membrane.

B. Distal Radioulnar Joint. The distal radioulnar joint
interconnects the delicate head of the ulna and the
ulnar notch onthe medial surface of the distal radius
(ATLASPLATE 126.1). Digtal to theulnaislocated
atriangular fibrocar tilaginous disc between the ulna
and the carpal bones (Figure 8-8).

Clean the loose and weak capsule of the distal
radioulnar joint (ATLASPLATE 130). Open and re-
flect the capsule by making anterior and posterior
longitudinal incisions. Probe the synovial cavity.
Note that it extends between the disc and the ulna,
and that it continues proximally between the radius
and ulna. If the joint is cut longitudinally, the cavity
appears L-shaped (ATLAS PLATE 131.3).

IV. Joints at the Wrist

Below the distal radioulnar joint are the radiocar pal
joint (or wrist joint proper), the intercarpal joints
between the individual carpal bones, and the car-
pometacar pal joints that interconnect the distal row
of four carpal bones with the five metacarpal bones
(ATLASPLATE 131.3). The fibrous capsules of these
joints blend to form a single continuous covering. The
inner surface of the capsule is lined by the synovial
membranes that bound the various joint cavities.
These include (a) asingle synovial cavity for the radio-
carpa joint, (b) a single irregularly shaped cavity for
theintercarpal joints, (c) a separate small synovial cav-
ity between the pisiform and triquetral bones, and (d) a
single synovial cavity between the distal row of carpal
bones and the heads of the four digital metacarpal
bones, which also extends between the heads of the
metacarpal bones (Figure 8-8). A separate synovial
cavity between the trapezium and the 1st metacarpal
bone forms the carpometacarpal joint of the thumb
(ATLASPLATE 131.3).

A. Radiocarpal Joint. Thiscondyloid synovia joint lies
between the radius and the articular disc adjacent to
the ulna proximally and the scaphoid, lunate, and
triquetral bones distally (ATLAS PLATE 131.3).
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The articular surface formed by the disc and the ra-
diusis concave and it receives the convex surface of
the three carpal bones (Figure 8-8).

Laterally and medially observe the longitudinally
oriented ulnar and radial collateral ligaments of
thewrist joint. Note that on the ulnar side, the liga-
ment attaches above to the styloid process of the ulna
and below to the triquetral and pisiform bones. On
theradial side, the ligament stretchesfrom the styloid
process of the radius to the scaphoid and trapezium.
Also see how the fibrous capsule is reinforced by
obliquely oriented thickenings anteriorly called the
palmar radiocarpal and palmar ulnocarpal liga-
ments and posteriorly by the dorsal radiocarpal
ligament (ATLAS PLATE 130.1).

Open thejoint dorsally by making atransversein-
cision through the capsul e between the articular disc
and radius above and the scaphoid, lunate, and tri-
quetral bones below (ATLAS PLATE 131.3).
Slightly flex the hand and identify the scaphoid bone
below the radius, the smaller lunate bone between
the radius and the articular disc, and the triquetral
bone on the ulnar side of the lunate (ATLAS
PLATES 127, 131.3).

B. Intercarpal Joints. The intercarpal joints include
joints between the individual carpal bones of both
the proximal and distal rows, and amore extensive
midcar pal joint between the two rows of carpal
bones (Figures 8-8 and 8-9). Individual bonesin
the two rows are interconnected by narrow fibrous
inter osseous ligaments that allow little move-
ment. All of theintercarpal jointsshareasingleir-
regularly shaped but continuous synovial cavity
(ATLAS PLATE 131.3). On the ulnar side, the
pisiform-triquetral joint has its own synovial
cavity (Figure 8-8).

Make another incision across the dorsal wrist
capsule at the level between the proximal and distal
rows of carpal bones (ATLASPLATE 131.3). Flex
the hand and open the synovial cavity of the inter-
carpal joints. Identify the four distal carpal bones
from ulnar to radial sides: the hamate, capitate,
trapezoid, and trapezium. Note that the trapezium
is opposite the base of the metacarpal bone of the
thumb (Figure 8-9).

C. Carpometacarpal Joints. These are plane joints be-
tween the distal row of carpal bones and the four
metacarpal bones of the fingers (ATLAS PLATE
131.3). The carpometacar pal joint of thethumb is
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a saddle-shaped joint between the first metacarpal
bone and the trapezium (Figures 8-8 and 8-9).

The capsules of the carpometacarpal joints are
strengthened by carpometacarpal ligaments and the
bases of the metacarpal bones are bound by strong
transverse interosseous ligaments (ATLAS PLATE
130). On the pamar surface, the radiate carpal liga-
ment extends from the capitate bone to the bases of the
2nd, 3rd, and 4th metacarpal bones (ATLAS PLATE
130.2). The fibrous capsule of the carpometacarpal
joint of the thumb is strong but loose and allows great
mobility.

The carpometacarpal joints of the fingers are lined
by a synovial membrane that forms a single synovial
cavity. The capsule of the carpometacarpal joint of the
thumb is lined by its own synovial membrane (ATLAS
PLATE 131.3).

Make a transverse incision across the capsule on
the dorsum of the wrist between the distal row of
carpal bones and bases of the four metacarpa bones
(ATLAS PLATE 131.3). Palpate the base of
the metacarpal bone of the thumb and cut across
the capsule between it and the trapezium. Flex the
hand and the thumb and observe the synovia cavities
of the carpometacarpal joint of the fingers and of the
thumb. Note how the hamate, capitate, and trape-
zoid articulate with the four metacarpal bones of the
fingers and that the thumb interconnects with its own
carpal bone, the trapezium (Figures 8-8 and 8-9).

V. Metacarpophalangeal and
Interphalangeal Joints

The five condyloid metacar pophalangeal joints are
each surrounded by a capsule lined by a synovial mem-
brane (ATLAS PLATES 130.1, 131.2). They allow
flexion, extension, abduction, and adduction. In con-
trast, the interphalangeal joints are uniaxial hinge
joints that do not allow lateral or medial movements,
these are also surrounded by fibrous capsules lined by
synovial membranes (ATLAS PLATE 131.2).

A. Metacarpophalangeal Joints. These jointsintercon-
nect the heads of the metacarpal boneswithin shallow
concavities on the proximal phalanges (ATLAS
PLATES 127, 130.1). Strong collateral ligaments
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phalanx

The collateral ligament at the metacarpopha-
langeal joint. Note that this ligament attaches proximally on

the dorsal surface of the metacarpal bone but distally on the

palmar surface of the proximal phalanx.

arefound on the sides of the joint capsules. Theselig-
aments attach to the dorsal tubercles of the
metacarpal heads, crossthe side of thejoint obliquely,
and attach distally onto the palmar aspect of the prox-
imal phalanx (Figure 8-10). The capsules are covered
dorsally by the extensor expansions, and on their pal-
mar surface are found fibrocartilaginous plates that
blend with the deep transver se metacarpal liga-
ments (ATLASPLATE 130.1).

Dissect either the index or ring finger. Remove

the tendons and soft tissues from both palmar and
dorsal surfaces and expose the fibrous capsule of
the metacarpophalangeal joint (ATLAS PLATE
130.1). Dissect the obliquely coursing collateral
ligaments on the sides of the joint. Note how they
become more taut during flexion than extension
(Figure 8-10).

B.

Interphalangeal Joints. There are nine interpha-
langeal joints in each hand, two on each finger and
one in the thumb. These uniaxial hinge joints alow
only flexion and extension. Each joint has two collat-
eral ligaments and afibrous capsule that islined by a

synovial membrane.

Expose the fibrous capsules of the two interpha
langeal joints. Find the collateral ligaments that func-
tion similar to those of the metacarpophalangeal joints.
Dorsaly cut acrossthe capsules, flex thefinger, and ex-
aminethe synovial cavities (ATLAS PLATE 131.2).
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Clinical Relevance

Shoulder separation. This is a frequent sports injury
most often happening in football. It involves the dislo-
cation of the acromion of the scapula, which is thrust
beneath the lateral end of the clavicle.

Avulsion of the greater tubercle. This involves the
pulling away of the greater tubercle of the humerus
from the humeral head, and it often occurs when a
person falls on the acromion of the shoulder. It also
can occur from a fall on the outstretched abducted
hand.

Dislocation of the sternoclavicular joint. This dis-
location can be either anterior or posterior; however,
it rarely occurs because the clavicle often fractures
before the joint dislocates due to the strong
sternoclavicular ligaments. When it does occur and
the dislocation is posterior, pressure may result on
one or more of the large vessels in the superior
mediastinum.

Monteggia’s fracture. This fracture involves the
proximal part of the ulna with the head of the radius
dislocated anteriorly at the elbow joint.

ww.cafepezeshki.ir
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Fractured elbow. This is actually a fracture of the
olecranon of the ulna and is usually caused by a di-
rect fall on the elbow. The fractured portion of the ole-
cranon is then pulled away from the rest of the ulna by
the pull of the triceps muscle.

Elbow dislocation. These dislocations of the ulna
are usually posterior at the elbow joint and often re-
sult from falling on the outstretched hand. The ulnar
collateral ligament is often torn, and fracture of the
coronoid process or olecranon may occur.

Fracture of the scaphoid bone. These fractures re-
sult in tenderness and pain in the “anatomic snuff
box” on the dorsal hand. The proximal fragment of the
bone can lose its arterial blood supply that leads to an
avascular necrosis after the fracture, because the
sole blood supply to the bone enters the distal portion
of the bone.

Dislocation of the lunate bone. This injury can be
caused by the excessive dorsiflexion of the hand at
the wrist joint. The lunate becomes displaced anteri-
orly and can put pressure on the median nerve within
the carpal tunnel.



DISSECTION

Objectives

1 Review the surface anatomy and bony features of
the thoracic wall and visualize the surface projection
of the heart, lungs, and reflections of the pleura.

2 Dissect a typical intercostal space—its muscles,
vessels, and nerve—and the internal thoracic vessels.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant’s Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

The thorax extends between the neck and the abdomen.
It contains, among other structures, the two lungs
enclosed by a membranous sac called the pleura
(ATLAS PLATES 154-156). The lungs are separated
on their medial surfaces by a region called the medi-
astinum, within which is found the heart and its
attached great vessels. Posteriorly, the mediastinum
also contains the airway to the lungs (trachea and

Thorax I: Anterior Thoracic Wall

3 Remove much of the anterior thoracic wall as a
single plate of bone and muscle, thereby opening
the thorax.

4 Understand the pleural reflections and remove the
lungs from the thorax.

(ATLAS PLATE 196). Laterally, the rounded thorax
follows the curvature of the ribs, and posteriorly it is
flattened and overlain by the scapula, muscles of the
shoulder, and the vertebral column.

I. Surface Anatomy; Thoracic
Vertebrae, Ribs, and Respiratory
Movements; Projections of Heart
and Lungs onto the Thoracic Wall

ton. Becausetheskinandfascia(includingthefemale
breast) have been removed, and the pectoral muscles
dissected, focus your review on the surface anatomy
of the chest and on the bony thoracic wall. Before
proceeding with the dissection, do thefollowing:

. . 1. On an articulated skeleton palpate or identify
>
bronchi) anq the %ophag.us leading to the st.omach. Grants 1916 el
Also located in the mediastinum are the thoracic duct, | peters 185, 186 o (e ] s
certain veins (azygos and hemiazygos), nerves (vagus Rohen 192 9 P

and splanchnic), and several lymph nodes (ATLAS
PLATES 166, 168, 215, 216).

In shape, the bony thorax resembles a truncated
cone (Figure 9-1). Narrow superiorly at the root of the
neck, it expands inferiorly to overlie the abdominal
cavity, extending further posteriorly than anteriorly

76

Manubrium, Body, and Xiphoid Process of the
Sternum

Sternal Angle (of Louis)

Second Rib and Costal Cartilage

Infrasternal Angle

Costal Margin of the Ribs
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Jugular (suprasternal) notch
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Body of
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Costal margin
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AAI{AB/E The thoracic skeleton: Anterolateral view.

2. On the cadaver, visualize the following clinicaly
useful imaginary lines (Figure 9-2; ATLAS
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. Papate the 2nd rib from its articulation on the

sternum at the sternal angle to the anterior
axillary line; then, count the ribs and intercostal
spaces down to the 9th or 10th rib. Realize that
the intercostal space is numbered similar to
therib just aboveit (ATLAS PLATE 148).

. On an articulated skeleton, observe that the

highly curved first ribs articulate with the ver-
tebral column posteriorly and the manubrium
of the sternum anteriorly, outlining the narrow
superior aperture of the thorax (ATLAS
PLATES 140, 141). Note that the ribs become
longer as does the width and cross-sectional
area of the thorax (Figure 9-1).

. Note that below the 6th rib the thorax contin-

ues to increase in width to its inferior aperture
where the diaphragm separates the thorax
from the abdomen (ATLAS PLATE 196).

. Observe on ATLAS PLATE 140.1 that the

costal margins, the 12th ribs, and the 12th tho-
racic vertebra outline the inferior aperture, and
that the diaphragm closes this aperture as
shown in midsagittal section (ATLASPLATE
212.1) and frontal section (ATLAS PLATE
196). Through the diaphragm course struc-

PLATE 2 #2.1): <« tures that pass between the mediastinum and
Midsternal Line gzt;:;s;gs the abdomen.
Lateral Sternal Line and Parasternal Line
Xé?gg';ﬁ?;;‘;im Axillary Lines B. Thoracic Vertebrae, Ribs, and Respiratory
Midaxillary Line y Movements. The ribs and sternum afford some
y protection to the vital organs within the thorax, but
Border of pectoralis ~ =

major muscle

Jugular (suprasternal)

J\\\\\
/.
\ ——

Border between = \' NRY
L . [ 7 notch
latissimus dorsi 7 le) : 1 ‘l\,\"" _ _
GETEEY maginary longitudinal lines on the anterior and serratus =/ l‘ A \b—— Midsternal line
. (= H
surface of the thorax. anterior muscles =, [ '———‘ N — Lateral sternal line
: |———J-—| : : 7 Parasternal line
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78 DISSECTION 9

the principa active function of the ribs relates to
the movements of the thorax during breathing.
These movements increase intrathoracic volume
during inspiration when air is pulled into the
lungs, and the diaphragm descends as it contracts.
During expiration, the ribs decrease intrathoracic
volume, the diaphragm ascends as it relaxes, and
air is expelled from the lungs.

1. Thoracic vertebrae and ribs. The heads of the
ribs articulate with the thoracic vertebrae
posteriorly.

On an articulated skeleton, study the manner by
which the thoracic vertebrae articulate with the head
and neck of the ribs (ATLAS PLATES 393.5, 394,
395).

On a thoracic vertebra, identify the flat weight-
bearing vertebral body that is continuous on each
side by way of pediclesto the transver se processes.
Note that the transverse processes are continuous
with the laminae of the vertebral arch and these
join the long triangular spinous process posteriorly.
These bony structures surround the vertebral canal
wherein is located the spinal cord (ATLAS
PLATES 393 #393.1-393.5).

Also study atypical thoracic rib (such as the 8th
rib) shown in ATLAS PLATE 142. Identify its
head, neck, and tuber cle. Note how the body of the
rib bends ventrally at the angle and becomes twisted
on its long axis.

a. On the lateral aspect of the vertebral body,
find two articular facets (ATLAS PLATE
393 #393.3) that accommodate the head of
therib and the single facet on the transverse
process (ATLAS PLATES 393 #393.1,
#393.3) that articulates with the tubercle of
therib.

b. Turnto ATLASPLATE 395 #395.1 and ob-
serve how the articular facets on the head of
the rib articulate with two adjacent vertebral
bodies, one facet on each body. These form
the synovial jointsof the head of therib.

c. Still visualizing athoracic vertebraand arib,
observein ATLAS PLATE 394 #394.1 how
the tubercle of the neck of the rib articulates
with the transverse process of the thoracic
vertebra, forming the synovial lined costo-
transverse joint. Collectively, the joints of
thehead of theribsand the costotransver se
joints are called the costovertebral joints.

d. Observethat an articulated thorax consists of
the 12 thoracic vertebrae posteriorly and the

| 2

Grant’s 10, 11
Netter’s 185
Rohen 188,
189, 192

| 2

Grant’s 11
Netter’s 185, 186
Rohen 189, 192

<«

Grant’s 300, 301

Netter's 154, 187
Rohen 192, 197

>
Rohen 196

<

Grant's 10, 11,
13-15

Netter's 185, 186
Rohen 188, 190,
192,197

sternum anteriorly. These vertically oriented
structures are interconnected by 10 pairs of
ribs, with two pairs of floating ribs attached
only to the vertebral column (ATLAS
PLATES 140, 141). Observe that the bony
ribs continue anteriorly as costal cartilages.
The costal cartilages of the upper seven pairs
of ribs attach directly onto the sternum
(ATLASPLATES 141 #141.1, #141.3).

e. Note that the first pair of ribs attaches to
the upper lateral aspect of the manubrium;
the 2nd at the sternal angle (junction of the
manubrium and body of the sternum);
the 3rd, 4th, 5th, and 6th attach to the body
of the sternum; and the 7th to the articul ation
between the body of the sternum and the
xiphoid process. The costal cartilages of the
8th, 9th, and 10th ribs ascend anteriorly and
join to form the costal margin, which
attaches to the lower border of the costal
cartilageof the 7thrib (ATLASPLATE 140
#140.1). The 11th and 12th ribs articulate
only posteriorly on the 11th and 12th tho-
racic vertebrae and are known as “floating
ribs.”

f. Note the downward slope of the ribs from the
vertebrae posteriorly (ATLASPLATES 141,
143). On an articulated skeleton, observe that
a plane projected backward from the sternal
angle passes between the 4th and 5th thoracic
vertebrae posteriorly.

2. Respiratory movements. Contraction and
rel axation of the diaphragm, theintercostal muscles,
and the accessory muscles of respiration move the
ribsduring respiration. Because the anterior ends of
the ribs are lower than the posterior portions, when
the shaftsof theribs are elevated and the diaphragm
descends during inspiration, the anterior parts of
the ribs and sternum are elevated in a forward di-
rection (Figure 9-3). The shafts of the ribs are
depressed backward during expiration. Thisup and
down movement is the so-called “pump handle
movement” that increases the anterior—posterior
diameter of the thorax in inspiration and decreases
the diameter in expiration.

Simultaneously, the transverse diameter of the
thorax is increased during inspiration as the ribs
rotate at the costovertebral joints, elevating their
most lateral portions. Thisisespecially truefor the
7th, 8th, 9th, and 10th ribs. Sometimes called the
“bucket handle movement,” the action resembles
thelifting and lowering of the semicircular handle
often seen at the top of abucket (Figure 9-4).
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1st rib

Manubrium

Body of sternum

Anterior—posterior
. diameter

7th rib
Xiphoid process

GELIEE] The “pump handle” movement of the sternum and ribs that increases and decreases the
anterior-posterior diameter of the thorax during breathing (lateral view).

Axis of movement Axis of movement

Transverse diameter

Lower ribs depressed
in expiration

Lower ribs elevated
in inspiration

FAVIFES The “bucket handle” movement of the rib cage takes place only with ribs 8, 9, and 10 attached
to the costal margin. In full inspiration, the transverse diameter of the rib cage is increased because of the

elevation of the lower ribs; during expiration, it is decreased in a manner similar to lifting and dropping the
handle of a bucket.
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C. Projections of the Heart, Great Vessels, Pleura, anterior thoracic wall where the great vessels
and Lungs onto the Anterior Thoracic Wall. The (superior vena cava, aorta, pulmonary artery, and
heart is centrally positioned in the thorax within the pulmonary veins) extend from the base of the
middle mediastinum. It is clinically valuable to be ;ram,szﬁy 1, heart.
able to visualize on the surface of the thoracic wall | 48,96
the approximate location of the heart. Several key | Netters 196 Extend the right and left margins of the heart
points on the chest allow you to project the position Rohen 252 upward by 2 inches beyond the transverse 2nd
of the heart in the thorax (Figure 9-5). intercostal space line. Draw another transverse line
1. Projection of the heart (ATLAS PLATES 169, e

171 #171.1). This outlines an area approximately 2 inches (5 cm)

square that reaches the upper border of the
manubrium superiorly. Deep to this site are located
Use a marking pencil on the cadaver (or on the the great vessels within the superior mediastinum.
thoracic wall of afriend) and locate the following:
: . 3. Projections of parietal pleura and lungs

G BEALE G (D URE e 19 e ] (ATLAS PLATE 154 #154.1). Reflection lines
line in the 5th intercostal space, the i

. : of the lungs and parietal pleura may also be
approximate site of the apex of the heart. drawn on the surface of the thorax

b. A point 2.5 cm lateral to the left margin of '
the sternum in the 2nd intercostal space. " . .

By interconnecting this point with the apex, a grOJI_ecnor;‘ o] pa_rle;al ;:;Ieura(FlgﬁreQ-?]).

the left margin of the heart is outlined .Ut Ine the parietal pleura on the right
. side.

(Figure 9-5).

c. Draw aline from apoint 1 cm lateral to the (1) Commence 2.5 cm (1 inch) above
right sternal margin in the 2nd intercostal the right clavicle in the neck 4 cm
space to the 6th rib. This line defines the (1Y, inches) latera to the right sterno-
right margin of the heart. clavicular joint where the cupula of the

d. Interconnect the right margin of the heart at pleur a extends.
the 6th rib and the apex of the heart through (2) Carry the line downward and medially
the xiphisternal junction. This defines the to the sternal angle in the midsternal
lower border of the heart. > line.

e. Finally, interconnect the upper ends of the Grant's 26, 30, 31 (3) Continue the line down the middle of
margins across the midline in the 2nd Netter's 196, 197 the sternum to the xiphisternal junction.
intercostal space. This represents the base Rohen 248 (4) Direct the line laterally to the right
of theheart (Figure 9-5). aong the border of the costal margin to

the midclavicular line (at the level of

2. Projection of the region containing the great | < t_he e mg), 2 mbeedliy e (1Ot.h

vessels (ATLAS PLATE 169). It is of clinical ﬁ:tn;r?saﬁsie“s grtl))’ E’:\fgﬂzhr(iet;ertebral column posteri-
importance, at times, to visualize the area on the | Rohen 252, 255 y ’

Base of heart

Pulmonary valve

Left AV valve
(mitral)
Aortic valve

Right margin . Left margin c s .
of heart of heart m Projection of ‘Fhe heart and 1’Fs valve.s onto
the anterior surface of the rib cage. AV, atrioventricular.
Apex of heart
Right AV valve .
(tricuspid) ¢ Lower border

of heart
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Superior interpleural area
(thymic region)

Upper lobe, right lung

Sternal angle \/

Horizontal fissure

Middle lobe,
right lung

Oblique fissure

Lower lobe,
right lung
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Cupula (cervical pleura)

Apex, left lung

Upper lobe,
left lung

Cardiac notch

Oblique fissure

Lingula, left lung

Inferior interpleural
area (cardiac region)

Lower lobe,
left lung

GIITIXE Projection of the pleural cavity and lungs onto the anterior surface of the rib cage. The
pleural cavity is shown in red. The lungs extend to ribs 6, 8, and 10, whereas the pleura extends to ribs
8, 10, and 12 in the midclavicular, midaxillary, and posterior lines.

(5) On the left side, draw the pleura com-
parably to the right. From the cupula
anteriorly descend to approximately the
4th rib where the pleura curves|aterally
away from the midline to form a
notch of 2 inches in diameter for the
pericardium.

(6) Continue the line along the costal
margin around to the posterior chest at
the same levels as on the right side
(ATLAS PLATES 154-156).

b. Projection of the lungs (Figure 9-6).

(1) As with the pleura, commence in the
neck 2.5 cm abovetheclavicleand 4 cm
lateral to the sternoclavicular joints
where the apex of each lung occupies
the cupula of the pleural sac (ATLAS
PLATE 154 #154.1).

(2) From thissite draw the anterior borders
of the two lungs just lateral to the
midsternal lines taken by the pleura.

|

Grant’s 30, 31
Netter's 196, 197
Rohen 247, 248

(3) On the right side, draw the anterior
border downward to the xiphisternal
junction.

(4) On the left side, draw a notch in the
anterior margin of the left lung at the
level of the 4th rib that deviates 5 cm
(2 inches) to the left (Figure 9-6).

(5) Draw the inferior borders of the lungs
two ribs above the lines of the parietal
pleura: the 6th rib at the midclavicu-
lar line, the 8th rib in the midaxillary
line, and the 10th rib in the midpor-
tion of the back (ATLAS PLATES
154-156).

The notch on the left side accommodates the heart
and pericardium whereit lies directly under the thoracic
wall uncovered by lung tissue. Upon percussion here, a
dull sound results rather than the resonant tone found
over lung tissue containing air, and therefore, is caled
the area of superficial cardiac dullness (ATLAS
PLATES 152, 168, 169).
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rib and the vertebral column, the muscle tissue con-
tinues as the thin internal intercostal membranes
(ATLAS PLATE 206). The posterior portions of the
intercostal spaces will be seen within the thorax after
the lungs and heart have been removed (ATLAS
PLATE 378).

II. Anterior Thoracic Wall: Muscles,
Vessels, and Nerves

A. Muscles of the Anterior Thoracic Wall. In addi-
tion to the pectoralis major and minor that overlie
the ribs, the serratus anterior arises laterally from
the upper eight or nine ribs. Extending between the

ribs are the external, internal, and inner most
intercostal muscles (ATLAS PLATES 146, 147).

Identify the lateral cutaneous branch of an

Other neck muscles attaching to the clavicle or | g.ns 17-20 49’6 mtercqstalh ner\_/g CC.)ILIHS' n?. throu_gh 5 Iefeos )
upper ribs (scalene, infrahyoid, sternocleidomas- Netter's 188, sr[])a(;)e 'n :] ﬁ mll ?]X' ara/ r:n(_e (Flgur2|9-7). 'Irrace
tod, and subctavius will o be considered row. | 12| R LS i o e e located
Thetransver se thor acis muscle will be seen on the 207-209, 397 deen to the internal intercosta e al ih
inner surface of the anterior thoracic wall after the €ep fo the internal intercostal muscie along the
chest plate is removed (ATLAS PLATE 146). lower border of the rib. By c_arefully _dlssectujg
away the lower part of the rib along its margin
with a pair of rongeurs or bone cutters, find the
Cut away any remnants of the pectoralis major intercostal artery and vein. Note that these vessels
and minor muscles. More laterally, removethefleshy | 4 course around the thorax deep to therib but slightly
digitations of the serratus anterior muscle that attach | Grants 22 superior to the intercostal nerve. Confirm that the
to the 3rd, 4th, and 5th ribs (ATLAS PLATE 14g). | oo %%, 8 vein is superior and the nerve inferior, and that
Try to retain the lateral cutaneous branches of the | 210, 211 between these the intercostal artery is located

intercostal nerves as they emerge between theribsin
the midaxillary line.

| 2
Grant’s 20, 496

(Figure 9-8). Clinically, it is safe to introduce a
needle or a trochar into the thorax immediately

Netter's 191,
251,258 above the upper border of arib. You should avoid
B. Intercostal Muscles, Nerves, and Vessels. The Roler o the lower rib borders along which the neurovascu-
external, internal, and innermost intercostal muscles ’ lar structures course (Figure 9-8).
within the intercostal spaces are joined by the inter-
costal artery, vein, and nerve. The nerve and vessels .
course between the internal intercostal muscle and .The e!even mter(_:os;al hner_l\_/fs ar?rflolr me_d gly the an-
. - . terior primary rami of the T1 to spinal nerves.
the innermost layer (Figure 8-7). The 12th thoracic nerve is the subcostal nerve and
Dissect at least one intercostal space and others courses belovy t'he 12th rib. The typical spi nql nerveis
if necessary, to see the important intercostal struc—' m!xed, containing b oth sensory and motor fibers, and
tures. Theré are 11 intercostal spaces on each side |« it |sformed by the junction of dorsal and vgntral roots
and, therefore, 22 external intercostal muscles, | Grants 20-23 from a single spinal cord segment. Immediately after
S Lo . Netter's 189, 190 the roots are joined, the spinal nerve divides into a
Dissect an external intercostal muscle for 3 or 4 inches Rohen 196 : . . .
between the midaxillary and midclavicular lines. | 208,211 posterior primary ramus and an anterior primary

Note that their fibers course inferomedialy, in the
same direction as putting your hands in your pock-
ets. Each external intercostal muscle commences
posteriorly at the tubercle of the rib. Note that the
muscular tissue is replaced by the glistening exter-
nal intercostal membrane anteriorly (ATLAS
PLATE 148).

Sever the external intercostal membrane and its
muscle along the upper border of the rib below and
reflect the membrane and muscle fibers superiorly.
This will expose the internal intercostal muscle
whose fibers course inferolaterally at right angles to
those of the external intercostal muscles.

There are also 22 internal intercostal muscles, and

ramus.

The posterior primary ramus courses dorsaly to
supply the deep musculature of the back. It then
pierces the superficial muscles (which it does not
supply) to become cutaneous. The anterior primary
ramus sends communicating branches with the
sympathetic nerve trunk (ATLAS PLATES 8 #3.1,
206) and enters the intercostal space accompanied by
an intercostal artery off the aorta and an intercostal
vein (Figure 9-7).

In the midaxillary line, lateral cutaneous
branches of the nerve, artery, and vein course
through the intercostal muscles to become superficial.
The main trunks of the intercostal nerve and vessels
continue around the intercostal space to the lateral
border of the sternum where their anterior cutaneous

they extend between the sternum anteriorly and the
angle of the rib posteriorly. Between the angle of the

ww.cafepezeshki.ir

branches become superficial (ATLAS PLATE 8
#3.1; Figure 9-9).
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Dorsal branch,
intercostal artery

Intercostal artery

~ Lateral cutaneous
branch

— W —Anterlor (perforating) branch
AN The nerves and vessels in a typical intercostal space.
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>
Grant’s 20, 22
Netter's 184, 192,
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214,215
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intercostal
muscle
Endothoracic
fascia

Parietal pleura
Pleural cavity

Visceral pleura

BV Vertical section through an intercostal space.

ww.cafepezeshki.ir

Internal Thoracic Vessels. Theinternal thoracic
artery arises from the first part of the subclavian
artery and descends on the inner surface of the
anterior thoracic wall, %, inch lateral to the border
of the sternum (ATLAS PLATE 23 #23.2). Below
the 6th costal cartilage, it divides into the muscu-
lophrenic and superior epigastric arteries
(ATLAS PLATE 147). As the internal thoracic
artery descends, it sends anterior intercostal
branches that anastomose in the anterior part of
the intercostal spaces with the intercostal arteries
coursing around the thoracic wall (ATLAS
PLATE 147). In women the internal thoracic
artery gives off (internal) mammary branches
that help supply the breast. The artery is accompa-
nied by paired internal thoracic veins and an
important chain of parasternal lymph nodes that
help drain the breast.

At the lateral border of the sternum, remove the
intercostal muscles and membranes for a distance of
approximately 3 inches from the anterior parts of the
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T2
(Intercostobrachial nerve)

: | Transverse cervical
; | nerves (C2, C3)

Supraclavicular
nerves (C3, C4)

Lateral cutaneous Anterior
branches cutaneous
branches

lliohypogastric
nerve (L1)

llioinguinal nerve (L1)

Lateral cutaneous

branch of L1 T2

lliohypogastric nerve (L1)

' llioinguinal nerve (L1)

4th, 5th, and 6th intercostal spaces. Dissect free the
internal thoracic vessels descending 1/2 inch lateral
to the sternum (ATLAS PLATES 13, 24 #24.1,
147). Behind the 5th and 6th intercostal spaces, ook
for the division of the artery into its two terminal
branches (see above). On the inner surface of the
anterior thoracic wall, identify the parietal pleuralat-
erally and (on the left side) the external surface of
the pericardium.

III. Removal of the Anterior
Thoracic Wall

To enter the thoracic cavity, it is necessary to remove
much of the anterior thoracic wall. This is done in one
piece (Figure 9-10).

Expose the parietal pleura that lies deep to the

<
ribs (costal pleura) by removing the muscles and Grant's 23, 26, 30

membranes from several intercostal spaces. Moisten '1\‘3(‘5‘6:;; 9,
the pleura with a small amount of water and, with Rohen 206,
your gloved fingers, gently push the parietal pleura | 264, 265

GETEE) Spinal nerves on the lateral and anterior
thoracic (and abdominal) wall.

away from the inner surface of the ribs. Continue
this procedure medially and separate the pleurafrom
the deep surface of the sternum.

Using a hand saw, cut across the manubrium of
the sternum between the attachments of the 1st and
2nd pairs of ribs. Try not to tear the underlying
pleura as you separate it from the inner rib surface
(Figure 9-10). Sever the 2nd through the 6th ribs on
both sides along the anterior axillary line with bone
cutters. Divide the sternum just below the attach-
ments of the 6th ribs. Sever the soft tissues across
the 1st and 6th intercostal spaces on both sides and
remove the bony plate by separating it from the
parietal pleura attached to its inner surface (Figure
9-10). BE CAREFUL NOT TO CUT YOUR
FINGERS ON THE SHARP EDGES OF THE
SEVERED RIBS.

On the inner surface of the bony plate, identify
the five or six muscle fascicles that comprise the
transver se thoracis muscle (ATLAS PLATE 147).
Also note the cut internal thoracic vessels descend-
ing on the inner aspect of the anterior thoracic wall.
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G0N Anterior chest wall to be removed to gain access to thoracic viscera.

