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Preface

This concise review of human anatomy is designed for medical, dental, graduate, physician

assistant/associate, physical therapy, and other health science students. It is intended pri-

marily to help students prepare for the United States Medical Licensing Examination, the

National Board Dental Examination, as well as other board examinations for students in

health-related professions. It presents the essentials of human anatomy in the form of con-

densed descriptions and simple illustrations. The text is concisely outlined with related

board-type questions following each section. An attempt has been made to include all

board-relevant information without introducing a vast amount of material or entangling

students in a web of details. Although this book is in summary form, it is equivalent to a

standard textbook for a comprehensive study with more clinical information.

IlMnization 

As with previous editions, the fifth edition begins with a brief introduction to the skeletal,

muscular, nervous, circulatory, and organ systems. The introductory chapter is followed by

chapters on regional anatomy. These include the introduction, upper limb, lower limb, tho-

rax, abdomen, perineum and pelvis, back, and head and neck.

Anatomy forms a foundation of clinical medicine and surgery, and is a visual science of

human structures. Thus the success of learning and understanding largely depends on the

quality of dissection and on clear, accurate illustrations. Many of the illustrations are sim-

ple schematic drawings, which are used to enhance the student's understanding of the de-

scriptive text. A few of the illustrations are more complex, attempting to exhibit important

anatomical relations. The considerable number of tables of muscles will prove particularly

useful as a summary and review. In addition, the end-of-chapter summaries, summary charts

for muscle innervation and action, cranial nerves, autonomic ganglia, and foramina of the

skull are included in order to highlight pertinent aspects of the system.

Test questions at the end of each chapter emphasize important information and lead to

a better understanding of the material. These questions also serve as a self-evaluation to help

the student uncover areas of weakness. Answers and explanations are provided after the

questions.

Features of the New Edition       

• Expanded and updated clinical correlations
Clinical correlations emphasize the clinical importance of anatomical knowledge by relating
basic anatomy to actual clinical practice. They are designed to challenge the student, enhance

vii



viii PREFACE

genuine understanding of anatomy, and encourage assimilation of information. The clinical
correlations are set in boxes and placed at relevant locations in the text. They are designated
by two C's (CC), followed by the box number.

• End-of-chapter summaries
These summaries help students review essential information quickly and reinforce key con-
cepts.

• Clinical "take-away" points
These points summarize the clinical information presented in the chapter, allowing for efficient

use of limited study time.
• Highlights of embryology

These points , provide the most important concepts in an effective, logical, and understandable
way.

• Review Test
The chapter review tests consist of questions and answers that reflect the guidelines set forth
by the National Board of Medical Examiners. The questions reinforce the key information and
test the basic anatomical knowledge and the student's ability to interpret their observations
and solve clinical problems. Therefore, clinically oriented questions and applications have been
significantly increased because their fundamental utility is based on the relationship of
anatomy to clinical medicine. The test questions have been entirely rewritten. They are cen-
tered around a clinical situation that requires in-depth anatomical knowledge and problem-
solving skills. Rationales are provided for correct and incorrect answers.

• The Comprehensive Examination
The examination is placed at the end of the book. It can be used for review of a particular topic

or as a self-assessment tool in preparation for the actual Board examination.
• The illustration program

Illustrations play a critical role in helping students visualize anatomical structures and help
identify their functional and clinical characteristics. Some illustrations have been rearranged or
redrawn, and new ones have been added. In addition, a second color was added. The new two-

color art program promotes recall, clarifies difficult concepts, and enhances understanding.
More radiograms, angiograms, computed tomograms, and magnetic resonance images are in-
cluded in the text and in the review test section to aid in the study of anatomical structures
and their relationships.

It is author's intention to invite feedback, constructive criticisms, and valuable suggestions

from students and colleagues who choose this book as an aid to learning and teaching ba-

sic and clinical anatomy.

Kyung Won Chung
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Introduction

Studies of gross anatomy can be approached in several different ways including systemic, regional,
or clinical anatomy. Systemic anatomy is an approach to anatomic study organized by organ sys-
tems, such as the respiratory, digestive, or reproductive systems, which relates structure to func-

tion. Regional anatomy is an approach to anatomic study based on regions and deals with struc-
tural relationships among the parts of the body such as the thorax and abdomen, emphasizing the
relationships among various systemic structures such as muscles, nerves, and blood vessels.

Anatomy is best learned by emphasizing its connection to clinical medicine, and thus clinical
anatomy emphasizes the practical application of anatomic knowledge to the solution of clinical
problems that are important in and have real pertinence to the practice of medicine. In this in-
troductory chapter, the systemic approach is used to the study of anatomy. In subsequent chap-
ters, the clinical and regional approaches to the study of anatomy are used because many injuries
and diseases involve specific body regions, and dissections and surgical procedures are performed
region by region. In addition, clinical correlations are presented throughout the text.

SKELETAL SYSTEM

Bones     

• Are calcified connective tissue consisting of cells (osteocytes) in a matrix of ground substance
and collagen fibers.

• Serve as a reservoir for calcium and phosphorus and act as levers on which muscles act to
produce the movements permitted by joints.

• Contain internal soft tissue, the marrow, where blood cells are formed.
• Are classified, according to shape, into long, short, flat, irregular, and sesamoid bones; and ac-

cording to their developmental history into endochondral and membranous bones.

A. Long bones
• Include the clavicle, humerus, radius, ulna, femur, tibia, fibula, metacarpals, and phalanges.
• Develop by replacement of hyaline cartilage plate (endochondral ossification).

• Have a shaft (diaphysis) and two ends (epiphyses). The metaphysis is a part of the diaph-
ysis adjacent to the epiphyses.
1. Diaphysis

• Forms the shaft (central region) and is composed of a thick tube of compact bone

that encloses the marrow cavity.
2. Metaphysis

• Is a part of the diaphysis, the growth zone between the diaphysis and epiphysis dur-

ing bone development.

1



2 BRS GROSS ANATOMY

3. Epiphyses
• Are expanded articular ends, separated from the shaft by the epiphyseal plate dur-

ing bone growth, and composed of a spongy bone surrounded by a thin layer of com-
pact hone.

B. Short bones
• Include the carpal and tarsal bones and are approximately cuboid shaped.
• Are composed of spongy bone and marrow surrounded by a thin outer layer of compact

bone.

C. Hat bones
• Include the ribs, sternum, scapulae, and bones in the vault of the skull.
• Consist of two layers of compact bone enclosing spongy bone and marrow space

(diploe).
• Have articular surfaces that are covered with fibrocartilage.
• Grow by replacement of connective tissue.

D. Irregular bones
• Include bones of mixed shapes such as bones of the skull, vertebrae, and coxa.
• Contain mostly spongy bone enveloped by a thin outer layer of compact bone.

E. Sesamoid bones
• Develop in certain tendons and reduce friction on the tendon, thus protecting it from ex-

cessive wear.
• Are commonly found where tendons cross the ends of long bones in the limbs, as in the

wrist and the knee (i.e., patella).

Joints

• Are places of union between two or more bones.
• Are innervated as follows: The nerve supplying a joint also supplies the muscles that move the

joint and the skin covering the insertion of such muscles (Hilton's law).
• Are classified on the basis of their structural features into fibrous, cartilaginous, and synovial types.

A. Fibrous joints (synarthroses)
• Are joined by fibrous tissue, have no joint cavities, and permit little movement.

1. Sutures
• Are connected by fibrous connective tissue (i.e., like uniting a wound with stitches).

• Are found between the flat hones of the skull.
2. Syndesmoses

• Are connected by fibrous connective tissue.
• Occur as the inferior tibiofibular and tympanostapedial syndesmoses.

B. Cartilaginous joints
• Are united by cartilage and have no joint cavity.

1. Primary cartilaginous joints (synchondroses)
• Are united by hyaline cartilage.
• Permit no movement but growth in the length of the bone.
• Include epiphyseal cartilage plates (the union between the epiphysis and the diaph-

ysis of a growing bone) and spheno-occipital and manubriosternal synchondroses.

2. Secondary cartilaginous joints (symphyses)
• Are joined by fibrocartilage and are slightly movable joints.
• Include the pubic symphysis and the intervertebral disks.
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C. Synovial (diarthrodial) joints
• Permit a great degree of free movement and are classified according to the shape of the ar-

ticulation and/or type of movement.
• Are characterized by four features: joint cavity, articular (hyaline) cartilage, synovial

membrane (which produces synovial fluid), and articular capsule.
1. Plane (gliding) joints

• Are united by two flat articular surfaces and allow a simple gliding or sliding of one

bone over the other.
• Occur in the proximal tibiofibular, intertarsal, intercarpal, intermetacarpal, carpo-

metacarpal, sternoclavicular, and acronnoclavicular joints.
2. Hinge (ginglymus) joints

• Resemble door hinges and allow only flexion and extension.

• Occur in the elbow, ankle, and interphalangeal joints.
3. Pivot (trochoid) joints

• Are formed by a central bony pivot turning within a bony ring.

• Allow only rotation (movement around a single longitudinal axis).

• Occur in the superior and inferior radioulnar joints and in the atlantoaxial joint.

4. Condylar (ellipsoidal) joints
• Have two convex condyles articulating with two concave condyles. The shape of the

articulation is ellipsoidal.
• Allow flexion and extension and occur in the wrist (radiocarpal), metacarpopha-

langeal, knee (tibiofemoral), and atlanto-occipital joints.

5. Saddle (sellar) joints
• Resemble a saddle on a horse's back and allow flexion and extension, abduction and

adduction, and circumduction but no axial rotation.
• Occur in the carpometacarpal joint of the thumb and between the femur and patella.

6. Ball-and-socket (spheroidal) joints
• Are formed by the reception of a globular (ball-like) head into a cup-shaped cavity

and allow movement in many directions.
• Allow flexion and extension, abduction and adduction, medial and lateral rotations,

and circumduction and occur in the shoulder and hip joints.

MUSCULAR SYSTEM

Muscle       

• Consists predominantly of contractile cells and produces the movements of various parts of

the body by contraction.
• Occurs in three types:

A. Skeletal muscle
• Is voluntary and striated; makes up about 40% of the total body mass; and functions to

produce movement of the body, generate body heat, and maintain body posture.
• Has two attachments, an origin (which is usually the more fixed and proximal attach-

ment), and an insertion (which is the more movable and distal attachment).

• Is enclosed by epimysium, a thin layer of connective tissue. Smaller bundles of muscle
fibers arc surrounded by perimysium. Each muscle fiber is enclosed by endomysium.

B. Cardiac muscle
• Is involuntary and striated and forms the myocardium, the middle layer of the heart.

• Is innervated by the autonomic nervous system but contracts spontaneously without any

nerve supply.
• Includes specialized myocardial fibers that form the cardiac conducting system.
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C. Smooth muscle
• Is involuntary and nonstriated, generally arranged in two layers, circular and longitudi-

nal, in the walls of many visceral organs.
• Is innervated by the autonomic nervous system, regulating the size of the lumen of a tu-

bular structure.
• Undergoes rhythmic contractions called peristaltic waves in the walls of the gastroin-

testinal (GI) tract, uterine tubes, ureters, and other organs.

W Structures Associated with Muscles

A. Tendons
• Are fibrous bands of dense connective tissue that connect muscles to bones or

cartilage.
• Are supplied by sensory fibers extending from muscle nerves.

B. Ligaments
• Are fibrous bands that connect bones to bones or cartilage, or are folds of peritoneum

serving to support visceral structures.

C. Raphe
• Is the line of union of symmetrical structures by a fibrous or tendinous band such as the

pterygomandibular, pharyngeal, and scrotal raphes.

D. Aponeuroses

• Are flat fibrous sheets or expanded broad tendons that attach to muscles and serve as the

means of origin or insertion of a flat muscle.

E. Retinaculum
• Is a fibrous band that holds a structure in place in the region of joints.

F. Bursae

• Are flattened sacs of synovial membrane that contain a viscid fluid for moistening the

bursa wall to facilitate movement by minimizing friction.
• Are found where a tendon rubs against a bone, ligament, or other tendon.

• Are prone to fill with fluid when infected, and may communicate with an adjacent joint
cavity.

G. Synovial tendon sheaths
• Are tubular sacs filled with synovial fluid that wrap around the tendons.
• Occur where tendons pass under ligaments or retinacula and through osseofibrous tun-

nels, thus facilitating movement by reducing friction.
• Have linings, like synovial membrane, that respond to infection by forming more fluid and

by proliferating more cells, causing adhesions and thus restriction of movement of the

tendon.

H. Fascia
• Is a fibrous sheet that envelops the body under the skin and invests the muscles and may

limit the spread of pus and extravasated fluids such as urine and blood.
1. Superficial fascia

• Is a loose connective tissue between the dermis and the deep (investing) fascia and

has a fatty superficial layer and a membranous deep layer.
• Contains fat, cutaneous vessels, nerves, lymphatics, and glands.
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2. Deep fascia
• Is a sheet of fibrous tissue that invests the muscles and helps support them by serv-

ing as an elastic sheath or stocking.
• Provides origins and insertions for muscles and forms retinacula and fibrous sheaths

for tendons.
• Forms potential pathways for infection or extravasation of fluids.

NERVOUS SYSTEM

Divisions of the Nervous System
▪ .1T=1/n••n•n••n•nn•

• Is divided anatomically into the central nervous system (CNS), consisting of the brain and
spinal cord, and the peripheral nervous system (PNS), consisting of 12 pairs of cranial nerves
and 31 pairs of spinal nerves, and their associated ganglia.

• Is divided functionally into the somatic nervous system, which controls primarily voluntary

activities, and the visceral (autonomic) nervous system, which controls primarily involuntary
activities.

• Is composed of neurons and neuroglia, which are nonneuronal cells such as astrocytes, oligo-
dendrocytes, and microglia.

• Controls and integrates the activity of various parts of the body.

Neurons     

• Are the structural and functional units of the nervous system (neuron doctrine).
• Are specialized for the reception, integration, transformation, and transmission of information.

A. Components of neurons
• Consist of cell bodies (perikaryon or soma) and their processes, dendrites and axons.
1. Cell bodies are located in the gray matter of the CNS, and their collections are called gan-

glia in the PNS and nuclei in the CNS.
2. Dendrites (dendron means "tree") are usually short and highly branched and carry im-

pulses toward the cell body.

3. Axons are usually single and long, have fewer branches (collaterals), and carry impulses

away from the cell body.

B. Classification of neurons
1. Unipolar (pseudounipolar) neurons

• Have one process, which divides into a central branch that functions as an axon, and
a peripheral branch that serves as a dendrite.

• Are called pseudounipolar because they were originally bipolar. The two processes fuse
during development to form a single process that bifurcates at a distance from the cell

body.
• Are sensory neurons of the PNS and found in spinal and cranial nerve ganglia.

2. Bipolar neurons
• Have two processes (one dendrite and one axon); are sensory; and are found in the ol-

factory epithelium, the retina, and the inner ear.
3. Multipolar neurons

• Have several dendrites and one axon and are most common in the CNS (e.g., motor
cells in anterior and lateral horns of the spinal cord, autonomic ganglion cells).

C. Ganglion
• Is a collection of neuron cell bodies outside the CNS, and a nucleus is a collection of neu-

ron cell bodies within the CNS.
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D. Other components of the nervous system
1. Cells that support neurons

• Include Schwann cells and satellite cells in the PNS.
• Are called neuroglia in the CNS and are composed mainly of three types: astrocytes;

oligodendrocytes, which play a role in myelin formation and transport of material to

neurons; and microglia, which phagocytose waste products of nerve tissue.

2. Myelin
• Is the fat-like substance forming a sheath around certain nerve fibers.
• Is formed by Schwann cells in the PNS and oligodendrocytes in the CNS.

3. Synapses
• Are the sites of functional contact of a neuron with another neuron, an effector (mus-

cle, gland) cell, or a sensory receptor cell.
• Are classified by the site of contact as axodendritic, axoaxonic, or axosomatic (between

axon and cell body).
• Subserve the transmission of nerve impulses, commonly from the axon terminals (presy-

naptic elements) to the plasma membranes (postsynaptic elements) of the receiving cell.

IL Central Nervous System (CNS)

A. Brain

• Is enclosed within the cranium, or brain case.
• Has a cortex, which is the outer part of the cerebral hemispheres, and is composed of gray

matter. This matter consists largely of the nerve cell bodies, dendrites, and neuroglia.

• Has an interior part composed of white matter, which consists largely of axons forming
tracts or pathways, and ventricles, which are filled with cerebrospinal fluid (CSF).

B. Spinal cord
• Is cylindrical, occupies approximately the upper two thirds of the vertebral canal, and is

enveloped by the meninges.
• Has cervical and lumbar enlargements for the nerve supply of the upper and lower limbs,

respectively.
• Has centrally located gray matter, in contrast to the cerebral hemispheres, and peripher-

ally located white matter.
• Grows more slowly than the vertebral column during fetal development, and hence its ter-

minal end gradually shifts to a higher level.

• Has a conical end known as the conus medullaris and ends at the level of L2 (or between
L 1 and L2) in the adult and at the level of L3 in the newborn.

C. Meninges
• Consist of three layers of connective tissue membranes (pia, arachnoid, and dura mater)

that surround and protect the brain and spinal cord.
• Contain the subarachnoid space, which is the interval between the arachnoid and pia

mater, filled with CSF.

Peripheral Nervous

A. Cranial nerves
• Consist of 12 pairs and are connected to the brain rather than to the spinal cord.
• Have motor fibers with cell bodies located within the CNS and sensory fibers with cell bod-

ies that form sensory ganglia located outside the CNS.
• Emerge from the ventral aspect of the brain (except for the trochlear nerve, cranial nerve IV).

• Contain all four functional components of the spinal nerves and three additional compo-

nents (see Nervous System: IV.C; Chapter 8).

B. Spinal nerves (Figure 1-1)
• Consist of 31 pairs: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal.
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Figure 1-1 Typical spinal nerve.

• Are formed from dorsal and ventral roots; each dorsal root has a ganglion that is within

the intervertebral foramen.
• Are connected with the sympathetic chain ganglia by rami communicantes.
• Contain sensory fibers with cell bodies in the dorsal root ganglion (general somatic affer-

ent [GSA] and general visceral afferent [GVA] fibers), motor fibers with cell bodies in the
anterior horn of the spinal cord (general somatic efferent [GSE] fibers), and motor fibers
with cell bodies in the lateral horn of the spinal cord (general visceral efferent [GVE] fibers)
between T1 and L2.

• Are divided into the ventral and dorsal primary rami. The ventral primary rami enter
into the formation of plexuses (i.e., cervical, brachial, and lumbosacral); the dorsal primary
rami innervate the skin and deep muscles of the back.

C. Functional components in peripheral nerves (Figures 1-2 and 1-3)

1. General somatic afferent (GSA) fibers
• Transmit pain, temperature, touch, and proprioception from the body to the CNS.

2. General somatic efferent (GSE) fibers
• Carry motor impulses to skeletal muscles of the body.

3. General visceral afferent (GVA) fibers
• Convey sensory impulses from visceral organs to the CNS.

4. General visceral efferent (GVE) fibers (autonomic nerves)
• Transmit motor impulses to smooth muscle, cardiac muscle, and glandular tissues.

5. Special somatic afferent (SSA) fibers
• Convey special sensory impulses of vision, hearing, and equilibration to the CNS.

6. Special visceral afferent (SVA) fibers

• Transmit smell and taste sensations to the CNS.
7. Special visceral efferent (SVE) fibers

• Conduct motor impulses to the muscles of the head and neck.
• Arise from branchiomeric structures such as muscles for mastication, muscles for facial

expression, and muscles for elevation of the pharynx and movement of the larynx.



Dorsal root
Spinal (dorsal root) ganglion

Interneuron
Sp na] nerve

Dorsal primary ramus

Somatic afferent fiber

Skin (receptor)
	  Skeletal muscle

Spinal cord	 (effector)

Somatic efferent	 Ventral primary ramus
fiber

White ramusGray ramus

Ventral root

Sympathetic chain ganglion

Figure 1 -2 General somatic afferent and efferent nerves.
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rr Autonomic Nervous System

• Is divided into the sympathetic (thoracolumbar outflow), parasympathetic (craniosacral out-

flow), and enteric divisions.
• Is composed of two neurons, preganglionic and postganglionic, which are GVE neurons.

A. Sympathetic nerve fibers (see Figure 1-3)
• Have preganglionic nerve cell bodies that are located in the lateral horn of the thoracic and

upper lumbar levels (L2 or L1–L3) of the spinal cord.
• Have preganglionic fibers that pass through ventral roots, spinal nerves, and white rami

communicantes. These fibers enter adjacent sympathetic chain ganglia, where they synapse
or travel up or down the chain to synapse in remote ganglia or run further through the
splanchnic nerves to synapse in collateral ganglia, located along the major abdominal blood
vessels.

• Have postganglionic fibers from the chain ganglia that return to spinal nerves by way of

gray rami communicantes and supply the skin with secretory fibers to sweat glands, motor
fibers to smooth muscles of the hair follicles (arrectores pilorum), and vasomotor fibers to

the blood vessels.
• Function primarily in emergencies, preparing individuals for fight or flight and thus in-

crease heart rate, inhibit GI motility and secretion, and dilate pupils and bronchial lumen.

B. Parasympathetic nerve fibers
• Comprise the preganglionic fibers that arise from the brainstem (cranial nerves III, VII, IX,

and X) and sacral part of the spinal cord (second, third, and fourth sacral segments).
• Are, with few exceptions, characterized by long preganglionic fibers and short postgan-

glionic fibers.
• Are distributed to the walls of the visceral organs and glands of the digestive system but not

to the skin or to the periphery.
• Decrease heart rate, increase GI peristalsis, and stimulate secretory activity.
• Function primarily in homeostasis, tending to promote quiet and orderly processes of the

body.

C. Enteric division
• Consists of enteric ganglia and plexus of the GI tract, including the myenteric (Auerbach's)

and submucosal (Meissner's) plexuses.
• Plays an important role in the control of GI motility and secretion.
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Dorsal root

Figure 1-3 General visceral efferent (autonomic) and afferent nerves.

CIRCULATORY SYSTEM

Vascular System
	nnnnnn•••••nn -•   

• Functions to transport vital materials between the external environment and the internal fluid
environment of the body. It carries oxygen; nutrients; waste products, including carbon diox-
ide; hormones; defense elements; and cells involved in wound healing.

• Consists of the heart and vessels (arteries, capillaries, veins) that transport blood through all

parts of the body.
• Includes the lymphatic vessels, a set of channels that begin in the tissue spaces and return ex-

cess tissue fluid to the bloodstream.

A. Circulatory loops

1. Pulmonary circulation

• Transports blood from the right ventricle through the pulmonary arteries to the lungs
for the exchange of oxygen and carbon dioxide and returns it to the left atrium of the
heart through the pulmonary veins.

2. Systemic circulation
• Transports blood from the left ventricle through the aorta to all parts of the body and

returns it to the right atrium through the superior and inferior venae cavae and the car-
diac veins.

B. Heart

• Is a hollow, muscular, four-chambered organ that pumps blood to two separate circulatory
loops, the pulmonary circulation and the systemic circulation.

• Is regulated in its pumping rate and strength by the autonomic nervous system, which
controls a pacemaker (i.e., sinoatrial node).

C. Blood vessels
• Carry blood to the lungs, where carbon dioxide is exchanged for oxygen.
• Carry blood to the intestines, where nutritive materials in fluid form are absorbed, and to

the endocrine glands, where hormones pass through the vessel walls and are distributed to
target cells.

• Transport the waste products of tissue fluid to the kidneys, intestines, lungs, and skin,
where they are excreted.

• Are of four types: arteries, veins, capillaries, and sinusoids.
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1. Arteries
• Carry blood away from the heart and distribute it to all parts of the body.
• Have thicker and stronger walls than do veins.
• Consist of three main types: elastic arteries, muscular arteries, and arterioles.

2. Capillaries
• Are composed of endothelium and its basement membrane and connect the arterioles

to the venules.
• Are the sites for the exchange of carbon dioxide, oxygen, nutrients, and waste prod-

ucts between the tissues and the blood.
• Are absent in the cornea, epidermis, and hyaline cartilage.
• May not be present in some areas where the arterioles and venules have direct con-

nections (arteriovenous anastomoses or arteriovenous shunts), which my occur in

the skin of the nose, lips, fingers, and ears, where they conserve body heat.

3. Veins
• Carry blood toward the heart from all parts of the body.
• Consist of the pulmonary veins, which return oxygenated blood to the heart from

the lungs, and the systemic veins, which return deoxygenated blood to the heart

from the rest of the body.
• Contain valves that prevent the reflux of blood and have venae comitantes that

closely accompany muscular arteries in the limbs.
4. Sinusoids

• Are wider and more irregular than capillaries.
• Substitute for capillaries in the liver, spleen, red bone marrow, carotid body, adeno-

hypophysis, suprarenal cortex, and parathyroid glands.
• Have walls that consist largely of phagocytic cells.
• Form a part of the reticuloendothelial system, which is concerned chiefly with

phagocytosis and antibody formation.
S. Portal system

• Is a system of vessels in which blood traveling through one capillary bed passes
through a second capillary network before it returns to the systemic circulation.

• Consists of the hepatic portal system in which blood from the intestinal capillaries
passes through the hepatic portal vein and then hepatic capillaries (sinusoids) to the
hepatic veins and the hypophyseal portal system in which blood from the hypo-
thalamic capillaries passes through the hypophyseal portal veins and then the pitu-

itary capillary sinusoids to the hypophyseal veins.

Lymphatic System

• Provides an important immune mechanism for the body.
• Is involved in the metastasis of cancer cells.
• Provides a route for transporting fat and large protein molecules absorbed from the intestine to

the hepatic portal system.

A. Lymphatic vessels
• Serve as one-way drainage toward the heart and return lymph to the bloodstream through

the thoracic duct (the largest lymphatic vessel) or the right lymphatic duct.

• Are not generally visible in dissections but are the major route by which carcinoma metas-

tasizes.
• Function to absorb large protein molecules and transport them to the bloodstream be-

cause the molecules cannot pass through the walls of the blood capillaries back into the

blood.
• Carry lymphocytes from lymphatic tissues to the bloodstream.

• Have valves, which are constricted at the sites of valves, showing a beaded appearance.
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• Are absent in the brain, spinal cord, eyeballs, bone marrow, splenic pulp, hyaline cartilage,
nails, and hair.

B. Lymphatic capillaries

• Begin blindly in most tissues, collect tissue fluid, and join to form large collecting vessels
that pass to regional lymph nodes.

• Absorb lymph from tissue spaces and transport it back to the venous system.

• Are called lacteals in the villi of the small intestine, where they absorb emulsified fat.

C. Lymph nodes

• Are organized collections of lymphatic tissue permeated by lymph channels.
• Produce lymphocytes and plasma cells and filter the lymph.
• Trap bacteria drained from an infected area and contain reticuloendothelial cells and

phagocytic cells (macrophages) that ingest these bacteria.
• Are hard and often palpable when there is a metastasis and are enlarged and tender dur-

ing infection.

D. Lymph

• Is a clear, watery fluid that is collected from the intercellular spaces.
• Contains no cells until lymphocytes are added in its passage through the lymph nodes. Its

constituents are similar to those of blood plasma (e.g., proteins, fats, lymphocytes).
• Often contains fat droplets (called chyle) when it comes from intestinal organs.

• Is filtered by passing through several lymph nodes before entering the venous system.

ORGAN SYSTEMS

Di estive S stem

• Consists of three divisions including the mouth, the pharynx, and the alimentary canal,
comprising the esophagus, the stomach, the small intestine, and the large intestine.

• Performs specific functions: essential food-processing activities. In the mouth, the food is mois-
tened by saliva; is masticated and mixed by the mandible, teeth, and tongue; and is propelled
by the pharynx and esophagus into the stomach, where it is mixed with the gastric juice and
converted into chyme.

• Performs specific functions: in the small intestine, the food or chyme is digested by secretions
from glands in the intestinal wall and from the liver, gallbladder, and pancreas; digested end
products are absorbed into the blood and lymph capillaries in the intestinal wall.

• Performs specific functions: in the large intestine, water and electrolytes are absorbed and
the waste products are transported to the rectum and anal canal, where they are eliminated as
feces.

W....Respiratory System

• Consists of a conducting portion and a respiratory portion. Air is transported to the lungs
through the conducting portion, which comprises the nose, nasal cavity and paranasal sinuses,
pharynx, larynx, trachea, and bronchi. As the air passes through these organs, it is filtered, hu-
midified, and warmed by their mucous membranes.

• Consists of a respiratory portion: the lungs, which contain the terminal air sacs, or alveoli,
where exchange occurs between oxygen in the air and carbon dioxide in the blood with the
aid of the diaphragm and thoracic cage.

• Is concerned with speech, which involves the intermittent release of exhaled air and the open-

ing and closing of the glottis.
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Urinary System

• Comprises the kidneys, which remove wastes from the blood and produce the urine; the
ureters, which carry urine from the kidney to the urinary bladder; the urinary bladder, which
stores urine; and the urethra, which drains urine from the bladder and conveys it out of the
body.

• Contains the kidneys that are important in maintaining the body water and electrolyte balance
and the acid-base balance, in regulating the urine volume and composition and the blood vol-

ume and blood pressure, and in eliminating waste products from the blood.

Reproductive System

A. Male Reproductive System

• Consists of (a) the testes, which produce spermatozoa and sex hormones; (b) a system of
ducts, through which spermatozoa travel from the testis to reach the exterior; (c) various

glands such as the seminal vesicles, prostate gland, and bulbourethral glands, which con-
tribute secretions to the seminal fluid; and (d) the urethrae, which pass the ejaculate to an

opening at the tip of the external genital organ, the penis.
• Has ducts: leading from each testis are the duct of the epididymis, the ductus deferens, and

the ejaculatory duct, which opens into the urethra.
• Has glands: the prostate, the seminal vesicles, and the bulbourethral glands, all of which

secrete into the urethra.

B. Female Reproductive System
• Consists of ovaries, uterine tubes, uterus, vagina, and external genital organs. The ovaries

produce oocytes (ova or eggs) that are conveyed from these through the uterine tubes to the
cavity of the uterus and also produce the steroid hormones. Each ovulated oocyte is released
into the peritoneal cavity of the pelvis; one of the uterine tubes captures the oocyte by the
fimbriae, where it begins its journey toward the uterus. The uterine tubes transmit sperma-
tozoa in the opposite direction, and fertilization of an oocyte usually occurs within the ex-

panded ampulla of a uterine tube. A fertilized oocyte becomes embedded in the wall of the
uterus, where it develops and grows into a fetus, which passes through the uterus and vagina
(together called the birth canal). The vagina provides a passage for delivery of an infant; it

also receives the penis and semen during sexual intercourse.
• Includes female external genitalia: the mons pubis, which is a fatty eminence anterior to the

symphysis pubis; the labia majora, which are two large folds of skin; the labia minora,
which are two smaller skin folds, commence at the glans clitoris, lack hair, and contain no
fat; the vestibule, which is an entrance of the vagina between the two labia minora and has
the hymen at the vaginal orifice; and the clitoris, which is composed largely of erectile tis-

sue, has crura, body, and glans (head), and is hooded by the prepuce of the clitoris.

- ' Endocrine System

• Is a series of ductless or endocrine glands that secrete messenger molecules called hormones di-
rectly into the blood circulation and are carried to body cells.

• Controls and integrates the functions of other organ systems and plays a very important role
in reproduction, growth, and metabolism, which are slow processes compared to the rapid

processes of the nervous system.
• Comprises pure endocrine organs such as the pituitary, pineal, thyroid, parathyroid, and

suprarenal glands; other endocrine cells are contained in the pancreas, thymus, gonads, hypo-
thalamus, kidneys, liver, and stomach.

• Includes tropic hormones, which affect other organs and regulate the functional states of

other endocrine glands, and control a variety of physiologic responses.
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:'Integumentary

• Consists of the skin (integument) and its appendages including sweat glands, sebaceous glands,

hair, and nails.
• Contains sense organs called sensory receptors associated with nerve endings for pain, tem-

perature, touch, and pressure.

A. Skin
• Consists of the epidermis, a superficial layer of stratified epithelium that develops from

ectoderm, and the dermis, a deeper layer of connective tissue that develops largely from

mesoderm. The dermis contains downgrowths from the epidermis, such as hairs and
glands, and the epidermis is an avascular keratinized layer of stratified squamous epithe-
lium that is thickest on the palms and the soles. Just deep to the skin lies a fatty layer called

the hypodermis.
• Is not only a protective layer and an extensive sensory organ but also is significant in body

temperature regulation, production of vitamin D, and absorption.

B. Appendages of the skin
• Have the sweat glands that develop as epidermal downgrowths, have the excretory func-

tions of the body, and regulate body temperature; have the sebaceous glands that develop
from the epidermis (as downgrowths from hair follicles into the dermis) and empty into
hair follicles and their oily sebum provides a lubricant to the hair and skin and protects

the skin from drying; have hairs that develop as epidermal downgrowths and their func-
tions include protection, regulation of body temperature, and facilitation of evaporation

of perspiration; and have nails that develop as epidermal thickenings and that protect the

sensitive tips of the digits.
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CHAPTER 1 REVIEW TEST

Directions: Each of the numbered items or incomplete statements in this section is followed
by answers or by completions of the statement. Select the one lettered answer or completion
that is best in each case.

1. A 22-year-old man presented to his family
physician with a laceration of the fibrous
sheets or hands that cover his body under the
skin and invest the muscles. Which of the fol-
lowing structures would most likely be injured?

(A) Tendon

(B) Fascia
(C) Synovial tendon sheath
(D) Aponeurosis
(E) Ligament

2. Based on the examination at her doctor's
office, a patient is told that her parasympa-
thetic nerves are damaged. Which of the fol-
lowing muscles would most likely be affected?

(A) Muscles in the hair follicles
(B) Muscles in blood vessels
(C) Muscles that act at the elbow joint
(D) Muscles in the gastrointestinal (GI) tract
(E) Muscles enclosed by epimysium

3. A 46-year-old male patient with high
blood pressure was examined in the emergency
department, and his physician found a leakage
of blood from the blood vessel that normally
carries richly oxygenated blood. Which of the
following vessels would most likely be dam-
aged?

(A) Superior vena cava
(B) Pulmonary arteries
(C) Pulmonary veins
(D) Ascending aorta
(E) Coronary sinus

4. A 16-year-old patient received a stab
wound, and axons of the general somatic effer-
ent (GSE) neurons to the shoulder muscles
were severed. The damaged axons:

(A) Would carry impulses toward the cell
bodies

(B) Would carry impulses away from the cell
bodies

(C) Would carry only motor impulses
(D) Are several in number for multipolar

neurons
(E) Are found primarily in the gray matter

5. A 16 year-old patient received a laceration
of the posterior intercostal nerves by a pene-

trated knife blade. A pathologist obtained nee-
dle biopsy tissues and observed numerous de-
generated cell bodies of the unipolar or
pseudounipolar neurons. Which of the follow-
ing structures would most likely provide the

abnormal cell morphology?

(A) Ventral horn of the spinal cord

(B) Lateral horn of the spinal cord

(C) Dorsal horn of the spinal cord

(D) Dorsal root ganglion
(E.) Sympathetic chain ganglion

6. A 9-year-old boy came to his doctor's office

for neurologic examination. His pediatrician

told him that normally synapses are absent in
or on which of the following structures?

(A) Anterior horn of the spinal cord

(B) Dorsal root ganglia

(C) Sympathetic chain ganglia

(D) On dendrites

(E) On cell bodies

7. A 27-year-old woman involved in a car ac-
cident is brought into the emergency depart-
ment. Her magnetic resonance imaging (MRI)
reveals that she has a laceration of the spinal
cord at the L4 spinal cord level. Which of the
following structures would you expect to be in-

tact?

(A) Dorsal horn
(B) Lateral horn
(C) Ventral horn

(D) Gray matter

(E) White matter

8. A 33-year-old male patient complains of
feeling severe pain when he tries to turn his
neck. A physician realizes that the problem is
in his pivot (trochoid) joint. Which of the fol-
lowing joints would most likely be examined?

(A) Atlanto-occipital joint
(B) Atlantoaxial joint
(C) Carpometacarpal joint
(D) Proximal tibiofibular joint
(E) Intervertebral disks
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9. A patient presents with a loss of sensation
to the skin over the shoulder. Injury to which

of the following nerve cells would most likely
affect the conduction of sensory information
to the central nervous system (CNS)?

(A) Multipolar neurons
(B) Bipolar neurons
(C) Unipolar or pseudounipolar neurons
(D) Neurons in the ventral horn
(E) Neurons in sympathetic chain ganglia

10. A 7-year-old girl comes to the emergency
department with severe diarrhea. Tests show
that the diarrhea is due to decreased capacity of
normal absorption in one of her organs. Which
of the following organs is involved?

(A) Stomach
(B) Small intestine
(C) Large intestine
(D) Liver
(E) Pancreas

11. A 16-year-old girl with urinary diseases
comes to a local hospital. Her urologist's exami-

nation and laboratory test results reveal that she
has difficulty in removing wastes from the
blood and in producing urine. Which of the fol-
lowing organs may have abnormal functions?

(A) Ureter
(B) Spleen
(C) Urethra
(D) Bladder
(E) Kidney

12. A 53-year-old man with a known history
of emphysema is examined in the emergency
department. Laboratory findings along with
examination indicate that the patient is unable
to exchange oxygen in the air and carbon diox-
ide in the blood. This exchange occurs in
which portion of the respiratory system?

(A) Bronchi

(B) Alveolar (air) sac
(C) Nasal cavity

(D) Larynx
(E) Trachea

13. A 26-year-old woman has an amenorrhea,
followed by uterine bleeding, pelvic pain, and
pelvic mass. Her obstetrician has made a thor-
ough examination of her and diagnosed as
having an ectopic pregnancy. Which of the fol-
lowing organs is most likely to provide a nor-
mal site of fertilization?

(A) Fundus of the uterus
(B) Ampulla of the uterine tube
(C) Fimbriae
(D) Infundibulum of the uterine tube
(E) Body of the uterus

14. A 29-year-old woman with abdominal
pain was admitted to a local hospital and ex-
amination shows that retroperitoneal infection
affects a purely endocrine gland. Which of the
following structures is infected?

(A) Ovary
(B) Suprarenal gland
(C) Pancreas

(D) Liver
(E) Stomach

15. A 36-year-old woman received a first-de-
gree burn on her neck, arm, and forearm from
her house fire. Which of the following skin
structures or functions is most likely impaired?

(A) General somatic efferent nerves
(B) Parasympathetic general visceral efferent

(GVE) nerves
(C) Trophic hormone production
(D) Exocrine gland secretion
(E) Vitamin A production
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ANSWERS AND EXPLANATIONS

1. The answer is B. The fascia is a fibrous sheet or band that covers the body under the skin and
invests the muscles. Although they are fibrous, tendons connect muscles to bones or cartilage,
aponeuroses serve as the means of origin or insertion of a flat muscle, and ligaments connect
bones to bones or cartilage. Synovial tendon sheets are tubular sacs filled with synovial fluid that

wrap around the tendons.

2. The answer is D. Smooth muscles in the gastrointestinal (GI) tract are innervated by both
parasympathetic and sympathetic nerves. Smooth muscles in the wall of the blood vessels and
arrector pili muscles in hair follicles are innervated only by sympathetic nerves. Muscles act at
the elbow joint and muscles enclosed by epimysium are skeletal muscles that are innervated by

somatic motor (general somatic efferent [GSEj) nerves.

3. The answer is C. Pulmonary veins return oxygenated blood to the heart from the lungs. Pul-
monary arteries carry deoxygenated blood from the heart to the lungs for oxygen renewal. The
ascending aorta carries oxygenated blood from the left ventricle to all parts of the body. The su-
perior vena cava and coronary sinus carry deoxygenated blood to the right atrium.

4. The answer is B. The axons of the neurons carry impulses away from the cell bodies, and den-
drites carry impulses to the cell bodies. The axons contain sensory or motor fibers. Multipolar
neurons have several dendrites and one axon. The gray matter of the central nervous system
(CNS) consists largely of neuron cell bodies, dendrites, and neuroglia, whereas the white matter

consists largely of axons and neuroglia

5. The answer is D. Ventral, lateral, and dorsal horns and sympathetic chain ganglia contain

multipolar neurons, whereas the dorsal root ganglion contains unipolar or pseudounipolar neu-
rons. A laceration of the intercostal nerve injures general somatic efferent (GSE), postganglionic
sympathetic general visceral efferent (GVE), general visceral afferent (GVA), and general somatic
afferent (GSA) fibers, whose cell bodies are located in the anterior horn, sympathetic chain gan-
glia, and dorsal root ganglia.

6. The answer is B. Dorsal root ganglia consist of cell bodies of the unipolar or pseudounipolar
neurons and have no synapses. Axosomatic and axodendritic synapses are the most common,
but axoaxonal and dendrodendritic contacts are also found in many nerve tissues.

7. The answer is B. The lateral horns are found in the gray matter of the spinal cord between T1
and L2 and also between S2 and S4. Therefore, the lateral horns are absent at the L4 spinal cord level.

8. The answer is B. The atlantoaxial joint is the pivot or trochoid joint. The atlanto-occipital
joints are the condyloid (ellipsoidal) joints, the carpometacarpal joint of the thumb is the saddle
(sellar) joint, the proximal tibiofibular joint is plane (gliding) joint. The intervertebral disk is the

secondary cartilaginous (symphysis) joint.

9. The answer is C. Sensation from the skin is carried by general somatic afferent (GSA) fibers,
and their cells are unipolar or pseudounipolar types, located in the dorsal root ganglia. Multipo-
lar neurons and neurons in the ventral horn and in sympathetic chain ganglia are motor neu-
rons. Bipolar neurons are sensory neurons, but they are not somatic sensory neurons.

10. The answer is C. The large intestine absorbs water, salts, and electrolytes. Hence, the pa-

tient's diarrhea stems from an absorption problem. The stomach mixes food with mucus and gas-
tric juice, which contains hydrochloric acid and enzymes, and forms chyme. The small intestine
receives chyme, bile, and pancreatic juice; digestion and absorption of nutrients takes place in
this organ. The liver produces bile, whereas the pancreas secretes pancreatic juice, which contains
digestive enzymes and which releases hormones, insulin, and glucagons.
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11. The answer is E. The urinary system includes the kidneys, which remove wastes from the
blood and produce the urine; the ureters, which carries urine; the urinary bladder, which stores
urine; and the urethra, which conveys urine from the bladder to the exterior of the body. The
spleen filters blood to remove particulate matter and cellular residue, stores red blood cells, and
produces lymphocytes. Because the patient is not producing urine properly, the malfunctioning

organs are the kidneys.

12. The answer is B. The respiratory portion of the lung contains the alveolar (air) sacs or alve-
oli, which are surrounded by networks of pulmonary capillaries. Oxygen and carbon dioxide ex-
change occurs across the thin walls of the alveoli and blood capillaries with the aid of the di-
aphragm and thoracic cage. The nasal cavity, larynx, trachea, and bronchi are air-conducting
portions.

13. The answer is B. Fertilization occurs in the ampulla of the uterine tube and a fertilized
oocyte forms a blastocyst by day 7 after fertilization and becomes embedded or implanted in the
wall of the uterus during the progestational (secretory) phase of the menstrual cycle. Fertilization
is the process beginning with the penetration of the secondary oocyte by the sperm and com-

pleted by fusion of the male and female pronuclei.

14. The answer is B. The suprarenal gland is a retroperitoneal organ, and is a purely endocrine
gland. The pancreas is a retroperitoneal organ and contains endocrine cells, but it is not a purely

endocrine gland. The liver and stomach contain endocrine cells, but they are not purely en-
docrine glands and also are surrounded by peritoneum. The ovary contains endocrine cells and

is located in the pelvic cavity.

15. The answer is D. Skin has sweat glands and sebaceous glands, which are exocrine glands.
Skin produces vitamin D, but it not a trophic hormone, and skin does not produce vitamin A. In

addition, skin contains no general somatic efferent (GSE) and parasympathetic general visceral ef-
ferent (GVE) nerve fibers.



Upper Limb

BONES AND JOINTS

1W, Bones (Figure 2-1)

A. Clavicle (collarbone)

• Is a commonly fractured bone that forms the pectoral (shoulder) girdle with the

scapula, which connects the upper limb to the axial skeleton (sternum), by articulating

with the sternum at the sternoclavicular joint and with the acromion of the scapula at the
acromioclavicular joint.

• Has the medial two thirds tilted convex forward and the lateral one third flattened with a

marked concavity.
• Is the first bone to begin ossification during fetal development but it is the last one to

complete ossification, at about age 21 years.
• Is the only long bone to be ossified intermembranously.

$ 	 Fracture of the clavicle: results from a fall on the shoulder or outstretched hand or may

be caused by the obstetrician in breech (buttocks) presentation or may occur when the in-

fant presses against the maternal pubic symphysis during its passage through the birth canal. It occurs

in the junction of the middle and lateral thirds, which is the weakest point, and results in upward dis-

placement of the proximal fragment because of the pull of the sternocleidomastoid muscle and down-

ward displacement of the distal fragment because of the pull of the deltoid muscle and gravity. It may

cause injury to the brachial plexus (lower trunk), causing paresthesia (sensation of tingling, burning, and

numbness) in the area of the skin (medial brachial and antebrachial region) supplied by spinal cord seg-

ments C8 and T1 and also cause fatal hemorrhage from the subclavian vein and is responsible for

thrombosis of the subclavian vein, leading to pulmonary embolism.

B. Scapula (shoulder blade)
1. Spine of the scapula

• Is a triangular-shaped process that continues laterally as the acromion.

• Divides the dorsal surface of the scapula into the upper supraspinous and lower infra-

spinous fossae.
• Provides an origin for the deltoid and an insertion for the trapezius.

2. Acromion
• Is the lateral end of the spine and articulates with the clavicle.
• Provides an origin for the deltoid and an insertion for the trapezius.
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Figure 2 - 1 Pectoral girdle and humerus.
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3. Coracoid process
• Provides the origin of the coracobrachialis and biceps brachii and the insertion of the

pectoralis minor.
• Provides an attachment site for the coracoclavicular, coracohurneral, and coracoacro-

mial ligaments and the costocoracoid membrane.

4. Scapular notch
• Is bridged by the superior transverse scapular ligament and is converted into a foramen,

which permits passage of the suprascapular nerve.



Calcification of the superior transverse scapular ligament: may trap or compress the

suprascapular nerve as It passes through the scapular notch under the ligament, affecting

functions of the supraspinatus and infraspinatus muscles.

Fracture of the greater tuberosity: occurs by direct trauma or by violent contractions of

the supraspinatus muscle. The bone fragment has the attachments of the supraspinatus,

infraspinatus, and teres minor muscles, whose tendons form parts of the rotator cuff.
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5. Glenoid cavity
• Is deepened by the glenoid labrum for the head of the humerus.

6. Supraglenoid and infraglenoid tubercles
• Provide origins for the tendons of the long heads of the biceps brachii and triceps

brachii muscles, respectively.

C. Humerus (see Figure 2-1)
1. Head

• Has a smooth, rounded, articular surface and articulates with the scapula at the gleno-

humeral joint.
2. Anatomical neck

• Is an indentation distal to the head of the humerus and provides for the attachment of

the fibrous joint capsule.
3. Greater tubercle

• Lies just lateral to the anatomic neck and provides attachments for the supraspinatus,

infraspinatus, and teres minor muscles.

4. Lesser tubercle
• Lies on the anterior medial side of the humerus, just distal to the anatomic neck, and

provides an insertion for the subscapularis muscle.

Fracture of the lesser tuberosity: accompanies posterior dislocation of the shoulder

joint, and the bone fragment has the insertion of the subscapularis tendon

5. Intertubercular (bicipital) groove
• Lies between the greater and lesser tubercles, lodges the tendon of the long head of the

biceps brachii muscle, and is bridged by the transverse humeral ligament, which re-

strains the tendon of the biceps brachii long head.
• Provides insertions for the pectoralis major on its lateral lip, the teres major on its me-

dial lip, and the latissimus dorsi on its floor.
6. Surgical neck

• Is a narrow area distal to the tubercles that is a common site of fracture and is in con-

tact with the axillary nerve and the posterior humeral circumflex artery.

. Fracture of the surgical neck: may injure the axillary nerve and the posterior humeral

circumflex artery as they pass through the quadrangular space.

7. Deltoid tuberosity
• Ts a V-shaped roughened area on the lateral aspect of the midshaft that marks the in-

sertion of the deltoid muscle.
8. Spiral groove

• Contains the radial nerve, separating the origin of the lateral head of the triceps above

and the origin of the medial head below.
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Fracture of the shaft: may injure the radial nerve and deep brachial artery in the spiral

groove.

9. Trochlea
• Is the medial articular surface, shaped like a spool, and articulates with the trochlear

notch of the ulna.
10. Capitulum

• Is the lateral articular surface, globular in shape, and articulates with the head of the
radius.

11. Olecranon fossa
• Is a posterior depression above the trochlea of the humerus that houses the olecranon

of the ulna on full extension of the forearm.
12. Coronoid fossa

• Is an anterior depression above the trochlea of the humerus that accommodates the
coronoid process of the ulna on flexion of the elbow.

13. Radial fossa
• Is an anterior depression above the capitulum that is occupied by the head of the ra-

dius during full flexion of the elbow joint.
14. Lateral epicondyle

• Projects from the capitulum and provides the origin of the supinator and extensor mus-
cles of the forearm.

15. Medial epicondyle
• Projects from the trochlea and has a groove on the back for the ulnar nerve and supe-

rior ulnar collateral artery.
• Provides attachment sites for the ulnar collateral ligament, the pronator teres, and the

common tendon of the forearm flexor muscles.

Fracture of the medial epicondyle: may damage the ulnar nerve. This nerve may be

compressed in a groove behind the medial epicondyle "funny bone," causing numbness.

Supracondylar fractures: are common in children and occur when the child falls on the

outstretched hand with the elbow partially flexed and may injure the median nerve.

D. Radius (Figure 2-2)
• Is shorter than the ulna and is situated lateral to the ulna.
• Is characterized by displacement of the hand dorsally and radially when fractured at its dis-

tal end (Colles' fracture).
1. Head (proximal end)

• Articulates with the capitulum of the humerus and the radial notch of the ulna and
is surrounded by the annular ligament.

2. Distal end
• Articulates with the proximal row of carpal bones, including the scaphoid, lunate,

and triquetral bones but excluding the pisiform bone.
3. Radial tuberosity

• Is an oblong prominence just distal to the neck and provides an attachment site for
the biceps brachii tendon.

4. Styloid process
• Is located on the distal end of the radius and is about 1 cm distal to that of the ulna

and provides insertion of the brachioradialis muscle.

• Can be palpated in the proximal part of the anatomic snuffbox between the extensor
pollicis longus and brevis tendons.
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Figure 2 -2 Bones of the forearm and hand,

Colles' fracture of the wrist: is a fracture of the lower end of the radius in which the
.1 distal fragment is displaced (tilted) posteriorly, producing a characteristic bump described

as dinner (silver) fork deformity because the forearm and wrist resemble the shape of a dinner fork. If
the distal fragment is displaced anteriorly, it is called a reverse Cones' fracture (Smith's fracture).

E. Ulna (see Figure 2-2)
1. Olecranon

• Is the curved projection on the back of the elbow that provides an attachment site for

the triceps tendon.
2. Coronoid process

• Is located below the trochlear notch and provides an attachment site for the brachialis.
3. Trochlear notch

• Receives the trochlea of the humerus.
4. Ulnar tuberosity

• Is a roughened prominence distal to the coronoid process that provides an attachment

site for the brachialis.
5. Radial notch

• Accommodates the head of the radius.
6. Head (distal end)

• Articulates with the articular disk of the distal radioulnar joint and has a styloid

process.



Fracture of the scaphoid: occurs after a fall on the outstretched hand and may

damage the radial artery and cause avascular necrosis of the bone and degenerative

joint disease of the wrist. Fracture of the hamate may injure the ulnar nerve and artery because they

are in close proximity to the hook of the hamate. The ulnar nerve and artery may be compressed

in Guyon's canal formed by a bridge of the pisohamate ligament, the hook of the hamate, and the

pisiform.

Bennett's fracture: is a fracture of the base of the metacarpal of the thumb. Boxer's
fracture: is a fracture of the necks of the second and third metacarpals, seen in profes-

sions boxers, and typically of the fifth metacarpal in unskilled boxers.

2.11

Dislocation of the acromioclavicular joint: results from a fall on the shoulder with

the impact taken by the acromion or from a fall on the outstretched arm. It is called a

shoulder separation because the shoulder is separated from the clavicle when the joint dislocation

with rupture of the coracoclavicular ligament occurs.

cc 2.12
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E Carpal bones (see Figure 2-2)
• Are arranged in two rows of four (lateral to medial): Scaphoid, Lunate, Triquetrum, Pisi-

form, Trapezium, Trapezoid, Capitate, and Hamate (mnemonic device: Sandra Likes To
Pat Tom's Two Cold Hands). (Trapezium precedes trapezoid alphabetically.)
1. Proximal row (lateral to medial): scaphoid, lunate, triquetrum, and pisiform

• Except for the pisiform, articulates with the radius and the articular disk (the ulna has
no contact with the carpal bones). The pisiform is said to be a sesamoid bone con-
tained in the flexor carpi ulnaris tendon.

2. Distal row (lateral to medial): trapezium, trapezoid, capitate, and hamate

G. Metacarpals

• Are miniature long bones consisting of bases (proximal ends), shafts (bodies), and heads

(distal ends). Heads form the knuckles of the fist.

H. Phalanges

• Are miniature long bones consisting of bases, shafts, and heads. The heads of the proxi-
mal and middle phalanges form the knuckles.

• Occur in fingers (three each) and thumb (two).

.;  oints and Ligaments (see Figures 2-1, 2-2, and 2-3)

A. Acromioclavicular joint

• Is a synovial plane joint that allows a gliding movement when the scapula rotates and is
reinforced by the coracoclavicular ligament, which consists of the conoid and trapezoid

ligaments.

B. Sternoclavicular joint
• Is a double synovial plane (gliding) joint and united by the fibrous capsule.
• Is reinforced by the anterior and posterior sternoclavicular, interclavicular, and costoclav-

icular ligaments.
• Allows elevation and depression, protraction and retraction, and circumduction of the

shoulder.
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Figure 2 - 3 Shoulder joint with bursae and rotator cuff. A: Anterior view; B: Coronal section.

C. Shoulder (glenohumeral) joint
• Is a synovial hall-and -socket joint between the glenoid cavity of the scapula and the head

of the humerus. Both articular surfaces are covered with hyaline cartilage.
• Is surrounded by the fibrous capsule that is attached superiorly to the margin of the gle-

noid cavity and inferiorly to the anatomic neck of the humerus. The capsule is reinforced
by the rotator cuff, the glenohumeral ligaments, and the coracohumeral ligaments.

• Has a cavity that is deepened by the fibrocartilaginous glenoid labrum; communicates

with the subscapular bursa; and allows abduction and adduction, flexion and extension,

and circumduction and rotation.
• Is innervated by the axillary, suprascapular, and lateral pectoral nerves.
• Receives blood from branches of the suprascapular, anterior and posterior humeral cir-

cumflex, and scapular circumflex arteries.
• May be subject to inferior or anterior dislocation, which stretches the fibrous capsule,

avulses the glenoid labrum, and may injure the axillary nerve.

-0 Inferior dislocation of the humerus: is not uncommon because the inferior aspect

of the shoulder joint is not supported by muscle tendons of the rotator cuff. It may

damage the axillary nerve and the posterior humeral circumflex vessels.

4	 Referred pain to the shoulder: most probably indicates involvement of the phrenic

nerve icr diaphragm). The supraclavicular nerve (C3-C4), which supplies sensory fibers

over the shoulder, has the same origin as the phrenic nerve (C3-051, which supplies the diaphragm.

1. Rotator (musculotendinous) cuff (see Figure 2-3)

• Is formed by the tendons of the subscapularis, supraspinatus, infraspinatus, and

teres minor muscles; fuses with the joint capsule; and provides mobility.
• Keeps the head of the humerus in the glenoid fossa during movements and thus sta-

bilizes the shoulder joint.



Rupture of rotator cuff may occur by a chronic wear and tear or an acute fall on the

outstretched arm and is manifested by severe limitation of shoulder joint motion but

chiefly abduction. A rupture of the rotator cuff, particularly attrition of the supraspinatus tendon by fric-

tion among middle-aged persons, ultimately causes degenerative inflammatory changes (degenerative

tendonitis) of the rotator cuff, or this attrition of the supraspinatus tendon and the underlying joint cap-

sule leads to an open communication between the shoulder joint cavity and the subacromial bursa,

which is subject to inflammation (subacromial bursitis), resulting in a painful abduction of the arm or a

painful shoulder.

cc 2.15

UPPER LIMB 25

2. Ligaments of the shoulder joint
a. Glenohumeral ligaments

• Extend from the supraglenoid tubercle to the upper part of the lesser tubercle of
the humerus (superior glenohumeral ligament), to the lower anatomic neck of
the humerus (middle glenohumeral ligament), and to the lower part of the lesser

tubercle of the humerus (inferior glenohumeral ligament).
b. Transverse humeral ligament

• Extends between the greater and lesser tubercles, and holds the tendon of the long
head of the biceps in the intertubercular groove.

c. Coracohumeral ligament
• Extends from the coracoid process to the greater tubercle.

d. Coracoacromial ligament
• Extends from the coracoid process to the acromion.

3. Bursae around the shoulder
• Form a lubricating mechanism between the rotator cuff and the coracoacromial

arch during movement of the shoulder joint.
a. Subacromial bursa

• Lies between the coracoacromial arch and the supraspinatus muscle, and usually
communicates with the subdeltoid bursa.

• Protects the supraspinatus tendon against friction with the acromion.
b. Subdeltoid bursa

• Lies between the deltoid muscle and the shoulder joint capsule and usuall y com-
municates with the subacromial bursa.

• Facilitates the movement of the deltoid muscle over the joint capsule and the
supraspinatus tendon.

c. Subscapular bursa
• Lies between the subscapularis tendon and the neck of the scapula.

• Communicates with the synovial cavity of the shoulder joint.

D. Elbow joint
• Forms a synovial hinge joint, consisting of the humeroradial and humeroulnar joints,

and allows flexion and extension.
• Also includes the proximal radioulnar (pivot) joint, within a common articular capsule.

• Is innervated by the musculocutaneous, median, radial, and ulnar nerves.
• Receives blood from the anastomosis formed by branches of the brachial artery and recur-

rent branches of the radial and ulnar arteries.
• Is reinforced by the following ligaments:

1. Annular ligament
• Is a fibrous band that forms nearly four-fifths of a circle around the head of the ra-

dius; the radial notch forms the remainder.
• Forms a collar around the head of the radius, fuses with the radial collateral ligament

and the articular capsule, and prevents withdrawal of the head of the radius from its
socket.

2. Radial collateral ligament
• Extends from the lateral epicondyle to the anterior and posterior margins of the ra-

dial notch of the ulna and the annular ligament of the radius.
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3. Ulnar collateral ligament
• Is triangular and is composed of anterior, posterior, and oblique bands.
• Extends from the medial epicondyle to the coronoid process and the olecranon of the

ulna.

E. Proximal radioulnar joint
• Forms a synovial pivot joint in which the head of the radius articulates with the radial

notch of the ulna and allows pronation and supination.

F. Distal radioulnar joint

• Forms a synovial pivot joint between the head of the ulna and the ulnar notch of the ra-

dius and allows pronation and supination.

G. Wrist (radiocarpal) joint
• Is a synovial condylar joint formed superiorly by the radius and the articular disk and in-

feriorly by the proximal row of carpal bones (scaphoid, lunate, and rarely triquetrum), ex-

clusive of the pisiform.
• Has a capsule that is strengthened by radial and ulnar collateral ligaments and dorsal and

palmar radiocarpal ligaments.
• Allows flexion and extension, abduction and adduction, and circumduction.

H. Midcarpal joint

• Forms a synovial plane joint between the proximal and distal rows of carpal bones and al-

lows gliding and sliding movements.
• Is a compound articulation: laterally the scaphoid articulates with the trapezium and

trapezoid, forming a plane joint; and medially the scaphoid, lunate, and triquetrum ar-
ticulate with the capitate and hamate, forming a condylar (ellipsoidal type) joint.

Carpometacarpal joints
• Form synovial saddle (sellar) joints between the carpal bone (trapezium) and the first

metacarpal bone, allowing flexion and extension, abduction and adduction, and circum-
duction.