IV. Pleura and Thoracic Viscera in Place;
Removal of the Lungs

Before removing the lungs, consider the relationships
of theviscerain the undisturbed chest (ATLASPLATE
152). A detailed examination of the pleurawill be made
on removal of the lungs.

Observe that the lungs, surrounded by pleural
sacs, occupy the two large lateral cavities of the
thorax and between the cavitiesis aregion called the
mediastinum (Figure 9-11). From this anterior
aspect, locate the superficial bare area of the
pericardium not covered by lung tissue (ATLAS
PLATE 149). Observe a small amount of fatty
tissue, the remnant of the thymus gland, overlying
the brachiocephalic veins and other great vessels in
the superior mediastinum (ATLAS PLATE 152).

<

Grant’s 25, 30,
31,66

Netter’s 196-198
Rohen 243, 244,
248, 265-267

During development, the lungs invaginate the
mesenchymethat occupiesthethoracic cavities, and they
become tightly and completely surrounded by alayer of
mesenchymal cells, thevisceral pleura. Thewallsof the
thoracic cavitiesinto which thelungs grow becomelined
by alayer of mesenchyme to form the parietal pleura.

The adult parietal pleurais a continuous sheet of
mesothelial cells and has distinctive names depending
on the surfaces to which it adheres. Covering the inner
surface of the ribs is the costal pleura. Reflected over
the organs between the lungsis the mediastinal pleura,
and that applied to the diaphragm is called the
diaphragmatic pleura (ATLAS PLATES 154, 155).
An extension of the parietal pleura over the apex of the
lung into the neck is the cervical pleura or cupula
(ATLASPLATE 154 #154.1). The mediastinal part of
the parietal pleura at the root of each lung becomes
continuous with the visceral pleurathat adheres snugly to
the lungs. Pleura extending downward to the diaphragm
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Horizontal fissure

Superior, middle, and
inferior lobes of right lung

Oblique fissure

Y 4
\ H},» 4 /,//"’/

Y%/ Diaphragmatic

Mediastinal pleura

Costal pleura

Cardiac notch
of left lung

A7\
RN

\ my

| LY
N

i

Superior and inferior
lobes of left lung

Oblique fissure

Diaphragm

FAVIFIEEN The inferior part of the opened thorax.

from the root of the lung forms the two-layered pul-
monary ligament (ATLAS PLATE 151).

On removal of the chest plate, most dissections
will already have opened the pleural cavities (Figure
9-11). With your gloved hand, explore the costal,
mediastinal, and diaphragmatic reflections of the
parietal pleura (ATLAS PLATES 154-156).

Call aninstructor for assistanceif it isnot possible
for you to separate the parietal pleura from the
visceral pleura and lung because of adhesions that
occurred during life.

The costomediastinal and costodiaphragmatic
recesses are extensions of the pleural cavities, which
the lungs do not fill except at full inspiration. The cos-
tomediastinal recesses are located on each side along
the anterior margins of the pleura (ATLAS PLATES
154-156). The costodiaphragmatic recesses are found
on each side along the lower margins of the pleura
where the costal and diaphragmatic parts of the parietal
pleura are continuous (ATLAS PLATES 152-156).

Identify the left costomediastinal recess and
palpate the anterior surface of the lungs downward
until you reach the reflection of parietal pleura over
the diaphragm (ATLAS PLATES 139, 148). Explore
thisinferior margin in the costodiaphragmatic recess

|

Grant’s 67, 68
Netter's 196, 199,
230, 231

Rohen 249

>

Grant’s 48,

67, 80

Netter's 211, 212,
230, 231

Rohen 269-272,
275

<

Grant’s 48, 73, 163
Netter's 194,

196, 197

Rohen 248, 255

as far laterally as the midaxillary line where the
recess is deepest.

Pull the anterior margins of the lungs laterally and
expose their medial surfaces and the roots of the lungs
attached to the mediastinum (ATLAS PLATE 139).
Push the media surfaces of the lungs laterally away
from the mediastinum. Identify the phrenic nerves
and pericardiacophrenic vessels that descend aong
the lateral surfaces of the pericardium (ATLAS
PLATES 170#170.1, 174, 175). Avoid severing these
nerves and vessels as you transect the root of each
lung with a scalpel closeto the mediastinal surface.
Do not injure any mediastinal structure.

The lungs may now be removed from the chest by
reaching around the lung to its posterior surface and
pulling it forward. Place the organs in a plastic bag
for study in the next dissection period.

Clinical Relevance

Dislocation of ribs. Usually this condition is the
dislocation of the cartilaginous portion of the rib from
the sternum at the sternocostal joint. Ribs 8, 9, and 10
form the smooth cartilaginous inferior border of the tho-
racic cage by articulating with the cartilage of the 7th
rib. At these sites dislocation of the intercartilaginous
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joints could perforate the diaphragm and injure the
underlying liver or spleen.

Rib fracture. Fracture of ribs is usually caused by
severe trauma to the chest. Normally the first rib does
not fracture; most frequently ribs 3 to 7 are the most
vulnerable to fracture. The sharp edges of a fractured
rib can penetrate the pleural cavity, causing a
pneumothorax and injury to the lung. If the lower ribs
fracture (ribs 10—12) the diaphragm may be torn even
to the point of producing a diaphragmatic hernia.
Flail chest. This condition results from multiple rib
fractures and can severely impair breathing. The
fractured rib segments can move with inspiration and
expiration. This painful condition usually requires
surgical repair.

Pleural cavity. The pleural cavity normally is a po-
tential space between the parietal and visceral pleu-
ral coverings of the lungs. If the cavity is perforated by
a needle or trochar and air enters the pleural cavity,
the lung collapses and a pneumothorax develops. If
blood enters the pleural cavity from a traumatic injury,
breathing can be compromised by a hemothorax.
Costochondritis. This inflammation occurs at the
junction between the bony part of the rib and the
cartilaginous portion of the rib. It can also develop
between the cartilaginous part of the rib and the bony
sternum.

Supraclavicular nerves. Supraclavicular nerves
(C3, C4) descend over the clavicle to supply the skin
of the first two intercostal spaces. Pain from gall-

ww.cafepezeshki.ir

Thorax I: Anterior Thoracic Wall 87

stones in the biliary tract can be referred to these
cervical nerves and be perceived from the lateral
sternal region to the acromion. Below the 2nd
intercostal space segmental dermatomes supplied by
nerves T2 to T12 innervate not only the intercostal
muscles but also the sensory segmental fields. T4 or
T5 supplies the region of the nipple, whereas T10
supplies the region of the umbilicus.

Apex of the lung. The apex of the lung extends
above the first rib and the clavicle to lie in the root of
the neck. Overlying the apex of the lung is the cervi-
cal dome of the pleura (sometimes called Sibson’s
fascia). Lesions at this site, such as stab wounds or
needle punctures, can result in pneumothorax.
Intercostal space relationships. The intercostal
nerves and vessels course close to the inferior border
of the ribs or deep to the bone inferiorly. Thus, the
superior border of the rib is safe being free of vessels
and nerves; however, the inferior border is less safe.
Intercostal nerve blocks to produce analgesia of the
anterior or lateral chest wall should be done posterior
to the midaxillary line before the lateral cutaneous
nerve branches from the intercostal nerve.
Thoracocentesis or pleural tap. This procedure is
done through an intercostal space to aspirate serous
fluid or blood from the pleural cavity. Normally this is
performed in the 6th to 8th intercostal spaces slightly
posterior to the midaxillary line. Done at the superior
border of the ribs avoids the intercostal vessels and
nerve.



DISSECTION

Thorax II: Pleura and Lungs;

Anterior Mediastinum; Middle

Mediastinum and Pericardium:
Removal of the Heart

Objectives

1 Understand the development of the pleural
reflections.

2 Examine the anatomy of the two lungs and visualize
their surfaces, borders, and fissures.

3 Study the hilum of each lung; expose the lobar and
segmental bronchi and the pulmonary vessels at the
hila.

4 Understand the subdivisions of the mediastinum.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant's Atlas, 12th Edition = Grant’s Page #
Netter's Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

I. Pleural Reflections

The pleurae are closed invaginated sacs consisting of
serous membranes that cover the surface of the lungs
(viscera layer). At the hilum the pleurareflects on itself
and lines the inner surface of the corresponding half of
the chest wall (parietal layer).

By visualizing the development of the lungs into
the thoracic cavity, the formation of the parietal and
visceral pleura and the pleural cavities between the
layers can easily be understood (Figure 10-1). During

88

5 Examine the anterior mediastinum.

6 Dissect the phrenic nerves and pericardiacophrenic
vessels.

7 Open the pericardium; study the fibrous pericardium
and understand the reflections of the serous
pericardium.

8 Sever the great vessels and remove the heart from
the pericardial sac.

the 4th prenatal week, the two lung buds grow later-
ally from the developing laryngotracheal tube into
mesenchymal tissue within the thoracic cavities and
form the two primary bronchi. During the 5th week,
the buds enlarge and differentiate into two secondary
bronchi on the left and three on the right and then into
tertiary (segmental) bronchi. As each developing lung
invaginates into the mesenchyme, it acquires alayer of
mesenchymal cells that completely surrounds it, and
this becomes the visceral pleura (Figure 10-1A).
The growing lungs surrounded by viscera pleurafill
thethoracic cavitiesand conformto their shape. Thein-
ner surfacesof thesecavities, i.e., costal (deeptotheribs
anteriorly, laterally, and posteriorly), diaphragmatic
(inferiorly), mediastinal (medially), and cervical (su-
periorly, the cupula) become lined by somatic mes-
enchymeto becometheparietal pleura(Figure10-1B).
The mediastinal part forms a collar-like reflection
around the structures at the root of thelung and becomes
continuous with the visceral pleurathat coversthelung.
Thevisceral and parietal pleurae (continuous at the root
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Diagrammatic schema of (A) the developing lungs and pleura, and (B) the adult lungs and
pleura. Note how the developing lungs surrounded by visceral pleura eventually grow, thereby reducing
the pleural cavity between visceral and parietal pleurae to a potential space.

of the lungs) are closely apposed elsawhere in the tho-
racic cavities. The potential space between them is
moistened by tissuefluid and iscalled thepleural cavity
(Figure 10-1B).

After removing the lungs, examine the reflections
of the parietal pleura within the thoracic cage.
Observe that the costal pleura completely lines the
rib cage and sternum (ATLAS PLATES 154-156)
and that it isthicker than the mediastinal pleura sit-
uated medially. Note on the dorsomedial wall that
the costal pleura reflects anteriorly to become the
mediastinal pleura.

Palpate the diaphragmatic pleurainferiorly asit
covers much of the upper and lateral portions of the
diaphragm (ATLAS PLATES 152, 154). Observe
that it is continuous with the costal pleura and with
the mediastinal pleura. Palpate the uppermost extent
of the pleura, called the cervical pleura or cupola,
as it projects upward above the clavicle into the root
of the neck to overlie the apex of the lung (ATLAS
PLATES 154-156).

Two points about the cervical pleura and the apex
of the lung are important: (a) the cervical pleurais
covered by a layer of dense fascia that stretches be-
tween the 7th cervical vertebra and the 1st rib called
the suprapleural membrane (or Sibson’s fascia),
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AND (b) the arch of the subclavian artery (and vein)
passes anterior to the suprapleural membrane, cervi-
cal pleura, and apex of the lung (ATLAS PLATES
154-156).

II. Lungs

Your study of the lungs should include (a) a visual
inspection and palpation of the surfaces, borders, fis-
sures, and the impressions of other organs made on the
surfaces of both lungs (ATLASPLATES 158, 160) and
(b) adissection of the hilum (root) of both lungs.

The surface of the adult lung presents a mottled
appearance with varying degrees of gray and black pig-
mentation from the carbon particles trapped within its
phagocytes. The nondiseased lung islight, spongy, elas-
tic, and crepitant to the touch because of air in the alve-
oli. The lungs are nearly conical in shape, but in the
embalmed cadaver, they assume the shape of the pleu-
ral cavities. The right lung is generally dlightly larger
and heavier than the left.

A. Right Lung (ATLAS PLATES 158 #158.2, 160
#160.2). The right lung consists of three lobes.
These are separated by an oblique fissure
between the inferior and middle lobes and a hor -
izontal fissure between the superior and middle
lobes.
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90 DISSECTION 10

Holdtheright lung over theright part of thethoracic
cavity initsnormal orientation, with theanterior mar-
gin oriented ventrally, theapex superiorly, and thebase
or diaphragmatic surfaceinferiorly. |dentify thethree
lobes, superior, middle, and inferior. Separate the su-
perior and middle lobes along the horizontal fissure,
and probe the oblique fissure where it descends from
the horizontal fissure to separate the middle and infe-
rior lobes (Figure 10-2).

Follow the oblique fissure medially and observe
that it continues through the organ to the hilum
(ATLAS PLATE 160 #160.2). Determine whether
the horizontal fissure separates the middle and infe-
rior lobes as far as the hilum. Note that it is incom-
plete in nearly two-thirds of the specimens.

Palpate the costal surface of the right lung. Note
that its rounded contour comprises the area adjacent
to the chest wall from the sternum to the vertebral
column (ATLAS PLATE 158 #158.2). Examine the
concave diaphragmatic surface at the base of the
right lung and observe that it overlies the dome of
the diaphragm (ATLAS PLATE 160 #160.2).

Turn to the mediastinal surface and note that
it is slightly concave inferiorly to accommodate
the heart and pericardium (ATLAS PLATE 160
#160.2). Posterior to the depression for the heart,
identify the hilum, or root, of the lung within which
isfound the cut right bronchus and the pulmonary
artery and veins. Just above the hilum can be found
the arched sulcus made by the azygos vein. More
difficult to see are the vertically oriented grooves

Apex, left lung
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Oblique
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Oblique
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Diaphragmatic
pleura

Costodiaphragmatic
recess
FAIHOEY The lungs and pleura within the thoracic
cavity. Observe the fissures of the lungs and the reflections
of pleura.
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made by the superior vena cava and the right sub-
clavian artery.

At the hilum of the right lung, find the bronchus
located most dorsally (Figure 10-3). This can be
distinguished from the blood vessels because of its
position and because its cartilaginous wall is hard.
Note that the right primary bronchus divides
quickly into superior, middle, and inferior lobar
bronchi. Locate the pulmonary artery just anterior
to the bronchi. Note that the superior lobe bronchus
lies above the pulmonary artery and is often called
the eparterial bronchus, whereas the bronchus for
the middle and inferior lobes branches below the
pulmonary artery and is called the hyparterial
bronchus (ATLAS PLATE 160 #160.2). Identify
the pulmonary veins. These are usually located
anterior and inferior to the other structures at the
hilum (Figure 10-3).

B. Left Lung (Figures10-2 and 10-4). Theleftlungis
divided into superior and inferior lobes by the
obliquefissure. A small portion of the superior lobe
at the lower border of the cardiac notch is called the
lingula of the left upper lobe.

Examine the left lung by inspecting it in the same
orientation as it exists in the left thoracic cavity dur-
ing life. Position the anterior margin anteriorly with
the apex of the lung directed superiorly and the -
diaphragmatic surface inferiorly (ATLAS PLATE
158 #158.1). Separate the superior and (the larger)
inferior lobes by probing aong the oblique fissure,
which courses to the costal surface above and below
the hilum of the left lung (ATLAS PLATE 160
#160.2). Also observe thisfissure on the costal surface
as it passes anteroinferiorly to the base of the lung.
Note that the apex of the left lung and the anterior
border are parts of the superior lobe, but the base (or
diaphragmatic surface) is part of the inferior lobe
(ATLAS PLATES 158 #158.1, 160 #160.1).

Palpate the smooth costal surface and the
diaphragmatic surface, or base, of the left lung.
Similar to the right lung, it is deeply concave and
overlies the convexity of the diaphragm (ATLAS
PLATE 160 #160.1).

Realize that the diaphragm extends higher on the
right than on the left because the right lobe of the liver
lies directly inferior to the diaphragm in the upper right
abdomen (ATLAS PLATE 196). The diaphragm sepa-
rates the base of the left lung from the left lobe of the
liver, the fundus of the stomach, and more laterally, the
spleen.
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92 DISSECTION 10

Examine the posterior border and mediastinal
surface of the l€eft lung. Between the posterior border
and the root of the lung, identify the longitudinal
groove made by the descending aorta (ATLAS
PLATE 160 #160.2). Follow this groove superiorly
where it curves over the hilum to accommodate the
aortic arch. Seeif two or more grooves can be seen
ascending from this arch for the left subclavian and
left common carotid arteries. Also observe the large
concavity anterior and inferior to the hilum in which
the heart and pericardium extend.

Examine the hilum and identify the left bronchus
posteriorly, the pulmonary veins anteriorly and
inferiorly, and the pulmonary artery somewhat
between the bronchus and veins (Figure 10-4;
ATLASPLATES 160 #160.1, 161 #161.1).

OPTIONAL DISSECTION

C. Bronchopulmonary Segments. Structures enter
and leave the lungs at the pulmonary hila. If time
permits, the objective is to dissect the primary
bronchi that divide into lobar bronchi and their
subsequent subdivisions into tertiary segmental
bronchi (ATLAS PLATE 157). Similarly, the pul-
monary arteries and veins are to be found dividing
into their lobar and segmental branches.

Upper lobe

Apical W
Posterior ar {

T

Middle lobe
Lateral

Medial
Lower lobe
Superior
Anterior basal

Lateral basal

Posterior basal Medial basal
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Place the lung, with the hilum exposed, on aflat sur-
face. ldentify the primary bronchus in the left lung or
the eparterial and hyparteria bronchi in the right lung.
With probe and forceps, pick away piecemeal the soft
lung tissue surrounding the stiff bronchus at the hilum,
thereby exposing the secondary and then tertiary, or
segmental, bronchi. Observe comparable subdivisions
of the pulmonary artery and vein that accompany the
segmental bronchi. Note that together a single segmen-
tal bronchus and a segmental artery and vein supply
portions of lung called bronchopulmonary segments.

1. Bronchopulmonary segments of the RIGHT
LUNG (Figure 10-5). Start with the right
superior or eparterial bronchus for the upper
lobe and probeits division into three segmental
bronchi, the apical, posterior, and anterior seg-
ments (ATLAS PLATES 159 #159.2, 161
#161.2). Find the segmental arteries and veins
that accompany the segmental bronchi.

>
36-40

Usually, the segmental pulmonary arteries are
centrally placed with the bronchi and distributed in
close proximity to the segmental bronchi (often on their
posterior surfaces). The segmental vein typically does
not accompany the segmental bronchus in the center of
the segment, but, superficially, it is found between seg-
ments. More deeply, they are located within the seg-
ment, anterior to the bronchus.

Upper lobe

Posterior
Anterior

Superior lingular

GETTETE) Segmental bronchi of

Inferior lingular both lungs.

Lower lobe

Superior
Anterior basal

Medial basal

Lateral basal

Posterior basal
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Identify the hyparterial bronchus (for the middle
and inferior lobes), and at the hilum separate it from
the surrounding spongy lung tissue with forceps. Probe
downward into the hyparterial bronchus until the right
middle lobar bronchus is reached and seen to be
branching lateraly. Note that it dividesinto the lateral
and medial segmental bronchi of the middle lobe.
These two segments comprise the region between the
horizontal and oblique fissures of the right lung
(ATLASPLATES 157, 159 #159.2, 162).

Probe the inferior lobar bronchus directly
downward as a continuation of the hyparterial
bronchus. Determine that the superior segmental
bronchus of the lower lobe quickly branches from
the lobar bronchus and courses upward to the high-
est segment of the inferior lobe. Probe the inferior
lobar bronchus and identify the basal segmental
bronchi that are oriented downward. ldentify
sequentially: the medial basal, anterior basal, lat-
eral basal, and posterior basal segmental bronchi
(ATLASPLATES 157, 161 #161.2, 162).

2. Bronchopulmonary segments of the LEFT
LUNG (Figure 10-5). Determine if the hilum
was severed proximal or distal to the division of
the primary bronchus into the two secondary
lobar bronchi. Separate the primary bronchus (or
the secondary bronchi) and the pulmonary artery
and veinsat the hilum from the surrounding lung
tissue. Pick away soft lung tissue and follow the
divisions of the hilar structures into the superior
and inferior lobes. Identify blackened bron-
chopulmonary lymph nodes, often found at the
hilum. Again, the sesgmental arteries are usu-
ally located posterior to the segmental bronchi,
and the segmental veins typically course
between two adjacent segments.

Probe the superior lobar bronchus. Note that it
quickly subdivides into an ascending upper second-
ary bronchus and another secondary bronchus that
courses laterally.

Note that these two secondary bronchi are compara-
ble to the superior and middle lobar bronchi of theright
lung. Thus, the left superior lobe consists of an upper
part comparable to the superior lobe of the right lung
and a more laterally located lingular part comparable
to the middle lobe of the right lung.

Probe the ascending secondary bronchus to the
left superior lobe and identify the apicoposterior
and anterior segmental bronchi (ATLASPLATES
157, 159 #159.1, 161 #161.2, 162). The left apico-
posterior segment in the superior lobe corresponds to
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both apical and posterior segments of the superior
lobe in the right lung. The apicoposterior segment is
directed superiorly and posteriorly in contrast to the
anterior segment that occupies the anterior aspect of
the right upper lobe. Probe the laterally oriented sec-
ondary bronchus of the superior lobe that courses to
the lingular part of the left upper lobe. Note that it
quickly divides into superior lingular and inferior
lingular segmental bronchi (ATLAS PLATES
157, 159 #159.1).

Return to the hilum and identify the inferior
lobar bronchus, which is directed downward.
Observe that after approximately 2 cm, the superior
segmental bronchus branches from the inferior
lobar bronchus. It is directed superiorly and posteri-
orly in the inferior lobe. Continuing down the infe-
rior lobar bronchus, probe the four basal segmental
bronchi: the medial basal, anterior basal, lateral
basal, and posterior basal bronchopulmonary
segments (ATLAS PLATES 159 #159.1, 161
#161.2, 162). At one time the medial and anterior
basal segments of the left lung were considered a
single bronchopulmonary segment, but today they
are considered separate segments.

Of importance clinically is the orientation of the

primary bronchi from the trachea. The left primary
bronchus is longer and courses more transversely than
the right primary bronchus, which is oriented more
vertically (ATLAS PLATES 157, 162). Because the
right primary bronchus is more vertical (only 25° off
vertical) than the left (45° off vertical), foreign bodies
that are inadvertently swallowed are more likely to
enter the right primary bronchus than the | eft.

III. Mediastinum and Its Subdivisions;

Anterior Mediastinum

A. General Comments and Definitions (Figure

10-6). The mediastinum is the region of the thorax
between the lungs, and it extends from the superior
aperture of the thorax to the diaphragm. It is
bounded posteriorly by the vertebral column and
anteriorly by the sternum. A plane projecting back-
ward from the sternal angle to the lower end of
the T4 vertebra divides the mediastinum into the
superior mediastinum above the plane and the
inferior mediastinum inferior to the plane. The
latter is further subdivided into anterior, middle,
and posterior mediastina.

The anterior mediastinum lies between the

body of the sternum and the pericardium. The
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94 DISSECTION 10

middle mediastinum is the largest part of the inferior
mediastinum and contains the pericardium and heart
and the attachment of the great vessels to the heart.
The posterior mediastinum lies behind the heart and
pericardium and anterior to the vertebral column (Fig-
ure 10-6).

B. Anterior Mediastinum. In the adult, the anterior
mediastinum contains only a small amount of fat,
remnants of the lower part of the thymus, and the
internal thoracic lymph nodes and channels. In the
young child, the thymus is located in the superior
mediastinum and extends into the anterior medi-
astinum to the level of the 4th costal cartilage
(ATLAS PLATES 150, 152). The size of the thy-
mus increases until puberty but then, through the
process of fatty involution, the amount of functional
thymic tissue diminishes. Some functioning tissue,
however, remains throughout life.

Examine the fatty tissue anterior to the brachio-
cephalic veins and see if you can identify any glan-
dular thymic tissue within it. Look for thymic veins
that flow directly into the brachiocephalic veins.
Then, remove the fat and any thymic remains and
expose the right and left brachiocephalic veins that
join to form the superior vena cava (ATLAS
PLATES 170 #170.1, 174). Turn your attention to
the pericardium that surrounds the heart.

IV. Middle Mediastinum and Pericardium

The middle mediastinum contains the pericardia sac,
the heart, the origins of the great vessels attached to the
heart, the phrenic nerves, and pericardiacophrenic
vessels (ATLAS PLATE 170 #170.1).

A. Phrenic Nerves and Pericardiacophrenic Ves-

sels. The phrenic nerves (C3, C4, C5) and peri-
cardiacophrenic vessels must be dissected before
the pericardium is opened. The phrenic nerves
descend from the neck (Figure 10-7) and are joined
by the pericardiacophrenic artery, a branch of the

internal thoracic artery. The pericardiacophrenic
vein usually drains into the internal thoracic vein
but may drain into the brachiocephalic vein. The
phrenic nerves are the only motor supply to the
diaphragm, but they also contain sensory fibers
from the diaphragm and from the pericardium and
pleura. The pericardiacophrenic artery is a delicate
and tortuous vessel that supplies the diaphragm, the
pericardium, and the pleura (ATLAS PLATES
166, 167, 169, 174).
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BEVAROEY A midsagittal diagram showing the sub-
divisions of the mediastinum.

On both sides, remove the mediastinal pleura
covering the phrenic nerves and pericardia-
cophrenic vessels on the lateral surface of the peri-
cardium. Follow the right nerve and vessels upward
into the superior mediastinum and observe that they
lie lateral to the right brachiocephalic vein. Note that
on the left side they course on the lateral surface of
the aortic arch adjacent to the left common carotid
and subclavian arteries (ATLAS PLATES 167, 170).
Follow the nerves and vessels to the diaphragm.

B. Opening of the Pericardial Sac. The pericardiumisa

fibrous—serous sac that consists of an outer fibrous
layer and an inner serous membrane. The inner serous
membrane lines the inner surface of the fibrous
layer and then is reflected over the outer surface of
the heart, which it invests closely. The serous peri-
cardium, thus, has parietal and visceral layers, simi-
lar to the pleura. To remove the heart, the pericardial
sac must be opened.

Observe that the outer fibrous layer of peri-
cardium forms a conical sac around the heart. Note
how its upper part is fused at the base of the heart
with the outer surface of the great vessels near their
attachment to the heart (ATLAS PLATES 170
#170.1). Note the attachment of the pericardium
inferiorly to the central tendon of the diaphragm.
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The phrenic nerves descending from the
neck to the diaphragm. Note their relationship to the
great vessels and the pericardium.

To open the pericardium, make one longitudinal
and two transverse incisions as shown in Figure 10-8.
Within the pericardial cavity find the transver se and
oblique pericardial sinuses. Insert your index fin-
ger transversely within a cleft posterior to the aorta
and pulmonary artery, but anterior to the superior
vena cava and pulmonary veins. This cleft is the
transverse pericardial sinus (ATLAS PLATES
174, 175).

Insert your hand within the pericardium in the
recess behind the heart. Thisrecessisthe oblique peri-
cardia sinus (ATLAS PLATE 175). Lift the apex of
the heart and reach superiorly behind the heart. Feel
how the serous pericardium reflects over the pul-
monary veins and venae cavae to form a blind pouch
that limits the sinus superiorly.

Carefully cut across the great vessels sequentially
approximately 2.5 cm (1 inch) from their attachment
to the heart. Cut the aorta, pulmonary artery, superior
vena cava, and then the inferior vena cava just above
the diaphragm. Finally, cut the four pulmonary veins
and the serous pericardium between the transverse
pericardial sinus and the oblique sinus (ATLAS
PLATE 175).

Pericardium
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GAIEOEY  Incisions required to open the pericardial sac.

Clinical Relevance

Auscultation and percussion of the anterior chest
wall. Auscultation of the lungs involves a stethoscope
to hear sounds during breathing. Percussion is the
technique of tapping fingers over the chest to detect
the degree of resonance of the sounds. Use of the
stethoscope detects the passage of air in the respira-
tory tract as well as heart valve sounds, while percus-
sion can determine whether the lungs are clear or
contain fluid or possibly a pathologic mass.
Resection of a lung lesion. To operate on the lungs
for surgical removal of diseased regions, knowledge of
the bronchopulmonary segments that comprise each
of the lobes is vital to the surgeon. It is possible to re-
move only a bronchopulmonary segment for the dis-
eased condition (segmentectomy) or it may require the
removal of the whole lobe (lobectomy) or even the en-
tire lung (pneumonectomy).

Swallowing of foreign objects. At times, children
swallow coins or other small foreign objects that they
put in their mouths, or dentists sometimes inadver-
tently allow filling material or pulled teeth to be aspi-
rated by their patient. These objects, or even morsels
of food, will tend to enter the trachea and then can de-
scend into the right primary bronchus, which is wider
and more vertical than the left.

Bronchoscopic examination. Lesions within the
bronchial tree may require a physician to perform a
bronchoscopic examination of the trachea and the pri-
mary bronchi. The bronchoscope is introduced orally
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or nasally and then directed to the nasopharynx,
oropharynx, and through the larynx to the trachea.
The carina is located at the site at which the trachea
bifurcates into the two primary bronchi; it is located
slightly to the left of the midline. Upon observing the
bronchi, it might be necessary to take a small biopsy
of their inner lining.

Cancer of the lung. Initial examination of persons
suspected of having a lung tumor in the lung requires
that radiographs of the chest be taken. If any ques-
tionable lesion is visualized, the nature of the lesion
must be assessed and computerized tomography
(CT) or magnetic resonance imaging (MRI) may be
done. Positron emission tomography (PET) studies
using a radionuclide, such as fluorodeoxyglucose,
can be used to determine potential sites in the lungs
and also the locations of metastatic tumors that may
have developed from the primary cancer. In these
studies, cells of high metabolic activity (such as can-
cer cells) take up the gamma emitter, and this activity
can be localized anatomically.

Emphysema. In this condition, the elasticity of the
lungs is lost, and after inspiration, the lungs are less
able to recoil and, thus, deflate. This causes an in-
complete expiration which then must be helped by the

accessory muscle of respiration. The most common
cause of this condition is the long-term smoking of
cigarettes in which the smoke is inhaled into the
lungs.

Pulmonary embolism. If a blood clot obstructs a pul-
monary artery or one of its branches, the condition is
called a pulmonary embolism. Such clots most often
develop after an operation in the lower body or after a
severe injury, such as compound fractures of the tibia
or femur. In these instances an embolus can enter the
inferior vena cava and travel from the right ventricle to
a pulmonary artery or one of its branches. If the em-
bolus is large, it will quickly cause acute respiratory
distress and even death because blood returning to
the right atrium accumulates on the venous side and
cannot perfuse through the lungs. If the embolus is
smaller, it might obstruct blood only to a bronchopul-
monary segment, producing a pulmonary infarct.
The thymus. This important organ lies directly poste-
rior to the manubrium of the sternum, but it can
extend superiorly into the lower neck. It is large in chil-
dren, but by the age of 25 years most of the thymic
glandular tissue is replaced by fat, because its im-
munologic function is virtually complete. It does, how-
ever, continue to produce some T lymphocytes.
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DISSECTION Thorax III: The Heart: Blood
Circulation; Heart Surface Anatomy;

Blood Supply, Chambers, and
Conducting System of the Heart

Objectives

1 Understand the structures that comprise the
systemic and pulmonary circulations.

2 Visualize the external surface features of the heart.

ATLAS KEY:

Clemente Atlas, 6th Edition = Anatomy Plate #
Grant’s Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

I. Circulation of the Blood:
General Comments

The heart is the principal muscular organ of the circu-
latory system. It consists of four chambers, two atria,
and two ventricles. On contraction, the right and left
halves of the heart simultaneously pump an equal
amount of blood from their respective ventricle. On
the right side, venous blood enters the right atrium
from the two venae cavae and the coronary sinus, and
it is projected through the right ventricle into the pul-
monary artery. On the left side, the pulmonary
veins flow into the left atrium, and the left ventricle
pumpsits blood into the aorta. Theright heart receives
venous blood from the systemic circulation and deliv-
ersit into the pulmonary circulation. In contrast, the

Netter's 214, 215

3 Dissect the blood supply to the heart; open each of
the four chambers and learn their internal structure.

4 Understand the conducting system of the heart.

left atrium receives its blood from the pulmonary cir -
culation and transmits it to the left ventricle, which
pumps it into the systemic circulation by way of the
aorta

II. Surface Anatomy of the Heart

The heart and pericardium are located in the middle
mediastinum. Covered by serous and fibrous pericar-
dium, the heart is located obliquely behind the ster-
num with its base oriented upward, backward, and to
the right. The heart is attached to the great vessels
and its apex is directed downward, forward, and to
the left (ATLAS PLATES 151, 170). The apex, nor-
mally located behind the 5th left intercostal space, is
approximately 9 cm (3.5 inches) lateral to the mid-
line and just medial to the left midclavicular line,
»| but its location changes with breathing (ATLAS
GrantsS01 - p| ATE 169).

Rohen 252

A. Base of the Heart (Figure 11-1). Reposition the
heart in its normal orientation within the peri-
cardial sac to visualize its base, apex, surfaces,
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The base of the heart seen from its diaphrag-
matic surface.

and borders. Observe that the base is formed by
both atria and the vessels that attach to them.
The four pulmonary veins open into the left
atrium, and the superior and inferior venae cavae
open into the right atrium (ATLAS PLATE 177
#177.1). Note that, in addition to the great veins,
the base of the heart is attached to the pulmonary
artery and aorta from the ventricles (ATLAS
PLATE 172).

B. Apex of the Heart. Feel the apex of the heart
and note that it normally lies deep to the anterior
border of the left lung (ATLAS PLATE 152).
Realize that the heart wall is thick at this site
because the apex is a part of the left ventricle.
Normally, the wall of the left ventricle is approx-
imately three times the thickness of the right ven-
tricle, 8 to 13 mm in contrast to 3 to 4 mm
(ATLAS PLATES 182, 184). Also observe that
the anterior interventricular branch of the left
coronary artery and its accompanying great
cardiac vein course along the anterior surface of
the heart toward or near the apex (ATLAS
PLATE 172).

Enlarged hearts, generally of older persons, are
frequently encountered in the dissection laboratory.
Often, these individuals had developed hypertension
that resulted in muscular hypertrophy. The average
normal human heart is approximately the size of that
person’s clenched fist. It might measure 11 to 12 cm
(approximately 5 inches) from apex to base, 8 to 9 cm
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(approximately 3.5 inches) transversely at its widest
point, and 6 to 7 cm (approximately 2.5 inches) thick
anteroposteriorly. In males, the normal heart weighs an
average of 300 grams, whereas in females it weighs
approximately 50 grams less. Enlarged hearts can be-
come enormous and weigh 2 to 3 times that of a nor-
mal heart.

C. Sternocostal Surface of the Heart. Palpate
the convex sternocostal or anterior surface.
Observe that it consists of a smaller atrial part,
located above and to the right, and a larger ven-
tricular part, located below the coronary sulcus
that contains the right coronary artery and some
fat (Figure 11-2, ATLAS PLATE 172). Note
that this sulcus separates the atria above (largely
hidden by the pulmonary trunk and ascending
aorta) from the ventricles below. Follow the coro-
nary sulcus around the right margin of the heart
to the back of the heart, where it also separates
the atria from the ventricles (ATLAS PLATE
177 #177.1). Examine the ventricular part of the
sternocostal surface and realize that the left one-
quarter (or more) of the anterior heart wall is left
ventricle, while all of the remainder is right ven-
tricular wall (Figure 11-2).

D. Diaphragmatic Surface of the Heart. Lift the
apex of the heart and palpate its slightly convex
diaphragmatic surface, formed principally by
the left ventricle (ATLAS PLATE 173). Note
that it rests on the central tendon of the diaphragm

Superior
venacava . |

\ Pulmonary

d / vein
Sulcus N

terminalis

Right
atrium\7

Right

sulcus

Coronary NFERIOR ARG

sulcus

The sternocostal surface of the heart.
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and observe the following: (a) the coronary sul-
cus, which contains the coronary sinus and con-
tinuations of both the right and |eft coronary arter-
ies, separates most of the diaphragmatic surface
(ventricles) from the atria; and (b) the posterior
interventricular sulcus contains the posterior
interventricular branch of the right coronary
artery and the middle cardiac vein and these
descend obliquely toward the apex (ATLAS
PLATES 173, 177 #177.1).

E. Left Margin of theHeart (Figure 11-2). Exam-
ine the left surface and margin of the heart.
Note that it is oriented obliquely to the left and
consists almost entirely of left ventricle. The
uppermost part, however, is formed by a portion
of the left atrium and its auricular appendage
(ATLASPLATE 174). Note that the left surface
is crossed by the coronary sulcus within which
flows the great cardiac vein (as it becomes the
coronary sinus) and the circumflex branch of
the left coronary artery (ATLAS PLATE 176
#176.1).

F. Right Margin of the Heart (Figure 11-2).
Observe that the right margin of the heart is
rounded and that its convexity consists essen-
tially of the right atrial wall. Also note that the
upper aspect of the right margin is formed by
the wall of the superior vena cava as it enters
the right atrium (ATLAS PLATE 172). Inferi-
orly, identify the short intrathoracic part of the
inferior vena cava as it also enters the right
atrium.

G. Inferior Margin of the Heart (Figure 11-2).
Palpate the inferior margin as it extends from the
right margin nearly horizontally to the left as far
as the apex of the heart. Frequently called the
acute margin of the heart, note whether the
marginal branch of the right coronary artery
courses along this border in your cadaver
(ATLASPLATE 178 #178.1).

III. Arteries and Veins of the Heart
(Figures 11-3 and 11-4)

The heart is supplied by the right and left coronary ar-
teries, which arise from the ascending aorta just be-
yond its emergence from the left ventricle (ATLAS
PLATE 176 #176.2). All the veins (except for the
small venae minimi and anterior cardiac veins) that
drain the heart enter the coronary sinus (ATLAS
PLATE 177).
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The coronary arteries branch from behind dilated
pockets located between the semilunar cusps of the aor-
tic valve and the wall of the aorta. These pockets are
caled the aortic sinuses and will be seen after the left
ventricle is opened.

A. Right Coronary Artery (Figure 11-3). Dissect
between the right auricular appendage and the
pulmonary artery to find the origin of the right
coronary artery from the aorta (ATLAS
PLATES 176 #176.2, 178 #178.1). Remove the
fat around the right coronary artery and follow
the vessel across the heart in the coronary sulcus
between the right atrium and the right ventricle
(ATLAS PLATES 172, 176 #176.1). |dentify
branches to the right atrium and ventricle and try
to find the atrial branch that supplies the sino-
atrial node by dissecting in the sulcus between
the right auricular appendage and the aorta. This
small artery of the sinoatrial node (approxi-
mately 1 mm in diameter) arises from the right
coronary approximately two-thirds of the time
(ATLAS PLATE 178 #178.1) and from the cir-
cumflex branch of the left coronary artery in the
other cadavers.

Variation in the pattern by which the arteries supply
the heart is the general rule. Usually one or the other
artery will be “dominant,” i.e., will be the vessel that
contributes the principal arteries to the posterior
surface of the heart (ATLAS PLATE 179). Most
frequently, the posterior interventricular branch is
derived from the right coronary artery, but usually
paralel branches from the left coronary artery also
descend (ATLAS PLATE 173).
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Find the right marginal artery coursing along
the inferior border. This vessel usually branches
from the right coronary just before it courses around
the right border (ATLAS PLATE 178 #178.1).
Follow the main stem around to the posterior
interventricular sulcus and note that two or three
posterior branches descend from the right coronary,
but only one posterior interventricular branch
descends in the sulcus.

The posterior coronary artery anastomoses both with
the circumflex branch of the left coronary on the
posterior wall of the heart and with the anterior
interventricular branch of the left coronary in the region
of the cardiac apex.

B. Left Coronary Artery. Examine the left
coronary artery. To find its origin, dissect on the
sternocostal surface between the left auricular
appendage and the pulmonary trunk. Observe
that it arises from the aorta behind the left aortic
cusp and sinus (ATLAS PLATES 176 #176.1,
178 #178.1). Follow the artery to the coronary
sulcus, where it usually divides into two
branches: the anterior interventricular branch,
which descends in the anterior interventricular
sulcus, and the circumflex branch, which passes
to the back of the heart (ATLAS PLATE 176
#176.2). Note that the anterior interventricular
branch may be embedded in fat and crossed by
small fascicles of muscle. In its descent toward
the apex, separate the artery from the great car-
diac vein that accompanies it (ATLAS PLATE
172).

Clean the circumflex branch asit curves to the left
and is directed posteriorly. Separate the artery from
the great cardiac vein, which then empties into the
coronary sinus (ATLAS PLATE 177). Find the left
marginal branch of the circumflex artery. In more
than 80% of cases, it descends along the left border
(margin) of the heart and it supplies the left ventricle
nearly to the apex (ATLAS PLATE 178 #178.1).

On the posterior wall of the heart, identify one
or more posterior ventricular branches (ATLAS
PLATE 173). Determine if the posterior inter-
ventricular artery is derived from the right coro-
nary or the circumflex branch of the left coronary
artery.

C. Venous Drainage of the Heart (Figure 11-4).
Most of the venous blood from the heart drains
into the right atrium via the coronary sinus. The
major veins flow into the coronary sinus located
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in the coronary sulcus on the posterior wall of the
heart. Its largest tributaries are the great cardiac
vein found along the anterior interventricular sul-
cus, the middle cardiac vein that ascends in the
posterior interventricular sulcus, and the small
cardiac vein that accompanies the right marginal
artery (Figure 11-4). Additionally, there is a
small oblique vein that drains into the coronary
sinus from the posterior wall of the left atrium
(Figure 11-4) and the anterior cardiac veinsthat
drain directly into the right atrium. Small vessels
called the venae cordis minimae (Thebesian
veins) drain directly into the four heart chambers.

Dissect the coronary sinus on the posterior
surface of the heart. It is often embedded in fat or
muscle fibers along the groove of the coronary sul-
cus (ATLAS PLATES 173, 177). Follow the sinus
along the posterior wall of the right atrium to its
entrance into that chamber.

Identify the principal veins that flow into the
coronary sinus. If not already dissected, find the
great cardiac vein in the anterior interventricular
sulcus with the anterior interventricular artery
(ATLAS PLATES 172, 176 #176.1). Follow this
vein upward and around the left margin of the heart
where it is continuous with the coronary sinus.
Dissect the middle cardiac vein asit ascends in the
posterior interventricular sulcus and terminatesin
the coronary sinus (ATLAS PLATES 173, 177).
Find the small cardiac vein that usually courses
along the inferior border of the heart with the right
marginal branch of the right coronary artery
(Figure 11-4).
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IV. Chambers of the Heart

The interior of the heart is to be dissected by opening
each of the four chambers, examining the great vessels
that are attached, and visualizing the valves that sepa-
rate the chambers and guard their orifices. Dissect the
chambers in the following sequence: right atrium, right
ventricle and pulmonary artery, left atrium, left ventri-
cle, and aorta.

A. Right Atrium (Figure 11-6). Theright atrium re-
ceivesthe systemic blood by way of thesuperior vena
cavasuperiorly and the inferior vena cavainferiorly.
It also receives most of the venous blood from the
heart muscle itself because the coronary sinus emp-
tiesintoit (Figure 11-6).

Identify the right atrial auricular appendage. It is
the small pouch that overlies the right side of the
ascending aorta. Make a transverse cut approxi-
mately 1 cm in length from the upper Ieft part of the
auricle across the atrium below the entrance of the
superior vena cava to the right border of the heart
(Figure 11-5, A-B). With scissors make a vertical
cut downward along the right margin of the heart
(Figure 11-5, B—C). Make another short transverse
incision above the inferior vena cava to the coronary
sulcus, but do not sever the vessels in the sulcus
(Figure 11-5, C-D).

Open the atrial flap and with forceps remove the
clotted blood from the right atrial cavity and auricle.
Rinse the right atrium in running water so that its
inner wall can be studied. With a probe, examine the
following structures:

1. the smooth posterior wall of the right atrium
called the sinus venarum (ATLAS PLATE
182). Identify the oval orifice of the superior
vena cava oriented downward and forward
toward the atrioventricular opening.

2. the opening of the inferior vena cava and the
small semilunar, flap-like endocardial fold
(valve) attached to its anterior margin (Figure
11-6). Note that this opening is directed supe-
riorly and to the left toward the interatrial wall
that is marked by an oval depression called the
fossa ovalis (Figure 11-6). Examine the supe-
rior and anterior rim of the fossa and see how
it is encircled by a noticeable margin called
the limbus fossae ovalis. With a probe exam-
ine the interatrial wall for a small opening into
the left atrium that might persist beneath the
upper part of the limbus. When present (25%
of hearts), it is a vestige of the foramen ovale.
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3. theorifice of thecoronary sinus (Figure 11-6),
located between the valve of the inferior
vena cava and the atrioventricular opening.
Insert a probe through the orifice and confirm
that its tip has entered the coronary sinus.
Observe the thin semilunar valve of the
coronary sinus around the lower margin of
the orifice.

4. musculi pectinati on the inner surface of the
auricular appendage (Figure 11-6). Note that
the muscular bundles are oriented in a parallel
pattern and separated from the smooth part of
the atrium by a vertical ridge called the crista
terminalis (ATLAS PLATE 182). Observe
that this ridge corresponds in position to a
groove called the sulcus terminalis on the
externa surface of the atrium between the right
margins of the superior and inferior venae cavee
(ATLASPLATES 173, 174, 177).
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5. the atrioventricular orifice. Look into the
floor of the right atrium and note the oval-
shaped opening between the right atrium and
the right ventricle. Place two fingers through
the orifice and feel the fibrous annulus (or
ring) of the right atrioventricular valve (tri-
cuspid) to which the three cusps are attached
(ATLAS PLATES 182, 183).

B. Right Ventricle and Pulmonary Orifice and Valve
(Figure 11-7, ATLAS PLATE 183). The right
ventricle forms most of the anterior surface of the
heart. It receivesblood through the tricuspid valve and
sendsit to the lungs through the pulmonary trunk.

Again insert two fingers through the right
atrioventricular opening. With a pair of sharp-ended
scissors in your other hand, penetrate one end of the
scissors through the right ventricular wall approxi-
mately 1 cm below the atrioventricular sulcus and the
right coronary artery. Cut through the right ventricular
wall paralel to the sulcus asfar as the right border of
the heart (Figure 11-5, E-F). Place your index
finger down the cut pulmonary trunk from above,

RIGHT
VENTRICLE

Tricuspid valve

Opening of coronary sinus

B EE The interior of the right atrium.
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and note the level of the cusps of the pulmonary
valve. Extend the incision upward toward the base of
the pulmonary trunk to a point approximately 1 cm
below these cusps (Figure 11-5, E-F).

Make a second cut (2 cm long) transversely
across the ventricular wall 1 cm below the pul-
monary cusps and extend it to a site approximately
2 cm from the anterior interventricular sulcus (Fig-
ure 11-5, F—G). Using scissors, make a third cut
vertically from the left end of the second (transverse)
cut parallel to the anterior interventricular sulcus, as
far as the inferior border of the heart (Figure 11-5,
G-H). Turn the three-sided flap downward and
remove the clotted blood from the right ventricle.
Rinse the right ventricle thoroughly in running cold
water so that its interior can be studied.

The right ventricular cavity extends from the atri-
oventricular orifice to the inferior margin of the heart
(ATLAS PLATE 182). Its outflow path ascends to the
conus arteriosus and pulmonary orifice superiorly and
tothe left (ATLAS PLATE 183). Thus, blood from the
right atrium initially flows inferiorly and to the left. It
then courses superiorly and completes a U-shaped
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pattern to the conus arteriosus (or infundibulum) and
the pulmonary orifice (Figure 11-7).

With a praobe, examine the following:

) >
1. muscular ridges called trabeculae carnae Grant's 57
that characterize theinner wall of theright ven- Ne‘ter;(f;eor; ggg

tricle. Note that some are ridges and others

the cusps from flapping into the atrium during
ventricular contraction when pressure in the
ventricle exceeds atrial pressure.

. septomarginal trabecula (moderator band).

Identify this ridge of muscle, which extends
from the interventricular septum and attaches
to the lower part of the ventricle at the base of
the anterior papillary muscle (Figure 11-7).
The septomarginal trabecula is important
because it contains the right crus of the atrio-
ventricular bundle, a part of the conducting

Chordae

bridge a small area of ventricular surface. Still <

others, the papillary muscles, arelarger. These | Pres

are attached at one end to the heart wall and at Rohen 259

the other to glistening, string-like, inelastic

cords, called chordae tendinae (ATLAS system of the heart.
PLATE 187 #187.1, 187.2). Note that these

cords attach to the cusps of thetricuspid valve

(Figure 11-8).

2. right atrioventricular orifice and the three |«
cusps of the tricuspid valve (ATLAS ﬁ;?fetr,sssgw,
PLATE 183). Identify the cusps as septal 202-224
(oriented medially near the septum), anterior, ggregff& 259,

and posterior. Confirm that the anterior cusp
is usually the largest and the septal cusp
smallest. Note that the fibrous ring to which
the cusps are attached, the cusps, chordae ten-
dinae, and papillary muscles form a functional
unit (Figure 11-8). Attachment of the papil-

tendinae

Papillary
muscle

lary muscles to the ventricular wall prevents
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4. conus arteriosus and pulmonary valve
(Figure 11-7). Open the pulmonary artery
between two of its cusps (ATLAS PLATE
184). Observe the smooth funnel-shaped
surface of the conus arteriosus. Place a finger
behind one of the semilunar cusps into the
pocket (or sinus) between the cusp and the
arterial wall (ATLAS PLATE 176 #176.2).
Observe that this is one of three pulmonary
sinuses. Visualize how they become filled
with blood and become apposed (thereby clos-
ing the pulmonary valve) when pressure in the
pulmonary artery exceedsthat in the right ven-
tricle.

Palpate the free margin of the cusps and feel a
small thickening or nodule at their centers, on both
sides of which are thin crescenteric edges called
lunules. Identify the anterior, right, and left cusps
named according to their positions embryologically
(Figures 11-9 and 11-12).

C. Left Atrium (ATLAS PLATES 184, 188 #188.1).

Pulmonary veins return oxygenated blood from the
lungs to the left atrium. This chamber extends
behind the right atrium, but its small auricular

appendage projects anteriorly around the left side of

the pulmonary trunk and forms the uppermost part

of the |eft border of the heart.

Turn the heart over and orient the left atrium so
that the right pulmonary veins are to the right and
the left veins to the left (ATLAS PLATE 177
#177.1). With scissors, make two paralléel incisions
adjacent to the two sets of pulmonary veins (Figure
11-5, 1-J and K-L). Make a third incision inter-
connecting the upper ends of the first two cuts (Fig-
ure 11-5, I1-K) and reflect the inverted U-shaped
flap downward to open the left atrium. Remove the

Aorta

Truncus
arteriosus

Pulmonary
artery

Pulmonary valve

Anterior cusp
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clotted blood and wash the left atrium in running
water. Examine the following:

1. the smooth-walled cavity of the left atrium
(ATLAS PLATES 184, 188 #188.1). Open
the small tubular auricular appendage and note
that the muscular ridges (musculi pectinati) are
fewer than in the right atrium.

2. the symmetrical orifices of the pulmonary
veins. Note that these are not guarded by
valves and that the four pulmonary veins and
the two venae cavae are surrounded by a
sleeve of serous pericardium comparable to
the one that envelopes the pulmonary artery
and aorta.

3. the interatrial septum from the left side
(ATLAS PLATE 184). Identify an oval-
shaped depression in the interatrial septum.
Note that this slight concavity coincides with
the fossa ovalis of the right atrium.

4. the left atrioventricular opening (ATLAS
PLATE 184). Insert afinger through the floor

of the left atrium and pal pate the | eft atrioven-
tricular orifice. Observe that the opening is di-

Aortic valve

rected anteriorly and to the left and that the two
cusps of the mitral valve attach to its fibrous
rim.

D. Left Ventricle and the Aortic Orifice and Valve

(Figure 11-10). The left ventricle is located largely
on the diaphragmatic surface of the heart and pumps
oxygenated blood into the aorta for distribution
throughout the body. Longer and more narrow than
the right ventricle, its muscular wall is approxi-
mately three times as thick as the right ventricle
(ATLAS PLATES 183, 184). The left ventricle
receives blood through the bicuspid or mitral
valve.

Posterior cusp

The names of the cusps of the
aortic and pulmonary valves shown as the

truncus arteriosus divides during development.
R, right; L, left; P, posterior; A, anterior.
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With your fingers through the mitral valve from
the left atrium, palpate the inter ventricular septum.
Open the left ventricle below the coronary sinus by
making an incision 1 cm to the left of, but parallel to,
the septum (internally) and the interventricular
groove (externally). Extend the incision down as far
as the apex of the heart (Figure 11-5, lower half of
line M—N). Palpate within the aorta from above and
note the location of the right and left aortic sinuses
(confirmed by the origins of the two coronary
arteries). Extend the incision of the left ventricle
superiorly through the aortic orifice between the
right and left cusps of the aortic valve to the upper
edge of the cut aorta (Figure 11-5, upper half of
line M—-N). In so doing, the circumflex artery and
great cardiac vein will be severed.

From the longitudinal incision, make a transverse
cut through the ventricular wall around toward the
back of the heart below and parallel to the circumflex
artery and/or coronary sinus (Figure 11-5, O—P).
Open the left ventricle and ascending aorta, remove
the blood clots, and wash the interior with tap water.
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Observe the following:

1. theventricular wall thickness (8-13 mm or
more); the interventricular septum. Note
that the septum is so oriented within the thorax
that the cavity of the left ventricle lies posterior
to the septum and the right ventricular chamber
is anterior to it.

2. left atrioventricular (or mitral) valve (Figure
11-10). Observe that the papillary muscles are
attached to the anterior and posterior cusps of
the bicuspid valve by chordae tendinae in a
manner similar to that seen in the right ventri-
cle. Note that the left ventricle contains a num-
ber of trabeculae carnae.

3. aortic orifice and cusps of the aortic valve
(Figure 11-10). Palpate the three semilunar
cusps of the aortic valve and observe that they
are similar to the pulmonary cusps but thicker
and somewhat stronger (Figure 11-12). Visu-
alize how the aortic sinuses trap back-flowing
blood to close the valve at the end of systole.
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Anterior
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Middle cardiac vein

The valves of the heart and their cusps. AV, atrioventricular. (From Clemente CD. Gray's Anatomy. 30th American Edition
Philadelphia: Lea and Febiger, 1985.)

. - : spreads through the musculature of both atria, causing
|dentify the poste_n_or, right, apd left cusps them to contract. At some point, the impulse reachesthe
and probe the origins of the right and left . .
coronary arteries (Figures 11-11 and 11-12), atrioventricular n(_)de (AV nod(_e, ATLAS PLATE 188
#188.2), where a brief atrioventricular conduction delay
allows atrial contraction to complete. On increasing
V. Conducting System atrial contraction, atrial pressure supersedes that in the
of the Heart (Figure 11-13 ventricles, thereby opening the two atrioventricular
and Atlas Plates 188, 189) valves (tricuspid and mitral).
Extending into both ventricles from the AV node is
The conducting system of the heart is responsible for the atrioventricular bundle (ATLAS PLATES 188
maintaining the rhythmicity of cardiac contraction. Itis | < #188.2, 189). This consists of fascicles of myocytes
composed of specialized muscle fibers forming two | Grant’s 64 caled Purkinje fibers, but these are not distinguish-
nodes and a conducting pathway that excites the cardiac 22‘;:;22?5 able in gross dissection. From the AV node, the bundle
musculature in the ventricles. The sinoatrial node (SA descends a few millimeters through the lower part of
node) in the right atrium initiates the impulse that the interatrial septum to the level of the septal cusp of
results in the heartbeat. This node is called the “pace- the tricuspid valve, where it divides into right and left
maker” of the heart, and the impulse from this node branches (Figure 11-13).

Aortic sinuses

Left
coronary
artery

Right
coronary
artery

Lunule
Nodule R{AUIHEEFY The opened aorta showing the cusps of the aortic
valve and the aortic sinuses.
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BEAIFEEEY The conducting system of the heart.

Having reached the AV node, the impulse for con-
traction is then transmitted to both ventricles along the
branches of the AV bundle, resulting in ventricular con-
traction. When pressure in the ventricles exceeds that in
the atria, the tricuspid and mitral valves close, resulting
in the first of the two sounds of the heartbeat. Ven-
tricular pressure then exceeds that in the pulmonary
artery and aorta, causing the pulmonary and aortic
valvesto open and allows blood into the two great arter-
ies. Ventricular pressure quickly decreases. When pul-
monary and aortic pressure exceeds that in the ventri-
cles, blood attempts to rush back but becomes trapped
in the pulmonary and aortic sinuses, thereby closing
these valves. This produces the second heart sound in
the heartbeat.

The SA and AV nodes are not to be dissected.
These are microscopic in size; however, you should
know their approximate sites in the heart wall.

L ocate the site of the SA node in the wall of the
right atrium at the upper end of the crista terminalis,
anterior and to the right of entry of the superior vena
cava (ATLAS PLATE 188 #188.2; Figure 12-13).

TheAV node. Pal pate the site of the AV nodeat the
lower posterior part of the interatrial septum, near the
attachment of the septal cusp of the tricuspid valve. It
islocated approximately 1 cm anterior to the opening
of the coronary sinus (ATLAS PLATE 188 #188.2).

SA node

Anterior
internodal tract

Middle
internodal tract

Posterior

Thorax III
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Clinical Relevance

Tetralogy of Fallot. This condition causes children to
be cyanotic (blue baby), thereby limiting their physical
activity. In this birth defect, four anomalies occur: (a) a
large ventricular septal defect; (b) a narrowing or
(stenosis) of the pulmonary trunk occurs; (c) the aorta
exits from the heart above the septal defect instead
of the left ventricle; and (d) a hypertrophy of the right
ventricle develops because of the high blood pressure
in that chamber.

Atrial septal defects. Prenatally the septum between
the two atria contains an opening called the foramen
ovale through which oxygenated blood passes from
the right atrium directly into the left atrium. The open-
ing normally closes after birth (although small rem-
nants of the opening may persist). If, however, a large
atrial-septal opening persists, then oxygenated blood
in the left atrium will be shunted to the right atrium. In
the newborn child this results in right atrial and ven-
tricular hypertrophy and an overload of blood in the
pulmonary system.

Ventricular septal defects. Formation of the inter-
ventricular septum occurs by a fusion of its mem-
branous and muscular parts. Faulty development of
the membranous part can result in a septal defect
between the two ventricles. Although the size of
the defect can vary, a large interventricular defect
causes a significant left-to-right ventricular shunt of
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oxygenated blood, which increases pulmonary blood
flow that causes pulmonary hypertension. This serious
anomaly requires early surgical repair.

Angina pectoris. This pain originates in the heart and
can be relatively mild or severe. It results from ischemia
of the cardiac muscle that stimulates visceral afferent
fibers that course through the sympathetic trunk to the
upper four or five thoracic segments of the spinal cord.
The pain is not perceived in the heart but is referred to
the anterior chest wall. This pain can develop after
strenuous exercise or after a large meal that deprives
sufficient blood to the heart. The pain can be relieved
by a nitroglycerin pill placed sublingually that dilates
the arteries in the body along with those in the heart.
Coronary bypass operation. This procedure aims at
increasing blood flow by grafting a segment of a vein
or artery to the aorta and then attaching it to the distal
end of the narrowed coronary artery. Vessels used for
this procedure are segments of the saphenous vein or
a portion of the radial artery. Additionally, the proximal

end of the internal thoracic artery (coursing anterior
to the heart) can be attached to the distal end of an
obstructed coronary artery, thereby bypassing the
obstruction.

Coronary angioplasty. In this procedure, surgeons
use a catheter with a small balloon that can be
inflated at the tip of the catheter. This catheter is
passed through the femoral artery and advanced
superiorly into the blocked coronary artery. When the
obstruction is reached the balloon is inflated to
enlarge the lumen of the vessel. At times, in using this
technique, thrombokinase is released from the end of
the catheter to dissolve the clot. After the vessel is
opened an intravascular stent can be put in place to
maintain the dilation of the artery.

Myocardial infarct. If an artery is occluded by an
embolus, the region supplied by that vessel loses its
blood supply, resulting in a myocardial infarct. The
heart wall deprived of blood undergoes tissue death
Or Necrosis.
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DESSEEILOL Thorax IV: Posterior Mediastinum:
Sympathetic Trunks; Diaphragm

from Above; Superior Mediastinum

Objectives
1 Dissect the esophagus, the azygos system of veins, 5 Dissect the great veins and the arteries from the
and the thoracic duct in the posterior mediastinum. aortic arch in the superior mediastinum.
2 Study the thoracic aorta and dissect several 6 Find the phrenic, vagus, and recurrent laryngeal
posterior intercostal arteries. nerves.
3 Dissect the sympathetic trunks and splanchnic 7 Trace the trachea, esophagus, and thoracic duct
nerves. through the superior mediastinum.

4 Expose the diaphragm from above and identify the
structures that traverse its openings.

ATLAS KEY: and continuesbehind the cruraof the diaphragm. It con-
tains the trachea at its bifurcation, the primary
Clemente Atlas, 6th Edition = Atlas Plate # bronchi, the azygos system of veins, the descending

thoracic aorta, and the mediastinal lymph nodes
(ATLAS PLATES 202-204). The splanchnic nerves
Netter's Atlas, 4th Edition = Netter’s Plate # are also located within the posterior mediastinum,
Rohen Atlas, 7th Edition = Rohen Page # whereas the gangl i.onated sympathe_tic trunks course
lateral to the bodies of the thoracic vertebrae and,
strictly speaking, are not in the posterior mediastinum
(ATLASPLATES 206, 207, 208 #208.1).

Grant's Atlas, 12th Edition = Grant’s Page #

I. Posterior Mediastinum <
......................................................................... Grant'§ 63,74 A. The Esophagus (Figure 12-1). The esophagusis a
The posterior mediastinum liesdorsal totheheartand | oo oo oo 10-inch muscular tubethat interconnectsthe pharynx
pericardium and ventral to the lower eight thoracic to the stomach. It beginsin the neck posterior to the
vertebrae. It is bounded on both sides by mediastinal cricoid cartilage of thelarynx (C6 vertebral level) and
pleura and is an extension inferiorly from the dorsa descends through the superior and posterior medi-
part of the superior mediastinum. Severa structures, astina to enter the abdomen through the esophageal
such as the esophagus, thoracic duct, and vagus hiatusof thediaphragm (ATLASPL ATES 197-199)
nerves, traverse both regions. The posterior medi- (T10 vertebra level). Superiorly, the esophagus is
astinum extends inferiorly to the 12th thoracic vertebra located posterior to the trachea and anterior to the
109
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Right recurrent
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Brachiocephalic trunk

Right vagus nerve

Arch of azygos vein
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Right vagus nerve

Diaphragm
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Left subclavian artery
Left vagus nerve
Left recurrent laryngeal nerve

Left common carotid artery

Aortic arch

Ligamentum arteriosum

Left vagus nerve

Left primary bronchus

Esophagus

Anterior gastric nerve

GITTIEEEY The trachea, esophagus, vagus nerves, and aorta in the mediastinum.

vertebral column, but below the tracheal bifurcation,
it deviatestotheleft before penetrating thediaphragm
(ATLASPLATE 197 #197.1).

The esophagus receives its blood supply from three
sources. Its cervical part is supplied by the inferior

thyroid branch of the thyrocervical trunk. The
middle one-third is supplied by esophageal branches
from the thoracic aorta, and the lower one-third from
esophageal branches of the left gastric and left inferior
phrenic arteries. Its autonomic innervation comes
from the two vagus nerves and the sympathetic trunks.
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Incise the posterior part of the pericardia sac but
save the phrenic nerves. Detach the pericardium from
the diaphragm to expose the lower esophagus.
Identify the esophageal arteries from the aorta
(ATLASPLATE 198 #198.1).

Find the left and right vagus nerves located
behind the left and right primary bronchi (ATLAS
PLATE 206). Follow the nerves to the esophagus
and see how their branches join with fibers from the
sympathetic trunk to form an esophageal plexus
(Figure 12-1). Note that the vagal fibers again form
nerve trunks near the diaphragm on the anterior and
posterior surfaces of the esophagus. Because of gut
rotation during development, the fibers from the left
vagus nerve regroup to form the anterior vagal
trunk, and those of the right vagus course dorsally
to form the posterior vagal trunk. At this site, they
are often called the anterior and posterior gastric
nerves.

B. Azygos System of Veins and the Thoracic Duct.
The wall of the thorax and the posterior lumbar
region are drained by the posterior intercostal and
lumbar veins and these flow into the azygos system
of veins (Figure 12-2). This system consists of right
and left vertically oriented veins that ascend in the
posterior mediastinum adjacent to the bodies of
the lower eight thoracic vertebrae. Usualy, five
terminal veins are in this system: the azygos,
hemiazygos, accessory hemiazygos, and the right
and left superior intercostal veins (ATLAS
PLATES 202, 203).

The right ascending lumbar vein joins with the right
subcostal vein to form the azygos vein. This ascends
into the thorax through the aortic hiatus and receives
the lower eight right posterior intercostal veins.
Ascending posterior to the esophagus, the azygos vein
isjoined by the right superior intercostal vein and then
curves anteriorly to enter the superior vena cava
(Figure 12-2). In its ascent, it receives the hemiazygos
veins from the left side as well as bronchial and
esophagea veins.

On the left side, the hemiazygos vein receives the
lowest four left posterior intercostal veins. The acces
sory hemiazygos vein receives the middle four left
posterior intercostal veins, while the left superior
intercostal vein receives the 2nd, 3rd, and 4th left
intercostal veins. The latter vessel flows into the left
brachiocephalic vein, and the hemiazygos and acces
sory hemiazygos veins both cross to the azygos vein.

The thoracic duct is a small diameter vessel that
ascends in the posterior mediastinum posterior to the
esophagus and between the azygos vein and the aorta
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The sympathetic trunk, splanchnic nerves,
and the azygos system of veins.