• Also form plane joints between the carpal bones and the medial four metacarpal bones,

allowing a simple gliding movement.

J. Metacarpophalangeal joints
• Are condyloid joints, supported by a palmar ligament and two collateral ligaments, and

allow flexion and extension and abduction and adduction.

K. Interphalangeal joints
• Are hinge joints, supported by a palmar ligament and two collateral ligaments, and allow

flexion and extension.

CUTANEOUS NERVES, SUPERFICIAL VEINS,
AND LYMPHATICS

1111. Cutaneous Nerves (Figure 2-4)

A. Supraclavicular nerve
• Arises from the cervical plexus (C3, C4) and innervates the skin over the upper pectoral,

deltoid, and outer trapezius areas.

B. Medial brachial cutaneous nerve
• Arises from the medial cord of the brachial plexus and innervates the medial side of the arm.
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cutaneous nerve	 1	 cutaneous nerve

Figure 2-4 Cutaneous nerves of the upper limb.

C. Medial antebrachial cutaneous nerve
• Arises from the medial cord of the brachial plexus and innervates the medial side of the

forearm.

D. Lateral brachial cutaneous nerve
• Arises from the axillary nerve and innervates the lateral side of the arm.

E. Lateral antebrachial cutaneous nerve
• Arises from the musculocutaneous nerve and innervates the lateral side of the forearm.

F. Posterior brachial and antebrachial cutaneous nerves
• Arise from the radial nerve and innervate the posterior sides of the arm and forearm,

respectively.

G. Intercostobrachial nerve
• Is the lateral cutaneous branch of the second intercostal nerve and emerges from the sec-

ond intercostal space by piercing the intercostal and serratus anterior muscles.
• May communicate with the medial brachial cutaneous nerve.
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El Superficial Veins of the Upper Limb (Figure 2-5)

A, Cephalic vein
• Begins as a radial continuation of the dorsal venous network, runs on the lateral side, and

is often connected with the basilic vein by the median cubital vein in front of the elbow.
• Ascends along the lateral surface of the biceps, pierces the brachial fascia, and lies in the

deltopectoral triangle with the deltoid branch of the thoracoacromial trunk.
• Pierces the costocoracoid membrane of the clavipectoral fascia and empties into the axil-

lary vein.

B. Basilic vein
• Arises from the dorsal venous arch of the hand and accompanies the medial antebrachial

cutaneous nerve on the posteromedial surface of the forearm and passes anterior to the
medial epicondyle.

• Pierces the deep fascia of the arm and joins the two brachial veins, the venae comitantes of

the brachial artery, to form the axillary vein at the lower border of the teres major muscle.

C. Median cubital vein
• Connects the cephalic vein to the basilic vein over the cubital fossa.
• Lies superficial to the bicipital aponeurosis, and thus separates it from the brachial artery,

which is vulnerable to be punctured during intravenous injections and blood transfusions.

D. Median antebrachial vein
• Arises in the palmar venous network, ascends on the front of the forearm, and terminates

in the median cubital or the basilic vein.

Figure 2-5 Venous drainage of the upper limb.
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E. Dorsal venous network
• Receives dorsal digital veins by means of dorsal metacarpal veins.
• Also receives palmar digital veins by means of intercapitular and palmar metacarpal veins and

continues proximally as the cephalic vein (radial part) and as the basilic vein (ulnar part).

Superficial Lymphatics and Axillary Lymph Nodes

A. Lymphatics of the finger

• Drain into the plexus on the dorsum and palm of the hand.

B. Medial group of lymphatic vessels

• Accompanies the basilic vein; passes through the cubital or supratrochlear nodes; and as-

cends to enter the lateral axillary nodes, which drain first into the central axillary nodes
and then into the apical axillary nodes.

C. Lateral group of lymphatic vessels

• Accompanies the cephalic vein and drains into the lateral axillary nodes and also into
the deltopectoral (infraclavicular) node, which then drain into the apical nodes.

D. Axillary lymph nodes (Figure 2-6)

1. Central nodes
• Lie near the base of the axilla between the lateral thoracic and subscapular veins; re-

ceive lymph from the lateral, pectoral, and posterior groups of nodes; and drain into
the apical nodes.

2. Lateral (brachial) nodes
• Lie posteromedial to the axillary veins, receive lymph from the upper limb, and drain

into the central nodes.
3. Subscapular (posterior) nodes

• Lie along the subscapular vein, receive lymph from the posterior thoracic wall and the
posterior aspect of the shoulder, and drain into the central nodes.

Figure 2-6 Lymphatic drainage of the

breast and axillary lymph nodes.
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4. Pectoral (anterior) nodes
• Lie along the inferolateral border of the pectoralis minor muscle; receive lymph from the

anterior and lateral thoracic walls, including the breast; and drain into the central nodes.

5. Apical nodes
• Lie at the apex of the axilla medial to the axillary vein and above the upper border of

the pectoralis minor muscle, receive lymph from all of the other axillary nodes (and oc-

casionally from the breast), and drain into the subclavian trunks.

PECTORAL REGION AND AXILLA

Fasciae of the Pectoral and Axillar Regions

A. Clavipectoral fascia
• Extends between the coracoid process, the clavicle, and the thoracic wall.
• Includes the muscle fascia that envelops the subclavius and pectoralis minor muscles, the

strong membrane (costocoracoid membrane) formed in the interval between two muscles,

and the suspensory ligament of the axilla that is continuous downward and blends with
the axillary fascia, maintaining the hollow of the armpit.

B. Costocoracoid membrane
• Is a part of the clavipectoral fascia that covers the deltopectoral triangle and an interval be-

tween the subclavius and pectoralis minor muscles, but a thickened part between the first

rib and the coracoid process is the costocoracoid ligament.
• Is pierced by the cephalic vein, the thoracoacromial artery, and the lateral pectoral nerve.

C. Pectoral fascia
• Covers the pectoralis major muscle, is attached to the sternum and clavicle, and is con-

tinuous with the axillary fascia.

D. Axillary fascia
• Is continuous anteriorly with the pectoral and clavipectoral fasciae, laterally with the

brachial fascia, and posteromedially with the fascia over the latissimus dorsi and serratus
anterior muscles.

• Ascends and invests the pectoralis minor as the suspensory ligament of the axilla that

forms the hollow of the armpit by traction when the arm is abducted.

E. Axillary sheath
• Is a fascial prolongation of the prevertebral layer of the deep cervical fascia into the axilla,

enclosing the axillary vessels and the brachial plexus.

Breast and Mammary Gland (Figure 2-7)

A. Breast
• Consists of mammary gland tissue, fibrous and fatty tissue, blood and lymph vessels, and

nerves.
• Extends from the second to sixth ribs and from the sternum to the midaxillary line and is

divided into the upper and lower lateral and medial quadrants.
• Has mammary glands, which lie in the superficial fascia.
• Is supported by the suspensory ligaments (Cooper's ligaments), which are strong fibrous

processes that run from the dermis of the skin to the deep layer of the superficial fascia

through the breast.
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Figure 2-7 Breast.

• Has a nipple, which usually lies at the level of the fourth intercostal space.

• Has an areola, which is a ring of pigmented skin around the nipple.

• Receives blood from the medial mammary branches of the anterior perforating branches

of the internal thoracic artery, the lateral mammary branches of the lateral thoracic

artery, the pectoral branches of the thoracoacromial trunk, and lateral cutaneous branches

of the posterior intercostal arteries.

• Is innervated by the anterior and lateral cutaneous branches of the second to sixth inter-

costal nerves.
• May have presence of more than one pair of breasts (polymastia), more than one pair of

nipples (polythelia), absence of breasts (amastia), and absence of nipples (athelia).

B. Mammary gland
• Is a modified sweat gland located in the fatty superficial fascia.

• Has the axillary tail, a small part of the mammary gland that extends superolaterally

sometimes through the deep fascia to lie in the axilla.
• Is separated from the deep fascia covering the underlying muscles by an area of loose are-

olar tissue known as the retromammary space, which allows the breast some degree of

movement over the pectoralis major muscle.
• Has 15 to 20 lobes of glandular tissue, which are separated by fibrous septa that radiate

from the nipple. Each lobe opens by a lactiferous duct onto the tip of the nipple, and each

duct enlarges to form a lactiferous sinus, which serves as a reservoir for milk during lac-

tation.
• Usually warrants radial incisions to avoid spreading any infection and damaging the lact-

iferous ducts.

Mammography: is a radiographic examination of the breast to screen for benign

and malignant tumors and cysts. It plays a central part in early detection of breast

cancers. 



Breast cancer: occurs in the upper lateral quadrant (about 60% of cases) and forms

a palpable mass in advanced stages. It enlarges, attaches to Cooper's ligaments, and

produces shortening of the ligaments, causing depression or dimpling of the overlying skin. It may

also attach to and shorten the lactiferous ducts, resulting in a retracted or inverted nipple. It may in-

vade the deep fascia of the pectoralis major muscle, so that contraction of the muscle produces a sud-

den upward movement of the entire breast.

Radical mastectomy: is extensive surgical removal of the breast and its related

structures, including the pectoralis major and minor muscles, axillary lymph nodes and

fascia, and part of the thoracic wall. It may injure the long thoracic and thoracodorsal nerves and may

cause postoperative swelling (edema) of the upper limb as a result of lymphatic obstruction caused by

removal of most of the lymphatic channels that drain the arm or by venous obstruction caused by

thrombosis of the axillary vein.

Modified radical mastectomy: involves excision of the entire breast and axillary lymph

nodes, with preservation of the pectoralis major and minor muscles. (The pectoralis mi-

nor muscle is usually retracted or severed near its insertion into the coracoid process.)
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Lumpectomy (tylectomy): is surgical excision of only the palpable mass in carcinoma

of the breast.

C. Lymphatic drainage (see Figure 2-6)
• Removes lymphatic fluid from the lateral quadrants into the axillary nodes and the medial

quadrants into the parasternal (internal thoracic) nodes.
• Drains primarily (75%) to the axillary nodes, more specifically to the pectoral (anterior)

nodes (including drainage of the nipple).
• Follows the perforating vessels through the pectoralis major muscle and the thoracic wall to

enter the parasternal (internal thoracic) nodes, which lie along the internal thoracic artery.

• Also drains to the apical nodes and may connect to lymphatics draining the opposite

breast and to lymphatics draining the anterior abdominal wall.
• Is of great importance in view of the frequent development of cancer and subsequent dis-

semination of cancer cells through the lymphatic stream.

Axilla 

• Is a pyramidal region between the upper thoracic wall and the arm.

A. Boundaries of the axilla
1. Medial wall: upper ribs and their intercostal muscles and serratus anterior muscle

2. Lateral wall: humerus
3. Posterior wall: subscapularis, teres major, and latissimus dorsi muscles

4. Anterior wall: pectoralis major and pectoralis minor muscles

5. Base: axillary fascia
6. Apex: interval between the clavicle, scapula, and first rib

B. Contents of the axilla
• Include the axillary vasculature, branches of the brachial plexus, lymph nodes, and areo-

lar tissue.

Muscles of the Pectoral Region and Axilla (Figure 2-8; Table 2-1)



Subclavius muscle

Clavicley„/

Acromion //s/

Coracoid process 	
Deltopectoral triangle/rf

Deltoid muscle 	

Pectoralis major muscle

Pectoralis minor muscle

Pectoralis major muscle

Sternum

UPPER LIMB 33

Figure 2-8 Muscles of the pectoral region.

Brachial Plexus (see Figure 2-16)

• Is described in terms of its formation; branches from the roots, trunks, and cords; and distri-
bution (see Nerves: I).

Axillar Arter and Vein (see Figures 2-19 and 2-20)

• Are described in terms of their courses and branches (or tributaries) (see Blood Vessels: II, VI.C.)

TABLE 2-1 Muscles of the Pectoral Region and Axilla

Muscle Origin Insertion Nerve Action

Pectoralis

major

Medial half of clavicle;

manubrium and

Lateral lip of
intertubercular

Lateral and

medial
Flexes, adducts,

and medially

body of sternum;

upper six costal

cartilages

groove of

humerus

pectoral rotates arm

Pectoralis Third, fourth, and Coracoid Medial (and Depresses

minor fifth ribs process of

scapula

lateral) pectoral scapula;

elevates ribs

Subclavius Junction of first rib Inferior surface Nerve to Depresses

and costal cartilage of clavicle subclavius lateral part of
clavicle

Serra tus Upper eight ribs Medial border Long thoracic Rotates scapula

anterior of scapula upward; abducts
scapula with
arm and elevates

it above the

horizontal



Muscle

Deltoid

Teres minor

Latissimus
dorsi

Origin

Lateral third of
clavicle,
acromion, and
spine of scapula

Upper portion of
lateral border of

scapula

Spines of T7-T12

thoracolumbar

fascia, iliac crest,
ribs 9-12

Insertion

Deltoid

tuberosity of

humerus

Medial lip of
intertubercular

groove of

humerus

Lower facet of

greater tubercle

of humerus

Floor of bicipital

groove of

humerus

Action

Abducts,

adducts,
flexes, extends,
and rotates arm
medially and
laterally

Abducts arm

Nerve

Axillary

Superior facet of	 Suprascapular

greater tubercle

of humerus

Middle facet of

greater tubercle

of humerus

Lesser tubercle

of humerus

Suprascapular	 Rotates arm

laterally

Upper and	 Adducts and

lower	 rotates arm

subscapular	 medially
Lower	 Adducts and

subscapular	 rotates arm
medially

Supraspinatus	 Supraspinous
fossa of scapula

Infraspinatus	 Infraspinous fossa

Subscapularis	 Subscapular fossa

Teres major	 Dorsal surface of
inferior angle of

scapula

Axillary	 Rotates arm

laterally

Thoracodorsal	 Adducts,

extends, and

rotates arm

medially
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'IL Axillary Lymph Nodes (see Cutaneous Nerves, Superficial Veins, and

Lymphatics: M.D.; see Figure 2-6)

SHOULDER REGION

Muscles of the Shoulder Region (See Figure 2-10; Table 2-2)

iiaascumeassence,
Structures of the Shoulder Region (Figures 2-9 and 2-10)

A. Quadrangular space
• Is bounded superiorly by the teres minor and subscapularis muscles, inferiorly by the teres

major muscle, medially by the long head of the triceps, and laterally by the surgical neck

of the humerus.
• Transmits the axillary nerve and the posterior humeral circumflex vessels.

B. Triangular space (upper)
• Is bounded superiorly by the teres minor muscle, inferiorly by the teres major muscle, and

laterally by the long head of the triceps.
• Contains the circumflex scapular vessels.

C. Triangular space (lower)
• Is formed superiorly by the teres major muscle, medially by the long head of the triceps,

and laterally by the medial head of the triceps.
• Contains the radial nerve and the profunda brachii (deep brachial) artery.

TABLE 2-2



A
Manubrium

Pectoralis major

Pectoralis minor

Su bscapu I aris

Supraspinatus

Latissimus
dorsi

Teres minor
Infraspinatus

Trapezius

Acromion

Anatomical neck

Scapular notch

—44-- Surgical neck

t glenoid tubercle
Infra-

Humerus
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Trachea

Figure 2-9 Views

B

 of the shoulder region. A: Transverse computed tomography (C I') image through the shoul-

ders and upper thorax. B: Radiograph of the shoulder region in an 11-year-old boy.

D. Triangle of auscultation
• Is bounded by the upper border of the latissimus dorsi muscle, the lateral border of the

trapezius muscle, and the medial border of the scapula; its floor is formed by the rhomboid

major muscle.
• Is the site at which breathing sounds are heard most clearly.

Arteries

A. Suprascapular artery (see Blood Vessels: I.A.)

B. Dorsal scapular or descending scapular artery (see Blood Vessels: I.B.)



Thyocervical trunk

Inferior thyroid artery

Transverse cervical artery

Suprascapular artery

Suprascapular
nerve

Subclavian
artery

Transverse cervical
artery (deep branch)

Dorsal scapular
nerve

Teres major
muscle

Teres minor muscle

Axillary nerve

Posterior humeral
circumflex artery

Profunda brachii
artery

Medial head of triceps
I	 brachii muscle

	 Lateral head of triceps
brachii muscle

Long head triceps brachii muscle

Scapular circumflex
artery
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Figure 2-10 Structures of the shoulder region.

C. Arterial anastomoses around scapular
• Occur between three groups of arteries: (a) suprascapular, descending scapular, and cir-

cumflex scapular arteries; (b) acromial and posterior humeral circumflex arteries; and

(c) descending scapular and posterior intercostal arteries.

1111: Nerves

A. Suprascapular nerve (C5–C6) [see Nerves: I.B.1.]

B. Dorsal scapular nerve (see Nerves: I.A.1.)

Shoulder Joint and Associated Structures

A. Shoulder joint (see Bones and Joints: II.C.)

B. Acromioclavicular joint (see Bones and Joints: ILA.)

ARM AND FOREARM

Structures of the Arm and Forearm

A. Brachial intermuscular septa

• Extend from the brachial fascia, a portion of the deep fascia, enclosing the arm.
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• Consist of medial and lateral intermuscular septa, which divide the arm into the anterior com-

partment (flexor compartment) and the posterior compartment (extensor compartment).

B. Cubital fossa
• Is a V-shaped interval on the anterior aspect of the elbow that is bounded laterally by the

brachioradialis muscle and medially by the pronator teres muscle.

• Has an upper limit that is an imaginary horizontal line connecting the epicondyles of the
humerus, with a floor formed by the brachialis and supinator muscles.

• Has a lower end where the brachial artery divides into the radial and ulnar arteries, with a

fascial roof strengthened by the bicipital aponeurosis.

• Contains (from lateral to medial) the Radial nerve, Biceps tendon, Brachial artery, and

Median nerve (mnemonic device: Ron Beats Bad Men).

C. Bicipital aponeurosis
• Originates from the medial border of the biceps tendon.

• Lies on the brachial artery and the median nerve and passes downward and medially to

blend with the deep fascia of the forearm.

D. Interosseous membrane of the forearm
• Is a broad sheet of dense connective tissue that extends between the radius and the ulna.

Its proximal border and the oblique cord (which extends from the ulnar tuberosity to the
radius) form a gap through which the posterior interosseous vessels pass.

• Is pierced (distally) by the anterior interosseous vessels.
• Provides extra surface area for attachment of the deep extrinsic flexor, extensor, and ab-

ductor muscles of the hand.

E. Characteristics of the arm and forearm
1. Carrying angle

• Is formed laterally by the axis of the arm and forearm when the elbow is extended, be-
cause the medial edge of the trochlea projects more inferiorly than its lateral edge.

• Is wider in women than in men and disappears when the forearm is flexed or pronated.

2. Pronation and supination
• Occur at the proximal and distal radioulnar joints and have unequal strengths, with

supination being the stronger.
• Are movements in which the upper end of the radius nearly rotates within the annular

ligament.
a. Supination. The palm faces forward (lateral rotation).

b. Pronation. The radius rotates over the ulna, and thus the palm faces backward (me-

dial rotation about a longitudinal axis, in which case the shafts of the radius and

ulna cross each other).

rnim Tennis elbow (lateral epicondylitis): is caused by a chronic inflammation or irritation of

the origin (tendon) of the extensor muscles of the forearm from the lateral epicondyle

of the humerus, as a result of unusual or repetitive strain. It is a painful condition and common in tennis

players and violinists.

Golfer's elbow (medial epicondylitis): is a painful condition caused by a small tear or

an inflammation or irritation in the origin of the flexor muscles of the forearm from the
medial epicondyle. ft is similar to tennis elbow, which affects the other side of the elbow. Treatment

may include injection of glucocorticoids into the inflamed area or avoidance of repetitive bending (flex-

ing) of the forearm, not to compress the ulnar nerve.

Cubital tunnel syndrome: is compression on the ulnar nerve behind the medial epi-

condyle (funny bone) causing numbness and tingling in the ring and little fingers. The

tunnel is formed by the medial epicondyle and the muscles and ligaments surrounding this bone.
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TAKE 2-3 ..Muscles of the Arm

Muscle
	

Origin
	

Insertion
	

Nerve
	

Action

Coracobrachialis	 Coracoid process	 Middle third	 Musculocutaneous	 Flexes and

of medial	 adducts arm

surface of

humerus

Biceps brachii	 Long head,	 Radial tuber-	 Musculocutaneous	 Flexes arm and

supraglenoid	 osity of radius	 forearm,

tubercle; short	 supinates

head, coracoid	 forearm

process

Brachialis	 Lower anterior	 Coronoid	 Musculocutaneous	 Flexes forearm

surface of	 process of
humerus	 ulna and

ulnar

tuberosity

Triceps	 Long head,	 Posterior	 Radial	 Extends

infraglenoid	 surface of	 forearm

tubercle; lateral	 olecranon

head, superior to	 process of

radial groove of	 ulna

humerus; medial

head, inferior to
radial groove

Anconeus	 Lateral epicondyle	 Olecranon	 Radial	 Extends

of humerus	 and upper	 forearm

posterior

surface of

ulna

Muscles of the Arm (Table 2-3)

Muscles of the Anterior Forearm (Table 2-4)

• Muscles of the Posterior Forearm (Table 2-5)

Nerves of the Arm and Forearm        

• Include the musculocutaneous, median, radial, and ulnar nerves (see Nerves: II.).

Arteries of the Arm and Forearm

• Include the brachial, radial, and ulnar arteries and their branches (see Blood Vessels: III–V).

HAND

Structures of the Hand (Figures 2-11 and 2-12)



Dupuytren's contracture: is a progressive thickening, shortening, and fibrosis of the

palmar fascia, especially the palmar aponeurosis, producing a flexion deformity of fin-
gers in which the fingers are pulled toward the palm (inability fully to extend fingers) especially the third

and fourth fingers.
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TABLE 2-4 Muscles of the Anterior Forearm

Muscle Origin Insertion Nerve Action

Pronator Medial epicondyle Middle of Median Pronates and

teres and coronoid

process of ulna

lateral side of

radius

flexes forearm

Flexor carpi

radialis

Medial epicondyle

of humerus

Bases of second

and third

metacarpals

Median Flexes forearm,

flexes and

abducts hand

Palamaris Medial epicondyle Flexor Median Flexes forearm

longus of humerus retinaculum,

palmar

aponeurosis

and hand

Flexor carpi Medial epicondyle Pisiform, hook Ulnar Flexes forearm;

ulnaris (humeral head); of hamate, and flexes and

medial olecranon,

and posterior border
of ulna (ulnar head)

base of fifth

metacarpal

adducts hand

Flexor

digitorum

superficialis

Medial epicondyle,

coronoid process,

oblique line of

radius

Middle phalanges

of finger

Median Flexes proximal

interphalangeal

joints, flexes

hand and

forearm

Flexor Anteromedial Bases of distal Ulnar and Flexes distal

digitorum
profundus

surface of ulna,

interosseous

membrane

phalanges of

fingers

median interphalangeal

joints and hand

Flexor Anterior surface of Base of distal Median Flexes thumb

pollicis radius, interosseous phalanx of

longus membrane, and

coronoid process

thumb

Pronator Anterior surface of Anterior surface Median Pronates

quadratus distal ulna of distal radius forearm

A. Extensor retinaculum
• Is a thickening of the antebrachial fascia on the back of the wrist, is subdivided into com-

partments, and places the extensor tendons beneath it.
• Extends from the lateral margin of the radius to the styloid process of the ulna, the pisi-

form, and the triquetrum.

• Is crossed superficially by the superficial branch of the radial nerve.

B. Palmar aponeurosis
• Is a triangular fibrous layer overlying the tendons in the palm and is continuous with the

palmaris longus tendon, the thenar and hypothenar fasciae, the flexor retinaculum, and
the palmar carpal ligament.

• Protects the superficial palmar arterial arch, the palmar digital nerves, and the long flexor
tendons.

Volkmann's contracture: is an ischemic muscular contracture (flexion deformity) of the

fingers and sometimes of the wrist resulting from ischemic necrosis of the forearm

flexor muscles resulting from pressure injury or a tight cast. The muscles are replaced by fibrous tissue,

which contracts, producing the deformity.



Muscle
	

Origin

Brachioradialis	 Lateral supra-

condylar ridge
of humerus

Extensor carpi	 Lateral supra-

radialis longus	 condylar ridge

of humerus

Extensor carpi	 Lateral epicondyle
radialis brevis	 of humerus

Extensor
	

Lateral epicondyle
digitorum	 of humerus

Extensor digiti	 Common extensor

minimi tendon and

interosseous

membrane

Extensor carpi	 Lateral epicondyle

ulnaris	 and posterior

surface of ulna

Supinator	 Lateral epicondyle,

radial collateral and

annular ligaments,

supinator fossa and

crest of ulna

Abductor	 Interosseous

pollicis longus membrane, middle

third of posterior

surfaces of radius

and ulna
Extensor	 Interosseous

pollicis longus membrane and

middle third of

posterior surface
of ulna

Extensor	 Interosseous

pollicis brevis	 membrane and

posterior surface of

middle third of

radius
Extensor indicis	 Posterior surface of

ulna and

interosseous

membrane

Insertion
	

Nerve	 Action

Base of radial
	

Radial	 Flexes forearm

styloid process

Dorsum of	 Radial	 Extends and

base of second	 abducts hand

metacarpal

Posterior base	 Radial	 Extends and

of third	 abducts hands

metacarpal

Extensor expan-	 Radial	 Extends fingers

sion, base of	 and hand

middle and

digital

phalanges

Extensor expan-	 Radial	 Extends little

sion, base of	 finger

middle and

distal

phalanges

Base of fifth	 Radial	 Extends and

metacarpal	 adducts hand

Lateral side of

upper part

of radius

Lateral surface

of base of first

metacarpal

Radial	 Supinates

forearm

Radial	 Abducts thumb

and hand

Base of distal

Phalanx of

thumb

Base of

proximal

phalanx of

thumb

Extensor
expansion of

index finger

Radial Extends distal
phalanx of

thumb and

abducts hand

Radial	 Extends proxi-

mal phalanx

of thumb

and abducts

hand

Radial	 Extends index

finger
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TABLE 2-5 Muscle, of the Posterior Forearm

C. Pa'mar carpal ligament
• Is a thickening of deep antebrachial fascia at the wrist, covering the tendons of the flexor

muscles, median nerve, and ulnar artery and nerve, except palmar branches of the median

and ulnar nerves.

D. Flexor retinaculum (see Figure 2-11)
• Serves as an origin for muscles of the thenar eminence.
• Forms a carpal (osteofascial) tunnel on the anterior aspect of the wrist.



Adductor pollicis muscle Lumbrical muscles

Flexor pollicis brevis muscle

Abductor pollicis brevis muscle

Opponens pollicis muscle

Opponens digiti minimi muscle

Abductor digiti minimi brevis muscle

Flexor retinaculum

Tendon of flexor
digitorum profunus muscle

Lumbrical muscles

Tendon of flexor digitorum
superficialis muscle

Tendon of palmaris longus muscle

Tendon of flexor pollicis longus muscle

Carpal tunnel syndrome: is caused by compression of the median nerve due to the
reduced size of the osseofibrous carpal tunnel, resulting from inflammation of the

flexor retinaculum, arthritic changes in the carpal bones, or inflammation or thickening of the synovial

sheaths of the flexor tendons. It leads to pain and paresthesia (tingling, burning, and numbness) in the

hand in the area supplied by the median nerve and may also cause atrophy of the thenar muscles in

cases of severe compression. However, no paresthesia occurs over the thenar eminence of skin be-

cause this area is supplied by the palmar cutaneous branch of the median nerve.
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Figure 2 - 11 Superficial muscles of the hand.

• Is attached medially to the triquetrum, the pisiform, and the hook of the hamate and lat-

erally to the tubercles of the scaphoid and trapezium.
• Is crossed superficially by the ulnar nerve, ulnar artery, palmaris longus tendon, and

palmar cutaneous branch of the median nerve.

L. Carpal tunnel
• Is formed anteriorly by the flexor retinaculum and posteriorly by the carpal bones.
• Transmits the median nerve and the tendons of flexor pollicis longus, flexor digitorum

profundus, and flexor digitorum superficialis muscles.

F. Fascial spaces of the palm
• Are fascial spaces deep to the palmar aponeurosis and divided by a midpalmar (oblique)

septum into the thenar space and the midpalmar space.



Dorsal interosseous
muscles

Adductor pollicis muscle

Flexor pollicis brevis muscle

Opponens pollicis muscle

Tendon of flexor digitorum
profundus muscle

Tendon of flexor digitorum
superficialis muscle

	 Fibrous digital sheath
Palmer interosseous muscles

Opponens digiti minimi muscle
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Figure 2-12 Deep muscles of the hand.

1. Thenar space
• Is the lateral space that contains the flexor pollicis longus tendon and the other flexor

tendons of the index finger.
2. Midpalmar space

• Is the medial space that contains the flexor tendons of the medial three digits.

G. Synovial flexor sheaths
1. Common synovial flexor sheath (ulnar bursa)

• Envelops or contains the tendons of both the flexor digitorum superficialis and pro-

fundus muscles.
2. Synovial sheath for flexor pollicis longus (radial bursa)

• Envelops the tendon of the flexor pollicis longus muscle.

cc 2.27 Tenosynovitis: is an inflammation of the tendon and synovial sheath, and puncture
injuries cause infection of the synovial sheaths of the digits. The tendons of the sec-

ond, third, and fourth digits have separate synovial sheaths so that the infection is confined to the in-
fected digit, but rupture of the proximal ends of these sheaths allows the infection to spread to the
midpalmar space. The synovial sheath of the little finger is usually continuous with the common syn-
ovial sheath (ulnar bursa), and thus tenosynovitis may spread to the common sheath and thus through
the palm and carpal tunnel to the forearm. Likewise, tenosynovitis in the thumb may spread through
the synovial sheath of the flexor pollicis longus (radial bursa). Trigger finger results from stenosing
tenosynovitis or occurs when the flexor tendon develops a nodule or swelling that interferes with its
gliding through the pulley, causing an audible clicking or snapping. Symptoms are pain at the joints and
a clicking when extending or flexing the joints. This condition may be caused by rheumatoid arthritis,
diabetes, repetitive trauma, and wear and tear of ageing of the tendon. It can be treated by immobiliza-
tion by a splint, an injection of corticosteroid into the flexor tendon sheath to shrink the nodule, or
surgical incision of the thickened area.



Extensor digitorum tendon

Lumbrical muscle

Interosseous muscle-

Extensor digitorum tendon

Vincula brevis

Dorsal (extensor)
expansion

Vincula longus

Extensor hood

Flexor digitorum
superficialis muscle

Interosseous
muscle

Dorsal (extensor) expansion

Extensor hood

Lumbrical muscle

Extensor digitorum tendon

Flexor digitorum profundus muscle

Figure 2-13 Dorsal (extensor) expansion of the middle finger.
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H. Extensor expansion (Figure 2-13)
• Is the expansion of the extensor tendon over the metacarpophalangeal joint and is referred

to by clinicians as the extensor hood.
• Provides the insertion of the lumbrical and interosseous muscles and the extensor indicis

and extensor digiti minimi muscles.

I. Anatomic snuffbox
• Is a triangular interval bounded medially by the tendon of the extensor pollicis longus

muscle and laterally by the tendons of the extensor pollicis brevis and abductor pollicis
longus muscles.

• Is limited proximally by the styloid process of the radius.
• Has a floor formed by the scaphoid and trapezium bones and crossed by the radial artery.

J. Fingernails
• Are keratinized plates on the dorsum of the tips of the fingers that consist of the proximal

hidden part or root, the exposed part or body, and the distal free border. Parts of the nail
include:
1. Nail bed. The skin underneath the nail is the nail bed in which sensory nerve endings

and blood vessels are abundant. The matrix or proximal part of the nail bed produces
hard keratin and is responsible for nail growth.

2. Other structures. The root is partially covered by a fold of skin known as the nail fold.
The narrow band of epidermis prolonged from the proximal nail fold onto the nail is
termed the eponychium. The half-moon, or lunula, is distal to the eponychium. The
hyponychium represents the thickened epidermis deep to the distal end of the nail.

tr	

Muscles of the Hand (Figures 2-14 and 2-15; Table 2-6)

V	 Vessels of the Hand (sec Blood Vessels: IV.C–E, G; V.D–G; see Figures 2-19

and 2-20)
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Distal phalanx

Middle phalanx —

Proximal phalanx

Metacarpals —

Capitate

Hamate 1111ft:

Triquetrum
Pisiform

Lunate-

Ulna —

Flexor digitorum superficialis-

Flexor digitorum profundus

Flexor digiti
minimi brevis `••

Abductor
minimi

Fifth metacarpal

Sesamoid

Trapezoid

— Trapezium

Scaphoid

Radius

Abductor pollicis brevis

Opponens pollicis

Flexor pollicis longus

First metacarpal

Adductor pollicis

First dorsal
interosseus

Second metacarpal

First palmar interosseus
Second dorsal interosseus

Second palmar interosseus

Extensor digitorum tendon

Third palmar interosseus

Fourth dorsal interosseus

Figure 2-14 Bones and muscles of the hand. A: Radiograph of the wrist and hand. B: Transverse magnetic

resonance image (MRI) of the palm of the hand.

SWF

VI. Nerves of the Hand (see Nerves: II.B–D; see Figures 2-17 and 2-18)

NERVES

r Brachial Plexus (Figure 2-16)

• Is formed by the ventral primary rami of the lower four cervical nerves and the first thoracic

nerve (C5–T1).
• Has roots that pass between the scalenus anterior and medius muscles.



Opponens pollicis
Interossel

– Abductor
digiti minimi

Metacarpal

Hamate

Triquetrum

Trapezium

Flexor digitorum superficialis
Flexor digitorum profundus

Figure 2-15 Coronal magnetic resonance image (MR1) of the wrist and hand.

Scaphoid

Scaphoid

Trapezium
Capitate

Radius

Abductor pollicis brevis

Flexor pollicis brevis

Adductor pollicis
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• Is enclosed with the axillary artery and vein in the axillary sheath, which is formed by a pro-

longation of the prevertebral fascia.
• Has the following subdivisions:

A. Branches from the roots
1. Dorsal scapular nerve (C5)

• Pierces the scalenus medius muscle to reach the posterior cervical triangle and descends

deep to the levator scapulae and the rhomboid minor and major muscles.

• Innervates the rhomboids and frequently the levator scapulae muscles.

2. Long thoracic nerve (C5–C7)
• Descends behind the brachial plexus and runs on the external surface of the serratus

anterior muscle, which it supplies.
• When damaged, causes winging of the scapula and makes elevating the arm above a

horizontal position impossible.

Injury to the long thoracic nerve: is caused by a stab wound or during radical mastec-

tomy or thoracic surgery. It results in paralysis of the serratus anterior muscle and inability
to elevate the arm above the horizontal. It produces a winged scapula in which the vertebral (medial)
border of the scapula protrudes away from the thorax.

B. Branches from the upper trunk
1. Suprascapular nerve (C5--C6)

• Runs laterally across the posterior cervical triangle.
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TABLE 2-6 Muscles of the Hand

Muscle	 Origin

Abductor pollicis
	

Flexor retinaculum,
brevis	 scaphoid, and

trapezium
Flexor pollicis
	

Flexor retinaculum
brevis	 and trapezium

Opponens pollicis Flexor retinaculum

and trapezium

Adductor pollicis
	

Capitate and bases of

second and third

metacarpals (oblique

head); palmar surface

of third metacarpal

(transverse head)
Palmaris brevis
	

Medial side of flexor

retinaculum, palmar

aponeurosis

Abductor digiti
	

Pisiform and tendon
minimi
	

of flexor carpi ulnaris

Flexor digiti
	

Flexor retinaculum
minimi brevis	 and hook of hamate

Opponens digiti
	

Flexor retinaculum
minimi
	

and hook of hamate
Lumbricals (4)
	

Lateral side of tendons

of flexor digitorum

profundus

Dorsal interossei
	

Adjacent sides of
(4)
	

metacarpal bones

Palmar	 Medial side of second

interossei (3) metacarpal; lateral

sides of fourth and

fifth metacarpals

Insertion

Lateral side of
base of proximal
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• Passes through the scapular notch under the superior transverse scapular ligament,

whereas the suprascapular artery passes over the ligament. (Thus, it can be said that the

army [artery] runs over the bridge [ligament I„ and the navy [nerve] runs under the

bridge.)
• Supplies the supraspinatus muscle and the shoulder joint and then descends through

the notch of the scapular neck to innervate the infraspinatus muscle.

2. Nerve to subclavius (C5)
• Descends in front of the brachial plexus and the subclavian artery and behind the clav-

icle to reach the subclavius muscle.
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Figure 2-16 Brachial plexus.

• Also innervates the sternoclavicular joint.
• Usually branches to the accessory phrenic nerve (C5), which enters the thorax to join

the phrenic nerve.

C. Branches from the lateral cord

1. Lateral pectoral nerve (C5–C7)
• Innervates the pectoralis major muscle primarily and also supplies the pectoralis mi-

nor muscle by way of a nerve loop.
• Sends a branch over the first part of the axillary artery to the medial pectoral nerve and

forms a nerve loop through which the lateral pectoral nerve conveys motor fibers to the

pectoralis minor muscle.
• Pierces the costocoracoid membrane of the clavipectoral fascia.
• Is accompanied by the pectoral branch of the thoracoacromial artery.

2. Musculocutaneous nerve (CS–C7)
• Pierces the coracobrachialis muscle, descends between the biceps brachii and brachialis

muscles, and innervates these three muscles.

I). Branches from the medial cord

1. Medial pectoral nerve (C8–T1)
• Passes forward between the axillary artery and vein and forms a loop in front of the ax-

illary artery with the lateral pectoral nerve.
• Enters and supplies the pectoralis minor muscle and reaches the overlying pectoralis

major muscle.
2. Medial brachial cutaneous nerve (C8–T1)

• Runs along the medial side of the axillary vein.
• Innervates the skin on the medial side of the arm.
• May communicate with the intercostobrachial nerve, which arises as a lateral branch

of the second intercostal nerve.



48 BRS GROSS ANATOMY

3. Medial antebrachial cutaneous nerve (C8–T1)
• Runs between the axillary artery and vein and then runs medial to the brachial artery.
• Innervates the skin on the medial side of the forearm.

4. Ulnar nerve (C7–T1)
• Runs down the medial aspect of the arm but does not branch in the brachium.

E. Branches from the medial and lateral cords: median nerve (C5–T1)
• Is formed by heads from both the medial and lateral cords.
• Runs down the anteromedial aspect of the arm but does not branch in the brachium.

F. Branches from the posterior cord
1. Upper subscapular nerve (C5–C6)

• Innervates the upper portion of the subscapularis muscle.
2. Thoracodorsal nerve (C7–C8)

• Runs behind the axillary artery and accompanies the thoracodorsal artery to enter the

latissimus dorsi muscle.

cc 2.30

cc 2.29 Injury to the posterior cord: is caused by the pressure of the crosspiece of a crutch,

resulting :n paralysis of the arm called crutch palsy. It results in loss in function of the

extensors of the arm, forearm, and hand and produces a wrist drop.

3. Lower subscapular nerve (C5–C6)
• Innervates the lower part of the subscapularis and teres major muscles.
• Runs downward behind the subscapular vessels to the teres major muscle.

4. Axillary nerve (C5–C6)
• Innervates the deltoid muscle (by its anterior and posterior branches) and the teres mi-

nor muscle (by its posterior branch).
• Gives rise to the lateral brachial cutaneous nerve.
• Passes posteriorly through the quadrangular space accompanied by the posterior cir-

cumflex humeral artery.
• Winds around the surgical neck of the humerus (may be injured when this part of the

hone is fractured).

Injury to the axillary nerve: is caused by a fracture of the surgical neck of the humerus

or inferior dis l ocation of the humerus. It results in weakness of lateral rotation and ab-

duction of the arm (the supraspinatus can abduct the arm but not to a horizontal level).

5. Radial nerve (CS–T1)
• Is the largest branch of the brachial plexus and occupies the musculospiral groove on

the back of the humerus with the profunda brachii artery.

Injury to the radial nerve: is caused by a fracture of the midshaft of the humerus. It

results in loss of function in the extensors of the forearm, hand, metacarpals, and pha-

langes. It also results in loss of wrist extension, leading to wrist drop, and produces a weakness of ab-

duction and adduction of the hand.

Nerves of the Arm, Forearm, and Hand (Figures 2-17 and 2-18)

A. Musculocutaneous nerve (C5–C7)
• Pierces the coracobrachialis muscle and descends between the biceps and brachialis muscles.
• Innervates all of the flexor muscles in the anterior compartment of the arm, such as the

coracobrachialis, biceps, and brachialis muscles.
• Continues into the forearm as the lateral antebrachial cutaneous nerve.
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Figure 2-17 Distribution of the musculocutaneous, median, and ulnar nerves. 

Injury to the musculocutaneous nerve: results in weakness of supination (biceps)
and forearm flexion (brachialis and biceps).

B. Median nerve (C5–T1)
• Runs down the anteromedial aspect of the arm and at the elbow it lies medial to the

brachial artery on the brachialis muscle (has no muscular branches in the arm).
• Passes through the cubital fossa, deep to the bicipital aponeurosis and medial to the

brachial artery.
• Enters the forearm between the humeral and ulnar heads of the pronator teres muscle,

passes between the flexor digitorum superficialis and the flexor digitorum profundus mus-

cles, and then becomes superficial by passing between the tendons of the flexor digitorum
superficialis and flexor carpi radialis near the wrist.

• In the cubital fossa, gives rise to the anterior interosseous nerve, which descends
on the interosseous membrane between the flexor digitorum profundus and the flexor
pollicis longus; passes behind the pronator quadratus, supplying these three muscles; and
then ends in sensory "twigs" to the wrist joint.

• Innervates all of the anterior muscles of the forearm except the flexor carpi ulnaris and the
ulnar half of the flexor digitorum profundus.

• Enters the palm of the hand through the carpal tunnel deep to the flexor retinaculum;
gives off a muscular branch (recurrent branch) to the thenar muscles; and terminates by
dividing into three common palmar digital nerves, which then divide into the palmar
digital branches.

• Innervates also the lateral two lumbricals, the skin of the lateral side of the palm, and the
palmar side of the lateral three and one-half fingers and the dorsal side of the index fin-
ger, middle finger, and one half of the ring finger.
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Figure 2-18 Distribution of the axillary and radial nerves.

Injury to the median nerve: may be caused by a supracondylar fracture of the
humerus or a compression in the carpal tunnel. It results in loss of pronation, opposi-

tion of the thumb, flexion of the lateral two interphalangeai joints, and impairment of the medial two
interphalangeal joints. It also produces a characteristic flattening of the thenar eminence, often referred
to as ape hand.

C. Radial nerve (C5—T1)
• Arises from the posterior cord and the largest branch of the brachial plexus.

• Descends posteriorly between the long and medial heads of the triceps, after which it
passes inferolaterally with the profunda brachii artery in the spiral (radial) groove on the

back of the humerus between the medial and lateral heads of the triceps.
• Pierces the lateral intermuscular septum to enter the anterior compartment and descends

anterior to the lateral epicondyle between the brachialis and brachioradialis muscles to en-

ter the cubital fossa, where it divides into superficial and deep branches.
• Gives rise to muscular branches (which supply the brachioradialis and extensor carpi radialis

longus), articular, and posterior brachial and posterior antebrachial cutaneous branches.
1. Deep branch

• Enters the supinator muscle, winds laterally around the radius in the substance of the
muscle, and supplies the extensor carpi radialis brevis and supinator muscles.

• Continues as the posterior interosseous nerve with the posterior interosseous artery

and innervates the rest of the extensor muscles of the forearm.
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2. Superficial branch
• Descends in the forearm under cover of the brachioradialis muscle and then passes

dorsally around the radius under the tendon of the brachioradialis.
• Runs distally to the dorsum of the hand to innervate the skin of the radial side of the

hand and the radial two and one-half digits over the proximal phalanx. This nerve
does not supply the skin of the distal phalanges.

D. Ulnar nerve (C7–Tl )
• Arises from the medial cord of the brachial plexus, runs down the medial aspect of the arm,

pierces the medial intermuscular septum at the middle of the arm, and descends together
with the superior ulnar collateral branch of the brachial artery.

• Descends behind the medial epicondyle in a groove, where it is readily palpated and most
commonly injured. It may be damaged by a fracture of the medial epicondyle and produce
funny bone symptoms.

• Enters the forearm by passing between the two heads of the flexor carpi ulnaris and descends
between and innervates the flexor carpi ulnaris and flexor digitorum profundus muscles.

• Enters the hand superficial to the flexor retinaculum and lateral to the pisiform bone,
where it is vulnerable to damage from cuts or stab wounds.

• Terminates by dividing into superficial and deep branches at the root of the hypothenar
eminence.

Injury to the ulnar nerve: is caused by a fracture of the medial epicondyle and results

in a claw hand, in which the ring and little fingers are hyperextended at the metacar-

pophalangeal joints and flexed at the interphalangeal joints. It results in loss of abduction and adduction

of the fingers and flexion of the metacarpophalangeal joints, because of paralysis of the palmar and

dorsal interossei muscles and the medial two lumbricals. It also produces a wasted hypothenar emi-

nence and palm and also leads to loss of adduction of the thumb, because of paralysis of the adductor

pollicis muscle.

1. Superficial branch
• Innervates the palmaris brevis and the skin over the palmar and dorsal surfaces of the

medial one third of the hand, including the hypothenar eminence.
• Terminates in the palm by dividing into three palmar digital branches, which sup-

ply the skin of the little finger and the medial side of the ring finger.
2. Deep branch

• Arises at about the level of the pisiform bone and passes between the pisiform and the
hook of the hamate, between the origins of the abductor and flexor digiti minimi bre-
vis muscles, and then deep to the opponens digiti minimi.

• Curves around the hook of the hamate and then turns laterally to follow the course
of the deep palmar arterial arch across the interossei.

• Innervates the hypothenar muscles, the medial two lumbricals, all the interossei, the
adductor pollicis, and usually the deep head of the flexor pollicis brevis.

Ilk Functional Components of the Peripheral Nerves

A. Somatic motor nerves
• Include radial, axillary, median, musculocutaneous, and ulnar nerves and ventral or dor-

sal primary rami and other nerves.
• Contain nerve fibers with cell bodies that are located in the following structures:

1. Dorsal root ganglia for general somatic afferent (GSA) and general visceral afferent
(GVA) fibers

2. Anterior horn of the spinal cord for general somatic efferent (GSE) fibers

3. Sympathetic chain ganglia for sympathetic postganglionic general visceral efferent
fibers (GVE)



Lower trunk injury (Klumpke's paralysis): may be caused during a difficult breech

delivery (birth palsy or obstetric paralysis), by a cervical rib (cervical rib syndrome), or by

abnormal insertion or spasm of the anterior and middle scalene muscles (scalene syndrome). The injury

causes a claw hand.

L 2.36
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B. Cutaneous nerves
• Include medial brachial, medial antebrachial, lateral antebrachial, and other cutaneous

nerves.
• Contain nerve fibers with cell bodies that are located in the following structures:

1. Dorsal root ganglia for GSA and GVA fibers
2. Sympathetic chain ganglia for sympathetic postganglionic GVE fibers

Upper trunk injury (Erb-Duchenne paralysis or Erb palsy): is caused by a birth injury

during a breech delivery or a violent displacement of the head from the shoulder such_

as might result from a fall from a motorcycle or horse. It results in a loss of abduction, flexion, and lat-

eral rotation of the arm, producing a waiter's tip hand, in which the arm tends to lie in medial rotation

resulting from paralysis of lateral rotator muscles.

BLOOD VESSELS

111/fr Branches of the Subclavian Artery (Figure 2-19)

A. Suprascapular artery
• Is a branch of the thyrocervical trunk.
• Passes over the superior transverse scapular ligament (whereas the suprascapular nerve

passes under the ligament).
• Anastomoses with the deep branch of the transverse cervical artery (dorsal scapular ar-

tery) and the circumflex scapular artery around the scapula, providing a collateral circula-

tion.
• Supplies the supraspinatus and infraspinatus muscles and the shoulder and acromiocla-

vicular joints.

B. Dorsal scapular or descending scapular artery
• Arises from the subclavian artery but may be a deep branch of the transverse cervical ar-

tery.
• Accompanies the dorsal scapular nerve.
• Supplies the levator scapulae, rhomboids, and serratus anterior muscles.

Axillary Artery (see Figures 2-19 and 2-20)

• Is considered to be the central structure of the axilla.
• Extends from the outer border of the first rib to the inferior border of the teres major muscle,

where it becomes the brachial artery. '1 he axillary artery is bordered on its medial side by the

axillary vein.
• Is divided into three parts by the pectoralis minor muscle.

A. Superior or supreme thoracic artery
• Supplies the intercostals muscles in the first and second anterior intercostal spaces and ad-

jacent muscles.

(text continues on page 55)
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Posterior view

Figure 2-19 Blood supply to the upper limb.
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Figure 2-20 Arteriograms of the axillary, brachial, radial, and ulnar arteries. (Reprinted with permission
from Augur AMR, Lee MJ. Grant's Atlas of Anatomy, 10th ed. Philadelphia: Lippincott, Williams & Wilkins,
1999:435, 473.)
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B. Thoracoacromial artery
• Is a short trunk from the first or second part of the axillary artery and has pectoral, clavic-

ular, acromial, and deltoid branches.
• Pierces the costocoracoid membrane (or clavipectoral fascia).

C. Lateral thoracic artery
• Runs along the lateral border of the pectoralis minor muscle.
• Supplies the pectoralis major, pectoralis minor, and serratus anterior muscles and the axil-

lary lymph nodes, and gives rise to lateral mammary branches.

D. Subscapular artery
• Is the largest branch of the axillary artery, arises at the lower border of the subscapularis

muscle, and descends along the axillary border of the scapula.
• Divides into the thoracodorsal and circumflex scapular arteries.

1. Thoracodorsal artery
• Accompanies the thoracodorsal nerve and supplies the latissimus dorsi muscle and

the lateral thoracic wall.
2. Circumflex scapular artery

• Passes posteriorly into the triangular space bounded by the subscapularis muscle and
the teres minor muscle above, the teres major muscle below, and the long head of the
triceps brachii laterally.

• Ramifies in the infraspinous fossa and anastomoses with branches of the dorsal scapu-

lar and suprascapular arteries.

E. Anterior humeral circumflex artery

• Passes anteriorly around the surgical neck of the humerus.

• Anastomoses with the posterior humeral circumflex artery.

F. Posterior humeral circumflex artery
• Runs posteriorly with the axillary nerve through the quadrangular space bounded by the

teres minor and teres major muscles, the long head of the triceps brachii, and the humerus.
• Anastomoses with the anterior humeral circumflex artery and an ascending branch of the

profunda brachii artery and also sends a branch to the acromial rete.

If the axillary artery is ligated between the thyrocervical trunk and the subscapular

artery, the blood from anastomoses in the scapular region arrives at the subscapular

artery in which the blood flow is reversed to reach the axillary artery distal to the ligature, The axillary

artery may be compressed or felt for the pulse in front of the teres major or against the humerus in the

lateral wall of the axilla.

Brachial Artery (see Figures 2-19 and 2-20)

• Extends from the inferior border of the teres major muscle to its bifurcation in the cubital fossa.
• Lies on the triceps brachii and then on the brachialis muscles medial to the coracobrachialis

and biceps brachii and is accompanied by the basilic vein in the middle of the arm.
• Lies in the center of the cubital fossa, medial to the biceps tendon, lateral to the median nerve,

and deep to the bicipital aponeurosis. The stethoscope should be placed in this place when tak-
ing blood pressure and listening to the arterial pulse.

• Provides muscular branches and terminates by dividing into the radial and ulnar arteries at the
level of the radial neck, about 1 cm below the bend of the elbow, in the cubital fossa.

A. Profunda brachii (deep brachial) artery
• Descends posteriorly with the radial nerve and gives off an ascending branch, which anas-

tomoses with the descending branch of the posterior humeral circumflex artery.



Arterial blood pressure can he measured by the following procedure. A blood pressure

cuff is placed around the arm and inflated with air until it compresses and occludes the

brachial artery against the humerus. A stethoscope is placed over the artery in the cubital fossa, the
pressure in the cuff is gradually released, and the pulse is detected through the artery. The first audible

spurt indicates systolic pressure. As the pressure in the cuff is further released, the point at which the

pulse can no longer be heard is the diastolic pressure.

cc 239
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• Divides into the middle collateral artery, which anastomoses with the interosseous re-

current artery, and the radial collateral artery, which follows the radial nerve through the

lateral intermuscular septum and ends in front of the lateral epicondyle by anastomosing

with the radial recurrent artery of the radial artery.

B. Superior ulnar collateral artery
• Pierces the medial intermuscular septum and accompanies the ulnar nerve behind the sep-

tum and medial epicondyle.
• Anastomoses with the posterior ulnar recurrent branch of the ulnar artery.

C. Inferior ulnar collateral artery
• Arises just above the elbow and descends in front of the medial epicondyle.
• Anastomoses with the anterior ulnar recurrent branch of the ulnar artery.

2.38 If the brachial artery is tied off distal to the inferior ulnar collateral artery, sufficient

blood reaches the ulnar and radial arteries via the existing anastomoses around the
elbow. The brachial artery may be compressed or felt for the pulse on the brachialis against the

humerus but medial to the biceps and its tendon.

Ifit.	 Radial Artery (see Figures 2-19, 2-20, and 2-21)

• Arises as the smaller lateral branch of the brachial artery in the cubital fossa and descends lat-
erally under cover of the brachioradialis muscle, with the superficial radial nerve on its lateral
side, on the supinator and flexor pollicis longus muscles.

• Curves over the radial side of the carpal bones beneath the tendons of the abductor pollicis
longus muscle, the extensor pollicis longus, and brevis muscles and over the surface of the
scaphoid and trapezium bones.

• Runs through the anatomic snuffbox, enters the palm by passing between the two heads of the
first dorsal interosseous muscle and then between the heads of the adductor pollicis muscle,

and divides into the princeps pollicis artery and the deep palmar arch.
• Accounts for the radial pulse, which can be felt proximal to the wrist between the tendons of

the brachioradialis and flexor carpi radialis muscles. The radial pulse may also be palpated in
the anatomic snuffbox between the tendons of the extensor pollicis longus and brevis muscles.

• Gives rise to the following branches:

A. Radial recurrent artery
• Arises from the radial artery just below its origin and ascends on the supinator and then

between the brachioradialis and brachialis muscles.
• Anastomoses with the radial collateral branch of the profunda brachii artery.

B. Palmer carpal branch
• Joins the palmar carpal branch of the ulnar artery and forms the palmar carpal arch.

C. Superficial palmar branch
• Passes through the thenar muscles and anastomoses with the superficial branch of the ul-

nar artery to complete the superficial palmar arterial arch.
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Anterior interosseous artery

Figure 2-21 Blood supply to the hand.

D. Dorsal carpal branch

• Joins the dorsal carpal branch of the ulnar artery and the dorsal terminal branch of the an-

terior interosseous artery to form the dorsal carpal rete.

E. Princeps pollicis artery
• Descends along the ulnar border of the first metacarpal bone under the flexor pollicis

longus tendon.
• Divides into two proper digital arteries for each side of the thumb.

F. Radialis indicis artery

• Also may arise from the deep palmar arch or the princeps pollicis artery.

G. Deep palmar arch
• Is formed by the main termination of the radial artery and usually is completed by the

deep palmar branch of the ulnar artery.

• Passes between the transverse and oblique heads of the adductor pollicis muscle.

• Gives rise to three palmar metacarpal arteries, which descend on the interossei and join

the common palmar digital arteries from the superficial palmar arch.



If the ulnar artery arises high from the brachial artery and runs invariably superficial to
the flexor muscles, when injecting the artery may be mistaken for a vein for certain

drugs, resulting :n disastrous gangrene with subsequent partial or total loss of the hand, The ulnar ar-

tery may be compressed or felt for the pulse on the anterior aspect of the flexor retinaculum on the

lateral side of the pisiform bone. •
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Iff_Ulnar Artery (see Figures 2-19, 2-20, and 2-21)

• Is the larger medial branch of the brachial artery in the cubital fossa.

• Descends behind the ulnar head of the pronator teres muscle and lies between the flexor digi-
torum superficialis and profundus muscles.

• Enters the hand anterior to the flexor retinaculum, lateral to the pisiform bone, and medial to

the hook of the hamate bone.
• Divides into the superficial palmar arch and the deep palmar branch, which passes between the

abductor and flexor digiti minimi brevis muscles and runs medially to join the radial artery to
complete the deep palmar arch.

• Accounts for the ulnar pulse, which is palpable just to the radial side of the insertion of the flexor

carpi ulnaris into the pisiform bone. If the ulnar artery arises high from the brachial artery and
runs invariably superficial to the flexor muscles, the artery may be mistaken for a vein for certain
drugs, resulting in disastrous gangrene with subsequent partial or total loss of the hand.

• Gives rise to the following branches:

A. Anterior ulnar recurrent artery
• Anastomoses with the inferior ulnar collateral artery.

B. Posterior ulnar recurrent artery
• Anastomoses with the superior ulnar collateral artery.

C. Common interosseous artery
• Arises from the lateral side of the ulnar artery and divides into the anterior and posterior

interosseous arteries.
1. Anterior interosseous artery

• Descends with the anterior interosseous nerve in front of the interosseous membrane,
located between the flexor digitorum profundus and the flexor pollicis longus muscles.

• Perforates the interosseous membrane to anastomose with the posterior interosseous

artery and join the dorsal carpal network.
2. Posterior interosseous artery

• Gives rise to the interosseous recurrent artery, which anastomoses with a middle col-

lateral branch of the profunda brachii artery.
• Descends behind the interosseous membrane in company with the posterior in-

terosseous nerve.

• Anastomoses with the dorsal carpal branch of the anterior interosseous artery.

D. Palmar carpal branch
• Joins the palmar carpal branch of the radial artery to form the palmar carpal arch.

E. Dorsal carpal branch
• Passes around the ulnar side of the wrist and joins the dorsal carpal rete.

F. Superficial palmar arterial arch
• Is the main termination of the ulnar artery, usually completed by anastomosis with the su-

perficial palmar branch of the radial artery.
• Lies immediately under the palmar aponeurosis.
• Gives rise to three common palmar digital arteries, each of which bifurcates into proper

palmar digital arteries, which run distally to supply the adjacent sides of the fingers.
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G. Deep palmar branch
• Accompanies the deep branch of the ulnar nerve through the hypothenar muscles and

anastomoses with the radial artery, thereby completing the deep palmar arch.
• Gives rise to the palmar metacarpal arteries, which join the common palmar digital

arteries.

I	 Allen test: is a test for occlusion of radial or ulnar artery, either the radial or ulnar artery

is digitally compressed by the examiner after blood has been forced out of the hand by

making a tight fist; failure of the blood to return to the palm and fingers on opening indicates that the

uncompressed artery is occluded.

Veins of the Upper Limb (see Figure 2-4)

A. Deep and superficial venous arches

• Are formed by a pair of venae comitantes, which accompany each of the deep and super-
ficial palmar arterial arches.

B. Deep veins of the arm and forearm
• Follow the course of the arteries, accompanying them as their venae comitantes. (The ra-

dial veins receive the dorsal metacarpal veins. The ulnar veins receive tributaries from the
deep palmar venous arches. The brachial veins are the vena comitantes of the brachial ar-
tery and are joined by the basilic vein to form the axillary vein.)

C. Axillary vein
• Begins at the lower border of the teres major muscle as the continuation of the basilic vein

and ascends along the medial side of the axillary artery.
• Continues as the subclavian vein at the inferior margin of the first rib.
• Commonly receives the thoracoepigastric veins directly or indirectly and thus provides a

collateral circulation if the inferior vena cava becomes obstructed.
• Has tributaries that include the cephalic vein, brachial veins (venae comitantes of the

brachial artery that join the basilic vein to form the axillary vein), and veins which corre-
spond to the branches of the axillary artery.

Venipuncture of the upper limb: is performed on veins by applying a tourniquet to the

arm, when the venous return is occluded and the veins are distended and are visible

and palpable. Venipuncture may be performed on the axillary vein to locate the central line, on the me-

dian cubital vein for drawing blood, and on the dorsal venous network or the cephalic and basilic veins

at their origin for long-term introduction of fluids or intravenous feeding.

II. Development of the Limbs 

• Begins with the activation of mesenchymal cells in the lateral plate somatic mesoderm.