(ATLAS PLATES 202, 203). It returns lymph into
the venous system and commences in the abdomen at
the cysterna chyli, an elongated sac found anterior to
the bodies of the first two lumbar vertebrae (ATLAS
PLATES 203, 210, 211). It traverses the diaphragm
through the aortic hiatus and ascendsinitially slightly to
the right of the midline, but then at approximately the
5th thoracic vertebra, it inclines to the left (ATLAS
PLATE 210 #210.2). In the root of the neck, the duct
arches downward to enter the venous system at the
junction of the left subclavian and left internal
jugular veins (ATLAS PLATES 210, 211). The tho-
racic duct measures 33 to 40 cm (13-16 inches) in
length and may easily be confused for a delicate vein.
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Retract the esophagus to the left of the vertebral
column to expose the azygos vein. Identify several
right posterior intercostal veins that flow into it.
Follow the azygos vein as it joins the superior vena
cava (ATLAS PLATE 203). Note whether the right
superior intercostal vein joins the azygos.

Now look for the hemiazygos vein on the left;
note that it drains the lowest three or four left poste-
rior intercostal veins. ldentify the accessory hemi-
azygos vein and observe how it crosses the midline
behind the aortato flow into the azygosvein (ATLAS
PLATE 203). Higher still, find the left superior
intercostal vein as it drains into the left brachio-
cephalic vein.

Probe the fatty tissue behind the esophagus just
above the diaphragm to find the thoracic duct in
the posterior mediastinum between the aorta and the
azygos vein. Note that the duct inclines to the left
to ascend in the superior mediastinum posterior to
the left margin of the esophagus (ATLAS PLATES
202-204).

C. Descending Aorta. Thethoracic aortadescendsfrom
the aortic arch on the left side of the midline, but it
gradually slantsto the right and entersthe abdomen in
the midline between the crura of the diaphragm
anterior to the 12th thoracic vertebra (ATLAS
PLATES 197 #197.2, 202).

In the posterior mediastinum, the thoracic aorta
gives off visceral branches to the pericardium,
bronchi, and esophagus. Its parietal branches include
nine pairs of posterior intercostal arteries, which
enter the 3rd to the 11th intercostal spaces, and the
superior phrenic artery to the diaphragm. The 12th
pair of arteries course below the 12th rib and are called
the subcostal arteries.

Clean the thoracic aorta and observe its gradual
dant from left to right along its descent. Dissect
severa posterior intercostal arteries that arise from
the posterior surface of the aorta. Note that the
upper five or six right posterior intercostal arteries
are longer than the left because they must cross the
bodies of the vertebrae to reach the right intercostal
spaces (ATLAS PLATE 202). Locate the bronchial
and esophageal branches that arise from the ante-
rior aspect of the aorta. Pull aside the lower
esophagus and observe the aortic opening in the
diaphragm (ATLAS PLATE 197 #197.2), two
vertebral levels (T12) lower than the esophageal
hiatus (T10).
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II. Sympathetic Trunks and Splanchnic
Nerves (Figure 12-2)

The sympathetic division of the autonomic nervous
system consists of preganglionic neurons, whose cell
bodies lie in the thoracic and upper lumbar regions of
the spinal cord, and postganglionic neurons, whose cell
bodies are clustered in peripheral ganglia. The ganglia
are located paravertebrally on both sides along the
sympathetic trunks (ATLAS PLATES 202, 206,
207). Synapses between the preganglionic and postgan-
glionic sympathetic neurons occur within all of these
ganglia, but some preganglionic fibers pass through the
sympathetic trunk to synapse in prevertebral (collat-
eral) ganglia in the abdomen. These fibers form the
greater, lesser, and least thoracic splanchnic nerves,
which descend along the bodies of the lower thoracic
vertebrae and pierce the crura of the diaphragm to enter
the abdomen (ATLAS PLATES 202, 203, 206). Tofind
the splanchnic nerves, it is best to dissect the sympa-
thetic trunks first.

On the right side, strip the mediastinal and costal
pleurae from the bodies of the thoracic vertebrae.
Identify the sympathetic trunk coursing longitudi-
nally along theinner surface of the posterior thoracic
wall anterior totheribs(ATLASPL AT ES202, 206).

Elevate parts of the sympathetic trunk with a
probe to see the ganglia that form slight enlarge-
ments along the length of the trunk. Within several
intercostal spaces, find the intercostal vessels and
nerve. Dissect the delicate communicating rami
that interconnect the sympathetic trunk with the
thoracic intercostal nerves (ATLAS PLATES 163,
188, 207).

The communicating branches are called white
(myelinated) and gray (nonmyelinated) rami commu-
nicantes. White rami course from the intercostal nerves
and carry myelinated preganglionic fibers to the
sympathetic trunk and ganglia. They are located a bit
lateral to the gray rami, which carry postganglionic
fibers back to the intercostal nerve for distribution
peripherally. You cannot distinguish between the white
and gray rami by their color in the laboratory.

Next, find the splanchnic nerves. Do this on the
right side because of the aorta on the left. Note
that branches emerge from the sympathetic trunk be-
tween the 5th to the 9th thoracic ganglia and cross
anterior to the azygos and hemiazygos veins (Figure
12-2). They merge and descend through the diaphragm
on each sideasthegreater splanchnicnerve (ATLAS
PLATE 202). Find the lesser splanchnic nerve
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emerging from the 10th and 11th ganglia (ATLAS
PLATE 202). The 12th thoracic ganglion sends a
branch to form the least splanchnic nerve, but thisis
difficult to find. Observe that al of these nerves pierce
the diaphragmatic crura to enter the abdomen where
they join the preaortic ganglia.

III. Diaphragm (Atlas Plate 202)

The adult diaphragm is a dome-shaped sheet of
muscle and tendon which separates the thorax from
the abdomen. Muscular fibers radiate from the margin
of the diaphragm into the central tendon; these are
divided into sternal, costal, and lumbar portions
(ATLASPLATES 202, 204 #204.1, 212). The sternal
fibers arise from the posterior part of the xiphoid
process and the costal part from the inner surfaces of
the lower six ribs. The lumbar part attaches by strong
tendons to the upper two or three lumbar vertebrae.
They form the two crura of the diaphragm and,
from their tendinous arches, the medial and lateral
arcuate ligaments extend laterally on both sides.
These thickenings arch over the upper parts of the
psoas major (medial ligament) and quadratus lum-
borum muscle (lateral ligament) and will be seen
from the abdominal side (ATLAS PLATES 203,
314).

The diaphragm has three important apertures: the
aortic, esophageal, and vena caval openings (ATLAS
PLATES 214, 315). The aortic opening isin the mid-
lineat the T12 level and isbridged by theright and left
crura. It transmits the aorta, the thoracic duct, and
occasionally the azygos vein. The esophageal open-
ing islocated in the muscular part of the diaphragm at
T10, approximately 2 cm to the left of the midline.
Through this opening course the esophagus, the vagus
nerves, and the esophageal branches of the left gastric
vessels. The vena caval opening is found in the cen-
tral tendon to the right of the midline at the T8 level.
Smaller openings in each crus transmit the splanchnic
nerves.

Observe the dome-like contour of the diaphragm
and remove any remaining pleura. Note that the right
dome s higher than the left and that it rises as high as
the 4thribin forced expiration (ATLAS PLATE 169
#169.3). Observe that the central tendon receives
muscle fibers around its entire periphery (ATLAS
PLATES 202, 204 #204.1). Palpate the costal attach-
ments of the diaphragm laterally and reach down into
the costodiaphragmatic recesses. Visualize the
location of the liver, stomach, spleen, kidneys, and
adrenal glands inferior to the diaphragm on the
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abdominal side (ATLAS PLATES 196, 307). |den-
tify the vena caval, esophageal, and aortic openings.
Dissect the phrenic nervesto their attachments on the
diaphragm.

IV. Superior Mediastinum
(Figure 12-3, Atlas Plates 174, 175,
202-204)

The superior mediastinum is the thoracic region
between the manubrium of the sternum and the bodies
of the upper four thoracic vertebrae (ATLAS
PLATES 170, 174). It extends from the thoracic inlet
to a transverse plane passing from the sternal angle to
the body of the 4th thoracic vertebra. The superior
mediastinum contains (a) the two brachiocephalic
veins, the superior vena cava and left superior
intercostal vein; (b) the arch of the aorta and its
three large branches: the brachiocephalic, left com-
mon carotid, and left subclavian arteries; (c) the
vagus and phrenic nerves, the recurrent laryngeal
branch of the left vagus, and the cardiac nerves that
descend to the cardiac plexus; (d) thetrachea and pri-
mary bronchi; (e) the esophagus; and (f) the tho-
racic duct.

Posterior to the manubrium and anterior to the
brachiocephalic veins are the fatty remnants of the
thymus (ATLAS PLATE 152). To open the superior
mediastinum, the manubrium and the attached medial
one-third of both clavicles (with soft tissues) will be
lifted as a block and folded upward over the neck.

With a handsaw, cut through both clavicles just
|ateral to the insertions of the clavicular heads of the
sternocleidomastoid muscles. Divide the first ribs
with bone cutters anterior to the subclavian vessels.
Reflect the manubrium and the attached claviclesand
first ribs upward. Remove the fatty remains of the
thymus, but do not damage the underlying large bra-
chiocephalic veins.

A. Great Blood Vesselsin the Superior Mediastinum.
The large veins and arteries in the superior
mediastinum return blood to the heart or carry blood
from the heart to the rest of the body.

1. Great Veins. Identify the right and the more
horizontally coursing left brachiocephalic
veins (ATLAS PLATES 174, 536). Note that
their junction forms the superior vena cava,
and each brachiocephalic vein is formed when
the internal jugular and subclavian veins
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meet (ATLAS PLATE 536). Find the paired
internal thoracic veins, each of which drains
into its respective brachiocephalic vein, and
identify theinferior thyroid (ATLAS PLATE
536) and left superior intercostal veins
(ATLAS PLATE 174), which drain into the
left brachiocephalic vein. Find the entrance of
the azygos vein into the superior vena cava
(ATLAS PLATE 203).

Find the right phrenic nerve that lies just lateral
to the superior vena cava. Reflect the severed supe-
rior vena cava upward to study the underlying arch of
the aorta and the major arteries that branch from it
(ATLASPLATE 154).
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2. Aortic Arch. Note that the ascending aorta is
5 cm long and courses superiorly from the heart
between the superior vena cava and the
pulmonary artery (ATLAS PLATE 174).
Observe that the aortic arch commences at the
level of the 2nd rib. Follow it posteriorly to the
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left of the trachea and esophagus. Identify its
three large branches: the brachiocephalic
artery, the left common carotid artery, and
the left subclavian artery (ATLAS PLATES
194, 197 #197.2).

The brachiocephalic artery is the largest branch
from the aortic arch, and it serves the right side of the
head and the right upper extremity. It is approximately
5 cm long, courses upward and dlightly to the right, and
divides into the right common carotid and right
subclavian arteries behind the right sternoclavicular
joint (ATLAS PLATES 536, 541).

The left common carotid artery arises from the arch
of the aorta to the left of the brachiocephalic artery.
Ascending through the superior mediastinum, it enters
the root of the neck behind the left sternoclavicular joint.

The left subclavian artery arises from the posterior
part of the arch and ascends into the root of the neck
behind the left clavicle. It arches to the left in the neck,
deep to the anterior scalene muscle, and descends into
the left axilla
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B. Phrenic, Vagus, and Recurrent Laryngeal Nerves
(ATLAS PLATES 170, 174, 178). The phrenic
nerves were dissected in the middle mediastinum
coursing with the pericardiacophrenic vessels latera
to the pericardium (ATLAS PLATE 174). Arising
from the C3, C4, and C5 segments, these nerves
descend along the surface of the scalene muscles in
the neck to enter the thorax.

1. Phrenic Nerves. Find the left phrenic nerve
in the superior mediastinum lateral to the
aortic arch between the left subclavian artery
and vein (ATLAS PLATE 175). Follow its
descent along the left side of the pericardium
to the diaphragm (ATLAS PLATE 174).
Identify the right phrenic nerve in the
superior mediastinum posterior and lateral to
the right brachiocephalic vein and then lateral
to the superior vena cava.

The vagus nerves were visualized in the posterior
mediastinum as they approached the esophagusto form
the esophageal plexus. Most widely distributed of all
the cranial nerves, they carry preganglionic parasym-
pathetic nerve fibers to the viscera in the neck, thorax,
and abdomen. As they descend through the superior
mediastinum, their courses differ on the two sides
(ATLAS PLATE 206).

2. Right Vagus Nerve. To find the right vagus
nerve in the superior mediastinum, dissect
behind the superior vena cava along the right
margin of the trachea (ATLAS PLATES 202,
206). Follow the nerve to the posterior aspect
of the hilum of the right lung, where it joins
filaments from sympathetic gangliato form the
right posterior pulmonary plexus. From
behind the right primary bronchus, follow
branches to the posterior surface of the
esophagus.

More superiorly is located the recurrent laryngeal
branch of the right vagus. Too high to be dissected now,
it winds around the first part of the subclavian artery
and ascends in the neck on the right side of the trachea
(ATLAS PLATE 206).

3. Left Vagus Nerve. To find the left vagus nerve
in the superior mediastinum, dissect slightly
lateral to the left common carotid artery
(ATLAS PLATES 170, 174, 206). Follow the
nerve to the left side of the aortic arch between
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the origins of the carotid and subclavian arteries

and identify:

a. the left recurrent laryngeal branch that
courses under the aortic arch and the
attachment of the ligamentum arteriosum.
It ascends into the neck along a groove
between the trachea and esophagus (ATLAS
PLATE 206).

b. delicate cardiac branches that descend to
the deep part of the car diac plexus.

¢. pulmonary branches that descend behind
the root of the left lung that join sympathetic
fibers to form the left posterior pulmonary
plexus; follow branches from the hilum to
the anterior surface of the esophagus
(ATLASPLATE 206).

C. Trachea, Primary Bronchi, Esophagus, and
Thoracic Duct. The trachea beginsin the neck at the
lower end of the larynx at the C6 vertebral level. Itis
4incheslong—2inchesintheneck and 2 inchesinthe
thorax—before it bifurcates at the lower level of the
T4 vertebra(ATLASPLATES 162, 206). Thetrachea
lies deep to the manubrium in the superior medi-
astinum. Slightly lower, it lies posterior to the left bra-
chiocephalic vein, arch of the aorta, and brachio-
cephalic and left common carotid arteries (ATLAS
PLATE 536). Throughott its course, the trachea lies
anterior to the esophagus, which separatesit from the
7th cervical and upper four thoracic vertebrae.

With the brachiocephalic veins reflected upward,
study the relationships of the aortic arch, pulmonary
arteries, and primary bronchi at the tracheal bifurca-
tion. Observethat theleft primary bronchusismore
horizontal than the right and that it measures
5 cm before it divides into the secondary (lobar)
bronchi (Figure 12-4). Note that the right bronchus
iswider and more vertical than the left and is slightly
more than 2.5 cm in length.

The larger width and more vertical course of the
right primary bronchus explain why foreign bodies that
are accidentally swallowed become lodged more fre-
quently in the right primary bronchus than the left.

Push the aortic arch to the left and expose the an-
terior aspect of the tracheal bifurcation. Identify vaga
and sympathetic branches that join to form the deep
cardiac plexus, usually located behind the aortic arch
anterior to the tracheal bifurcation. Locate pigmented
tracheobroncheal lymph nodes near the bifurcation
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Right vagus nerve

Azygos vein

Tracheobronchial
lymph nodes .

(Figure 12-4). Cut the bronchi longitudinaly with
scissors and visualize the interior of the tracheal
bifurcation. On the posterior surface of the bifurca-
tion, observe an internal cartilaginous ridge, the
carina, and note that it is located dightly to the left of
the midline.

In the superior mediastinum, the esophagus lies
dlightly to the left of the midline and descends between
the trachea and the vertebral column (Figures 12-5 and
12-6). The thoracic duct ascends through the superior
mediastinum and courses to the thoracic inlet posterior
to the esophagus (ATLAS PLATES 203, 210).

Displace the trachea to the right and observe
the esophagus descending posteriorly (ATLAS
PLATES 197, 206). Identify the |eft recurrent laryn-
geal nerve ascending in a groove between the tra-
chea and the esophagus. Observe the left primary
bronchus crossing anterior to the esophagus and the
left border of the esophagus adjacent to the aortic
arch. Displace the esophagus to the right, away from
the midline. Probe longitudinaly in the fat posterior
to the esophagus for the thoracic duct. Observe that
this small vein-like structure passes superiorly to the
root of the neck on the left (ATLAS PLATES 210,
211). Trace the duct to its termination at the junction
of the left subclavian and internal jugular veins
(ATLAS PLATE 211).

Left recurrent laryngeal nerve

Left vagus nerve

~ Tracheal lymph nodes

Pulmonary
lymph nodes

<«
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G(I[{WPEAY  The trachea and its bifurcation.

Clinical Relevance

Hiatus hernia. Hiatus hernia is the protrusion of a struc-
ture through the esophageal hiatus of the diaphragm.
Most often, in this condition the upper part of the stom-
ach (the esophageal-gastric junction or the fundus of the
stomach) will protrude through the esophageal hiatus
and lodge in the posterior mediastinum.
Gastroesophageal reflux. Regurgitation of the gastric
contents into the esophagus is usually associated with
hiatus hernia or peptic ulcer. Repeated injury to the
esophageal mucosa can result in an esophageal
carcinoma.

Esophageal varicosities. This condition is often
caused by portal venous blood obstruction through the
liver in patients who have cirrhosis of the liver. Blood in
the portal vein seeks alternative routes in an attempt to
return to the inferior vena cava and the right atrium.
One of these routes involves anastomotic channels
with veins in the lower one-third of the esophagus.
These veins then become greatly dilated, resulting in
esophageal varices on the internal surface of the
mucosa where they are subject to hemorrhage.
Severance of the thoracic duct. The thoracic duct as-
cends anterior to the bodies of the thoracic vertebrae
on its route to the left subclavian vein in the neck. It is
a thin, vein-like structure and can easily be injured dur-
ing posterior mediastinum operations. Lymph escaping
from a severed duct accumulates in the pleural cavity
and results in a chylothorax, a condition that requires
attention.
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Transverse section of the thorax
at the level of T5. A. Superior vena cava.

B. Phrenic nerve. C. Azygos vein. D. Pleural cav-
ity. E. Right vagus nerve. E. Left vagus nerve.

F. Esophagus. G. Sympathetic trunk. H. Oblique
fissure. I. Thoracic duct. J. Recurrent laryngeal
nerve. K. Bifurcation of the trachea. L. Mediasti-
nal pleura. M. Internal thoracic vessels. N. Aorta.

Esophagus
Trachea

Left common carotid
artery

Left subclavian artery

Brachiocephalic
artery

Arch of aorta

T4
Right primary T5
bronchus
Left primary
bronchus

Esophagus Thoracic aorta

B PEY The relationship of the trachea, esophagus,
and thoracic aorta.
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Recurrent laryngeal nerve injury. The recurrent
laryngeal nerve supplies all but one pair of intrinsic
muscles in the larynx. Injury to this nerve can result
from any operation in the superior mediastinum or in
the neck where the nerve courses just lateral to the
thyroid gland. Additionally, tumors of the esophagus
or bronchi or even an aneurysm of the aorta can in-
terrupt this nerve. Injury to one recurrent laryngeal
nerve results in hoarseness of speech.

Coarctation of the aorta. This condition is a congeni-
tal narrowing of the aorta below the origin of the left
subclavian artery. Because blood is somewhat im-
peded in the descending aorta, other vessels from the
aorta become greatly enlarged (such as the intercostal
arteries), and blood bypasses the constriction. The di-
lated intercostal arteries characteristically erode the
lower borders of the ribs, thereby notching the ribs.
Patent ductus arteriosus. The ductus arteriosus is a
fetal vessel that interconnects the aorta and the pul-
monary artery so that maternally oxygenated blood
can pass directly into the aortic systemic circulation
and bypass the lungs. Normally, 2 or 3 weeks after
birth the ductus arteriosus closes. If it does not close,
aortic blood will flow into the pulmonary artery and re-
sult in pulmonary hypertension and hypertrophy of
the right ventricle.



DISSECTION Anterior Abdominal Wall

Objectives

1 Learn the surface landmarks and the anatomic
regions of the abdomen.

2 Dissect the superficial fascia and superficial vessels

and nerves of the anterior abdominal wall.

3 Dissect the three flat abdominal wall muscles and
their related vessels and nerves.

6 Understand indirect and direct inguinal hernias.

7 Dissect the scrotum, spermatic cord, and testes.

8 Dissect the female inguinal canal and visualize the

round ligament of the uterus.

4 Dissect the rectus abdominis muscle and rectus sheath.

5 Dissect the inguinal region in males and understand

the importance of the inguinal canal.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant’s Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

The anterior abdominal wall overlies the viscera of the
abdominal cavity. It extends from the xiphoid process
to the pubic symphysis. Superiorly, it is bounded by
the costal margins of therib cage. Inferiorly, it extends
to the crests of the ilia and the inguinal ligaments
(ATLAS PLATES 221, 223).
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I. Surface Anatomy of the Anterior
Abdominal Wall

Before dissecting the anterior abdominal wall, see
some of its surface features and the subdivisions of the
abdomen.

A. Surface Landmarks. Visualize or palpate the
following anatomic features.

1. Linea alba. Median raphé between the xiphoid
process and the symphysis pubis (ATLAS
PLATE 221).

2. Linea semilunaris. Longitudinal curved lines
that demarcate the two lateral borders of the
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rectus abdominis muscle. Difficult to see in
an obese cadaver, but when visible, they are
concave medially and extend from the 9th
costal cartilage to the symphysis pubis. Note
that the point where the linea semilunaris
crosses the right costal margin is the external
landmark of the gallbladder.

3. Pubiccrest. On askeleton observe the rounded
pubic crest on the anterosuperior border of the
pubis, just lateral to the symphysis pubis
(ATLAS PLATES 324). Lateral to the pubic
crest pal pate the pubic tuber cle where the me-
dial end of the inguinal ligament attaches
(ATLASPLATES 326, 327).

4. lliac crests. The bony upper bordersof theilium
that can be felt on yourself at the lateral limits of
your waist (ATLAS PLATES 324, 325). On a
skeleton, follow the crest anteriorly to the
anterior superior iliac spine, where the lateral
end of theinguinal ligament attaches (ATLAS
PL ATE 328 #328.1). On the summit of theiliac
crest, 5 cm posterior to the anterior superior iliac
spine, locate the tubercle of theiliac crest.

B. Anatomic Regions (Figure 13-1). The anterior
abdomina wall can be divided by two vertical and
two horizontal planes into nine regions. The two
vertical planes pass through the midpoints of the
inguinal ligaments, and the two horizontal planes are
thetranspyloric and transtubercular planes.

These four lines form a grid of nine regions on the
anterior abdominal wall (Figure 13-1). From above
downward, the unpaired central regions are the epi-
gastric, the umbilical (containing the umbilicus), and
the hypogastric regions. The three paired regions
from above downward are the hypochondriac regions

Anatomic regions of the abdomen: 1 and

3 = right and left hypochondriac regions; 4 and 6 = right and
left lumbar regions; 7 and 9 = right and left inguinal regions;
2 = epigastric region; 5 = umbilical region; 8 = hypogastric
region.
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(inferior to the costal margins), the lumbar regions
(between the costal margins and iliac crests), and the
inguinal regions (lateral to the hypogastric region
above the inguinal ligaments).

The abdomen is also described as being divided
into quadrants. Visualize a vertical plane passing
through the umbilicus between the xiphoid process
and the symphysis pubis and ahorizontal plane also
passing through the umbilicus across the abdomen.
This topographic subdivision (often used by clini-
cians) resultsin upper right and left quadrantsand
lower right and left quadrants.

II. Skin Incisions; Superficial Fascia;
Cutaneous Vessels and Nerves

The skin of the anterior abdominal wall isthin compared
to skin on the back. Although surgical incisions should
follow lines of cleavage in the skin (Langer’s lines) to
minimize scar tissue, incisions made for anatomic
dissection need not conform to cleavage lines.

A. Abdominal Skin Incisions (Figure 13-2). Placethe
cadaver in the supine position (face up) and note any
evidence of wounds or surgical scars visible on the
abdominal surface.

Makeamidlineincision through the skin only (not
into the superficial fascia) from the xiphoid process to
the symphysis pubis. Leave the umbilicus intact by en-
circlingitwiththeincision (Figure13-2, A to B). Make
cuts in both inguinal regions (again only through the
skin), from the symphysis pubis laterally along the in-
guinal ligament to the anterior superior iliac spine
(Figure 13-2, B to C). Continue these incisions posteri-
orly for 3inchesalongtheiliac crest. If not aready done,
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BV EEY Abdominal skin incisions. These incisions
are only skin-deep.

makeincisionslateraly from the xiphoid processto the
midaxillary lines on both sides (Figure 13-2, A to D).

Reflect the skin flaps |aterally without cutting into
the superficial fascia. You are dissecting in the
correct planeif you can see the dermal papillae onthe
inner surface of the skin flaps.

S 11

muscle

Camper's fascia —~§

Scarpa’s fascia —

Penis

Scrotum

Dartos
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B. Superficial Fascia (Figure 13-3). The superficial

T e ——

—~———

fascia over the anterior abdominal wall is different
from other regions in that it can be dissected as two
layers below the umbilicus but only asasingle layer
above. It contains a variable amount of fat and fi-
brous tissue, which combine in one layer above the
umbilicus. Below the umbilicus, the superficial layer
of superficial fasciais alayer of fat and is known as
Camper’s fascia (Figure 13-3A). Underlying this
fatty layer is the deep layer of superficial fascia,
called Scarpa’s fascia, which is more membranous
and contains many elastic fibers (Figure 13-3A).
Separation of the two fascial layers is possible only
in the region between the pubis and the umbilicus.

With the skin reflected, make atransverseincision
midway between the umbilicus and the symphysis
pubis from a point 3 cm above the anterior superior
iliac spine to the linea alba. Cut through both layers
of superficial fascia to the fibers of the external
oblique muscle and its glistening aponeurosis medi-
aly. Separate Scarpa’s fascia from this aponeurosis
and manually extend the separation inferiorly to the
inguinal ligament. Observe the following:

1. How Scarpa’s fascia fuses with the fascia lata
(deep fascia) of the thigh (Figure 13-3C).

2. That you can insert your finger inferiorly into
the scrotum along the path of the spermatic
cord but not laterally into the thigh.

3. That just above the symphysis pubis, you are
unable to pass your finger across the midline

External . )
oblique FEIHEEEY Diagram of superfi-
aponeurosis  cial fascia over anterior abdominal

wall. A. Longitudinal section near
the midline over the penis. B. Sec-
tion made more laterally over the
scrotum. C. Section more laterally
over the fascia lata of the thigh.
(Redrawn after Hollinshead WH.

I'_”gl#”"’;]'t Anatomy for Surgeons. 2nd Ed.
'game New York: Hoeber-Harper, 3 vols.,
1968.)
Fascia lata
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because of the attachment of the fundiform
ligament of the penis or clitoris (ATLAS
PLATE 223 #223.1).

4. That the aponeurosis of the external oblique
muscle folds internally to form the inguinal
ligament.

Scarpa’s fascia continues into the scrotal sac, where
it becomes the dartos layer (Figure 13-3B), and
further into the perineum, where it is called Colles
fascia. If a rupture of the penile urethra occurs,
extravasated urine will escape into the perineum and
scrotum and spread deep to Colles' fascia and the
dartos layer. It then continues upward on the anterior
abdominal wall deep to Scarpa’s fascia. Urine will not
spread into the thighs because Scarpa’s fascia
terminates where it attaches to the fascialatainferiorly
(Figure 13-3C).

C. Superficial Vessels and Nerves (ATLAS PLATE
220). The cutaneous nerves are accompanied by
superficial arteries and veins over the anterior
abdominal wall. As in the thoracic wall, lateral
cutaneous branches of the segmental nerves
(T7-T12 and L1) pierce the soft tissues and emerge
along the midaxillary line, and anterior cutaneous
branches become superficial just latera to the linea
alba (ATLAS PLATE 220).

In addition to the vessels that accompany the
segmental nerves, the anterior abdominal wall receives
blood from the more deeply coursing superior and
inferior epigastric arteries and other arteries in the
superficial inguinal region derived from the femoral
artery (ATLAS PLATES 13, 220). Drainage is by
segmental veins and by an anastomosing network of
vessels around the umbilicus. Inferior to the umbilicus,
veins drain into the saphenous and femoral veins, and
superior to the umbilicus, venous blood drains into the
thoracoepigastric and axillary veins.

1. Superficial Vessels. In the inguinal region,
dissect the superficial fascia. Then, find the
superficial circumflex iliac and superficial
epigastric arteries, which often arise from a
common branch of the femoral artery, and the
external pudendal artery, which arises alone
(ATLAS PLATES 13, 416).

a. Dissect the superficial circumflex iliac
artery as it courses laterally from the
femoral artery 1 cm below the inguina
ligament upward toward the anterior superior
iliac spine (ATLAS PLATE 416).
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b. Find the superficial epigastric artery,
which ascends over the inguinal ligament in
an oblique course toward the umbilicus
(ATLASPLATES 13, 220).

c. Locate the external pudendal artery (from
the medial side of the femoral artery)
coursing superiorly and medially above the
symphysis pubis to supply the superficial
inguinal region and lateral aspect of the
scrotum (ATLAS PLATES 232, 236).

2. Cutaneous Nerves. Dissect one or more
anterior and lateral cutaneous branches of
the lower thoracic nerves (T7-T12) and the
iliohypogastric and ilioinguinal branches of
the first lumbar nerve (ATLAS PLATES 220,
236).

a. Anterior CutaneousNerves(Figure13-4).
Probe the superficial fascia 2 to 3 cm lateral
to the linea alba and find anterior cutaneous
branches of the thoracic nerves piercing the
sheath of the rectus abdominis (ATLAS
PLATE 13). Find the T10 branch just near

Cutaneous nerves and dermatomes of the
anterior body wall. (Redrawn after Thorek P. Anatomy in
Surgery. 2nd Ed. Philadelphia: J.B. Lippincott, 1962.)
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122 DISSECTION 13

the umbilicus, the T7 nerve adjacent to the
xiphoid process, and T12, approximately 3cm
below the umbilicus.

b. Lateral CutaneousNerves (Figure 13-4).
Dissect in the midaxillary line to find these
nerves (T7-T12). ldentify the more su-
perior ones (T7-T9) emerging from the
interdigitations of the serratus anterior
and external oblique muscles (ATLAS
PLATES 13, 220).

c. lliohypogastric Nerve. Dissect the super-
ficial fascia4 cm above the pubic crest and
identify the iliohypogastric nerve (L1)
(ATLAS PLATES 220, 232). Note that it
courses between the transversus and inter-
nal obligue muscles (supplying both) and
then perforates the aponeurosis of the
external oblique to become sensory above
the pubis.

d. llioinguinal Nerve. Identify the superficial
inguinal ring, which isatriangular opening
in the aponeurosis of the external oblique,
superior and lateral to the pubic crest. Find
the spermatic cord and on its surface the
ilioinguinal nerve (also L 1) traversing the su-
perficial inguinal ring (ATLAS PLATES
220, 223, 232, 236). It supplies the upper
medial thigh and the upper part of the
scrotum or labium majus.

Reflect the superficial fasciafrom the an-
terior abdomina wall to study the muscles.

ITII. Flat Muscles and Nerves
of the Anterior Abdominal Wall

The anterior abdominal wall contains three muscle
layers. These enclose the abdominal cavity and (@) the
direction of their fibers differ; (b) they consist of
muscle fibers laterally but form aponeuroses medialy;
and (c) the aponeuroses of the three muscles fuse to
form the rectus sheath, which encloses the longitudi-
nally oriented rectus abdominis muscle. This muscle
extends from the pubis to the thoracic cartilages on
each side of the linea alba (ATLAS PLATES 225,
227).

The three flat abdominal wall muscles stretch
broadly from the flanks (or lumbar region) toward the
midline. From superficia to deep, they are the external
oblique, internal oblique, and transver sus abdominis
muscles. Between the latter two muscles is the
neurovascular plane containing the lower six thoracic
and first lumbar nerves along with their accompanying
blood vessels.
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A. External Oblique Muscle (Figure 13-5). The
external oblique muscle arises by fleshy slips from
the outer surface of the lower eight ribs, and its
fibers course inferomedially in the same direction
as putting one's hands in his or her side pockets
(ATLASPLATE 221). Itsupper four slips of origin
interdigitate with the serratus anterior muscle and
itslower four with thelatissimusdorsi. Themost in-
ferior fibers insert onto the iliac crest. Those from
ribs 5 through 10 form a strong aponeurosis, which
courses anterior to the rectus abdominis muscle, in-
tersecting with fibers from the other side across the
lineaaba (ATLAS PLATE 223).

B. Internal Oblique Muscle (Figure 13-6). The
internal oblique arises from the lateral two-thirds of
the inguinal ligament, the iliac crest, and the thora-
columbar fascia. Its fibers course superiomedially at
right angles to those of the external oblique and then
form an aponeurosis just lateral to the rectus
abdominis and join the linea alba in the midline
(ATLASPLATES 224-226).

C. Transverse Abdominis Muscle. The innermost
muscular layer is the transversus abdominis muscle,
and its fibers course transversely across the ab-
domen also ending in an aponeurosis (ATLAS
PLATE 227). It arises from the lower margin of the
rib cage, the lumbar fascig, iliac crest, and lateral
third of theinguinal ligament. Most of its aponeuro-
sis passes behind the rectus abdominis muscle and
terminates in the linea alba (ATLAS PLATE 222).
The lower aponeurotic fibers curve inferiorly and
joinwith othersfrom theinternal obliqueto form the
falx inguinalis (conjoint tendon). This attaches to
the pubic crest behind the superficial inguinal ring,
and it strengthens a potentially weak part of the in-
guinal region (ATLAS PLATES 222, 225).

Having identified the superficial inguinal ring asa
triangular opening in the external obligue aponeuro-
sis, observe that its margins are the medial crus and
lateral crus. These are strengthened by curved in-
tercrural fiber sthat course around the lateral border
of thering (ATLAS PLATE 223). Before reflecting
the external oblique muscle, it isimportant to deter-
mine its thickness.

Use scissors and forceps to separate the fibers of
the external oblique along their directional line for
5 cm below the Sthrib (Figure 13-5, point A). Iden-
tify the fibers of the underlying internal oblique
coursing in the opposite direction. Being certain of
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GIAILIREEY  Incision lines for external oblique muscle
(left lateral view).

the correct plane, lengthen the scissors cut to theiliac
crest (Figure 13-5, point C). Use your fingersto sep-
arate the two planes of muscle further.

Sever the external oblique muscle superiorly and
medially to its attachment to the 5th rib (Figure
13-5, A to B). Extend the incision from point C
anteriorly along theiliac crest to the anterior superior
iliac spine (Figure 13-5, C to D). Reflect the external
oblique flap medially to the lateral border of the
rectus abdominis to expose the internal oblique
muscle (ATLAS PLATE 225).

Clean the internal oblique and find the iliohy-
pogastric and ilioinguinal branches of the L1 nerve ap-
proximately 3 to 5 cm medial to the anterior superior
iliac spine (ATLAS PLATES 13, 220). Separate the
fibers of the internal oblique for a short distance in a
line approximately 2 cm below the costal margin. De-
termine the plane between the interna oblique and the
underlying transversus abdominis (Figure 13-6).
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lliac crest

Anterior superior
iliac spine

Use your index finger to separate the two muscular
planes but do not destroy the nerves and vessels that
course between them. Lift theinternal oblique and cut
its attachment along the costal margin (Figure 13-6,
A to B), then cut vertically from the 11th or 12th rib
totheiliac crest (Figure 13-6, B to C). Sever the in-
ternal oblique attachment along the iliac crest to the
anterior superior iliac spine and continue the cut along
the inguinal ligament (Figure 13-6, C to D).

Lift the internal oblique and reflect it medially to
the rectus sheath. In the inguinal region, identify the
falx inguinalis (conjoint tendon), if present. This
structure is a fused portion of the aponeuroses of the
internus and transversus and inserts into the pubic
crest and pectineal line. It forms the important
posterior wall of the media third of the inguinal
canal (ATLASPLATES 222, 225).

On male cadavers, identify the cremaster muscle
as it extends from the lower border of the internal
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Cut edge
of external
obliqgue muscle

Internal
oblique
muscle

Inguinal
ligament

oblique. Note that its fibers are arranged in loops on
the surface of the spermatic cord (ATLAS PLATE
237). Find the delicate genital branch of the
genitofemoral nerve (L1, L2) that supplies the
cremaster muscle from its deep surface.

In life, the cremaster muscle contracts reflexly on
stimulation of the skin on the upper medial thigh. This
initiates the cremasteric reflex, which results in an
elevation of the testis.

Identify the ascending branch of the deep iliac
circumflex artery coursing vertically along the
transversus muscle (ATLAS PLATE 231). It
branches from the external iliac artery and
anastomoses with lumbar and inferior epigastric
arteries.

Lumbodorsal
fascia
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BIAIARERY Incision lines for internal oblique muscle
(left lateral view).

D. Nerves of the Anterior Abdominal Wall (ATLAS
PLATE 220). These nerves are the lateral and
anterior branches of the lower six thoracic and 1st
[umbar spinal nerves.

Identify the segmental nerves by using T10 as a
reference because it supplies the region around the
umbilicus. Find the T12 (subcostal) nerve below
the 12th rib and again the iliohypogastric and
ilioinguinal branches of the L1 nerve.

IV. Rectus Abdominis Muscle
and Sheath; Epigastric Anastomosis

The rectus abdominis muscles are long and flat
(Figures 13-7 and 13-8), and they are separated in the
midline by the linea alba. Each extends upward from
the pubic crest to the 5th, 6th, and 7th costal cartilages
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muscle

FIHEEYS The epigastric anastomosis
within the rectus abdominis muscle.

Posterior layer of
rectus sheath

on the anterior surface of the rib cage (ATLAS
PLATES 225-227). Its fibers are crossed by three or
four tendinous intersections, which strengthen the
muscle (ATLAS PLATES 226, 227).

On each side, the rectus abdominis is enclosed within
a sheath formed by the aponeuroses of the flat abdominal
muscles (Figure 13-8). At the lateral border of the rectus
muscle, the aponeurosis of the internal oblique splitsinto
two laminae (ATLAS PLATE 230 #230.1). One lamina
courses posterior to the rectus muscle, blends with the
aponeurosis of the transversus, and forms the posterior
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layer of therectussheath (ATLAS PLATES 222, 227).
The other lamina courses anterior to the rectus and blends
with the aponeurosis of the external oblique to form the
anterior layer of therectus sheath (Figure 13-8).
Midway between the umbilicus and the symphysis
pubis, the posterior layer of the sheath terminates
(ATLAS PLATES 222, 227). Below this site, the
aponeuroses of all three muscles course in front of the
rectus abdominis muscle. The curved arcuate line
marks the inferior margin of the posterior rectus sheath
(ATLASPLATE 227). Below the arcuate line, the rectus

External oblique
aponeurosis

Rectus

>, Transversus

abdominis Internal
oblique
External

oblique

Transversus

Rectus Internal
abdominis oblique
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Rectus
abdominis
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126 DISSECTION 13

abdominis lacks a posterior sheath and rests directly on
the fascia transversalis (ATLAS PLATE 230 #230.2).

Open the rectus sheaths of both muscles. Make
longitudinal incisions in the sheaths from a point
2 cm lateral to the linea alba just below the xiphoid
process to a site 1 cm lateral to the linea aba at the
symphysis pubis (ATLAS PLATE 225). Cut any
adhesions from the tendinous intersections that
attach to the anterior layer of the sheath. Identify the
thoracic nerves that penetrate the sheath laterally to
supply the muscle with T10 at the level of the
umbilicus.

Cut the rectus abdominis transversely near its
middle. Reflect its lower half and identify the
curved arcuate line and the inferior epigastric
artery that enters the rectus sheath at this line
(ATLASPLATE 231). Reflect the upper half of the
rectus abdominis and find the superior epigastric
artery. Note that the two epigastric vessels perfo-
rate the muscle and anastomose (Figure 13-7,
ATLASPLATES 147, 231).

Anastomosis of the epigastric veins provides a route
for the return of venous blood to the heart in patients
with an obstruction of the inferior vena cava. The epi-
gastric arterial anastomosis allows a collateral route for
arterial blood to flow downward in instances of aortic
obstruction as occurs in congenital malformations such
as coarctation of the aorta.

V. Inguinal Region

The inguinal region is important because it contains
the inguinal canal that transmits the spermatic cord in
males (ATLAS PLATES 236, 237). The inguinal
canal also exists in women, but it contains the round
ligament of the uterus, a structure of little importance
(ATLAS PLATE 232). Because the canal passes
through the flat muscles of the abdomen, its location
weakens the lower medial part of the anterior abdom-
inal wall and makes it subject to hernias. During
development, the male inguinal canals form as path-
ways for the testes in their descent to the scrotal sac
(ATLAS PLATE 240 #240.2). The ovaries also
descend in females but only to the brim of the pelvis,
but the round ligaments of the uterus course through
the inguinal canals to terminate in the labia majora.
The inguinal canal commences at the deep (abdom-
inal) inguinal ring. Thisis an opening in the transver-
salis fascia near the midpoint of the inguinal ligament
under cover of theinternal and external oblique muscles
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(ATLASPLATE 222). Thedeepring liesjust lateral to
the inferior epigastric artery and vein (ATLAS PLATE
222). From this site, the inguinal canal extends in an
oblique inferomedial direction for 5 cm (or less) to the
superficial inguinal ring (Figures 13-9 and 13-10),
already identified in the aponeurosis of the external
oblique (ATLAS PLATES 221, 223).

The inguina canal is bounded anteriorly by skin,
superficial fascia, and the aponeurosis of the external
oblique (ATLASPLATES 221, 223 #223.2). Addition-
aly, the lateral part of the canal is covered anteriorly by
the internal oblique muscle (ATLAS PLATES 224,
225). Posteriorly, the wall of the inguinal canal is
formed by the transversalis fascia throughout and
more medially by theinguinal falx (conjoint tendon) as
well as the reflex inguinal ligament (Figure 13-9,
ATLASPLATE 225). Superiorly, theinguinal canal is
bound by the arching fibers of the internal oblique and
transversus muscles, while inferiorly is found the
transversalis fascia along its attachment to the inguinal
ligament and, more medially, the lacunar ligament
(Figure 13-9). This latter ligament is a crescent-shaped
extension of the inguinal ligament that courses back-
ward and slightly upward along the pectineal line of the
pubis (ATLAS PLATE 223 #223.2). The continuation
of the lacunar ligament along the pectineal line is
called the pectineal ligament of Cooper (Figure 13-9,
ATLASPLATES 315, 326 #326.2).

The inferior epigastric vessels form the lateral
border of the important inguinal (Hesselbach’s)
triangle. The inferior border of this triangle is the
inguinal ligament, and medially the triangle is
bounded by the lateral border of the rectus
abdominis muscle. The triangle is clinically signifi-
cant because it helps define the nature of inguinal
hernias. An indirect hernia usually results from a
congenital condition in which there is a retention of
the peritoneal lining, called the processus vaginalis.
Thisled from the abdomen to the scrotum along which
the testis descended during development. Usually, this
pathway becomes obliterated because the peritoneum
of the processus vaginalis normally fuses, except for
that part immediately around the testis, called the
tunica vaginalis (ATLAS PLATE 240 #240.2).
When fusion does not occur, an indirect congenital
inguinal hernia may result, in which aloop of bowel
(surrounded by a peritoneal sac) enters the inguinal
canal at the abdominal inguinal ring and moves
through the inguinal canal to the scrotum. Such a
hernia commences lateral to the inferior epigastric
artery and, therefore, lateral to theinguinal triangle.

In contrast, direct inguinal hernias result from a
weakening in the anterior abdomina wall of the
inguinal region, frequently of the conjoint tendon.
These hernias are acquired and not congenital. A loop
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128 DISSECTION 13

of bowel surrounded by a peritoneal sac pushes through
the weakened site in the abdominal wall causing an
enlargement of the superficial inguinal ring. The
herniation can then continue into the scrotum. Direct
hernias occur medial to the inferior epigastric artery
and, therefore, lie within the inguinal triangle.

Dissection of the inguinal region should be done
in both male and female cadavers. Regardless of
which sex you are dissecting, you should study the
inguinal region in a cadaver of the opposite sex.

The male inguinal canal transmits the spermatic
cord (Figure 13-10) between the scrotum and the
abdomen (ATLAS PLATE 237). The spermatic cord
consists of the ductus (vas) deferens, the arteries, veins
and lymphatics of the testis, and the fascial covering
over these structures (ATLAS PLATES 236, 237). The
female inguinal canal contains the round ligament of
the uterus, which extends from the pelvis to the labium
majus (ATLAS PLATE 232). The dissection proce-
dures of the inguinal canal in the two sexes are some-
what comparable.

Replace the abdominal muscles to their origina
positions and find the superficial inguinal ring. Using
scissors, cut the aponeurosis of the external oblique
musclefrom thelateral end of the superficial inguinal
ring to the anterior superior iliac spine. Separate the
two flaps of the aponeurosis and pal pate the attached
inferior flap from the anterior superior iliac spine to
the pubic tubercle. This attached portion of the exter-
nal oblique aponeurosis comprisestheinguinal liga-
ment (Figure 13-9).

In male cadavers, examine the inferior border of
the internal oblique muscle and observe how the
looping fibers of the cremaster muscle unite with
areolar connective tissue to form the cremasteric
fascia around the spermatic cord (ATLAS
PLATES 236, 237, 238 #238.3). Elevate the sper-
matic cord and identify the conjoint tendon helping
to form the posterior wall of the medial part of the
inguinal canal. Behind the spermatic cord identify,
if present, the reflected inguinal ligament (Figure
13-9).

The reflected inguinal ligament consists of fibers of
the external oblique aponeurosis from the opposite side
that decussate across the midline to terminate on the
pubic tubercle (ATLAS PLATE 225). When present,
these fibers also unite with the conjoint tendon and help
strengthen the posterior wall of the inguinal canal.
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Pull back the interna oblique muscle and identify
the transversus muscle and the layer of transversalis
fascia deep to the transversus (ATLAS PLATES 227,
228, 230). Find the deep inguinal ring and trace the
spermatic cord laterally until it disappears into the ab-
dominal cavity. Place your index finger within the deep
inguinal ring and palpate on theinner surface of its me-
dia margin for the inferior epigastric vessels. The
ductus deferens courses around these vesselson itsway
to the posterior wall of the bladder (ATLAS PLATES
235, 317).

VI. Scrotum; Spermatic Cord; Testis
(Atlas Plates 236-240)

The scrotum is a pouch composed of skin and superfi-
cial fasciathat is divided into two compartments by a
midline septum. Each compartment contains a testis,
an epididymis, and the lower part of the spermatic cord
and its coverings. The skin and subcutaneous tissue,
called the dartos, is fat-free and contains smooth mus-
cle fibers, which normally lend a creased or rugous
character to the skin (ATLAS PLATE 237). Beneath
the skin and dartos is a deeper layer of superficia fas-
cia, called Colles' fascia, which is continuous with
Scarpa’s fascia over the anterior abdominal wall. Deep
to Colles fascia the scrotal wall contains three fascial
layers, the external spermatic fascia, the cremasteric
fascia, and the internal spermatic fascia. These sur-
round the spermatic cord and are continuous with sim-
ilar layers over thetestis (ATLAS PLATES 237—-239).

The testis is surrounded by the loose areolar exter-
nal spermatic fascia, derived from the external oblique
aponeurosis; the cremasteric fascia, containing fibers
of the cremaster muscle; and the internal spermatic fas-
cia, which comesfrom thetransversalisfascia (ATLAS
PLATE 237). Under normal circumstances, the sper-
matic cord contains only a delicate threadlike remnant
of the peritoneum because the processus vaginalis
fuses after testicular descent; however, the testisretains
its peritoneal covering, called tunica vaginalis. Under
its fascial coverings, the spermatic cord contains the
following:

1. theductus(vas) deferens, aduct continuousfrom
the epididymis (ATLAS PLATES 235, 237, 239
#239.1).

2. the artery of the ductus deferens, usually a
branch from the superior vesicular artery
(ATLASPLATE 239 #239.1).

3. the testicular artery that branches from the
abdominal aorta (ATLAS PLATES 237, 239
#239.2).
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4. the cremasteric artery, from the inferior
epigastric artery.

5. the pampiniform plexus of veins that surrounds
the ductus deferens and testicular artery and
becomes the testicular vein (ATLAS PLATES
237, 239 #239.2).

6. ascending lymphatic vessels from the testis that
convey lymph upward intheinguinal canal to pre-
aortic lymph nodes.

7. autonomic nervefibers: sympathetic fibersto the
testicular artery and both sympathetic and
parasympathetic fibers to the ductus deferens.

The testis is an oval organ 4 cm long and 2.5 cm
wide (ATLAS PLATES 237-239). It is composed of
many delicate seminiferous tubules that anastomose
into anetwork called the rete testis. From the rete testis
emerge 15 to 20 efferent ductules that initially are
quite straight but become coiled to form the proximal
epididymis (ATLAS PLATE 239 #239.1).

Observe that the skin of the scrotum often shows
folds, or rugae. Make an incision from the superfi-
cial inguina ring midway down the anterolateral
aspect of the scrotum (ATLAS PLATE 237). Re-
flect the cut edge of the scrotal sac and dissect some
of the skin away from the underlying dartos layer.
On the deep surface of the dartos, note the loose
areolar external spermatic fascia. |dentify the un-
derlying cremasteric muscle (fascia) along the
spermatic cord. Free the spermatic cord and testis
from the scrotal sac and cut the lowest attachment
of the testis to the scrotum, the gubernaculum
testis.

Dissect a part of the spermatic cord and free
several centimeters of the ductus deferens. Observe
the delicate artery to the ductus deferens that
courses along the duct as far as the testis. Identify
the larger testicular artery, which is surrounded by
the tortuous pampiniform plexusof veins (ATLAS
PLATE 239 #239.2). The spermatic cord also
contains autonomic nerve fibers and lymphatics.

Dissect the testis by making a longitudinal slit
through its peritoneal covering, the tunica vagi-
nalistestis (ATLAS PLATES 237, 238). See that
it reflects on itself so that both parietal and vis-
ceral layers around the testis enclose a sac between
them. Laterally, identify a semilunar, longitudinally
oriented recess, called the sinus of the epididymis,
separating the body of the epididymis from the
testis (ATLAS PLATE 238 #238.3). Dissect the
peritoneal fold that attaches the sinus and locate
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several delicate efferent ductules that interconnect
the upper pole of the testis and the head of the epi-
didymis.

Trace the ductus deferens down to the tail of the
epididymis and observe how the epididymis
becomes tortuous and convoluted (ATLAS PLATE
239 #239.1). Cut through the fibrous capsule of the
testis (the tunica albuginea) longitudinally along its
medial border (ATLAS PLATE 238 #238.2).
Continue the incision through the organ and fold
open the two halves. Tease apart a few minute
seminiferous tubules of which there are thought to be
about 500 in each testis.

VII. Female Inguinal Canal, Round
Ligament of the Uterus,
and the Labia Majora
(Atlas Plates 232, 233)

The anatomy of the inguinal canal and its coveringsin
females is essentially the same as in males, but it is
smaller in diameter. It transmits the round ligament of
the uterus, a narrow flat band that receives similar
fascial coverings found around the spermatic cord.
These layers are more delicate than in the male and are
difficult to dissect.

The round ligament becomes fibrous strands that
blend with the subcutaneous areolar tissue of the labia
majora (ATLAS PLATE 232). The labia majora are
longitudinally oriented cutaneous folds that contain
subcutaneous connective tissue, avenous plexus, and a
small quantity of smooth muscle. They are the homol-
ogous female structures to the two halves of the scro-
tum in males.

Dissect the anterior and posterior walls of the
femaleinguinal canal as described above for themale.
Find the round ligament of the uterus and the
ilioinguinal nerve and trace them through the
superficial inguinal ring into the labium majus
(ATLASPLATE 232).

A persistent processus vaginalis in women can
give rise to a congenital indirect inguinal hernia sim-
ilar to that seen in men. This occurs much less fre-
quently than in males, but it can result in a loop of
bowel surrounded by a peritoneal hernial sac going
through the superficial inguinal ring and reaching the
labia.
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130 DISSECTION 13

Clinical Relevance

Surgical incisions. A long vertical incision in the mid-
line from the xiphoid process to the symphysis pubis
allows laparotomy of the abdominal cavity. Other
smaller incisions generally follow the cleavage
(Langer’s) lines. Abdominal muscles are often split in
the direction of their fibers, such as are currently pop-
ular to approach the appendix. Horizontal suprapubic
incisions are used to approach pelvic organs or for ce-
sarean sections. Endoscopic surgery now is minimally
invasive and has replaced some former incisions.
Epigastric anastomosis. This is the anastomosis be-
tween the superior and inferior epigastric vessel within
the sheath of the rectus abdominis muscle. The veins
in this anastomosis form a collateral channel between
the inferior and superior venae cavae. The anastomo-
sis of the arteries provides an interconnection be-
tween the femoral artery and the subclavian artery.
Indirect inguinal hernias. These occur much more
commonly in men than in women. This hernia results
when a patent processus vaginalis remains from the
formation of the inguinal canal and some protruding

parietal peritoneum (and possibly a loop of bowel) en-
ters the inguinal canal by passing through the ab-
dominal inguinal ring. If the processus vaginalis is
complete, the hernia can extend all the way to the
scrotum. These hernias are normally congenital.
Direct inguinal hernias. These hernias are acquired
after birth and result from a weakness in the anterior
abdominal wall within the inguinal triangle. A peri-
toneal sac and transversalis fascia pass into the in-
guinal canal, medial to the inferior epigastric vessels,
and they traverse the inguinal canal, perhaps as far as
the superficial inguinal ring.

Femoral hernias course through the femoral canal
into the upper medial thigh and frequently occur in
women who have just given birth. Umbilical her-
nias, common in newborn babies, result from the
incomplete closure of the umbilicus. Spigelian her-
nias are hernias on the deep surface of the rectus
abdominus muscle that enter the rectus sheath at
the arcuate line and pass upward posterior to the
muscle. Paraumbilical hernias are bulges around
the umbilicus.
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DISSECTION Abdominal Cavity I:
Topography of the Abdominal

Viscera and Reflections
of the Peritoneum

Objectives

1 Expose the contents of the abdominal cavity. 4 Visualize the mesenteries and understand the

2 Study the inner surface of the anterior abdominal formation of their roots.

wall and dissect the falciform and round ligaments 5 Envision the greater and lesser peritoneal sacs and
of the liver. find their communication at the omental (epiploic)
foramen.

3 Study the peritoneal reflections and relationships of
the abdominal viscera in their normal positions.

ATLAS KEY: through the posterior layer of the rectus sheath, the
transverse abdominis muscle, transversalisfascia, and
Clemente Atlas, 6th Edition = Atlas Plate # peritoneum.

Grant’s Atlas, 12th Edition = Grant’s Page #

Using scissors:
Netter’s Atlas, 4th Edition = Netter’s Plate #

1. Make two parallel vertical incisions, each

Rohen Atlas, 7th Edition = Rohen Page # 1 cm lateral to the midline, from the umbilicus

to the xiphoid process (Figure 14-1, A to B

and A’ to B"). These will cut through the pos-

I. Exposure of Abdominal Cavity; Inner terior layer of the rectus sheath, the transver-
Surface of Abdominal Wall; Falciform sdlis fascia, and the peritoneum.

and Round Ligaments

The anterior abdominal wall encloses the viscera of the
abdomen. These include the stomach; small and large

2. Make inferolateral incisions on each side from
the umbilicus to the anterior superior iliac
spine (Figure 14-1, A to D and A’ to C).

intestines; liver, gallbladder, and pancreas and their 3. Interconnect these two incisions across the
duct systems; spleen; kidneys and suprarenal glands; midline just below the umbilicus (Figure 14-1,
aorta and its branches; inferior vena cava and portal AtoA).

vein and their tributaries; cysterna chyli and its related

lymphatic channels; and the visceral nerves and auto- 4. Make lateral incisions on both sides through
nomic ganglia. the transversus abdominis (and other) muscles

along the costal margins from the xiphoid
process to the midaxillary line (Figure 14-1,

A. Incisions Through the Anterior Abdominal Wall. B to E and B’ to F).

To open the abdominal cavity, it is necessary to cut
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Midline vertical strip
(attached to falciform ligament)

Right flap Left flap

Inguinal flap

U

A (I[IJPAN  Skin incisions on the anterior abdominal wall.

5. Reflect the three flaps (Figure 14-1) and lift the
central 2-cm vertical strip noting that it is
attached on its deep surface to the falciform
ligament (ATLAS PLATES 250, 258 #258.1).

B. Inner Surface of Anterior Abdominal Wall.
The inner surface of the anterior abdominal wall
(Figure 14-1) is covered by a glistening layer of
parietal peritoneum.

Reflect the lower flap (Figure 14-1) and note that
three longitudinal ridges descend from the umbili-
cus toward the pelvis: one in the midline, called the
median umbilical fold, and one at an angle on each
side called the medial umbilical folds (ATLAS
PLATES 250, 278). Probe through the peritoneal
coverings of these folds and find a fibrous cord in
each. These are remnants of structures that were
functional in fetal life.

The median umbilical fold (Figure 14-2) consists
of the fibrous urachus and an overlying layer of
parietal peritoneum. Coursing from the apex of the
bladder to the umbilicus (ATLAS PLATE 342), the
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urachus is a duct between the urinary bladder and the
allantois during fetal life. The medial umbilical folds
are fibrous remnants of the two umbilical arteries,
and they are also covered by peritoneal reflections
(ATLAS PLATE 250). In fetal life, the umbilical ar-
teries carried deoxygenated blood to the placenta for
oxygenation.

More laterally, identify two other ridges on the
inner surface of the anterior abdomina wall called
the lateral umbilical folds (ATLAS PLATE 250).
Probe through the overlying peritoneum of these
folds and expose the inferior epigastric vessels,
which are fully functional in the adult (ATLAS
PLATE 250).

C. Falciform Ligament and Round Ligament of
the Liver. The falciform ligament is a remnant
of the ventral mesogastrium (mesentery). The
early developing foregut is suspended to the ab-
dominal wall both dorsally and ventrally by peri-
toneal attachments called mesogastria or mesen-
teries (ATLAS PLATE 248 #248.1). During the
third prenatal week, the developing liver grows
outward from the foregut and proliferates into the
ventral mesogastrium. As the liver does this, the
ventral mesogastrium is divided into two portions.
One extends from the anterior body wall to the
liver, which becomes the falciform ligament, and
the other between the liver and the stomach, which
becomes the lesser omentum. The latter consists
of the hepatogastric and hepatoduodenal liga-
ments.

Within thefalciform ligament isfound theround lig-
ament of theliver. Thisisthe adult remnant of the fetal
left umbilical vein (ATLAS PLATE 248 #248.1),
which carried oxygenated blood from the placentato the
ductus venosus but which became a fibrous cord after
birth.

Lift the midline vertical strip (Figure 14-1) and
cut it free from the umbilicus. Observe that the ante-
rior abdominal wall isattached to the anterior surface
of the liver by afold of peritoneum called the falci-
form ligament (ATLAS PLATE 258 #258.1). Dis-
sect the midline vertical strip by cutting through its
attachment to the ligament. Dissect the |lower edge of
the falciform ligament and find a cord-like structure
called theround ligament of theliver (ligamentum
teres hepatis) between the layers (ATLAS PLATE
271 #271.1).
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Median
umbilical fold

Medial
umbilical fold

Lateral
umbilical fold

Umbilical folds

on the inner surface of anterior
abdominal wall.

II. Peritoneum and Abdominal
Viscera In Situ

Before dissecting the abdominal organs, inspect thevis-
cera in their normal positions and understand the
reflections of peritoneum.

A. Peritoneum. With the abdominal contents com-
pletely exposed anteriorly, understand the following
statements about the peritoneum before manipulating
the abdominal organs.

1. Inthe male, the peritoneum isacompletely closed
sac that lines the abdomina wall (parietal layer)
and then becomes reflected around the organs of
the abdomen (visceral layer). The sameistruein
females except the closed sac has opening into it
the free ends of the uterine tubes. These communi-
cate with the uterine cavity, and, through that, with
the vagina and the exterior.

2. Areolar connective tissue (fat) is found between
the abdominal wall and the parietal peritoneum
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Inguinal ligament

Ureter

Prostate gland  Seminal vesicle

that lines it. This extraperitoneal fat differs in
amount in different regions, being sparse under the
diaphragm but more abundant on the posterior ab-
dominal wall, especially around the kidneys.

. The visceral peritoneum is firmly adherent to the

surfaces of the organs, to theinferior surface of the
diaphragm, and to the inner surface of the linea
alba. However, itismoreloosely arranged at other
sites such as the lower part of the anterior abdom-
inal wall. This accommodates certain organs that
changein size. For example, asthe urinary bladder
fills it distends upward from the pelvis and sepa-
rates the loosely attached peritoneum from the in-
ner surface of the lower anterior abdominal wall.

. Only the anterior surface of some abdominal or-

gansis covered by peritoneum. These organs are
retroperitoneal and are fixed in position; they
include the duodenum and the pancreas, the kid-
neys, ureters and suprarena glands, and the as-
cending and descending colons. In contrast, other
organs become totally invested by peritoneum
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and are therefore more mobile; these include the
stomach, liver and gallbladder, spleen, jgjunum

»
Grant's 119, 120,

contain avariable amount of fat, which surrounds
these neurovascular and lymphatic structures.

: . 122,131, 164
and ileum, cecum and appendix, and the trans- | yetters 269, 272, . Other two-layered folds of peritoneum that con-
verse and sigmoid colons. Lk nect an organ to the abdominal wall or that inter-

. The omenta are two-layered folds of peri- 307, 311 connect two organs are called ligaments. An ex-
toneum that attach along the borders of the ample of the former isthe falciform ligament of
stomach. The lesser omentum attaches along G<rant‘s119 120 the liver (between the liver and the anterior ab-
the lesser curvature of the stomach and the |12, 134 dominal wall), and of the latter, the gastros-
greater omentum stretches along the greater 2';;‘8;5269 plenic ligament (between the stomach and the

curvature (ATLAS PLATE 258 #258.1).

. Two-layered folds of peritoneum, called mesen-
teries, extend from the posterior abdominal wall
and suspend regions of the intestines. There are
three of these: one suspends the transverse colon
and is called the transver se mesocolon; asecond

Rohen 306, 322

spleen).

. Theperitoneal cavity isthe potential space en-

closed between the parietal and visceral layers
of peritoneum. It is not an actual cavity in the
normal living subject. Instead, the peritoneal
lining of the abdominal organsisin direct con-

suspends the jgjunum and ileum and is called the | < tact with the peritoneal lining of the abdominal
mesentery of the small intestine; and the third, 55;”22135’ wall. The only substance within the peritoneal
called the sigmoid mesocolon, suspends the Sig- | yetters 270, cavity is a thin film of serous fluid that facili-
moid colon from the posterior part of the left | 271,274 tates movement. The presence of disease may
pelvicwall (ATLAS PLATES 249 #249.2, 306). 2103“8;1%03’ 310, result in accumulations of blood or other sub-

. Coursing between the two peritoneal layers of the
mesenteries are the arteries, veins, nerves, and
lymphatics that supply the gastrointestina tract
(ATLAS PLATE 300). The mesenteries also

| 2

Grant’s 96, 119
Netter’s 269
Rohen 306, 307

stances within the peritoneal cavity.

B. Abdominal Visceraln Situ (Figure 14-3, ATLAS
PLATES 244, 250, 251). Abdominal organs are to
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be dissected while the embalmed cadaver is supine
(on its back). The relationships and positions of
some organs in the living abdomen, however, are
affected by posture and breathing.

1. ldentify the following structures:

a. the sharpinferior border of theliver inthe
upper right quadrant. Observe how the left
lobe of the liver overlies the ssomach along
its lesser curvature (ATLAS PLATE 258
#258.1).

b. thegallbladder projecting below theinferior
border of the right lobe of the liver. A dight
greenish discoloration in this region is
caused by the diffusion of some residual bile
through the wall of the gallbladder.

When projected onto the surface of the anterior
abdominal wall, the gallbladder is found at the intersec-
tion between the lateral edge of the right rectus abdominis
muscle and the right costal margin of therib cage.

c. the stomach and its greater curvature. Ob-
serve that the stomach normally projects be-
low theleft costal margin, inferior and some-
what to the left of the liver. Note that the
greater curvature of the stomach is directed
to the left and that along this border is
attached the greater omentum (ATLAS
PLATE 252). Observe that the greater
omentum resembles an apron covering the
intestinesand that it attachesto the transverse
colon just inferior to the stomach (ATLAS
PLATE 250, 252).

2. Palpate the glistening anterior and diaphrag-
matic surfaces of the liver. With your hand
reach upward and behind the right and left lobes
and observe how the diaphragm forms a dome-
like roof for the abdomen (ATLAS PLATES
314, 315). At the upper lateral extremities of the
liver, feel for the left and right triangular liga-
ments. These peritoneal ligaments help stabi-
lize the liver by attaching it to the peritoneum
covering the inferior surface of the diaphragm
(ATLASPLATES 270, 271).

The triangular ligaments are formed by the fusion
of the anterior and posterior peritoneal leaves of the
coronary ligament at their extreme right and left lim-
its. The two layers of the coronary ligament nearly
cover the entire liver, but dorsal to the right lobe is
found atriangular area not covered by peritoneum. This
is the bare area of the liver directly adjacent to the
muscle fibers of the diaphragm (ATLAS PLATES 270
#270.2, 271 #271.2).
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The peritoneal attachments of the spleen include the
lienorenal and gastrosplenic ligaments (ATLAS
PLATES 258 #258.2, 260, 300). The lienorena liga-
ment is a double-layered fold of peritoneum extending
from the left kidney to the hilum of the spleen and
enclosing the tail of the pancreas. Between its two lay-
ers, the splenic vessels course. That portion of the dor-
sal mesogastrium between the greater curvature of the
stomach and the hilum of the spleen persists as the gas-
trosplenic ligament (Figure 14-4A).

3. To palpate the spleen, stand on the right side of
the cadaver and with your right hand reach
across the abdomen to the left of the stomach
and up under theleft costal margin. Note that the
spleen lies in contact with the diaphragm, deep
to the 10th, 11th, and 12th ribs. Cup the spleen
in the palm of your right hand and use two of
your fingers to palpate the lienorenal ligament
posterior to the spleen but anterior to the kidney.
Using your thumb, feel for the gastrosplenic
ligament anteriorly between the spleen and the
grester curvature of the stomach (Figure 14-4B).
With the hilum of the spleen between your
thumb and fingers, pal pate the splenic vessels.