A. Appendicular skeleton
• Develops from mesenchyme derived from the somatic mesoderm in the limb buds.

1. Limb buds
• Consist of a mesenchymal core covered with ectoderm and capped by an apical

ectodermal ridge that induces limb growth and development
• Arise in somatic mesoderm at week 4. The upper limb buds arise first, and the lower

limb buds soon follow.
a. Upper limb buds rotate laterally through 90 degrees, whereas the lower limb

buds rotate medially through almost 90 degrees. The upper limb buds become
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elongated by week 5 and soon after they are subdivided into the precursors of the
arm, forearm, and hand.

b. The hand and foot are subdivided into digits by week 6, and individual fingers

and toes are visible by week 8.
2. Bones of limbs

• Is derived from the lateral plate somatic mesoderm and develop by endochondral

ossification except the clavicle, which develops by intramembranous ossification.

(Endochondral ossification involves development of hyaline cartilage models that
are replaced by bone, except at epiphyseal plates and articular cartilages, whereas in-

tramembranous ossification involves direct ossification of mesenchyme and lacks a
cartilaginous precursor.) Epimysium, perimysium, and tendons develop from the lat-

eral plate somatic mesoderm.
• Continue to grow after birth due to activity of the epiphyseal plates. (At birth, the di-

aphysis of the bone is ossified but the epiphyses are still cartilaginous.)
3. Muscles of limbs

• Develop exclusively from the myotomic portions of the somites and also from ven-

tral (flexor) and dorsal (extensor) condensations of somitic mesoderm.

B. Limb abnormalities
• Include congenital absence of a limb (amelia), partial absence of a limb (meromelia) in

which hands and feet attached to the trunk by a small irregular bone, fusion of digits (syn-

dactyly), and extra digits (polydactyly).

CHAPTER SUMMARY

• Pectoral shoulder girdle—incomplete bony ring formed by the clavicle and scapula, attaching

the upper limb (appendicular skeleton) to the vertebral column and sternum (axial skeleton). The
skeleton of the upper limb includes the humerus (arm); radius and ulna (forearm); and carpals,

metacarpals, and phalanges (hand).

• Shoulder joint—a synovial ball-and-socket joint, the elbow joint is a hinge joint, both the prox-
imal and distal radioulnar joints are pivot joints, the wrist (radiocarpal) joint is a condylar joint, the
carpometacarpal joint of the thumb is a saddle joint, the midcarpal joint is a plane joint, the
metacarpophalangeal joint is a condylar joint, and the interphalangeal joint is a hinge joint.

• Rotator cuff—formed by the tendons of the subscapularis, supraspinatus, infraspinatus, and teres

minor muscles. The quadrangular space is bounded by the teres minor with subscapularis, teres ma-
jor, triceps (long head), and the humerus and transmits the axillary nerve and the posterior humeral
circumflex vessels_ The flexor retinaculum forms the carpal tunnel through which the median

nerve and tendons of the long flexor muscles are transmitted. The extensor expansion provides the

insertion of the lumbrical, interosseous, and extensor muscles of the hand and fingers.

• Breast—lies in the superficial fascia and is divided into the upper and lower lateral and medial
quadrants. It is supported by the suspensory ligaments of Cooper. The retromammary space be-

tween the superficial and deep fasciae allows free movement of the breast. A nipple lies at the level

of the fourth intercostal space, and an areola is a ring of pigmented skin around the nipple. The
mammary gland has 15 to 20 lobes of glandular tissue and has an axillary tail that extends su-

perolaterally into the axilla. Each lobe opens by a lactiferous duct onto the tip of the nipple, and

each duct enlarges to form a lactiferous sinus for milk storage during lactation. The breast receives
blood from branches of the internal thoracic, lateral thoracic, thoracoacromial (pectoral branch),
and intercostal arteries. It is innervated by branches of the second to sixth intercostal nerves. The
chief lymphatic drainage is to the axillary nodes, more specifically to the pectoral nodes. There
may be more than one pair of breasts (polymastia) and more than one pair of nipples (polythelia).
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• Arterial supply

• Subclavian artery—gives rise to numerous branches including (a) the internal thoracic artery,

which divides into the superior epigastric and musculophrenic artery; (b) the vertebral artery,
which ascends through the upper six transverse foramina of the cervical vertebrae; (c) the thyro-
cervical trunk, which divides into the suprascapular, transverse cervical, and inferior thyroid
arteries; and (d) the costocervical trunk, which gives off the deep cervical and superior inter-
costal arteries.

• Axillary artery—a continuation of the subclavian artery and gives off the following branches:
the superior thoracic, thoracoacromial (which has pectoral, clavicular, deltoid, and acromial
branches), lateral thoracic, subscapular (which has circumflex scapular and thoracodorsal
branches), and anterior and posterior humeral circumflex arteries.

• Brachial artery—a continuation of the axillary artery and has the following branches: the deep

brachial artery runs along with the radial nerve and the superior ulnar collateral artery runs along
with the ulnar nerve. After giving off the inferior ulnar collateral branch, the brachial artery divides
into the radial and ulnar arteries. The radial artery gives off the radial recurrent branch and the ul-
nar artery gives off the anterior and posterior ulnar recurrent arteries and the common interosseous
artery, which divides into the anterior and posterior interosseous branches. The superficial palmar
arterial arch is the continuation of the ulnar artery, usually completed by anastomosis with the
superficial palmar branch of the radial artery, whereas the deep palmar arch is the continuation of
the radial artery, usually completed by anastomosis with the deep branch of the ulnar artery.

• Lymph vessels from the radial side of the hand and forearm drain directly into the axillary nodes,
whereas some lymph vessels from the ulnar side of the hand and forearm may drain into the cubital
lymph nodes and then into axillary nodes. The apical nodes receive lymph from the axillary nodes and
other groups and sometimes directly from the breast, and they are drained into the subclavian trunks,
which join the right lymphatic or thoracic duct to enter the jugular-subclavian venous confluence.

Summary of Muscle Actions of the Upper Limb
Movement of the Scapula

Elevation—trapezius (upper part), levator scapulae
Depression—trapezius (lower part), serratus anterior, pectoralis minor
Protrusion (forward or lateral movement; abduction)—serratus anterior
Retraction (backward or medial movement; adduction)—trapezius, rhomboids

Anterior or inferior rotation of the glenoid fossa—rhomboid major
Posterior or superior rotation of the glenoid fossa—serratus anterior, trapezius

Movement at the Shoulder Joint (Ball-and-Socket Joint)
Adduction—pectoralis major, latissimus dorsi, deltoid (posterior part)
Abduction—deltoid, supraspinatus
Flexion—pectoralis major (clavicular part), deltoid (anterior part), coracobrachialis, biceps

Extension—latissimus dorsi, deltoid (posterior part)
Medial rotation—subscapularis, pectoralis major, deltoid (anterior part), latissimus dorsi, teres major
Lateral rotation—infraspinatus, teres minor, deltoid (posterior part)

Movement at the Elbow Joint (Hinge Joint)
Flexion—brachialis, biceps, brachioradialis, pronator teres
Extension—triceps, anconeus

Movement at the Radioulnar Joints (Pivot Joints)
l'ronation—pronator quadratus, pronator teres
Supination—supinator, biceps brachii

Movement at the Wrist (Radiocarpal) Joint (Condylar or Ellipsoidal Joint)

Adduction—flexor carpi ulnaris, extensor carpi ulnaris
Abduction—flexor carpi radialis, extensor carpi radialis longus and brevis
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Flexion—flexor carpi radialis, flexor carpi ulnaris, palmaris longus, abductor pollicis longus
Extension—extensor carpi radialis longus and brevis, extensor carpi ulnaris

Movement at the Metacarpophalangeal Joint (Condyloid Joint)
Adduction—palmar interossei (PAD)
Abduction—dorsal interossei (DAB)

Flexion—lumbricals and interossei
Extension—extensor digitorum

Movement at the Interphalangeal Joint (Hinge Joint)
Flexion—flexor digitorum superficialis (proximal interphalangeal joint), flexor digitorum profun-

dus (distal interphalangeal joint)
Extension—lumbricals and interossei (when metacarpophalangeal joint is extended by extensor

digitorum)
Extension—extensor digitorum (when metacarpophalangeal joint is flexed by lumbricals and in-

terossei)

Summary of Muscle Innervations of the Upper Limb
Muscles of the Anterior Compartment of the Arm: Musculocutaneous Nerve

Biceps brachii
Coracobrachialis
Brachialis

Muscles of the Posterior Compartment of the Arm: Radial Nerve
Triceps
Anconeus

Muscles of the Posterior Compartment of the Forearm: Radial Nerve
Superficial layer—brachioradialis; extensor carpi radialis longus; extensor carpi radialis brevis; ex-

tensor carpi ulnaris; extensor digitorum communis; extensor digiti minimi
Deep layer—supinator; abductor pollicis longus; extensor pollicis longus; extensor pollicis brevis;

extensor indicis

Muscles of the Anterior Compartment of the Forearm: Median Nerve
Superficial layer—pronator teres; flexor carpi radialis; palmaris longus; flexor carpi ulnaris (ulnar

nerve)*
Middle layer—flexor digitorum superficialis
Deep layer—flexor digitorum profundus (median nerve and ulnar nerve)*; flexor pollicis longus;

pronator quadratus

Thenar Muscles: Median Nerve
Abductor pollicis brevis
Opponent pollicis
Flexor pollicis brevis (median and ulnar nerves)*

Adductor Pollicis Muscle: Ulnar Nerve

Hypothenar Muscles: Ulnar Nerve
Abductor digiti minimi
Opponens digiti minimi
Flexor digiti minimi

Interossei (Dorsal and Palmar) Muscles: Ulnar Nerve

Lumbrical Muscles (Medial Two): Ulnar Nerve

Lumbrical Muscles (Lateral Two): Median Nerve

* indicates exception or dual innervation.
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MAKE-AWAY POINTS

3 Signs and symptoms of breast cancer—lump in the upper lateral quadrant which is the
common site of breast cancer, a dimpling of the skin due to cancer on the suspensory ligament
of Cooper, a retracted or inverted nipple due to cancer on the lactiferous duct, a sudden upward
movement of the whole breast when the pectoralis major contracts resulting from invasion of
carcinoma into the deep pectoral fascia.

3 Fracture of the clavicle—results from a fall on the shoulder or outstretched hand, causing the

medial clavicular segment elevated by the pull of the sternocleidomastoid, and the lateral seg-
ment displaced downward by gravity and the pull of the deltoid. The fracture may cause injury
to the brachial plexus (lower trunk) and fatal hemorrhage from the subclavian vein or thrombo-

sis in the vein, leading to pulmonary embolism.

3 Dislocation (subluxation) of the shoulder joint—occurs usually in the anteroinferior direc-
tion because of no support of the rotator cuff and damages the axillary nerve by the dislocated
humeral head. The most important bursae at the shoulder joint are the deltoid bursa and sub-
acromial bursa, which are subject to inflammation (bursitis). Shoulder separation or dislocation
of acromioclavicular joint results from a fall on outstretched hand, causing a tear of the coraco-
clavicular ligament.

3 Rotator cuff—plays an important role in stabilizing the shoulder joint and is a common site

of tendonitis. A rupture of the supraspinatus tendon after middle age by attrition causes inflam-
matory changes (tendonitis) of the rotator cuff or this attrition of the supraspinatus tendon and
the underlying joint capsule leads to an open communication between the shoulder joint cavity
and the subacromial bursa, causing a subacromial bursitis and a painful shoulder (abduction of
the arm is extremely painful).

3 Upper trunk lesion of the brachial plexus—occurs during a fall on the shoulder or during a
difficult delivery and causes the arm to be medially rotated and the forearm pronated (waiter's

tip hand).

3 Lower trunk lesion of the brachial plexus—caused during excessive abduction of the arm
or by stab or bullet wounds, causing a claw hand. The lower trunk injury may be produced when
the neurovascular bundle (the brachial plexus and subclavian vessels) passes the interval between
the clavicle and the first rib, resulting in the thoracic outlet syndrome, which causes ischemia,
edema, numbness, and weakness of the forearm and hand.

3 Long thoracic nerve lesion—occurs during thoracic surgery or during radical mastectomy or
by stab wounds, allowing the inferior angle of the scapula to protrude (winged scapula) when
pushing with both hands against a wall and also causing difficulty in raising the arm above the
head resulting from paralysis of the serratus anterior muscle.

3 Radial nerve lesion—results from fracture of the midshaft of the humerus in the spiral

groove, causing a wrist drop; the axillary nerve lesion results from fracture of the surgical neck
of the humerus or an inferior displacement of the head of the humerus; the ulnar nerve lesion
results from fracture of the medial epicondyle or fracture dislocation of the elbow joint, caus-
ing a claw hand; and the median nerve lesion results from supracondylar fracture of the
humerus or compression in the carpal tunnel or compression between the flexor digitorum su-
perficialis and the flexor carpi radialis tendons just proximal to the flexor retinaculum, causing
ape hand resulting from flattened thenar eminence.

3 Carpal tunnel syndrome—caused by compression of the median nerve in the carpal tunnel,
leading to pain and paresthesia in the area of the hand supplied by the median nerve. Fracture

of the lower end of the radius causes dinner (silver) folk deformity, displacing the distal frag-

ment posteriorly, but the distal fragment may be displaced anteriorly (Smith's fracture).
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3 Fracture of the scaphoid—may damage the radial artery and cause avascular necrosis of the
bone and degenerative joint disease of the wrist. Fracture of the hamate may injure the ulnar
nerve and artery. The ulnar nerve and artery may be compressed in Guyon's canal formed by a
bridge of the pisohamate ligament, the hook of the hamate, and the pisiform. Lifting a child by

the child's arm may dislocate the head of the radius from the annular ligament.

3 Dupuytren's contracture—progressive thickening, shortening, and fibrosis of the palmar
aponeurosis, producing a flexion deformity of the third and fourth fingers. Volkmann's con-

tracture is a flexion deformity of the fingers and sometimes of the wrist resulting from ischemic
atrophy of the forearm flexor muscles. Tennis elbow is caused by a chronic irritation or degen-
eration of the origin of the extensor muscles from the lateral epicondyle of the humerus, as a re-

sult of unusual or repetitive strain. Golfer's elbow is caused by an inflammation or irritation of

the origin of the flexor muscles of the forearm.

3 Axillary artery—felt for the pulse in front of the teres major, the brachial artery on the
brachialis but medial to the biceps and its tendon, the radial artery in front of the distal end of
the radius between the tendons of the brachioradialis and flexor carpi radialis, and the ulnar ar-
tery and nerve anterior to the flexor retinaculum on the lateral side of the pisiform bone. If the

axillary artery is ligated proximal to the subscapular artery, the blood from anastomoses in the
scapular region arrives at the subscapular artery in which the blood flow is reversed to reach the

axillary artery distal to the ligature, because the suprascapular artery, the dorsal scapular artery (or
a deep branch of the transverse cervical artery), and the circumflex scapular artery form a collat-
eral circulation on the shoulder region. If the brachial artery is tied off distal to the inferior ul-
nar collateral artery, sufficient blood reaches the ulnar and radial arteries via the existing anasto-
moses around the elbow. If the ulnar or radial artery arises high from the brachial artery and
runs invariably superficial to the flexor muscles, the artery may be mistaken for a vein for certain
drugs when injecting. This causes necrosis of the hand tissues with subsequent partial or total loss
of the hand.

3 Venipuncture and blood transfusion—can be performed on the cephalic vein posterior to
the styloid process of the radius and the median cubital vein in the cubital fossa, which is sepa-
rated from the underlying brachial artery by the bicipital aponeurosis. The axillary vein and in-

ternal jugular vein is commonly used in central venous catheterization.

3 Synovitis—inflammation of the synovial membrane of a joint, which leads to the production
of excess fluid, causing the joints to swell. A puncture of the palm may cause infection of the syn-
ovial sheaths of the long flexor tendons (tenosynovitis), and the constant movements of the ten-
dons within the synovial sheaths further enhance the spread of infection to the thenar and mid-
palmar spaces and to the carpal tunnel, causing a compression of the median nerve.

3 Trigger finger—results from stenosing tenosynovitis or occurs when the flexor tendon devel-
ops a nodule or swelling that interferes with its gliding through the pulley, causing an audible
clicking. Symptoms are pain at the joints and a clicking when extending or flexing the joints.

3 Mallet finger (hammer or base ball finger)—a finger with permanent flexion of the distal pha-
lanx due to an avulsion of the lateral bands of the extensor tendon from the distal phalanx.

3 Boutonniere deformity—refers to an abnormally flexed middle phalanx with an extended
distal phalanx due to an avulsion of the central band of the extensor tendon from the middle
phalanx or rheumatoid arthritis.
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CHAPTER 2 REVIEW TEST

Directions: Each of the numbered items or inc
by answers or by completions of the statement.
that is best in each case.

omplete statements in this section is followed
Select the one lettered answer or completion

1. A 21-year-old patient has a lesion of the up-
per trunk of the brachial plexus (Erb-Duchenne
paralysis). Which of the following is the most
likely diagnosis?
(A) Paralysis of the rhomboid major
(B) Inability to elevate the arm above the

horizontal
(C) Arm tending to lie in medial rotation
(D) Loss of sensation on the medial side of

the arm
(E) Damage to nerve fibers from dorsal pri-

mary rami of CS and C6

2. A patient comes in with gunshot wound
and requires surgery in which his thoracoacro-
mial trunk needs to be ligated. Which of the
following arterial branches would maintain
normal blood flow?

(A) Acromial
(B) Pectoral
(C) Clavicular
(D) Deltoid
(E) Superior thoracic

3. A 29-year-old man comes in with a stab
wound, cannot raise his arm above horizon-
tal, and exhibits a condition known as
"winged scapula." Which of the following
structures of the brachial plexus would most

likely be damaged?

(A) Medial cord
(B) Posterior cord
(C) Lower trunk
(D) Roots
(E) Upper trunk

4. A 16-year-old patient has weakness flex-
ing the metacarpophalangeal joint of the ring
finger and is unable to adduct the same finger.
Which of the following muscles is most likely
paralyzed?

(A) Flexor digitorum profundus
(B) Extensor digitorum
(C) Lumbrical
(D) Dorsal interosseous

(E) Palmar interosseous

S. A 27-year-old patient presents with an in-
ability to draw forward and downward the
scapula because of paralysis of the pectoralis
minor. Which of the following would most
likely be a cause of his condition?

(A) Fracture of the clavicle
(B) Injury to the posterior cord of the

brachial plexus
(C) Fracture of the coracoid process
(D) Axillary nerve injury
(E) Defects in the posterior wall of the axilla

6. A 22-year-old patient with a stab wound
on the chest injured the intercostobrachial
nerve. Which of the following conditions re-

sults from the described lesion of the nerve?

(A) Inability to move the ribs
(B) Loss of tactile sensation on the lateral as-

pect of the arm
(C) Absence of sweating on the posterior as-

pect of the arm
(D) Loss of sensory fibers from the second in-

tercostal nerve
(E) Damage to the sympathetic preganglionic

fibers

7. A 16 year-old boy fell from a motorcycle
and his radial nerve was severely damaged be-
cause of a fracture of the midshaft of the

humerus. Which of the following conditions
would most likely result from this accident?

(A) Loss of wrist extension, leading to wrist
drop

(B) Weakness in pronating the forearm
(C) Sensory loss over the ventral aspect of the

base of the thumb
(D) Inability to oppose the thumb
(E) Inability to abduct the fingers

8. A patient comes in complaining that she
cannot flex her proximal interphalangeal
joints. Which of the following muscles appears
to be paralyzed on further examination of her
finger?

(A) Palmar interossei

(B) Dorsal interossei
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(C) Flexor digitorum profundus
(D) Flexor digitorum superficialis
(E) Lumbricals

9. A 21-year-old woman walks in with her

shoulder and arm injury after falling from a
horseback riding. Examination indicates that
she cannot adduct her arm because of paralysis
of which of the following muscles?

(A) Teres minor
(B) Supraspinatus
(C) Latissimus dorsi
(D) Infraspinatus
(E) Serratus anterior

10. A 35-year-old man walks in with a stab
wound to the most medial side of the proxi-
mal portion of the cubital fossa. Which of the
following structures would most likely be
damaged?

(A) Biceps brachii tendon
(B) Radial nerve
(C) Brachial artery
(D) Radial recurrent artery
(E) Median nerve

11. The police bring in a murder suspect who
has been in a gunfight with a police officer.
The suspect was struck by a bullet in the arm;
his median nerve has been damaged. Which of
the following symptoms is likely produced by
this nerve damage?

(A) Waiter's tip hand
(B) Claw hand
(C) Wrist drop
(D) Ape hand
(E) Flattening of the hypothenar eminence

12. An automobile body shop worker has his
middle finger crushed while working on a
transmission. Which of the following muscles
is most likely to cease functioning?

(A) Extensor digitorum
(B) Flexor digitorum profundus
(C) Palmar interosseous
(D) Dorsal interosseous
(E) Lumbrical

13. A 14-year-old boy falls on the outstretched
hand and has a fracture of the scaphoid bone.

The fracture is most likely accompanied by a

rupture of which of the following arteries?

(A) Brachial artery
(B) Ulnar artery

(C) Deep palmar arterial arch

(D) Radial artery

(E) Princeps pollicis artery

14. A 12-year-old boy walks in; he fell out of a

tree and fractured the upper portion of his
humerus. Which of the following nerves are in-
timately related to the humerus and are most
likely to be injured by such a fracture?

(A) Axillary and musculocutaneous

(B) Radial and ulnar

(C) Radial and axillary
(D) Median and musculocutaneous

(E) Median and ulnar

15. A man injures his wrist on broken glass.
Which of the following structures entering the
palm superficial to the flexor retinaculum may

be damaged?

(A) Ulnar nerve and median nerve

(B) Median nerve and flexor digitorum

profundus
(C) Median nerve and flexor pollicis longus

(D) Ulnar artery and ulnar nerve
(E) Ulnar nerve and flexor digitorum

superficialis

16. A patient with Bennett's fracture (a frac-
ture of the base of the first metacarpal bone)
experiences an impaired thumb movement.
Which of the following intrinsic muscles of the

thumb is most likely injured?

(A) Abductor pollicis brevis
(B) Flexor pollicis brevis (superficial head)

(C) Opponens pollicis

(D) Adductor pollicis

(E) Flexor pollicis brevis (deep head)

17. A 27-year-old pianist with a known carpal
tunnel syndrome experiences difficulty in finger
movements. Which of the following intrinsic
muscles of her hand is paralyzed?

(A) Palmar interossei and adductor pollicis

(B) Dorsal interossei and lateral two lumbricals
(C) Lateral two lumbricals and opponens

pollicis

(D) Abductor pollicis brevis and palmar in-
terossei

(E) Medial two and lateral two lumbricals

18. A 31-year-old roofer walks in with

tenosynovitis resulting from a deep penetrated
wound in the palm by a big nail. Examination
indicates that he has an infection in the ulnar
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bursa. This infection most likely resulted in
necrosis of which of the following tendons?

(A) Tendon of the flexor carpi ulnaris
(B) Tendon of the flexor pollicis longus
(C) Tendon of the flexor digitorum profundus
(D) Tendon of the flexor carpi radialis
(E) Tendon of the palmaris longus

19. An 18-year-old boy involved in an auto-
mobile accident presents with arm that cannot
abduct. His paralysis is caused by damage to
which of the following nerves?

(A) Suprascapular and axillary
(B) Thoracodorsal and upper subscapular
(C) Axillary and musculocutaneous
(D) Radial and lower subscapular

(E) Suprascapular and dorsal scapular

20. A 17 year-old boy with a stab wound re-
ceived multiple injuries on the upper part of
the arm and required surgery. If the brachial ar-

tery were ligated at its origin, which of the fol-
lowing arteries would supply blood to the pro-
funda brachii artery?

(A) Lateral thoracic
(B) Subscapular
(C) Posterior humeral circumflex
(D) Superior ulnar collateral

(E) Radial recurrent

21. A 23-year-old woman who receives a deep
cut of her ring finger by a kitchen knife is un-
able to move the metacarpophalangeal joint.
Which of the following pairs of nerves are
damaged?

(A) Median and ulnar
(B) Radial and median

(C) Musculocutaneous and ulnar

(D) Ulnar and radial
(E) Radial and axillary

22. A 27-year-old baseball player is hit on his
forearm by a high-speed ball during the World
Series, and the muscles that form the floor of
the cubital fossa appear to be torn. Which of
the following groups of muscles has lost their
functions?

(A) Brachioradialis and supinator

(B) Brachialis and supinator
(C) Pronator teres and supinator

(D) Supinator and pronator quadratus

(E) Brachialis and pronator teres

23. A 23-year-old man complains of numbness
on the medial side of the arm following a stab
wound in the axilla. On examination, he is di-

agnosed with an injury of his medial brachial
cutaneous nerve. In which of the following
structures are the cell bodies of the damaged
nerve involved in numbness located?

(A) Sympathetic chain ganglion
(B) Dorsal root ganglion
(C) Anterior horn of the spinal cord
(D) Lateral horn of the spinal cord
(E) Posterior horn of the spinal cord

24. A 38-year-old homebuilder was involved
in an accident and is unable to supinate his
forearm. Which of the following nerves are
most likely damaged?

(A) Suprascapular and axillary
(B) Musculocutaneous and median
(C) Axillary and radial
(D) Radial and musculocutaneous
(E) Median and ulnar

25. A 31-year-old patient complains of sensory
loss over the anterior and posterior surfaces of
the medial third of the hand and the medial
one and one-half fingers. He is diagnosed by a
physician as having "funny bone" symptoms.
Which of the following nerves is injured?

(A) Axillary
(B) Radial

(C) Median

(D) Ulnar

(E) Musculocutaneous

26. A patient with a deep stab wound in the
middle of the forearm has impaired movement
of the thumb. Examination indicates a lesion
of the anterior interosseous nerve. Which of
the following muscles is paralyzed?

(A) Flexor pollicis longus and brevis
(B) Flexor pollicis longus and opponens

pollicis
(C) Flexor digitorum profundus and pronator

quadratus
(D) Flexor digitorum profundus and

superficialis
(E) Flexor pollicis brevis and pronator

quadratus

27. A 29-year-old patient comes in; he cannot
flex the distal interphalangeal joint of the in-
dex finger. His physician determines he has
nerve damage by the supracondylar fracture.
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Which of the following conditions is also a
symptoth of this nerve damage?

(A) Inability to flex the distal interphalangeal
(DIP) joint of the ring finger

(B) Atrophy of the hypothenar eminence
(C) Loss of sensation over the distal part of

the second digit
(D) Paralysis of all the thumb muscles
(F.) Loss of supination

28. A 27-year-old man with cubital tunnel
syndrome complains of numbness and tingling
in the ring and little finger and back and sides
of his hand because of damage to the ulnar
nerve in the tunnel at the elbow. Which of the
following muscles is most likely to be para-
lyzed?

(A) Flexor digitorum superficialis
(B) Opponens pollicis
(C) Two medial lumbricals
(D) Pronator teres
(E) Supinator

29. A secretary comes in to your office com-
plaining of pain in her wrists from typing all
day. You determine she likely has carpal tun-
nel syndrome. Which of the following condi-
tions would help you determine the diagno-
sis?

(A) Inability to adduct the little finger
(B) Inability to flex the distal interphalangeal

joint of the ring finger
(C) Flattened thenar eminence
(D) Loss of skin sensation of the medial one

and one-half fingers
(E) Atrophied adductor pollicis muscle

30. A man is unable to hold typing paper be-
tween his index and middle fingers. Which of
the following nerves was likely injured?

(A) Radial nerve
(B) Median nerve
(C) Ulnar nerve
(D) Musculocutaneous nerve
(E) Axillary nerve

31. The victim of an automobile accident has
a destructive injury of the proximal row of
carpal bones. Which of the following bones is
most likely damaged?

(A) Capitate
(B) Hamate

(C) Trapezium

(D) Triquetrum

(E) Trapezoid

32. A patient has a torn rotator cuff of the
shoulder joint as the result of an automobile
accident. Which of the following muscle ten-
dons is intact and has normal function?

(A) Supraspinatus

(B) Subscapularis

(C) Teres major

(D) Teres minor

(E) Infraspinatus

33. A patient complains of having pain with
repeated movements of his thumb (claudica-
tion). His physician performs the Allen test and
finds an insufficiency of the radial artery.
Which of the following conditions would be a

result of the radial artery stenosis?

(A) A marked decrease in the blood flow in
the superficial palmar arterial arch

(B) Decreased pulsation in the artery passing
superficial to the flexor retinaculum

(C) Ischemia of the entire extensor muscles of

the forearm

(D) A marked decrease in the blood flow in
the princeps pollicis artery

(E) A low blood pressure in the anterior in-

terosseous artery

34. A patient bleeding from the shoulder sec-
ondary to a knife wound is in fair condition be-
cause there is vascular anastomosis around the
shoulder. Which of the following arteries is
most likely a direct branch of the subclavian ar-
tery that is involved in the anastomosis?

(A) Dorsal scapular artery

(B) Thoracoacromial artery

(C) Subscapular artery
(D) Transverse cervical artery
(E) Suprascapular artery

35. During a breast examination of a 56-year-
old woman, the physician found a palpable
mass in her breast. Which of the following
characteristics of breast cancer and its diagno-
sis is correct?

(A) Elevated nipple
(B) Polymastia
(C) Shortening of the clavipectoral fascia

(D) Dimpling of the overlying skin
(E) Enlargement of the breast
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36. A patient with a stab wound receives a lac-

eration of the musculocutaneous nerve. Which
of the following conditions is most likely to
have occurred?

(A) Lack of sweating on the lateral side of the

arm Inability to extend the forearm
(B) Inability to extend the forearm
(C) Paralysis of brachioradialis muscle
(D) Loss of tactile sensation on the arm

(E) Constriction of blood vessels on the hand

37. A 20-year-old man fell from the parallel bar
during the Olympic trial. A neurologic exami-
nation reveals he has a lesion of the lateral cord
of the brachial plexus. Which of the following
muscles is most likely weakened by this injury?

(A) Subscapularis
(B) Teres major
(C) Latissimus dorsi
(D) Teres minor
(E) Pectoralis major

38. A 24-year-old carpenter suffers a crush in-
jury of his entire little finger. Which of the fol-
lowing muscles is most likely to be spared?

(A) Flexor digitorum profundus
(B) Extensor digitorum
(C) Palmar interossei
(D) Dorsal interossei
(E) Lumbricals

39. A 7-year-old boy falls from a tree house
and is brought to an emergency room of a lo-
cal hospital. On examination, he has weakness
in rotating his arm laterally because of an in-

jury of the axillary nerve. Which of the follow-
ing conditions is most likely to cause a loss of
the axillary nerve function?

(A) Injury to the lateral cord of the brachial
plexus

(B) Fracture of the anatomic neck of the
humerus

(C) Knife wound on the teres major muscle
(D) Inferior dislocation of the head of the

humerus

(E) A tumor in the triangular space in the
shoulder region

40. A 49-year-old woman is diagnosed as hav-
ing a large lump in her right breast. Lymph
from the cancerous breast drains primarily into
which of the following nodes?

(A) Apical nodes
(B) Anterior (pectoral) nodes
(C) Parasternal (internal thoracic) nodes

(D) Supraclavicular nodes
(E) Nodes of the anterior abdominal wall

41. A 17-year-old boy fell from his motorcycle

and complains of numbness of the lateral part
of the arm. Examination reveals the axillary
nerve is severed. Which of the following types
of axons is most likely spared?

(A) Postganglionic sympathetic axons

(B) Somatic afferent axons
(C) Preganglionic sympathetic axons
(D) General somatic efferent axons
(E) General visceral afferent axons

42. A construction worker suffers a destructive
injury of the structures related to the anatomic
snuffbox. Which of the following structures
would most likely be damaged?

(A) Triquetral bone
(B) Trapezoid bone
(C) Extensor indicis tendon
(D) Abductor pollicis brevis tendon
(E) Radial artery

43. A rock climber falls on his shoulder, result-
ing in chipping off the lesser tubercle of the
humerus. Which of the following structures
would most likely have structural and func-
tional damage?

(A) Supraspinatus muscle
(B) Infraspinatus muscle

(C) Subscapularis muscle
(D) Teres minor muscle
(E) Coracohumeral ligament

44. A 54-year-old woman finds a lump in her
right breast during an annual mammogram
and physical examination. On further exami-
nation, she is diagnosed with a malignancy in
her upper right quadrant. Cancer cells most
likely metastasize primarily to which of the fol-
lowing groups of lymph nodes?

(A) Apical (subclavian) nodes
(B) Lateral (brachial) nodes
(C) Pectoral (anterior) nodes
(D) Parasternal (internal thoracic) nodes
(E) Subscapular (posterior) nodes

Questions 45-47: A 37-year-old female pa-
tient has a fracture of the clavicle. The junc-
tion of the inner and middle third of the bone
exhibits overriding of the medial and lateral
fragments. The arm is rotated medially, but it
is not rotated laterally.
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45. The lateral portion of the fractured clavicle
is displaced downward by which of the follow-
ing?

(A) Deltoid and trapezius muscles
(B) Pectoralis major and deltoid muscles
(C) Pectoralis minor muscle and gravity
(D) Trapezius and pectoralis minor muscles
(E) Deltoid muscle and gravity

46. Which of the following muscles causes up-
ward displacement of the medial fragment?

(A) Pectoralis major
(B) Deltoid
(C) Trapezius
(D) Sternocleidomastoid
(E) Scalenus anterior

47. Which of the following conditions is
most likely to occur secondary to the frac-
tured clavicle?

(A) A fatal hemorrhage from the brachio-
cephalic vein

(B) Thrombosis of the subclavian vein, causing
a pulmonary embolism

(C) Thrombosis of the subclavian artery,
causing an embolism in the ascending
aorta

(D) Damage to the upper trunk of the
brachial plexus

(E) Damage to the long thoracic nerve, causing
the winged scapula

Questions 48-50: A 21-year-old man in-
jures his right arm in an automobile accident.
Radiographic examination reveals a fracture
of the medial epicondyle of the humerus.

48. Which of the following nerves is most
likely injured as a result of this accident?

(A) Axillary

(B) Musculocutaneous
(C) Radial
(D) Median
(E) Ulnar

49. Which of the following muscles is most
likely paralyzed as a result of this accident?

(A) Extensor pollicis brevis
(B) Abductor pollicis longus
(C) Abductor pollicis brevis
(D) Adductor pollicis
(E) Opponens pollicis

50. After this injury, the patient is unable to

(A) flex his proximal interphalangeal joint of

the ring finger

(B) flex his distal interphalangeal joint of the

index finger

(C) feel sensation on his middle finger

(D) abduct his thumb

(E) adduct his index finger

Questions 51-55: A 10-year-old boy falls
off his bike, has difficulty in moving his
shoulder, and is brought to an emergency
room. His radiogram and angiogram reveal
fracture of the surgical neck of his humerus
and bleeding from the point of the fracture.

51. Which of the following nerves is most
likely injured as a result of this accident?

(A) Musculocutaneous

(B) Axillary

(C) Radial
(D) Median

(E) Ulnar

52. Following this accident, the damaged nerve
causes difficulty in abduction, extension, and
lateral rotation of his arm. Cell bodies of the in-
jured nerve involving in movement of his arm
are located in which of the following structures?

(A) Dorsal root ganglion

(B) Sympathetic chain ganglion

(C) Anterior horn of the spinal cord
(D) Lateral horn of the spinal cord
(E) Posterior horn of the spinal cord

53. The damaged nerve causes numbness
of the lateral side of the arm. Cell bodies of
the injured nerve fibers involved in sensory loss
are located in which of the following structures?

(A) Anterior horn of the spinal cord
(B) Posterior horn of the spinal cord

(C) Lateral horn of the spinal cord
(D) Dorsal root ganglia
(E) Sympathetic chain ganglia

54. This accident most likely leads to damage
of which of the following arteries?

(A) Axillary
(B) Deep brachial
(C) Posterior humeral circumflex
(D) Superior ulnar collateral

(E) Scapular circumflex
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55. Following this accident, the boy has weak-

ness in rotating his arm laterally. Which of the
following muscles are paralyzed?

(A) Teres major and teres minor
(B) Teres minor and deltoid
(C) Infraspinatus and deltoid
(D) Supraspinatus and subscapularis
(E) Teres minor and infraspinatus

Questions 56 and 57: A 64-year-old man
with a history of liver cirrhosis has been ex-
amined for hepatitis A, B, and C viruses. In
an attempt to obtain a blood sample from
the patient's median cubital vein, a regis-
tered nurse inadvertently procures arterial
blood.

56. The blood most likely comes from which
of the following arteries?

(A) Brachial
(B) Radial
(C) Ulnar
(D) Common interosseous
(E) Superior ulnar collateral

57. During the procedure, the needle hits a
nerve medial to the artery. Which of the fol-
lowing nerves is most likely damaged?

(A) Radial
(B) Median
(C) Ulnar
(D) Lateral antebrachial
(E) Medial antebrachial

Questions 58-62: A 17-year-old boy is in-
jured in an automobile accident. He has a
fracture of the shaft of the humerus.

58. Which of the following nerves is most
likely damaged?

(A) Axillary nerve
(B) Radial nerve
(C) Musculocutaneous nerve
(D) Median nerve
(E) Ulnar nerve

59. As a result of this fracture, the patient
shows lack of sweating on the back of the arm
and forearm. Cell bodies of the damaged nerve

fibers involved in sweating are located in
which of the following structures?

(A) Anterior horn of the spinal cord
(B) Posterior horn of the spinal cord
(C) Lateral horn of the spinal cord
(D) Sympathetic chain ganglion
(E) Dorsal root ganglion

60. Following this accident, the patient has no
cutaneous sensation in which of the following
areas?

(A) Medial aspect of the arm
(B) Lateral aspect of the forearm
(C) Palmar aspect of the second and third

digits
(D) Area of the anatomic snuffbox
(E) Medial one and one-half fingers

61. Which of the following arteries may be
damaged?

(A) Brachial artery
(B) Posterior humeral circumflex artery
(C) Profunda brachii artery
(D) Radial artery
(E) Radial recurrent artery

62. After this accident, supination is still pos-
sible through contraction of which of the fol-
lowing muscles?

(A) Supinator
(B) Pronator teres
(C) Brachioradialis
(D) Biceps brachii
(E) Supraspinatus

Questions 63 and 64: An 11-year-old boy
falls down the stairs. A physician examines a
radiograph of the boy's shoulder region (below).
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63. If the structure indicated by the letter A is
calcified, which of the following muscles is
most likely paralyzed?

(A) Deltoid
(B) Teres major
(C) Teres minor
(D) Infraspinatus
(E) Subscapularis

64. If the structure indicated by the letter B is
fractured, which of the structures is most likely
injured?

(A) Musculocutaneous nerve
(B) Radial nerve
(C) Deep brachial artery
(D) Posterior humeral circumflex artery
(E) Scapular circumflex artery

Questions 65-67: Choose the appropriate
lettered site or structure in this radiograph
of the elbow joint (below) and its associated
structures to match the following descrip-
tions.

65. Destruction of this area would most likely
cause weakness of supination and flexion of

the forearm.

66. Destruction of this area would most likely
cause weakness of pronation of the forearm
and flexion of the wrist joints.

67. A lesion of the radial nerve would most
likely cause paralysis of muscles that are at-
tached to this area.

Questions 68 and 69: Choose the appro-
priate lettered site or structure in the following
radiograph of the wrist and hand (see page
73, top).

68. Destruction of a structure indicated by the
letter E most likely causes weakness of which of

the following muscles?

(A) Flexor carpi radialis
(B) Palmaris longus
(C) Flexor carpi ulnaris

(D) Brachioradialis

(E) Flexor digitorum superficialis

A
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69. If the floor of the anatomic snuffbox and
origin of the abductor pollicis brevis are dam-
aged, which of the following bones is most
likely to be involved?

(A) A
(B) B
(C) C
(D) D

(E) E

Questions 70-73: Choose the appropriate
lettered site or structure in this transverse
magnetic resonance imaging (MRI) scan
through the middle of the palm of a woman's
right hand (below) that matches the following
descriptions.
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70. The patient is unable to abduct her middle 72. The patient is unable to adduct her little

finger because of paralysis of this structure. 	 finger because of paralysis of this structure.

71. A lesion of the median nerve causes paral-
ysis of this structure.

73. Atrophy of this structure impairs exten-
sion of both the metacarpophalangeal and in-

terphalangeal joints.
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ANSWERS AND EXPLANATIONS

1. The answer is C. A lesion of the upper trunk of the brachial plexus results in a condition called

"waiter's tip hand" in which the arm tends to lie in medial rotation because of paralysis of lateral
rotators and abductors of the arm. The long thoracic nerve, which arises from the root (C5-C7)
of the brachial plexus, innervates the serratus anterior muscle that can elevate the arm above the
horizontal. The dorsal scapular nerve, which arises from the root (C5), innervates the rhomboid
major. The medial side of the arm receives cutaneous innervation from the medial brachial cuta-
neous nerve of the medial cord. Nerve fibers from dorsal primary rami of C5 and C6 supply the

deep muscles of the back.

2. The answer is E. The superior thoracic artery is a direct branch of the axillary artery. The
thoracoacromial trunk has four branches: the pectoral, clavicular, acromial, and deltoid.

3. The answer is D. Winged scapula is caused by paralysis of the serratus anterior muscle that re-

sults from damage to the long thoracic nerve, which arises from the roots of the brachial plexus
(C5-C 7).

4. The answer is E. The dorsal and palmar interosseous and lumbrical muscles can flex the
metacarpophalangeal joints and extend the interphalangeal joints. The palmar interosseous
muscles adduct the fingers, while the dorsal interosseous muscles abduct the fingers. The flexor
digitorum profundus flexes the distal interphalangeal joints.

5. The answer is C. The pectoralis minor inserts on the coracoid process, originates from the sec-
ond to the fifth ribs, and is innervated by the medial and lateral pectoral nerves that arise from

the medial and lateral cords of the brachial plexus. It depresses the shoulder and forms the ante-
rior wall of the axilla. The pectoralis minor has no attachment on the clavicle.

6. The answer is D. The intercostobrachial nerve arises from the lateral cutaneous branch of the
second intercostal nerve and pierces the intercostal and serratus anterior muscles. It may com-
municate with the medial brachial cutaneous nerve, and it supplies skin on the medial side of the
arm. It contains no skeletal motor fibers but does contain sympathetic postganglionic fibers,
which supply sweat glands.

7. The answer is A. Injury to the radial nerve results in loss of wrist extension, leading to wrist

drop. The median nerve innervates the pronator teres, pronator quadratus, and opponens polli-
cis muscles and the skin over the ventral aspect of the thumb. The ulnar nerve innervates the
dorsal interosseous muscles, which act to abduct the fingers.

8. The answer is D. The flexor digitorum superficialis muscle flexes the proximal interphalangeal
joints. The flexor digitorum profundus muscle flexes the distal interphalangeal joints. The palmar
and dorsal interossei and lumbricals can flex metacarpophalangeal joints and extend the inter-
phalangeal joints. The palmar interossei adduct the fingers, and the dorsal interossei abduct the

fingers.

9. The answer is C. The latissimus dorsi adducts the arm, and the supraspinatus muscle abducts
the arm. The infraspinatus and the teres minor rotate the arm laterally. The serratus anterior ro-
tates the glenoid cavity of the scapula upward, abducts the arm, and elevates it above a hori-
zontal position.

10. The answer is E. The contents of the cubital fossa from medial to lateral side are the me-
dian nerve, the brachial artery, the biceps brachii tendon, and the radial nerve. Thus, the me-
dian nerve is damaged. The radial recurrent artery ascends medial to the radial nerve.
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11. The answer is D. Injury to the median nerve produces the ape hand (a hand with the thumb

permanently extended). Injury to the radial nerve results in loss of wrist extension, leading to wrist
drop. Damage to the upper trunk of the brachial plexus produces waiter's tip hand. A claw hand
and flattening of the hypothenar eminence or atrophy of the hypothenar muscles result from
damage to the ulnar nerve.

12. The answer is C. The extensor digitorum, flexor digitorum profundus, dorsal interosseous,
and lumbrical muscles are attached to the middle digit, but no palmar interosseous muscle is at-

tached to the middle digit.

13. The answer is D. The scaphoid bone forms the floor of the anatomic snuffbox, through which
the radial artery passes to enter the palm. The radial artery divides into the princeps pollicis artery

and the deep palmar arch.

14. The answer is C. The axillary nerve passes posteriorly around the surgical neck of the
humerus and the radial nerve lies in the radial groove of the middle of the shaft of the humerus.
The ulnar nerve passes behind the medial epicondyle and the median nerve is vulnerable to in-
jury by supracondylar fracture of the humerus, but they lie close to or in contact with the lower
portion of the humerus. The musculocutaneous is not in direct contact with the humerus.

15. The answer is D. Structures entering the palm superficial to the flexor retinaculum include the
ulnar nerve, ulnar artery, palmaris longus tendon, and palmar cutaneous branch of the median
nerve. The median nerve, the flexor pollicis longus, and the flexor digitorum superficialis and

profundus run deep to the flexor retinaculum.

16. The answer is C. The opponens pollicis inserts on the first metacarpal. All other intrinsic
muscles of the thumb, including the abductor pollicis brevis, the flexor pollicis brevis, and the

adductor pollicis muscles, insert on the proximal phalanges.

17. The answer is C. The median nerve innervates the abductor pollicis brevis, opponens
pollicis, and two lateral lumbricals. The ulnar nerve innervates all interossei (palmar and dorsal),

the adductor pollicis, and the two medial lumbricals.

18. The answer is C. The ulnar bursa, or common synovial flexor sheath, contains the tendons
of both the flexor digitorum superficialis and profundus muscles. The radial bursa envelops the
tendon of the flexor pollicis longus. The tendons of the flexor carpi ulnaris and the palmaris

longus are not contained in the ulnar bursa.

19. The answer is A. The abductors of the arm are the deltoid and supraspinatus muscles, which
are innervated by the axillary and suprascapular nerves, respectively. The thoracodorsal nerve
supplies the latissimus dorsi, which can adduct, extend, and rotate the arm medially. The upper
and lower subscapular nerves supply the subscapularis, and the lower subscapular nerve also sup-
plies the teres major; both of these structures can adduct and rotate the arm medially. The mus-
culocutaneous nerve supplies the flexors of the arm, and the radial nerve supplies the extensors
of the arm. The dorsal scapular nerve supplies the levator scapulae and rhomboid muscles; these

muscles elevate and adduct the scapula, respectively.

20. The answer is C. The posterior humeral circumflex artery anastomoses with an ascending
branch of the profunda brachii artery, whereas the lateral thoracic and subscapular arteries do
not. The superior ulnar collateral and radial recurrent arteries arise inferior to the origin of the
profunda brachii artery.

21. The answer is D. The metacarpophalangeal joint of the ring finger is flexed by the lum-
brical, palmar, and dorsal interosseous muscles, which are innervated by the ulnar nerve. The
extensor digitorum, which is innervated by the radial nerve, extends this joint. The musculo-
cutaneous and axillary nerves do not supply muscles of the hand. The median nerve supplies
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the lateral two lumbricals, which can flex metacarpophalangeal joints of the index and middle
fingers.

22. The answer is B. The brachialis and supinator muscles form the floor of the cubital fossa.
The brachioradialis and pronator teres muscles form the lateral and medial boundaries, respec-
tively. The pronator quadratus is attached to the distal ends of the radius and the ulna.

23. The answer is B. The medial brachial cutaneous nerve contains sensory (general somatic af-
ferent [GSA]) fibers that have cell bodies in the dorsal root ganglia, and an injury of these GSA
fibers causes numbness of the medial side of the arm. It also contains sympathetic postganglionic
fibers that have cell bodies in the sympathetic chain ganglia. The anterior horn of the spinal cord

contains cell bodies of skeletal motor (general somatic efferent [GSE]) fibers, and the lateral horn
contains cell bodies of sympathetic preganglionic fibers. The posterior horn contains cell bodies of
intemeurons.

24. The answer is D. The supinator and biceps brachii muscles, which are innervated by the ra-
dial and musculocutaneous nerves, respectively, produce supination of the forearm. This is a
question of two muscles that can supinate the forearm.

25. The answer is D. The ulnar nerve supplies sensory fibers to the skin over the palmar and
dorsal surfaces of the medial third of the hand and the medial one and one-half fingers. The me-
dian nerve innervates the skin of the lateral side of the palm; the palmar side of the lateral three
and one-half fingers; and the dorsal side of the index finger, the middle finger, and one-half of

the ring finger. The radial nerve innervates the skin of the radial side of the hand and the radial
two and one-half digits over the proximal phalanx.

26. The answer is C. The anterior interosseous nerve is a branch of the median nerve and sup-
plies the flexor pollicis longus, half of the flexor digitorum profundus, and the pronator quad-
ratus. The median nerve supplies the pronator teres, flexor digitorum superficialis,
palmaris longus, and flexor carpi radialis muscles. A muscular branch (the recurrent branch) of
the median nerve innervates the thenar muscles.

27. The answer is C. The flexor digitorum profundus muscle flexes the distal interphalangeal
(DIP) joints of the index and middle fingers and is innervated by the median nerve, which also
supplies sensation over the distal part of the second digit. The same muscle flexes the DIP joints
of the ring and little fingers but receives innervation from the ulnar nerve, which also innervates
the hypothenar muscles. The median nerve innervates the thenar muscles. The radial nerve in-

nervates the supinator, abductor pollicis longus, and extensor pollicis longus and brevis
muscles. The ulnar nerve innervates the adductor pollicis. The musculocutaneous nerve supplies
the biceps brachii that can supinate the arm.

28. The answer is C. The ulnar nerve innervates the two medial lumbricals. However, the me-
dian nerve innervates the two lateral lumbricals, the flexor digitorum superficialis, the oppo-
nens pollicis, and the pronator teres muscles.

29. The answer is C. The carpal tunnel contains the median nerve and the tendons of flexor pol-

licis longus, flexor digitorum profundus, and flexor digitorum superficialis muscles. Carpal tunnel
syndrome results from injury to the median nerve, which supplies the thenar muscle. Thus, injury
to this nerve causes the flattened thenar eminence. The middle finger has no attachment for the
adductors. The ulnar nerve innervates the medial half of the flexor digitorum profundus muscle,
which allows flexion of the distal interphalangeal joints of the ring and little fingers. The ulnar
nerve supplies the skin over the medial one and one-half fingers and adductor pollicis muscle.

30. The answer is C. To hold typing paper, the index finger is adducted by the palmar in-

terosseous muscle, and the middle finger is abducted by the dorsal interosseous muscle. Both
muscles are innervated by the ulnar nerve.
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31. The answer is D. The proximal row of carpal bones consists of the scaphoid, lunate, tri-

quetrum, and pisiform bones, whereas the distal row consists of trapezium, trapezoid, capitate,
and hamate bones.

32. The answer is C. The rotator cuff consists of the tendons of the supraspinatus, infraspinatus,
subscapularis, and teres minor muscles. It stabilizes the shoulder joint by holding the head of the
humerus in the glenoid cavity during movement. The teres major inserts on the medial lip of the

intertubercular groove of the humerus.

33. The answer is D. The radial artery divides into the princeps pollicis artery and the deep pal-
mar arterial arch. Thus, stenosis of the radial artery results in a decreased blood flow in the prin-
ceps pollicis artery. The superficial palmar arterial arch is formed primarily by the ulnar artery,

which passes superficial to the flexor retinaculum. The extensor compartment of the forearm re-
ceives blood from the posterior interosseous artery, which arises from the common interosseous
branch of the ulnar artery. However, the radial and radial recurrent arteries supply the brachiora-

dialis and the extensor carpi radialis longus and brevis.

34. The answer is A. The dorsal scapular artery arises directly from the third part of the subcla-

vian artery and replaces the deep (descending) branch of the transverse cervical artery. The
suprascapular artery is a branch of the thyrocervical trunk of the subclavian artery. The thora-

coacromial artery is a short trunk from the first or second part of the axillary artery and has pec-

toral, clavicular, acromial, and deltoid branches.

35. The answer is D. Breast cancer may cause dimpling of the overlying skin because of short-
ening of the suspensory (Cooper's) ligaments and inverted or retracted nipple by pulling on the
lactiferous ducts. Polymastia is a condition in which more than two breasts are present.

36. The answer is A. The musculocutaneous nerve contains sympathetic postganglionic fibers

that supply sweat glands and blood vessels on the lateral side of the forearm and have cell bod-
ies in the sympathetic chain ganglia. The musculocutaneous nerve does not supply the extensors
of the forearm and the brachioradialis. This nerve also supplies tactile sensation on the lateral side
of the forearm but not the arm and supplies blood vessels on the lateral side of the forearm but
not the hand.

37. The answer is E. The pectoralis major is innervated by the lateral and medial pectoral nerves

originated from the lateral and medial cords of the brachial plexus, respectively. The subscapu-
laris, teres major, latissimus dorsi, and teres minor muscles are innervated by nerves originating

from the posterior cord of the brachial plexus.

38. The answer is D. The dorsal interossei are abductors of the fingers. The little finger has no

attachment for the dorsal interosseous muscle because it has its own abductor. Therefore, the
dorsal interosseous muscle is not affected. Other muscles are attached to the little finger; thus,
they are injured.

39. The answer is D. Inferior dislocation of the head of the humerus may damage the axillary
nerve, which arises from the posterior cord of the brachial plexus, runs through the quadrangu-
lar space accompanied by the posterior humeral circumflex vessels around the surgical neck of
the humerus, and supplies the deltoid and teres minor.

40. The answer is B. Lymph from the breast drains mainly (75%) to the axillary nodes, more

specifically to the anterior (pectoral) nodes.

41. The answer is C. The axillary nerve contains no preganglionic sympathetic general visceral
efferent (GVE) fibers, but it contains postganglionic sympathetic GVE fibers. The axillary nerve
also contains general somatic afferent (GSA), general somatic efferent (GSE), and general visceral

afferent (GVA) fibers.
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42. The answer is E. The radial artery lies on the floor of the anatomic snuffbox. Other struc-
tures are not related to the snuffbox. The tendons of the extensor pollicis longus, extensor polli-
cis brevis, and abductor pollicis longus muscles form the boundaries of the anatomic snuffbox.
The scaphoid and trapezium bones form its floor.

43. The answer is C. The subscapularis muscle inserts on the lesser tubercle of the humerus. The
supraspinatus, infraspinatus, and teres minor muscles insert on the great tubercle of the humerus.
The coracohumeral ligament attaches to the greater tubercle.

44. The answer is C. Breast cancer cells spread primarily to the pectoral (anterior) axillary nodes
because most lymph (75%) from the upper lateral quadrant of the breast drains specifically to the
pectoral nodes. Breast cancer cells also spread to the apical and parasternal nodes. The central ax-
illary nodes receive lymph from lateral and subscapular nodes.

45. The answer is E. The lateral fragment of the clavicle is displaced downward by the pull of
the deltoid muscle and gravity. The medial fragment is displaced upward by the pull of the ster-
nocleidomastoid muscle. None of the other muscles are involved.

46. The answer is D. The sternocleidomastoid muscle is attached to the superior border of the
medial third of the clavicle, and the medial fragment of a fractured clavicle is displaced upward
by the pull of the muscle.

47. The answer is B. The fractured clavicle may damage the subclavian vein, resulting in a pul-
monary embolism; cause thrombosis of the subclavian artery, resulting in embolism of the
brachial artery; or damage the lower trunk of the brachial plexus.

48. The answer is E. The ulnar nerve runs down the medial aspect of the arm and behind the
medial epicondyle in a groove, where it is vulnerable to damage by fracture of the medial epi-
condyle. Other nerves are not in contact with the medial epicondyle.

49. The answer is D. The ulnar nerve innervates the adductor pollicis muscle. The radial nerve
innervates the abductor pollicis long and extensor pollicis brevis muscles, whereas the median
nerve innervates the abductor pollicis brevis and opponens pollicis muscles.

50. The answer is E. The fingers are adducted by the palmar interosseous muscles; abduction is
performed by the dorsal interosseous muscles. The palmar and dorsal interosseous muscles are in-
nervated by the ulnar nerve. The proximal interphalangeal joints are flexed by the flexor digito-
rum superficialis, which is innervated by the median nerve. However, the distal interphalangeal
joints of the index and middle fingers are flexed by the flexor digitorum profundus, which is in-
nervated by the median nerve (except the medial half of the muscle, which is innervated by the
ulnar nerve). The median nerve supplies sensory innervation on the palmar aspect of the middle
finger. The abductor pollicis brevis is innervated by the median nerve; the abductor pollicis
longus is innervated by the radial nerve.

51. The answer is B. The axillary nerve runs posteriorly around the surgical neck of the humerus
and is vulnerable to injury such as fracture of the surgical neck of the humerus or inferior dislo-
cation of the humerus. The other nerves listed are not in contact with the surgical neck of the
humerus.

52. The answer is C. The (injured) axillary nerve contains general somatic efferent (GSE) fibers
whose cell bodies are located in the anterior horn of the spinal cord and these GSE fibers supply
the deltoid and teres minor muscles. The axillary nerve also contains general somatic afferent
(GSA) and general visceral afferent (GVA) fibers whose cell bodies are located in the dorsal root
ganglia and sympathetic postganglionic fibers whose cell bodies are located in sympathetic chain
ganglia. The lateral horn of the spinal cord between T1 and L2 contains cell bodies of sympathetic

preganglionic fibers. The posterior horn of the spinal cord contains cell bodies of interneurons.
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53. The answer is D. Axillary nerve contains general somatic efferent (GSE), general somatic af-
ferent (GSA), general visceral afferent (GVA), and sympathetic postganglionic general visceral ef-
ferent (GVE) fibers. Cell bodies of GSA and GVA fibers are located in the dorsal root ganglia. Cell
bodies of GSE fibers are located in the anterior horn of the spinal cord. Cell bodies of sympathetic
postganglionic GVE fibers are located in the sympathetic chain ganglia, but cell bodies of sym-

pathetic preganglionic GVE fibers lie in the lateral horn of the spinal cord.

54. The answer is C. The posterior humeral circumflex artery accompanies the axillary nerve
that passes around the surgical neck of the humerus. None of the other arteries are involved.

55. The answer is B. The lateral rotators of the arm include the teres minor, deltoid, and infra-
spinatus muscles, but the infraspinatus muscle is innervated by the suprascapular nerve.

56. The answer is A. The median cubital vein lies superficial to the bicipital aponeurosis and
thus separates it from the brachial artery, which can be punctured during intravenous injections

and blood transfusions.

57. The answer is B. The median nerve is damaged because it lies medial to the brachial artery.
The bicipital aponeurosis lies on the brachial artery and the median nerve. The V-shaped cubital
fossa contains (from medial to lateral) the median nerve, brachial artery, biceps tendon, and ra-
dial nerve. The ulnar nerve runs behind the medial epicondyle; the lateral and medial ante-

brachial cutaneous nerves are not closely related to the brachial artery.

58. The answer is B. The radial nerve runs in the radial groove on the back of the shaft of the

humerus with the profunda brachii artery. Axillary nerve passes around the surgical neck of the
humerus. The ulnar nerve passes the back of the medial epicondyle. The musculocutaneous and
median nerves are not in contact with the bone, but the median nerve can be damaged by supra-
condylar fracture.

59. The answer is D. The (damaged) radial nerve contains sympathetic postganglionic nerve
fibers whose cell bodies are located in the sympathetic chain ganglion. Sympathetic postgan-
glionic fibers supply sweat glands, blood vessels, and hair follicles. The radial nerve also contains
general somatic efferent (GSE) fibers whose cell bodies are located in the anterior horn of the
spinal cord, and general somatic afferent (GSA) and general visceral afferent (GVA) fibers whose
cell bodies are located in the dorsal root ganglion. The lateral horn of the spinal cord between T1

and L2 contains cell bodies of sympathetic preganglionic nerve fibers.

60. The answer is D. The superficial branch of the radial nerve runs distally to the dorsum of the
hand to innervate the radial side of the hand, including the area of the anatomic snuffbox and the
radial two and one-half digits over the proximal phalanx. The medial aspect of the arm is inner-
vated by the medial brachial cutaneous nerve, the lateral aspect of the forearm by the lateral an-
tebrachial cutaneous nerve of the musculocutaneous nerve, the palmar aspect of the second and
third digits by the median nerve, and the medial one and one-half fingers by the ulnar nerve.

61, The answer is C. The radial nerve accompanies the profunda brachii artery in the radial
groove on the posterior aspect of the shaft of the humerus. The posterior humeral circumflex ar-
tery accompanies the axillary nerve around the surgical neck of the humerus. Other arteries are
not associated with the radial groove of the humerus.

62. The answer is D. A lesion of the radial nerve causes paralysis of the supinator and brachio-
radialis. The biceps brachii muscle is a flexor of the elbow and also a strong supinator; thus,
supination is still possible through action of the biceps brachii muscle. Other muscles cannot
supinate the forearm.

63. The answer is D. The scapular notch transmits the suprascapular nerve below the superior
transverse ligament, whereas the suprascapular artery and vein run over the ligament. The supras-
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capular nerve supplies the supraspinatus and infraspinatus muscles. The axillary nerve innervates
the deltoid and teres minor muscles. The subscapular nerves innervate the teres major and sub-
scapularis muscles.

64. The answer is D. Fracture of the surgical neck of the humerus occurs commonly and would
damage the axillary nerve and the posterior humeral circumflex artery.

65. The answer is B. The radial tuberosity is the site for tendinous attachment of the biceps
brachii muscle, which supinates and flexes the forearm. When the tuberosity is destroyed, the bi-
ceps brachii is paralyzed.

66. The answer is E. The medial epicondyle is the site of origin for the common flexor tendon
and pronator teres. The common flexors include the flexor carpi radialis and ulnaris and palmaris

longus muscles, which can tlex the elbow and wrist joints. Thus, destruction of this area causes
weakness of pronation because the pronator teres is paralyzed but the pronator quadratus is nor-
mal. Similarly, destruction of this area causes paralysis of the flexors of the wrist. However, it can be
weakly flexed by the flexor pollicis longus, flexor digitorum superficialis, and profundum muscles.

67. The answer is D. The olecranon is the site for insertion of the triceps brachii, which is in-
nervated by the radial nerve. When the olecranon is destroyed, the triceps brachii is paralyzed.

68. The answer is C. The hook of hamate and the pisiform provide insertion for the flexor carpi
ulnaris.

69. The answer is B. The scaphoid forms the floor of the anatomic snuffbox and provides a site
for origin of the abductor pollicis brevis.

70. The answer is D. This is the second dorsal interosseous muscle, which abducts the middle
finger.

71. The answer is A. This is the flexor pollicis longus, which is innervated by the median nerve.

72. The answer is G. This is the third palmar interosseous muscle, which adducts the little finger.

73. The answer is E. The extensor digitorum extends both the metacarpophalangeal and inter-
phalangeal joints.



Lower Limb

BONES AND JOINTS

Iip (Coxal) Bone (Figures 3-1 and 3-2)

• Is formed by the fusion of the ilium, ischium, and pubis of the pelvis.
• Articulates with the sacrum at the sacroiliac joint to form the pelvic girdle.

A. Ilium
• Forms the lateral part of the hip bone and consists of the body, which joins the pubis and

ischium to form the acetabulum and the ala or wing, which forms the iliac crest.
• Also comprises the anterior-superior iliac spine, anterior-inferior iliac spine, posterior iliac

spine, greater sciatic notch, iliac fossa, and gluteal lines.

B. Pubis
• Forms the anterior part of the acetabulum and the anteromedial part of the hip bone.

• Comprises the body, which articulates at the symphysis pubis; the superior ramus,

which enters the formation of the acetabulum; and the inferior ramus, which joins the

ramus of the ischium, a part of the obturator foramen (formed by fusion of the ischium

and pubis).

C. Ischium
• Forms the posteroinferior part of the acetabulum and the lower posterior part of the hip

bone.
• Consists of the body, which joins the ilium and superior ramus of the pubis to form the

acetabulum, and the ramus, which joins the inferior pubic ramus to form the ischiopubic

ramus.
• Has the ischial spine, ischial tuberosity, and lesser sciatic notch.

D. Acetabulum
• Is an incomplete cup-shaped cavity on the lateral side of the hip bone in which the head

of the femur fits.
• Includes the acetabular notch, which is bridged by the transverse acetabular ligament.

• Is formed by the ilium superiorly, the ischium posteroinferiorly, and the pubis antero-

medially.
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Figure 3-1 Coxal (hip) hone (lateral view),
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Bones of the Thilhand Le (Figures 3-2 and Figure 3-3)

Femur
• Is the longest and strongest bone of the body.

1. Head
• Forms about two thirds of a sphere and is directed medially, upward, and slightly

forward to fit into the acetabulum.
• Has a depression in its articular surface, the fovea capitis femoris, to which the

ligamentum capitis femoris is attached.

Dislocation of the femoral head: is usually associated with advanced age (osteoporosis)
and requires nip replacement. It presents as a shortened lower limb with medial rotation.

r9P4 Pertrochanteric fracture: is a femoral fracture through the trochanters and is a form of
r):414), the extracapsular hip fracture. It is more common in elderly women than in men because

of an increased incidence of osteoporosis.

2. Neck
• Connects the head to the body (shaft), forms an angle of about 125 degrees with the

shaft, and is a common site of fractures.
• Is separated from the shaft in front by the intertrochanteric line, to which the

iliofemoral ligament is attached.
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Fracture of the neck of the femur: results in ischemic necrosis of the neck and head
because of an interruption of blood supply from the medial femoral circumflex artery, except

for its small proximal part. It causes a pull of the distal fragment upward by the quadriceps femoris, ad-
ductors, and hamstring muscles so that the affected lower limb is shortened with lateral rotation.

« 3.3
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Figure 3-2 Bones of the lower limb.

3. Greater trochanter
• Projects upward from the junction of the neck with the shaft.
• Provides an insertion for the gluteus medius and minimus, piriformis, and obturator

internus muscles.
• Receives the obturator externus tendon on the medial aspect of the trochanteric fossa.
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Figure 3-3 Radiograph of the hip, thigh, and pelvis.

4. Lesser trochanter
• Lies in the angle between the neck and the shaft.
• Projects at the inferior end of the intertrochanteric crest.
• Provides an insertion for the iliopsoas tendon.

5. Linea aspera
• Is the rough line or ridge on the body (shaft) of the femur.
• Exhibits lateral and medial lips that provide attachments for many muscles and the

three intermuscular septa.
6. Pectineal line

• Runs from the lesser trochanter to the medial lip of the linea aspera.
• Provides an insertion for the pectineus muscle.

7. Adductor tubercle
• Is a small prominence at the uppermost part of the medial femoral condyle.

• Provides an insertion for the adductor magnus muscle.

d A dislocated knee or fractured distal femur: may injure the popliteal artery because of

itsi deep position adjacent to the femur and the knee joint capsule

B. Patella
• Is the largest sesarnoid hone located within the tendon of the quadriceps femoris, which

articulates with the femur but not with the tibia.
• Attaches to the tibial tuberosity by a continuation of the quadriceps tendon called the

patellar ligament.
• Functions to obviate wear and attrition on the quadriceps tendon as it passes across the

trochlear groove and to increase the angle of pull of the quadriceps femoris, thereby
magnifying its power.

PIM Transverse patellar fracture: results from a blow to the knee or from sudden contraction

of the quadriceps muscle. The proximal fragment of the patella is pulled superiorly with

the quadriceps tendon and the distal fragment remains with the patellar ligament.



Fracture of the fibular neck: may cause an injury to the common peroneal nerve, which
winds laterally around the neck of the fibula. This injury results in paralysis of all muscles in

the anterior and lateral compartments of the leg (dorsiflexors and evertors of the foot), causing foot drop.
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C. Tibia
• Is the weight-bearing medial bone of the leg.
• Has the tibial tuberosity into which the patellar ligament inserts.
• Has medial and lateral condyles that articulate with the condyles of the femur.
• Has a projection called the medial malleolus with a malleolar groove for the tendons of

the tibialis posterior and flexor digitorum longus muscles and another groove (posterolat-
eral to the malleolus groove) for the tendon of the flexor hallucis longus muscle. It also

provides attachment for the deltoid ligament.

CC 3.6 Bumper fracture: is a fracture of the lateral tibial condyle, caused by an automobile
bumper, and it is usually associated with a common peroneal nerve injury.

D. Fibula
• Has little or no function in weight-bearing but provides attachment for muscles.

• Has a head (apex) that provides attachment for the fibular collateral ligament of the
knee joint.

• Has a projection called the lateral malleolus that articulates with the trochlea of the talus;
lies more inferior and posterior than the medial malleolus; and provides attachment for
the anterior talofibular, posterior talofibular, and calcaneofibular ligaments. It also has the

sulcus for the peroneus longus and hrevis muscle tendons.

Pott's fracture (Dupuytren's fracture): is a fracture of the lower end of the fibula, often

-	 accompanied by fracture of the medial malleolus or rupture of the deltoid ligament. It is
caused by forced eversion of the foot.

CC 3.8 Piton fracture: is a fracture of the distal metaphysis of the tibia extending into the ankle
joint.

MI Bones of the Ankle and Foot (Figures 3-2, 3-4, and 3-5)

A. Tarsus
• Consists of seven tarsal bones: talus, calcaneus, navicular bone, cuboid bone, and three

cuneiform bones.
1. Talus

• Transmits the weight of the body from the tibia to the foot and is the only tarsal bone

without muscle attachments.
• llas a neck with a deep groove, the sulcus tali, for the interosseous ligaments

between the talus and the calcaneus.
• Has a body with a groove on its posterior surface for the flexor hallucis longus

tendon.
• Has a head, which serves as keystone of the medial longitudinal arch of the foot.
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Figure 3-4 Bones of the foot.

March fracture (stress fracture): is a fatigue fracture of one of the metatarsals, which
may result from prolonged walking. Metatarsal fractures are also common in female

.,ncers when the dancers lose balance, putting the full body weight on the metatarsals.
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2. Calcaneus
• Is the largest and strongest bone of the foot and lies below the talus.

• Forms the heel of the foot, articulates with the talus superiorly and the cuboid ante-

riorly, and provides an attachment for the Achilles tendon.
• Has a shelf-like medial projection called the sustentaculum tali, which supports the

head of the talus (with the spring ligament) and has a groove on its inferior surface
for the flexor hallucis longus tendon (which uses the sustentaculum tali as a pulley).

3. Navicular bone
• Is a boat-shaped tarsal bone lying between the head of the talus and the three

cuneiform bones.

4. Cuboid bone
• Is the most laterally placed tarsal bone and has a groove for the peroneus longus

muscle tendon.
• Serves as the keystone of the lateral longitudinal arch of the foot.

5. Cuneiform bones
• Are three wedge-shaped bones that form a part of the medial longitudinal and prox-

imal transverse arches.
• Articulate with the navicular bone posteriorly and with three metatarsals anteriorly.

B. Metatarsus
• Consists of five metatarsals and has prominent medial and lateral sesamoid bones on the

first metatarsal.

C. Phalanges
• Consists of 14 bones (two in the first digit and three in each of the others).
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of talus

Figure 3-5 Radiograph of the ankle and foot.

JOINTS AND LIGAMENTS

Hip (Coxal) Joint (Figures 3-2, 3-3, and 3-6)

• Is a multiaxial ball-and-socket synovial joint between the acetabulum of the hip bone and
the head of the femur and allows abduction and adduction, flexion and extension, and cir-
cumduction and rotation.

• Is stabilized by the acetabular labrum; the fibrous capsule; and capsular ligaments such as the
iliofemoral, ischiofemoral, and pubofemoral ligaments.

• Has a cavity that is deepened by the fibrocartilaginous acetabular labrum and is completed be-
low by the transverse acetabular ligament, which bridges and converts the acetabular notch
into a foramen for passage of nutrient vessels and nerves.

• Receives blood from branches of the medial and lateral femoral circumflex, superior and infe-
rior gluteal, and obturator arteries. The posterior branch of the obturator artery gives rise to the

artery of the ligamentum teres capitis femoris.
• Is innervated by branches of the femoral, obturator, sciatic, and superior gluteal nerves and by

the nerve to the quadratus femoris.

A. Structures
1. Acetabular labrum

• Is a complete fibrocartilage rim that deepens the articular socket for the head of the fe-

mur and consequently stabilizes the hip joint. (Fig. 3-7).

2. Fibrous capsule
• Is attached proximally to the margin of the acetabulum and to the transverse acetabular

ligament.
• Is attached distally to the neck of the femur as follows: anteriorly to the intertrochanteric

line and the root of the greater trochanter and posteriorly to the intertrochanteric crest.

• Encloses part of the head and most of the neck of the femur.
• Is reinforced anteriorly by the iliofemoral ligament, posteriorly by the ischiofemoral

ligament, and inferiorly by the pubofemoral ligament.
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Figure 3-6 Angle of the hip joint. A: Norma . B Coax valga (abnormally increased angle of inclination),
C: Coax vara (abnormally decreased angle of inclination).

Coxa valga: is an alteration of the angle made by the axis of the femoral neck to the

axis of the femoral shaft so that the angle exceeds 135 degrees, and thus the femoral

neck becomes straighter.

r s Coxa vara: is an alteration of the angle made by the axis of the femoral neck to the

axis of the femoral shaft so that the angle is less than 135 degrees, and thus the

femoral neck becomes more horizontal.

B. Ligaments
1. Iliofemoral ligament

• Is the largest and most important ligament that reinforces the fibrous capsule anteriorly

and is in the form of an inverted Y.
• Is attached proximally to the anterior-inferior iliac spine and the acetabular rim and

distally to the intertrochanteric line and the front of the greater trochanter of the femur.
• Resists hyperextension and lateral rotation at the hip joint during standing.

Figure 3-7 Blood supply of the head and neck of the femur. A: Corona' section. B: Anterior view.
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2. Ischiofemoral ligament
• Reinforces the fibrous capsule posteriorly, extends from the Ischial portion of the acetab-

ular rim to the neck of the femur medial to the base of the greater trochanter, and limits

extension and medial rotation of the thigh.
3. Pubofemoral ligament

• Reinforces the fibrous capsule inferiorly, extends from the pubic portion of the acetabular
rim and the superior pubic ramus to the lower part of the femoral neck, and limits exten-
sion and abduction.

4. Ligamentum teres capitis femoris (round ligament of head of femur)
• Arises from the floor of the acetabular fossa (more specifically, from the margins of the

acetabular notch and from the transverse acetabular ligament) and attaches to the
fovea capitis femoris.

• Provides a pathway for the artery of the ligamentum capitis femoris (foveolar artery)

from the obturator artery, which is of variable size but represents a significant portion

of the blood supply to the femoral head during childhood.
5. Transverse acetabular ligament

• Is a fibrous band that bridges the acetabular notch and converts it into a foramen,

through which the nutrient vessels enter the joint.

IF Knee Joint (Figures 3-8, and 3-9; see also Figure 3-2)

• Is the largest and most complicated joint. Although structurally it resembles a hinge joint, it is
a condylar type of synovial joint between two condyles of the femur and tibia. In addition,

it includes a saddle joint between the femur and the patella.
• Is encompassed by a fibrous capsule that is rather thin, weak, and incomplete, but it is attached

to the margins of the femoral and tibial condyles and to the patella and patellar ligament and

surrounds the lateral and posterior aspects of the joint.
• Permits flexion, extension, and some gliding and rotation in the flexed position of the knee; full

extension is accompanied by medial rotation of the femur on the tibia, pulling all ligaments taut.

• Is stabilized laterally by the biceps and gastrocnemius (lateral head) tendons, the iliotibial

tract, and the fibular collateral ligaments.
• Is stabilized medially by the sartorius, gracilis, gastrocnemius (medial head), semitendinosus,

and semimembranosus muscles and the tibial collateral ligament.
• Receives blood from the genicular branches (superior medial and lateral, inferior medial and

lateral, and middle) of the popliteal artery, a descending branch of the lateral femoral cir-
cumflex artery, an articular branch of the descending genicular artery, and the anterior tibial

recurrent artery.
• Is innervated by branches of the sciatic, femoral, and obturator nerves.
• Is supported by various ligaments and menisci.

Hemarthrosis (blood in a joint): usually causes a rapid swelling of the injured knee

joint, whereas inflammatory joint effusion causes a slow swelling of the knee joint.

Patellar ligament

Posterior cruciate
	 Figure 3-8 Ligaments of the

ligament
	

knee.
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Drawer sign: Anterior drawer sign is a forward sliding of the tibia on the femur due to

a rupture of the anterior cruciate ligament, whereas posterior drawer sign is a back-

ward sliding of the tibia on the femur caused by a rupture of the posterior cruciate ligament.

Figure 3-9 Ligaments of the

knee joint (anterior view).
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A. Ligaments
1. Intracapsular ligaments

a. Anterior cruciate ligament

• Lies inside the knee joint capsule but outside the synovial cavity of the joint.

• Arises from the anterior intercondylar area of the tibia and passes upward, backward,

and laterally to insert into the medial surface of the lateral femoral condyle.
• Is slightly longer than the posterior cruciate ligament.
• Prevents forward sliding of the tibia on the femur (or posterior displacement of

the femur on the tibia) and prevents hyperextension of the knee joint.

• Is taut during extension of the knee and is lax during flexion. (The small more
anterior band is taut during flexion.)

• May be torn when the knee is hyperextended.
h. Posterior cruciate ligament

• Lies outside the synovial cavity but within the fibrous joint capsule.

• Arises from the posterior intercondylar area of the tibia and passes upward, forward,
and medially to insert into the lateral surface of the medial femoral condyle.

• Is shorter, straighter, and stronger than the anterior cruciate ligament.

• Prevents backward sliding of the tibia on the femur (or anterior displacement of
the femur on the tibia) and limits hyperflexion of the knee.

• Is taut during flexion of the knee and is lax during extension. (The small posterior
band is lax during flexion and taut during extension.)

c. Medial meniscus

• Lies outside the synovial cavity but within the joint capsule.

• Is C-shaped (i.e., forms a semicircle) and is attached to the medial collateral ligament
and interarticular area of the tibia.

• Acts as a cushion or shock absorber and lubricates the articular surfaces by distributing

synovial fluid in windshield-wiper fashion.

cc 3.15
The medial meniscus: is more frequently torn in injuries than the lateral because of its

strong attachment to the tibial collateral ligament.



"Unhappy triad" of the knee joint: may occur when a football player's cleated shoe is

planted firmly in the turf and the knee is struck from the lateral side. It is indicated by a

knee that is markedly swollen, particularly in the suprapatellar region, and results in tenderness on appli-

cation of pressure along the extent of the tibial collateral ligament. It is characterized by (a) rupture of the

tibial collateral ligament, as a result of excessive abduction; (b) tearing of the anterior cruciate ligament,

as a result of forward displacement of the tibia; and (c) injury to the medial meniscus, as a result of the

tibial collateral ligament attachment.

iL 3.16

Bowleg (genu varum): is a deformity in which the tibia is bent medially. It may occur

as a result of collapse of the medial compartment of the knee and rupture of the lateral

collateral ligament.

,3.18
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d. Lateral meniscus
• Lies outside the synovial cavity but within the joint capsule.
• Is nearly circular, acts as a cushion, and facilitates lubrication.
• Is separated laterally from the fibular (or lateral) collateral ligament by the tendon

of the popliteal muscle and aids in forming a more stable base for the articulation

of the femoral condole.
e. Transverse ligament

• Binds the anterior horns (ends) of the lateral and medial semilunar cartilages

(menisci).
2. Extracapsular ligaments

a. Medial (tibial) collateral ligament
• Is a broad band that extends from the medial femoral epicondyle to the medial

tibial condole.
• Is firmly attached to the medial meniscus and its attachment is of clinical signif-

icance because injury to the ligament results in concomitant damage to the medial
meniscus.

• Prevents medial displacement of the two long bones and thus abduction of the leg

at the knee.
• Becomes taut on extension and thus limits extension and abduction of the leg.

'-	 Knock-knee (genu valgum): is a deformity in which the tibia is bent or twisted laterally.

It may occur as a result of collapse of the lateral compartment of the knee and rupture

of the medial collateral ligament.

b. Lateral (fibular) collateral ligament
• Is a rounded cord that is separated from the lateral meniscus by the tendon of the

popliteus muscle and also from the capsule of the joint.
• Extends between the lateral femoral epicondyle and the head of the fibula.
• Becomes taut on extension and limits extension and adduction of the leg.

c. Patellar ligament (tendon)
• is a strong flattened fibrous band that is the continuation of the quadriceps femoris

tendon. Its portion may be used for repair of the anterior cruciate ligament.
• Extends from the apex of the patella to the tuberosity of the tibia.

c 3.19 Patellar tendon reflex: Tap on the patellar tendon elicits extension of the knee joint.

Both afferent and efferent limbs of the reflex arc are in the femoral nerve (L2-L4).

A portion of the patella ligament may be used for surgical repair of the anterior cruciate

ligament of the knee joint. The tendon of the plantaris muscle may be used for tendon

autografts to the long flexors of the fingers.
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d. Arcuate popliteal ligament
• Arises from the head of the fibula, arches superiorly and medially over the tendon of

the popliteus muscle on the back of the knee joint, and fuses with the articular capsule.

e. Oblique popliteal ligament
• Is an oblique expansion of the semimembranosus tendon and passes upward

obliquely across the posterior surface of the knee joint from the medial condyle

of the tibia.
• Resists hyperextension of the leg and lateral rotation during the final phase of

extension.
f. Popliteus tendon

• Arises as a strong cord-like tendon from the lateral aspect of the lateral femoral
condyle and runs between the lateral meniscus and the capsule of the knee joint

deep to the fibular collateral ligament.

B. Bursae
1. Suprapatellar bursa

• Lies deep to the quadriceps femoris muscle and is the major bursa communicating with
the knee joint cavity (the semimembranosus bursa also may communicate with it).

2. Prepatellar bursa
• Lies over the superficial surface of the patella.

3. Infrapatellar bursa
• Consists of a subcutaneous infrapatellar bursa over the patellar ligament and a deep

infrapatellar bursa deep to the patellar ligament.

4. Anserine bursa (known as the pes anserinus [goose's foot])
• Lies between the tibial collateral ligament and the tendons of the sartorius, gracilis, and

semitendinosus muscles.

F11161% Prepatellar bursitis (housemaid's knee): is inflammation and swelling of the

prepatellar bursa.

Tibiofibular Joints

A. Proximal tibiofibular joint
• Is a plane-type synovial joint between the head of the fibula and the tibia, which allows a

little gliding movement.

B. Distal tibiofibular joint
• Is a fibrous joint between the tibia and the fibula.

lirAnkle (Talocrural) Joint (Figure 3-2 and 3-10)

• Is a hinge-type (ginglymus) synovial joint between superiorly the tibia and fibula and inferi-
orly the trochlea of the talus, permitting dorsiflexion and plantar flexion.

A. Articular capsule
• Is a thin fibrous capsule that lies both anteriorly and posteriorly, allowing movement.
• Is reinforced medially by the medial (or deltoid) ligament and laterally by the lateral liga-

ment, which prevents anterior and posterior slipping of the tibia and fibula on the talus.

B. Ligaments
1. Medial (deltoid) ligament

• Has four parts: the tibionavicular, tibiocalcaneal, anterior tibiotalar, and posterior
tibiotalar ligaments.
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Figure 3 - 1(1 Ligaments of the ankle joint.

• Extends from the medial malleolus to the navicular bone, calcaneus, and talus.

• Prevents overeversion of the foot and helps maintain the medial longitudinal arch.

2. Lateral ligament
• Consists of the anterior talofibular, posterior talofibular, and calcaneofibular (cord-like)

ligaments.
• Resists inversion of the foot and may be torn during an ankle sprain (inversion injury).

IlirTarsal Joints

A. Intertarsal joints

1. Talocalcaneal (subtalar) joint
• Ts a plane synovial joint (part of the talocalcaneonavicular joint), formed between the

talus and calcaneus bones.
• Allows inversion and eversion of the foot.

2. Talocalcaneonavicular joint
• Is a hall-and-socket joint (part of the transverse tarsal joint), formed between the head

of the talus (ball) and the calcaneus and navicular bones (socket).
• Is supported by the spring (plantar calcaneonavicular) ligament.

3. Calcaneocuboid joint
• Is part of the transverse tarsal joint and resembles a saddle joint between the calcaneus

and the cuboid bones.
• Is supported by the short plantar (plantar calcaneocuboid) and long plantar ligaments

and by the tendon of the peroneus longus muscle.
4. Transverse tarsal (midtarsal) joint

• Is a collective term for the talonavicular part of the talocalcaneonavicular joint and

the calcaneocuboid joint. The two joints are separated anatomically but act together

functionally.

• Is important in inversion and eversion of the toot.



HaIlux valgus: is a lateral deviation of the big toe and is frequently accompanied by

swelling (bunion) on the medial aspect of the first metatarsophalangeal joint. It con-

trasts with hallux varus, which is a medial deviation of the big toe.
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B. Tarsometatarsal joints
• Are plane synovial joints that strengthen the transverse arch.

• Are united by articular capsules and are reinforced by the plantar, dorsal, and interosseous

ligaments.

C. Metatarsophalangeal joints
• Are ellipsoid (condyloid) synovial joints that are joined by articular capsules and are

reinforced by the plantar and collateral ligaments.

3.22 Bunion: is a localized swelling at the medial side of the first metatarsophalangeal joint

(or of the first metatarsal head), caused by an inflammatory bursa, and is unusually as-

sociated with hallux valgus. Bunionectomy is an excision of an abnormal prominence on the medial as-

pect of the first metatarsal head.

D. Interphalangeal joints
• Are hinge-type (ginglymus) synovial joints that are enclosed by articular capsules and are

reinforced by the plantar and collateral ligaments.

CUTANEOUS NERVES, SUPERFICIAL VEINS,
AND LYMPHATICS

Cutaneous Nerves (Figure 3-11)

A. Lateral femoral cutaneous nerve
• Arises from the lumbar plexus (L2-L3), emerges from the lateral border of the psoas ma-

jor, crosses the iliacus, and passes under the inguinal ligament near the anterior-superior
iliac spine.

• Innervates the skin on the anterior and lateral aspects of the thigh as far as the knee.

B. Clunial (buttock) nerves
• Innervate the skin of the gluteal region.
• Consist of superior (lateral branches of the dorsal rami of the upper three lumbar nerves),

middle (lateral branches of the dorsal rami of the upper three sacral nerves), and inferior
(gluteal branches of the posterior femoral cutaneous nerve) nerves.

C. Posterior femoral cutaneous nerve
• Arises from the sacral plexus (S1-S3), passes through the greater sciatic foramen below the

piriformis muscle, runs deep to the gluteus maximus muscle, and emerges from the inferior
border of this muscle.

• Descends in the posterior midline of the thigh deep to the fascia lata and pierces the fascia
lata near the popliteal fossa.

• Innervates the skin of the buttock, thigh, and calf.

D. Saphenous nerve
• Arises from the femoral nerve in the femoral triangle and descends with the femoral vessels

through the femoral triangle and the adductor canal.
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Figure 3-11 Cutaneous nerves of the lower limb.
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• Pierces the fascial covering of the adductor canal at its distal end in company with the
saphenous branch of the descending genicular artery.

• Becomes cutaneous between the sartorius and the gracilis and descends behind the condyles

of the femur and tibia and medial aspect of the leg in company with the great saphenous vein.
• Innervates the skin on the medial side of the leg and foot.
• Is vulnerable to injury (proximal portion) during surgery to repair varicose veins.

E. Lateral sural cutaneous nerve
• Arises from the common peroneal nerve in the popliteal fossa and may have a commu-

nicating branch that joins the medial sural cutaneous nerve.
• Innervates the skin on the posterolateral side of the leg.

F. Medial sural cutaneous nerve
• Arises from the tibia/ nerve in the popliteal fossa and may join the lateral sural nerve or its

communicating branch to form the sural nerve.
• Innervates the skin on the back of the leg and the lateral side of the ankle, heel, and foot.



The greater saphenous vein: accompanies the saphenous nerve, which is vulnerable
to injury when it is harvested surgically. It is commonly used for coronary artery bypass

surgery, and the vein should be reversed so its valves do not obstruct blood flow in the graft. This vein

and its tributaries become dilated and varicosed and varicose veins are common in the posteromedial

parts of the lower limb.
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G. Surat nerve
• Is formed by the union of the medial sural and lateral sural nerves (or the communicating

branch of the lateral sural nerve).
• Innervates the skin on the back of the leg and the lateral side of the ankle, heel, and foot.

H. Superficial peroneal nerve
• Passes distally between the peroneus muscles and the extensor digitorum longus and

pierces the deep fascia in the lower third of the leg to innervate the skin on the lateral
side of the lower leg and the dorsum of the foot.

• Divides into a medial dorsal cutaneous nerve, which supplies the medial sides of the foot
and ankle, the medial side of the great toe, and the adjacent sides of the second and third
toes, and an intermediate dorsal cutaneous nerve, which supplies the skin of the lateral
sides of the foot and ankle and the adjacent sides of the third, fourth, and little toes.

I. Deep peroneal nerve
• Supplies anterior muscles of the leg and foot and the skin of the contiguous sides of the

first and second toes.

Superficial Veins

A. Great saphenous vein
• Begins at the medial end of the dorsal venous arch of the foot.
• Ascends in front of the medial malleolus and along the medial aspect of the tibia along

with the saphenous nerve, passes behind the medial condyles of the tibia and femur, and
then ascends along the medial side of the femur.

• Passes through the saphenous opening (fossa ovalis) in the fascia lata and pierces the
femoral sheath to join the femoral vein.

• Receives the external pudendal, superficial epigastric, superficial circumflex ilia, lateral
femoral cutaneous, and accessory saphenous veins.

• Is a suitable vessel for use in coronary artery bypass surgery and for venipuncture.

B. Small (short) saphenous vein
• Begins at the lateral end of the dorsal venous arch and passes upward along the lateral

side of the foot with the sural nerve, behind the lateral malleolus.
• Ascends in company with the sural nerve and passes to the popliteal fossa, where it perforates

the deep fascia and terminates in the popliteal vein.

Thrombophlebitis: is a venous inflammation with thrombus formation, which occurs in
the superficial veins in the lower limb, leading to pulmonary embolism. However,

most pulmonary emboli originate in deep veins, and the risk of embolism can be reduced by anticoagu-

lant treatment.

Varicose veins: develop in the superficial veins of the lower limb because of a
reduced elasticity and incompetent valves in the veins or thrombophlebitis of the

deep veins.
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mphatics

A. Vessels

1. Superficial lymph vessels
• Are formed by vessels from the gluteal region, the abdominal wall and the external

genitalia.
• Are divided into a medial group, which follows the great saphenous vein to end in

the inguinal nodes, and a lateral group, which follows the small saphenous vein to
end in the popliteal nodes and their efferents accompany the femoral vessels to end in
the inguinal nodes.

2. Deep lymph vessels
• Consist of the anterior tibial, posterior tibial, and peroneal vessels, which follow

the course of the corresponding blood vessels and enter the popliteal lymph
nodes. The lymph vessels from the popliteal nodes accompany the femoral vessels
to the inguinal nodes, which enter the external iliac nodes and ultimately drain

into the lumbar (aortic) nodes and vessels.

B. Lymph nodes

1. Superficial inguinal group of lymph nodes
• Is located subcutaneously near the saphenofemoral junction and drains the superficial

thigh region.
• Receives lymph from the anterolateral abdominal wall below the umbilicus, gluteal

region, lower parts of the vagina and anus, and external genitalia except the glans,

and drains into the external iliac nodes.
2. Deep inguinal group of lymph nodes

• Lies deep to the fascia lata on the medial side of the femoral vein.
• Receives lymph from deep lymph vessels (i.e., efferents of the popliteal nodes) that

accompany the femoral vessels and from the glans penis or glans clitoris, and drains

into the external iliac nodes through the femoral canal.

GLUTEAL REGION AND POSTERIOR THIGH

Fibrous Structures

A. Sacrotuberous ligament

• Extends from the ischial tuberosity to the posterior iliac spines, lower sacrum, and coccyx.

• Converts, with the sacrospinous ligament, the lesser sciatic notch into the lesser sciatic

foramen.

B. Sacrospinous ligament
• Extends from the ischial spine to the lower sacrum and coccyx.
• Converts the greater sciatic notch into the greater sciatic foramen.

C. Sciatic foramina

1. Greater sciatic foramen
• Provides a pathway for the piriformis muscle, superior and inferior gluteal vessels and

nerves, internal pudendal vessels and pudendal nerve, sciatic nerve, posterior femoral cu-

taneous nerve, and the nerves to the obturator intemus and quadratus femoris muscles.

2. Lesser sciatic foramen
• Provides a pathway for the tendon of the obturator intemus, the nerve to the obturator

internus, and the internal pudendal vessels and pudendal nerve.
3. Structures that pass through both the greater and lesser sciatic foramina

• Include the pudendal nerve, the internal pudendal vessels, and the nerve to the

obturator internus.
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D. Iliotibial tract

• Is a thick lateral portion of the fascia lata.
• Provides insertion for the gluteus maximus and tensor fasciae latae muscles.
• Helps form the fibrous capsule of the knee joint and is important in maintaining posture

and locomotion.

E. Fascia lata

• Is a membranous, deep fascia covering muscles of the thigh and forms the lateral and
medial intermuscular septa by its inward extension to the femur.

• Is attached to the pubic symphysis, pubic crest, pubic rami, ischial tuberosity, inguinal and
sacrotuberous ligaments, and the sacrum and coccyx.

Muscles of the Gluteal Re ion (Table 3-1; Figure 3-12)

Gluteal gait (gluteus medius limp): is a waddling gait, characterized by the pelvis

falling (or drooping) toward the unaffected side when the opposite leg is raised at each
step. It results from paralysis of the gluteus medius muscle, which normally functions to stabilize the

pelvis when the opposite foot is off the ground. 

The gluteal region is a common site for intramuscular injection of drugs. Injection

should always be made in the superior lateral quadrant of the gluteal region.

TABLE 3-1 Muscles of the Gluteal Region

Muscle Origin Insertion Nerve Action

Gluteus Ilium; sacrum; Gluteal tuberosity; Inferior gluteal Extends and

maximus coccyx; sacrotu-

berous ligament

iliotibial tract rotates thigh

laterally

Gluteus Ilium between iliac Greater trochanter Superior gluteal Abducts and ro-
medius crest, and anterior

and posterior

gluteal lines

tates thigh me-

dially; stabi-

lizes pelvis

Gluteus Ilium between Greater trochanter Superior gluteal Abducts and ro-

minimus anterior and infe-

rior gluteal lines

tates thigh

medially

Tensor fas-

ciae latae
Iliac crest; anterior-

superior iliac

spine

Iliotibial tract Superior gluteal Flexes, abducts,

and rotates

thigh medially
Piriformis Pelvic surface of Upper end of Sacral (S1-S2) Rotates thigh

sacrum; sacrotu-

berous ligament

greater trochanter laterally

Obturator Ischiopubic rami; Greater trochanter Nerve to obtura- Abducts and ro-

internus obturator mem-
brane

tor internus tates thigh
laterally

Superior Ischial spine Obturator internus Nerve to obtura- Rotates thigh

gemellus tendon tor intemus laterally

Inferior lschial tuberosity Obturator intemus Nerve to quadra- Rotates thigh
gemellus tendon tes femoris laterally

Quadratus lschial tuberosity Intertrochanteric Nerve to quadra- Rotates thigh

femoris crest tes lemons laterally
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Figure 3-12 Computed tomography (CT) scans of the hip, thigh, and pelvis.

111
1r Posterior Muscles of the Thigh (Table 3-2; Figure 3-12)

A. Superior gluteal nerve (see Nerves and Vasculature: I.C.)

B. Inferior gluteal nerve (see Nerves and Vasculature: I.D.)

C. Posterior femoral cutaneous nerve (see Nerves and Vasculature: I.E.)

D. Sciatic nerve (see Nerves and Vasculature: I.F.1 and 2)

Neck of femur

Obturator
internus muscle



Piriformis syndrome: is a condition in which the piriformis muscle irritates and places
pressure on the sciatic nerve, causing pain in the buttocks and referring pain along the

course of the sciatic nerve. This referred pain, called "sciatica," in the lower back and hip radiates down
the back of the thigh and into the lower back. (The pain initially was attributed to sciatic nerve dysfunc-
tion but now is known to be due to herniation of lower lumbar intervertebral disk compromising nerve
roots.) It can be treated with progressive piriformis stretching. If this fails, then a corticosteroid may be
injected into the piriformis muscle. Finally, surgical exploration may be undertaken as a last resort.

Positive Trendelenburg's sign: is seen in a fracture of the femoral neck, dislocated hip
joint (head of femur), or weakness and paralysis of the gluteus medius and minimus mus-

cle, causing inability to abduct the hip. If the right gluteus medius and minimus muscles are paralyzed,
the unsupported left side (sound side) of the pelvis falls (sags) instead of rising; normally the pelvis rises,
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.	 Arteries of the Gluteal Re ion

A. Superior gluteal artery (see Nerves and Vasculature: II.A.)

B. Inferior gluteal artery (see Nerves and Vasculature: II.B.)

VI. Hip (Coxal) Joint (see Joints and Ligaments: LA and B;

see Figures 3-1, 3-2, and 3-3)

who satrerini ngv oinivjuedry i no rr usnt nr ni gn s (pulledu13n g	 torn hamstrings):chkamstastrtri
sports.
ngs):  a rTeh

The
recommono fi n thpersons

strings from the ischial tuberosity may be avulsed, resulting in rupture of blood vessels. Avulsion of the
ischial tuberosity may result from forcible flexion of the hip with the knee extended, and tearing of
hamstring fibers is very painful.

TABLE 3-2	 Posterior Muscles of the Thigh*

Muscle Origin Insertion Nerve Action

Semitendinosus Ischial tuberosity Medial surface Tibial portion Extends thigh;
of upper part of
tibia

of sciatic nerve flexes and
rotates leg
medially

Semimembranosus Ischial tuberosity Medial condyle Tibial portion Extends thigh;
of tibia of sciatic nerve flexes and

rotates leg
medially

Biceps femoris Long head from is- Head of fibula Tibial (long Extends thigh;
chial tuberosity; head) and flexes and
short head from common pero- rotates leg
linea aspera and up-
per supracondylar
line

neal (short
head) divi-
sions of sciatic
nerve

laterally

"These three muscles collectively are called hamstrings.



Anterior dislocation of the hip joint: is characterized by tearing of the joint capsule
anteriorly with movement of the femoral head out from the acetabulum; the femoral

head lies anteroinferior to the pubic bone or the acetabulum.

Posterior dislocation of the hip joint: is characterized by posterior tearing of the joint
capsule, resting the fractured femoral head on the posterior surface of the ischium, as

occurs in a head-on-collision. It results in probable rupture of both the posterior acetabular labrum and
the ligamentum capitis femoris and, usually, injury of the sciatic nerve. It results in the affected limb to
be shortened, adducted, and medially rotated.

Medial or intrapelvic dislocation of the hip joint: is characterized by tearing of the
joint capsule medially and the dislocated femoral head lies medial to the pubic bone.

This may be accompanied by acetabular fracture and rupture of the bladder.

cc 3.36

102 BRS GROSS ANATOMY

Congenital dislocation isubluxation) of the hip joint: is characterized by movement
of the head of the femur out of the acetabulum through the ruptured capsule onto the

gluteal surface of the ilium. It occurs because of faulty development of the upper lip of the acetabulum
and results in shortening, adduction, and medial rotation of the affected limb.

Traumatic dislocation of the hip joint: is usually produced by trauma (severe enough
to fracture the acetabulum), when the thigh is in the flexed position because the hip

joint is less stable.

ANTERIOR AND MEDIAL THIGH

Fibrous Structures of the Anterior Thigh

A. Femoral triangle
• Is bounded by the inguinal ligament superiorly, the sartorius muscle laterally, and the

adductor longus muscle medially.
• Has the floor, which is formed by the iliopsoas, pectineus, and adductor long muscles. Its

roof is formed by the fascia lata and the cribriform fascia.
• Contains the femoral nerve, artery, vein, and canal from the lateral to medial. The pulsation

of the femoral artery may be felt just inferior to the midpoint of the inguinal ligament.

B. Femoral ring
• Is the abdominal opening of the femoral canal.
• Is bounded by the inguinal ligament anteriorly, the femoral vein laterally, the lacunar

ligament medially, and the pectineal ligament posteriorly.

C. Femoral canal
• Lies medial to the femoral vein in the femoral sheath.
• Contains fat, areolar connective tissue, and lymph nodes.



Groin injury or pulled groin: means that a strain, stretching, and tearing of the origin

of the flexor and adductor of the thigh occur, as in sports that require quick starts such

as a 100-meter dash and football.

The gracilis: is a relatively weak member of the adductor group of muscles, and thus

surgeons often transplant this muscle or part of it, with nerve and blood vessels, to

replace a damaged muscle in the hand. The proximal muscle attachments are in the inguinal region
or groin.
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• Transmits lymphatics from the lower limb and perineum to the peritoneal cavity.
• Is a potential weak area and a site of femoral herniation, which occurs most frequently in

women because of the greater width of the superior pubic ramus of the female pelvis.

Femoral hernia: is more common in women than in men, passes through the femoral

ring and canal, and lies lateral and inferior to the pubic tubercle and deep and inferior to

the inguinal ligament; its sac is formed by the parietal peritoneum. Strangulation of a femoral hernia

may occur because of the sharp, stiff boundaries of the femoral ring, and the strangulation interferes

with the blood supply to the herniated intestine, resulting in death of the tissues.

D. Femoral sheath

• Is formed by a prolongation of the transversalis and iliac fasciae in the thigh.

• Contains the femoral artery and vein, the femoral branch of the genitofemoral nerve, and
the femoral canal. (The femoral nerve lies outside the femoral sheath, lateral to the femoral
artery.)

• Reaches the level of the proximal end of the saphenous opening with its distal end.

E. Adductor canal

• Begins at the apex of the femoral triangle and ends at the adductor hiatus (hiatus
tendineus).

• Lies between the adductor magnus and longus muscles and the vastus medialis muscle and

is covered by the sartorius muscle and fascia.
• Contains the femoral vessels, the saphenous nerve, the nerve to the vastus medialis, and

the descending genicular artery.

E. Adductor hiatus (hiatus tendineus)

• Is the aperture in the tendon of insertion of the adductor magnus.
• Allows the passage of the femoral vessels into the popliteal fossa.

G. Saphenous opening (saphenous hiatus) or fossa ovalis

• Is an oval gap in the fascia lata below the inguinal ligament that is covered by the cribriform
fascia, which is a part of the superficial fascia of the thigh.

• Provides a pathway for the greater saphenous vein.

Anterior Muscles of the Thigh (Table 3-3; Figure 3-12)

Muscle strains of the adductor longus: may occur in horseback riders and produce

pain because the riders adduct their thighs to keep from falling from animals.



Muscle

Iliacus

Sartorius

Rectus

femoris

Vastus

medialis

Vastus

lateralis

Nerve

Femoral

Femoral

Femoral

Femoral

Femoral

Action

Flexes thigh (with

psoas major)

Flexes and rotates

thigh laterally;

flexes and rotates

leg medially

Flexes thigh; ex-

tends leg

Extends leg

Extends leg
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TABLE 3-3 Anterior Muscles of the Thigh

Origin
	 Insertion

Iliac fossa; ala of
	

Lesser tro-

sacrum
	 chanter

Anterior-superior iliac
	 Upper medial

spine	 side of tibia

Anterior-inferior iliac	 Base of patella;

spine; posterior-	 tibial tuber-

superior rim of	 osity

acetabulum

Intertrochanteric line;	 Medial side of

linea aspera; medial in- 	 patella; tibial

termuscular septum	 tuberosity

Intertrochanteric line;	 Lateral side of

greater trochanter;	 patella; tibial

linea aspera; gluteal tu-	 tuberosity

Vastus

intermedius

berosity; lateral inter-

muscular septum

Upper shaft of femur;

lower lateral intermus-

cular septum

Upper border

of patella; tib-

ial tuberosity

Femoral	 Extends leg

Medial Muscles of the Thigh (Table 3-4; Figure 3-12)

r_ Nerves of the Thigh (Figure 3-13)

TABLE 3-4 Medial Muscles of the Thigh

Muscle

Adductor longus

Adductor brevis

Adductor magnus

Pectineus

Gracilis

Obturator

externus

Origin

Body of pubis

below its crest

Body and

inferior pubic

ramus

Ischiopubic ra-

mus; ischial

tuberosity

Pectineal line

of pubis
Body and

inferior pubic

ramus

Margin of

obturator fo-

ramen and

obturator

membrane

Insertion

Middle third of

linea aspera

Pectineal line;

upper part of linea

aspera

Linea aspera;

medial supra-

condylar line;

adductor tubercle

Pectineal line of

femur
Medial surface of

upper quarter of

tibia

Nerve

Obturator

Obturator

Obturator

and sciatic

(tibial part)

Obturator

and femoral

Obturator

Action

Adducts and

flexes thigh

Adducts and

flexes thigh

Adducts, flexes,

and extends

thigh

Adducts and

flexes thigh

Adducts and
flexes thigh;

flexes and

rotates leg

medially

Rotates thigh
laterally

Intertrochanteric	 Obturator

fossa of femur



Femoral nerve

Obturator
externus
muscle
Gracilis muscle

Adductor
magnus muscle

Adductor
brevis muscle

Adductor
longus muscle

Tibial nerves

Common peroneal
nerves

Extensor digitorum
longus muscle

Gluteus minimus muscle

Tensor fasciae latae
Gluteus medius
muscle
Inferior gluteal nerve

Gluteus maximus
muscle

(long head)
magnus muscleAdductor

	 Semitendinosus muscle

	 Biceps femoris muscle

Biceps femoris muscle
(short head)

Semimembranosus
muscle

Gastrocnemius muscles

Oblurator nerve

Superior
gluteal

Pectineus	 nerve
muscles

Iliacus muscle

Sartorius muscle

Rectus femoris
muscle

Vastus muscles:
Lateralis

Intermedius
Medialis

{ Extensor
digitorum
brevis muscle

Abductor 	
hallucis muscle

Flexor digitorum
brevis muscle

Flexor hallucis
brevis muscle

Tibialis anterior	 	 Popliteus muscle
muscle	 4	 1 Tibialis posterior muscle
Extensor hallucis 	 Flexor hallucis longus muscle
longus muscle
Peroneus	 Flexor digitorum
tertius muscle	 longus muscle

Abductor digiti minimi muscle
Quadratus plantae muscle
Flexor digiti minimi muscle
Lumbrical muscle
Interossei muscle

Adductor hallucis muscle

Superficial peroneal
nerve

Deep peroneal
nerve

Peroneus longus
muscle

Peroneus brevis
muscle
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Figure 3-13 Innervation of the lower limb.

Arteries of the Thigh (Figures 3-14 and 3-15)

LEG AND POPLITEAL FOSSA

r; Fibrous and Muscular Structures

A. Popliteal fossa
• Is bounded superomedially by the semitendinosus and semimembranosus muscles and

superolaterally by the biceps muscle.
• Is bounded inferolaterally by the lateral head of the gastrocnemius muscle and infero-

medially by the medial head of the gastrocnemius muscle.



Inferior epigastric artery
Superficial epigastric
artery

Deep iliac circumflex
artery

Superficial iliac
circumflex artery

Profunda
femons artery

Lateral femoral
circumflex artery

Perforating
arteries

Descending branch
of lateral femoral
circumflex artery 	

Popliteal artery

Superior lateral
genicular artery

Inferior lateral
genicular artery

Abdominal aorta
A—Common iliac artery

Internal iliac
artery

External iliac
artery

External pudendal
artery

Obturator artery

Medial femoral
circumflex artery

Femoral artery

Muscular branch

Descending
genicular artery

Articular branch

Superior medial

[

genicular artery

Saphenous branch

Anterior tibial
recurrent artery

Anterior tibial
artery

Superficial branch

,	 Superior ramus
• 1  Inferior ramus

Deep branch of
superior gluteal
artery

Transverse branch
of lateral femoral
circumflex artery

Perforating branches

Superior lateral
genicular artery

Popliteal artery

Inferior lateral
genicular artery

Anterior tibial artery

Peroneal artery

Inferior medial
genicular artery

Superior
gluteal
artery

Inferior
gluteal
artery

Medial femoral
circumflex artery

Profunda
femoris artery

Femoral
artery

Hiatus in adductor
magnus muscle
Superior medial
genicular artery

Inferior medial
genicular artery

Posterior 	
tibial artery

Perforating branch
of peroneal artery 	

Lateral malleolar
artery

Lateral tarsal artery

Arcuate artery

Perforating artery

Dorsal metatarsal 
-J

Medial malleolar
artery
Dorsalis pedis
artery
Medial tarsal
arteries

Deep plantar branch
Medial
plantar
arteries

Deep plantar branch
of dorsalis pedis artery

Medial
calcaneal
branches

First dorsal
metatarsal artery

Lateral calcaneal branch

Lateral plantar artery

Perforating branches (3)

Plantar arch

Plantar metatarsal artery

— Plantar digital artery

Tuber	 	 Perforating branch
calcanei	 Communicating branch

artery
Dorsal digital artery-
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Anterior view
	

Posterior view

Figure 3-14 Blood supply to the lower limb.

• Has a floor that is composed of the femur, the oblique popliteal ligament, and the popliteus
muscle.

• Contains the popliteal vessels, the common peroneal and tibial nerves, and the small
saphenous vein.

B. Pes anserinus
• Is the combined tendinous expansions of the sartorius, gracilis, and semitendinosus

muscles at the medial border of the tuberosity of the tibia. It may be used for surgical

repair of the anterior cruciate ligament of the knee joint.
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- Femoral artery

- Medial superior
genicular artery

a- Posterior tibial artery

- Anterior tibial artery

- Fibular (peroneal)
artery

- Posterior tibial artery

- Lateral plantar artery
- Medial plantar artery
- Dorsalis pedis artery

- Plantar arch

- Popliteal artery

Medial inferior
genicular artery

Figure 3-15 Arteriogram of the lower limb, oblique
view. (Reprinted with permission from Agur AMR, Lee JL.
Grant's Atlas of Anatomy; 10th ed. Philadelphia: Lippin-
cott, Williams & Wilkins, 1999:379.)

111rAnterior and Lateral Muscles of the Leg (Table 3-5)

Posterior Muscles of the Leg (Table 3-6)

IV. Nerves of the Leg (see Figure 3-13)

A. Tibial nerve

B. Common peroneal nerve



Anterior tibial compartment syndrome: is characterized by ischemic necrosis of the

muscles of the anterior compartment of the leg. It occurs, presumably, as a result of

compression of arteries (anterior tibial artery and its branches) by swollen muscles, following excessive

exertion. It is accompanied by extreme tenderness and pain on the anterolateral aspect of the leg.

Intermittent claudication is a condition of limping caused by ischemia of the muscles in the lower

limbs chiefly the calf muscles, and is seen in occlusive peripheral arterial diseases particularly in the

popliteal artery and its branches. Symptom is the leg pain that occurs during walking and intensifies

until walking is impossible, but it is relieved by rest.

cc 3.41
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TABLE 3-5	 Anterior and Lateral Muscles of the Leg

Muscle Origin Insertion Nerve Action

Anterior

Tibialis anterior Lateral tibial condyle; in- First cunei- Deep peroneal Dorsiflexes

terosseous membrane form; first
metatarsal

and inverts
foot

Extensor hallucis Middle half of anterior Base of distal Deep peroneal Extends big

longus surface of fibula; interos- phalanx of toe; dorsi-

seous membrane big toe flexes and
inverts foot

Extensor dig- Lateral tibial condyle; up- Bases of mid- Deep peroneal Extends
itorum longus per two-thirds of dle and toes; dor-

fibula; interosseous distal siflexes and

membrane phalanges everts foot

Peroneus Distal one-third of Base of fifth Deep peroneal Dorsiflexes

tertius fibula; interosseous
membrane

metatarsal and everts
foot

Lateral

Peroneus Lateral tibial condyle; Base of first Superficial Everts and

longus head and upper lateral metatarsal; peroneal plantar

side of fibula medial cu-
neiform

flexes foot

Peroneus brevis Lower lateral side of fib- Base of fifth Superficial Everts and

ula; intermuscular septa metatarsal peroneal plantar
flexes foot

C. Deep peroneal nerve

D. Superficial peroneal nerve

E. Sural, medial and lateral sural nerves

17 	 Blood Vessels (see Figure 3-14)

A. Popliteal artery

B. Posterior tibial artery

C. Peroneal artery

D. Genicular anastomosis
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TABLE 3-6	 Posterior Muscles of the Leg

muscle Origin Insertion Nerve Action

Superficial
group
Gastrocnemius Lateral (lateral head) Posterior aspect of Tibial Flexes knee;

and medial (medial calcaneus via tendo plantar flexes

head) femoral condyles calcaneus foot

Soleus Upper fibula head; Posterior aspect of Tibial Plantar flexes

soleal line on tibia calcaneus via tendo

calcaneus
foot

Plantaris Lower lateral supracon- Posterior surface of Tibial Flexes leg;
dylar line calcaneus plantar flexes

foot

Deep group
Popliteus Lateral condyle of Upper posterior side Tibial Flexes by unlock-

femur; popliteal

ligament

of tibia ing knee and

rotates leg

medially

Flexor hallucis Lower two-thirds of fib- Base of distal phalanx Tibial Plantar flexes
longu s ula; interosseous mem- of big toe foot; flexes dis-

brane; intermuscular

septa

Tibial tal phalanx of

big toe

Flexor dig- Middle posterior aspect Distal phalanges of Tibial Flexes lateral

itorum longus of tibia lateral four toes four toes; plan-

tar flexes foot

Tibialis pos- Interosseous membrane; Tuberosity of navicu- Tibial Plantar flexes

tenor upper parts of tibia lar; sustentacula tali; and inverts

and fibula three cuneiforms; cu-

boid; bases of meta-

tarsals 2-4

foot

Knee Joint (see Figures 3-8 and 3-9)

A. Anterior cruciate ligament (see Joints and Ligaments: II.A.I.a.)

B. Posterior cruciate ligament (see Joints and Ligaments: II.A.1.b.)

C. Medial meniscus (see Joints and Ligaments: II.A.1.c.)

D. Lateral meniscus (see Joints and Ligaments: II.A.I.d.)

E. Medial (tibial) collateral ligament (see joints and Ligaments: II.A.2.a.)

Knee-jerk (patellar) reflex: occurs when the patellar ligament is tapped, resulting in a

sudden contraction of the quadriceps femoris. It tests the 12–L4 spinal (femoral) nerves
by activating muscle spindles in the quadriceps; afferent impulses travel in the femoral nerve to the spinal
cord, and efferent impulses are transmitted to the quadriceps via motor fibers in the femoral nerve.



Ankle-jerk (Achilles) reflex: is a reflex twitch of the triceps surae (i.e., the medial
and lateral heads of the gastrocnemius and the soleus muscles) induced by tapping

the tendo calcaneus. It causes plantar flexion of the foot and tests its reflex center in the L5-S1 or
S1-S2 segments of the spinal cord. Both afferent and efferent limbs of the reflex arc are carried in
the tibial nerve.

cc 3.43

Shin splint: is a painful condition of the anterior compartment of the leg along the
shin bone (tibia) caused by swollen muscles in the anterior compartment, particularly

the tibialis anterior muscle following athletic overexertion. It may be a mild form of the anterior
compartment syndrome.
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Popliteal (Baker's) cyst: is a firm swelling behind the knee, caused by herniation of
synovial membrane of the knee joint with synovial fluid posteriorly through the joint

capsule into the popliteal fossa. It impairs flexion and extension of the knee joint, limits the joint
mobility, and may be painful.

ANKLE AND FOOT

Fascial Structures

A. Superior extensor retinaculum
• Is a broad band of deep fascia extending between the tibia arid fibula, above the

ankle.

B. Inferior extensor retinaculum
• Is a Y-shaped band of deep fascia that forms a loop for the tendons of the extensor digi-

torum longus and the peroneus tertius and then divides into an upper band, which at-

taches to the medial malleolus, and a lower band, which attaches to the deep fascia of the

foot and the plantar aponeurosis.

C. Flexor retinaculum
• Is a deep fascial band that passes between the medial malleolus and the medial surface of

the calcaneus and forms the tarsal tunnel with tarsal bones for the tibial nerve, posterior

tibial vessels, and flexor tendons.
• Holds three tendons and blood vessels and nerve in place deep to it: (from anterior to pos-

terior) the tibialis posterior, flexor digitorum longus, posterior tibial artery and vein, tibial
nerve, and flexor hallucis longus (mnemonic device: Tom, Dick ANd Harry or Tom Drives
A Very Nervous Horse).

• Provides a pathway for the tibial nerve and posterior tibial artery beneath it.

Tarsal tunnel syndrome: is a complex symptom resulting from compression of the tibial
nerve or its medial and lateral plantar branches in the tarsal tunnel, with pain, numb-

less, and tingling sensations on the ankle, heel, and sole of the foot. It may be caused by repetitive
stress with activities, flat feet, and excess weight.



Forced eversion of the foot: avulses the medial malleolus or ruptures the deltoid
ligament, whereas forced inversion avulses the lateral malleolus or tears the lateral

collateral ligament.
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D. Tendo calcaneus (Achilles tendon)
• Is the tendon of insertion of the triceps surae (gastrocnemius and soleus) into the tuberos-

ity of the calcaneus.

Avulsion or rupture of the Achilles tendon: disables the triceps surae Igastrocnernius
and soleus) muscles; thus, the patient is unable to plantar flex the foot.

Ankle sprain (inversion injury): results from rupture of calcaneofibular and talofibular
ligaments and a fracture of the lateral malleolus caused by forced inversion of the foot.

E. Plantar aponeurosis
• Is a thick fascia investing the plantar muscles.
• Radiates from the calcaneal tuberosity (tuber calcanei) toward the toes and provides

attachment to the short flexor muscles of the toes.

Muscles (Table 3-7)

ill. Arches (Figure 3-16)

• Consist of medial and lateral longitudinal arches and proximal and distal transverse arches.
• Support the body in the erect position and act as a spring in locomotion.

A. Medial longitudinal arch
• Is formed and maintained by the interlocking of the talus, calcaneus, navicular, cuneiform

bones, and three medial metatarsal bones.
• Has, as its keystone, the head of the talus, which is located at the summit between the

sustentaculum tali and the navicular hone.
• Is supported by the spring ligament and the tendon of the flexor hallucis longus.

cc 3.50 Flat foot (pes planus or talipes planus): is a condition of disappearance or collapse of
the medial longitudinal arch with eversion and abduction of the forefoot and causes

greater wear on the inner border of the soles and heels of shoes than on the outer border. It causes pain
as a result of stretching of the plantar muscles and straining of the spring ligament and the long and short
plantar ligaments. Pes cavus exhibits an exaggerated height of the medial longitudinal arch of the foot.



Sole of foot
First layer

Abductor hallucis

Flexor digitorum

brevis

Medial tubercle

of calcaneus

Medial tubercle

of calcaneus

Base of proximal	 Medial plantar

phalanx of big toe

Middle phalanges	 Medial plantar

of lateral four toes

Abductor digiti	 Medial and lat-	 Proximal phalanx
	

Lateral plantar

minimi	 oral tubercles of
	

of little toe

calcaneus
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TABLE 3-7 Muscles of the Foot

Second layer

Quadratus

plantae

Lumbricals (4)

Third layer

Flexor hallucis

brevis

Adductor

hallucis:

Oblique

head

Transverse

head

Flexor digiti mi-

nimi brevis

Fourth layer

Plantar interos-

sei (3)

Dorsal interossei

(4)

Medial and lat-
eral side of cal-

caneus

Tendons of flexor

digitorum longus

Bases of metatar-

sals 2-4

Capsule of lateral

four metatarso-

phalangeal joints

Base of metatar-

sal 5

Medial sides of

metatarsals 3-5

Adjacent shafts

of metatarsals

Insertion

Tendons of exten-

sor digitorum

longus

Base of proximal

phalanx of big toe

Tendons of flexor

digitorum longus

Proximal phalan-

ges; extensor ex-

pansion

Proximal phalanx

of big toe

Proximal phalanx

of little toe

Medial sides of

base of proximal

phalanges 3-5

Proximal phalanges

of second toe
(medial and lateral

sides), and third
and fourth toes

(lateral sides)

Nerve

Deep peroneal

Deep peroneal

Lateral plantar

First by medial

plantar; lateral

three by lateral

plantar

Medial plantar

Lateral plantar

Lateral plantar

Lateral plantar

Lateral plantar

Action

Extends toes

Extends big toe

Abducts big toe

Flexes middle

phalanges of lat-

eral four toes

Abducts little toe

Aids in flexing

toes

Flex metatarso-

phalangeal joints

and extend inter-

phalangeal joints

Flexes big toe

Adducts big toe

Flexes little toe

Adduct toes; flex

proximal and ex-

tend distal pha-

langes

Abduct toes; flex

proximal and
extend distal

phalanges

Muscle	 Origin

Dorsum of foot
Extensor dig-	 Dorsal surface of

itorum brevis	 calcaneus

Extensor hallucis Dorsal surface of

brevis	 calcaneus

Cuboid; third cu-	 Proximal phalanx

neiform	 of big toe



Cuboid bone
Plantar calcaneocuboid
ligament
(short plantar ligament)

Long plantar ligament

Tendon of peroneus
longus muscle

Metatarsal bone

First cuneiform bone

Navicular bone

Plantar calcaneous
ligament
(spring ligament)

Tibialis posterior
muscle

Sustentaculum tali
Calcaneus
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B. Lateral longitudinal arch
• Is formed by the calcaneus, the cuhoid bone, and the lateral two metatarsal bones. The

keystone is the cuboid bone.
• Is supported by the peroneus longus tendon and the long and short plantar ligaments.