4. Elevate the left lobe of the liver and simulta-
neously pull the stomach downward to see the
lesser curvature of the stomach aong which
is attached the lesser omentum. Follow this
two-layered peritoneal fold from the stomach
and upper duodenum to the liver and note that
it surrounds the structures at the hilum of the
liver (ATLAS PLATE 258 #258.1).

The portion of lesser omentum from the liver to the
stomach is the hepatogastric ligament and that part
between the liver and the duodenum is the hepatoduo-
denal ligament. The lesser omentum is composed of
two layers derived from the prenatal ventral mesogas-
trium, as were the coronary and falciform ligaments.
This explains why these layers are continuous with the
two leaves of the coronary ligament and why these are
continuous with the peritoneum forming the falciform
ligament (ATLAS PLATE 248 #248.2B).

5. Reflect the greater omentum upward over the
costal margin and separate any adhesions that
exist between it and the viscera. Adhesions
may develop because the omentum is capable
of motility and responds to inflammatory
processes by attempting to seal them off.
Observe that the greater omentum descends
from the greater curvature of the stomach over
the anterior surface of the transverse colon.
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Aorta Left kidney

Inferior vena cava
Right kidney
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foramen
Lesser

omentum

Common Portal Hepatic
| bile duct vein artery|

Porta hepatis

Lienorenal
(splenorenal)

Gastrosplenic

ligament

Stomach

ligament

ligament

Lienorenal (splenorenal)

Gastrosplenic
ligament

B

IV VAYY A, Peritoneum in transverse section of the abdomen at the level of the spleen and stomach
with the lining removed. B. How to manipulate the spleen to feel the lienorenal and gastrosplenic ligaments.

Once the greater omentum has been turned
upward, most of the transverse colon is exposed,
as is much of the small intestine (ATLAS
PLATES 288, 290).

Thegreater omentumisinitially formed astwo layers
of peritoneum extending between the greater curvature
of the stomach and thetransverse colon. Below thetrans-
verse colon, thesetwo layersarejoined posteriorly by an
inferior extension of the transver se mesocolon, result-
ing in the fusion of four layers as shown in ATLAS
PLATE 249. The stages in its development and the
formation of theomental bur sa (or lesser peritoneal sac)
are demonstrated in ATLAS PLATE 249 #249.1 A-C.

6. With the greater omentum still reflected
upward, pull the mass of small intestine (the
jgunum and ileum) to the left and find the
junction of the distal ilium with the cecum
(ATLAS PLATE 288). Find the appendix
near the ileocecal junction and the ascending
colon coursing superiorly upward from the
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cecum. Note that the appendix and cecum are
mobile while the ascending colon is fixed to
the posterior abdominal wall by peritoneum
covering its anterior surface. Observe the
ascending colon as it bends to the left just
below the liver at the right colic (or hepatic)
flexur e to become the transverse colon.

7. Pull the jejunum and ileum to the right and
find the duodenojejunal junction (ATLAS
PLATE 290). Note that at this site the small
intestine acquires a mesentery and that certain
peritoneal folds and fossae exist to the left of
the duodenojejunal junction.

The paraduodenal and superior and inferior duode-
nal fossae (recesses) and the adjacent peritoneal folds
are important because hernias of the small intestine
can occur into these fossae. Behind the fossae is
located the inferior mesenteric vein, which isin dan-
ger of becoming obstructed by such a hernia (com-
pare ATLAS PLATES 290 for recesses and 292 for
vein).
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8. ldentify the descending colon coursing inferi-
orly from theleft colic (or splenic) flexureand
note that it is also fixed to the posterior abdom-
inal wall by peritoneum. Follow the descending
colon to the brim of the pelvis where it
becomes the sigmoid colon (ATLAS PLATE
290). Manipulate the sigmoid colon from the
sigmoid flexure to the presacral region in the
midline. Note that a mesentery, the sigmoid
mesocolon (ATLAS PLATE 300), gives it
considerable moatility. In the midline, observe
that the sigmoid colon becomes the rectum by
angling inferiorly into the pelvis, behind the
bladder in males and behind the uterus in
females (compare ATLAS PLATES 342 and
355 #355.2).

9. Undelnd therootsof the three principal mesen-
teries by studying ATLAS PLATES 300 and
306. From a site just below the right lobe of the
liver to the spleen isthe root of the transverse
mesocolon. Below the root of the transverse
mesocolon and to the left of the midline, find
the duodenojgjuna junction (ATLAS PLATE
300). Note that the root of the mesentery of
the small intestine extends only approximately
6 inches in length to the ileocecal junction, and
yet its two peritoneal layers encase more than
21 feet of jejunum and ileum. In the lower left
quadrant, find the root of the sigmoid meso-
colon (ATLAS PLATE 300).

FlVFVALY Reflections of peritoneum in a sagittal diagram
of abdomen. The omental bursa shown in red.
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ITII. Peritoneal Cavity; Greater
and Lesser Peritoneal Sacs
(Figure 14-5, Atlas Plate 249)

The peritoneal cavity is the potential space between
the parietal and visceral layers of the peritoneum. Upon
opening the anterior abdominal wall, the parietal peri-
toneum covering its inner surface was cut through,
thereby opening the peritoneal cavity. During life, the
surfaces of the organs (covered by visceral peritoneum)
are in contact with the parietal peritoneum of the body
wall, reducing the peritoneal cavity only to a potential
space containing some serous fluid.

The peritoneal cavity consists of a large portion
called the greater sac and a smaller part called the
omental bursa (or lesser sac). The omental bursaforms
as a diverticulum of the dorsal mesentery during the
embryologic process of gut rotation and becomes situ-
ated posterior to the stomach and anterior to the pan-
creas. Itisusually described as having asuperior recess
that lies behind the lesser omentum and liver and an
inferior recess that lies behind the stomach and extend-
ing down into the greater omentum (Figure 14-5).

The omental bursa communicates with the greater
sac only by way of the omental foramen or epiploic
foramen (of Winslow), a vertical opening 4 cm long
behind the lesser omentum at the porta hepatis (ATLAS
PLATES 258 #258.1, 259 #259.1). Because the lesser
omentum surrounds the hepatic artery, common bile
duct, and portal vein, the omental foramen can be
located behind these structures at the hilum of the liver.

Anterior layer of coronary ligament (visceral peritoneum)

Bare area of liver

&- Superior recess

Omental bursa

Inferior recess

Pancreas

Transverse

— Mesentery of
small intestine

— Visceral
peritoneum

Parietal

Transverse colon peritoneum
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Inferior vena cava Portal vein

Hepatic artery
Omental bursa

Placement of index finger into the omental
foramen of Winslow behind the structures at the porta hepatis.
(After Thorek P. Anatomy in Surgery. 2nd Ed. Philadelphia:

Stomach J.B. Lippincott, 1962).

A. Omental Foramen (Figure 14-6). Replace the
greater omentum and the transverse colon to their
normal locations below the stomach. Lift the
lower border of the liver and follow the gallblad-

>
Grant’s 120, 121
Netter’s 272, 273,

through the opening into the omental bursa
located behind the stomach. Reach transversely
to the left as far as the boundary of the lesser sac
formed by the peritoneal ligaments of the spleen
(Figure 14-4). Reach into the superior recess of

der upward to its neck adjacent to the structures 975.349

of the porta hepatis. To enter the omental bursa, Rohen 311-313, the omental bursa and feel the liver anterior to
traverse the omental foramen by passing your | < 822 your fingers and the diaphragm posterior to them
index finger transversely from right to left behind f;j”t&;zo’ 122, (Figure 14-5). Palpate the inferior recess by
the structures at the porta hepatis (Figure 14-6). Netter's 272, passing your fingers downward behind the stom-
Pal pate between your thumb and index finger the | 273,275 ach and anterior to the pancreas, and transverse

hepatic artery, the common bile duct, and more
posteriorly, adjacent to your index finger, the
portal vein (Figure 14-7).

. Omental Bursa. To explore the omental bursa,
dissect through the lesser omentum attaching
along the lesser curvature of the stomach. Insert
the index and middle fingers of your left hand

Rohen 311, 312

Hepatic artery

colon into the upper part of the greater omentum.

Note that the lower limit of the inferior recess
isvariable because of differing levels of fusion of
the peritoneum. Study ATLAS PLATE 249 and
observe the four layers of peritoneum that form the
greater omentum. Note the inferior recess of the
omental bursa (shown in black behind the stom-
ach) extending to the level of the transverse colon.

Gallbladder
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Clinical Relevance

Topography of upper abdominal organs. The
stomach, liver, and spleen project superiorly to lie un-
der the domes of the diaphragm. Note that the falci-
form ligament attaches to the anterior abdominal wall
and separates the liver into its left and right lobes.
Transpyloric line. This transverse line normally ex-
tends across the abdomen at the midpoint between
the superior end of the sternum and the symphysis
pubis. At this level the pyloric end of the stomach con-
tinues to the right to the first part of the duodenum.
The transpyloric line projects posteriorly to the lower
border of the L1 vertebra.

Surface projection of the gallbladder. The location
of the gallbladder in the upper abdomen can be de-
termined by noting the site where the lateral border of
the rectus abdominis muscle intersects the costal
margin of the thoracic cage.

McBurney’s point. This site on the anterior abdomi-
nal wall has been used to identify the location of the
underlying vermiform appendix when that structure
descends over the pelvic brim. It is one-third of the
distance from the right anterior superior iliac spine
along a line to the umbilicus.

Location of the vermiform appendix. The variable
position of the appendix in the lower right quadrant
must be considered in the diagnosis of appendicitis.

ww.cafepezeshki.ir

Abdominal Cavity I 139

Its location may be posterior to the cecum (retroce-
cal). More frequently it descends over the pelvic brim
to the upper part of the right pelvis. In instances of in-
complete rotation of the gut the appendix can be lo-
cated just below the liver in the right upper quadrant.
Root of the mesentery. The mesentery of the je-
junum and ileum projects from the posterior abdomi-
nal wall as two peritoneal sheets that encase the
small intestine from the duodenojejunal junction to
the ileocolic opening. It allows free movement of the
small intestine distal to the duodenum.

Location of the spleen. The spleen is normally lo-
cated in the upper left quadrant of the abdomen and
lies just inferior to the diaphragm opposite the 9th,
10th, and 11th ribs. It is surrounded by peritoneum,
and its peritoneal attachments are to the left kidney
(lienorenal ligament) and the stomach (gastrosplenic
ligament). Because of these peritoneal attachments
the spleen is easily movable and can be brought for-
ward from its deep subdiaphragmatic location.
Superficial inguinal ring. This inferomedial end of the
inguinal canal can be examined by invaginating the
scrotum with the index finger. The finger is used to pal-
pate the spermatic cord superolaterally and to deter-
mine whether the superficial ring is dilated. The patient
is asked to cough, and if a hernia is present, a sudden
pressure on the finger may indicate an inguinal hernia.



DASSECTION Abdominal Cavity II: Rotation of
the Gut; Dissection of Stomach;

Liver; Duodenum and Pancreas:
Spleen

Objectives

1 Understand certain embryologic events related to
the development of the gastrointestinal tract.

2 Study and dissect the stomach, liver, gallbladder,
and biliary ducts, as well as the duodenum,
pancreas, and spleen.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #

Grant’s Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

I. Embryologic Events Related to
the Development of the
Gastrointestinal Tract

Studying the devel opment of the gastrointestinal tract in
an embryology textbook is important to understand the
stages in the rotation of the gut. Use the following
sequential statements to help guide your reading.

A. Before the 6th prenatal week, the primitive gut is
a simple tube suspended by dorsal and ventral
mesenteries.

B. The ventral mesentery of the midgut and hindgut dis-
appears. Theembryonicliver developsasan outgrowth
from the foregut into the ventral mesentery of the
foregut betweentheprimitivestomach and theanterior

140

3 Learn the blood supply and venous drainage of the
upper abdominal organs.

abdomina wall (ATLAS PLATE 248 #248.1). This
mesentery now iscalledtheventral mesogastrium be-
causeit attachesto the stomach. It formsthefalciform
ligament, the peritoneal ligaments of the liver (coro-
nary and triangular), and the lesser omentum.

. Derived from the dorsal mesentery are the mesen-

tery of the small intestine, the ligaments of the
spleen (gastrosplenic and splenorenal), the greater
omentum, the transver se mesocolon, and the sig-
moid mesocolon (ATLASPLATES 248, 249).

. Inaddition to the pharynx, esophagus, liver, and pan-

creas, theforegut givesrise to the stomach and to the
duodenum as far distally asthe entrance of the com-
mon bileduct. During the 5th prenatal week, the cau-
dal part of the simpleforegut tubedilates. Growth oc-
cursfaster along its dorsal border than the ventral to
become the convex greater curvature of the stom-
ach, while the ventral border becomes the concave
lesser curvature (Figure15-1 A, A').

. Theliver growsand migratestotheright withintheven-

tral mesogastrium. Simultaneoudly, the stomach ro-
tates 90° in a clockwise direction and becomes dis-
placed to the left (Figure 15-1 B, B’). The former
ventral border of the ssomach becomes the lesser cur-
vature oriented superiorly and to the right, and the
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former dorsa border becomesthe lesser curvature ori-
ented inferiorly and to theleft. Theleft sideof theorig-
ina simple tube becomes the anterior surface of the
stomach, and the right side becomes posterior surface
of thestomach. Theleft vagusner vethat coursed along
theleft side of the GI tube becomesthe nerve of thean-
terior stomach wall, and the right vagus becomes the
nerve of the posterior wall.

F. With rotation of the stomach, the dorsal mesentery
invaginatesto theleft and foldsonitself. It elongates
inferiorly and descends with the transverse meso-
colonto formthegreater omentum. Inthismanner,
a diverticulum of the greater peritoneal sac, or the
omental bursa, is formed (ATLAS PLATE 248
#248.2B). The stomach has assumed its normal
location asthe remainder of the gastrointestinal tube
develops.

G. The anterior abdominal wall grows more slowly
than the liver and intestines, and by the end of the
5th week, the abdominal cavity is incapable of

Lesser curvature
of stomach

Duodenum

Proximal
midgut loop

FAIIFERY  Stages in the rotation of the gut.
A. Before rotation commences. Note the

relationship of the midgut loops and the
superior mesenteric artery seen in cross section T
., ) e . o Definitive
in A’. B and B'. First stage of rotation, 90 yolk sac
counterclockwise (after Moore K and TVN

Persaud. The Developing Human: Clinically

Oriented Embryology, 6th ed. Philadelphia: W.B.

Saunders, 1993).

Distal
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containing the enlarging organs. A U-shaped loop of
developing gut protrudes (herniates) into the umbili-
cal cord. Thisloop comprisesthemidgut, andit gives
rise to the small intestine (except the upper 10 cm of
the duodenum) and the large intestine nearly to the
splenic flexure.

. The arteries that supply the gastrointestinal tract are

three unpaired vessels derived from the aorta, al of
which are retroperitoneal. The aortic branches are the
celiac, superior mesenteric, and inferior mesenteric
arteries, and they supply, in order, the foregut, midgut,
and hindgut. These vessels and branches course from
their retroperitoneal origins to organs they supply be-
tween the two leaves of the dorsal mesentery. When the
midgut herniatesinto the umbilical cord, it takeswithiit
the attached superior mesenteric artery.

. The“herniated” loopisinitialy oriented in the median

sagittal plane such that the proximal part of the loop
issuperior to the attachment of the superior mesenteric
artery and the distal part of theloop isinferior to the

Greater curvature
of stomach

artery

mesenteric
artery

Primordium
of cecum

90° of rotation
counterclockwise
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C
Stomach
Lesser omentum \
Site of future Hepatic
hepatic flexure flexure
Superior
mesenteric
artery
Descending
colon

180° of rotation

vessel (Figure15-1 A, A’). Thevitellineduct extends
from the apex of theloop into the umbilical cord to the
yolk sac.

. By thetime the midgut loop has fully entered the um-
bilical cord, it has rotated 90° counterclockwise
around an axisformed by thesuperior mesentericar-
tery. Theloop is now oriented in the transverse plane
with the proximal part on the right side of the embryo
and the distal part on theleft (Figure 15-1 B, B').

. During the 10th week, the herniated loop returns to
the abdomen. The coils of small intestine from the
proximal part of the loop are withdrawn first. These
pass behind the superior mesenteric artery and, by the
time the distal part of the loop is withdrawn, the
counterclockwise rotation of the midgut pro-
gressesa second 90°to 180° (Figure 15-1 C, C'). At
this point, the derivatives from the distal part of the
midgut loop (cecum and proximal large colon) are
oriented superior and anterior to the derivatives of the
proximal part (jejunum and ileum), which are di-
rected inferiorly. The cecum becomes located in the
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% ﬁ( Splenic Stages in the rotation of
T flexure the gut. C and C’. 180° of
Descending rotation. D and D’. 270° of
& colon rotation (after Moore K and
TVN Persaud. The Developing
Human: Clinically Oriented
Embryology, 6th ed. Philadel-
D' phia: W.B. Saunders, 1993).

270° of rotation

—

subhepatic region, close to the right lobe of the liver
(Figure15-1C, C’).

. Thethird and final 90° of counterclockwise midgut

rotation around the superior mesenteric artery occursas
theproximal part of thelarge colon lengthensand the ce-
cum migratesto its definitive Stein theright iliac fossa
(Figure15-1D,D’).

. With the derivatives of the midgut in their final
locations, thetwo leaves of mesocol onthat surrounded
theascending colon become pressed posteriorly where
they fuseto thebody wall, leaving theascending colon
with peritoneum covering only its anterior surface
(retroperitoneal).

. As the midgut reenters the abdominal cavity, the
hindgut, with its attached dorsal mesocolon, moves
to the left and posteriorly from its origina midline
position. Its mesocol on fuses with the peritoneum of
the dorsal abdominal wall, except at the brim of the
pelvis where it remains as the sigmoid mesocolon.
The descending colon becomes retroperitoneal and
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fixed to the posterior abdominal wall (similar to the
ascending colon) by asinglelayer of peritoneum over
its anterior surface.

II. Dissection of the Stomach, Liver
and Gall Bladder, Duodenum and
Pancreas, and Spleen

The most effective way to commence a study of the
upper abdominal visceraisto learn and locate the main
blood vessels that supply the region and then to
observe the more significant anatomic features of each
organ.

A. Celiac Artery and Its Branches; Porta Hepatis.
Theceliacartery isthe principal vessel that supplies
derivatives of the embryonic foregut. Its three
branches are distributed to the lower esophagus,
stomach, upper duodenum (to the entrance of the
common bile duct), liver, spleen, and pancreas (Fig-
ure 15-2). The celiac artery is a short, thick trunk
arising from the abdominal aorta between the right
and left cruraof the digphragm and the right and left
celiac ganglia. Also called the celiac trunk, it
quickly divides into the left gastric, hepatic, and
splenic arteries and often may give off one or both
inferior phrenic arteries.

Gallbladder

Gastroduodenal
artery

Right gastric
artery

Celiac artery

Right gastroepiploic artery

GETTEEE) The celiac trunk and its branches.
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Elevate the liver and retain the elevation by tying
a string around the organ and attaching it to one of
theribs above or some other stable structure. Pull the
stomach downward so that its lesser curvature and
the porta hepatis, surrounded by lesser omentum,
become exposed. Dissect the lesser omentum along
the lesser curvature.

Probe the left gastric artery and vein along the
esophageal (cardiac) end of the lesser curvature
and the right gastric artery and vein along the
pyloric end of the lesser curvature (ATLAS
PLATES 252, 254 #254.2). Note that the right and
left gastric vessels anastomose. Trace the right
gastric artery to its origin (most arise from the
common hepatic, proper hepatic, or gastroduode-
nal artery). Follow the left gastric artery branches
back to a single stem from the celiac trunk
(ATLAS PLATE 253). Note that the celiac trunk
is surrounded by the celiac plexus of autonomic
nerves. The plexus must be dissected through to
expose the celiac artery and its branches (ATLAS
PLATES 208, 252, 253, 296).

Place your index finger through the omental
foramen behind the porta hepatis, and use a probe to
dissect into the lesser omentum between the stomach
and the liver (ATLAS PLATE 258 #258.2).

Liver (left lobe)

Left gastric artery

Short gastric
branches

Spleen

Abdominal aorta
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At the porta hepatis are located the hepatic artery,
common bile duct, and portal vein (Figure 15-3).
There also are lymph nodes and lymphatic channels
(ATLAS PLATE 260 #260.2) and the hepatic plexus
of autonomic nerves, but these are not to be dis-
sected.

Dissect the common hepatic artery ascending
toward the liver to the left of common bile duct.
Trace the artery back to the celiac trunk and deter-
mine whether the right gastric artery arisesfrom it or
some other source. Find the gastroduodenal
branch of the hepatic artery arising near the upper
border of the duodenum. Trace the vessel downward
behind the first part of the duodenum (ATLAS
PLATES 252, 253). Follow the proper hepatic
artery toward the liver and find its division into right
and left hepatic branches.

In approximately 50% of cadavers, the right gastric
artery arises from the common hepatic, and from other
vesselsin the other 50%. Of the other vessels, the most
common sources are the proper hepatic, gastroduode-
nal, and left hepatic arteries. In approximately 5% of
cadavers, the hepatic artery arises from the superior
mesenteric artery, not the celiac. More frequently,
accessory left or right hepatic arteries may be found,
and these may arise from the superior mesenteric or
gastroduodenal arteries.
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Identify the cystic artery, which usually arises
from the right hepatic to supply the gallbladder
(Figure 15-2, ATLAS PLATE 252). Dissect the
neck of the gallbladder and follow it to the cystic
duct. Trace the cystic duct to its junction with the
common hepatic duct (ATLAS PLATE 278). Fol-
low the common hepatic duct upward to its forma-
tion by the junction of the right and left hepatic
ducts. Find the junction of the cystic duct and com-
mon hepatic duct that forms the common bile duct.
Follow the common bile duct inferiorly and note that
it descends behind thefirst part of the duodenum (for
variations, see ATLAS PLATE 278 #278.2). Owing
to variations, look at the vascular pattern at the porta
hepatis in other cadavers.

Variation in the branching pattern of the cystic artery
is common and is of significant surgical importance. In
approximately 10% of cases, the cystic artery arises
from some vessel other than the right hepatic, such as
the left hepatic or the common hepatic. Another impor-
tant variation is the relationship of the right hepatic
artery (and its cystic branch) to the common hepatic
duct. The right hepatic artery crosses posterior to the
common hepatic duct in approximately 80% of cases
and anterior to it in most remaining ones. Double cystic
arteries are found in approximately 20% of cases.

The portal vein is alarge vessel that carries blood
to the liver from the gastrointestinal tract (lower
esophagus to upper rectum), and from the spleen, pan-
creas, and gallbladder. It is 3 incheslong and isformed
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by the junction of the superior mesenteric and splenic
veins (ATLASPLATES 253, 257 #257 A—F). The por-
tal vein can best be observed in the dorsal part of the
porta hepatis before it divides to flow into the liver.

Identify the large portal vein coursing between
the duodenum and the liver posterior to the hepatic
artery and common bile duct (Figure 15-3). Note the
tributaries draining into it, such as the left and right
gastric veins (ATLAS PLATES 272, 273, 282
#282.2). Dissect the portal vein asit divides into left
and right branches to enter the left and right halves
of the liver.

The celiac artery also gives off the long and tortuous
splenic artery, which courses to the left across the
abdomen to the spleen. On its path, this vessel, accom-
panied by the splenic vein, sends pancreatic branches
into the neck, body, and tail of the pancreas, as well as
short gastric branches to the fundus of the stomach.
At the splenic hilum, it gives off the left gastroepiploic
artery, which courses around the greater curvature of
the stomach.

Elevate the stomach and follow the splenic ar-
tery posterior to the stomach and omental bursa to
the splenic hilum (ATLAS PLATES 253, 256). In-
ferior to the artery and adjacent to the pancreas, find
the splenic vein (ATLAS PLATE 253). Identify
pancreatic and short gastric branches from the ar-
tery. Thevessel then passes between theleaves of the
splenorenal ligament anterior to the left kidney to
the splenic hilum. Clean the branches that enter the
spleen and find the left gastroepiploic branch,
which runs anteriorly within the gastrosplenic liga-
ment to the greater curvature. Probe the greater
omentum to expose the left gastroepiploic artery
(and vein). Note how its straight branches help sup-
ply the stomach and the greater omentum (ATLAS
PLATE 254 #254.2).

Elevate the pyloric end of the greater curvature
and find the gastroduodenal branch of the common
hepatic artery. Trace this vessel to its division into
theright gastroepiploic and superior pancreatico-
duodenal arteries (ATLAS PLATE 253).

From the pyloric end of the greater curvature,
trace the right gastroepiploic vessels to their anasto-
mosis with the left gastroepiploic vessels (ATLAS
PLATE 254 #254.2). Follow the superior pancreati-
coduodenal arteries downward, and observe the for-
mation of arcades anterior and posterior to the head
of the pancreas. Note that these anastomose with
inferior pancreaticoduodenal branches ascending
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from the superior mesenteric artery (Figure 15-4).
Understand that within the head of the pancreas and
the duodenum, the celiac and the superior mesen-
teric circulations anastomose.

Veins draining the stomach, spleen, pancreas, duo-
denum, and gallbladder flow into the portal vein as do
the superior and inferior mesenteric veins (ATLAS
PLATE 272 #272.2). Theliver receives all of the portal
venous blood as well as arterial blood from the hepatic
artery. Blood from these incoming sources drains into
its hepatic veins that flow directly into the inferior
vena cava.

B. The Stomach. The stomach is a dilated muscular
bag situated between the lower end of the esopha-
gus and the duodenum. From above downward, its
parts include the fundus, body, pyloric antrum,
and the thickened pylorus (ATLAS PLATE 254
#254.2).

Identify the esophageal end of the stomach and
know that its opening, the cardiac orifice, islocated
to the left of the midline at the level of the 10th tho-
racic vertebra (ATLAS PLATE 197 #197.2). Above
the cardiac end, note that the fundus of the stomach
projects superiorly and contacts the left dome of the
diaphragm. Follow the lesser curvature of the stom-
ach from the esophagus to the horizontally oriented
pyloric part (Figure 15-5). Look for the incisura
angularis (angular notch) on the lesser curvature,
marking the transition between the longitudinal part
(fundus and body) and the horizontal pyloric part
(pyloric antrum and pyloric canal).

Using your thumb and index finger, palpate the
esophageal end of the stomach to feel the vagus
nerves that enter the abdomen on the anterior and
posterior esophageal surfaces (ATLAS PLATE
206). With a probe, stroke longitudinally along the
anterior surface of the abdominal part of the esopha-
gus to locate the (anterior) left vagus nerve. Simi-
larly, identify the (posterior) right vagus on the
dorsal side of the esophagus. Manipulate the pyloric
end of the stomach and feel the thickened muscular
wall formed by the pyloric sphincter that guards the
pyloric orifice (ATLAS PLATE 255).

C. Liver and Gallbladder. The liver is the largest
gland in the body, and it participates in many func-
tions. It metabolizes digested products such as pro-
teins and carbohydrates, stores and releases
glucose, synthesizes many proteins, detoxifies poi-
sonous substances, and secretes bile, which is de-
livered to the duodenum by way of the biliary duct
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system. Inthe adult, the liver weighs approximately
1500 grams (3.3 pounds) and eventhoughit liesun-
der protection of therib cage (ATLASPLATE 270
#270.1), itiseasily injured. Its shapeislargely de-
termined by adjacent structures such as the di-
aphragm, right kidney, stomach, duodenum, gall-
bladder, and theright colic flexure. These structures
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also help define its two principal surfaces. the di-
aphragmatic surfacein contact with the diaphragm
and anterior abdominal wall, and the visceral sur-
face onto which the contours of adjacent organs are
impressed (ATLASPLATE 271).

The diaphragmatic surface has anterior, superior,
right, and posterior areas (the latter includes the bare
area) and is separated from the visceral surface by a
sharp, lower border, called the inferior margin
(ATLAS PLATE 271 #271.1). The visceral surface
is marked by the inferior vena cava (into which the
hepatic veins flow); the porta hepatis containing
thehepatic artery, hepatic duct, and portal vein; and the
gallbladder.

The peritoneal attachments of the liver must be sev-
ered to remove it from the right upper quadrant. The
falciform ligament divides the liver into a large right
and a considerably smaller left lobe (ATLAS PLATE
258 #258.1). Its attachment to the anterior abdominal
wall commences at the diaphragm, where the anterior
leaf of the coronary ligament covering the right lobe
and that portion covering the left lobe meet at the mid-
line (ATLAS PLATES 270, 271). Both anterior and
posterior leaves of the coronary ligament adhere to the
liver and cover both surfaces, except at the bare area.
The two leaves fuse at the extremity of the left lobe to
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formtheleft triangular ligament. This attachesthe left
lobe of the liver to the abdominal surface of the
diaphragm; similarly, the smaller right triangular lig-
ament attaches the right lobe to the diaphragm
(ATLASPLATES 270, 271).

The gallbladder is a pear-shaped sac located under
the visceral surface of the right lobe of the liver
(ATLAS PLATES 278, 279). It receives bile from the
liver, and its cystic duct joins the common hepatic
duct to form the common bile duct. The gallbladder
has a capacity of 30 to 50 cc. Normally, its fundus pro-
jects downward beyond the lower border of the right
hepatic lobe. The neck of the gallbladder and the cystic
duct are marked by oblique ridges of mucosa that form
spiral valves. The gallbladder usually receives a cystic
branch from the right hepatic artery.

Examine the diaphragmatic surface of the liver by
palpating the superior area of both the right and | eft
lobes, noting that their summitsfit into the domes of
the diaphragm. Reach under the costal margin and
palpate the limit of this superior area formed by the
reflection line of the anterior leaf of the coronary
ligament.

Remove the liver so that its visceral surface can
be examined. Cut the falciform ligament away from
its anterior abdominal wall attachment. Pull the liver
downward and cut the anterior leaf of the coronary
ligament and the attachments of the two triangular
ligaments to the diaphragm.

Reach upward on the diaphragmatic surface
beyond the cut coronary ligament and gently shell
away the loose attachment of the bare area from the
diaphragm. Identify the inferior vena cava located
between the liver and the diaphragm. Sever the
hepatic veins that enter the inferior vena cava just
below the diaphragm, and then cut through the infe-
rior vena cava before it ascends through the
diaphragm (ATLAS PLATES 270 #270.2, 272).

Sever the posterior leaf of the coronary liga-
ment under theright lobe. In some cadavers, thein-
ferior vena cava is embedded in the liver. If thisis
the case in your dissection, cut the inferior vena
cava and remove part of this large vein with the
liver. Cut the hepatic artery, common bile duct, and
portal vein in the lesser omentum and remove the
liver and gallbladder.

Examine the visceral surface of the liver and the
posterior area of the diaphragmatic surface.
Expose the visceral surface by orienting the liver
similar to that seen in Figure 15-6 (showing that a
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segment of the inferior vena cava was removed).
I dentify the structures at the porta hepatis and find
the continuous longitudinal fissure formed by the
round ligament of the liver and the ligamentum
venosum. Note that this fissure on the visceral sur-
face marks the separation of the left lobe from the
caudate and quadrate lobes (ATLAS PLATE
271 #271.2).

The round ligament of the liver is the fibrous rem-
nant of the left umbilical vein that carried blood from
the placenta to the left vitelline vein (left branch of the
portal vein in the adult, Figure 15-6). The ligamentum
venosum is the fibrous remnant of the fetal ductus
venosus, which shunted blood from the left portal vein
to the inferior vena cava. Oxygenated blood was routed
from the umbilical vein to the left vitelline vein (left
portal vein) and then short-circuited by the ductus veno-
sus to the inferior vena cava and right atrium without
coursing through liver tissue.

Identify the quadrate lobe of the liver as the
quadrangular region on the visceral surface between
the gallbladder and the fissure for the round liga-
ment. Behind the quadrate lobe, identify the cau-
date lobe between the inferior vena cava and the fis-
sure for the ligamentum venosum (Figure 15-6).
Examine the posterior surface, and note that the bare
area of theliver isbounded by the anterior and pos-
terior leaves of the coronary ligament. Return to the
visceral surface and see if you can identify impres-
sions for the right kidney and suprarena gland, duo-
denum, right colic flexure, and stomach (Figure 15-6).
These may not be apparent because of the way
organs hardened in position after fixation.

Examine the fundus of the gallbladder and note
that the greenish color is formed by extravasated
bile. Dissect the neck and cystic duct free of connec-
tive tissue and observe where the cystic duct joins
the common hepatic duct to form the common bile
duct. Follow the cystic artery to the neck and fundus
of the gallbladder.

D. BilePassages, Duodenum, and Pancreas (Figure
15-7). The bile passages, duodenum, and pancreas
form an important functional group of structuresthat
are best studied together. The duodenum receives
bile from the liver along biliary ducts and exocrine
secretions from the pancreas by the pancreatic ducts.