• Supports the body in the erect position and acts as a spring in locomotion.

C. Transverse arch

1. Proximal (metatarsal) arch
• Is formed by the navicular bone, the three cuneiform bones, the cuhoid bone, and the

bases of the five metatarsal bones of the foot.
• Is supported by the tendon of the peroneus longus.

2. Distal arch
• Is formed by the heads of five metatarsal bones.
• Is maintained by the transverse head of the adductor hallucis.

1111 Ligaments (see Figure 3-16)

A. Long plantar (plantar calcaneocuboid) ligament
• Extends from the plantar aspect of the calcaneus in front of its tuberosity to the tuberosity

of the cuboid bone and the base of the metatarsals and forms a canal for the tendon of the

peroneus longus.
• Supports the lateral side of the longitudinal arch of the foot.

Figure 3-16 Plantar ligaments.
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B. Short plantar (plantar calcaneocuboid) ligament
• Extends from the front of the plantar surface of the calcaneus to the plantar surface of the

cuboid bone.
• Lies deep to the long plantar ligament and supports the lateral longitudinal arch.

C. Spring (plantar calcaneonavicular) ligament
• Passes from the sustentaculum tali of the calcaneus to the navicular bone.
• Supports the head of the talus and the medial longitudinal arch.
• Is called the spring ligament because it contains considerable numbers of elastic fibers to

give elasticity to the arch and spring to the foot.
• Is supported by the tendon of the tibialis posterior.

r-to Clubfoot (talipes eguinovarusl: is a congenital deformity of the foot, in which the foot

is plantarfiexed, inverted, and adducted. It may involve a deformity in which the foot is

plantarflexed (equinus) or dorsiflexed (calcaneus) and the heel is turned laterally (valgus) or medially

(varus), where the heel is elevated and turned laterally (equinovalgus) or medially (equinovarus), or
where the anterior part of the foot (forefoot) is elevated and the heel is turned laterally (calcaneovalgus)

or medially (calcaneovarus).

riff Ankle Joint

A. Articular capsule (see Joints and Ligaments: IV.A.)

B. Ligaments (see Joints and Ligaments: IV.B.)
1. Medial (deltoid) ligament
2. Lateral ligament

NERVES AND VASCULATURE

II Nerves (see Figure 3-13)

A. Obturator nerve (L3–L4)
• Arises from the lumbar plexus and enters the thigh through the obturator foramen.

• Divides into anterior and posterior branches.
1. Anterior branch

• Descends between the adductor longus and adductor brevis muscles.
• Innervates the adductor longus, adductor brevis, gracilis, and pectineus muscles.

2. Posterior branch
• Descends between the adductor brevis and adductor magnus muscles.

3.52 Damage to the obturator nerve: causes a weakness of adduction and a lateral swinging

of the limb during walking because of the unopposed abductors.

B. Femoral nerve (12–IA)
• Arises from the lumbar plexus within the substance of the psoas major, emerges between

the iliacus and psoas major muscles, and enters the thigh by passing deep to the inguinal

ligament and lateral to the femoral sheath.
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• Gives rise to muscular branches; articular branches to the hip and knee joints; and
cutaneous branches, including the anterior femoral cutaneous nerve and the saphenous
nerve, which descends through the femoral triangle and accompanies the femoral vessels
in the adductor. 

Damage to the femoral nerve: causes impaired flexion of the hip and impaired extension

of the leg resulting from paralysis of the quadriceps femoris.

C. Superior gluteal nerve (IA—S1)
• Arises from the sacral plexus and enters the buttock through the greater sciatic foramen

above the piriformis.
• Passes between the gluteus medius and minimus muscles and divides into numerous

branches.
• Innervates the gluteus medius and minimus, the tensor fasciae latae, and the hip joint.

Injury to the superior gluteal nerve: causes a characteristic motor loss, resulting in

weakened abduction of the thigh by the gluteus medius, a disabling gluteus medius

limp, and gluteal gait.

D. Inferior gluteal nerve (L5—S2)
• Arises from the sacral plexus and enters the buttock through the greater sciatic foramen

below the piriformis.
• Divides into numerous branches.
• Innervates the overlying gluteus maximus.

E. Posterior femoral cutaneous nerve (S1—S3)
• Arises from the sacral plexus and enters the buttock through the greater sciatic foramen

below the piriformis.
• Runs deep to the gluteus maximus and emerges from the inferior border of this muscle.
• Descends on the posterior thigh.
• Innervates the skin of the buttock, thigh, and calf, as well as scrotum or labium majus.

F. Sciatic nerve (L4—S3)

• Arises from the sacral plexus and is the largest nerve in the body.
• Divides at the superior border of the popliteal fossa into the tibial nerve, which runs

through the fossa to disappear deep to the gastrocnemius, and the common peroneal
nerve, which runs along the medial border of the biceps femoris and superficial to the
lateral head of the gastrocnemius.

• Enters the buttock through the greater sciatic foramen below the piriformis.
• Descends over the obturator internus gemelli and quadratus femoris muscles between the

ischial tuberosity and the greater trochanter.
• Innervates the hamstring muscles by its tibial division, except for the short head of the

biceps femoris, which is innervated by its common peroneal division.
• Provides articular branches to the hip and knee joints.

Damage to the sciatic nerve: causes impaired extension at the hip and impaired flexion

at the knee, loss of dorsiflexion and plantar flexion at the ankle, inversion and eversion of

the foot, and peculiar gait because of increased flexion at the hip to lift the dropped foot off the ground.
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1. Common peroneal (fibular) nerve (L4–S2)
• Arises as the smaller terminal portion of the sciatic nerve at the apex of the popliteal

fossa, descends through the fossa, and superficially crosses the lateral head of the

gastrocnemius muscle.
• Passes behind the head of the fibula, then winds laterally around the neck of the

fibula, and pierces the peroneus longus, where it divides into the deep peroneal and

superficial peroneal nerves.
• Is vulnerable to injury as it winds around the neck of the fibula, where it also can

be palpated.
• Gives rise to the lateral sural cutaneous nerve, which supplies the skin on the lat-

eral part of the back of the leg, and the recurrent articular branch to the knee joint.

Phantom limb pain: is intermittent or continuous pain perceived as originating in an

absent (amputated) limb.

Damage to the common peroneal nerve: may occur as a result of fracture of the

head and neck of the fibula because it passes behind the head of the fibula and then

winds laterally around the neck of the fibula. The nerve damage results in foot drop (loss of dorsiflexion)
and loss of sensation on the dorsum of the foot and lateral aspect of the leg and causes paralysis of all
muscles in the anterior and lateral compartments of the leg (dorsiflexor and evertor muscles of the foot).

a. Superficial peroneal nerve (see Cutaneous Nerves, Superficial Nerves, and Lym-
phatics: I.H.)
• Arises from the common peroneal nerve in the substance of the peroneus longus on

the lateral side of the neck of the fibula; thus, it is less vulnerable to injury than the

common peroneal nerve.
• Innervates the peroneus longus and brevis muscles and then emerges between the

peroneus longus and brevis muscles by piercing the deep fascia at the lower third of

the leg to become subcutaneous.
• Descends in the lateral compartment and innervates the skin on the lateral side of the

lower leg and the dorsum of the foot.

cc 3.58
Damage to the superficial peroneal nerve: causes no foot drop but loss of eversion

of the foot.

b. Deep peroneal nerve
• Arises from the common peroneal nerve in the substance of the peroneus longus

on the lateral side of the neck of the fibula (where it is vulnerable to injury but less

vulnerable than the common peroneal nerve).
• Enters the anterior compartment by passing through the extensor digitorum longus

muscle.
• Descends on the interosseous membrane between the extensor digitorum longus

and the tihialis anterior and then between the extensor digitorum longus and the

extensor hallucis longus muscles.
• Innervates the anterior muscles of the leg and then divides into a lateral branch,

which supplies the extensor hallucis brevis and extensor digitorum brevis, and a
medial branch, which accompanies the dorsalis pedis artery to supply the skin on
the adjacent sides of the first and second toes.

Damage to the deep peroneal nerve: results in foot drop (loss of dorsiflexion) and

hence a characteristic high-stepping gait.
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2. Tibial nerve (L4–S3)
• Descends through the popliteal fossa and then lies on the popliteus muscle.
• Gives rise to three articular branches, which accompany the medial superior genicular,

middle genicular, and medial inferior genicular arteries to the knee joint.
• Gives rise to muscular branches to the posterior muscles of the leg.

• Gives rise to the medial rural cutaneous nerve, the medial calcaneal branch to the
skin of the heel and sole, and the articular branches to the ankle joint.

• Terminates beneath the flexor retinaculum by dividing into the medial and lateral
plantar nerves.

Damage to the tibial nerve: causes loss of plantar flexion of the foot and impaired
inversion resulting from paralysis of the tibialis posterior and causes a difficulty in get-

ting the heel off the ground and a shuffling of the gait. It results in a characteristic clawing of the toes
and secondary loss on the sole of the foot, affecting posture and locomotion.

a. Medial plantar nerve
• Arises beneath the flexor retinaculum, deep to the posterior portion of the abductor

hallucis muscle as the larger terminal branch from the tibial nerve.
• Passes distally between the abductor hallucis and flexor digitorum brevis muscles and

innervates them.
• Gives rise to common digital branches that divide into proper digital branches,

which supply the flexor hallucis brevis and the first lumbrical and the skin of the
medial three and one-half toes.

b. Lateral plantar nerve
• Is the smaller terminal branch of the tibial nerve.
• Runs distally and laterally between the quadratus plantae and the flexor digitorum

brevis, innervating the quadratus plantae and the abductor digiti minimi muscles.
• Divides into a superficial branch, which innervates the flexor digiti minimi brevis,

and a deep branch, which innervates the plantar and dorsal interossei, the lateral
three lumbricals, and the adductor hallucis.

Arteries (see Figure 3-14)

A. Superior gluteal artery
• Arises from the internal iliac artery, passes between the lumbosacral trunk and the first

sacral nerve, and enters the buttock through the greater sciatic foramen above the
piriformis muscle.

• Runs deep to the gluteus maximus muscle and divides into a superficial branch, which
forms numerous branches to supply the gluteus maximus and anastomoses with the infe-
rior gluteal and lateral sacral arteries, and a deep branch, which runs between the gluteus
medius and minimus muscles and supplies these muscles and the tensor fasciae latae.

• Anastomoses with the lateral and medial circumflex and inferior gluteal arteries.

B. Inferior gluteal artery
• Arises from the internal iliac artery, usually passes between the first and second sacral

nerves, and enters the buttock through the greater sciatic foramen below the piriformis.
• Enters the deep surface of the gluteus maximus and descends on the medial side of the sci-

atic nerve, in company with the posterior femoral cutaneous nerve.
• Supplies the gluteus maximus, the lateral rotators of the hips, the hamstrings (upper part),

and the hip joint.
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• Enters the cruciate anastomosis and also anastomoses with the superior gluteal, internal
pudendal and obturator arteries.

C. Obturator artery
• Arises from the internal iliac artery in the pelvis and passes through the obturator fora-

men, where it divides into anterior and posterior branches.
• May arise from the inferior epigastric artery, which may pass toward the pelvic brim along

the medial margin of the femoral ring.
1. Anterior branch

• Descends in front of the adductor brevis muscle and gives rise to muscular branches.
2. Posterior branch

• Descends behind the adductor brevis muscle to supply the adductor muscles.
• Gives rise to the acetabular branch, which enters the hip joint through the acetab-

ular notch, ramifies in the acetabular fossa, and sends an artery to the head of the
femur, which is an important source of blood to the femoral head in children. It may

or may not persist in adults or it may be insufficient to sustain the viability of the
femoral head; thus, ischemic necrosis gradually takes place.

An aberrant obturator artery: is vulnerable during surgical repair of a femoral

hernia.

D. Femoral artery
• Begins as the continuation of the external iliac artery distal to the inguinal ligament,

descends through the femoral triangle, and enters the adductor canal.
• Has a palpable pulsation, which may he felt just interior to the midpoint of the inguinal

ligament.
• Is vulnerable to injury because of its relatively superficial position in the femoral triangle.

• includes several branches:
1. Superficial epigastric artery

• Runs subcutaneously upward toward the umbilicus.

2. Superficial circumflex iliac artery
• Runs laterally almost parallel with the inguinal ligament.

3. Superficial external pudendal artery
• Emerges through the saphenous ring, runs medially over the spermatic cord (or the

round ligament of the uterus), and sends inguinal branches and anterior scrotal
(or labial) branches.

4. Deep external pudendal artery
• Passes medially across the pectineus and adductor longus and is distributed to the

skin of the perineum, scrotum, or labium majus.
5. Profunda femoris (deep femoral) artery

• Arises from the femoral artery within the femoral triangle.

• Descends in front of the pectineus, adductor brevis, and adductor magnus muscles

but behind the adductor longus muscle.
• Gives rise to the medial and lateral femoral circumflex and muscular branches.
• Provides, in the adductor canal, four perforating arteries that perforate and supply

the adductor magnus and hamstring muscles. The first perforating artery sends an

ascending branch, which forms the cruciate anastomosis of the buttock with the

inferior gluteal artery and the transverse branches of the medial and lateral

femoral circumflex arteries.
6. Medial femoral circumflex artery

• Arises from the femoral or profunda femoris artery in the femoral triangle.

• Runs between the pectineus and iliopsoas muscles, continues between the obturator

externus and adductor brevis muscles, and enters the gluteal region between the

adductor magnus and quadratus femoris muscles.
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• Gives rise to muscular branches and an acetabular branch to the hip joint and then

divides into an ascending branch, which anastomoses with branches of the superior

and inferior gluteal arteries, and a transverse branch, which joins the cruciate

anastomosis.

The medial femoral circumflex artery: is clinically important because its branches

run through the neck to reach the head, and supplies most of the blood to the
neck and head of the femur except for the small proximal part which receives blood from a branch

of the obturator artery.

The cruciate anastomosis of the buttock: bypasses an obstruction of the external

iliac or the femoral artery.

7. Lateral femoral circumflex artery
• Arises from the femoral or profunda femoris artery and passes laterally deep to the

sartorius and rectus femoris muscles.
• Divides into three branches: an ascending branch, which forms a vascular circle

with branches of the medial femoral circumflex artery around the femoral neck and

also anastomoses with the superior gluteal artery; a transverse branch, which joins
the cruciate anastomosis; and a descending branch, which anastomoses with the
superior lateral genicular branch of the popliteal artery.

8. Descending genicular artery
• Arises from the femoral artery in the adductor canal just before it passes through the

adductor hiatus.
• Divides into the articular branch, which enters the anastomosis around the knee,

and the saphenous branch, which supplies the superficial tissue and skin on the

medial side of the knee.

The femoral artery: is easily exposed and cannulated at the base of the femoral triangle

just inferior to the midpoint of the inguinal ligament. The superficial position of the femoral

artery in the femoral triangle makes it vulnerable to injury by laceration and gunshot wounds. When it is
necessary to ligate the femoral artery, the cruciate anastomosis supplies blood to the thigh and leg.

E. Popliteal artery
• Is a continuation of the femoral artery at the adductor hiatus and runs through the

popliteal tossa.
• Terminates at the lower border of the popliteus muscle by dividing into the anterior and

posterior tibial arteries.
• May be felt by gentle palpation in the depth of the popliteal fossa.
• Is vulnerable to injury from fracture of the femur and dislocation of the knee joint.
• Gives rise to five genicular arteries:

1. Superior lateral genicular artery, which passes deep to the biceps femoris tendon
2. Superior medial genicular artery, which passes deep to the semimembranosus and

semitendinosus muscles and enters the substance of the vastus medialis
3. Inferior lateral genicular artery, which passes laterally above the head of the fibula

and then deep to the fibular collateral ligament
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4. Inferior medial genicular artery, which passes medially along the upper border of the

popliteus muscle, deep to the popliteus fascia
5. Middle genicular artery, which pierces the oblique popliteal ligament and enters the

knee joint

3.65 A popliteal aneurysm: usually results in edema and pain in the popliteal fossa. If the
femoral artery is required to ligate for surgical repair, blood can bypass the occlusion

through the genicular anastomoses and reach the popliteal artery distal to the ligation.

F. Posterior tibial artery
• Arises from the popliteal artery at the lower border of the popliteus, between the tibia and

the fibula.
• Is accompanied by two venae comitantes and the tibial nerve on the posterior surface of

the tibialis posterior muscle.
• Gives rise to the peroneal (fibular) artery, which descends between the tibialis posterior

and the flexor hallucis longus muscles and supplies the lateral muscles in the posterior
compartment. The peroneal artery passes behind the lateral malleolus, gives rise to the

posterior lateral malleolar branch, and ends in branches to the ankle and heel.

• Also gives rise to the posterior medial malleolar, perforating, and muscular branches and

terminates by dividing into the medial and lateral plantar arteries.
1. Medial plantar artery

• Is the smaller terminal branch of the posterior tibial artery.
• Runs between the abductor hallucis and the flexor digitorum brevis muscles.

• Gives rise to a superficial branch, which supplies the big toe, and a deep branch,

which forms three superficial digital branches.
2. Lateral plantar artery

• Is the larger terminal branch of the posterior tibial artery.
• Runs forward laterally in company with the lateral plantar nerve between the quadratus

plantae and the flexor digitorum brevis muscles arid then between the flexor digitorum

brevis and the adductor digiti minimi muscles.
• Forms the plantar arch by joining the deep plantar branch of the dorsalis pedis artery.

The plantar arch gives rise to four plantar metatarsal arteries.

G. Anterior tibial artery
• Arises from the popliteal artery and enters the anterior compartment by passing

through the gap between the tibia and fibula at the upper end of the interosseous
membrane.

• Descends along with the deep peroneal vessels on the interosseous membrane between the

tibialis anterior and extensor digitorum longus muscles.
• Gives rise to the anterior tibial recurrent artery, which ascends to the knee joint, and the

anterior medial and lateral malleolar arteries at the ankle.

• Runs distally and ends at the ankle midway between the lateral and medial malleoli, where

it becomes the dorsalis pedis artery.

H. Dorsalis pedis artery
• Begins anterior to the ankle joint midway between the two malleoli as the continuation of

the anterior tibial artery.
• Descends on the dorsum of the foot between the tendons of the extensor hallucis longus

and extensor digitorum longus muscles.

• Gives rise to the medial tarsal, lateral tarsal, arcuate, and first dorsal metatarsal ar-

teries. The arcuate artery gives rise to the second, third, and fourth dorsal metatarsal

arteries.



The femoral vein: lies immediately medial to the femoral artery, which can be identified

by feeling the pulsation. Cannulation of the femoral vein permits administration of fluids

or catheters, which is passed superiorly through the external and common iliac veins into the interior

vena cava and right atrium of the heart.
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• Terminates as the deep plantar artery, which enters the sole of the foot by passing between

the two heads of the first dorsal interosseous muscle and joins the lateral plantar artery to

form the plantar arch.
• Exhibits a pulsation that may be felt on the navicular and cuneiform bones lateral to the

tendon of the flexor hallucis longus.

Deer yeins

A. Deep veins of the leg

• Are the venae comitantes to the anterior and posterior tibial arteries.

B. Popliteal vein

• Ascends through the popliteal fossa behind the popliteal artery.
• Receives the small saphenous vein and those veins corresponding to the branches of the

popliteal artery.

C. Femoral vein

• Accompanies the femoral artery as a continuation of the popliteal vein through the upper
two thirds of the thigh.

• Has valves, receives tributaries corresponding to branches of the femoral artery, and is
joined by the great saphenous vein, which passes through the saphenous opening.

DEVELOPMENT OF LOWER LIMB

• Is similar to the upper limb development, except that the lower limb somewhat behind in de-

velopment.
• The limb skeletons develop from the lateral plate somatic mesoderm, the musculature devel-

ops from ventral and dorsal condensations of somatic mesoderm (myotomic porions of
somites), and all appendicular musculature is innervated by branches of ventral primary rami
of the spinal nerves.

• The limbs are rotated about their long axes but in opposite directions (90-degrees medial ro-
tation of the lower limb and 90-degrees lateral rotation of the upper limb), so that the flexor

aspect of the arm faces anteriorly and the flexor aspect of the leg faces posteriorly.

CHAPTER SUMMARY

• Pelvic girdle—bony ring formed by the hip bones (the ilium, ischium and pubis) and the sacrum,
and provides a strong connection between the trunk and the lower limb. The skeleton of the lower
limb includes the femur and patella (thigh), the tibia and fibula (leg), the tarsals, metatarsals, and
phalanges (foot).



122 BRS GROSS ANATOMY

Joints

• The hip joint is a synovial ball-and-socket joint, the knee joint is a condylar joint, the ankle
(talocrural) joint is a hinge (ginglymus) joint, the tarsal (talocalcaneal) joint is a plane joint, the talo-
calcaneonavicular joints are ball-and-socket joints, the tarsometatarsal joints are plane joints, the
metatarsophalangeal joints are condylar (ellipsoidal shape) joints, and interphalangeal joints are

hinge joints.

Superficial Vein

• The greater saphenous vein begins at the medial end of the dorsal venous arch of the foot, passes

anterior to the medial malleolus, runs on the medial side of the lower limb, and empties into the
femoral vein. The small saphenous vein begins at the lateral end of the dorsal venous arch, passes

posterior to the lateral malleolus, ascends on the posterior side of the leg along with the sural nerve

and empties into the popliteal vein. Emergency blood transfusion can be performed on the greater
saphenous vein anterior to the medial malleolus and a graft of a portion of the greater saphenous

vein can be used for coronary bypass operations and also for bypass obstructions of the brachial or
femoral arteries.

Arterial Supply

• The obturator artery arises from the internal iliac artery and supplies the adductor compartment

of the thigh. This artery may arise from the inferior epigastric artery and is at risk in surgical repair
of a femoral hernia as it courses over the pelvic brim to reach the obturator foramen. The femoral

artery begins as the continuation of the external iliac artery, descends through the femoral triangle
where it is vulnerable to injury, and enters the adductor canal. This artery gives off the superficial
epigastric, superficial circumflex iliac, superficial and deep external pudendal, deep femoral, medial
and lateral femoral circumflex, and descending genicular arteries. The medial femoral circumflex

artery is the most important source of blood to the femoral head and proximal neck and gives

off muscular branches, an acetabular branch to the hip joint, an ascending branch to anasto-

mose with branches of the gluteal arteries, and a transverse branch that joins the cruciate anas-

tomosis. The lateral femoral circumflex artery gives off an ascending branch, which forms a vas-

cular circle with branches of the medial femoral circumflex artery around the femoral neck; a

transverse branch, which joins the cruciate anastomosis; and a descending branch, which
anastomoses with genicular arteries. The cruciate anastomosis bypasses obstruction of external
iliac or femoral artery.

Arteries

• Popliteal artery—continuation of the femoral artery; gives rise to five genicular arteries and divides

into the anterior and posterior tibial arteries.

• Posterior tibial artery gives off the peroneal artery, which gives off the posterior lateral malleolar

branches. The posterior tibial also gives off the posterior medial malleolar branch and then divides

into the medial and lateral plantar arteries.

• Anterior tibial artery gives off the anterior tibial recurrent artery and anterior medial and lateral

malleolar arteries and ends at the ankle, where it becomes the dorsalis pedis artery.

• Dorsalis pedis artery gives off the medial and lateral tarsal, arcuate, and the first dorsal metatarsal

arteries and ends as the deep plantar artery.

• A pulse from the femoral artery can be felt behind the inguinal ligament at a point midway
between the anterior superior iliac spine and the symphysis pubis; the popliteal artery pulsation
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can be felt in the depths of the popliteal fossa; the pulsations of the posterior tibial artery can be
felt behind the medial malleolus and between the flexor digitorum longus and flexor hallucis

longus tendons; and the pulsations of the dorsalis pedis artery can be felt between the extensor
hallucis longus and extensor digitorum longus tendons midway between the medial and lateral
malleoli on the ankle.

Lymph Drainage

• The superficial lymph vessels are divided into a medial group, which follows the greater
saphenous vein, arid a lateral group, which follows the small saphenous vein. The deep vessels
consist of the anterior tibial, posterior tibial, and peroneal vessels, which follow the course of the
corresponding blood vessels and enter the popliteal, superficial inguinal, deep inguinal, external
iliac, and lumbar or aortic nodes.

Summary of Muscle Actions of the Lower Limb
Movements at the Hip Joint (Ball-and-Socket Joint)

Flexion—iliopsoas, tensor fasciae latae, rectus femoris, adductors, sartorius, pectineus, gracilis
Extension—hamstrings, gluteus maximus, adductor magnus
Adduction—adductor magnus, adductor longus, adductor brevis, pectineus, gracilis
Abduction—gluteus medius, gluteus minimus
Medial rotation—tensor fasciae latae, gluteus medius, gluteus minimus
Lateral rotation—obturator internus, obturator externus, gemelli, piriformis, quadratus femoris,

gluteus maxirnus

Movements at the Knee Joint (Hinge Joint)
Flexion—hamstrings, gracilis, sartorius, gastrocnemius, popliteus
Extension—quadriceps femoris
Medial rotation—semitendinosus, semimembranosus, popliteus
Lateral rotation—biceps lemons

Movements at the Ankle Joint (Hinge Joint)
Dorsiflexion—anterior tibialis, extensor digitorum longus, extensor hallucis longus, peroneus tertius
Plantar flexion—triceps surae, plantaris, posterior tibialis, peroneus longus and brevis, flexor

digitorum longus, flexor hallucis longus (when the knee is fully flexed)

Movements at the Intertarsal Joint (Talocalcaneal, Transverse Tarsal Joint)
Inversion—tibialis posterior, tibialis anterior, triceps surae, extensor hallucis longus
Eversion—peroneus longus, brevis and tertius, extensor digitorum longus

Movements at the Metatarsophalangeal Joint (Ellipsoid Joint)
Flexion—lumbricals, interossei, flexor hallucis brevis, flexor digiti minimi brevis
Extension—extensor digitorum longus and brevis, extensor hallucis longus

Movements at the Interphalangeal Joint (Hinge Joint)
Flexion—flexor digitorum longus and brevis, flexor hallucis longus
Extension—extensor digitorum longus and brevis, extensor hallucis longus

Summary of Muscle Innervations of the Lower Limb

Muscles of the Thigh
Muscles of the Anterior Compartment: Femoral Nerve Sartorius

Quadriceps femoris-rectus femoris; vastus medialis; vastus intermedius; vastus lateralis

Muscles of the Medial Compartment: Obturator Nerve
Adductor longus; adductor brevis; adductor magnus (obturator and tibial nerves);* gracilis;

obturator externus; pectineus (femoral and obturator nerves)*

*Indicates exception.
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Muscles of the Posterior Compartment: Tibial Part of Sciatic Nerve
Semitendinosus; semimembranosus; biceps femoris, long head; biceps femoris, short head (common

peroneal part of sciatic nerve)*; adductor magnus (tibial part of sciatic and obturator nerve)*

Muscles of the Lateral Compartment Gluteus maximus (inferior gluteal nerve)

Gluteus medius (superior gluteal nerve)
Gluteus minimus (superior gluteal nerve)
Tensor fasciae latae (superior gluteal nerve)
Piriformis (nerve to piriformis)

Obturator internus (nerve to obturator internus)
Superior gemellus (nerve to obturator internus)
Inferior gemellus (nerve to quadratus femoris)
Quadratus femoris (nerve to quadratus femoris)

Muscles of the Leg
Muscles of the Anterior Compartment: Deep Peroneal Nerve

Tibialis anterior, extensor digitorum longus, extensor hallucis longus, peroneus tertius

Muscles of the Lateral Compartment: Superficial Peroneal Nerve
Peroneus longus, peroneus brevis

Muscles of the Posterior Compartment: Tibial Nerve
Superficial layer—gastrocnemius, soleus, plantaris
Deep layer—popliteus, tibialis posterior, flexor digitorum longus, flexor hallucis longus

"Indicates exception.

pomp
TAKE-AWAY POINTS

3 Femoral hernia—passes through the femoral canal and lies lateral and inferior to the pubic

tubercle and deep to the inguinal ligament.

3 Femoral artery—vulnerable to injury because of its superficial position in the femoral triangle.

3 Aberrant obturator artery—vulnerable during surgical repair of a femoral hernia.

3 Saphenous nerve—vulnerable to injury when the greater saphenous vein is harvested for a

coronary artery bypass surgery.

Gluteal Region

3 Positive Trendelenburg's sign—occurs as a result of any one of these factors: weakness or
paralysis of the gluteus medius and minimus muscles, a fracture of the femoral neck, or dislocated

hip joint (femoral head). If the right gluteus medius and minimus muscles are paralyzed, the
unsupported left (sound) side of the pelvis falls or sags instead of rising.

3 Gluteal gait—waddling gait, characterized by the pelvis falling (drooping) toward the unaf-
fected side at each step resulting from paralysis of the gluteus medius muscle. The gluteal region

is a common site for intramuscular injection, which should be given on the superior lateral

quadrant.
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Dislocation of the Hip Joint

3 Anterior dislocation (subluxation) of the hip joint—characterized by tearing of the joint

capsule anteriorly; the dislocated femoral head lies anterior and inferior to the pubic bone.

3 Posterior dislocation—tears the joint capsule posteriorly, and the fractured femoral head lies
on the posterior surface of the ischium. The dislocated femoral head may damage the sciatic

nerve, paralyzing the posterior thigh muscles and all the muscles below the knee.

3 Medial dislocation—tears the joint capsule medially and the dislocated femoral head lies

medial to the pubic bone.

3 Dislocation of the femoral head—presents as a shortened lower limb with medial ro-

tation.

Fracture of the Femur, Fibula, and Tibia

3 Fracture of the femoral neck—results in ischemic necrosis of the neck and the distal part of
the head, except for its small proximal fragment, because of an interruption of blood supply
from the medial femoral circumflex artery. It causes a pull of the distal fragment upward by the
quadriceps femoris, adductor, and hamstring muscles so that the lower limb is shortened with
lateral rotation. A dislocated knee or fractured distal femur may injure the popliteal artery

because of its deep position adjacent to the femur and the knee joint capsule.

3 Fracture of the fibular neck—causes damage to the common peroneal nerve, which winds

around the fibular neck.

3 Bumper fracture—fracture of the leg bone below the knee caused by an automobile bumper

and it is usually associated with a common peroneal nerve injury.

3 Pott's fracture (Dupuytren's fracture)—fracture of the lower end of the fibula, often ac-
companied by fracture of the medial malleolus or rupture of the deltoid ligament. It is caused by

forced eversion of the foot.

Muscle Dysfunctions

3 Piriformis syndrome—condition in which the piriformis muscle irritates and places pressure
on the sciatic nerve, causing pain in the buttocks and referred pain along the course of the sciatic
nerve. This referred pain, called "sciatica," often goes down the back of the thigh and into the

lower back.

3 Tearing of the hamstring muscles—occurs during forceful contraction while stretched to the

maximum when kicking or sprinting.

3 Pulled groin (groin injury)—a strain, stretching, and tearing of the origin of the flexors and

adductors of the thigh that occurs in sports players.

3 Intermittent claudication—a condition of limping caused by ischemia of the muscles in the
lower limbs chiefly the calf muscles, and is seen in occlusive peripheral arterial diseases particu-

larly in the popliteal artery and its branches.

Reflexes

3 Knee-jerk (patellar) reflex—occurs when the patellar ligament is tapped, resulting in a
sudden contraction of the quadriceps femoris. Both afferent and efferent limbs of the reflex arc
are in the femoral nerve (L2-L4).

3 Ankle-jerk (Achilles) reflex—reflex twitch of the triceps surae. Its reflex center is in the L5 and
S1 spinal nerve segments. It is induced by tapping the tendocalcaneus to elicit plantar flexion of
the foot. Rupture of the Achilles tendon disables the gastrocnemius and soleus muscles, causing an

impaired plantar flexion of the foot.



126 BRS GROSS ANATOMY

Knee

3 Unhi	 triad of the knee joint—may occur when a football player's cleated shoe is planted
firmly in turf and the knee is struck from the lateral side. It is characterized by rupture of the
tibial coll. 2ral ligament, injury to the medial meniscus, and tearing of the anterior cruciate
ligament. '1 he medial meniscus is more frequently torn in injuries than the lateral because it is

firmly attached to the joint capsule and the tibial collateral ligament.

3 Housemaid's knee (prepatellar bursitis)—inflammation and swelling of the prepatellar bursa.

3 Popliteal (Baker's) cyst—collection of synovial fluid in a synovial-lined sac herniated from

the knee joint into the popliteal fossa, impairing flexion and extension of the knee joint.

3 Knock-knee (genu valgum)—deformity in which the tibia is bent laterally and may occur as

a result of rupture of the medial collateral ligament.

3 Bowle r' (genu varum)—deformity in which the tibia is bent medially and may occur as a

result of ri ,cure of the lateral collateral ligament.

3 Anterior tibial compartment syndrome—characterized by ischemic necrosis of the muscles
of the anterior compartment of the leg and occurs as a result of compression of arteries by swollen

muscles, following excessive exertion.

3 Shin splint—painful condition of the anterior compartment of the leg along the shin bone
(tibia) caused by swollen muscles in the anterior compartment, especially the tibialis anterior
muscle following excessive exertion. It may be a mild form of the anterior compartment syndrome.

3 Avulsion or rupture of the Achilles tendon—disables the triceps surae (gastrocnemius and

soleus) muscles; thus, the patient is unable to plantar flex the foot.

3 Tarsal tunnel—osseofibrous passage for the tibial nerve, posterior tibial vessels, and flexor

tendons, formed by the flexor retinaculum and tarsal bones.

3 Tarsal tunnel syndrome—complex symptom resulting from compression of the tibial nerve
or of the medial and lateral plantar nerves in the tarsal tunnel, with pain, numbness, and tingling
(paresthesia) of the sole of the foot.

3 Ankle sprain (inversion injury)—results from rupture of calcaneofibular and talofibular

ligaments and a fracture of the lateral malleolus caused by forced inversion of the foot.

3 Flat foot (pes planus or talipes planus)—characterized by collapse of the medial portion of the

longitudinal arch with eversion and abduction of the forefoot; pes planus exhibits an unusually
high medial longitudinal arch.

3 Clubfoot (talipes equinovarus)—is a congenital deformity of the foot, in which the foot is

plantar flexed, inverted, and adducted; in which the foot is plantar flexed (equinus) or dorsiflexed

(calcaneus); in which the heel is turned laterally (valgus) or medially (varus).

3 Hallux valgus—lateral deviation of the big toe, whereas hallux varus is a medial deviation

of the big toe.

Lesions of Nerves

3 Damage to the femoral nerve causes impaired flexion of the hip and extension of the leg

resulting from paralysis of the quadriceps femoris.

3 Damage to the obturator nerve causes a weakness of adduction.

3 Damage to the sciatic nerve causes paralysis of the hamstring muscles and all the muscles
below the knee and thus results in impaired extension at the hip, flexion at the knee, loss of
dorsiflexion at the ankle and of eversion of the foot.
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3 Damage to the common peroneal nerve by fracture of the fibular neck results in foot drop

and paralysis of all of the dorsiflexor and evertor muscles of the foot.

3 Damage to the tibial nerve causes loss of plantar flexion of the foot, impaired inversion be-

cause of paralysis of the tibialis posterior, and clawing of the toes.

3 Damage to the deep peroneal nerve results in foot drop. Damage to the superficial peroneal

nerve causes loss of eversion of the foot.
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CHAPTER 3 REVIEW TEST

Directions: Each of the numbered items or inc
by answers or by completions of the statement.
that is best in each case.

omplete statements in this section is followed
Select the one lettered answer or completion

1. A 27-year-old patient exhibits a loss of
skin sensation and paralysis of muscles on the
plantar aspect of the medial side of the foot.
Which of the following nerves is most likely
damaged?

(A) Common peroneal
(B) Tibial
(C) Superficial peroneal
(D) Deep peroneal
(E) Sural

2. A patient with a deep knife wound in the
buttock walks with a waddling gait that is
characterized by the pelvis falling toward one
side at each step. Which of the following
nerves is damaged?

(A) Obturator nerve
(B) Nerve to obturator internus
(C) Superior gluteal nerve
(D) Inferior gluteal nerve
(E) Femoral nerve

3. A patient is unable to prevent anterior
displacement of the femur on the tibia when
the knee is flexed. Which of the following
ligaments is most likely damaged?

(A) Anterior cruciate
(B) Fibular collateral
(C) Patellar
(D) Posterior cruciate
(E) Tibial collateral

4. A 41-year-old man was involved in a fight
and felt weakness in extending the knee
joint. On examination, he was diagnosed
with a lesion of the femoral nerve. Which of

the following symptoms would be a result of
this nerve damage?

(A) Paralysis of the psoas major muscle
(B) Loss of skin sensation on the lateral side

of the foot
(C) Loss of skin sensation over the greater

trochanter
(D) Paralysis of the vastus lateralis muscle
(E) Paralysis of the tensor fasciae latae

5. A 47-year-old woman is unable to invert her
foot after she stumbled on her driveway. Which
of the following nerves are most likely injured?

(A) Superficial and deep peroneal
(B) Deep peroneal and tibial

(C) Superficial peroneal and tibial

(D) Medial and lateral plantar
(E) Obturator and tibial

6. A 22-year-old patient is unable to "unlock"
the knee joint to permit flexion of the leg.
Which of the following muscles is most likely

damaged?

(A) Rectus femoris
(B) Semimembranosus
(C) Popliteus
(D) Gastrocnemius

(E) Biceps femoris

7. A patient presents with sensory loss on
adjacent sides of the great and second toes

and impaired dorsiflexion of the foot. These
signs probably indicate damage to which of
the following nerves?

(A) Superficial peroneal
(B) Lateral plantar
(C) Deep peroneal

(D) Sural

(E) Tibial

8. A motorcyclist falls from his bike in an
accident and gets a deep gash that severs the
superficial peroneal nerve near its origin.
Which of the following muscles is paralyzed?

(A) Peroneus longus
(B) Extensor hallucis longus

(C) Extensor digitorum longus
(D) Peroneus tertius

(E) Extensor digitorum brevis

9. A 67-year-old patient has been given a
course of antibiotics by gluteal intramuscular
injections after a major abdominal surgery. To
avoid damaging the sciatic nerve during an
injection, the needle should be inserted into
which of the following areas?
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(A) Over the sacrospinous ligament

(B) Midway between the ischial tuberosity
and the lesser trochanter

(C) Midpoint of the gemelli muscles
(D) Upper lateral quadrant of the gluteal region
(E) Lower medial quadrant of the gluteal region

10. A 20-year-old patient cannot flex and
medially rotate the thigh while running and
climbing. Which of the following muscles is
most likely damaged?

(A) Semimembranosus
(B) Sartorius
(C) Rectus femoris
(D) Vastus intermedius
(E) Tensor fasciae latae

11. A 21-year-old man was involved in a motor-
cycle accident, resulting in destruction of the
groove in the lower surface of the cuboid bone.
Which of the following muscle tendons is most
likely damaged?

(A) Flexor hallucis longus
(B) Peroneus brevis
(C) Peroneus longus
(D) Tibialis anterior
(E) Tibialis posterior

12. A construction worker falls feet-first from a
roof. He sustains a fracture of the groove on the
undersurface of the sustentaculum tali of the
calcaneus bone. Which of the following muscle
tendons is most likely torn?

(A) Flexor digitorum brevis
(B) Flexor digitorum longus
(C) Flexor hallucis brevis
(D) Flexor hallucis longus
(E) Tibialis posterior

13. A thoracic surgeon is going to harvest a
portion of the greater saphenous vein for
coronary bypass surgery. He has observed that
this vein runs:

(A) Posterior to the medial malleolus
(B) Into the popliteal vein
(C) Anterior to the medial condyles of the

tibia and femur
(D) Superficial to the fascia lata of the thigh
(E) Along with the femoral artery

14. A 52-year-old woman slipped and fell and
complained of being unable to extend her leg at
the knee joint. Which of the following muscles

was paralyzed as a result of this accident?

(A) Semitendinosus

(B) Sartorius

(C) Gracilis
(D) Quadriceps femoris
(E) Biceps femoris

15. A patient experiences weakness in dorsi-
flexing and inverting the foot. Which of the
following muscles is damaged?

(A) Peroneus longus
(B) Peroneus brevis
(C) Tibialis anterior
(D) Extensor digitorum longus
(E) Peroneus tertius

Questions 16-20: A 62-year-old woman slips
and falls on the bathroom floor. As a result, she
has a posterior dislocation of the hip joint and
a fracture of the neck of the femur.

16. Rupture of the ligamentum teres capitis
femoris may lead to damage to a branch of
which of the following arteries?

(A) Medial circumflex femoral
(B) Lateral circumflex femoral
(C) Obturator
(D) Superior gluteal
(E) Inferior gluteal

17. Fracture of the neck of the femur results in
avascular necrosis of the femoral head, probably
resulting from lack of blood supply from which
of the following arteries?

(A) Obturator
(B) Superior gluteal
(C) Inferior gluteal
(D) Medial femoral circumflex
(E) Lateral femoral circumflex

18. If the acetabulum is fractured at its pos-
terosuperior margin by dislocation of the hip
joint, which of the following bones could be
involved?

(A) Pubis
(B) Ischium
(C) Ilium
(D) Sacrum
(E) Head of the femur

19. The woman experiences weakness when
abducting and medially rotating the thigh after
this accident. Which of the following muscles
is most likely damaged?
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(A) Piriformis
(B) Obturator internus
(C) Quadratus femoris
(D) Gluteus maximus
(E) Gluteus minimus

20. The woman undergoes hip surgery. If all of
the arteries that are part of the cruciate anasto-
mosis of the upper thigh are ligated, which of
the following arteries maintains blood flow?

(A) Medial femoral circumflex
(B) Lateral femoral circumflex
(C) Superior gluteal
(D) Inferior gluteal
(E) First perforating

21. A 34-year-old woman sustains a deep cut on
the dorsum of the foot just distal to her ankle
joint by a falling kitchen knife. A physician in
the emergency department has ligated the
dorsalis pedis artery proximal to the injured
area. Which of the following conditions most
likely occurs as a result of the injury?

(A) lschemia in the peroneus longus muscle
(B) Aneurysm in the plantar arterial arch
(C) Reduction of blood flow in the medial

tarsal artery
(D) Low blood pressure in the anterior tibial

artery
(E) High blood pressure in the arcuate artery

22. A patient experiences paralysis of the mus-
cle that originates from the femur and con-
tributes directly to the stability of the knee joint.
Which of the following muscles is involved?

(A) Vastus lateralis
(B) Semimembranosus
(C) Sartorius
(D) Biceps femoris (long head)
(E) Rectus femoris

23. A patient is involved in a motorcycle
wreck that results in avulsion of the skin over
the anterolateral leg and ankle. Which of the
following structures is most likely destroyed
with this type of injury?

(A) Deep peroneal nerve
(B) Extensor digitorum longus muscle tendon
(C) Dorsalis pedis artery
(D) Great saphenous vein
(E) Superficial peroneal nerve

24. A knife wound penetrates the superficial
vein that terminates in the popliteal vein. Bleed-
ing occurs from which of the following vessels?

(A) Posterior tibial vein
(B) Anterior tibial vein

(C) Peroneal vein
(D) Great saphenous vein

(E) Lesser saphenous vein

25. A 10-year-old boy falls from a tree house.
The resultant heavy compression of the sole of
his foot against the ground caused a fracture of
the head of the talus. Which of the following
structures is unable to function normally?

(A) Transverse arch
(B) Medial longitudinal arch

(C) Lateral longitudinal arch
(D) Tendon of the peroneus longus
(E) Long plantar ligament

26. A 24-year-old woman complains of weak-
ness when she extends her thigh and rotates it
laterally. Which of the following muscles is

paralyzed?

(A) Obturator externus

(B) Sartorius

(C) Tensor fasciae latae
(D) Gluteus maximus
(E) Semitendinosus

27. A patient with hereditary blood clotting
problems presents with pain in the back of her
knee. An arteriogram reveals a blood clot in the
popliteal artery at its proximal end. Which of
the following arteries will allow blood to reach

the foot?

(A) Anterior tibial

(B) Posterior tibial

(C) Peroneal
(D) Lateral circumflex femoral
(E) Superior medial genicular

28. A 72-year-old woman complains of a
cramplike pain in her thigh and leg. She was
diagnosed as having a severe intermittent
claudication. Following surgery, an infection
was found in the adductor canal, damaging
the enclosed structures. Which of the following
structures remains intact?

(A) Femoral artery

(B) Femoral vein
(C) Saphenous nerve
(0) Great saphenous vein
(E) Nerve to the vastus medialis

29. A basketball player was hit in the thigh by
an opponent's knee. Which of the following
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arteries is likely to compress and cause ischemia
because of the bruise and damage to the exten-
sor muscles of the leg?

(A) Popliteal
(B) Deep femoral
(C) Anterior tibial
(D) Posterior tibial
(E) Peroneal

30. An elderly woman fell at home and frac-
tured the greater trochanter of her femur.
Which of the following muscles would continue
to function normally?

(A) Pi ri formis
(B) Obturator internus

(C) Gluteus medius
(D) Gluteus maximus
(E) Gluteus minimus

Questions 31-35: A 20-year-old college
student receives a severe blow on the infero-
lateral side of the left knee joint while play-
ing football. Radiographic examination re-
veals a fracture of the head and neck of

the fibula.

31. Which of the following nerves is damaged?

(A) Sciatic
(B) Tibial
(C) Common peroneal
(D) Deep peroneal
(E) Superficial peroneal

32. After injury to this nerve, which of the
following muscles could be paralyzed?

(A) Gastrocnemius

(B) Popliteus
(C) Extensor hallucis longus
(D) Flexor digitorum longus

(E) Tibialis posterior

33. If the lateral (fibular) collateral ligament is
torn by this fracture, which of the following
conditions may occur?

(A) Abnormal passive abduction of the
extended leg

(B) Abnormal passive adduction of the
extended leg

(C) Anterior displacement of the femur on
the tibia

(D) Posterior displacement of the femur on
the tibia

(E) Maximal flexion of the leg

34. Which of the following arteries could also
be damaged by this fracture?

(A) Popliteal
(B) Posterior tibial

(C) Anterior tibial

(D) Peroneal
(E) Lateral inferior genicular

35. Which of the following conditions would
occur from this fracture?

(A) Ischemia in the gastrocnemius
(B) Loss of plantar flexion
(C) Trendelenburg's sign
(D) Anterior tibial compartment syndrome
(E) Flat foot

36. A construction worker is hit on the leg with
a concrete block and is subsequently unable to
plantar flex and invert his foot. Which of the
following muscles is most likely damaged?

(A) Extensor digitorum longus
(B) Tibialis anterior
(C) Tibialis posterior

(D) Peroneus longus
(E) Peroneus brevis

37, The obturator nerve and the sciatic (tibial
portion) nerve of a 15-year-old boy are tran-
sected as a result of a motorcycle accident. This
injury would result in complete paralysis of
which of the following muscles?

(A) Rectus femoris
(B) Biceps femoris short head
(C) Pectineus
(D) Adductor magnus
(E) Sartorius

38. A 24-year-old woman presents to her physi-
cian with weakness in flexing the hip joint and
extending the knee joint. What muscle is most
likely involved in this scenario?

(A) Sartorius
(B) Gracilis
(C) Rectus femoris
(D) Vastus medialis
(E) Semimembranosus

39. A 17-year-old boy was stabbed during a
gang fight resulting in transection of the obtu-
rator nerve. Which of the following muscles is
completely paralyzed?

(A) Pectineus
(B) Adductor magnus
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(C) Adductor longus
(D) Biceps femoris
(E) Semimembranosus

40. A 32-year-old carpenter fell from the roof.
The lateral longitudinal arch of his foot was
flattened from fracture and displacement of the

keystone for the arch. Which of the following
bones is damaged?

(A) Calcaneus
(B) Cuboid bone
(C) Head of the talus
(D) Medial cuneiform
(E) Navicular bone

41. While playing football, a 19-year-old college
student receives a twisting injury to his knee
when being tackled from the lateral side. Which
of the following conditions most likely has
occurred?

(A) Tear of the medial meniscus
(B) Ruptured fibular collateral ligament
(C) Tenderness on pressure along the fibular

collateral ligament
(D) Injured posterior cruciate ligament
(E) Swelling on the back of the knee joint

42. A patient has weakness when flexing both
her thigh and leg. Which of the following
muscles is most likely injured?

(A) Rectus femoris
(B) Semitendinosus
(C) Biceps femoris
(D) Sartorius
(E) Adductor longus

43. A 35-year-old man has difficulty in dorsi-
flexing the foot. Which of the following muscles
is most likely damaged?

(A) Tibialis posterior
(B) Flexor digitorum longus
(C) Tibialis anterior
(D) Peroneus longus
(E) Peroneus brevis

44. An injury to the leg of a golfer results
in loss of the ability to invert the foot. Which
of the following muscles is most likely
paralyzed?

(A) Tibialis posterior
(B) Peroneus longus
(C) Peroneus brevis
(D) Peroneus tertius
(E) Extensor digitorum longus

45. An orthopedic surgeon ligates the posterior
tibial artery at its origin. Which of the following
arteries has no blood flow immediately after the

ligation?

(A) Peroneal
(B) Dorsalis pedis

(C) Superior medial genicular
(D) Anterior tibial
(E) Descending genicular artery

46. Before knee surgery, a surgeon ligates
arteries participating in the anastomosis
around the knee joint. Which of the following
arteries is most likely spared?

(A) Lateral superior genicular
(B) Medial inferior genicular
(C) Descending branch of the lateral femoral

circumflex

(D) Saphenous branch of the descending
genicular

(E) Anterior tibial recurrent

47. A 25-year-old gladiator sustains a penetrat-
ing injury that severs the superficial peroneal
nerve. This will most likely cause paralysis of
which of the following muscles?

(A) Peroneus tertius

(B) Peroneus brevis
(C) Flexor hallucis longus

(D) Tibialis anterior

(E) Tibialis posterior

48. A patient presents with a thrombosis in
the popliteal vein. This thrombosis most likely
causes reduction of blood flow in which of the

following veins?

(A) Greater saphenous

(B) Lesser saphenous

(C) Femoral
(D) Posterior tibial

(E) Anterior tibial

Questions 49-52: Choose the appropriate
lettered site or structure in this computed
tomography (CT) image of the hip and pelvis
(see page 133, top) to match the following de-
scriptions.

49. A 62-year-old woman stands on her left
limb, and her pelvis (buttock) on the right side
falls instead of rising. Which muscle in the CT
scan is most likely paralyzed?

50. A 34-year-old man with a fracture of the
lesser trochanter has difficulty in flexing his



A

B

C

D

LOWER LIMB 133

thigh. Which muscle in the CT scan is most

likely paralyzed?

51. A 41-year-old woman is diagnosed with a
large tumor in the lateral pelvic wall. Which
muscle that passes through the greater sciatic
foramen is ischemic by tumor-induced arterial
compression and is most likely paralyzed?

52. A 19-year-old man receives a knife stab in
his buttock and injures the inferior gluteal
nerve. Which muscle in the CT scan is most
likely paralyzed?

Questions 53-56: Choose the appropriate
lettered site or structure in the following com-
puted tomography (CT) image of the hip (see
below) to match the following descriptions.

53. Which muscle indicated in this CT scan, if
paralyzed, would impair flexion of the thigh

and leg?

54. Which muscle in this CT scan would be
paralyzed as a result of a lesion of the superior
gluteal nerve?

55. After ligation of the popliteal and greater
saphenous veins, which vessel in this CT scan

has a markedly low blood pressure?

56. Which vessel in this CT scan is vulnerable
to injury because of its relatively superficial po-
sition in the femoral triangle?

Questions 57-60: Choose the appropriate
lettered site or structure in the radiograph of
the hip and pelvis (page 134, top) to match
the following descriptions.

57. Which structure in this radiograph may be
fractured, resulting in loss of the chief flexor of
the thigh?

58. Fracture of which structure may destroy
the site of insertion of the muscle that can ro-
tate the thigh laterally and its tendon that
passes through the lesser sciatic foramen?

59. Which fractured structure is likely to cause
paralysis of the adductor magnus?

60. Which structure becomes necrotic after the
medial femoral circumflex artery is severed?
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C
	 D

Questions 61-64: Choose the appropriate
lettered site or structure in the following ra-
diograph of the ankle and foot (below) to
match the following descriptions.

61. The flexor hallucis longus tendon is dam-
aged in a groove on the posterior surface of a
tarsal bone. Which bone in the radiograph is
likely fractured?

62. The tibialis anterior and peroneus longus
muscles are weakened. Which bone in the
radiograph is most likely fractured?

63. The medial longitudinal arch of the foot is
flattened because the spring ligament is torn.
Which bone in the radiograph is most likely

fractured?

64. The peroneus longus muscle tendon is
damaged in a groove of a tarsal bone by fracture.
Which bone in the radiograph is most likely

fractured?

B
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ANSWERS AND EXPLANATIONS

1. The answer is B. The common peroneal nerve divides into the deep peroneal nerve, which

innervates the anterior muscles of the leg and supplies the adjacent skin of the first and second
toes, and the superficial peroneal nerve, which innervates the lateral muscles of the leg and
supplies the skin on the side of the lower leg and the dorsum of the ankle and foot. The sural
nerve supplies the lateral aspect of the foot and the little toe.

2. The answer is C. The superior gluteal nerve innervates the gluteus medius muscle. Paralysis
of this muscle causes gluteal gait, a waddling gait characterized by a falling of the pelvis toward
the unaffected side at each step. The gluteus medius muscle normally functions to stabilize the

pelvis when the opposite foot is off the ground. The inferior gluteal nerve innervates the gluteus
maximus, and the nerve to the obturator internus supplies the obturator internus and superior
gemellus muscles. The obturator nerve innervates the adductor muscles of the thigh, and the
femoral nerve supplies the flexors of the thigh.

3. The answer is D. The posterior cruciate ligament is important because it prevents forward

displacement of the femur on the tibia when the knee is flexed. The anterior cruciate ligament
prevents backward displacement of the femur on the tibia.

4. The answer is D. The femoral nerve innervates the quadratus femoris, sartorius, and vastus
muscles. Therefore, damage to this nerve results in paralysis of these muscles. The second and
third lumbar nerves innervate the psoas major muscle, the sural nerve innervates the skin on
the lateral side of the foot, the iliohypogastric nerve and superior clunial nerves supply the skin
over the greater trochanter, and the superior gluteal nerve innervates the tensor fasciae latae.

5. The answer is B. The deep peroneal and tibial nerves innervates the chief evertors of the
foot, which are the tibialis anterior, tibialis posterior, triceps surae, and extensor hallucis
longus muscles. The tibialis anterior and extensor hallucis longus muscles are innervated by

the deep peroneal nerve, and the tibialis posterior and triceps surae are innervated by the
tibial nerve.

6. The answer is C. The popliteus muscle rotates the femur laterally ("unlocks" the knee) or
rotates the tibia medially, depending on which bone is fixed. This action results in unlocking
of the knee joint to initiate flexion of the leg at the joint. The rectus femoris flexes the thigh

and extends the knee. The gastrocnemius flexes the knee and plantar flexes the foot. The semi-
membranosus extends the thigh and flexes and rotates the leg medially. The biceps femoris
extends the thigh and flexes and rotates the leg laterally.

7. The answer is C. The deep peroneal nerve supplies the anterior muscles of the leg, including
the tibialis anterior, extensor hallucis longus, extensor digitorum longus, and peroneus tertius
muscles, which dorsiflex the foot. The medial branch of the deep peroneal nerve supplies the
skin of adjacent sides of the great and second toes, whereas the lateral branch supplies the
extensor digitorum brevis and extensor hallucis brevis. The superficial peroneal nerve innervates
the peroneus longus and brevis, which plantar flexes the foot, and supplies the skin on the side

of the lower leg and the dorsum of the ankle and foot. The tibial nerve innervates the muscles of
the posterior compartment that plantar flexes and supplies the skin on the heel and plantar
aspect of the foot. The lateral plantar nerve innervates muscles and skin of the lateral plantar
aspect of the foot. The sural nerve supplies the skin on the posterolateral aspect of the leg and
the lateral aspect of the foot and the little toe.

8. The answer is A. The superficial peroneal nerve supplies the peroneus longus and brevis
muscles. Other muscles are innervated by the deep peroneal nerve.
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9. The answer is D. To avoid damaging the sciatic nerve during an intramuscular injection, the
clinician should insert the needle in the upper lateral quadrant of the gluteal region. The inserted
needle in the lower medial quadrant may damage the pudendal and sciatic nerves. The inserted
needle midway between the ischial tuberosity and the lesser trochanter may damage the sciatic
and posterior femoral cutaneous nerves on the quadratus femoris. The inserted needle over the

sacrospinous ligament may damage the pudendal nerve and vessels.

10. The answer is E. The tensor fasciae latae can flex and medially rotate the thigh, so this is the
muscle most likely damaged. The hamstring muscles (semitendinosus, semimembranosus, and
biceps femoris) can extend the thigh and flex the leg. The sartorius can flex the thigh and leg. The

rectus femoris can flex the thigh and extend the leg. The vastus intermedius can extend the leg.

11. The answer is C. The groove in the lower surface of the cuboid bone is occupied by the
tendon of the peroneus longus muscle. The flexor hallucis longus tendon occupies in a groove
on the posterior surface of the body of the talus and a groove on the inferior surface of the cal-
caneus during its course. The tibialis posterior muscle tendon occupies in the medial malleolar
groove of the tibia. Other muscle tendons are not in the groove of the tarsal bones.

12. The answer is D. The tendon of the flexor hallucis longus muscle occupies first the groove on
the posterior surface of the talus and then the groove on the undersurface of the sustentaculum

tali. None of the other tendons would have been affected in such an injury.

13. The answer is D. The greater saphenous vein ascends superficial to the fascia lata. It courses
anterior to the medial malleolus and posterior to the medial condyles of the tibia and femur and
terminates in the femoral vein by passing through the saphenous opening. The small saphenous
vein drains into the popliteal vein. The greater saphenous vein does not run along with the

femoral artery.

14. The answer is D. The quadriceps femoris muscle includes the rectus femoris muscle and the
vastus medialis, interomedialis, and lateralis muscles. They extend the leg at the knee joint. The
semitendinosus, semimembranosus, and biceps femoris muscles (the hamstrings) extend the thigh
and flex the leg. The sartorius and gracilis muscles can flex the thigh and the leg.

15. The answer is C. The tibialis anterior can dorsiflex and invert the foot. The peroneus longus
and brevis muscles can plantar flex and evert the foot, the peroneus tertius can dorsiflex and evert
the foot, and the extensor digitorum longus can dorsiflex the foot and extend the toes.

16. The answer is C. The obturator artery gives rise to an acetabular branch that runs in the

round ligament of the head of the femur.

17. The answer is D. In adults, the chief arterial supply to the head of the femur is from the
branches of the medial femoral circumflex artery. The lateral femoral circumflex artery may supply
the femoral head by anastomosing with the medial femoral circumflex artery. The posterior branch
of the obturator artery gives rise to the artery of the head of the femur, which runs in the round
ligament of the femoral head and is usually insufficient to supply the head of the femur in adults
but is an important source of blood to the femoral head in children. The superior and inferior
gluteal arteries do not supply the head of the femur.

18. The answer is C. The acetabulum is a cup-shaped cavity on the lateral side of the hip bone
and is formed superiorly by the ilium, posteroinferiorly by the ischium, and anteromedially by
the pubis. The sacrum and the head of the femur do not participate in the formation of the ac-
etabulum.

19. The answer is E. The gluteus medius or minimus abducts and rotates the thigh medially. The
piriformis, obturator internus, quadratus femoris, and gluteus maximus muscles can rotate the
thigh laterally.
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20. The answer is C. The superior gluteal artery does not participate in the cruciate anastomosis
of the thigh. The inferior gluteal artery, transverse branches of the medial and lateral femoral
circumflex arteries, and an ascending branch of the first perforating artery form the cruciate
anastomosis of the thigh.

21. The answer is C. Reduction of blood flow in the medial tarsal artery occurs because it is a
branch of the dorsalis pedis artery, which begins at the ankle joint as the continuation of the
anterior tibial artery. The anterior tibial and peroneal arteries supply the peroneus longus
muscle. The deep plantar arterial arch is formed mainly by the lateral plantar artery. Blood
pressure in the anterior tibial artery should be higher than normal. The arcuate artery should
have a low blood pressure because it is a terminal branch of the dorsalis pedis artery.

22. The answer is A. The vastus lateralis muscles arise from the femur and all the other muscles
originate from the hip (coxal) bone. The biceps femoris inserts on the fibula and other muscles
insert on the tibia; thus, all of them contribute to the stability of the knee joint.

23. The answer is E. The superficial peroneal nerve emerges between the peroneus longus and

peroneus brevis muscles and descends superficial to the extensor retinaculum of the ankle on the
anterolateral side of the leg and ankle, innervating the skin of the lower leg and foot. The great
saphenous vein begins at the medial end of the dorsal venous arch of the foot and ascends in
front of the medial malleolus and along the medial side of the tibia along with the saphenous
nerve. Other structures pass deep to the extensor retinaculum.

24. The answer is E. The lesser (small) saphenous vein ascends on the back of the leg in company
with the sural nerve and terminates in the popliteal vein. The peroneal vein empties into the
posterior tibial vein. The anterior and posterior tibial veins are deep veins and join to form the

popliteal vein. The great saphenous vein drains into the femoral vein.

25. The answer is B. The keystone of the medial longitudinal arch of the foot is the head of
the talus, which is located at the summit between the sustentaculum tali and the navicular
bone. The medial longitudinal arch is supported by the spring ligament and the tendon of the
flexor hallucis longus muscle. The cuboid bone serves as the keystone of the lateral longitudi-
nal arch, which is supported by the peroneus longus tendon and the long and short plantar
ligaments. The transverse arch is formed by the navicular, three cuneiform, the cuboid, and
five metatarsal bones and is supported by the peroneus longus tendon and the transverse head
of the adductor hallucis.

26. The answer is D. The gluteus maxinius can extend and rotate the thigh laterally. The obturator
extemus rotates the thigh laterally. The sartorius can flex both the hip and knee joints. The tensor
fasciae latae can flex and medially rotate the thigh. The semitendinosus can extend the thigh and
medially rotate the leg.

27. The answer is D. It the proximal end of the popliteal artery is blocked, blood may reach the
foot by way of the descending branch of the lateral circumflex femoral artery, which participates

in the anastomosis around the knee joint. Other blood vessels are direct or indirect branches of
the popliteal artery.

28. The answer is D. The great saphenous nerve remains intact because it is not in the adductor
canal. The adductor canal contains the femoral vessels, the saphenous nerve, and the nerve to the
vastus medians.

29. The answer is C. A muscular spasm or hypertrophy of the extensor muscles of the leg may
compress the anterior tibial artery, causing ischemia. The popliteal artery supplies muscles of the
popliteal fossa. The deep femoral artery supplies deep muscles of the thigh. The posterior tibial
and peroneal arteries supply muscles of the posterior and lateral compartments of the leg.
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30. The answer is D. The gluteus maximus is inserted into the gluteal tuberosity of the femur
and the iliotibial tract. All of the other muscles insert on the greater trochanter of the femur and
their functions are impaired.

31. The answer is C. The common peroneal nerve is vulnerable to injury as it passes behind
the head of the fibula and then winds around the neck of the fibula and pierces the peroneus
longus muscle, where it divides into the deep and superficial peroneal nerves. In addition, the

deep and superficial peroneal nerves pass superficial to the neck of the fibula in the substance
of the peroneus longus muscle and are less susceptible to injury than the common peroneal
nerve. Other nerves are not closely associated with the head and neck of the fibula.

32. The answer is C. The extensor hallucis longus is innervated by the deep peroneal nerve,
whereas other muscles are innervated by the posterior tibial nerve.

33. The answer is B. The lateral (fibular) collateral ligament prevents adduction at the knee.
Therefore, a torn lateral collateral ligament can be recognized by abnormal passive adduction of
the extended leg. Abnormal passive abduction of the extended leg may occur when the medial
(tibial) collateral ligament is torn. The anterior cruciate ligament prevents posterior displacement
of the femur on the tibia; the posterior cruciate ligament prevents anterior displacement of the
femur on the tibia. In addition, the posterior cruciate ligament is taut when the knee is fully flexed.

34. The answer is C. The anterior tibial artery, which arises from the popliteal artery, enters the
anterior compartment by passing through the gap between the fibula and tibia at the upper end
of the interosseous membrane. The other arteries would not be affected because they are not

closely associated with the head and neck of the fibula.

35. The answer is D. Anterior tibial compartment syndrome is characterized by ischemic necrosis
of the muscles of the anterior tibial compartment of the leg resulting from damage to the anterior
tibial artery. The gastrocnemius receives blood from sural branches of the popliteal artery. Loss of
plantar flexion is due to necrosis of the posterior muscles of the leg which are supplied by the
posterior tibial and peroneal arteries. Trendelenburg's sign is caused by weakness or paralysis of
the gluteus medius and minimus muscles. Flat foot results from the collapse of the medial longi-
tudinal arch of the foot.

36. The answer is C. The tibialis posterior can plantar flex and invert the foot. The extensor
digitorum longus can dorsiflex and evert the foot, the tibialis anterior can dorsiflex and invert
the foot, and the peroneus longus and brevis can plantar flex and evert the foot.

37. The answer is D. The adductor magnus is innervated by both the obturator and sciatic (tibial

portion) nerves. Hence, a lesion here could cause paralysis. The rectus femoris and sartorius are
innervated by the femoral nerve. The biceps femoris long head is innervated by the tibial portion

of the sciatic nerve, whereas the short head is innervated by the common peroneal portion of the
sciatic nerve. The pectineus is innervated by both the femoral and obturator nerves.

38. The answer is C. The rectus femoris flexes the thigh and extends the leg. The sartorius can
flex both the hip and knee joints. The gracilis adducts and flexes the thigh and flexes the leg, the
vastus medialis extends the knee joint, and the semimembranosus extends the hip joint and
flexes the knee joint.

39. The answer is C. The adductor longus is innervated only by the obturator nerve. Thus, injury

here could completely paralyze the adductor longus. The pectineus is innervated by both the
obturator and femoral nerves. The adductor magnus is innervated by both the obturator nerve and
tibial part of the sciatic nerve. The biceps femoris is innervated by tibial portion (long head) and
common peroneal portion (short head) of the sciatic nerve. The semimembranosus is innervated

by the tibial portion of the sciatic nerve.
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40. The answer is B. The keystone for the lateral longitudinal arch is the cuboid bone,
whereas the keystone for the medial longitudinal arch is the head of the talus. The calcaneus,
navicular, and medial cuneiform bones form a part of the medial longitudinal arch, but they
are not keystones. The calcaneus also forms a part of the lateral longitudinal arch.

41. The answer is A. The "unhappy triad" of the knee joint is characterized by tear of the medial
meniscus, rupture of the tibial collateral ligament, and rupture of the anterior cruciate ligament.
This injury may occur when a cleated shoe, as worn by football players, is planted firmly in the
turf and the knee is struck from the lateral side. Tenderness along the medial collateral ligament
and over the medial meniscus and swelling on the front of the joint are due to excessive produc-

tion of synovial fluid, which fills the joint cavity and the suprapatellar bursa.

42. The answer is D. The sartorius can flex and rotate the thigh laterally and flex and rotate the leg
medially. The rectus femoris flexes the thigh and extends the leg. The semimembranosus extends the
thigh and flexes and rotates the leg medially. The biceps femoris extends the thigh and flexes and

rotates the leg laterally. The adductor longus adducts and flexes the thigh.

43. The answer is C. The tibialis anterior muscle can dorsiflex the foot, whereas all other muscles

are able to plantar flex the foot.

44. The answer is A. The tibialis posterior inverts the foot. The peroneus longus, brevis, and tertius

and extensor digitorum longus can evert the foot.

45. The answer is A. The peroneal artery is a branch of the posterior tibial artery. The dorsal is pedis
artery begins anterior to the ankle as the continuation of the anterior tibial artery. The superior
medial genicular artery is a branch of the popliteal artery, and the descending genicular artery arises
from the femoral artery.

46. The answer is D. The descending genicular artery gives off the articular branch, which enters
the anastomosis around the knee joint, and the saphenous branch, which is not involved in the
anastomosis but supplies the superficial tissue and skin on the medial side of the knee. Other

arteries are involved in the anastomosis around the knee joint.

47. The answer is B. The peroneus brevis muscle is innervated by the superficial peroneal nerve.
The peroneus tertius and tibialis anterior muscles are innervated by the deep peroneal nerve. The
flexor hallucis longus and tibialis posterior muscles are innervated by the tibial nerve.

48. The answer is C. The popliteal vein drains blood into the femoral vein; thus, blood flow in
the femoral vein is reduced. The great saphenous vein drains into the upper part of the femoral

vein. Other veins empty into the popliteal vein.

49. The answer is D. When a patient with paralysis of the gluteus medius stands on the affected

limb, the pelvis falls or sags on the sound side. Normally, the pelvis rises.

50. The answer is A. The iliopsoas muscle inserts on the lesser trochanter and is a chief flexor

of the thigh.

51. The answer is B. The piriformis muscle passes through the greater sciatic foramen and inserts

on the greater trochanter.

52. The answer is E. The gluteus maximus muscle is innervated by the inferior gluteal nerve.

53. The answer is B. The sartorius can flex both the thigh and the knee, whereas the rectus
femoris can flex the thigh and extend the knee.

54. The answer is D. The tensor fasciae latae is innervated by the superior gluteal nerve.
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55. The answer is E. The femoral vein receives the greater saphenous vein, which passes through
the saphenous ring.

56. The answer is A. The femoral artery descends through the femoral triangle, where it is
vulnerable to injury because of its relatively superficial position.

57. The answer is D. The iliopsoas muscle is the chief flexor of the thigh and inserts on the lesser

trochanter.

.58. The answer is B. The greater trochanter is the site for insertion of the obturator internus

muscle tendon, which leaves the pelvis through the lesser sciatic foramen.

59. The answer is C. The ischiopubic ramus and ischial tuberosity provide attachment for the
adductor magnus.

60. The answer is A. The distal part of the femoral head receives blood mainly from the medial
femoral circumflex artery, whereas the proximal part is supplied by a branch from the posterior

division of the obturator artery.

61. The answer is A. The body of the talus has a groove on its posterior surface for the flexor
hallucis longus tendon. This tendon also occupies the groove on the undersurface of the
sustentaculum tali.

62. The answer is E. The first or medial cuneiform bone provides insertions for the tibialis

anterior, tibialis posterior, and peroneus longus muscles.

63. The answer is D. The spring (plantar calcaneonavicular) ligament extends from the

sustentaculum tali of the calcaneus to the navicular bone.

64. The answer is B. The cuboid bone has a groove for the peroneus longus muscle tendon.



The sternum: is a common site for bone marrow biopsy because it possesses hematopoi-
etic marrow throughout life and because of its breadth and subcutaneous position. It may

be split in the median plane (median sternotomy) to allow the surgeon to gain easy access to the
lungs, heart, and great vessels.

Thorax

THORACIC WALL

1.	 Skeleton of the Thorax (Figure 4-1)

A. Sternum
• Is a flat bone and consists of the manubrium, the body, and the xiphoid process.

• Is relatively shorter and thinner in the female, and its body is more than twice as long as

the manubrium in the male but is usually less in the female.

1. Manubrium
• Has a superior margin, the jugular notch, which can be readily palpated at the root of

the neck.
• Has a clavicular notch on each side for articulation with the clavicle.
• Also articulates with the cartilage of the first rib, the upper half of the second rib, and

the body of the sternum at the manubriosternal joint, or sternal angle.

2. Sternal angle (angle of Louis)
• Is the junction between the manubrium and the body of the sternum.
• Is located at the level where:

a. The second ribs articulate with the sternum.

b. The aortic arch begins and ends.
c. The trachea bifurcates into the right and left bronchi.

d. The inferior border of the superior mediastinum is demarcated.
e. A transverse plane can pass through the intervertebral disk between T4 and T5.

3. Body of the sternum
• Articulates with the second to seventh costal cartilages.
• Also articulates with the xiphoid process at the xiphisternal joint, which is level with

the ninth thoracic vertebra.
4. X iphoid process

• Is a flat, cartilaginous process at birth that ossifies slowly from the central core and
unites with the body of the sternum after middle age.

• Lies at the level of T10 vertebra and the xiphisternal joint lies at the level of T9 verte-
bral body, which marks the lower limit of the thoracic cavity in front, the upper surface

of the liver, diaphragm, and lower border of the heart.
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Manubrium of sternum

Sternal angle

Body of sternum

Superior articular process
Transverse process (T3)

Vertebral canal

Lamina

Spinous process (T4)

Third rib

Fourth rib

A cervical rib: is a mesenchymal or a cartilaginous elongation of the transverse process of
the seventh cervical vertebra and may end freely or articulate with the first rib. It may com-

press the lower trunk of the brachial plexus and the subclavian artery, leading to neurovascular compres-
sion or thoracic outlet syndrome. (The thoracic outlet is a space between the first rib and the clavicle
through which the brachial plexus and subclavian vessels pass from the neck and thorax into the arm).

cc 4.2

142 BRS GROSS ANATOMY

Figure 4-1 Articulations of the ribs with the vertebrae and the sternum.

• Can be palpated in the epigastrium and is attached via its pointed caudal end to the

linea alba.

B. Ribs
• Consist of 12 pairs of bones that form the main part of the thoracic cage, extending from

the vertebrae to or toward the sternum.
• Increase the anteroposterior and transverse diameters of the thorax by their movements.

1. Structure
• Typical ribs are ribs 3 through 9, each of which has a head, neck, tubercle, and body

(shaft).
• The head articulates with the corresponding vertebral bodies and intervertebral disks

and supradjacent vertebral bodies.
• The body (shaft) is thin and flat and turns sharply anteriorly at the angle and has a

costal groove that follows the inferior and internal surface of a rib and lodges the in-

tercostal vessels and nerves.
• The tubercle articulates with the transverse processes of the corresponding vertebrae,

with the exception of ribs 11 and 12.

2. Classification
a. True ribs

• Are the first seven ribs (ribs 1 to 7), which are attached to the sternum by their

costal cartilages.
b. False ribs

• Are the lower five ribs (ribs 8 to 12); ribs 8 to 10 are connected to the costal carti-

lages immediately above them to form the anterior costal margin.

c. Floating ribs
• Are the last two ribs (ribs 11 and 12), which are connected only to the vertebrae.

riEl Thoracic outlet syndrome: is a combination of pain, numbness, tingling or weakness and
fatigue in the upper limb caused by pressure on the brachial plexus (lower trunk or T8 and

Ti nerve roots) by cervical ribs. A cervical rib may also compress the subclavian artery in the thoracic
outlet, resulting in ischemic muscle pain in the upper limb. Compression on the neurovascular bundle
occurs as a result of cervical ribs or abnormal insertions of the anterior and middle scalene muscles.



Flail chest: is a loss of stability of the thoracic cage that occurs when a segment of the

anterior or lateral thoracic wall moves freely because of multiple rib fractures, allowing the

loose segment to move inward on inspiration and outward on expiration. Flail chest is an extremely

painful injury and impairs ventilation, thereby affecting oxygenation of the blood and causing respiratory

failure.

Rib fractures: The first rib fracture may injure the brachial plexus and subclavian vessels.
The middle ribs are most commonly fractured and usually result from direct blows or

crushing injuries. its broken end causes pneumothorax and lung or spleen injury. Lower rib fractures

may tear the diaphragm, resulting in a diaphragmatic hernia.
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3. First rib
• Is the broadest and shortest of the true ribs.
• Has a single articular facet on its head, which articulates with the first thoracic vertebra.
• Has a scalene tubercle for the insertion of the anterior scalene muscle and two

grooves for the subclavian artery and vein.
4. Second rib

• Has two articular facets on its head, which articulate with the bodies of the first and
second thoracic vertebrae.

• Is about twice as long as the first rib.
5. Tenth rib

• Has a single articular facet on its head, which articulates with the tenth thoracic vertebra.
6. Eleventh and twelfth ribs

• Have a single articular facet on their heads.
• Have no neck or tubercle.

Articulations of the Thorax (see Figure 4-1)

A. Sternoclavicular joint

• Provides the only bony attachment between the appendicular and axial skeletons.
• Is a saddle-type synovial joint but has the movements of a ball-and-socket joint.
• Has a fibrocartilaginous articular surface and contains two separate synovial cavities.

B. Sternocostal (sternochondral) joints
• Are synchondroses in which the sternum articulates with the first seven costal cartilages.

C. Costochondral joints
• Are synchondroses in which the ribs articulate with their respective costal cartilages.

Muscles of the Thoracic Wall (Table 4-1) ir Nerves and Blood Vessels of the Thoracic Wall

A. Intercostal nerves
• Are the anterior primary rami of the first 11 thoracic spinal nerves. The anterior primary

ramus of the twelfth thoracic spinal nerve is the subcostal nerve, which runs beneath the
twelfth rib.

• Run between the internal and innermost layers of muscles, with the intercostal veins and

arteries above (Veins, Arteries, Nerves WAND.
• Are lodged in the costal grooves on the inferior surface of the ribs.
• Give rise to lateral and anterior cutaneous branches and muscular branches.
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TABLE 4-1 Muscles of the Thoracic Wall

Muscle Origin Insertion Nerve Action

External Lower border of Upper border of rib Intercostal Elevate ribs in

intercostals ribs below inspiration

Internal Lower border of Upper border of rib Intercostal Elevate ribs (inter-

intercostals ribs below chondral part);

depress ribs

(costal part)

Innermost Lower border of Upper border of rib Intercostal Elevate ribs

intercostals ribs below
Transversus Posterior surface of Inner surface of Intercostal Depresses ribs

thoracis lower sternum

and xiphoid

costal cartilages

2-6
Subcostalis Inner surface of

lower ribs near

their angles

Upper borders of

ribs 2 or 3 below

Intercostal Elevates ribs

Levator Transverse Subjacent ribs be- Dorsal primary Elevates ribs

costarum processes of

T7-T11

tween tubercle

and angle

rami of C8-T11

B. Internal thoracic artery

• Usually arises from the first part of the subclavian artery and descends directly behind

the first six costal cartilages, just lateral to the sternum.
• Gives rise to two anterior intercostal arteries in each of the upper six intercostal spaces and

terminates at the sixth intercostal space by dividing into the musculophrenic and superior

epigastric arteries.
1. Pericardiophrenic artery

• Accompanies the phrenic nerve between the pleura and the pericardium to the

diaphragm.
• Supplies the pleura, pericardium, and diaphragm (upper surface).

2. Anterior intercostal arteries
• Are 12 small arteries, 2 in each of the upper six intercostal spaces that run laterally,

1 each at the upper and lower borders of each space. The upper artery in each inter-

costal space anastomoses with the posterior intercostal artery and the lower one

joins the collateral branch of the posterior intercostal artery.

• Supply the upper six intercostal spaces.
• Provide muscular branches to the intercostal, serratus anterior, and pectoral muscles.

3. Anterior perforating branches
• Perforate the internal intercostal muscles in the upper six intercostal spaces, course

with the anterior cutaneous branches of the intercostal nerves, and supply the pec-

torahs major muscle and the skin and subcutaneous tissue over it.
• Provide the medial mammary branches (second, third, and fourth branches).

4. Musculophrenic artery
• Follows the costal arch on the inner surface of the costal cartilages.
• Gives rise to two anterior arteries in the seventh, eighth, and ninth spaces; perforates

the diaphragm; and ends in the tenth intercostal space, where it anastomoses with

the deep circumflex iliac artery.
• Supplies the pericardium, diaphragm, and muscles of the abdominal wall.

S. Superior epigastric artery
• Descends on the deep surface of the rectus abdominis muscle within the rectus

sheath; supplies this muscle and anastomoses with the inferior epigastric artery.

• Supplies the diaphragm, peritoneum, and anterior abdominal wall.

C. Thoracoepigastric vein
• Is a venous connection between the lateral thoracic vein and the superficial epigastric vein.
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Lymphatic Drainage of the Thorax

A. Sternal or parasternal (internal thoracic) nodes
• Are placed along the internal thoracic artery.
• Receive lymph from the medial portion of the breast, intercostal spaces, diaphragm, and

supraumbilical region of the abdominal wall.
• Drain into the junction of the internal jugular and subclavian veins.

B. Intercostal nodes
• Lie near the heads of the ribs.
• Receive lymph from the intercostal spaces and the pleura.
• Drain into the cisterna chyli or the thoracic duct.

C. Phrenic nodes
• Lie on the thoracic surface of the diaphragm.
• Receive lymph from the pericardium, diaphragm, and liver.
• Drain into the sternal and posterior mediastinal nodes.

M, Diaphragm and Its Openings (Figure 5-19, Chapter 5)

MEDIASTINUM, PLEURA, AND ORGANS OF RESPIRATION

Mediastinum (Figure 4-2)

• Is an interpleural space (area between the pleural cavities) in the thorax and is bounded lat-
erally by the pleural cavities, anteriorly by the sternum and the transverse thoracis muscles, and
posteriorly by the vertebral column (does not contain the lungs).

• Consists of the superior mediastinum above the pericardium and the three lower divisions: an-
terior, middle, and posterior.

A. Superior mediastinum
• Is bounded superiorly by the oblique plane of the first rib and inferiorly by the imaginary

line running from the sternal angle to the intervertebral disk between the fourth and fifth
thoracic vertebrae.

Figure 4-2 Mediastinum.



The carina: may be examined with a bronchoscope and may be distorted, widened poste-

riorly, and immobile in the presence of a oronchogenc carcinoma. The mucous membrane

over the carina is one of the most sensitive areas of the tracheobronchial tree and is associated with

the cough reflex.

CC 4.7
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• Contains the superior vena cava (SVC), brachiocephalic veins, arch of the aorta, thoracic
duct, trachea, esophagus, vagus nerve, left recurrent laryngeal nerve, and phrenic nerve.

• Also contains the thymus, which is a lymphoid organ; is the site at which immature lym-
phocytes develop into T lymphocytes; and secretes thymic hormones, which cause T lym-
phocytes to gain immunocompetence. It begins involution after puberty.

B. Anterior mediastinum
• Lies anterior to the pericardium and posterior to the sternum and the transverse thoracic

muscles.
• Contains the remnants of the thymus gland, lymph nodes, fat, and connective tissue.

C. Middle mediastinum
• Lies between the right and left pleural cavities.
• Contains the heart, pericardium, phrenic nerves, roots of the great vessels (aorta, pul-

monary arteries and veins, and vena cavae), arch of the azygos vein, and main bronchi.

D. Posterior mediastinum (see Structures in the Posterior Mediastinum)
• Lies posterior to the pericardium between the mediastinal pleurae
• Contains the esophagus, thoracic aorta, azygos and hemiazygos veins, thoracic duct, vagus

nerves, sympathetic trunk, and splanchnic nerves.

W Trachea and Bronchi (Figure 4-3)

A. Trachea
• Begins at the inferior border of the cricoid cartilage (C6) as a continuation of the larynx

and ends by bifurcating into the right and left main stem bronchi at the level of the ster-
nal angle (junction of T4 and T5).

• Is about 9 to 15 cm in length and has 16 to 20 incomplete hyaline cartilaginous rings
that open posteriorly toward the esophagus and prevent the trachea from collapsing.

• Has the carina, a downward and backward projection of the last tracheal cartilage, which
forms a keel-like ridge separating the openings of the right and left main bronchi.

4.6 The trachea: may be comoressed by an aortic arch aneurysm, a goiter, or thyroid tumors,

causing dyspnea.

B. Right main (primary) bronchus

• Is shorter, wider, and more vertical than the left main bronchus; therefore, more foreign

bodies that enter through the trachea are lodged in this bronchus.
• Runs under the arch of the azygos vein and divides into three lobar or secondary (superior,

middle, and inferior) bronchi and finally into 10 segmental bronchi. The right superior lo-

bar (secondary) bronchus is known as the eparterial (above the artery) bronchus because it

passes above the level of the pulmonary artery. All others are the hyparterial bronchi.

C. Left main (primary) bronchus
• Runs inferolaterally inferior to the arch of the aorta, crosses anterior to the esophagus

and thoracic aorta, and divides into two lobar or secondary bronchi, the upper and

lower, and finally into 8 to 10 segmental bronchi.
• Is also crossed superiorly by the arch of the aorta over its proximal part and by the left

pulmonary artery over its distal part.
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Figure 4 -3 Anterior view of the trachea, bronchi, and lungs.

Chronic bronchitis: is an inflammation of the bronchial tree characterized by cough, ex-
cessive mucus production with airway obstruction, and expectoration of sputum over a

lo;.g period 

Asthma . is a reversible airway obstruction and is characterized by dyspnea (difficulty in

,:;,i ).,..: ..', breathing. ) and cough with wheezing because of spasmodic contraction of smooth mus-
cles in the bronchi and bronchioles, which narrows the airways particularly during expiration. Thus, the
lungs become distended and the thoracic cage becomes enlarged, forming the so-called barrel chest.
It may be caused by vagal stimulation; thus, epinephrine (a bronchodilator) relieves the bronchial spasm
by blocking the vagal stimuli.

A Emphysema: is an accumulation of air in the terminal bronchioles and alveolar sacs
and reduces the surface area available for gas exchange and thereby reduces oxygen

absorption. Symptoms are progressive dyspnea on exertion and chronic cough with sputum production.
There is no effective treatment, but patients should avoid toxic inhalants and may be administered with
antibiotics.



Bronchiectasis: is a chronic dilation of bronchi and bronchioles resulting from destruc-

tion of bronchial elastic and muscular elements. It may be caused by pulmonary infec-

tions (e.g., pneumonia, tuberculosis [TBI) or by a bronchial obstruction with heavy sputum production.

Signs and symptoms include a history of chronic cough with expectoration of large volumes of sputum.

Treatments include not only environmental changes to avoid exposure to respiratory infections and to

common pulmonary irritants such as smoke, fumes, and dust but also antibiotic therapy and surgical

removal of the affected lung segments.

LC 4.11

Chronic obstructive pulmonary disease (COPD): includes chronic bronchitis and

emphysema, which are the most common forms and is caused primarily by cigarette

smoking. It is treated with bronchodilators and antiinflammatory drugs including glucocorticoids in

aerosol form. Oxygen therapy can improve survival in patients with advanced COPD.

CC 4.12
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Pleurae and Pleural Cavities (Figures 4-4 and 4-5)

A. Pleura
• Is a thin serous membrane that consists of a parietal pleura and a visceral pleura.

1. Parietal pleura
• Lines the inner surface of the thoracic wall and the mediastinum and has costal, di-

aphragmatic, mediastinal, and cervical parts. The cervical pleura (cupula) is the dome

of the pleura, projecting into the neck above the neck of the first rib. It is reinforced

by Sibson's fascia, which is a thickened portion of the endothoracic fascia, and is
attached to the first rib and the transverse process of the seventh cervical vertebra.

• Is separated from the thoracic wall by the endothoracic fascia, which is an ex-

trapleural fascial sheet lining the thoracic wall.
• Is innervated by the intercostal nerves (costal pleura and the peripheral portion of

the diaphragmatic pleura) and the phrenic nerves (central portion of the diaphrag-

matic pleura and the mediastinal pleura). The pleura is very sensitive to pain.
• Is supplied by branches of the internal thoracic, superior phrenic, posterior intercostal,

and superior intercostal arteries. However, the visceral pleura is supplied by the

bronchial arteries.
• Forms the pulmonary ligament, a two-layered vertical fold of mediastinal pleura,

which extends along the mediastinal surface of each lung from the hilus to the base
(diaphragmatic surface) and ends in a free falciform border. It supports the lungs in

the pleural sac by retaining the lower parts of the lungs in position.

Figure 4-4 Frontal section of the thorax.
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Pleurisy (pleuritish is an inflammation of the pleura with exudation (escape of fluid
from blood vessels) into its cavity, causing the pleural surfaces to be roughened. This

roughening produces friction, and a pleural rub can be heard with the stethoscope on respiration. The
exudate forms dense adhesions between the visceral and parietal pleurae, forming pleural adhesions.
Symptoms are a chill, followed by fever and dry cough. Treatments consist of relieving pain with anal-
gesics as necessary and lidocaine for intercostal nerve block.

a 4.13
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Figure 4-5 Horizontal section through the thorax.

2. Visceral pleura (pulmonary pleura)
• Intimately invests the lungs and dips into all of the fissures.
• Is supplied by bronchial arteries, but its venous blood is drained by pulmonary veins.
• Is insensitive to pain but is sensitive to stretch and contains vasomotor fibers and sen-

sory endings of vagal origin, which may be involved in respiratory reflexes.

B. Pleural cavity
• Is a potential space between the parietal and visceral pleurae.
• Represents a closed sac with no communication between right and left parts.
• Contains a film of fluid that lubricates the surface of the pleurae and facilitates the move-

ment of the lungs.
1. Costodiaphragmatic recesses

• Are the pleural recesses formed by the reflection of the costal and diaphragmatic

pleurae.
• Can accumulate fluid when in the erect position.
• Allow the lungs to he pulled in and expanded during inspiration.

2. Costomediastinal recesses
• Are part of the pleural cavity where the costal and mediastinal pleurae meet.

C 4.14 Pneumothorax: is an accumulation of air in the pleural cavity and thus the lung has
collapsed because it has eliminated the negative pressure necessary to keep the lung

expanded. It results from an injury to the thoracic wall or the lung. Spontaneous pneumothorax may
be secondary to pulmonary disease such as TB, abscess, fibrosis, and emphysema, whereas traumatic
pneumothorax occurs with lung puncture and laceration by fractured ribs, bullet, or knife wound.
Open pneumothorax is caused by a free communication between the atmosphere and the pleural
cavity through an open wound in the chest wall. Tension pneumothorax is a life-threatening pneu-
mothorax in which air enters during inspiration and is trapped during expiration; therefore, the resultant
increased pressure displaces the mediastinum to the opposite side, with consequent cardiopulmonary
impairment. Major symptoms of pneumothorax are chest pain and dyspnea (shortness of breath). It
can be treated by draining the pleural air collection by simple aspiration using an intravenous catheter
or chest tube thoracostomy.



Pleural empyema (thoracic empyema or pyothorax): is an accumulation of pus in
the pleural space, resulting from spread of bacterial pneumonia, rupture of lung ab-

scess into the pleural cavity, or traumatic penetration. It can be treated with needle aspiration, chest
tube drainage, and antibiotic therapy.

cc 4.17
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Chylothorax: is an accumulation of chyle or lymph in the pleural sac resulting from
rupture of the thoracic duct by trauma such as fracture of the thoracic vertebrae or be-

cause of obstruction of the thoracic duct by tumor.

cc 4.16 Hemothorax: is an accumulation of blood (a bloody pleural effusion) in the pleural
space and can be treated by the thoracotomy tube drainage.

4.18 Pleural effusion: is an abnormal accumulation of fluid in the pleural space. Symptoms
are associated with inflammation of the parietal pleura and compression of the lung.

There is pleural pain, which is a sharp, stabbing sensation, particularly during the full inflation of the
lungs. There is also has dyspnea, an accumulation of pleural fluid with the resulting compression of the
lungs. Auscultation reveals a dull-to-flat percussion (little or no breath sounds) over the area of the effu-
sion. Radiologic appearance shows blunting of the costophrenic angle or costodiaphragmatic recess
and indistinct demarcation of the posterior portion of the diaphragm in the lateral view. It can be treated
by removing fluid by thoracentesis.

Thoracentesis (pleuracentesis or pleural tap): is a surgical puncture of the thoracic
• wall into the pleural cavity for aspiration of fluid. An accumulation of fluid in the pleural

cavity has a clinical name such as a hvdrothorax (water), a hemothorax (blood), a chylothorax (lymph),
and a pyothorax (pus). It is performed at or posterior to the midaxillary line one or two intercostal
spaces below the fluid level but not below the ninth intercostal space. The ideal site is seventh, eighth,
or ninth intercostals space, and this site avoids possible accidental puncture of the lung, liver, spleen,
and diaphragm. A needle should be inserted immediately above the superior margin of a rib to avoid in-
jury to the intercostal neurovascular bundle.

Lungs (see Figure 4-3)

• Are the essential organs of respiration and are attached to the heart and trachea by their roots

and the pulmonary ligaments.
• Contain nonrespiratory tissues, which are nourished by the bronchial arteries and drained by

the bronchial veins for the larger subdivisions of the bronchi and by the pulmonary veins for
the smaller subdivisions of the bronchial tree.

• Have bases that rest on the convex surface of the diaphragm, descend during inspiration, and
ascend during expiration.

• Receive parasympathetic fibers that innervate the smooth muscle and glands of the bronchial
tree and probably are excitatory to these structures (bronchoconstrictor and secretomotor).

• Receive sympathetic fibers that innervate blood vessels, smooth muscle, and glands of the
bronchial tree and probably are inhibitory to these structures (bronchodilator and vasocon-
strictor).

• Have some sensory endings of vagal origin, which are stimulated by the stretching of the lung
during inspiration and are concerned in the reflex control of respiration.

A. Right lung
• Has an apex that projects into the root of the neck and is smaller than that of the left lung.
• Is larger and heavier than the left lung, but it is shorter and wider because of the higher

right dome of the diaphragm and the inclination of the heart to the left.



Pneumonia (pneumonitis): is an inflammation of the lungs, which is of bacterial, viral,
and mycoplasmai origin. Symptoms are usually cough, fever, sputum production, chest

pain, and dyspnea. It can be treated by administering antibiotics and antimicrobial drugs for initial therapy.

cc 4.20

Tuberculosis (TB): is an infectious lung disease caused by the bacterium, Mycobac-

terium tuberculosis and characterized by the formation of tubercles that can undergo
caseous necrosis. Its symptoms are cough, hectic fever, sweats, tiredness, and emaciation. TB is spread
by coughing and mainly enters the body in inhaled air and can be treated with very effective drugs.

cc 4.23
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• Is divided into upper, middle, and lower lobes by the oblique and horizontal (accessory)
fissures but usually receives a single bronchial artery. The oblique fissure usually begins
at the head of the fifth rib and follows roughly the line of the sixth rib.

• Has 3 lobar (secondary) bronchi and 10 segmental (tertiary) bronchi.
• Has grooves for various structures (e.g., SVC, arch of azygos vein, esophagus).

B. Left lung
• Is divided into upper and lower lobes by an oblique fissure that follows the line of the

sixth rib, is usually more vertical in the left lung than in the right lung, and usually re-
ceives two bronchial arteries.

• Contains the lingula, a tongue-shaped portion of the upper lobe that corresponds to the
middle lobe of the right lung.

• Contains a cardiac impression, a cardiac notch (a deep indentation of the anterior bor-
der of the superior lobe of the left lung), and grooves for various structures (e.g., aortic
arch, descending aorta, left subclavian artery).

• Has 2 lobar (secondary) bronchi and 8 to 10 segmental bronchi.

FIRM Superior pulmonary sulcus: is a deep vertical groove in the posterior wail of the tho-
racic cavity on either side of the vertebral column formed by the posterior curvature of

the ribs, lodging the posterior bulky portion of the lung. Tumors in the pulmonary sulcus result in
Pancoast's syndrome.

nINNIPn•••• 	

Pancoast's or superior pulmonary sulcus tumor: is a malignant neoplasm of the lung
apex and causes Pancoast's syndrome, which comprises lower trunk brachial plex-

opathy (which causes severe pain radiating toward the shoulder and along the medial aspect of the
arm, and atrophy of the muscles of the forearm and hand) and lesion of cervical sympathetic chain
ganglia with Homer's syndrome (ptosis, enophthalmos, miosis, anhydrosis, and vasodilation). The
treatment is radiation therapy followed by surgical resection of tumor and thoracic wall when feasible.

24 Cystic fibrosis (CF): is an inherited multisystem disease that has widespread dysfunc-
tion of the exocrine glands. The major clinical signs and symptoms involve the 'Dui-'

monary and gastrointestinal tracts, causing obstruction of pancreatic and bile ducts. CF affects the res-
piratory system by causing an excess production of viscous mucus by the bronchial glands, followed
by mucous plugging and obstruction of the respiratory airway, particularly the small airway. Subse-
quent infection leads to chronic bronchitis, bronchiectasis, and peribronchial inflammation. Diagnosis is
made by an increased sodium and chloride concentration in sweat of patients, and modern antibiotic
therapy allows the average patient with CF to survive until the mid 40s.

Pulmonary edema: involves fluid accumulation and swelling in the lungs caused by
lung toxins (causing altered capillary permeability), mitral stenosis, or left ventricular fail-

ure that results in increased pressure in the pulmonary veins. As pressure in the pulmonary veins rises,
fluid is pushed into the alveoli and becomes a barrier to normal oxygen exchange, resulting in short-
ness of breath. Signs and symptoms include rapid breathing, increased heart rate, heart murmurs,
shortness of breath, difficulty breathing, cough, and excessive sweating, Treatments include supple-
mental oxygen, bed rest, and mechanical ventilation.



Atelectasis: is the collapse of a lung by blockage of the air passages or by very shal-

low breathing because of anesthesia or prolonged bedrest. It is caused by mucus se-

cretions that plug the airway, foreign bodies in the airway, and tumors that compress or obstruct the

airway. Sign and symptoms are breathing difficulty, chest pain, and cough. Treatments are stimulation

of cough to facilitate removal of secretions, deep breathing exercises, and reinflation of the affected

lung tissue. If patients are unable to cough and breathe deeply, removal of the obstruction can be done

through small catheters introduced transtracheally through the cricothyroid membrane.

Lung cancer: has three types such as squamous cell carcinoma, which arises in the

epithelium of the larger bronchi and tends to form masses; adenocarcinoma, which

originates in the peripheral areas of the lung as solitary ncdules that develop from bronchia; mucous

glands and alveolar epithelial cells; and small cell carcinoma, which contains small epithelial cells that

originate in the main bronchi and grow aggressively in cords or grapelike clusters.

« 4.27

Pneumonectomy: is the surgical removal of an entire lung and is usually performed as

a treatment for lung cancer. It consists of either a traditional pneumonectomy in which

only the diseased lung is removed or an extrapleural pneumonectomy in which the lung, the parietal

pleura, and a part of the diaphragm are removed.

cc 4.28
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C. Bronchopulmonary segment

• Is the anatomic, functional, and surgical unit (subdivision) of the lungs.
• Consists of a segmental (tertiary or lobular) bronchus, a segmental branch of the pulmonary

artery, and a segment of the lung tissue, surrounded by a delicate connective-tissue septum
(intersegmental septum). It is drained by the intersegmental part of the pulmonary vein.

• Refers to the portion of the lung supplied by each segmental bronchus and segmental

artery. The pulmonary veins are said to be intersegmental.
• Is clinically important because the intersegmental pulmonary veins form surgical land-

marks; thus, a surgeon can remove a bronchopulmonary segment without seriously dis-
rupting the surrounding lung tissue and major blood vessels.

D. Conducting portion (airway)
• Includes the nasal cavity, nasopharynx, larynx, trachea, bronchi, bronchioles (possess no car-

tilage), and terminal bronchioles, whereas the respiratory portion includes the respiratory

bronchioles, alveolar ducts, atria, and alveolar sacs. Oxygen and carbon dioxide exchange
takes place across the wall (blood–air barrier) of lung alveoli and pulmonary capillaries.

V.	 Lymphatic Vessels of the Lung (Figure 4-6)

• Drain the bronchial tree, pulmonary vessels, and connective-tissue septa.
• Run along the bronchiole and bronchi toward the hilus, where they drain to the pulmonary

(intrapulmonary) and then bronchopulmonary nodes, which in turn drain to the inferior
(carinal) and superior tracheobronchial nodes, the tracheal (paratracheal) nodes, broncho-
mediastinal nodes and trunks, and eventually to the thoracic duct on the left and right lym-
phatic duct on the right.

• Are not present in the walls of the pulmonary alveoli.

V▪ I. Blood Vessels of the Lung (Figure 4-7)

A. Pulmonary trunk
• Extends upward from the conus arteriosus of the right ventricle of the heart and carries

poorly oxygenated blood to the lungs for oxygenation.
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Figure 4-6 The trachea, bronchi, and lungs, plus associated lymph nodes.

Pulmonary embolism (pulmonary thromboembolism): is an obstruction of the
monary artery or one of its branches by an embolus (air, blood clot, fat, tumor cells, or

other foreign material), which arises in the deep veins of the lower limbs or in the pelvic veins or occurs
following an operation or a fractured long bone with fatty marrow. Symptoms may be sudden onset of
dyspnea, anxiety, and substernal chest pain. Treatments include heparin therapy and surgical therapy
such as pulmonary embolectomy, which is surgical removal of massive pulmonary emboli.

29
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• Passes superiorly and posteriorly from the front of the ascending aorta to its left side for
about 5 cm and bifurcates into the right and left pulmonary arteries at the level of the ster-
nal angle.

• Has much lower blood pressure than that in the aorta and is partially invested with fibrous

pericardium.
1. Left pulmonary artery

• Carries deoxygenated blood to the left lung, is shorter and narrower than the right

pulmonary artery, and arches over the left primary bronchus.

• Is connected to the arch of the aorta by the ligamentum arteriosum, the fibrous

remains of the ductus arteriosus.
2. Right pulmonary artery

• Runs horizontally toward the hilus of the right lung under the arch of the aorta
behind the ascending aorta and SVC and anterior to the right bronchus.

B. Pulmonary veins
• Are intersegmental in drainage (do not accompany the bronchi or the segmental artery

within the parenchyma of the lungs).
• Leave the lung as five pulmonary veins, one from each lobe of the lungs. However, the

right upper and middle veins usually join so that only four veins enter the left atrium.
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Left common
carotid artery

Figure 4 -7 Pulmonary circulation and circulation through the heart chambers.

• Carry oxygenated blood from the respiratory part (alveoli) of the lung and deoxygenated
blood from the visceral pleura and from a part of the bronchioles to the left atrium of the
heart. (Gas exchange occurs between the walls of alveoli and pulmonary capillaries, and

• the newly oxygenated blood enters venules and then pulmonary veins.)

C. Bronchial arteries
• Arise from the thoracic aorta; usually there is one artery for the right lung and two for the

left lung.
• Supply oxygenated blood to the nonrespiratory conducting tissues of the lungs and the

visceral pleura. Anastomoses occur between the capillaries of the bronchial and pulmonary

systems.

D. Bronchial veins
• Receive blood from the bronchi and empty into the azygos vein on the right and into the

accessory hemiazygos vein or the superior intercostal vein on the left.
• May receive twigs (small vessels) from the tracheobronchial lymph nodes.

Respiration

• Is the vital exchange of oxygen and carbon dioxide that occurs in the lungs.

A. Inspiration
• Occurs when the ribs and sternum (or thoracic cage) are elevated by the following mus-

cles: the diaphragm; external, internal (interchondral part), and innermost intercostal
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muscles; sternocleidomastoid; levator scapulae; serratus anterior; scalenus; pectoralis ma-
jor and minor; levator costarum; and serratus posterior superior muscles.

• Involves the following processes:
1. Contraction of the diaphragm

• Pulls the dome inferiorly into the abdomen, thereby increasing the vertical diame-
ter of the thorax.

2. Enlargement of the pleural cavities and lungs
• Reduces the intrapulmonary pressure (creates a negative pressure), thus allowing air

to rush into the lungs passively because of atmospheric pressure.
3. Forced inspiration

• Involves contraction of the intercostal muscles and elevation of the ribs (supero-
lateral movement), with the sternum moving anteriorly like a bucket handle. (When
the handle is raised, the convexity moves laterally.)

• Results in increased transverse and anteroposterior diameters of the thoracic cav-
ity. The abdominal volume is decreased with an increased abdominal pressure.

B. Expiration

• Involves the following muscles: the muscles of the anterior abdominal wall, internal in-

tercostal (costal part) muscles, and serratus posterior inferior muscles.
• Involves the following processes:

1. Overall process
• Involves relaxation of the diaphragm, the internal intercostal muscles (costal part),

and other muscles; decrease in thoracic volume; and increases in the intrathoracic
pressure. The abdominal pressure is decreased and the ribs are depressed.

2. Elastic recoil of the lungs
• Produces a subatmospheric pressure in the pleural cavities. Thus, much of the air is

expelled. (Quiet expiration is a passive process caused by the elastic recoil of the
lungs, whereas quiet inspiration results from contraction of the diaphragm.)

3. Forced expiration
• Requires contraction of the anterior abdominal muscles and the internal intercostals

(costal part).

ILNELILStmp to the Lung

A. Pulmonary plexus

• Receives afferent and efferent (parasympathetic pregangl ionic) fibers from the vagus nerve,
joined by branches (sympathetic postganglionic fibers) from the sympathetic trunk and
cardiac plexus.

• Is divided into the anterior pulmonary plexus, which lies in front of the root of the lung,
and the posterior pulmonary plexus, which lies behind the root of the lung.

• Has branches that accompany the blood vessels and bronchi into the lung.

• Has sympathetic nerve fibers that dilate the lumina of the bronchi, whereas parasym-
pathetic fibers constrict the lumina and increase glandular secretion.

B. Phrenic nerve

• Arises from the third through fifth cervical nerves (C3-05) and lies in front of the anterior
scalene muscle.

• Enters the thorax by passing deep to the subclavian vein and superficial to the subclavian
arteries.

• Runs anterior to the root of the lung, whereas the vagus nerve runs posterior to the root
of the lung.

• Is accompanied by the pericardiophrenic vessels of the internal thoracic vessels and de-

scends between the mediastinal pleura and the pericardium.
• Innervates the pericardium, the mediastinal and diaphragmatic pleurae, and the di-

aphragm.



Lesion of the phrenic nerve: may not produce complete paralysis of the correspon-

ding half of the diaphragm because the accessory phrenic nerve, derived from the

fifth cervical nerve as a branch of the nerve to the subciavius, usually joins the phrenic nerve in the root

of the neck or in the upper part of the thorax.

Hiccup: is an involuntary spasmodic sharp contraction of the diaphragm, accom-

panied by the approximation of the vocal folds and closure of the glottis of the larynx. It

may occur as a result of the stimulation of nerve endings in the digestive tract or the diaphragm. When

chronic, it can be stopped by sectioning or crushing the phrenic nerve.

CC 4.31
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Development of the Respirator System

A. Development of the trachea and bronchi
• Primordium for the lower respiratory system appears as a laryngotracheal groove in the

floor of the pharyngeal foregut.
• Laryngotracheal diverticulum forms from the caudal portion of the laryngotracheal

groove in the ventral wall of the foregut.
• Tracheoesophageal septum divides the foregut into a ventral portion, the laryngotra-

cheal tube (primordium of the larynx, trachea, bronchi, and lungs) and a dorsal portion

(primordium of the oropharynx and esophagus).
• Lung buds develop at the distal end of the laryngotracheal diverticulum and divides into

two bronchial buds, which branch into the primary, secondary, and tertiary bronchi. The
tertiary bronchi continue to divide to form respiratory bronchioles.

B. Development of lungs: the lungs undergo four stages of development
1. Glandular period (prenatal weeks 5 to 17)

• The conducting (airway) system through the terminal bronchioles develops. Respira-

tion is not possible.
2. Canalicular period (prenatal weeks 13 to 25)

• Luminal diameter of the conducting system increases and respiratory bronchioles,
alveolar ducts, and terminal sacs begin to appear. Premature fetuses born before week

20 rarely survive.
3. Terminal sac period (prenatal weeks 24 to birth)

• More terminal sacs form and alveolar type I cells and surfactant producing alveolar
type II cells develop. Respiration is possible and premature infants can survive with in-

tensive care.
4. Alveolar period (late fetal stage to 8 years)

• Respiratory bronchioles, terminal sacs, alveolar ducts, and alveoli increase in number.

PERICARDIUM AND HEART

Pericardium

• Is a fibroserous sac that encloses the heart and the roots of the great vessels and occupies the
middle mediastinum.

• Is composed of the fibrous pericardium and serous pericardium.
• Receives blood from the pericardiophrenic, bronchial, and esophageal arteries.
• Is innervated by vasomotor and sensory fibers from the phrenic and vagus nerves and the sym-

pathetic trunks.



Pericarditis: is an inflammation of the pericardium, which may result in cardiac tam-
ponade, pericardial effusion, and precordial and epigastric pain. It also causes the peri-

cardial murmur or pericardial friction rub (the surfaces of the pericardium become rough and the
resulting friction sounds like the rustle of silk, which can be heard on auscultation). It has symptoms
of dysphagia, dyspnea and cough, inspiratory chest pain, and paradcxic pulse. The condition can be
treated with steroids (glucecorticoids), nonsteroidal antiinflammatory drugs such as aspirin and ibupro-
fen, and paracentesis (a surgical puncture of a cavity with a needle, trocar, or cannula for aspiration of
fluid).

Cardiac tamponade: is an acute compression of the heart caused by a rapid accu-
mulation of fluid or blood in the pericardial cavity from wounds to the heart or peri-

cardial effusion (passage of fluid from the pericardial capillaries into the pericardial sac).Tamponade
can be treated by pericardiocentesis (aspiration of fluid using a catheter). It causes compression of
venous return to the heart, resulting in decreased diastolic capacity, reduced cardac output with an
increased heart rate, increased venous pressure with jugular vein distention, hepatic enlargement,
and peripheral edema.
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A. Fibrous pericardium
• Is a strong, dense, fibrous layer that blends with the adventitia of the roots of the great ves-

sels and the central tendon of the diaphragm.

H. Serous pericardium
• Consists of the parietal layer, which lines the inner surface of the fibrous pericardium, and

the visceral layer, which forms the outer layer (epicardiurn) of the heart wall and the roots
of the great vessels.

C. Pericardial cavity
• Is a potential space between the visceral layer of the serous pericardium (epicardium) and the

parietal layer of the serous pericardium lining the inner surfaces of the fibrous pericardium.

D. Pericardial sinuses
1. Transverse sinus

• Is a subdivision of the pericardial sac, lying posterior to the ascending aorta and pul-

monary trunk, anterior to the SVC, and superior to the left atrium and the pulmonary
veins.

• Is of great importance to the cardiac surgeon, because while performing surgery on the
aorta or pulmonary artery, a surgeon can pass a finger and make a ligature through the si-
nus between the arteries and veins, thus stopping the blood circulation with the ligature.

2. Oblique sinus
• Is a subdivision of the pericardial sac behind the heart, surrounded by the reflection

of the serous pericardium around the right and left pulmonary veins and the inferior
vena cava (IVC).

rwr Pericardial effusion: is an accumulation of fluid in the pericardial space resulting
from inflammation caused by acute pericarditis, and the accumulated fluid compresses

the heart, inhibiting cardiac filling. It has signs of an enlarged heart, a water bottle appearance of the
cardiac silhouette, faint heart sounds, and vanished apex beat. It can be treated by pericardiocentesis.

Pericardiocentesis: is a surgical puncture of the pericardial cavity for the aspiration
of fluid, which is necessary to relieve the pressure of accumulated fluid on the heart. A

needle is inserted into the pericardial cavity through the fifth intercostal space left to the sternum. Be-
cause of the cardiac notch, the needle misses the pleura and lungs, but it penetrates the pericardium.
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Aortic arch

Posterior interventricular branch

Figure 4-8 Anterior view of the heart with coronary arteries.

II.	 Heart (Figures 4-ti, 4-9, and 4-10)

A. General characteristics
• The apex of the heart is the blunt rounded extremity of the heart formed by the left ven-

tricle and lies in the left fifth intercostal space slightly medial to the midclavicular (or nip-
ple) line, about 9 cm from the midline. This location is useful clinically for determining

the left border of the heart and for auscultating the mitral valve.
• Its posterior aspect, called the base, is formed primarily by the left atrium and only partly

by the posterior right atrium.
• Its right (acute) border is formed by the SVC, right atrium, and IVC, and its left (obtuse)

border is formed by the left ventricle. (In radiology, the left border consists of the aortic

arch, pulmonary trunk, left auricle, and left ventricle.)
• The heart wall consists of three layers: inner endocardium, middle myocardium, and

outer epicardium.
• The sulcus terminalis, a groove on the external surface of the right atrium, marks the

junction of the primitive sinus venosus with the atrium in the embryo and corresponds to

a ridge on the internal heart surface, the crista terminalis.
• The coronary sulcus, a groove on the external surface of the heart, marks the division be-

tween the atria and the ventricles. The crux is the point at which the interventricular and

interatrial sulci cross the coronary sulcus.
• The cardiovascular silhouette, or cardiac shadow, is the contour of the heart and great

vessels seen on posterior-inferior chest radiographs. Its right border is formed by the

SVC, the right atrium, and the IVC. Its left border is formed by the aortic arch (which pro-
duces the aortic knob), the pulmonary trunk, the left auricle, and the left ventricle. Its in-
ferior border is formed by the right ventricle, and the left atrium shows no border.

B. Internal anatomy of the heart (Figure 4-11; see Figures 4-9 and 4-10)
1. Right atrium

• Has an anteriorly situated atrium proper and the auricle lined with pectinate muscles
and a posteriorly situated smooth-walled sinus venarum, into which the two venae

cavae open.
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Figure 4-9 Posterior-anterior radiograph of the thorax showing the heart and great vessels.

• Is larger than the left atrium but has a thinner wall, and its sinus venarum between two
venae cavae is separated from the atrium proper by the crista terminalis.

• Has a right atrial pressure that is normally slightly lower than left atrial pressure.
• Contains the valve (eustachian) of the IVC and the valve (thebesian) of the coronary sinus.

a. Right auricle
• Is the conical muscular pouch of the upper anterior portion of the right atrium,

which covers the first part of the right coronary artery.
b. Sinus venarum (sinus venarum cavarum)

• Is a posteriorly situated, smooth-walled area that is separated from the more mus-
cular atrium proper by the crista terminalis.

• Develops from the embryonic sinus venosus and receives the SVC, IVC, coronary
sinus, and anterior cardiac veins.

c. Pectinate muscles
• Are prominent ridges of atrial myocardium located in the interior of both auri-

cles and the right atrium.
d. Crista terminalis

• Is a vertical muscular ridge running anteriorly along the right atrial wall from
the opening of the SVC to the opening of the IVC, providing the origin of the
pectinate muscles.

• Represents the junction between the primitive sinus venarum (a smooth-walled
region) and the right atrium proper and is indicated externally by the sulcus ter-
minalis.

e. Venae cordis minimae
• Are the smallest cardiac veins, which begin in the substance of the heart (endo-

cardium and innermost layer of the myocardium) and end chiefly in the atria at
the foramina venarum minimarum cordis.

f. Fossa ovalis
• Is an oval-shaped depression in the interatrial septum and represents the site of the

foramen ovale, through which blood runs from the right atrium to the left atrium
before birth. The upper rounded margin of the fossa is called the limbus fossa ovale.

2. Left atrium
• Is smaller and has thicker walls than the right atrium, but its walls are smooth, except

for a few pectinate muscles in the auricle.

Superior
vena cave

Right atrium

(text continues on page 161)
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Figure 4-10 Contrast-enhanced computed tomography (CT) scan of the thorax at a setting that demon-

strates soft tissues.
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Figure 4-11 Internal anatomy and conducting system of the heart.

• Is the most posterior of the four chambers lying posterior to the right atrium but ante-
rior to the esophagus and shows no structural borders on a posteroanterior radiograph.

• Receives oxygenated blood through four pulmonary veins.
3. Right ventricle

• Makes up the major portion of the anterior (sternocostal) surface of the heart.
• Contains the following structures:

a. Trabeculae carneae cordis
• Are anastomosing muscular ridges of myocardium in the ventricles.

b. Papillary muscles
• Are cone-shaped muscles enveloped by endocardium.
• Extend from the anterior and posterior ventricular walls and the septum, and

their apices are attached to the chordae tendineae.
• Contract to tighten the chordae tendineae, preventing the cusps of the tricus-

pid valve from being everted into the atrium by the pressure developed by the
pumping action of the heart. This prevents regurgitation of ventricular blood
into the right atrium.

c. Chordae tendineae
• Extend from one papillary muscle to more than one cusp of the tricuspid valve.
• Prevent eversion of the valve cusps into the atrium during ventricular contrac-

tions.
d. Conus arteriosus (infundibulum)

• Is the upper smooth-walled portion of the right ventricle, which leads to the pul-
monary trunk.

e. Septomarginal trabecula (moderator band)
• Is an isolated band of trabeculae carneae that forms a bridge between the intra-

ventricular (IV) septum and the base of the anterior papillary muscle of the an-
terior wall of the right ventricle.



Cardiopulmonary resuscitation (CPR): is a restoration of cardiac output and pul-

monary ventilation following cardiac arrest and apnea (cessation of breathing) by exter-

nal cardiac massage. It is performed by applying firm pressure to the chest vertically downward over

the inferior part of the sternum to move it posteriorly, forcing blood out of the heart into the great ves-

sels. After taking a deep breath, the resuscitator should place his or her mouth tightly over that of the

patient and blow forcefully into the lungs.
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• Is called the moderator band for its ability to prevent overdistention of the ven-

tricle and carries the right limb of the atrioventricular (AV) bundle from the sep-

tum to the sternocostal wall of the ventricle.
f. IV septum

• Is the place of origin of the septal papillary muscle.
• Is mostly muscular but has a small membranous upper part, which is a common

site of ventricular septal defects.
4. Left ventricle

• Lies at the back of the heart and its apex is directed downward, forward, and to the left.
• Is divided into the left ventricle proper and the aortic vestibule, which is the upper

anterior part of the left ventricle and leads into the aorta.
• Contains two papillary muscles (anterior and posterior) with their chordae tendineae

and a meshwork of muscular ridges, the trabeculae carneae cordis.
• Performs harder work, has a thicker (two to three times as thick) wall and is longer,

narrower, and more conical-shaped than the right ventricle.

,
Myocardial infarction: is a necrosis of the myocardium because of local ischemia re-

sulting from obstruction of the blood supply, most commonly by a thrombus or embo-

lus in the coronary arteries. Symptoms are severe chest pain or pressure for prolonged period (more

than 30 minutes), congestive heart failure, and murmur of mitral regurgitation. It can be treated with ni-

troglycerin (prevents coronary spasm and reduces myocardial oxygen demand), morphine (relieves pain

and anxiety), lidocaine (reduces ventricular arrhythmias), or atropine (restores conduction and increases

heart rate).

4.37 Angina pectoris: is characterized by attacks of chest pain originating in the heart and

felt beneath the sternum, in many cases radiating to the left shoulder and down the

arm. It is caused by an insufficient supply of oxygen to the heart muscle because of coronary artery

disease or exertion (e.g., exercise and excitement) or emotion (e.g., stress, anger frustration). It gener-

ates pain impulses that travel in visceral afferent fibers through the middle and inferior cervical and tho-

racic cardiac branches of the sympathetic nerves. Symptoms are severe chest pain or pressure for pro-

longed period (more than 30 minutes), congestive heart failure, and murmur of mitral regurgitation. It

can be treated with nitroglycerin (prevents coronary spasm and reduces myocardial oxygen demand),
5-adrenergic blockers (limit myocardial oxygen demand), morphine (relieves pain and anxiety), lidocaine

(reduces ventricular arrhythmias), or atropine (restores conduction and increases heart rate).

C. Heart valves (Figure 4-12)

1. Pulmonary valve
• Lies behind the medial end of the left third costal cartilage and adjoining part of the

sternum.
• Is most audible over the left second intercostal space just lateral to the sternum.
• Is opened by the ventricular systole and shut slightly after closure of the aortic valve.

2. Aortic valve
• Lies behind the left half of the sternum opposite the third intercostal space.
• Is closed during the ventricular diastole; its closure at the beginning of ventricular

diastole causes the second ("dub") heart sound.
• Is most audible over the right second intercostal space just lateral to the sternum.

3. Tricuspid (right AV) valve
• Lies between the right atrium and ventricle, behind the right half of the sternum op-

posite the fourth intercostal space, and is covered by endocardium.



Mitral valve prolapse: is a condition in which the valve everts into the left atrium and

thus fails to close properly when the left ventricle contracts. It may produce chest pain,

shortness of breath, palpitations, and cardiac arrhythmia. In most cases, no treatment is needed.
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Figure 4-12 Positions of the valves of the heart
and heart sounds. A, aortic valve; M, mitral
valve; P, pulmonary valve; T, tricuspid valve.
Arrows indicate positions of the heart sounds.