1. Bile Passages. Bile is formed by hepatic cells
and secreted into small canaliculi, which form
networkswithin the hepatic lobules. From canali-
culi, interlobular ductules transport bile to
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sequentially larger ducts until the right and left
hepatic ducts emerge from their respective lobes
at the hilum. Thesetwo hepatic ductsjointo form
the common hepatic duct. The cystic duct usu-
aly extends toward the left from the neck of the
gallbladder to join the common hepatic duct,
thereby forming the common bileduct (ATLAS
PLATES 278, 279).
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The common bile duct, which is approximately 8 cm
inlength and 6 mm in diameter, descends behind the first
part of the duodenum (near the gastroduodenal artery) and
then continues behind the head of the pancreas adjacent to
the descending (second) part of the duodenum (ATLAS
PLATE 283 #283.2). The common bile duct joins the
main pancreatic duct midway down the duodenum and
terminates in a dilatation called the hepatopancreatic
ampulla (ampulla of Vater). Variations in this pattern
areillustrated in (ATLAS PLATE 283).

The ampulla communicates with the duodenum
through an opening in the duodenal wall called the
major duodenal papilla, which is approximately 9 to
10 cm below the pylorus. Thisis surrounded by a thick-
ening of circular muscle called the sphincter of Oddi.
The delicate accessory pancreatic duct emptiesinto the
duodenum 2 cm proximal to the major duodenal papilla

2. Duodenum. The duodenum is the first and
widest part of the small intestine (Figure 15-8). It
measures approximately 25 cm (10 inches) in
length or, as its name implies, the width of 12
fingers, and it is firmly fixed to the posterior ab-
dominal wall being almost entirely retroperi-
toneal. The duodenum has four parts: first (supe-
rior), second (descending), third (horizontal),
and fourth (ascending). It is C-shaped and, within
the concavity of the C, isenclosed the head of the
pancreas (ATLAS PLATE 282 #282.2).
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GIAVREEES The duodenum, pancreas, and spleen.

a. First (Superior Part). Thefirst, or superior,

part of the duodenum is approximately 5 cm
long. It begins at the pylorus, passes upward
and to the right (ATLAS PLATE 258
#258.1), and is adjacent to the quadrate lobe
of the liver and the gallbladder. Its anterior
surface is often discolored (greenish) by hile
that has seeped through the wall of the gall-
bladder. Posterior to the first part of the duo-
denum is found the gastroduodenal artery,
the common bile duct and the portal vein,
and inferiorly is the head of the pancreas
(ATLASPLATES 282, 283).

. Second (Descending Part). The second, or
descending, part is approximately 8 cm long
and it courses downward from the 1t to the
3rd lumbar vertebra. It is crossed anteriorly by
the transverse colon and the root of its meso-
colon. Posteriorly, it is in contact with the
hilum of the right kidney, the right renal ves-
sels, and the inferior vena cava. The medial
surface of the descending part encloses the
head of the pancreas and between these two
organs are found the superior and inferior
pancreaticoduodenal vessels. The common
bileduct descends medial to the upper 5 cm of
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the second part before it opens (with the main
pancreatic duct) into the duodena wall (AT-
LASPLATE 283).

. Third (Horizontal Part). The third, or hori-

zonta, part of the duodenum is approximately
10 cmlong; it courses from right to left across
the vertebral column at the 3rd lumbar verte-
bra. Over its anterior surface descend the su-
perior mesenteric vessels and the root of the
mesentery of the small intestine. Posteriorly
arefound the abdominal aorta and itstestic-
ular or ovarian branches, the right ureter,
right psoas major muscle, and the inferior
vena cava. Superiorly is located the head of
the pancreas (ATLAS PLATE 282 #282.2).

. Fourth (Ascending Part). The fourth, or as-

cending, part is only 3 cm in length. On the
left side of the aorta at the L2 level, it bends
forward at the duodenoj gj unal flexureto be-
come continuous with thejeunum (ATLAS
PLATES 292, 294). Superior to this part is
the body of the pancreas and laterally the
left kidney and ureter. Across its anterior
surface passes the transverse colon and its
mesocolon. Posteriorly, it rests on the psoas
major muscle and the | eft renal vessels.
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3. Pancreas. The pancreas is an elongated |obular
gland (12-15 cm in length) situated posterior to
the stomach. It extends across the posterior ab-
dominal wall anterior to the L1 and L2 vertebrae
and has a head, neck, body, and tail. The head of
the pancreas is flat and is positioned within the
curve of the duodenum (ATLAS PLATES 282,
#283). The common bile duct passes behind
the head of the pancreas or through its substance,
and the superior mesenteric vessels descend
through the gland. Posterior to these vessels is
found the uncinate process of the head of the
pancreas.

The neck and body of the pancreas pass anterior to
the portal vein, aorta, and left suprarenal gland. Contin-
uing to the left anterior to the middle part of the left
kidney, the tail of the pancreasis directed to the hilum
of the spleen (ATLAS PLATE 282 #282.2).

The pancreas secretes the hormone insulin directly
into the blood stream, but its exocrine secretion (at
least eight digestive enzymes) passes into small ducts
in the lobules of the gland. These join the main pan-
creatic duct that courses along the length of the gland
(ATLAS PLATE 283 #283.1). This duct unites with
the common bile duct, and together, they pass through
the wall of the descending part of the duodenum. The
accessory duct originates in the neck of the pancreas
and opens into the duodenum 2 cm above the main
duct.

Dissect the biliary passages, duodenum, and head
of the pancreas as an entire block of tissue. Make the
stomach mobile by cutting across the greater omen-
tum below the gastroepiploic vessels adjacent to the
greater curvature. Elevate the stomach similar to that
seen in ATLAS PLATE 260 #260.1, and expose the
pancreas and duodenum by cutting through the peri-
toneum covering their anterior surfaces. Identify the
gastroduodenal artery and find its superior pancre-
aticoduodenal branches.

There are usually two superior pancreaticoduodenal
branches, anterior and posterior; the posterior is some-
times called the retroduodenal artery. These branches
descend on the anterior and posterior aspects of the
head of the pancreas and supply both the pancreas and
the duodenum (Figure 15-4). They anastomose with
anterior and posterior branches of the inferior pan-
creaticoduodenal artery that ascends from the supe-
rior mesenteric artery. Anterior and posterior arterial
arcades are formed by the anastomosis of these vessels
(Figure 15-4).
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Dissect the arterial arcades in the head of the pan-
creas and look for the supraduodenal artery that
frequently descends to supply the anterior surface of
the first part of the duodenum (Figure 15-4). Usu-
ally, thisvessel arises from the gastroduodenal artery
(approximately 60% of cases), and it is often the first
artery beyond the pylorus to supply the duodenum.

Find the common bile duct and trace it inferiorly
on the posterior aspect of the head of the pancreas.
Dissect the main pancreatic duct by picking awvay
small pieces of the pancreas along the longitudinal
course of the duct. Commence near the middle of the
body of the pancreas and use ATLAS PLATE 283
#283.1 as a guide.

Open the first and second parts of the duodenum
by cutting longitudinally along their anterior surface.
I dentify the major duodenal papilla approximately
midway down the second part. Note this orifice
internally opposite the site where the hepatic and
pancreatic ducts join externally (ATLAS PLATE
283). Try to locate the opening of the accessory
duct 2 cm proximal to the major papilla.

Find the superior mesenteric artery and vein as
they cross anterior to the third (or horizontal) part of
the duodenum. Find the origin of the portal vein by
identifying the junction of the splenic and superior
mesenteric veins (ATLAS PLATE 282). Find the
splenic artery and identify one or more of its numer-
ous pancreatic branches that descend into the gland.
Follow the body of the pancreas to the left, and note
the relationship of the tail of the pancreas to the mid-
dle part of theleft kidney and the hilum of the spleen.

E. Spleen (ATLAS PLATES 286.1, 286.2, 287). The
spleenisasoft, purplish organ located in the upper left
quadrant of the abdomen, and its convex diaphrag-
matic surface lies deep to the 9th, 10th, and 11thribs
(ATLAS PLATE 245 #245.2). Its concave visceral
surfaceisoriented toward other abdominal organsand
presentsgastric, renal, and colicimpressions, aswell
asasmall region of the splenic hilum wherethetail of
the pancreas contacts the spleen. The spleen is sur-
rounded by peritoneum, the two folds of which are
connected to thekidney (lienorenal ligament) and the
stomach (gastrosplenic ligament).

Follow the splenic artery and vein across the
abdomen toward the splenic hilum (ATLASPLATE
256). Note whether small accessory spleens exist
along their course (found in 25% of individuals).
Dissect the splenic branches at the hilum and then
find the left gastroepiploic artery branching from
the splenic artery to the greater curvature. Find one
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or more short gastric branches of the splenic artery
that supply the fundus of the stomach (ATLAS
PLATE 253).

Elevate the stomach and pal pate the visceral sur-
face of the spleen. Pull the spleen forward from the
diaphragm and then remove it from the abdomen by
severing its peritoneal ligaments and the splenic ves-
sels at the hilum. Study its diaphragmatic and vis-
ceral surfaces (ATLAS PLATES 286.2, 287.2).

Make an incision through the spleen and examine
its cut surfaces. Note its fibroelastic capsule, and
note that connective tissue trabeculae pass inward
from the capsule to form a branching reticular net-
work, the interstices of which are filled with splenic
pulp. In certain pathologic conditions, the spleen
may enlarge enormously.

Clinical Relevance

Location of the liver. The liver lies directly below the
diaphragm and deep to the anterior surfaces of the
7th to the 11th ribs on the right side. Its left lobe as-
cends deep to the sternum and the 5th rib on the left
side. Its sharp inferior border is overlain by the costal
margin of the thoracic cage and deep to this border is
located the pylorus of the stomach and the proximal
part of the gallbladder. If the liver can be palpated in-
ferior to the costal margin, it may be enlarged.
Cirrhosis of the liver. This condition is marked by
degeneration of the hepatic parenchyma, patches of
which are then replaced by scar tissue. This condition
frequently develops in chronic alcoholism and usually
is caused by inadequate nutrition. This condition is
also known as Laennec’s cirrhosis. If portal hyperten-
sion develops from the impairment of venous blood
return through the liver, enlargement of veins in the
esophagus or rectum and around the umbilicus can
occur. Of these varicosities, those on the inner aspect
of the esophagus can be exceedingly dangerous and
can lead to massive hemorrhage and death.
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Gallstones. These concretions can develop but not
cause pain, or they can obstruct the biliary tract and
cause acute pain that is often referred to the right up-
per quadrant. Obstruction of the biliary tract by gall-
stones can cause an inflammatory reaction on the
inner surface of the gallbladder because of its en-
largement (cholecystitis). Excess bile in the biliary
system can become absorbed in the bloodstream and
cause a condition called jaundice.

The duodenum. The duodenum has four parts: su-
perior, descending, transverse, and ascending. Its
name implies that the length of the duodenum is
equivalent to the breadth of 12 fingers. The horizontal
3rd part crosses the midline and is itself crossed an-
teriorly by the superior mesenteric vessels. If an indi-
vidual quickly loses much weight, these vessels can
constrict the duodenum and cause a blockage of the
gastrointestinal tract.

Carcinoma of the pancreas. If this serious condi-
tion exists, it most often occurs in the head of the
pancreas, and at this site it could obstruct the biliary
system. A backup of bile absorbed by the vascular
system causes the discoloration of the skin called
jaundice. This condition is best observed by looking
at the white sclera of the eyes, which appears
yellowish.

Enlargement of the spleen. This organ of the reticu-
loendothelial system can become greatly enlarged
from diseases that affect that system, such as lym-
phoma or leukemia. This enlargement is referred to as
splenomegaly.

Abdominal aorta. The aorta enters the abdomen
anterior to the body of the first lumbar vertebra (L1)
or the disc between T12 and L1. This large vessel
then descends retroperitoneally and to the left of the
inferior vena cava to the level of the 4th lumbar ver-
tebra where it divides into left and right common iliac
arteries. The wall of the aorta (above, below, or near
the origin of the renal arteries) can weaken and
bulge, forming an aortic aneurysm. These can be
surgically repaired with a graft, but the most vulner-
able are those that arise at or near the origin of the
renal arteries.



DISSECTION Abdominal Cavity III:
Intestinal Tract from

Duodenojejunal Junction
to Rectum

Objectives
1 Dissect the superior and inferior mesenteric vessels 3 Dissect the cecum and appendix and the remainder
and their branches. of the large bowel as far as the rectum; remove the

2 Dissect the small intestine within the abdomen; large intestine.

remove the jejunum and ileum and study their
internal structure.

ATLAS KEY: splenic vein, which joinsthe superior mesenteric vein

toformtheportal vein (ATLASPLATE 294).
Clemente Atlas, 6th Edition = Atlas Plate # . . . .
Surrounding the superior mesenteric artery at its

Grant’s Atlas, 12th Edition = Grant’s Page # source is the superior mesenteric plexus, contain-
Netter’s Atlas, 4th Edition = Netter’s Plate # Ing both sympathetic and parasympathetic nerve

fibers. Also found here are numerous lymphatic
Rohen Atlas, 7th Edition = Rohen Page # channels and nodes (ATLAS PLATE 352). Below

the pancreas, the superior mesenteric vessels
descend over the horizonta (3rd) part of the duode-

I. Superior and Inferior Mesenteric Vessels num where they commence giving off branches
......................................................................... (ATLAS PLATES 282, 292, 293). From the supe-
The superior and inferior mesenteric arteries are un- rior mesenteric artery arise (1) theinferior pancre-
paired branches from the abdominal aorta. The superior aticoduodenal artery, (2) intestinal arteries (jeju-
and inferior mesenteric veins drain the GI tract from the nal and ileal), (3) theileocolic artery, (4) the right
2nd (descending) part of the duodenum to the midregion colic artery, and (5) the middle colic artery.

of the rectum, and their blood flows into the portal vein. _ )
1. Inferior pancreaticoduodenal artery. Usually,

A. Superior Mesenteric Artery and Vein. Thesuperior | € this vessel is the first branch off of the superior
mesenteric artery, which arises from the abdominal | S 1% mesenteric artery, and it arises near the upper
aorta 1 cm below the celiac trunk, isan unpaired Ves- | netter's 301, 306, border of the horizontal duodenum (ATLAS
sl that suppliesdll of thesmall intestineexcept for the | 309, 310 PLATE 253) (it may arise from the uppermost
proximal 7 to 10 cm of duodenum (ATLASPLATES g‘gghf’gffz' jejunal artery). It courses to the right, behind the
292, 293). It & so suppliesthe cecum and appendix, the > superior mesenteric vein, and divides into ante-
ascending colon, and most of the transverse colon. To Grant's 134 rior and posterior branches, which anastomose

. . . Netter’s 300, . . . .
theright of theartery coursesthesuperior mesenteric 301, 305 with the anterior and posterior superior pancre-
vein. The superior mesenteric artery is crossed by the Rohen 316 aticoduodenal vessels.
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JEJUNUM ILEUM

GIAVRGEN  Comparison of the

arterial arcades in the jejunum on
the left and the ileum on the right.

2. Jgjunal and ileal intestinal branches. Thereare | < 5. Middle colic artery. The middle colic artery

12t0 16 jejunal and ileal intestinal branchesthat | g 1 arises from the superior mesenteric artery just
arisefrom theleft side of the superior mesenteric | netter's 306, below the pancresas, and it divides into right and
artery and course between the two leaves of the | 307,310 left branches to supply the transverse colon (Fig-
mesentery (ATLAS PLATES 292, 293). De- | q0a'a0s ure 16-3). It anastomoses with the right colic ar-
scending nearly parallel to each other, they di- > tery and with the left colic branch of the inferior
vide to join neighboring branches and formase- | Grants 113433; 1134%" mesenteric artery.

ries of arches. These arches (or arcades) are
initially simple in the jejunum but become more

Netter's 306, 307
Rohen 302,

. Marginal artery. Along the inner border of the

large bowel, an anastomosis is formed that

complex with three and sometimes four tiers of 303, 308 involves the ileocolic, right colic, and middle
archesin thedistal ilium (Figure 16-1). Straight > colic arteries, and branches from the inferior
branches, called vasa rectae, course to the intes- Grant's 142 mesenteric artery. This anastomosisis called the

tinal wall from the outermost arch.

Netter's 307, 308

marginal artery (of Drummond), and it circles

. Theileocolic artery. The ileocolic artery arises | « the inner border of the large intestine, giving
midway down on the right side of the superior | Grants 139-141, off straight branches (vasa rectae) to the bowel

) S 144,145 ) .
mesenteric artery, often the most inferior of the | eters 306, (Figure 16-3). At times, secondary arcades are
branches from this side of the main stem (AT- | 307,322 formed by the anastomosing vessels so that the

LAS PLATES 292, 293). It courses toward the
ileocecal junction, where its ascending branch
anastomoses with the right colic artery to supply
the ascending colon. Its descending branch anas-
tomoses with the most distal ileal branch to sup-

Rohen 302, 303,
309

marginal artery may be found close to the border
of the large colon or, because of an interposed
arcade, at a short distance fromit.

Reflect the stomach and the transverse colon

ply theterminal ileum. Theileocolic artery gives > upward and push the coil s of jejunum to theright. Lo-
riseto anterior and posterior cecal arteriesand Grants 136, 144 | cate the duodenojejunal junction 2 cm to the left of
the important appendicular artery. This latter ”e“;’;; 227905 themidlinejust below thetransverse mesocolon. Note
vessel passes behind the terminal ileum and sup- Rohen 296, if one or more duodenal fossae or recesses can berec-

plies the vermiform appendix between the 308, 311 ognized at that junction (ATLASPLATE 290).
leaves of the mesoappendix (Figure 16-2).

. Right colic artery. The right colic artery may |« In approximately 75% of cases, an inferior duode-
arise from the superior mesenteric artery or from | Grant’s 134, nal recessislocated on the left side of the terminal part

i ) . 140, 141 ) . S

acommon stem with theileocolic. It coursesbe- | yetiers 307, of the duodenum where the small intestine acquires its
hind the peritoneum to the right, anterior to the | 322 323 mesentery (ATLAS PLATE 290). This recess, located
right ureter and gonadal vessels, to supply the as- §§§e§03902’ at the L3 vertebra, may be 2 cm deep, and its entrance

cending colon and theright colic (hepatic) flexure
(ATLAS PLATES 292, 293). It anastomoses
with theileocolic and middle colic arteries.
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allows the tips of one or more fingers.
Other fossae that may be present at this site include
the superior duodenal recess (ATLAS PLATE 290),
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Anterior cecal branches

approximately 2 cm above the inferior duodenal recess;
the important paraduodenal recess, which invaginates
behind the inferior mesenteric vein (20% of subjects,
most often in children); and the less frequent retroduo-
denal recess, located upward behind the fourth part of
the duodenum. These recesses are important because
they are sites where herniation and possible stran-
gulation of a loop of small intestine may occur.

Dissect into the mesentery to the right of the duo-
denojejunal junction and expose the superior
mesenteric artery and vein below the inferior bor-
der of the duodenum. Follow the artery superiorly to
the interval between the neck of the pancreas and the
upper border of the duodenum and find the inferior
pancreaticoduodenal artery and its branches.
These vessels may be hidden by a dense network of
nerve fibers called the superior mesenteric plexus,
which surrounds the proximal part of the superior
mesenteric artery (ATLAS PLATE 208). Carefully
cut away the plexus from the vessels to visualize the
anastomosis between the inferior and superior pan-
creaticoduodenal vessels.

Posterior cecal branch

<«
Netter's 270
Rohen 310, 318

2

Grant's 140, 141
Netter's 306
Rohen 302, 308

<

Grant’s 140, 141,
144,145

Netter's 301-306,
309

Rohen 303, 309,

316, 317

lleocolic artery

lleal branches

GELEEEE) The arterial supply

to the ileocecal region and the
vermiform appendix.

Appendicular artery

Separate the descending part of the duodenum and
the head of the pancreas from the right kidney, right
ureter, and inferior venacava. Reflect theright side of
the duodenum and head of the pancreasto theleft and
see on their posterior surface the anastomosis of the
vessels.

Push the coils of the jejunum and ileum acrossthe
midline to the left (ATLAS PLATE 288). Strip the
peritoneum from one or two coils of upper jejunum
to expose severa jejunal branches of the superior
mesenteric artery. Pick away the fat along these ves-
sels and identify some of the numerous mesenteric
lymph nodes and the complex web of mesenteric
nerve fibers that accompany the vessels within the
mesentery (ATLAS PLATE 270). Display the vasa
rectae and the single row of arterial arcades that
characterize the upper jgunum.

Similarly, dissect one or two loops of ileum 10 cm
(4 inches) proximal to the ileocecal junction. Note
that the arcades are more complex and that two or
three rows of arcades often precede the shorter vasa
rectae (Figure 16-1).
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Middle colic artery

Right colic artery

lleocolic artery

Appendicular
artery
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Superior mesenteric
artery

Inferior mesenteric
artery

Left colic artery

Superior rectal artery

The blood supply to the large colon. Note the marginal artery (of Drummond).

By lifting aloop of small intestinein front of abright
light, a surgeon can recognize the degree of complexity
of the vascular pattern and thereby know approximately
which part of the small intestine is being manipulated.

Before dissecting theileocolic artery, look for the su-
perior and inferior ileocecal recesses and their
associated peritoneal folds adjacent to the ileocecal
junction (ATLASPLATE 288). Also, determinethelo-
cation of the ver miform appendix and its mesentery.

The superior and inferior ileocecal recesses are the
most constant in the cecal region (ATLAS PLATE 288).
The superior ileocecal recessis located above the ileo-
cecal junction, and it is bounded anteriorly by the vascu-
lar peritoneal fold of the cecum that contains the anterior
cecal artery and vein and posteriorly by the mesentery of
theileum. The inferior ileocecal recessislocated below
the ileocecal junction and it lies between the inferior
ileocecal fold (the “bloodless fold of Treves') and the
mesentery of the appendix (ATLAS PLATE 303
#303.2). Theileocecal recesses areimportant as anatomic
landmarks but not as sites for intestinal herniations.
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Dissect the ileocolic branch of the superior
mesenteric artery, often the lowest branch from the
right side of the main stem (ATLAS PLATES 292,
293, 297). Find its branches to the cecum and iden-
tify the terminal ileum and ascending colon (Figure
16-2). Find the appendicular branch to the ver mi-
form appendix that most often arises from the pos-
terior cecal artery (ATLAS PLATE 303 #303.2).

Identify the right colic and middle colic
branches, which arise superior to the ileocolic on the
right side of the main stem (ATLAS PLATES 292,
293, 297). Trace these vessels to the ascending and
transverse colons and observe their anastomosing
branches (Figure 16-3).

Note that the tributaries of the superior mesen-
teric vein follow the arteries. Observe that this vein
begins in the ileocolic region by the junction of the
ileal andileocolic veins (ATLASPLATE 292). It en-
larges as it ascends and behind the pancreas it joins
the splenic vein to form the portal (ATLASPLATES
282 #282.2, 283 #283.2).
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B. Inferior Mesenteric Artery and Vein. The inferior
mesenteric artery is smaler than the superior, and it
suppliestheleft part of thetransverse colon, the splenic
flexure, and the descending and sigmoid colons. Itster-
minal branch is the superior rectal artery, which is
distributed to the upper part of the rectum (ATLAS
PLATES 294, 295). Arising from the abdominal aorta
approximately 4 cm above the aortic bifurcation, the
inferior mesenteric artery courses inferiorly and to the
left behind the peritoneum and into the lesser pelvis
between the two leaves of the sigmoid mesocolon.

Theinferior mesenteric vein returns blood from the
rectum and the sigmoid and descending colons. It
courses superiorly behind the peritoneum anterior to the
left psoas major muscle and flows into the splenic vein
(ATLAS PLATE 294). It may terminate near the point
of junction of the splenic vein with the superior mesen-
teric artery where the portal vein is formed.

The inferior mesenteric artery gives off the left colic
branch, two to four sigmoid arteries, and the superior
rectal artery.

1. Left colic branch. The left colic branch of the
inferior mesenteric artery courses to the left and
usually divides into ascending and descending
branches. Its ascending branch supplies the left
half of the transverse colon, theleft colic (splenic)
flexure, and the upper part of the descending
colon. The descending branch supplies the lower
part of the descending colon and anastomoses
with the uppermost sigmoid artery (ATLAS
PLATES 294, 295).

2. Sigmoid arteries. The sigmoid branches of the
inferior mesenteric artery courseinferolaterally to
the left and supply the lower part of the descend-
ing colon. They anastomose with the | eft colic ar-
tery, enter the sigmoid mesocolon, and supply all
of the sigmoid colon. Inferiorly, the sigmoid ar-
teries anastomose with the superior rectal artery
(Figure 16-4).

3. Superior rectal artery. The superior rectal artery
isthe continuation of the main stem of theinferior
mesenteric artery beyond the sigmoid branches. It
descends into the pelvis and divides into smaller
branches. These anastomose on the rectum with
the middle rectal branch of the internal iliac ar-
tery (ATLAS PLATES 294, 360).

Turn the coils of the small intestine to the right
and identify the inferior mesenteric artery arising
from the aorta approximately 4 cm above its bifurca-
tion and at a site deep to the horizontal part of the
duodenum (ATLAS PLATES 294, 268). Observe
that the artery (with the inferior mesenteric vein to
its left) lies behind the peritoneum and that the
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GIAIRGEAY  The branches of the inferior mesenteric
artery to the descending and sigmoid colons and to the
upper rectum.

inferior mesenteric plexus of autonomic nerves sur-
rounds the vessel at its source. Dissect through the
peritoneum, identify theleft colic artery, and traceit
to the descending colon where it dividesinto ascend-
ing and descending branches (ATLAS PLATE 294).

Find the sigmoid branches by dissecting into the
layers of the sigmoid mesocolon (ATLAS PLATE
294, Figure 16-4). Trace the main stem of the infe-
rior mesenteric artery inferiorly where its continua-
tion becomes the superior rectal artery.

Follow the inferior mesenteric vein superiorly;
observethat it liesto the left of the artery and medial
to the left ureter (ATLAS PLATES 268, 294). Dis-
sect it superiorly asit crosses the left gonadal vessels
and ascends behind the duodenum and pancreas to
enter the splenic vein.

II. Jejunum and Ileum

Thejejunum and ileum are attached to the posterior ab-
dominal wall by the mesentery of the small intestine and
are arranged in coils that extend from the duodenum to
the cecum (ATLAS PLATES 288, 290). The jgunum
comprises the upper two-fifths of the small intestine be-
yond the duodenum, and the ileum comprises the distal
three-fifths. Theanatomy of thejegjunumisdifferent from
that of the ileum but the change is gradual, and no spe-
cific line marks the boundary between these two parts of
the small bowel. The jgjunum has a thicker wall and a
dlightly larger diameter (4 cm) than the ileum (3.5 cm),
is more vascular, and isredder in color in aliving body.
Solitary and aggregated lymphatic follicles (called
Peyer’s patches) are larger and more numerous in the
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ileum, especially initsmost distal part. Theinner surface
of the jejunum is marked by many circular folds, called
plicae circulares. These diminish in number in the up-
per ileum and are virtually absent in the lower ileum.

Roll acoil of upper jejunum between your thumb
and index finger and try to feel the folds of the mu-
cous membrane on the internal surface of the je-
junum. Compare it with the smoother distal ileum
and note that the jejunum feels thicker.

Remove the jejunum and ileum to study their in-
ternal surfaces. Tie two strings tightly (2 cm apart)
around the jejunum 8 cm (3 inches) below the duo-
denojgjunal junction. Similarly, tie a pair of strings
around the ileum just above the cecum. Cut through
the jefunum and ileum between the two ligatures of
each pair. Remove the small intestine by severing the
mesentery near its attachment to the small bowel
(ATLASPLATE 300).

To study the inner surface of the jejunum, tie an-
other pair of strings 15 cm (6 inches) below the upper
end of the removed intestine and cut the jejunum be-
tween the new ligatures. Similarly, tie a pair of liga-
tures approximately 15 cm (6 inches) above theileal
end of the removed intestine and cut the ileum be-
tween these new ligatures.

At a sink with running water remove the ligatures
from the 6-inch pieces of jgjunum and ileum. Cut open
the two pieces of small intestine longitudinally. Note
the circular folds on the inner mucosa surface of the
jelunum and the smoothness of and lack of foldsonthe
inner surface of the ileum. Spread the opened intes-
tinal pieces on an absorbent surface (such as a paper
towel) and alow to dry. Identify the lymphatic folli-
cles, best seen by transillumination of theileum. These
are fewer, smaller, and difficult to see in the elderly.

III. Large Intestine

Thelargeintestine extendsfrom theileocecal junction to
the anus. It measures approximately 5 feet in length and
variesin its diameter from 3 to 8 cm. The large intestine
is arranged on the posterior abdominal wall in a horse-
shoe shape (ATLAS PLATES 288, 290, 304, Figure
16-3). Commencing at the cecum, the posterior abdom-
inal wall parts include the ascending colon, right colic
flexure (hepatic), transverse colon, left colic flexure
(splenic), and descending colon, all of which surround
thejgunumandileum (ATLASPL ATE 304). Onreach-
ing the left iliac fossa, the descending colon turns medi-
ally as the sigmoid colon, which then bends acutely
downward in the midline into the pelvis at the rectum
(ATLASPLATES 290, 304, 305).
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Except for the rectum and vermiform appendix, the
external surface of the large intestine is marked by lon-
gitudinal muscle fibers arranged in three narrow bands
called taeniae coli. On the cecum and ascending colon
they are located anteriorly (taenia libera), posterome-
dialy (taenia mesocolica), and posterolaterally (taenia
omentalis). These longitudinal muscle bands alter the
shape of the large bowel and transform its smooth exter-
nal shape into a series of sacculations, called haustrae
coli, which are readily visible through the peritoneum
(ATLASPLATES 301, 304). Also found on the surface
of the large intestine (except the cecum, appendix, and
rectum) are numerous small fat-filled projections called
appendices epiploicae.

A. Cecum and Vermiform Appendix (Figure 16-5).
The cecumisablind pouch that projectsinto theright
iliac fossa and is the first part of the large intestine.
This large cul de sac (approximately 6 cm wide and
8 cm long) is interposed between the terminal ileum
and the ascending colon (ATLASPLATE 301). Itis
often mobile because it is envel oped by peritoneum,
but at times its posterior surface is devoid of peri-
toneum, and it isthen more fixed.

On the inner surface of the cecum are situated the
ileocecal orifice that is guarded by the ileocecal
valve, and the small ostium into the vermiform ap-
pendix (Figure 16-5, ATLAS PLATE 301). The
ileocecal valve is composed of superior and inferior
flaps, which are folds of cecal wall, between which
is the ileocecal orifice. At the margins of the valve,
the flaps unite to form ridges called the frenula of
thevalve (ATLAS PLATE 301 #301.1).

The vermiform appendix arises from the pos-
teromedial wall of the cecum (ATLAS PLATES
301, 303). It may extend upward posterior to the ce-
cum (retrocecal, 65%); inferiorly over the brim of
the pelvis (descending or pelvic, 31%); inferiorly to
the right and posterior to the cecum (subcecal, 2%);
superior and anterior to the terminal ileum (1%); and
superior and posterior to the terminal ileum (1%).

Lift the cecum and notethat it liesintherightiliac
fossa over the peritoneum that covers theiliacus and
psoas major muscles and the nerves of the lumbar
plexus (ATLASPLATE 316). Find the appendix and
note that the three longitudinal muscle bands, or tae-
niae, convergeat itsorigin onthe cecum. Notethat the
ileocecal orifice projects onto the anterior abdominal
wall at the point of intersection between the intertu-
bercular lineandtheright lateral boundary of therec-
tusabdominismuscle. Observethat theroot of the ap-
pendix lies approximately 1 inch inferior to the
ileocecal junction (ATLAS PLATE 301 #301.1).
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Frenulum

B. Ascending, Transver se, Descending, and
Sigmoid Colons.

1

Ascending colon. The ascending colon passes su-
periorly abovetheiliac crest to the inferior border
of theright lobe of theliver whereit bends sharply
forward and to the left forming the right colic (or
hepatic) flexure (ATLAS PLATES 300, 304). It
is12to 20 cminlength (5-8inches), and it iscov-
ered ventrally and on its sides by peritoneum, but
no peritoneum coversits posterior surface. It rests
on fascia overlying the quadratus lumborum and
iliacus muscles and the ilioinguinal and iliohy-
pogastric nerves (compare ATLAS PLATE 300
to PLATE 306). The right colic (or hepatic)
flexure lies anterior to the fat and fascia surround-
ing the right kidney. Anterior to the right colic
flexureistheright lobe of the liver and the fundus
of the gallbladder. Posterior to theright colic flex-
ure courses the descending (2nd) part of the
duodenum.
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ileocecal junction showing the ileocecal
valve and the orifice of the appendix.

Orifice of
appendix

Transver se colon. Thetransverse colon measures
451050 cminlength (18-20inches), makingit the
longest part of the large intestine. It arches across
the abdomen from the right colic flexure to the
lower part of the spleen where it turns abruptly
downward at the left colic (or splenic) flexure
(ATLASPLATES 300, 304, 305). Thetransverse
colon is mobile because it is suspended from the
posterior abdominal wall by the transverse meso-
colonanditsposition thereforevariessomewhat in
different individuals. The root attachment of the
transverse mesocolon from the posterior abdomi-
nal wall crosses the descending (2nd) part of the
duodenum, the head of the pancreas, and thelower
border of the body and tail of the pancreas
(ATLASPLATE 306). Between the leaves of the
transverse mesocolon course the middle colic ar-
tery and vein along with lymphatics and visceral
nerves that serve the transverse colon. The left
colic flexure is located posterior to the greater
curvature of the stomach and anterior to the left
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kidney, splenic hilum, and tail of the pancreas. At
this flexure, the transverse colon bends inferiorly
to becomethedescending colon (compare ATLAS
PL ATES 300, 304, 305).