• Is most audible over the right lower part of the body of the sternum.

• Has anterior, posterior, and septal cusps, which are attached by the chordae tendineae
to three papillary muscles that keep the valve closed against the pressure developed by

the pumping action of the heart.
• Is closed during the ventricular systole (contraction); its closure contributes to the

first ("lub") heart sound.
4. Bicuspid (left AV) valve

• Is called the mitral valve because it is shaped like a bishop's miter.
• Lies between the left atrium and ventricle, behind the left half of the sternum at the

fourth costal cartilage, and has two cusps: a larger anterior and a smaller posterior.

• Is closed slightly before the tricuspid valve by the ventricular contraction (systole);
its closure at the onset of ventricular systole causes the first ("lub") heart sound.

• Is most audible over the apical region of the heart in the left fifth intercostal space at

the midclavicular line.

D. Heart sounds
1. First ("lub") sound

• Is caused by the closure of the tricuspid and mitral valves at the onset of ventricular systole.

2. Second ("dub") sound
• Is caused by the closure of the aortic and pulmonary valves (and vibration of walls of

the heart and major vessels) at the onset of ventricular diastole.

c4.40 Cardiac murmur: is a characteristic sound generated by turbuience of blood flow
through an orifice of the heart.

E. Conducting system of the heart (see Figure 4-11)

• Is composed of modified, specialized cardiac muscle cells that lie immediately beneath the
endocardium and carry impulses throughout the cardiac muscle, signaling the heart cham-

bers to contract in the proper sequence.
1. Sinoatrial (SA) node

• Is a small mass of specialized cardiac muscle fibers that lies in the myocardium at the

upper end of the crista terminalis near the opening of the SVC in the right atrium.



Damage to the conducting system: causes a heart block, which interferes with the

ability of the ventricles to receive the atrial impulses. A delay or disruption of the elec-

trical signals produces an irregular and slower heartbeat, reducing the heart's efficiency in maintaining
adequate circulation. Heart block requires a pacemaker to be implanted.

CC 4.41

Coronary atherosclerosis: is characterized by the presence of sclerotic plaques con

taining cholesterol and lipoid material that impair myocardial blood flow, leading to is-

chemia and myocardial infarction.

CC 4.42• 
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• Is known as the pacemaker of the heart and initiates the heartbeat, which can be al-

tered by autonomic nervous stimulation (sympathetic stimulation speeds it up and
vagal stimulation slows it down). Impulses spread in a wave along the cardiac muscle

fibers of the atria and also travel along an internodal pathway to the AV node.
• Is supplied by the sinus node artery, which is a branch of the right coronary artery.

2. AV node
• Lies in the interatrial septum, superior and medial to the opening of the coronary si-

nus in the right atrium, receives the impulse from the SA node and passes it to the AV

bundle.
• Is supplied by the AV nodal artery, which usually arises from the right coronary ar-

tery opposite the origin of the posterior interventricular artery.
• Is innervated by autonomic nerve fibers, although the cardiac muscle fibers lack mo-

tor endings.
3. AV bundle (bundle of His)

• Begins at the AV node and runs along the membranous part of the interventricular

septum.
• Splits into right and left branches, which descend into the muscular part of the in-

terventricular septum, and breaks up into terminal conducting fibers (Purkinje
fibers) to spread out into the ventricular walls.

F. Coronary arteries (see Figure 4-8)
• Arise from the ascending aorta and is filled with blood during the ventricular diastole.
• Has maximal blood flow during diastole and minimal during systole, because of com-

pression of the arterial branches in the myocardium during systole.
1. Right coronary artery

• Arises from the anterior (right) aortic sinus of the ascending aorta, runs between the
root of the pulmonary trunk and the right auricle, runs between the right auricle and
the pulmonary trunk and then descends in the right coronary sulcus, and generally

supplies the right atrium and ventricle.
• Gives rise to the following:

a. Sinuatrial nodal artery
• Passes between the right atrium and the root of the ascending aorta, encircles

the base of the SVC and supplies the SA node and the right atrium.

b. Marginal artery
• Runs along the inferior border toward the apex and supplies the inferior margin

of the right ventricle.
c. Posterior IV (posterior descending) artery

• Is a larger terminal branch and supplies a part of the IV septum and left ventri-

cle and the AV node.
d. AV nodal artery

• Arises opposite the origin of its posterior IV artery and supplies the AV node.

Coronary angioplasty: is an angiographic reconstruction (radiographic view of vessels
dv after the injection of a radiopaque material) of a blood vessel made by enlarging a nar-

rowed coronary arterial lumen. It is performed by peripheral introduction of a balloon-tip catheter and

dilation of the lumen on withdrawal of the inflated catheter tip.



Coronary bypass: involves a connection of a section of vein (usually the saphenous

vein) or of the internal thoracic artery or other conduit between the aorta and a coronary

artery distal to an obstruction in the coronary artery, shunting blood from the aorta to the coronary arteries.

Alternatively, the internal thoracic artery is connected to the coronary artery distal to the obstructive lesion.
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2. Left coronary artery
• Arises from the left aortic sinus of the ascending aorta, just above the aortic semilu-

nar valve.
• Is shorter than the right coronary artery and usually is distributed to more of the my-

ocardi urn.
• Gives rise to the following:

a. Anterior IV (left anterior descending) artery
• Generally supplies anterior aspects of the right and left ventricles and is the

chief source of blood to the IV septum and the apex.

b. Circumflex artery
• Runs in the coronary sulcus, gives off the left marginal artery, supplies the left

atrium and left ventricle, and anastomoses with the terminal branch of the

right coronary artery.

G. Cardiac veins and coronary sinus (Figure 4-13)

1. Coronary sinus
• Is the largest vein draining the heart and lies in the coronary sulcus, which separates

the atria from the ventricles.

• Opens into the right atrium between the opening of the IVC and the AV opening.

• Has a one-cusp valve at the right margin of its aperture.

• Receives the great, middle, and small cardiac veins; the oblique vein of the left atrium;

and the posterior vein of the left ventricle.
2. Great cardiac vein

• Begins at the apex of the heart and IV branch of the left coronary artery.

• Turns to the left to lie in the coronary sinus and continues as the coronary sinus.

3. Middle cardiac vein
• Begins at the apex of the heart and ascends in the posterior IV groove, accompanying

the posterior IV branch of the right coronary artery.
• Drains into the right end of the coronary sinus.

4. Small cardiac vein
• Runs along the right margin of the heart in company with the marginal artery and

then posteriorly in the coronary sulcus to end in the right end of the coronary sinus.

Middle cardiac vein

Figure 4-13 Anterior view of the heart.



Aneurysm of the aortic arch: is a sac formed by dilation of the aortic arch that com-

presses the left recurrent laryngeal nerve, leading to coughing, hoarseness, and paraly-

sis of the ipsilateral vocal cord. It may cause dysphagia (difficulty in swallowing) resulting from pres-

sure on the esophagus and dyspnea (difficulty in breathing) resulting from pressure on the trachea,

root of the lung, or phrenic nerve.

Marian's syndrome: is an inheritable disorder of connective tissue that affects the
ske'eton, skin, eyes, heart, and blood vessels. Cardiovascular abnormalities may include

the aortic root dilation, aortic aneurysm, aortic regurgitation, and mitral valve prolapse. It may be

treated with 11-blocker medications that reduce aortic root dilation.
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5. Oblique vein of the left atrium
• Descends to empty into the corollary sinus, near its left end.

6. Anterior cardiac vein

• Drains the anterior right ventricle, crosses the coronary groove, and ends directly in the
right atrium.

7. Smallest cardiac veins (venae Gordis minimae)
• Begin in the wall of the heart and empty directly into its chambers.

H. Lymphatic vessels of the heart
• Receive lymph from the myocardium and epicardium.
• Follow the right coronary artery to empty into the anterior mediastinal nodes and follow

the left coronary artery to empty into a tracheobronchial node.

I. Cardiac plexus
• Receives the superior, middle, and inferior cervical and thoracic cardiac nerves from the

sympathetic trunks and vagus nerves.
• Is divisible into the superficial cardiac plexus, which lies beneath the arch of the aorta,

in front of the pulmonary artery, and the deep cardiac plexus, which lies posterior to the

arch of the aorta, in front of the bifurcation of the trachea.
• Richly innervates the conducting system of the heart: the right sympathetic and parasym-

pathetic branches terminate chiefly in the region of the SA node, and the left branches
end chiefly in the region of the AV node. The cardiac muscle fibers are devoid of motor

endings and are activated by the conducting system.
• Supplies the heart with sympathetic fibers, which increase the heart rate and the force

of the heartbeat, causing dilation of the coronary arteries and parasympathetic fibers,

which decrease the heart rate.

Ilk Great Vessels

A. Ascending aorta
• Takes its origin from the left ventricle within the pericardial sac and ascends behind the

sternum to end at the level of the sternal angle.
• Lies in the middle mediastinum, has three aortic sinuses located immediately above the

cusps of the aortic valve, and gives off the right and left coronary artery

B. Arch of the aorta
• Is found within the superior mediastinum, begins as a continuation of the ascending

aorta, and arches over the right pulmonary artery and the left main bronchus.
• Forms a prominence that is visible on the radiograph as the aortic knob.
• Gives rise to the brachiocephalic, left common carotid, and left subclavian arteries.

C. Superior vena cava
• Is formed by the union of the right and left brachiocephalic veins and returns blood from

all structures superior to the diaphragm, except the lungs and heart.

• Descends on the right side of the ascending aorta, receives the azygos vein, and enters the

right atrium. Its upper half is in the superior mediastinum and its lower half in the mid-
dle mediastinum.
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IV. Development of the heart (Figure 4-14)
• -- -

• Begins to form angiogenic cell clusters formed in the splanchnic mesoderm.

• Involves fusion of two endocardial tubes into a single primitive heart tube.

A. Primitive heart tube
• It is formed by fusion of two endocardial heart tubes of mesodermal origin in the cardio-

genic region.
• It develops into the endocardium, and the splanchnic mesoderm surrounding the tube de-

velops into the myocardium and epicardium.
• It forms five dilations including the truncus arteriosus, bulbus cordis, primitive ventricle,

primitive atrium, and sinus venosus.

• It undergoes a folding into a U-shape, bringing the arterial and venous ends of the heart

together and moving the ventricle caudally and the atrium cranially.

B. Fate of five dilations of the primitive heart tube

• Truncus arteriosus (ventral aorta) forms aorta and pulmonary trunk by formation of the

aorticopulmonary (AP) septum.
• Bulbus cordis forms conus arteriosus (smooth part of right ventricle) and aortic vestibule

(left ventricle).
• Primitive ventricle forms trabeculated part of right and left ventricles.

Figure 4-14 Formation of the cardiac loop and heart. A to C: Cardiac loop. D and E: heart. (Reprinted
with permission from Langman J. Medical embryology, 4th ed. Baltimore: Williams & Wilkins, 1981:162.)



Transposition of the great vessels: occurs when the AP septum fails to develop in a

spiral fashion, causing the aorta to open into the right ventricle and the pulmonary trunk

to open into the left ventricle. It results in right-to-left shunting of blood and cyanosis.
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• Primitive atrium forms trabeculated part of right and left at rium.
• Sinus venosus forms sinus venarum (smooth part of right atrium), coronary sinus, and

oblique vein of left atrium.

C. Division of the heart into four chambers
• Heart divides into its four chambers by formation of its septum and valves.
• Four main septa involved in dividing the heart include the AP septum, the atrial septum,

the AV septum, and the IV septum.

1. Partition of the truncus arteriosus and bulbus cordis
• The truncal ridges and the bulbar ridges derived from neural crest mesenchyme

grow in a spiral fashion and fuse to form the AP septum.
• The AP septum divides the truncus arteriosus into the aorta and pulmonary trunk.

2. Partition of the primitive atrium
• Septum primum grows toward the AV endocardial cushions from the roof of the

primitive atrium.
• Septum secundum forms to the right of the septum primum and fuses with the sep-

tum primum to form the atrial septum, which separates the right and left atria.
• Foramen primum forms between the free edge of the septum primum and the AV

septum, allowing a passage between the right and left atria. The foramen is closed by

growth of the septum primum.
• Foramen secundum forms in the center of the septum primum.
• Foramen ovate is an oval opening in the septum secondum that provides a commu-

nication between the atria. See Fetal Circulation: VII. A.1.
3. Partition of the AV canal

• The dorsal and ventral AV endocardial cushions fuse to form the AV septum.
• The AV septum partitions the AV canal into the right and left AV canals.

4. Partition of the primitive ventricle
• Muscular IV septum develops as outgrowth of muscular wall in the floor of the prim-

itive ventricle and grows toward the AV septum but stops to create the IV foramen,
leaving the septum incomplete.

• Membranous IV septum forms by fusion of the bulbar ridges with the endocardial
cushion, the AP septum, and the muscular part of the IV septum. The membranous

IV septum closes the IV foramen, completing partition of the ventricles.

4.47 Tetralogy of Fallot: occurs when the AP septum fails to align properly with the AV

septum, resulting in pulmonary stenosis (obstruction to right ventricular outflow),

overriding aorta (dextroposition of aorta), interventricular septal defect, and hypertrophy of the
right ventricle. It is characterized by right-to-left shunting of blood and cyanosis.

4.49 Atrial septal defect (ASD): is caused by abnormal development of the septum pri-
mum or secundum, resulting in a patent foramen ovale. This congenital heart defect

shunts blood from the left atrium to the right atrium, causes hypertrophy of the right atrium, right ven-

tricle, and pulmonary trunk, and thus mixing of oxygenated and deoxygenated blood. Symptoms of the

defect are dyspnea (difficulty breathing), shortness of breath, and palpitations, and its signs include ab-

normal heart sounds, murmur, and heart failure. It can be treated by surgical closure of the defect and a

new procedure without surgery, which introduces a catheter through the femoral vein and advances

into the heart where the closure devise is placed across the ASD and the defect is closed. A blood
clot formed usually in the deep veins of the thigh or the leg travels to the right atrium, the left atrium

through the atrial septal defect, the left ventricle, the systemic circulation, and eventually to the brain,
causing a stroke.
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cc 4.50 Foramen secundum defect: is caused by excessive resorption of the septum primum
or secundum, resulting in a patent foramen ovate.

Ventricular septa) defect (VSD): occurs commonly in the membranous part of the IV
septum because of failure of the membranous IV septum to develop, resulting in left-

to-right shunting of blood through the IV foramen, increasing blood flow to the lungs and causing pul-
monary hypertension. Symptoms of the defect are shortness of breath, fast heart rate and breathing,
sweating, and paleness, and its signs include a loud, continuous murmur and congestive heart failure.
It may be treated with medications such as digitalis (digoxin) and diuretics.

A. . Development of the arterial system

A. Formation

• The arterial system develops from the aortic arches and branches of the dorsal aorta.

B. Aortic arch derivatives

• Aortic arch 1 has no derivative because it disappears soon after development.

• Aortic arch 2 has no derivative because it persists only during the early development.

• Aortic arch 3 forms the common carotid arteries and the proximal part of the internal

carotid arteries.
• Aortic arch 4 forms the aortic arch on the left and the brachiocephalic artery and the

proximal subclavian artery on the right.

• Aortic arch 5 has no derivative.
• Aortic arch 6 forms the proximal pulmonary arteries and ductus arteriosus.

C. Dorsal aorta

1. Posterolateral branches
• Form the intercostal, lumbar, vertebral, cervical, internal thoracic, epigastric, and arter-

ies to upper and lower limbs.
2. Lateral branches

• Form the renal, suprarenal, and gonadal arteries.

3. Ventral branches
• Vitelline arteries form the celiac (foregut), superior mesenteric (midgut), and inferior

mesenteric (hindgut) arteries.

• Umbilical arteries form a part of the internal iliac and superior vesical arteries.

1 1 Development of the venous system

• The venous system develops from the vitelline, umbilical, and cardinal veins, which drains into

the sinus venosus.

A. Vitelline veins
• Return poorly oxygenated blood from the yolk sac.
• Right vein forms the hepatic veins and sinusoids, ductus venosus, hepatic portal, superior

mesenteric, inferior mesenteric, and splenic veins and part of the IVC.
• Left vein forms the hepatic veins and sinusoids and ductus venosus.

B. Umbilical veins

• Carry well-oxygenated blood from the placenta.

• Right vein degenerates during early development.

• Left vein forms the ligamentum teres hepatis.
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C. Cardinal veins
• Return poorly oxygenated blood from the body of the embryo.
• Anterior cardinal vein forms the internal jugular veins and SVC.

• Posterior cardinal vein forms a part of the IVC and common iliac veins.

• Subcardinal vein forms a part of the IVC, renal veins, and gonadal veins.
• Supracardinal vein forms a part of the IVC, intercostal, azygos, and hemiazygos veins.

r Fetal circulation (Figure 4-15)

A. The fetus
• Has blood that is oxygenated in the placenta rather than in the lungs.
• Has three shunts that partially bypass the lungs and liver.

1. Foramen ovale
• Is an opening in the septum secundum.
• Usually closes functionally at birth, but with anatomic closure occurring later.

• Shunts blood from the right atrium to the left atrium, partially bypassing the lungs

(pulmonary circulation).
2. Ductus arteriosus

• Is derived from the sixth aortic arch and connects the bifurcation of the pulmonary

trunk.
• Closes functionally soon after birth, with anatomic closure requiring several weeks.

• Becomes the ligamentum arteriosum, which connects the left pulmonary artery (at its

origin from the pulmonary trunk) to the concavity of the arch of the aorta.

• Shunts blood from the pulmonary trunk to the aorta, partially bypassing the lungs

(pulmonary circulation).

Placenta

Figure 4-15 Fetal circulation.
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Patent ductus arteriosus: results from failure of ductus arteriosus to close after birth.

It is common in premature infants,

3. Ductus venosus
• Shunts oxygenated blood from the umbilical vein (returning from the placenta) to

the IVC, partially bypassing the liver (portal circulation).
• Joins the left branch of the portal vein to the IVC and is obliterated to become the

ligamentum venosum after birth.

B. Umbilical arteries
• Carry blood to the placenta for reoxygenation before birth.
• Become medial umbilical ligaments after birth, after their distal parts have atrophied.

C. Umbilical veins

• Carry highly oxygenated blood from the placenta to the fetus.
• Consists of the right vein, which is obliterated during the embryonic period, and the left

vein, which is obliterated to form the ligamentum teres hepatic after birth.

STRUCTURES IN THE POSTERIOR MEDIASTINUM

E......Wso ha  us

• Is a muscular tube (about 10 inches long) that is continuous with the pharynx in the neck and
enters the thorax behind the trachea.

• Has three constrictions: one at the level of the sixth cervical vertebra, where it begins; one at
the crossing of the left main stem bronchus; and one at the tenth thoracic vertebra, where it
pierces the diaphragm. The left atrium also presses against the anterior surface of the esophagus.

• Has a physiologic sphincter, which is the circular layer of smooth muscle at the gastro-

esophageal junction. This is called by clinicians the inferior esophageal sphincter.
• Receives blood from three branches of the aorta (the inferior thyroid, bronchial, and

esophageal arteries) and from the left gastric and inferior phrenic arteries.

.„ .VVIPM Achalasia of esophagus: is a condition of impaired esophageal contractions be-
cause of failure of relaxation of the inferior esophageal sphincter, resulting from de-

generation of myenteric (Auerbach's) plexus in the esophagus. It causes an obstruction to the passage

of food in the terminal esophagus and exhibits symptoms of dysphagia for solids and liquids, weight

loss, chest pain, nocturnal cough, and recurrent bronchitis or pneumonia. It can be treated with nitrates,

anticholinergic agents, 13-adrenergic agonists, calcium channel blockers, and surgical therapy such as a

Heller myotomy or endoscopic myotomy.

Systemic sclerosis Isclerodermal: is a systemic collagen vascular disease, and has

clinical features of dysphagia for solids and liquids, severe heartburn, and esophageal
stricture.

Blood Vessels and Lymphatic Vessels (see Figures 4-9 and 4-10)

A. Thoracic aorta
• Begins at the level of the fourth thoracic vertebra.
• Descends on the left side of the vertebral column and then approaches the median plane to

end in front of the vertebral column by passing through the aortic hiatus of the diaphragm.
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Thyrocervical trunk	 Aortic arch

• Gives rise to nine pairs of posterior intercostal arteries and one pair of subcostal arter-
ies. The first two intercostal arteries arise from the highest intercostal arteries of the cos-

tocervical trunk. The posterior intercostal artery gives rise to a collateral branch, which

runs along the upper border of the rib below the space.
• Also gives rise to pericardial, bronchial (one right and two left), esophageal, mediastinal,

and superior phrenic branches.

I	 Coarctation of the aorta (Figure 4-16): occurs when the aorta is abnormally con-
stricted just inferior to the ductus arteriosus, in which case an adequate collateral circu-

lation develops before birth. It causes (1) a characteristic rib notching and a high risk of cerebral hemor-
rhage; (2) tortuous and enlarged blood vessels, especially the internal thoracic, intercostal, epigastric,
and scapular arteries; (3) an elevated blood pressure in the radial artery and decreased pressure in the
femoral artery; and (4) the femoral pulse to occur after the radial pulse (normally, the femoral pulse oc-
curs slightly before the radial pulse). It leads to the development of the important collateral circulation
over the thorax, which occurs between the (1) anterior intercostal branches of the internal thoracic ar-
tery and the posterior intercostal arteries; (2) superior epigastric branch of the internal thoracic artery
and the inferior epigastric artery; (3) superior intercostal branch of the costocervical trunk and the
third posterior intercostal artery; (4) posterior intercostal arteries and the descending scapular
(or dorsal scapular) artery, which anastomoses with the suprascapular and circumflex scapular arteries
around the scapula,

B. Azygos venous system (Figure 4-17)
1. Azygos vein

• Is formed by the union of the right ascending lumbar and right subcostal veins. Its
lower end is connected to the IVC.

• Enters the thorax through the aortic opening of the diaphragm.
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Figure 4-17 Azygos venous system.

• Receives the right intercostal veins, the right superior intercostal vein, the hemiazy-

gos, and accessory hemiazygos veins.
• Arches over the root of the right lung and empties into the SVC, of which it is the

first tributary.
2. Hemiazygos vein

• Is formed by the union of the left subcostal and ascending lumbar veins. Its lower
end is connected to the left renal vein.

• Ascends on the left side of the vertebral bodies behind the thoracic aorta, receiving the
lower four posterior intercostal veins.

3. Accessory hemiazygos vein
• Begins at the fourth intercostal space, usually receives the fifth to eighth intercostal veins,

descends in front of the posterior intercostal arteries, and terminates in the azygos vein.
4. Superior intercostal vein

• Is formed by a union of the second, third, and fourth posterior intercostal veins and
drains into the azygos vein on the right and the brachiocephalic vein on the left.

S. Posterior intercostal veins
• The first intercostal vein on each side drains into the corresponding brachiocephalic vein.
• The second, third, and often the fourth intercostal veins join to form the superior in-

tercostal vein.
• The rest of the veins drain into the azygos vein on the right and into the hemiazygos

or accessory hemiazygos veins on the left.

C. Lymphatics
1. Thoracic duct (Figure 4-18; see Figures 4-10 and 4-17)

• Begins in the abdomen at the cisterna chyli, which is the dilated junction of the in-

testinal, lumbar, and descending intercostal trunks.
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Figure 4-18 All areas except the shaded area (upper right quad-
rant) are drained by the thoracic duct.

• Is usually beaded because of its numerous valves and may often be double or even triple.

• Drains the lower limbs, pelvis, abdomen, left thorax, left upper limb, and left side of

the head and neck.
• Passes through the aortic opening of the diaphragm and ascends through the posterior

mediastinum between the aorta and the azygos vein.
• Arches laterally over the apex of the left pleura and between the left carotid sheath in

front and the vertebral artery behind, runs behind the left internal jugular vein, and
then usually empties into the junction of the left internal jugular and subclavian veins.

2. Right lymphatic duct
• Drains the right sides of the thorax, upper limb, head, and neck.
• Empties into the junction of the right internal jugular and subclavian veins.

MK Autonomic Nervous S stem in the Thorax (Figure 4-19)

• Is composed of motor, or efferent, nerves through which cardiac muscle, smooth muscle, and

glands are innervated.
• Involves two neurons: preganglionic and postganglionic.
• May include general visceral afferent (GVA) fibers because they run along with general vis-

ceral efferent (GVE) fibers.
• Consists of sympathetic (or thoracolumbar outflow) and parasympathetic (or craniosacral out-

flow) systems.
• Consists of cholinergic fibers (sympathetic preganglionic, parasympathetic preganglionic and

postganglionic) that use acetylcholine as the neurotransmitter and adrenergic fibers (sympa-
thetic postganglionic) that use norepinephrine as the neurotransmitter (except those to sweat
glands Icholinergic]).

A. Sympathetic nervous system
• Enables the body to cope with crises or emergencies and thus often is referred to as the

fight-or-flight division.
• Contains preganglionic cell bodies that are located in the lateral horn or intermediolateral

cell column of the spinal cord segments between T1 and L2.
• Has preganglionic fibers that pass through the white rami communicantes and enter the

sympathetic chain ganglion, where they synapse.
• Has postganglionic fibers that join each spinal nerve by way of the gray rami communi-

cantes and supply the blood vessels, hair follicles (arrector pili muscles), and sweat glands.
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Figure 4-19 Autonomic nervous system.

• Increases the heart rate, dilates the bronchial lumen, and dilates the coronary arteries.
1. Sympathetic trunk

• Is composed primarily of ascending and descending preganglionic sympathetic fibers
and visceral afferent fibers, and contains the cell bodies of the postganglionic sympa-

thetic (GVE) fibers.
• Descends in front of the neck of the ribs and the posterior intercostal vessels.

• Contains the cervicothoracic (or stellate) ganglion, which is formed by fusion of the

inferior cervical ganglion with the first thoracic ganglion.
• Enters the abdomen through the crus of the diaphragm or behind the medial lumbo-

costal arch.
• Gives rise to cardiac, pulmonary, mediastinal, and splanchnic branches.
• Is connected to the thoracic spinal nerves by gray and white rami communicantes.

Stellate block: is an injection of local anesthetic near the stellate ganglion by placing

the tip of the needle near the neck of the first rib. it produces a temporary interruption

of sympathetic function such as in a patient with excess vasoconstriction in the upper limb.
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2. Rami communicantes
a. White rami communicantes

• Contain preganglionic sympathetic GVE (myelinated) fibers with cell bodies lo-
cated in the lateral horn (intermediolateral cell column) of the spinal cord and GVA

fibers with cell bodies located in the dorsal root ganglia.
• Are connected to the spinal nerves, limited to the spinal cord segments between T1

and L2.

b. Gray rami communicantes
• Contain postganglionic sympathetic GVE (unmyelinated) fibers that supply the

blood vessels, sweat glands, and arrector pili muscles of hair follicles.
• Are connected to every spinal nerve and contain fibers with cell bodies located in

the sympathetic trunk.
3. Thoracic splanchnic nerves

• Contain sympathetic preganglionic GVE fibers with cell bodies located in the lateral

horn (intermediolateral cell column) of the spinal cord and GVA fibers with cell bodies

located in the dorsal root ganglia.
a. Greater splanchnic nerve

• Arises usually from the fifth through ninth thoracic sympathetic ganglia, perfo-
rates the crus of the diaphragm or occasionally passes through the aortic hiatus,

and ends in the celiac ganglion.
b. Lesser splanchnic nerve

• Is derived usually from the tenth and eleventh thoracic ganglia, pierces the crus

of the diaphragm, and ends in the aorticorenal ganglion.

c. Least splanchnic nerve
• Is derived usually from the twelfth thoracic ganglion, pierces the crus of the di-

aphragm, and ends in the ganglia of the renal plexus.

B. Parasympathetic nervous system
• Promotes quiet and orderly processes of the body, thereby conserving energy.
• Is not as widely distributed over the entire body as sympathetic fibers; the body wall and

extremities have no parasympathetic nerve supply.
• Has preganglionic fibers running in cranial nerves (CNs) VII, and 1X that pass to cra-

nial autonomic ganglia (i.e., the ciliary, submandibular, pterygopalatine, and otic ganglia),

where they synapse with postganglionic neurons.
• Has preganglionic fibers in CN X and in pelvic splanchnic nerves (originating from

S2–S4) that pass to terminal ganglia, where they synapse.
• Has parasympathetic fibers in the vagus nerve (CN X) that supply all of the thoracic and

abdominal viscera, except the descending and sigmoid colons and other pelvic viscera.
These structures are innervated by the pelvic splanchnic nerves (S2–S4). The vagus nerve
contains the parasympathetic preganglionic fibers with cell bodies located in the

medulla oblongata and the GVA fibers with cell bodies located in the inferior (nodose)
ganglion.

• Decreases the heart rate, constricts bronchial lumen, and causes vasoconstriction of

the coronary arteries.
1. Right vagus nerve

• Gives rise to the right recurrent laryngeal nerve, which hooks around the right sub-
clavian artery and ascends into the neck between the trachea and the esophagus.

• Crosses anterior to the right subclavian artery, runs posterior to the SVC, and de-
scends at the right surface of the trachea and then posterior to the right main

bronchus.
• Contributes to the cardiac, pulmonary, and esophageal plexuses.
• Forms the posterior vagal trunk (or gastric nerves) at the lower part of the esophagus

and enters the abdomen through the esophageal hiatus.
2. Left vagus nerve

• Enters the thorax between the left common carotid and subclavian arteries and be-

hind the left brachiocephalic vein and descends on the arch of the aorta.



Injury to the recurrent laryngeal nerve: may be caused by a bronchogenic or eso-
phageal carcinoma, enlargement of mediastinal lymph nodes, or an aneurysm of the

aortic arch, causing respiratory obstruction, hoarseness, and an inability to speak because of paralysis
of the vocal cord.
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• Gives rise to the left recurrent laryngeal nerve, which hooks around the arch of the
aorta to the left of the ligamentum arteriosum. It ascends through the superior me-
diastinum and the neck in a groove between the trachea and esophagus.

• Gives off the thoracic cardiac branches, breaks up into the pulmonary plexuses, con-
tinues into the esophageal plexus, and then forms the anterior vagal trunk.

Vagotomy: is transection of the vagus nerves at the lower portion of the esophagus
in an attempt to reduce gastric secretion in the treatment of peptic ulcer.

C. Organ-specific effects of autonomic activity
• Heart contraction rate increased by sympathetic stimulation and decreased by parasym-

pathetic stimulation.
• Bronchial lumen is dilated by sympathetic nerve and constrict by parasympathetic nerve.
• Coronary arteries are dilated by sympathetic nerve stimulation.

CHAPTER SUMMARY

Sternum and Ribs

• The sternal angle is the junction between the manubrium and the body of the sternum and is
located at the level where the second ribs articulate with the sternum, the aortic arch begins and
ends, and the trachea bifurcates into the right and left primary bronchi.

• The true ribs are the first seven ribs (ribs 1 to 7), the false ribs the lower five ribs (ribs 8 to 12),
and the floating ribs the last two ribs (ribs 11 and 12).

Mediastinum

• The mediastinum is an interpleural space and consists of the superior mediastinum and inferior
mediastinum, which divides into the anterior, middle, and posterior mediastina.

• The superior mediastinum contains the SVC, brachiocephalic veins, arch of the aorta, thoracic
duct, trachea, esophagus, thymus, vagus, left recurrent laryngeal, and phrenic nerves.

• The anterior mediastinum contains the remnants of the thymus gland, lymph nodes, and fat.

• The middle mediastinum contains the heart, pericardium, phrenic nerves, roots of the great ves-
sels, arch of the azygos vein, and main bronchi.

• The posterior mediastinum contains the esophagus, thoracic aorta, azygos and hemiazygos
veins, thoracic duct, vagus nerves, sympathetic trunks, and splanchnic nerves.

Trachea and Bronchi

• The trachea begins at the inferior border of the cricoid cartilage (C6) and has 16 to 20 incom-
plete hyaline cartilaginous rings that prevent the trachea from collapsing and that open posteriorly
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toward the esophagus. It bifurcates into the right and left primary bronchi at the level of the ster-

nal angle.

• The canna, the last tracheal cartilage, separates the openings of the right and left primary
bronchi, The right primary bronchus is shorter, wider, and more vertical than the left one and di-
vides into the superior (eparterial), middle, and inferior secondary (lobar) bronchi. The left one di-

vides into the superior and inferior lobar bronchi.

Lungs

• The lungs are the essential organs of respiration.

• The right lung is divided into the upper, middle, and lower lobes by the oblique and horizontal
fissures, and has grooves for the SVC, arch of azygos vein, and esophagus.

• The left lung is divided into the upper and lower lobes by an oblique fissure, contains the lingula
and a cardiac notch, and has grooves for the arch of the aorta and the descending aorta.

Bronchopulmonary Components

• The bronchopulmonary segment is the anatomical, functional, and surgical unit of the lungs and
consists of a segmental (tertiary or lobular) bronchus, a segmental branch of the pulmonary artery,
and a segment of the lung tissue, surrounded by a delicate connective-tissue (intersegmental) septum.

• The pulmonary veins are intersegmental.

Respiration

• Muscles of inspiration include the diaphragm, external, internal (interchondral part) and in-
nermost intercostal muscles, sternocleidomastoid, levator scapulae, serratus anterior, serratus poste-

rior superior, scalenus, and pectoral muscles.

• Muscles of expiration include anterior abdominal, internal intercostal (costal part), and serratus
posterior inferior muscles. Quiet inspiration results from contraction of the diaphragm, whereas

quiet expiration is a passive process caused by the elastic recoil of the lungs.

Anatomy of the Heart

• The base of the heart is formed by the atria that lie behind the ventricles.

• The apex of the heart lies in the left fifth intercostal space slightly medial to the midclavicular

(or nipple) line and this location is for auscultating the mitral valve.

• The crista terminalis is a vertical muscular ridge running anteriorly along the right atrial wall from
the opening of the SVC to the opening of the IVC, providing the origin of the pectinate muscles. It
presents the junction between the primitive sinus venarum and the right atrium proper and is in-

dicated externally by the sulcus terminalis.

• The left atrium is smaller and has thicker walls than the right atrium and is the most posterior

of the four chambers.

• The papillary muscles contract to tighten the chorda tendineae, preventing the cusps of the AV

valves from being everted into the atrium, and thus preventing regurgitation of ventricular blood

into the atrium.

• The septomarginal trabecula (moderator band) is an isolated band of trabeculae carneae that
forms a bridge between the interventricular septum and the base of the anterior papillary muscle of

the right ventricle.



THORAX 179

Heart Sounds

• The first ("lub") sound is caused by the closure of the tricuspid and mitral valves at the onset of
ventricular systole.

• The second ("dub") sound is caused by the closure of the aortic and pulmonary valves and vi-
bration of walls of the heart and major vessels at the onset of ventricular diastole.

Conducting System of the Heart

• The SA node (pacemaker) lies in the myocardium at the upper end of the crista terminalis and
initiates the heartbeat. Impulse travels from the SA node through the atrial myocardium to the AV
node that lies in the interatrial septum, to the AV bundle (of His) that runs along the membranous
part of the IV septum, right and left bundle branches that descend into the muscular part of the IV
septum, terminal conducting fibers (Purkinje fibers), and the ventricular musculature.

Coronary Arteries

• These arteries arise from the ascending aorta and have maximal blood flow during diastole and
minimal blood flow during systole because of compression of the arterial branches in the my-
ocardium during systole.

• The right coronary artery gives off the sinuatrial nodal, marginal, posterior IV, and AV nodal
arteries.

• The left coronary artery is shorter than the right one and divides into the anterior IV and cir-
cumflex arteries.

• All cardiac veins including the great, middle, small, and oblique cardiac veins drain into the
coronary sinus except the anterior cardiac vein that drains into the right atrium.

Azygos Venous System

• The azygos vein is formed by the union of the right ascending lumbar and right subcostal veins. Its
lower end is connected to the IVC. It arches over the root of the right lung and empties into the SVC.

• The hemiazygos vein is formed by the union of the left subcostal and ascending lumbar vein
and enters the azygos vein. Its lower end is connected to the left renal vein.

• The accessory hemiazygos vein terminates in the azygos vein.

• The superior intercostal vein is formed by the second, third, and fourth intercostal veins and
drains into the azygos vein on the right and the brachiocephalic vein on the left.

Lymphatics

• The thoracic duct begins in the abdomen at the cisterna chili, which is the dilated junction of
the intestinal, lumbar, and descending intercostal trunks. It drains all parts of the body except the
right head, neck, upper limb, and thorax, which are drained by the right lymphatic duct. It passes
through the aortic opening of the diaphragm, ascends between the aorta and the azygos vein, and
empties into the junction of the left internal jugular and subclavian veins.

Splanchnic Nerves

• The greater splanchnic nerve arises from the fifth through ninth thoracic sympathetic ganglia

and ends in the celiac ganglion.
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• The lesser splanchnic nerve arises from the tenth and eleventh thoracic sympathetic ganglia

and ends in the aorticorenal ganglion.

• The least splanchnic nerve arises from the twelfth thoracic sympathetic ganglia and ends in the
renal plexus. All of these splanchnic nerves contain preganglionic sympathetic GVE fibers with cell
bodies located in the lateral horn (intermediolateral cell column) of the spinal cord and GVA fibers

with cell bodies located in the dorsal root ganglia.

White Rami Communicantes

• These structures contain preganglionic sympathetic GVE fibers with cell bodies located in the lat-

eral horn of the spinal cord and GVA fibers with cell bodies located in the dorsal root ganglia. They
are connected to the spinal nerves and limited to the spinal cord segments between Tl-L2.

Gray Rami Communicantes

• Contain postganglionic sympathetic GVE fibers with cell bodies located in the sympathetic chain
ganglia. They are connected to every spinal nerve and supply the blood vessels, sweat glands, and

arrector pili muscles of hair follicles.

TAKE-AWAY POINTS

Airway Diseases
3 Asthma is a reversible airway obstruction and characterized by dyspnea and cough with
spasmodic contraction of smooth muscles in the bronchi and bronchioles, narrowing the air-
ways. Thus, the lungs become distended and the thoracic cage becomes enlarged, forming the

barrel chest.

3 Emphysema is an accumulation of air in the terminal bronchioles and alveolar sacs and re-

duces the surface area for gas exchange.

3 Bronchiectasis is a chronic dilation of bronchi and bronchioles resulting from destruction of

bronchial elastic and muscular elements and is caused by pulmonary infections or by a bronchial

obstruction with heavy sputum production.

Diseases of the Pleura
3 Pleurisy or pleuritis is an inflammation of the pleura with exudation into its cavity, caus-

ing rough pleural surfaces to produce a pleural rub.

3 Pneumothorax is an accumulation of air in the pleural cavity because of an injury to the tho-

racic wall or the lung, causing no negative pressure in the chest and thus the lung collapses.

3 Accumulation of fluid in the pleural cavity has clinical name such as chylothorax (chyle), he-
mothorax (blood), hydrothorax (water) and pleural empyema, thoracic empyema, or pyotho-
rax (pus).

3 These conditions can be treated by pleural tap (thoracentesis or pleuracentesis), which is a
surgical puncture into the pleural cavity for aspiration of fluid and is performed posterior to the
midaxillary line one or two intercostal spaces below the fluid level but not below the ninth in-

tercostal space.

Lung Diseases
3 Pneumonia (pneumonitis) is an inflammation of the lungs that can be of bacterial, viral, or

mycoplasmal origin.
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3 Pancoast's tumor (a tumor of the lung apex or a superior pulmonary sulcus tumor) causes
Pancoast's syndrome, which comprises lower trunk brachial plexopathy and lesion of cervi-
cal sympathetic chain ganglia with Horner's syndrome (ptosis, enophthalmos, miosis, and an-

hydrosis).

3 TB is an infectious lung disease caused by the bacterium M. tuberculosis and characterized by

the formation of tubercles that can undergo caseous necrosis.

3 CF is an inherited multisystem disease that has widespread dysfunction of the exocrine glands
and pulmonary and gastrointestinal tracts. CF affects the respiratory system by causing an excess
production of viscous mucus, obstructing the respiratory airway.

Lung Disorders
3 Pulmonary edema involves fluid accumulation in the lungs caused by lung toxins, mitral
stenosis, or left ventricular failure that results in increased pressure in the pulmonary veins, which
pushes fluid into the alveoli and becomes a barrier to normal oxygen exchange.

3 Atelectasis is the collapse of a lung by blockage of the air passages or by very shallow breath-
ing caused by mucus secretions, foreign bodies, and tumors in the airway.

3 Lung cancer has three types: squamous cell carcinoma, which arises in the epithelium of
the larger bronchi and forms masses; adenocarcinoma, which forms solitary nodules that de-
velop from bronchial mucous glands and alveolar epithelial cells; and small cell carcinoma,
which originates in the main bronchi and grow aggressively in cords or clusters.

3 Pneumonectomy is the surgical removal of an entire lung and is usually performed as a can-

cer treatment.

3 Pulmonary embolism (pulmonary thromboembolism) is an obstruction of the pulmonary
artery or its branches by an embolus, which arises in the deep veins of the lower limbs or in the
pelvic veins.

3 Phrenic nerve lesion may not produce complete paralysis of the corresponding half of the di-

aphragm because the accessory phrenic nerve usually joins the phrenic nerve in the root of the
neck.

3 Hiccup is an involuntary spasmodic sharp contraction of the diaphragm, accompanied by the
approximation of the vocal folds and closure of the glottis of the larynx.

Pericardium
3 Pericarditis is an inflammation of the pericardium, which may result in cardiac tamponade,
pericardial effusion, and pericardial murmur or pericardial friction rub.

3 Cardiac tamponade is an acute compression of the heart caused by a rapid accumulation

of fluid or blood in the pericardial cavity and can be treated by pericardiocentesis.

3 Pericardial effusion is an accumulation of fluid in the pericardial space resulting from
inflammation caused by acute pericarditis, and fluid compresses the heart, inhibiting cardiac
filling. It can be treated by pericardiocentesis, which is a surgical puncture of the pericardial cav-
ity for the aspiration of fluid. A needle is inserted into the pericardial sac through the fifth or sixth
intercostal spaces adjacent to the sternum.

Heart Abnormalities
3 Mitral valve prolapse is a condition in which the valve everts into the left atrium when
the left ventricle contracts and may produce chest pain, shortness of breath, and cardiac ar-
rhythmia. Myocardial infarction is a necrosis of the myocardium because of local ischemia
resulting from obstruction of the blood supply, most commonly by a thrombus or embolus in
the coronary arteries. Angina pectoris is characterized by attacks of chest pain originating in
the heart and is felt beneath the sternum, radiating to the left shoulder and down the arm.
Pain is caused by an insufficient supply of oxygen to the heart muscle. Cardiac murmur is

a characteristic sound generated by turbulence of blood flow through an orifice of the heart.
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Coronary Artery Diseases
3 Coronary atherosclerosis is characterized by the presence of sclerotic plaques containing
cholesterol and lipid material that impairs myocardial blood flow, leading to ischemia and my-
ocardial infarction.

3 Coronary angioplasty is an angiographic reconstruction of a blood vessel made by enlarging
a narrowed coronary arterial lumen. It is performed by peripheral introduction of a balloon-tip
catheter and dilation of the lumen on withdrawal of the inflated catheter tip.

3 Coronary bypass involves a connection of a section of the saphenous vein or the internal
thoracic artery or other conduit between the aorta and a coronary artery distal to an obstruction
in the coronary artery. Alternatively, the internal thoracic artery is connected to the coronary ar-

tery distal to the obstructive lesion.

3 Aneurysm of the aortic arch is a sac formed by dilation of the aortic arch that compresses
the left recurrent laryngeal nerve, leading to coughing, hoarseness, and paralysis of the ipsilateral
vocal cord. It may cause dysphagia because of pressure on the esophagus and dyspnea because of

pressure on the trachea, root of the lung, or phrenic nerve.

Heart Defects
3 Tetralogy of Fallot occurs when the AP septum fails to align properly with the AV septum, re-
sulting in pulmonary stenosis (obstruction to right ventricular outflow), overriding aorta (dex-
troposition of aorta), IV septal defect, and hypertrophy of the right ventricle. It is character-

ized by right-to-left shunting of blood and cyanosis.

3 Transposition of the great vessels occurs when the AP septum fails to develop in a spiral

fashion, causing the aorta to open into the right ventricle and the pulmonary trunk to open into
the left ventricle.

3 Atrial septal defect (ASD) is caused by abnormal development of the septum primum or se-
cundum, resulting in a patent foramen ovale. This congenital heart defect shunts blood from the
left atrium to the right atrium and causes hypertrophy of the right atrium, right ventricle, and

pulmonary trunk, and thus mixing of oxygenated and deoxygenated blood.

3 Ventricular septal defect (VSD) occurs commonly in the membranous part of the IV septum
resulting from failure of the membranous IV septum to develop. The defect results in left-to-right
shunting of blood through the IV foramen, increases blood flow to the lungs, and causes pul-

monary hypertension.

3 Patent ductus arteriosus results from failure of ductus arteriosus to close after birth and is

common in premature infants.

Esophageal Disorders

3 Achalasia of esophagus is a condition of impaired esophageal contractions because of failure
of relaxation of the inferior esophageal sphincter, resulting from degeneration of myenteric
(Auerbach's) plexus in the esophagus and causing an obstruction to the passage of food in the ter-
minal esophagus.

3 Systemic sclerosis (scleroderma) is a systemic collagen vascular disease and has clinical fea-
tures of dysphagia for solids and liquids, severe heartburn, and esophageal stricture.

3 Vagotomy is transection of the vagus nerves at the lower portion of the esophagus in an at-
tempt to reduce gastric secretion in the treatment of peptic ulcer.

Coarctation of the Aorta

This condition occurs when the aorta is abnormally constricted just inferior to the ductus arte-

riosus, in which case an adequate collateral circulation develops before birth. It causes (a) a char-
acteristic rib notching and a high risk of cerebral hemorrhage; (b) tortuous and enlarged blood
vessels, especially the internal thoracic, intercostal, epigastric, and scapular arteries; (c) an
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elevated blood pressure in the radial artery and decreased pressure in the femoral artery; and
(d) the femoral pulse to occur after the radial pulse (normally, the femoral pulse occurs slightly
before the radial pulse and is under about the same pressure).

Stellate Block
This procedure consists of an injection of local anesthetic near the stellate ganglion by placing

the tip of the needle near the neck of the first rib. It produces a temporary interruption of sym-
pathetic function such as in a patient with excess vasoconstriction in the upper limb.

A lesion of the recurrent laryngeal nerve may be caused by esophageal carcinoma or an aortic

arch aneurysm, causing hoarseness and respiratory obstruction.
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CHAPTER 4 REVIEW TEST

Directions: Each of the numbered items or in
by answers or by completions of the statement.
that is best in each case.

complete statements in this section is followed
Select the one lettered answer or completion

1. A 32-year-old patient who weighed 275
pounds came to doctor's office. On the surface
of the chest, a physician was able to locate the
apex of the heart:

(A) At the level of the sternal angle
(B) In the left fourth intercostal space
(C) In the left fifth intercostal space
(D) In the right fifth intercostal space
(E) At the level of the xiphoid process of the

sternum

2. A 43-year-old female patient has been ly-
ing down on the hospital bed for more than 4
months. Her normal, quiet expiration is
achieved by contraction of which of the fol-

lowing structures?

(A) Elastic tissue in the lungs and thoracic wall
(B) Serratus posterior superior muscles
(C) Pectoralis minor muscles
(D) Serratus anterior muscles
(E) Diaphragm

3. A 23-year-old man received a gunshot
wound and his greater splanchnic nerve was

destroyed. Which of the following nerve fibers
would be injured?

(A) General somatic afferent (GSA) and pre-
ganglionic sympathetic fibers

(B) General visceral afferent (GVA) and post-
ganglionic sympathetic fibers

(C) GVA and preganglionic sympathetic fibers
(D) General somatic efferent (GSE) and post-

ganglionic sympathetic fibers
(E) GVA and GSE fibers

4. A 17-year-old boy was involved in gang
fighting and a stab wound severed the white
rami communicantes at the level of his sixth
thoracic vertebra. This injury would_result in
degeneration of nerve cell bodies in which of
the following structures?

(A) Dorsal root ganglion and anterior horn of
the spinal cord

(B) Sympathetic chain ganglion and dorsal
root ganglion

(C) Sympathetic chain ganglion and posterior
horn of the spinal cord

(D) Dorsal root ganglion and lateral horn of
the spinal cord

(E) Anterior and lateral horns of the spinal cord

5. A 27-year-old cardiac patient with an irreg-
ular heartbeat visited her doctor's office for ex-
amination. Where should the physician place
the stethoscope to listen to the sound of the

mitral valve?

(A) Over the medial end of the second left in-

tercostal space
(B) Over the medial end of the second right

intercostal space

(C) In the left fourth intercostal space at the

midclavicular line

(D) In the left fifth intercostal space at the

midclavicular line
(E) Over the right half of the lower end of

the body of the sternum

6. A 19-year-old man came to the emergency
department and his angiogram exhibited that

he was bleeding from the vein that is accom-
panied by the posterior interventricular artery.
Which of the following veins is most likely to

be ruptured?

(A) Great cardiac vein
(B) Middle cardiac vein

(C) Anterior cardiac vein

(D) Small cardiac vein

(E) Oblique veins of the left atrium

7. A 37-year-old patient with palpitation was
examined by her physician, and one of the di-
agnostic records included a posterior-anterior
chest x-ray film. Which of the following com-
prise the largest portion of the sternocostal sur-
face of the heart seen on the radiograph?

(A) Left atrium

(B) Right atrium
(C) Left ventricle

(D) Right ventricle

(E) Base of the heart

8. A 7-year-old boy has a damaged interven-
tricular septum. Which of the following valves
is most likely defective?
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(A) Pulmonary valve

(B) Mitral valve
(C) Valve of coronary sinus
(D) Tricuspid valve
(E) Aortic valve

9. A 54-year-old patient is implanted with an

artificial cardiac pacemaker. Which of the fol-
lowing conductive tissues of the heart had a de-

fective function that required the pacemaker?

(A) Atrioventricular (AV) bundle

(B) AV node
(C) Sinoatrial (SA) node
(D) Purkinje fiber
(E) Moderator band

10. A thoracic surgeon removed the right mid-

dle lobar (secondary) bronchus along with
lung tissue from a 57-year-old heavy smoker
with lung cancer. Which of the following bron-
chopulmonary segments must contain cancer-

ous tissues?

(A) Medial and lateral

(B) Anterior and posterior

(C) Anterior basal and medial basal

(D) Anterior basal and posterior basal

(E) Lateral basal and posterior basal

11. The bronchogram of a 45-year-old female
smoker shows the presence of a tumor in the
eparterial bronchus. Which airway is most
likely blocked?

(A) Left superior bronchus

(B) Left inferior bronchus
(C) Right superior bronchus

(D) Right middle bronchus

(E) Right inferior bronchus

12. An 83-year-old man with a typical coronary
circulation has been suffering from an embolism
of the circumflex branch of the left coronary ar-
tery. This condition would result in ischemia of
which of the following areas of the heart?

(A) Anterior part of the left ventricle

(B) Anterior interventricular region

(C) Posterior interventricular region

(D) Posterior part of the left ventricle

(E) Anterior part of the right ventricle

13. A 44-year-old man with a stab wound was
brought to the emergency department and a
physician found that the patient was suffering
from a laceration of his right phrenic nerve.
Which of the following conditions has likely

occurred?

(A) Injury to only general somatic efferent
fibers

(B) Difficulty in expiration
(C) Loss of sensation in the pericardium and

mediastinal pleura
(D) Normal function of the diaphragm
(E) Loss of sensation in the costal part of the

diaphragm

14. An 8-year-old boy with atrial septal defect
presents to a pediatrician. This congenital
heart defect shunts blood from the left atrium
to the right atrium and causes hypertrophy of
the right atrium, right ventricle, and pul-
monary trunk. Which of the following veins
opens into the hypertrophied atrium?

(A) Middle cardiac vein

(B) Small cardiac vein
(C) Oblique cardiac vein
(D) Anterior cardiac vein
(E) Right pulmonary vein

15. A 37-year-old patient with severe chest
pain, shortness of breath, and congestive heart
failure was admitted to a local hospital. His
coronary angiograms reveal a thrombosis in
the circumflex branch of the left coronary ar-
tery. Which of the following conditions could
result from the blockage of blood flow in the
circumflex branch?

(A) Tricuspid valve insufficiency
(B) Mitral valve insufficiency
(C) Ischemia of atrioventricular (AV) node
(D) Paralysis of pectinate muscle
(E) Necrosis of septomarginal trabecula

16. A 75-year-old patient has been suffering

from lung cancer located near the cardiac notch,
a deep indentation on the lung. Which of the
following lobes is most likely to be excised?

(A) Superior lobe of the right lung

(B) Middle lobe of the right lung

(C) Inferior lobe of the right lung

(D) Superior lobe of the left lung
(E) Inferior lobe of the left lung

17. A thoracentesis is performed to aspirate an
abnormal accumulation of fluid in a 37-year-
old patient with pleural effusion. A needle
should be inserted at the midaxillary line be-
tween which of the following two ribs so as to
avoid puncturing the lung?

(A) Ribs 2 and 4

(B) Ribs 4 and 6

(C) Ribs 6 and 8



186 BRS GROSS ANATOMY

(D) Ribs 8 and 10
(E) Ribs 10 and 12

18. A 6-year-old boy with tetralogy of Fallot
shows the pulmonary stenosis and the right
ventricular hypertrophy in addition to other
symptoms. Which of the following structures
is likely found in the hypertrophied heart
chamber?

(A) Sinus venarum
(B) Crista terminalis
(C) Pectinate muscles
(D) Septomarginal trabecula
(E) Valve of the coronary sinus

19. A 33-year-old patient is suffering from a
sudden occlusion at the origin of the descend-
ing (thoracic) aorta. This condition would
most likely decrease blood flow in which of the
following intercostal arteries?

(A) Upper six anterior
(B) All of the posterior

(C) Upper two posterior
(D) Lower anterior
(E) Lower nine posterior

20. A 56-year-old patient recently suffered a
myocardial infarction in the area of the apex of
the heart. The occlusion by atherosclerosis is in
which of the following arteries?

(A) Marginal artery
(B) Right coronary artery at its origin
(C) Anterior interventricular artery
(D) Posterior interventricular artery
(E) Circumflex branch of the left coronary

artery

21. A 75-year-old woman was admitted to a lo-
cal hospital, and bronchograms and radi-
ographs revealed a lung carcinoma in her left
lung. Which of the following structures are
characteristics of the cancerous lung?

(A) Horizontal fissure
(B) Groove for superior vena cava
(C) Middle lobe
(D) Lingula
(E) Larger capacity than the right

22. An 18-year-old girl is thrust into the steer-
ing wheel while driving. Which of the follow-
ing muscles is most likely damaged?

(A) Levator costarum
(B) Innermost intercostal muscle
(C) External intercostal muscle

(D) Diaphragm
(E) Muscles of the abdominal wall

23. A 78-year-old patient presents with an ad-
vanced cancer in the posterior mediastinum.
The surgeons are in a dilemma as to how to
manage the condition. Which of the following

structures is most likely damaged?

(A) Brachiocephalic veins

(B) Trachea
(C) Arch of the azygos vein

(D) Arch of the aorta

(E) Hemiazygos vein

24. A 46-year-old patient comes to his doc-
tor's office and complains of chest pain and
headache. His computed tomography (CT)
scan reveals a tumor located just superior to
the root of the right lung. Blood flow in which
of the following veins is most likely blocked by

this tumor?

(A) Hemiazygos vein

(B) Arch of the azygos vein
(C) Right subclavian vein

(D) Right brachiocephalic vein

(E) Accessory hemiazygos vein

25. A 21-year-old patient with a stab wound
reveals a laceration of the right vagus nerve
near the trachea in the superior mediastinum.
Which of the following conditions would most
likely be resulted from this lesion?

(A) Loss of sensation carried by the recurrent

laryngeal nerve

(B) Vasodilation of coronary arteries

(C) Dilation of the bronchial lumen
(D) Increase in cardiac rate
(E) Injury to parasympathetic preganglionic

fibers

26. A 5-year-old boy with breathing difficulty,

chest pain, and cough was admitted to a local
hospital. The pediatrician who examined the
boy, along with laboratory results, diagnosed
the child as having cystic fibrosis. Which of the
following structures is most likely blocked?

(A) Trachea
(B) Primary bronchus
(C) Secondary or lobar bronchi

(D) Terminal bronchioles
(E) Alveolar duct

27. A 12-year-old boy was admitted to a local
hospital with a known history of heart problems.



THORAX 187

His left ventricular hypertrophy could result

from which of the following conditions?

(A) A constricted pulmonary trunk
(B) An abnormally small left atrioventricular

(AV) opening
(C) Improper closing of the pulmonary valves

(D) An abnormally large right AV opening
(E) Stenosis of the aorta

28. A 31-year-old man was involved in a severe
automobile accident and suffered laceration of
the left primary bronchus. The damaged pri-

mary bronchus:

(A) Has a larger diameter than the right one

(B) Often receives more foreign bodies than

the right one

(C) Gives rise to the eparterial bronchus

(D) Is longer than the right primary bronchus

(E) Runs under the arch of the azygos vein

29. A 62-year-old woman who is a heavy
smoker has an advanced lung cancer that
spread into her right third intercostal space
posterior to the midaxillary line. If cancer cells
are carried in the venous drainage, they would
travel first to which of the following veins?

(A) Superior vena cava

(B) Right superior intercostal vein

(C) Right brachiocephalic vein
(D) Azygos vein
(E) Hemiazygos vein

30. A radiologist examines posterior–anterior
chest radiographs of a 27-year-old victim of a
car accident. Which of the following structures
forms the right border of the cardiovascular sil-

houette?

(A) Arch of the aorta
(B) Pulmonary trunk
(C) Superior vena cava
(D) Ascending aorta

(E) Left ventricle

31. A 37-year-old man is brought to the emer-
gency room complaining of severe chest pain.
His angiogram reveals thromboses of both bra-
chiocephalic veins. This condition would most
likely cause a dilation of which of the follow-

ing veins?

(A) Azygos
(B) Hemiazygos

(C) Right superior intercostal

(D) Left superior intercostal

(E) Internal thoracic

32. A cardiologist is on clinical rounds with
her medical students. She asks them, "During
the cardiac cycle, which of the following

events occurs?"

(A) Atrioventricular (AV) valves close during
diastole

(B) Aortic valve closes during systole
(C) Pulmonary valve opens during diastole
(D) Blood flow in coronary arteries is maxi-

mal during diastole
(E) Aortic valve closes at the same time as AV

valve

33. Coronary angiographs of a 44-year-old
male patient reveal an occlusion of the circum-
flex branch of the left coronary artery. This pa-
tient has been suffering from myocardial in-
farction in which of the following areas?

(A) Right and left ventricles

(B) Right and left atria
(C) Interventricular septum

(D) Apex of the heart
(E) Left atrium and ventricle

34. A patient has a small but solid tumor in the
mediastinum, which is confined at the level of
the sternal angle. Which of the following struc-
tures would most likely be found at this level?

(A) Bifurcation of the trachea

(B) Beginning of the ascending aorta

(C) Middle of the aortic arch
(D) Articulation of the third rib with the

sternum

(E) Superior border of the superior medi-
astinum

35. A 37-year-old house painter fell from a lad-

der and fractured his left third rib and structures
with which it articulated. Which of the follow-
ing structures would most likely be damaged?

(A) Manubrium of the sternum

(B) Body of the second thoracic vertebra

(C) Spinous process of the third thoracic
vertebra

(D) Body of the fourth thoracic vertebra

(E) Transverse process of the second thoracic
vertebra

36. A 45-year-old women presents with a tu-
mor confined to the posterior mediastinum.
This could result in compression of which of
the following structures?

(A) Trachea
(B) Descending aorta
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(C) Arch of the aorta
(D) Arch of the azygos vein
(E) Phrenic nerve

37. A 62-year-old patient with pericardial effu-
sion comes to a local hospital for aspiration of
pericardial fluid by pericardiocentesis. The nee-
dle is inserted into the pericardial cavity
through which of the following intercostal
spaces adjacent to the sternum?

(A) Right fourth intercostal space
(B) Left fourth intercostal space
(C) Right fifth intercostal space
(D) Left fifth intercostal space
(E) Right sixth intercostal space

38. The attending faculty in the coronary in-
tensive care unit (ICU) demonstrates to his stu-
dents a normal heart examination. The first
heart sound is produced by near-simultaneous
closure of which of the following valves?