. Descending colon. The descending colon is ap-
proximately 25 cm long (10 inches), and it courses
fromtheleft calic flexure to the brim of the pelvis,
whereit turns medially and posteriorly to become
the sigmoid colon (ATLAS PLATES 290, 294,
295). Itsdiameter isless than that of either the as-
cending or transverse colons. It liesinitialy adja
cent to the spleen and | eft kidney and then anterior
to the quadratus lumborum, iliacus and psoas ma-
jor muscles, and the nerves of the left lumbar
plexus (compare ATLAS PLATES 295, 306). Its
anterior surface and sides are covered by peri-
toneum securingit to the posterior abdominal wall,
but at times, its lower part has a short mesocolon,
making it somewhat more mobile.

. Sigmoid colon. The sigmoid colon, although
variable, averages approximately 40 cm in length
(16 inches), and it commences at the lower end of
the descending colon in the lesser pelvis (ATLAS
PLATES 294, 390). It is freely movable because
it is surrounded by peritoneum that forms a

mesentery called the sigmoid mesocolon. The at-
tachment of the mesocolon is shaped as an in-

verted V, and it ends medialy in front of the

sacrum. At this site, the sigmoid colon bends in-

feriorly into the pelvis as the rectum (ATLAS

PLATES 290, 306).

Incise the peritoneum vertically along the right
border of the ascending colon. Retract the colon me-
dially and identify the lower pole of the right kidney,
deep to which are located the longitudinal fascicles
of the quadratus lumborum muscle. Below the iliac
crest identify theiliacus muscle, and anterior and me-
dial to the iliacus, observe the psoas major muscle
(ATLASPLATES 314, 315).

With the liver at its normal position in the right up-
per quadrant, observe the relationship of theright colic
flexureto the right lobe of the liver and the gallbladder
(ATLAS PLATE 295). Follow the transverse colon
and its mesocolon across the abdomen to the left colic
flexure. In doing so, manipulate the two layers of the
mesocolon and note how they separate to enclose the
transverse colon. Cut away the attachment of thetrans-
verse mesocolon from the anterior surfaces of the duo-
denum and pancreas. Just below the lower pole of the
spleen, identify adouble-fold of peritoneum called the
phrenicocolic ligament, which attaches the abdomi-
nal surface of the diaphragm to the left colic flexure
(ATLAS PLATES 295, 306).
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Cut the peritoneum along the | eft border of the de-
scending colon and reflect the colon medially. Verify
by palpation the lower border of the left kidney and
note the same muscles (quadratus lumborum, iliacus,
and psoas muscles) seen on theright side. Follow the
sigmoid colon medially toward the rectum and con-
firm that the attachment of the root of the sigmoid
mesocolon outlines the shape of an inverted “V”
(ATLASPLATE 306).

Tie two ligatures (approximately 1/2 inch apart)
2 inches above the site where the sigmoid colon
bendsinferiorly to become the rectum. Cut acrossthe
sigmoid colon between thetwo ligatures. Then, remove
the large intestine from the posterior abdominal wall
by cutting away the peritoneal attachments of the li-
gated terminal ileum, cecum, and ascending colon.
Cut the transverse mesocolon near its attachment to
the transverse colon, detach the descending colon,
and finally cut the sigmoid mesocolon along the bor-
der of the sigmoid colon. With the jejunum, ileum,
and most of the large intestine removed, the posterior
abdominal wall isexposed for further study (ATLAS
PLATE 306).

Clinical Relevance

Lymphoid tissue in the small intestine. The collec-
tion of lymphoid nodules (called Peyer's patches) in
the small intestine is most numerous in the lower
ileum. These nodules are located on the antimesen-
teric border of the bowel and are not present in the
upper part of the jejunum. More evident in younger
persons, these nodules tend to involute and disap-
pear as individuals grow older.

Meckel’s diverticulum. This congenital condition,
found in about 1 to 2% of the population, is a divertic-
ulum of the small intestine located on the antimesen-
teric border of the ileum about 1.5 to 3 feet (average
2 feet) proximal to the ileocecal junction. Its length
may vary from 0.5 to 4 inches, and it is the remnant of
a narrow tube called the vitelline duct that normally is
obliterated by the 7th prenatal week. If it persists in its
entirety, it can lead to a fistula at the umbilicus, or if
only the intestinal end of the duct remains open, it be-
comes a Meckel’s diverticulum.

Cisterna chyli. A sac located to the right of the ab-
dominal aorta anterior to the bodies of the L1 and L2
vertebrae that receives lymph from the gastrointesti-
nal tract and the organs and the walls of the pelvic
regions. After a fatty meal the lymph from the gas-
trointestinal tract is milky and is called chyle. The
thoracic duct commences at the cistema chyli and
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ascends in the posterior mediastinum to open into the
left subclavian vein.

Duodenojejunal junction. This continuation of the
duodenum, where it becomes jejunum, is located just
below the transpyloric plane. Here, the small intestine
becomes intraperitoneal by becoming surrounded by
two leaves of peritoneum from the mesentery that
evaginate from the posterior abdominal wall.
Duodenal fossae. Several types of duodenal fossae
can be found at the duodenojejunal junction. These
are significant because hernias of the small bowel

can occur into one or another of these fossae. These
are surgically important because the herniated loop
could become strangulated. When repaired, care
must be taken not to injure the nearby inferior mesen-
teric vein.

Ligament of Treitz. This suspensory ligament of the
small intestine at the duodenojejunal junction extends
from the distal end of the duodenum or the proximal
part of the jejunum superiorly to the right crus of the
diaphragm. It passes superiorly posterior to the pan-
creas and anterior to the aorta.
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DISSECTION

Abdominal Cavity IV:
Posterior Abdominal Wall

Objectives

1 Dissect the gonadal vessels, kidneys, ureters, and
suprarenal glands.

3 Dissect the diaphragm from the abdominal aspect.

4 Dissect the abdominal aorta, inferior vena cava, and

2 Dissect the muscles of the posterior abdominal wall lumbar sympathetic chain.

and the nerves of the lumbar plexus.

ATLAS KEY:

Clemente Atlas, 6th Edition = Atlas Plate #
Grant’s Atlas, 12th Edition = Grant’s Page #
Netter’s Atlas, 4th Edition = Netter’s Plate #
Rohen Atlas, 7th Edition = Rohen Page #

After dissection of the gastrointestinal tract, there
remain within the abdominal cavity the kidneys,
ureters, suprarenal glands, the abdominal aorta and
its paired branches, and the inferior vena cava and its
tributaries. Behind these structures are located the mus-
cles that comprise the posterior wall of the abdomen,
the nerves of the lumbar plexus, and the lumbar sym-
pathetic chains. Superior to these structures is found
the diaphragm forming the muscular roof over the
abdominal cavity.

The stomach, duodenum, pancreas, and spleen must
still be removed (if not already done) before proceed-
ing with a dissection of the posterior abdominal viscera
and wall.

Cut through the esophagus just below the
esophageal hiatus and sever the vascular attachments
of the greater and lesser omenta, and the vessels

<«

Grant’s 163
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aong the lesser and greater curvatures of the stom-
ach. Cut the splenic, hepatic, and superior mesenteric
vessels and remove the stomach, duodenum, pan-
creas, and spleen.

I. Gonadal Vessels, Kidneys,
Ureters, and Suprarenal Glands

Thetesticular or ovarian vesselswill be located first and
then the kidneys, ureters, and suprarenal glands dissected
free from the surrounding fat.

A. The Gonadal Vessels. The testicular arteries arise
from the aorta anteriorly and diverge as they descend
inferolaterally. The vessels cross the ureters, gen-
itofemora nerves, and the external iliac arteries on
their way to the abdominal inguinal rings where they
enter theinguinal canals (ATLASPLATE 307). The
right testicular vein accompaniesthe artery initialy,
but then ascends to enter the inferior vena cava. The
left testicular vein aso ascends with its accompany-
ing artery, but it drainsinto theleft renal vein (Figure
17-1, ATLASPLATE 309.2).

The two ovarian arteries aso arise from the ante-
rior aspect of the aorta. They descend over the brim of

161
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the pelvis and cross the externa iliac arteries to enter
the broad ligaments of the uterus within which they
pass to the ovaries (ATLAS PLATE 335.1). The right
ovarian vein, similar to the right testicular vein, enters
the inferior vena cava, whereas the left ovarian vein
flows into the left renal vein.

Remove the parietal peritoneum covering the pos-
terior abdominal wall. Be cautious in dissecting the
delicate testicular (ATLAS PLATE 309.2) or ovar-
ian vessels that cross anterior to the ureters. Initially,
look for the vessels through the peritoneal layer and
expose them inferiorly to the abdominal inguinal
rings (testicular vessels) or the pelvic brim (ovarian
vessels).

B. Kidneys, Ureters, and Suprarenal Glands. The
kidneys are paired organs that excrete excess water
and waste products resulting from metabolic func-
tions. They are essentia for maintaining electrolyte
and water balance, and they help control the pH
of the blood and tissue fluids. This is done by the
processes of filtering the blood plasma, secreting
additional substances into the filtrate and then
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reabsorbing most of the filtrate and salt back into
the blood. Approximately 1.3 liters of blood flows
through the renal arteries per minute, resulting in
nearly 180 liters of fluid that is filtered into the renal
tubules every 24 hours. Reabsorption of most of the
filtered water (approximately 99.5%) and NaCl al-
lows the formation of approximately 1 liter of urine
daily.

The kidneys are situated retroperitoneally on the pos-
terior abdominal wall, one on each side of the vertebral
column (ATLAS PLATES 307-311). They are reddish-
brown and bean-shaped and measure 10 to 12 cm in
length, 6 cm in width, and 3 cm in thickness. A concave
region, therenal hilum, islocated on the medial border
of each kidney at the L1 vertebra, and through it the
renal veins, arteries, and ureters traverse (ATLAS
PLATE 309.2, 311). The kidneys extend between the
T12 and L3 vertebrae, but theright is dightly lower than
the left because of the position of the liver.

The kidneys are embedded in considerable perire-
nal fat (ATLAS PLATES 319, 329), which extends
superiorly over the suprarenal glands. A condensation
of fascia, called the renal fascia (Gerota's fascia),

ww.cafepezeshki.ir



Suprarenal

Suprarenal
gland

gland

Pancreas

C
<
@
]
AN

\
. Duodenum

Inferior vena cava

The anterior relationships of abdominal
organs to the kidneys.

surrounds the kidney, its perirenal fat, and the
suprarenal glands. Dorsal to the renal fasciais a large
quantity of pararenal fat.

1. Anterior relationshipsof thekidneys. Therela-
tionship of the anterior surface of the kidney
differs on the two sides (Figure 17-2). Overlying
the upper pole of the right kidney is the pyrami-
dal-shaped right suprarenal gland. Below this, a
large area of the anterior surfaceisin contact with
theright lobe of the liver. Inferior to the hepatic
impression is the right colic flexure, and, medi-
ally, the right rena hilum is covered by the de-
scending part of theduodenum (ATLASPLATE
308 #308.1).

The upper pole of the left kidney isin contact
medially with the left suprarenal gland. Infe-
rior to the upper pole, the stomach and spleen lie
anterior to the upper half of the left kidney. The
left renal hilum lies posterior to the pancreas
(ATLASPLATE 307), whereasthe inferior third
of the left kidney lies posterior to the jgunum
and left colic flexure (Figures 17-2, 17-3, and
ATLASPLATE 308 #308.1).

2. Posterior relationshipsof thekidneys. The pos-
terior surface of the kidneys is embedded in
pararenal fat and overlies the 12th rib on the right
side and the 11th and 12th ribs on the left (AT-
LASPLATE 311#311.3). The upper half of each
kidney rests on the diaphragm and the medial
and lateral arcuate ligaments (lumbocostal
arches). Inferior to the diaphragm both kidneyslie
on the psoas major and quadratus lumborum
muscles and the tendons of the transver sus ab-
dominis muscles (ATLAS PLATES 314, 315).
Also coursing posterior to the kidneys are the
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subcostal vessels and nerves (T12) and theilio-
hypogastric and ilioinguinal branches of the
L1 nerves (ATLASPLATES 307, 316, 317).

3. Renal hilum. Along the concave medial margin
of the kidney is located the renal hilum, contain-
ing the renal vein and artery and the funnel-
shaped upper end of the ureter, which is caled
the renal pelvis (ATLAS PLATES 309-311).
Normally, therenal veinisanterior, the ureter pos-
terior, and the renal artery in between; however, it
is not unusual for secondary branches of the ves-
selsto ater this pattern.

4, Ureters. The ureters are long narrow tubes that
lead from the hilum of the kidney to the urinary
bladder. They are approximately 25 cm (10 inches)
inlength, and their smooth muscular wall initiates
peristaltic movements that convey urine to the
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GEAIRVASY Organ relationships on the posterior
abdominal wall at three levels. A. Vertebral level; B. Great
vessels and kidneys; C. Duodenum and pancreas.
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bladder. The ureters descend into the lesser pelvis
by crossing the common iliac arteries near their
bifurcation (ATLAS PLATE 307). Ureters re-
ceivetheir blood supply from several sources. The
upper third gets small branches from the renal
artery and from the gonadal arteries; the middle
third issupplied by small vesselsdirectly from the
aorta and/or common iliac arteries; and the lower
third is supplied by branches from the superior
vesical arteriesto the bladder, andin femalesfrom
the uterine arteries as well.

Suprarenal glands (Figure 17-4). The supra-
renal (or adrenal) glands are endocrine organs
situated between the vertebral column and the me-
dial surface of the upper pole of each kidney. They
secrete hormones that are essential to life. The
right gland is pyramidal in shape, but the left is
semilunar or crescent-shaped. Their combined
weight is between 10 and 15 grams, but because
they are surrounded by much fat, they appear to
weigh more.
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The suprarenal glands are highly vascular and
receive blood from at least three sources: (a) directly
from the abdominal aorta; (b) from the inferior phrenic
arteries; and (c) from the renal arteries (ATLAS
PLATES 309, 310). The suprarenal vein, which
emerges at the hilum of the gland, emptiesinto the infe-
rior vena cava on the right side and into the left renal
vein on the left side (ATLAS PLATE 310).

Palpate both kidneys and feel for the suprarena
glands above and medial to their upper poles. Ob-
serve that the kidneys are embedded in perirena fat
and surrounded by the renal fascia. Note that the
suprarenal glands are similarly surrounded by fat
and renal fascia

Make alongitudinal incision in the renal fascia of
both kidneys and, using your fingers, free the organs
from the surrounding perirenal fat. Clean each
suprarenal gland being careful not to destroy its
delicate arteries and the larger suprarenal vein at its
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hilum (ATLAS PLATES 309, 310). Separate the
suprarenal glands from the kidneys. Clean the struc-
tures at the renal hilum and turn each kidney over
medially to expose their posterior surfaces.

Clean both ureters and the renal pelvis at the re-
nal hilum. Note that the renal pelvisis the most pos-
terior structure at the hilum athough a branch of the
artery or vein may lie behind the ureter. Follow the
ureters to the pelvic brim and observe their relation-
ship to the gonadal vessels and the commoniiliac ves-
sels at their bifurcation. Clean the renal artery and
note that most of its branches lie between the renal
vein anteriorly and the ureter posteriorly (ATLAS
PLATES 309, 311 #311.1).

Remove the pararenal fat body posterior to each
kidney. Identify the cruraof the diaphragm, the psoas
major, and quadratus lumborum muscles. Envision
how the 12th rib passes obliquely behind the kidney
(ATLASPLATES 244 #244.2, 311 #311.2) and that
the uppermost part of the organ extends up to the 11th
rib (somewhat higher on the left).

Return the kidneys to their normal position and
dissect the two renal veins. Observe that the veins
course anterior to the renal arteries (ATLAS
PLATES 307, 309) and that the left renal vein is
three times the length of the right (7.5 cm-2.5 cm).
Follow the veinsto their termination into the inferior
vena cava. ldentify the left gonadal vein, which
flowsinto the left renal vein from below, and the left
suprarenal vein and the left inferior phrenic vein,
which drain into it from above. Sever the left renal
vein and reflect it to the left to expose the left renal
artery. Observe that the artery divides into two or
more branches prior to entering the kidney (ATLAS
PLATES 309, 311).

Detach the left suprarenal gland from the upper
pole of the left kidney. Without severing the renal
vessels or ureter at the hilum, use a scalpel and split
the kidney longitudinally into anterior and posterior
halves (Figure 17-5, ATLAS PLATE 312). Do this
by sectioning along the lateral convex border and cut
medially toward the hilum. Open the halvesand leave
them still loosely attached at the renal pelvis of the
ureter.

Note the thin fibrous renal capsule, which can
easily be stripped from the underlying tissue. Ob-
serve that the kidney internally consists of an outer
renal cortex and an inner renal medulla. Identify
the renal pyramids that form the medulla and the
renal columns (of Bertin), which consist of cortical
tissue that separates the pyramids by extending in-
ward as far asthe renal pelvis (ATLAS PLATE 312

Abdominal Cavity IV: Posterior Abdominal Wall 165
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#312.2). At the renal pelvis, identify the minor ca-
lyces. Note that several of these join to form amajor
calyx and that three or more major calyces open into
the rena pelvis (Figure 17-5).

Observethat the ur eter sare crossed from medial to
lateral by the gonadal vessels. Look for small branches
from the renal arteries that supply the upper parts of
the ureters, and find other vessels from the aortaor the
common iliac arteries that supply their middle parts.
Resdlize that the lower part of the ureter in the pelvis
gets blood from the superior vesical artery.

Look for small vessels descending to the suprarenal
gland from the inferior phrenic artery. Note that
others enter the medial surface of the gland from the
aorta, and still other arteries ascend to the gland
fromtherenal artery (ATLASPLATES 307, 309).
Find the central suprarenal vein that emerges from
the hilum of the gland and confirm that it drains into
the inferior vena cava on the right side and into the
left renal vein on the left (ATLAS PLATE 307).
Remove one gland and cut across it with a scalpel.
Identify the inner adrenal medulla and the sur-
rounding shell of tissue that comprises the adrenal
cor tex.

II. Muscles of the Posterior
Abdominal Wall and the
Lumbar Plexus (Figure 17-6)

The muscles and fascia that form the posterior abdomi-
nal wall are located behind the kidney and below the
diaphragm. In relationship to these muscles are the sub-
costal (T12) nerves as well as the lumbar plexus of
nerves formed by the roots of the lumbar nerves.
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FEAUIEYAY The quadratus lumborum and iliopsoas muscles.

A. Musclesof the Posterior Abdominal Wall (Figure
17-6). The posterior abdominal muscles extend su-
periorly to the diaphragm and its crura. Coursing
laterally at the level of the 12th ribs are two fibrous
arches (on each side), called the medial and lateral
arcuate ligaments (ATLAS PLATES 314, 315).
The muscles include the origins and upper parts of
the psoas major and minor and the entire quadra-
tus lumborum. Inferior to the iliac crest is located
theiliacus muscle.

1. Psoasmajor and minor muscles. The psoas ma-
jor and minor functionjointly with theiliacusand
together are called the iliopsoas muscle. Acting
from above, these muscles are the most powerful
flexors of the thigh at the hip joint. When the
muscles of both sides act from below, they flex
the vertebral column such asin sitting up from a
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supine position. The psoas mgjor, located just | at-
eral to the vertebral column, arises by muscular
dlips attached to each of the lumbar vertebrae and
their intervertebral discs (ATLAS PLATES 314,
315). It descends over the pelvic brim and con-
tinues into the thigh where it is joined by theili-
acus muscle before inserting into the lesser
trochanter of the femur (ATLAS PLATE 418).
Along its anterior surface, when present (60% of
cadavers), islocated the small psoas minor mus-
cle (ATLASPLATE 314 #314.1). The psoas ma-
jor is supplied by the upper three lumbar nerves,
while the psoas minor receives a small branch
from L1.

. Quadratus lumborum muscle. The quadratus

lumborum attaches below to the iliac crest
and iliolumbar ligament and medialy to the
transver se processes of the upper four lumbar
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vertebrae (ATLAS PLATES 314, 315). It ex-
tends superiorly to the medial half of the 12thrib
and lies partially behind the psoas major. The
guadratus is innervated by the upper 3 or 4 lum-
bar nerves and acts as a lateral flexor of the ver-
tebral column as well as an accessory muscle of
respiration.

3. lliacus muscle. The iliacus muscle lies inferior
to the quadratus lumborum and its fibers arise
from the iliac crest and the concave iliac fossa
(ATLAS PLATES 314, 315). The muscle de-
scends deep into the inguinal ligament and its
fibers attach to the lateral surface of the tendon of
the psoas major muscle. It is innervated by the
femoral nerve.

Reflect the kidneys medially and expose the
muscles of the posterior abdominal wall by removing
any remaining fat. Note that the fascia on the anterior
surface of the quadratus lumborum is continuous
with the fascia transver salis, the psoas fascia over
the psoas muscles, and the iliac fascia covering the
iliac muscles.

Find the right and left crura of the diaphragm
over the bodies of the upper lumbar vertebrae
(ATLAS PLATES 314-316). Identify the inferior
phrenic arteries, which branch from the abdominal
aorta and are directed laterally across the abdominal
surface of the diaphragm (ATLAS PLATE 317).

Immediately lateral to the vertebral column just
below the diaphragm on the left, find two tendinous
arches at the superior borders of the quadratus lum-
borum and psoas major muscles (ATLAS PLATES
314 #314.1, 315). These are the lateral and medial
arcuate ligaments. Note that the lateral arcuate
ligament (over the quadratus lumborum) is a
thickened band attached medially to the transverse
process of the L1 vertebra and laterally to the 1st rib.
Verify that the adjacent medial arcuate ligament is
a tendinous arch over the psoas major and that it
attaches to the transverse process and body of the
L1 vertebra. On the right side, the inferior vena cava
must be pushed medially to see the medial arcuate
ligament completely.

Expose the posterior abdominal muscles by
removing their fascial coverings. Be careful not to
damage the subcostal nerve and the genitofemoral
and other nerve trunks coursing through the psoas
major muscle (ATLAS PLATE 317). Deep to the
iliac fascia, identify the iliac branches of the
iliolumbar vessels coursing laterally.

B. Lumbar Plexus of Nerves (Figure 17-7). The
lumbar plexusformswithin the psoas major muscle
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by the ventral primary rami of L1, L2, and L3 nerves
and half of the L4 nerve (ATLASPLATE 316). The
other half of L4 joins the L5 nerve to form the
lumbosacral trunk that contributes to the sacral
plexus.

The 1st lumbar nerve divides to form the iliohy-
pogastric and ilicinguinal nerves (ATLAS PLATE
316). Anacther branch from L1 joins a branch from L2
to form the genitofemoral nerve (ATLAS PLATE
317). The L2, L3, and L4 nerves divide to form
anterior and posterior divisions. Parts of the posterior
divisions of L2 and L3 form the lateral femoral
cutaneous nerve. The other portions of the posterior
divisions of the L2 and L3 nerves and al of the
posterior division of L4 form the large femoral nerve
(ATLAS PLATE 316). The anterior divisions of the
L2, L3, and L4 nerves form the obturator nerve.
When present, the accessory obturator nerve also
arises from the anterior divisions of the L3 and L4
nerves. The remainder of L4 and all of L5 join to form
the lumbosacral trunk. In summary:

« lliohypogastric: L1
 llicinguinal: L1
*  Genitofemora: L1, L2

e Lateral femoral cutaneous:  L2,L3
(Dorsal divisions)

e Femora (Dorsd divisions): L2,L3,L4

e Obturator (Ventral divisions): L2,L3,L4

e Accessory obturator: L3, L4
(Ventral divisions)
e Lumbosacral trunk: L4, L5

Identify the delicate genitofemoral nerve coursing
along the anterior surface of the psoas major muscle.
Observe that its roots course through the psoas mus-
cle after branching fromthe L1 and L2 nerves. Preserve
the genitofemoral nerve while dissecting the other lum-
bar nerves and note that it divides into genital and
femoral branches (ATLAS PLATES 316, 317).

The femoral branch of the genitofemoral nerve
supplies cutaneous innervation to the upper media
thigh. In both men and women, it enters the lower limb
by passing deep to the inguinal ligament. The genital
branch enters the inguinal cana through the deep
inguinal ring and supplies the cremaster muscle in men
and becomes sensory to the skin of the lateral scrotum.
In women, the genital branch courses with the round
ligament to the labium majus and mons pubis. The
genitofemoral nerve contains the sensory (femoral
branch) and motor fibers (genital branch) of the male
cremasteric reflex, which, on stimulation, lifts the
testes in the scrotum.
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Palpate the 12th rib and identify the subcostal
nerve (T12) and vessels that course along its lower
border beneath the lateral arcuate ligament (ATLAS

the iliohypogastric nerve and note that it also pierces
the transversus abdominis.

. > . . . .
PLATES 316, 317). Remove fascicles of the psoas | Grants 172, 175 Corilife nrEtblng (e FEoss s ey Enel i i
X . . T lateral femoral cutaneous nerve coursing inferolat-
major muscle in a piecemeal manner by stripping 372,373 o
way 1ong y ep 496-498 | that it descends into the lateral thigh 1 cm medial to
and scissors. Carefully preserve the lumbar nerve Rohen 331, . S . .
333 415 the anterior superior iliac spine. Find the femoral

roots and trunks as they course through the
muscle (ATLAS PLATE 317).

Below the subcostal nerve find the iliohypogas-
tric and ilioinguinal branches of the L1 nerve. Note
that the iliohypogastric nerve courses inferolaterally
anterior to the quadratus lumborum muscle and
pierces the transversus abdominis muscle near theiil-
iac crest. Find the ilioinguinal nerve slightly below
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nerve descending medial to the lateral femoral cuta-
neous nerve (ATLAS PLATES 316, 317). Note that
it isthe largest of the lumbar nerves arising from the
posterior divisions of the anterior primary rami of the
L2, L3, and L4 nerves. Trace the femoral nerve along
the groove between the psoasand iliacusmuscles, and
observethat it entersthe thigh 5 cm medial to the lat-
eral femoral cutaneousnerve (ATLASPLATE 328).
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Shred away the lower medial part of the psoas
major muscle from the L4 and L5 vertebrae to find
the obturator nerve and, if present, the accessory
obturator nerve as well as the lumbosacral trunk
(ATLAS PLATE 316). Identify the obturator nerve
emerging from the medial side of the psoas muscle.
Follow it as far as the obturator foramen through
which it enters the medial thigh (ATLAS PLATES
316, 423, 425). Look for an accessory obturator
nerve (in 10% of cadavers) descending between the
obturator and femoral nerves.

Most medially and deep, along the lateral sides of
the L4 and L5 vertebrag, find the lumbosacr al trunk
descending over the sacrum to join the upper three
sacral nerves in the formation of the sciatic nerve
(ATLASPLATE 316).

ITI. The Diaphragm from the
Abdominal Aspect
(Figures 17-8 and 17-9)

The diaphragm is a thin muscul otendinous sheet that
forms the partition between the thoracic and abdominal
cavities. It is perforated by structures that descend into
the abdomen from the thorax and others that ascend into
the thorax. Its inner portion consists of a C-shaped
central tendon, normally depressed by the heart, and
the elevated lateral regions are muscular and called the
right and left domes (ATLAS PLATE 314). The
diaphragm arises by muscular fibers attached to struc-
tures around the border of the thoracic outlet (ATLAS
PLATES 314, 315). The sternal part arises from the
inner surface of the xiphoid process and the adjoining
costal cartilages, the costal part from the inner surface

The diaphragm seen from below.

Medial arcuate
ligament

Abdominal Cavity IV: Posterior Abdominal Wall
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of the lower six ribs, and thelumbar part by way of the
right and left crura that attach to the bodies of the
upper three lumbar vertebrae and from the medial and
lateral arcuateligaments (ATLASPLATE 314). From
this circumferential origin, the muscle fibersinsert in a
radial manner into the central tendon.

Theright crusiswider and longer than theleft. It arises
from the upper three lumbar vertebrae, wheras the left
crus attachesonly to L1 and L2 (Figure 17-8). An open-
ing between the two crura, anterior to the T12 vertebra, is
the aortic hiatus, and it transmits the aorta and thoracic
duct. At the level of the T10 vertebra in the midline, the
crura fibers form another opening, the esophageal hia-
tus, through which pass the esophagus, the two vagus
nerves, and branches of the left gastric vessels.

The aperture for the inferior vena cavaislocated in
the central tendon on the right side, 3 cm from the
midline at the level of the T8 vertebra (Figure 17-9).
The pericardium and the lower part of the right atrium
attach to the thoracic surface of the diaphragm at this
site (ATLAS PLATES 174, 175).

In the upper thorax, the sympathetic trunks lie
lateral to the bodies of the thoracic vertebrae, but in the
lower thorax, they shift more anteriorly to enter the
abdomen behind the medial arcuate ligaments (ATLAS
PLATES 202, 316, 317). The splanchnic nerves
penetrate the crura to enter the abdomen (ATLAS
PLATE 202). Behind the crura ascend the lumbar
veins that become the azygos and hemiazygos veinsin
the posterior mediastinum (ATLAS PLATE 203).

Identify and preserve the right and left inferior
phrenic arteries that supply the diaphragm as you
remove the peritoneum from its abdominal surface.
Find the left artery coursing on the diaphragm behind
the esophagus and then to the left, and find the right

Sternum

Central tendon

Esophageal
hiatus

Quadratus lumborum

major muscle muscle
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artery behind the inferior vena cava and to the right
(ATLAS PLATE 317). Determine whether the
arteries are paired (69%) or arise by a single trunk
(31%) and whether they arise directly from the aorta
(45%) or from the celiac artery or some other vessel
(more than 50%).

Commence on the thoracic side of the diaphragm
and identify the following through to the abdominal
side:

(1) Sympathetic trunks on the upper lumbar
vertebrae behind the medial arcuate ligaments,

(2) Greater and lesser splanchnic nerves
through the crura of the diaphragm (ATLAS
PLATE 202),

(3) Esophagus, vagus nerves, and left gastric
vessels through the esophageal hiatus (ATLAS
PLATES 204, 206),

(4) Aorta and thoracic duct through the aortic
hiatus (ATLAS PLATE 202), and
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(5) Inferior vena cava through the caval opening
(ATLASPLATE 307).

Note that the muscle fibers of the diaphragm com-
mence at their peripheral attachments and insert into
the perimeter of the central tendon (ATLAS
PLATES 314, 315).

IV. Abdominal Aorta; Inferior Vena Cava;
Lumbar Sympathetic Chain

The abdominal aorta courses along the posterior
abdominal wall in the midline, the inferior vena cava
ascends immediately to the right of the aorta, and the
sympathetic trunks are located anterolaterally on the
bodies of the lumbar vertebrae (ATLAS PLATES 307,
317).

A. Abdominal Aorta. The abdominal aorta com-
mences at the aortic hiatus of the diaphragm anterior
to the body of the L12 vertebraand ends by dividing
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into the right and left common iliac arteries slightly
to the left of the midline at the L4 vertebra (ATLAS

PLATE 307). In a living person, the level of

bifurcation can be determined by a line across the
abdomen between the highest points of the iliac

crest. The surface site of the bifurcation is approxi-

mately 1 inch below the umbilicus, dlightly to the

left of the lineaalba.

Identify the cut stumps of the three unpaired
branches that arise from the abdominal aorta,
namely, the celiac trunk immediately inferior to the
aortic hiatus, the superior mesenteric artery 1 cm
below the celiac trunk, and theinferior mesenteric
artery, which arises 3 to 4 cm superior to the aor-
tic bifurcation (ATLAS PLATE 307). Find the
celiac plexus, which surrounds the celiac trunk and
receivesthe greater and lesser splanchnic nerves of
both sides (ATLAS PLATE 208). Separate the web
of neural tissue on the surface of the vessels. Identify
the autonomic fibers that constitute the superior and
inferior mesenteric plexuses surrounding these
aortic branches (ATLAS PLATE 208). Realize that,
in addition to nerve fibers, these plexuses contain
nerve cell bodies of postganglionic sympathetic
neurons.

Note that the aorta is crossed anteriorly by the
left renal vein just below the origin of the inferior
mesenteric artery (ATLAS PLATE 307). Review
the origins of the inferior phrenic, suprarenal,
and renal arteries. Dissect on the posterolateral
aspect of the aorta to find pairs of lumbar arteries
(ATLAS PLATE 307). Note that these arise oppo-
site the bodies of the lumbar vertebrae and course
posterior to the sympathetic trunks. On the right
side, follow the lumbar arteries behind the inferior
vena cava. Review the origin of the gonadal arter-
ies and find the median (middle) sacral artery
(ATLAS PLATE 317) that arises from the aorta
near its bifurcation and descends anterior to the
sacrum.

B. Inferior Vena Cava. Theinferior vena cavaisthe
largest vein in the body, and it carries blood back

to the right atrium from the lower limbs, pelvis,

and abdomen. It is formed by the junction of the
rig