(A) Aortic and tricuspid
(B) Aortic and pulmonary
(C) Tricuspid and mitral
(D) Mitral and pulmonary
(E) Tricuspid and pulmonary

39. A 27-year-old patient with Marfan's syn-
drome has an aneurysm of the aortic arch. This
may compress which of the following struc-
tures?

(A) Right vagus nerve
(B) Left phrenic nerve
(C) Right sympathetic trunk
(D) Left recurrent laryngeal nerve
(E) Left greater splanchnic nerve

40. A 47-year-old man with a known atrial fib-
rillation returns to see his cardiologist for fol-
low-up of his cardiac health. The right atrium
is important in this case because it:

(A) Receives blood from the oblique cardiac
vein

(B) Is associated with the apex of the heart
(C) Contains the sinoatrial node
(D) Receives the right pulmonary vein
(E) Is hypertrophied by pulmonary stenosis

41. A 57-year-old patient has a heart murmur
resulting from the inability to maintain con-
stant tension on the cusps of the atrioventricu-
lar (AV) valve. Which of the following struc-
tures is most likely damaged?

(A) Crista terminalis
(B) Septomarginal trabecula
(C) Chordae tendineae

(D) Pectinate muscle
(E) Anulus fibrosus

42. A 52-year-old patient with a history of my-
ocardial infarction exhibits a right coronary ar-
tery that is blocked by a fat globule after giving
off the right marginal artery. Which of the fol-
lowing structures may have oxygen deficiency?

(A) Right atrium

(B) Sinoatrial (SA) node

(C) Atrioventricular (AV) node

(D) Apex of the heart
(E) Anterior interventricular septum

43. A surgical resident inadvertently ligates
the phrenic nerve instead of the accompanying
artery descending between the mediastinal
pleura and the pericardium without causing
any particular harm. Which of the following
arteries did he intend to ligate?

(A) Internal thoracic

(B) Musculophrenic

(C) Pericardiacophrenic
(D) Right coronary artery

(E) Superior (supreme) thoracic

44. A pulmonary fellow at a university hospi-
tal is asked to consult on a patient in respira-
tory failure. When the diaphragm contracts,
which of the following conditions should nor-

mally occur?

(A) Decreased thoracic volume

(B) Increased abdominal volume

(C) Increased lung volume
(D) Air flow out of the bronchi
(E) Increased thoracic pressure

45. A 32-year-old patient has a tension pneu-
mothorax that can be treated with needle aspi-
ration. To avoid an injury of the intercostal
neurovascular bundle, the needle may be in-
serted in which of the following locations?

(A) Above the upper border of the ribs
(B) Deep to the upper border of the ribs
(C) Beneath the lower border of the ribs

(D) Between the external and internal inter-
costals

(E) Through the transversus thoracis muscle

Questions 46-51: Choose the appropriate let-
tered site or structure in this computed to-
mography (CT) scan (page 189, top) of the
thorax from a 42-year-old man who com-
plains of chest pain and breathing problems.
His electrocardiogram (ECG) shows left ven-
tricular hypertrophy.
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46. Stenosis of which structure may produce

left ventricular hypertrophy?

47. Which structure is most likely to be re-
moved by a pulmonary surgeon in a surgical
resection of a lobe (lobectomy) to remove lung

cancer in the apex of the right lung?

48. Which structure branches into the
bronchial arteries?

49. Into which structure does the azygos vein
drain venous blood?

50. The left coronary artery arises from which
structure?

51. Which structure is crossed superiorly by
the aortic arch and left pulmonary artery?

Questions 52-57: Choose the appropriate
lettered site or structure in this computed

tomography (CT) scan (see below) of the
thorax. Which structure in this CT scan:

52. Can be removed in a surgical resection of a

lobe to remove lung cancer on the diaphrag-
matic surface?

53. Becomes hypertrophied as result of the
pulmonary stenosis?

54. Receives oxygenated blood via pulmonary
veins?

55. Lies on the right side of the aortic arch and
ascending aorta?

56. Contains the septomarginal trabecula?

57. Takes its origin from the left ventricle and
ends at the sternal angle?
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PI ANSWERS AND EXPLANATIONS

1. The answer is C. On the surface of the chest, the apex of the heart can be located in the left
fifth intercostal space slightly medial to the midclavicular (or nipple) line. The sternal angle is lo-

cated at the level where the second ribs articulate with the sternum. The xiphoid process lies at
the level of T10 vertebra.

2. The answer is A. Normal, quiet expiration is achieved by contraction of extensible tissue in

the lungs and the thoracic wall. The serratus posterior superior muscles, diaphragm, pectoralis
major, and serratus anterior are muscles of inspiration.

3. The answer is C. The greater splanchnic nerves contain general visceral afferent (GVA) and
preganglionic sympathetic general visceral efferent (GVE) fibers.

4. The answer is D. The white rami communicantes contain preganglionic sympathetic general vis-
ceral efferent (GVE) fibers and general visceral afferent (GVA) fibers whose cell bodies are located in
the lateral horn of the spinal cord and the dorsal root ganglia. The sympathetic chain ganglion con-
tains cell bodies of the postganglionic sympathetic nerve fibers. Anterior horn of the spinal cord con-
tains cell bodies of the GSE fibers. The dorsal root ganglion contains cell bodies of GSA and GVA fibers.

5. The answer is D. The mitral valve (left atrioventricular [AV] valve) produces the apical beat
(thrust) of the heart, which is most audible over the left fifth intercostal space at the midclavicular
line. The pulmonary valve is most audible over the medial end of the second left intercostals space,
the aortic valve is most audible over the medial end of the second right intercostals space, and the
right AV valve is most audible over the right half of the lower end of the body of the sternum.

6. The answer is B. The middle cardiac vein ascends in the posterior interventricular groove, ac-
companied by the posterior interventricular branch of the right coronary artery. The great cardiac
vein is accompanied by the anterior interventricular artery, the anterior cardiac vein drains di-
rectly into the right atrium, and the small cardiac vein is accompanied by the marginal artery.

7. The answer is D. The right ventricle forms a large part of the sternocostal surface of the heart.
The left atrium occupies almost the entire posterior surface of the right atrium. The right atrium oc-
cupies the right aspect of the heart. The left ventricle lies at the back of the heart and bulges roundly

to the left. The base of the heart is formed by the atria, which lie mainly behind the ventricles.

8. The answer is D. The septal cusp of the tricuspid valve is attached by a cordae tendineae to
the septal papillary muscle, which arises from the interventricular septum. Other valves are not
associated with the interventricular (IV) septum.

9. The answer is C. The sinoatrial (SA) node initiates the impulse of contraction and is known

as the pacemaker of the heart. Impulses from the SA node travel through the atrial myocardium
to the atrioventricular (AV) node and then race through the AV bundle (bundle of His), which di-
vides into the right and left bundle branches. The bundle breaks up into terminal conducting
fibers (Purkinje fibers) to spread out into the ventricular walls. The moderate band carries the
right limb of the AV bundle from the septum to the sternocostal wall of the ventricle.

10. The answer is A. The right middle lobar (secondary) bronchus leads to the medial and lat-
eral bronchopulmonary segments. The right superior lobar bronchus divides into the superior,
posterior, and anterior segmental (tertiary) bronchi. The right inferior lobar bronchus has the an-

terior, lateral, posterior, and anterior segmental bronchi.

11. The answer is C. The eparterial bronchus is the right superior lobar (secondary) bronchus;

all of the other bronchi are hyparterial bronchi.
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12. The answer is D. The circumflex branch of the left coronary artery supplies the posterior por-
tion of the left ventricle. The anterior interventricular artery supplies the anterior aspects of the
right and left ventricles and the anterior interventricular septum.

13. The answer is C. The phrenic nerve supplies the pericardium and mediastinal and di-
aphragmatic (central part) pleura and the diaphragm, an important muscle of inspiration. It con-
tains general somatic efferent (GSE), general somatic afferent (GSA), and general visceral efferent
(GVE) (postganglionic sympathetic) fibers. The costal part of the diaphragm receives GSA fibers
from the intercostal nerves.

14. The answer is D. The anterior cardiac vein drains into the right atrium. The middle, small,
and oblique cardiac veins drain into the coronary sinus. The right and left pulmonary veins drain
into the left atrium.

15. The answer is B. The circumflex branch of the left coronary artery supplies the left ventricle
and thus its blockage of blood flow results in necrosis of myocardium in the left ventricle, pro-
ducing mitral valve insufficiency. The pectinate muscles, tricuspid valve, and septomarginal tra-
becula are present in the right atrium and ventricle.

16. The answer is D. The cardiac notch is a deep indentation of the anterior border of the supe-

rior lobe of the left lung. Therefore, the right lung is not involved.

17. The answer is D. A thoracentesis is performed for aspiration of fluid in the pleural cavity at or

posterior to the midaxillary line one or two intercostal spaces below the fluid level but not below the
ninth intercostal space, therefore between ribs 8 and 10. Other intercostals spaces are not preferred.

18. The answer is D. The right ventricle contains the septomarginal trabecula, which forms a
bridge between the interventricular septum and the base of the anterior papillary muscle. The si-
nus venarum, crista terminalis, pectinate muscles, and valve of the coronary sinus are found in
the right atrium.

19. The answer is E. The first two posterior intercostal arteries are branches of the highest (su-
perior) intercostal artery of the costocervical trunk; the remaining nine branches are from the
thoracic aorta. The internal thoracic artery gives off the upper six anterior intercostal arteries and
is divided into the superior epigastric and musculophrenic arteries, which gives off anterior in-
tercostal arteries in the seventh, eighth, and ninth intercostal spaces and ends in the tenth inter-
costal space where it anastomoses with the deep circumflex iliac artery.

20. The answer is C. The apex of the heart typically receives blood from the anterior interven-

tricular branch of the left coronary artery. The marginal artery supplies the right inferior margin
of the right ventricle, the right coronary artery at its origin supplies the right atrium and ventri-

cle, and the posterior interventricular artery and a circumflex branch of the left coronary artery
supply the left ventricle.

21. The answer is D. The lingula is the tongue-shaped portion of the upper lobe of the left lung.

The right lung has a groove for the horizontal fissure, superior vena cava, and middle lobe and

has a larger capacity than the left lung.

22. The answer is E. The abdominal muscles are the major muscles of expiration, whereas the
other distractors are muscles of inspiration.

23. The answer is E. The hemiazygos vein is located in the posterior mediastinum. The brachio-
cephalic veins, trachea, and arch of the aorta are located in the superior mediastinum, whereas
the arch of the azygos vein is found in the middle mediastinum.

24. The answer is B. The azygos vein arches over the root of the right lung and empties into the
superior vena cava. Other veins do not pass over the root of the right lung.
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25. The answer is E. The vagus nerve carries parasympathetic preganglionic fibers to the thoracic
and abdominal viscera. The right recurrent laryngeal nerve is not affected by this injury because
it winds around the right subclavian artery and ascends in the neck. The parasympathetic nerve

in the vagus nerve decreases the heart rate, constricts the bronchial lumen, and causes vasocon-
striction of the coronary arteries.

26. The answer is D. Cystic fibrosis affects the respiratory system by causing an excess produc-
tion of viscous mucus by the bronchial glands, followed by mucous plugging and obstruction of
the respiratory airway, particularly a small airway, such as that in a child. The alveolar duct is a
part of this respiratory unit. The other structures are not affected because they are large airway
and are not usually obstructed and thus do not help in making the diagnosis.

27. The answer is E. Stenosis of the aorta can cause left ventricular hypertrophy. Right ventric-

ular hypertrophy may occur as a result of pulmonary stenosis, pulmonary and tricuspid valve de-
fects, or mitral valve stenosis.

28. The answer is D. The right primary bronchus is shorter than the left one and has a larger di-
ameter. More foreign bodies enter it via the trachea because it is more vertical than the left pri-

mary bronchus. The right primary bronchus runs under the arch of the azygos vein and gives rise
to the eparterial bronchus.

29. The answer is B. The superior intercostal vein is formed by the union of the second, third,
and fourth posterior intercostal veins and drains into the azygos vein on the right and the bra-
chiocephalic vein on the left. The azygos vein drains into the superior vena cava. The hemiazy-

gos vein usually drains into the azygos vein.

30. The answer is C. A cardiovascular silhouette or cardiac shadow is the contour of the heart
and great vessels seen on posterior-anterior chest radiographs. Its right border is formed by the
superior vena cava, right atrium, and inferior vena cava; its left border is formed by the aortic arch
(aortic knob), pulmonary trunk, left auricle, and left ventricle. The ascending aorta becomes the
arch of the aorta and is found in the middle of the heart.

31. The answer is D. The left superior intercostal vein is formed by the second, third, and fourth
posterior intercostal vein and drains into the left brachiocephalic vein. The right superior inter-

costal vein drains into the azygos vein, which in turn drains into the superior vena cava. The
hemiazygos vein drains into the azygos vein, whereas the internal thoracic vein empties into the
brachiocephalic vein.

32. The answer is D. During diastole the atrioventricular (AV) valves open and the aortic and

pulmonary valves close, whereas during systole the AV valves close and the aortic and pulmonary
valves open.

33. The answer is E. The left atrium and ventricle receive blood from the circumflex branch of
the left coronary artery. The interventricular septum and the apex of the heart are supplied by the
anterior interventricular branch of the left coronary artery. The right ventricle receives blood
from the anterior interventricular artery and the marginal branch of the right coronary artery.
The right atrium receives blood from the right coronary artery.

34. The answer is A. The sternal angle is the junction of the manubrium and the body of the
sternum. It is located at the level where the second rib articulates with the sternum, the trachea
bifurcates into the right and left bronchi, and the aortic arch begins and ends. It marks the end
of the ascending aorta and the beginning of the descending aorta, and it forms the inferior bor-

der of the superior mediastinum.

35. The answer is B. The third rib articulates with the body of the sternum, bodies of the second
and third thoracic vertebrae, and transverse process of the third thoracic vertebra.
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36. The answer is B. The descending aorta is found in both the superior and posterior medi-
astina. The superior mediastinum contains the trachea and arch of the aorta, and the middle me-
diastinum contains the ascending aorta, arch of the azygos vein, and main bronchi. The phrenic
nerve runs in the middle mediastinum.

37. The answer is D. To aspirate pericardial fluid, the needle should be inserted into the peri-
cardial cavity through the fifth intercostals space just left to the sternum. Because of the cardiac
notch, the needle misses the pleura and lungs, but it penetrates the pericardium. Lung tissues lie

beneath the fourth and sixth intercostal spaces.

38. The answer is C. The first heart sound ("lub") is produced by the closure of the tricuspid and
mitral valves, whereas the second heart sound ("dub") is produced by the closure of the aortic and
pulmonary valves.

39. The answer is D. The left recurrent laryngeal nerve loops around the arch of the aorta near
the ligamentum arteriosum, whereas the right recurrent laryngeal nerve hooks around the right
subclavian artery. All other nerves are not closely associated with the aortic arch.

40. The answer is C. The sinoatrial (SA) and atrioventricular (AV) nodes are in the wall of the
right atrium and are not associated with the apex of the heart. The oblique cardiac vein drains
into the coronary sinus and the pulmonary veins empty into the left atrium. The right ventricle
is hypertrophied by the pulmonary stenosis.

41. The answer is C. The chordae tendineae are tendinous strands that extend from the papil-
lary muscles to the cusps of the valve. The papillary muscles and chordae tendineae prevent the
cusps from being everted into the atrium during ventricular contraction.

42. The answer is C. The atrioventricular (AV) node is supplied by the AV nodal artery, which
usually arises from the right coronary artery opposite the origin of the posterior interventricular
branch. The right atrium receives blood from the right coronary artery, the sinoatrial (SA) node
is supplied by the sinuatrial node artery, and the apex of the heart and AV septum are supplied

by the anterior IV artery.

43. The answer is C. The phrenic nerve is accompanied by the pericardiacophrenic vessels of the
internal thoracic vessels and descends between the mediastinal pleura and the pericardium to
supply the pericardium, the mediastinal and diaphragmatic pleura, and the diaphragm. The in-
ternal thoracic artery descends directly behind the first six costal cartilages, just lateral to the ster-
num. The musculophrenic artery follows the costal arch on the inner surface of the costal carti-
lages. The right coronary artery runs between the right auricle and the pulmonary trunk and then
descends in the coronary sulcus between the right atrium and ventricle. The superior thoracic ar-

tery arises from the axillary artery and supplies the anterior first two intercostals space.

44. The answer is C. During inspiration the diaphragm contracts, increasing the vertical diame-
ter of the thorax and hence increasing lung volume, thoracic volume, and air flow into the
bronchi, and decreasing intrathoracic and intrapulmonary pressures and abdominal volume.

45. The answer is A. The intercostal veins, arteries, and nerves run in the costal groove beneath
the inferior border of the ribs between the internal and innermost layers of muscles. The trans-
versus thoracis muscles are situated in the internal surface of the lower anterior thoracic wall.

46. The answer is C. Stenosis of the ascending aorta results in left ventricular hypertrophy.

47. The answer is B. During surgical treatment for cancer in the apex of the right lung by a
lobectomy, the right superior secondary (eparterial) bronchus should be removed.

48. The answer is E. The right and left bronchial arteries arise from the descending (thoracic)

aorta.
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49. The answer is A. The azygos vein drains venous blood into the superior vena cava.

50. The answer is C. The right and left coronary arteries arise from the ascending aorta.

51. The answer is D. The left primary bronchus is crossed superiorly by the arch of the aorta and
the pulmonary artery.

52. The answer is B. The right inferior lobar bronchus may be removed in a surgical resection of
the inferior lobe of the right lung that is in contact with the diaphragm.

53. The answer is C. Pulmonary stenosis results in right ventricular hypertrophy.

54. The answer is E. The left atrium receives oxygenated blood from the lung by way of the pul-
monary veins.

55. The answer is A. The superior vena cava lies on the right side of the ascending aorta and the
arch of the aorta.

56. The answer is C. The right ventricle contains the septomarginal trabecula.

57. The answer is D. The ascending aorta takes its origin from the left ventricle and ends at the
level of the sternal angle by becoming the arch of the aorta.



Umbilical hernia: may occur due to failure of the midgut to return to the abdomen early

in fetal life and occur as a protrusion of the bowel through the natural weak spot or defect

at the umbilicus. It is more common in girls and in premature babies and has symptoms of discomfort

and a noticeable bulge, which gets bigger when straining or coughing or crying. The hernia is not usu-

ally treated surgically, but it shrinks and closes spontaneously by age 3. It may be treated if the defect

has not closed by age of 3 or 4 and if the hernia is incarcerated or strangulated

Abdomen

ANTERIOR ABDOMINAL WALL

Abdomen (Figure 5-1)

• Is divided topographically by two transverse and two longitudinal planes into nine regions: right

and left hypochondriac, epigastric, right and left lumbar, umbilical, right and left inguinal

(iliac), and hypogastric (pubic).
• Is also divided by vertical and horizontal planes through the umbilicus into four quadrants:

right and left upper quadrants and right and left lower quadrants. The umbilicus lies at the level
of the intervertebral disk between the third and fourth lumbar vertebrae. Its region is innervated

by the tenth thoracic nerve.

IL Muscles of the Anterior Abdominal Wall (Table 5-1)

di. Fasciae and Ligaments of the Anterior Abdominal Wall

• Are organized into superficial (tela subcutanea) and deep layers; the superficial has a thin fatty

layer (Camper's fascia), and the deep has a membranous layer (Scarpa's fascia).

A. Superficial fascia
1. Superficial layer of the superficial fascia (Camper's fascia)

• Continues over the inguinal ligament to merge with the superficial fascia of the thigh.
• Continues over the pubis and perineum as the superficial layer of the superficial perinea]

fascia.
2. Deep layer of the superficial fascia (Scarpa's fascia)

• Is attached to the fascia lata just below the inguinal ligament.
• Continues over the pubis and perineum as the membranous layer (Colles' fascia) of the

superficial perineal fascia.
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Epigastric hernia: is a protrusion of extraperitoneal fat or a small piece of greater omentum
through a defect in the linea alba above the umbilicus and may contain a small portion of

intestine, which may become trapped within the hernia leading to strangulation or incarceration. Its symp-
toms include nausea, vomiting, and discomfort as a result of nerves and tissue being irritated or stretched.

cc 5.2
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Figure 5-1 Planes of subdivision of the abdomen.

• Continues over the penis as the superficial fascia of the penis and over the scrotum

as the tunica dartos, which contains smooth muscle.
• May contain extravasated urine between this fascia and the deep fascia of the abdomen,

resulting from rupture of the spongy urethra (see Chapter 6, Perineal Region: VILA.).

B. Deep fascia
• Covers the muscles and continues over the spermatic cord at the superficial inguinal ring

as the external spermatic fascia.
• Continues over the penis as the deep fascia of the penis (Buck's fascia) and over the pubis

and perineum as the deep perineal fascia.

C. Linea alba
• Is a tendinous median raphe between the two rectus abdominis muscles, extending from

the xiphoid process to the pubic symphysis.
• Is formed by the fusion of the aponeuroses of the external oblique, internal oblique, and

transverse muscles of the abdomen.

D. Linea semilunaris
• Is a curved line along the lateral border of the rectus abdominis.

E. Linea semicircularis (arcuate line)
• Is a crescent-shaped line marking the inferior limit of the posterior layer of the rectus

sheath just below the level of the iliac crest.
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TABLE 5-1 Muscles of the Anterior Abdominal Wall

Muscle Origin Insertion Nerve Action

External External surface Anterior half of iliac Intercostal n. Compresses

oblique of lower eight ribs crest; anterior- (T7-T11); subcos- abdomen;

(5-12) superior iliac spine;
pubic tubercle;
linea alba

tal n. (T12) flexes trunk;
active in
forced expi-
ration

Internal Lateral two-thirds Lower four costal Intercostal n. Compresses

oblique of inguinal liga- cartilages; linea (T7-T11); subcos- abdomen;
ment; iliac crest; alba; pubic crest; tal n. (T12); iliohy- flexes trunk;
thoracolumbar pectineal line pogastric and ili- active in

fascia oinguinal nn. (Li) forced expi-
ration

Transverse Lateral one-third Linea alba; pubic Intercostal n. Compresses
of inguinal liga- crest; pectineal (T7-T12); subcos- abdomen; de-
ment; iliac crest;
thoracolumbar
fascia; lower six
costal cartilages

line tal n. (T12); iliohy-
pogastric and ili-
oinguinal nn. (L1)

presses ribs

Rectus Pubic crest and pu- Xiphoid process Intercostal n. Depresses
abdominis bic symphysis and costal carti- (T7-T11); subcos- ribs; flexes

lages 5-7 tal n. (T12) trunk
Pyramidal Pubic body Linea alba Subcostal n. (T12) Tenses linea

alba
Cremaster Middle of inguinal

ligament; lower
margin of internal
oblique muscle

Pubic tubercle and
crest

Genitofemoral n. Retracts testis

F. Lacunar ligament (Gimbernat's ligament)

• Represents the medial triangular expansion of the inguinal ligament to the pectineal line

of the pubis.
• Forms the medial border of the femoral ring and the floor of the inguinal canal.

G. Pectineal (Cooper's) ligament
• Is a strong fibrous band that extends laterally from the lacunar ligament along the

pectineal line of the pubis.

H. Inguinal ligament (Poupart's ligament)

• Is the folded lower border of the aponeurosis of the external oblique muscle, extending

between the anterior-superior iliac spine and the pubic tubercle.
• Forms the floor (inferior wall) of the inguinal canal.

I. Iliopectineal arcus or ligament

• Is a fascial partition that separates the muscular (lateral) and vascular (medial) lacunae

deep to the inguinal ligament.
1. The muscular lacuna transmits the iliopsoas muscle.
2. The vascular lacuna transmits the femoral sheath and its contents, including the

femoral vessels, a femoral branch of the genitofemoral nerve, and the femoral canal.

Reflected inguinal ligament
• Is formed by certain fibers of the inguinal ligament reflected from the pubic tubercle

upward toward the linea alba.
• Also has some reflection from the lacunar ligament.
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Linea alba

External abdominal oblique muscle

Internal abdominal oblique muscle

Peritoneum	 Transversalis fascia	 Transverse abdominal muscle

Figure 5-2 Arrangement of the rectus sheath above the umbilicus (upper) and below the arcuate
line (lower).

K. Falx inguinalis (conjoint tendon)
• Is formed by the aponeuroses of the internal oblique and transverse muscles of the abdomen

and is inserted into the pubic tubercle.
• Strengthens the posterior wall of the medial half of the inguinal canal.

L. Rectus sheath (Figure 5-2)

• Is formed by fusion of the aponeuroses of the external oblique, internal oblique, and

transverse muscles of the abdomen.
• Encloses the rectus abdominis and sometimes the pyramidal muscle.
• Also contains the superior and inferior epigastric vessels and the ventral primary rami of

thoracic nerves 7 to 12.
1. Anterior layer of the rectus sheath

a. Above the arcuate line: aponeuroses of the external and internal oblique muscles

b. Below the arcuate line: aponeuroses of the external oblique, internal oblique, and

transverse muscles
2. Posterior layer of the rectus sheath

a. Above the arcuate line: aponeuroses of the internal oblique and transverse muscles

b. Below the arcuate line: rectus abdominis is in contact with the transversalis fascia

IV. Inguinal Region (Figure 5-3)

A. Inguinal (Hesselbach's) triangle
• Is bounded medially by the linea semilunaris (lateral edge of the rectus abdominis), laterally

by the inferior epigastric vessels, and inferiorly by the inguinal ligament.
• Is an area of potential weakness and hence is a common site of a direct inguinal hernia.

B. Inguinal rings
1. Superficial inguinal ring

• Is a triangular opening in the aponeurosis of the external oblique muscle that lies just

lateral to the pubic tubercle.
2. Deep inguinal ring

• Lies in the transversalis fascia, just lateral to the inferior epigastric vessels.

C. Inguinal canal

• Begins at the deep inguinal ring and terminates at the superficial ring.
• Transmits the spermatic cord or the round ligament of the uterus and the genital branch

of the genitofemoral nerve, both of which also run through the deep inguinal ring and
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Peritoneum

Scrotal skin

Figure 5-3 Inguinal canal and spermatic cord.

the inguinal canal. An indirect inguinal hernia (if present) also passes through this

canal. Although the ilioinguinal nerve runs through the part of the inguinal canal and
the superficial inguinal ring, it does not pass through the deep inguinal ring.

1. Anterior wall: aponeuroses of the external oblique and internal oblique muscles
2. Posterior wall: aponeurosis of the transverse abdominal muscle and transversalis fascia
3. Superior wall (roof): arching fibers of the internal oblique and transverse muscles
4. Inferior wall (floor): inguinal and lacunar ligaments

r
-7 Inguinal hernia: is a condition in which a portion of intestine protrudes through a weak

spot in the inguinal canal or in the inguinal triangle. Inguinal hernia occurs superior to the
inguinal ligament and medial to the pubic tubercle, occurs more in males than in females, and is derived
from persistence of the processus vaginalis, which forms the tunica vaginalis (Figure 5-4). Reducible
hernia is a hernia in which the contents of the hernial sac can be returned to their normal position.
Incarcerated hernia is an irreducible hernia in which the contents of the hernial sac is entrapped or
stuck in the groin. Strangulated hernia is an irreducible hernia in which the intestine becomes tightly
trapped or twisted; thus, the circulation is arrested and gangrene (death of tissue) occurs unless relief
(emergency operation) is prompt. This is life threatening and emergency surgical repair is required. Its
signs and symptoms include a lump or bulge and pain in the groin or scrotum, nausea, vomiting, diarrhea,
or constipation. For surgical repair of the inguinal hernia, a surgeon will make an incision at the hernia,
push the herniated intestines to their normal position, and close and strengthen with stitching and
synthetic mesh if necessary.



Transversalis
fascia

Extraperitoneal tissue

Peritoneum	 Inferior epigastric artery and vein

Transversus
abdominis muscle

Internal oblique muscle

External oblique muscle

- Internal spermatic fasciaCoverings
of the cord - Cremaster muscle 	

External spematic fascia

Dartos muscle

Skin

Rectus
abdominis muscle

Tunica vaginalis
(parietal layer)

Indirect inguinal hernia: passes through the deep inguinal ring, inguinal canal, and
superficial inguinal ring and descends into the scrotum. The hernia lies lateral to the inferior

epigastric vessels and is found more commonly on the right side in men and is more common than a
direct inguinal hernia. It is congenital, associated with the persistence of the processus vaginalis, and
covered by the peritoneum and the coverings of the spermatic cord.

cc 5.4
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Figure 5-4 (A) Coverings of spermatic cord and testis and (B) inguinal hernia.

Direct inguinal hernia: occurs directly through the posterior wall of the inguinal canal
in the inguinal triangle but does not descend into the scrotum. The hernia lies medial to

the inferior epigastric vessels and protrudes forward to (rarely through) the superficial inguinal ring. It is
acquired (develops after birth), associated with weakness in the posterior wall of the inguinal canal
lateral to the falx inguinalis, and has a sac that is formed by the peritoneum and occasionally the
transversalis fascia.

Spermatic Cord, Scrotum, and Testis

A. Spermatic cord (Figure 5-4)
• Is composed of the ductus deferens; testicular, cremasteric, and deferential arteries; pampini-

form plexus of testicular veins; genital branch of the genitofemoral and cremasteric nerves

and the testicular sympathetic plexus; and lymph vessels. These are all conjoined by loose

connective tissue.
• Has several fasciae:

1. External spermatic fascia, derived from the aponeurosis of the external oblique muscle

2. Cremasteric fascia (cremaster muscle and fascia), originating in the internal oblique
muscle

3. Internal spermatic fascia, derived from the transversalis fascia
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B. Fetal structures
1. Processus vaginalis testis

• Is a peritoneal diverticulum in the fetus that evaginates into a developing scrotum

and forms the visceral and parietal layers of the tunica vaginalis testis.
• Normally closes before birth or shortly thereafter and loses its connection with the

peritoneal cavity.
• May result in a congenital indirect inguinal hernia if it persists.
• May cause fluid accumulation (hydrocele processus vaginalis) if it is occluded.

2. Tunica vaginalis
• Is a double serous membrane, a peritoneal sac that covers the front and sides of the

testis and epididymis.
• Is derived from the abdominal peritoneum and forms the innermost layer of the

scrotum.
3. Gubernaculum testis

• Is the fetal ligament that connects the bottom of the fetal testis to the developing
scrotum.

• Appears to be important in testicular descent (pulls the testis down as it migrates).
• Is homologous to the ovarian ligament and the round ligament of the uterus.

Inner Surface of the Anterior Abdominal Wall (Figure 5-5)

A. Supravesical fossa
• Is a depression on the anterior abdominal wall between the median and medial umbilical

folds of the peritoneum.

B. Medial inguinal fossa
• Is a depression on the anterior abdominal wall between the medial and lateral umbilical

folds of the peritoneum. It lies lateral to the supravesical fossa.

• Is the fossa where most direct inguinal hernias occur.

C. Lateral inguinal fossa
• Is a depression on the anterior abdominal wall. lateral to the lateral umbilical fold of the

peritoneum.

Figure 5-5 Umbilical folds over the anterior abdominal wall.
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D. Umbilical folds or ligaments

1. Median umbilical ligament or fold
• Is a fibrous cord, the remnant of the obliterated urachus, which forms a median

umbilical fold of peritoneum.
• Lies between the transversalis fascia and the peritoneum and extends from the apex of

the bladder to the umbilicus.
2. Medial umbilical ligament or fold

• Is a fibrous cord, the remnant of the obliterated umbilical artery, which forms a medial
umbilical fold and extends from the side of the bladder to the umbilicus.

3. Lateral umbilical fold

• Is a fold of peritoneum that covers inferior epigastric vessels and extends from the medial
side of the deep inguinal ring to the arcuate line.

E. Transversalis fascia
• Is the lining fascia of the entire abdominopelvic cavity between the parietal peritoneum

and the inner surface of the abdominal muscles.
• Continues with the diaphragmatic, psoas, iliac, pelvic, and quadratus lumborum fasciae.
• Forms the deep inguinal ring and gives rise to the femoral sheath and the internal spermatic

fascia.
• Is directly in contact with the rectus abdominis below the arcuate line.

Nerves of the Anterior Abdominal Wall

A. Subcostal nerve
• Is the ventral ramus of the twelfth thoracic nerve and innervates the muscles of the anterior

abdominal wall.
• Has a lateral cutaneous branch that innervates the skin of the side of the hip.

B. Iliohypogastric nerve
• Arises from the first lumbar nerve and innervates the internal oblique and transverse

muscles of the abdomen.
• Divides into a lateral cutaneous branch to supply the skin of the lateral side of the buttocks

and an anterior cutaneous branch to supply the skin above the pubis.

C. Ilioinguinal nerve
• Arises from the first lumbar nerve, pierces the internal oblique muscle near the deep

inguinal ring, and accompanies the spermatic cord through the inguinal canal and then

through the superficial inguinal ring.
• Innervates the internal oblique and transverse muscles.

• Gives rise to a femoral branch, which innervates the upper and medial parts of the thigh,
and the anterior scrotal nerve, which innervates the skin of the root of the penis (or the

skin of the mons pubis) and the anterior part of the scrotum (or the labium majus).

Cremasteric reflex: is a drawing up of the testis by contraction of the cremaster muscle
when the skin on the upper medial side of the thigh is stroked. The efferent limb of the

reflex arc is the genital branch of the genitofemoral nerve; the afferent limb is a femoral branch of
the genitofemoral nerve and also of the ilioinguinal nerve.

PR Lymphatic Drainage of the Anterior Abdominal Wall

A. Lymphatics in the region above the umbilicus
• Drain into the axillary lymph nodes.
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B. Lymphatics in the region below the umbilicus
• Drain into the superficial inguinal nodes.

C. Superficial inguinal lymph nodes
• Receive lymph from the lower abdominal wall, buttocks, penis, scrotum, labium majus,

and the lower parts of the vagina and anal canal. Their efferent vessels primarily enter the

external iliac nodes and, ultimately, the lumbar (aortic) nodes.

ts' Blood Vessels of the Anterior Abdominal Wall

A. Superior epigastric artery
• Arises from the internal thoracic artery, enters the rectus sheath, and descends on the

posterior surface of the rectus abdominis.
• Anastomoses with the inferior epigastric artery within the rectus abdominis.

B. Inferior epigastric artery
• Arises from the external iliac artery above the inguinal ligament, enters the rectus sheath,

and ascends between the rectus abdominis and the posterior layer of the rectus sheath.

• Anastomoses with the superior epigastric artery, providing collateral circulation between

the subclavian and external iliac arteries.

• Gives rise to the cremasteric artery, which accompanies the spermatic cord.

C. Deep circumflex iliac artery
• Arises from the external iliac artery and runs laterally along the inguinal ligament and

the iliac crest between the transverse and internal oblique muscles.
• Forms an ascending branch that anastomoses with the musculophrenic artery.

D. Superficial epigastric arteries
• Arise from the femoral artery and run superiorly toward the umbilicus over the inguinal

ligament.
• Anastomose with branches of the inferior epigastric artery.

E. Superficial circumflex iliac artery
• Arises from the femoral artery and runs laterally upward, parallel to the inguinal

ligament.
• Anastomoses with the deep circumflex iliac and lateral femoral circumflex arteries.

F. Superficial (external) pudendal arteries
• Arise from the femoral artery, pierce the cribriform fascia, and run medially to supply the

skin above the pubis.

G. Thoracoepigastric veins
• Are longitudinal venous connections between the lateral thoracic vein and the superficial

epigastric vein.
• Provide a collateral route for venous return if a caval or portal obstruction occurs.

PERITONEUM AND PERITONEAL CAVITY

•A'entoneumr!: •

• Is a serous membrane lined by mesothelial cells.

• Consists of the parietal peritoneum and the visceral layer.
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A. Parietal peritoneum
• Lines the abdominal and pelvic walls and the inferior surface of the diaphragm.
• Is innervated by the somatic nerves such as the phrenic, lower intercostal, subcostal, ilio-

hypogastric, and ilioinguinal nerves.

B. Visceral peritoneum
• Covers the viscera and is innervated by visceral nerves, which travel along autonomic

nerves, and is relatively insensitive to pain.

Peritoneal Reflections (Figure 5-6)

• Support the viscera and provide pathways for associated neurovascular structures.

A. Omentum
• Is a fold of peritoneum extending from the stomach to adjacent abdominal organs.

1. Lesser omentum
• Is a double layer of peritoneum extending from the porta hepatis of the liver to the

lesser curvature of the stomach and the beginning of the duodenum.
• Consists of the hepatogastric and hepatoduodenal ligaments and forms the anterior

wall of the lesser sac of the peritoneal cavity.
• Acts as a route for the left and right gastric vessels, which run between its two layers

along the lesser curvature.
• Has a right free margin that contains the proper hepatic artery, bile duct, and

portal vein.

Liver

	Bare area of liver

Epiploic foramen II 	 1	   Lesser

	 recess

/ i . 1 8 	 sac

ilf( 
V	 / )-ji 'I Pancreas

Lesser omentum
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\	
Transverse mesocolon

recess

Transverse colon

Inferior 

Greater omentum 1	 	 Mesentery proper

Small intestines

Sigmoid colon Sigmoid mesocolon

Figure 5 -6 Sagittal section of the abdomen.
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2. Greater omentum
• Is derived from the embryonic dorsal mesentery.
• Hangs down like an apron from the greater curvature of the stomach, covering the

transverse colon and other abdominal viscera.
• Transmits the right and left gastroepiploic vessels along the greater curvature.
• Is often referred to by surgeons as the "abdominal policeman" because it plugs the

neck of a hernial sac, preventing the entrance of coils of the small intestine.
• Adheres to areas of inflammation and wraps itself around the inflamed organs,

thus preventing serious diffuse peritonitis. Peritonitis is an inflammation of the
peritoneum, characterized by an accumulation of peritoneal fluid that contains

fibrin and leukocytes (pus).
• Consists of the gastrolienal, lienorenal and gastrophrenic, and gastrocolic ligaments.

a. Gastrolienal (gastrosplenic) ligament
• Extends from the left portion of the greater curvature of the stomach to the hilus

of the spleen.
• Contains the short gastric vessels and the left gastroepiploic vessels.

b. Lienorenal (splenorenal) ligament
• Runs from the hilus of the spleen to the left kidney.
• Contains the splenic vessels and the tail of the pancreas.

c. Gastrophrenic ligament
• Runs from the upper part of the greater curvature of the stomach to the diaphragm.

d. Gastrocolic ligament
• Runs from the greater curvature of the stomach to the transverse colon.

B. Mesenteries
1. Mesentery of the small intestine (mesentery proper)

• Is a fan-shaped double fold of peritoneum that suspends the jejunum and ileum from
the posterior abdominal wall and transmits nerves and blood vessels to and from the
small intestine.

• Forms a root that extends from the duodenojejunal flexure to the right iliac fossa and
is about 15 cm (6 inches) long.

• Has a free border that encloses the small intestine, which is about 6 m (20 feet) long.
• Contains the superior mesenteric and intestinal (jejunal and ileal) vessels, nerves, and

lymphatics.
2. Transverse mesocolon

• Connects the posterior surface of the transverse colon to the posterior abdominal wall.
• Fuses with the greater omentum to form the gastrocolic ligament.
• Contains the middle colic vessels, nerves, and lymphatics.

3. Sigmoid mesocolon

• Is an inverted V-shaped peritoneal fold that connects the sigmoid colon to the pelvic
wall and contains the sigmoid vessels.

4. Mesoappendix

• Connects the appendix to the mesentery of the ileum and contains the appendicular
vessels.

C. Other peritoneal ligaments
1. Phrenicocolic ligament

• Runs from the colic flexure to the diaphragm.
2. Falciform ligament

• Is a sickle-shaped peritoneal fold connecting the liver to the diaphragm and the
anterior abdominal wall.

• Contains the ligamentum teres hepatis and the paraumbilical vein, which connects the
left branch of the portal vein with the subcutaneous veins in the region of the umbilicus.

3. Ligamentum teres hepatis (round ligament of the liver)
• Lies in the free margin of the falciform ligament and ascends from the umbilicus to the

inferior (visceral) surface of the liver, lying in the fissure that forms the left boundary
of the quadrate lobe of the liver.



Paracentesis (abdominal tap): is a procedure in which a needle is inserted 1 to 2 inches

through the abdominal wall into the peritoneal cavity to obtain sample or drain fluid while

patient's body is elevated at a 45-degree angle. The puncture site is midline at ap p roximately 2 cm

below the umbilicus and there is a slight risk of puncturing the intestine, bladder, or blood vessels.

cc 5.8
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• Is formed after birth from the remnant of the left umbilical vein, which carries oxy-
genated blood from the placenta to the left branch of the portal vein in the fetus.

(The right umbilical vein is obliterated during the embryonic period.)
4. Coronary ligament

• Is a peritoneal reflection from the diaphragmatic surface of the liver onto the diaphragm
and encloses a triangular area of the right lobe, the bare area of the liver.

• Has right and left extensions that form the right and left triangular ligaments,
respectively.

5. Ligamentum venosum
• Is the fibrous remnant of the ductus venosus.
• Lies in the fissure on the inferior surface of the liver, forming the left boundary of the

caudate lobe of the liver.

D. Peritoneal folds

• Are peritoneal reflections with free edges.
1. Umbilical folds

• Are five folds of peritoneum below the umbilicus, including the median, medial, and

lateral umbilical folds.
2. Rectouterine fold

• Extends from the cervix of the uterus, along the side of the rectum, to the posterior

pelvic wall, forming the rectouterine pouch (of Douglas).
3. Ileocecal fold

• Extends from the terminal ileum to the cecum.

Peritoneal Cavity (see Figure 5-6)

• Is a potential space between the parietal and visceral peritoneum.
• Contains a film of fluid that lubricates the surface of the peritoneum and facilitates free move-

ments of the viscera.

• Is a completely closed sac in the male but is open in the female through the uterine tubes,
uterus, and vagina.

• Is divided into the lesser and greater sacs.

. -	 Peritonitis: is inflammation and infection of the peritoneum and commonly results from a

• ':	 burst appendix that leaks feces into the peritoneal cavity, from a penetrating wound to the

abdomen, from a perforating ulcer that leaks stomach contents into the peritoneal cavity (lesser sac), or

from poor sterile technique during abdominal surgery. Peritonitis can be treated by rinsing the peri-

toneum with large amounts of sterile saline solution and giving antibiotics.

A. Lesser sac (omental bursa)

• Is an irregular space that lies behind the liver, lesser omentum, stomach, and upper anterior

part of the greater omentum.
• Is a closed sac, except for its communication with the greater sac through the epiploic

foramen.

• Presents three recesses: (a) superior recess which lies behind the stomach, lesser omentum,

and left lobe of the liver; (b) inferior recess which lies behind the stomach, extending into
the layers of the greater omentum; and (c) splenic recess which extends to the left at the
hilus of the spleen.



Gastroesophageal reflux disease (GERD): is a digestive disorder caused by a lower

esophageal sphincter dysfunction (relaxation or weakness) and hiatal hernia, causing reflux

of stomach contents. This reflux disease has symptoms of heartburn or acid indigestion, painful swal-

lowing, burping, and feeling of fullness in the chest. It can be treated surgically by moving the herniated

area of stomach back into the abdominal cavity and then tightening the esophageal hiatus or by lifestyle

and dietary changes to decrease the amount of reflux or reduce damage (inflammation or irritation) to

the lining of the esophagus from refluxed materials.

C C 5.9
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B. Greater sac
• Extends across the entire breadth of the abdomen and from the diaphragm to the pelvic floor.

• Presents numerous recesses into which pus from an abscess may be drained.

1. Subphrenic (suprahepatic) recess
• Is a peritoneal pocket between the diaphragm and the anterior and superior part of

the liver.
• Is separated into right and left recesses by the falciform ligament.

2. Subhepatic recess
• Is a peritoneal pocket between the liver and the transverse colon.

3. Hepatorenal recess (Morrison's pouch)
• Is a deep peritoneal pocket between the liver anteriorly and the kidney and suprarenal

gland posteriorly.
• Communicates with the suhphrenic recess, the lesser sac via the epiploic foramen,

and the right paracolic gutter, thus the pelvic cavity.
4. Paracolic recesses (gutters)

• Lie lateral to the ascending colon (right paracolic gutter) and lateral to the descend-

ing colon (left paracolic gutter).

C. Epiploic (Winslow's) foramen

• Is a natural opening between the lesser and greater sacs.
• Is hounded superiorly by peritoneum on the caudate lobe of the liver, inferiorly by peri-

toneum on the first part of the duodenum, anteriorly by the free edge of the lesser
omentum, and posteriorly by peritoneum covering the inferior vena cava (IVC).

GASTROINTESTINAL (GI) VISCERA

Esophagus (abdominal portion)

• Is a muscular tube (about 10 inches or 25 cm long) that extends from the pharynx to the stom-
ach, but the short abdominal part (1/2 inch long) extends from the diaphragm to the cardiac ori-
fice of the stomach, entering the abdomen through an opening in the right crus of the diaphragm.

• Has a physiologic esophageal sphincter, which is the circular layer of smooth muscle at the

terminal portion of the esophagus. The tonic contraction of this sphincter prevents the stom-

ach contents from regurgitating into the esophagus. It is also known that at the gastro-
esophageal junction, the diaphragmatic musculature forming the esophageal hiatus functions
as a physiologic esophageal sphincter.

c, 5.10 Hiatal or esophageal hernia: is a herniation of a part of the stomach through the

esophageal hiatus of the diaphragm into the thoracic cavity. The hernia is caused by an

abnormally large esophageal hiatus, by a relaxed and weakened lower esophageal sphincter, or by an

increased pressure in the abdomen resulting from coughing, vomiting, straining, constipation, preg-

nancy, and obesity. It may cause gastroesophageal reflux, strangulation of the esophagus or stomach,

or vomiting in an infant after feeding and usually does not require treatment, but it may need surgery to

reduce its size or to prevent strangulation.
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Figure 5-7 Stomach and duodenum.

Stomach (Figures 5-7 and 5-8; see Figure 5-21)

• Rests, in the supine position, on the stomach bed, which is formed by the pancreas, spleen,

left kidney, left suprarenal gland, transverse colon and its mesocolon, and diaphragm.
• Is covered entirely by peritoneum and is located in the left hypochondriac and epigastric regions

of the abdomen.
• Has greater and lesser curvatures, anterior and posterior walls, cardiac and pyloric openings,

and cardiac and angular notches.
• Is divided into four regions: cardia, fundus, body, and pylorus. The fundus lies inferior to the

apex of the heart at the level of the fifth rib. The pylorus is divided into the pyloric antrum

and pyloric canal. The pyloric orifice is surrounded by the pyloric sphincter, which is a group

of thickened circular smooth muscles and controls the rate of discharge of stomach contents

into the duodenum. The sphincter is constricted by sympathetic stimulation and relaxed by

parasympathetic action.
• Receives blood from the right and left gastric, right and left gastroepiploic, and short gastric

arteries.
• Undergoes contraction, which is characterized by the appearance of longitudinal folds of mucous

membrane, the rugae. The gastric canal, a grooved channel along the lesser curvature formed

by the nigae, directs fluids toward the pylorus.
• Produces hydrochloric acid (which destroys many bacteria in food and drink) and a protein-

digesting enzyme, pepsin (which converts proteins to polypeptides) in its fundus and body.

• Produces the hormone gastrin (which stimulates gastric acid secretion) in its pyloric antrum.

Parasympathetic fibers in the vagus nerve stimulate gastric secretion.

cc 5.11 Peptic ulcer: is tissue destruction caused by'acid.and pepsin. It occurs most commonly

in the pyloric region of the stomach (gastric ulcers) or the first part of the duodenum

(duodenal ulcers), less frequently in the distal esophagus. It occurs more commonly in men than

women and has similar symptoms and treatment regardless of location,
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Figure 5-8 Radiograph of the stomach and small intestines.

y
	 Gastric ulcer: is an erosion of the mucosa of the stomach, is usually found in the

pylorus, and may perforate into the lesser sac and erode the pancreas and the splenic
artery, causing fatal hemorrhage. It is caused by an overproduction of gastric acid and pepsin, stress,
and anxiety. The patient should avoid taking caffeine, nicotine, alcohol, aspirin, and cigarette smoking. It
has symptoms of epigastric pain that is described as burning, cramping or aching; and other less com-
mon symptoms may include abdominal indigestion, nausea, vomiting, loss of appetite, weight loss, and
fatigue. It may be healed by rest, psychologic soothing, and liquid nutrients, or treated with antibiotic
therapy (e.g., tetracycline, amoxicillin, and clarithromycin EBiaxinj), or surgical intervention including a
partial gastrectomy and vagotomy.

Pyloric stenosis: is narrowing of the gastric pylorus as the result of congenital muscular
hypertrophy or an acquired scar from peptic ulceration or pyloric carcinoma.

Small Intestine (see Figures 5-7, 5-8 and 5-21)

• Extends from the pyloric opening to the ileocecal junction.
• Is the location of complete digestion and absorption of most of the products of digestion and

water, electrolytes, and minerals such as calcium and iron.
• Consists of the duodenum, jejunum, and ileum.

A. Duodenum
• Is a C-shaped tube surrounding the head of the pancreas and is the shortest (25 cm

[10 inches) long or 12 fingerbreadths in length) but widest part of the small intestine.
• Is retroperitoneal except for the beginning of the first part, which is connected to the liver

by the hepatoduodenal ligament of the lesser omentum.
• Receives blood from the celiac (foregut) and superior mesenteric (midgut) artery.



Duodenal peptic ulcer: frequently develops in the first part of the duodenum (duodenal
cap), erodes the pancreas or the gastroduodenal artery, and causes burning and cramping

epigastric pain. It is three times more common than gastric ulcer and has similar symptoms and

treatments.

cc 5.14
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• Is divided into four parts:
1. Superior (first) part

• Has a mobile or free section, termed the duodenal cap (because of its appearance on

radiographs), into which the pylorus invaginates.
2. Descending (second) part

• Contains the junction of the foregut and midgut, where the common bile and

main pancreatic ducts open.
• Contains the greater papilla, on which terminal openings of the bile and main

pancreatic ducts are located, and the lesser papilla, which lies 2 cm above the

greater papilla and marks the site of entry of the accessory pancreatic duct.
3. Transverse (third) part

• Is the longest part and crosses the IVC, aorta, and vertebral column to the left.
• Is crossed anteriorly by the superior mesenteric vessels.

4. Ascending (fourth) part
• Ascends to the left of the aorta to the level of the second lumbar vertebra and terminates

at the duodenojejunal junction, which is fixed in position by the suspensory ligament

(of Treitz), a surgical landmark. This fibromuscular band is attached to the right crus of

the diaphragm.

B. Jejunum

• Makes up the proximal two fifths of the small intestine (the ileum makes up the distal

three fifths).
• Is emptier, larger in diameter, and thicker-walled than the ileum.
• Has the plicae circulares (circular folds), which are tall and closely packed.
• Contains no Peyer's patches (aggregations of lymphoid tissue).
• Has translucent areas called windows between the blood vessels of its mesentery.
• Has less prominent arterial arcades (anastomotic loops) in its mesentery compared with

the ileum.
• Has longer vasa recta (straight arteries, or arteriae rectae) compared with the ileum.

C. Ileum
• Is longer than the jejunum and occupies the false pelvis in the right lower quadrant of the

abdomen.
• Is characterized by the presence of Peyer's patches (lower portion), shorter plicae circu-

lares and vasa recta and more mesenteric fat and arterial arcades when compared with the
jejunum.

cc 5.15 Meckel's diverticulum: is an outpouching (finger-like pouch) of the ileum located 2 feet
proximal to the ileocecal junction on the antimesenteric side; it is about 2 inches long,

occurs in about 2% of the population, may contain 2 types of ectopic tissues (gastric and pancreatic), pres-

ents in the first 2 decades of life and more often in the first 2 years, and is found 2 times as frequently in

boys as in girls. It represents persistent portions of the embryonic yolk stalk (vitelline or omphalomesen-

teric duct) and may be free or connected to the umbilicus via a fibrous cord or a fistula. The diverticulum

is clinically important because diverticulitis, ulceration, bleeding, perforation, and obstruction are complica-

tions requiring surgical intervention and frequently mimicking the symptoms of acute appendicitis. It
causes abdominal pain and discomfort, vomiting, fever, and constipation and should be removed surgically

if causing cramping pain, significant bleeding or bowel obstruction,



Sigmoid volvulus: is a twisting of the sigmoid colon around its mesentery creating a
colonic obstruction and may cause intestinal ischemia that may progress to infarction

and necrosis, peritonitis, and abdominal distension. It may occur when the sigmoid colon and its
mesentery are abnormally long. Symptoms include vomiting, abdominal pain, constipation, bloody diar-
rhea, and hematemesis.

Megacolon (Hirschsprung's disease): is caused by the absence of enteric ganglia in
the lower part of the colon, which leads to dilation of the colon proximal to the inactive

segment. It is of congenital origin, results from failure of neural crest cells to form the myenteric
plexus, and is usually diagnosed during infancy and childhood; symptoms are constipation or diarrhea,
abdominal distention, vomiting, and a lack of appetite. However, the primary symptom is not passing
meconium, the first bowel movement of the newborn infant. Colostomy is the most effective treat-
ment; the surgeon removes the affected part of the colon and the proximal part of the colon is then
connected to a surgically created hole, called a stoma, on the abdomen. After the lower part of the
colon heals, the surgeon reconnects the colon inside the body and closes the stoma.
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Frt.	 Lar e Intestine (see Figures 5-14 and 5-21)

• Extends from the ileocecal junction to the anus and is approximately 1.5 m (5 feet) long.
• Consists of the cecum, appendix, colon, rectum, and anal canal.

• Functions to convert the liquid contents of the ileum into semisolid feces by absorbing water,
salts, and electrolytes. It also lubricates feces with mucus.

A. Colon
• Has ascending and descending colons that are retroperitoneal, and transverse and sigmoid

colons that are surrounded by peritoneum (they have their own mesenteries, the transverse
mesocolon and the sigmoid mesocolon, respectively). The ascending and transverse colons
are supplied by the superior mesenteric artery and the vagus nerve; the descending and sig-
moid colons are supplied by the inferior mesenteric artery and the pelvic splanchnic nerves.

• Is characterized by the following:
1. Teniae coli: three narrow bands of the outer longitudinal muscular coat
2. Sacculations or haustra: produced by the teniae. which are slightly shorter than the gut
3. Epiploic appendages: peritoneum-covered sacs of fat, attached in rows along the teniae

Small bowel obstruction: is caused by postoperative adhesions, tumors, Crohn's disease,
hernias, peritonitis, gallstones, volvulus, congenital malrotation, stricture, and intussuscep-

tion (invagination of one part of the intestine into another). Strangulated obstructions are surgical emer-
gencies and may cause death, if untreated, because the arterial occlusion leads to bowel ischemia and
necrosis. Symptoms include colicky abdominal pain and cramping, nausea and vomiting, constipation,
dizziness, abdominal distention, and high-pitched bowel sounds. Inflammatory bowel disease: involves
either or both small and large intestines and includes Crohn's disease and ulcerative colitis as the best
known forms. Crohn's disease is an inflammatory bowel disease, usually occurs in the ileum (may be
called ileitis or enteritis), but it can affect any part of the digestive tract. Its symptoms include diarrhea,
rectal bleeding, anemia, weight loss, and fever. Ulcerative colitis involves the colon and virtually always
involves the rectum, It is characterized by a shallow inflammation of the large intestinal mucosa, mainly in
the rectum, and patients with prolonged ulcerative colitis are at increased risk for developing colon cancer.

B. Cecurn

• Is the blind pouch of the large intestine. It lies in the right iliac fossa and is usually
surrounded by peritoneum.

C. Appendix
• Is a narrow, hollow, muscular tube with large aggregations of lymphoid tissue in its wall.
• Is suspended from the terminal ileum by a small mesentery, the inesoappendix, which

contains the appendicular vessels.
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• Causes spasm and distention when inflamed, resulting in pain that is referred to the
epigastrium.

• Has a base that lies deep to McBurney's point, which occurs at the junction of the lateral
one third of a line between the right anterior superior iliac spine and the umbilicus. This

is the site of maximum tenderness in acute appendicitis.

5.19 Acute appendicitis: is an acute inflammation of the appendix, usually resulting from

bacteria or viruses that are trapped by an obstruction of the lumen by a feces. It occurs

in 7% of the population, is more common in males than in females, and has variable symptoms often
consisting of periumbilical pain, which may move downward and to the right near McBurney's point, fol-

lowed by nausea, vomiting, fever, diarrhea, or constipation. The specific physical findings are rebound

tenderness, pain on percussion, rigidity, and guarding. Appendicitis has a frequent complication of per-

foration or abscess formation because of diagnostic and surgical delay. It can be treated with removal

of the inflamed appendix by appendectomy. An accurate and precise diagnosis of appendicitis is diffi-

cult because many other disorders present with similar symptoms such as pelvic inflammatory disease,

kidney stones, tubo-ovarian abscess, endometriosis, ovarian cyst, diverticulitis, Crohn's disease, colon

cancer, cholecystitis, bacterial enteritis, mesenteric adenitis, and omental torsion.

D. Rectum and anal canal
• Extend from the sigmoid colon to the anus.
• Are described as pelvic organs (see Chapter 6, Pelvis: VIII).

1111,Accessory Organs of the Digestive System

A. Liver (Figures 5-9 and 5-10; see also Figure 5-21)
• Is the largest visceral organ and the largest gland in the body.
• Plays an important role in bile production and secretion; detoxification (by filtering the

blood to remove bacteria and foreign particles that have gained entrance from the intestine);
storage of carbohydrate as glycogen; protein synthesis from amino acids; production of
heparin (anticoagulant) and bile pigments (bilirubin and biliverdin) from the breakdown
of hemoglobin; and storage of certain vitamins, iron, and copper. In the fetus, the liver is

important in the manufacture of red blood cells.
• Is surrounded by the peritoneum and is attached to the diaphragm by the coronary and

falciform ligaments and the right and left triangular ligaments.
• Has a bare area on the diaphragmatic surface, which is limited by layers of the coronary

ligament but is devoid of peritoneum.
• Receives oxygenated blood from the hepatic artery and deoxygenated, nutrient-rich,

sometimes toxic blood from the portal vein; its venous blood is drained by the hepatic

veins into the IVC.
• Contains the portal triad, which is a group of the branches of the portal vein, hepatic

artery and bile duct at every corner of the lobule, surrounded by a connective tissue
sheath, the perivascular fibrous capsule.

• Is divided, based on hepatic drainage and blood supply, into the right and left lobes by
the fossae for the gallbladder and the IVC. (These lobes correspond to the functional units
or hepatic segments.)
1. Lobes of the liver (see Figure 5-10)

a. Right lobe
• Is divided into anterior and posterior segments, each of which is subdivided into

superior and inferior areas or segments.
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Right lobe

Figure 5 -9 Anterior and visceral surfaces of the liver.

b. Left lobe
• Is divided into medial and lateral segments, each of which is subdivided into

superior and inferior areas (segments).
• Includes the medial superior (caudate lobe), medial inferior (quadrate lobe),

lateral superior, and lateral inferior segments. The quadrate lobe receives blood
from the left hepatic artery and drains bile into the left hepatic duct, whereas the
caudate lobe receives blood from the right and left hepatic arteries and drains bile
into both right and left hepatic ducts.

2. Fissures and ligaments of the liver
• Include an H-shaped group of fissures:

a. Fissure for the round ligament (ligamentum teres hepatis), located between the lat-
eral portion of the left lobe and the quadrate lobe

b. Fissure for the ligamentum venosum, located between the caudate lobe and the
lateral portion of the left lobe

c. Fossa for the gallbladder, located between the quadrate lobe and the major part
of the right lobe

d. Fissure for the IVC, located between the caudate lobe and the major part of the
right lobe

e. Porta hepatis. This transverse fissure on the visceral surface of the liver be-
tween the quadrate and caudate lobes lodges the hepatic ducts, hepatic arteries,
branches of the portal vein, hepatic nerves, and lymphatic vessels.
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RIGHT LOBE	 LEFT LOBE

11

Anterior-inferior area

Figure 5-10 Divisions of the liver, based on hepatic drainage and blood supply.

0	 and	 -fibrous tissue that surrounds the intrahepatic blood vessels and biliary radi
Liver

fatty
cirrhosis: is a condition in which liver cells are progressively destroyed and replaced

by
cies, impeding the circulation of blood through the liver. It is caused by chronic alcohol abuse (alcoholism);
hepatitis B, C, and D (causes liver inflammation and injury leading to cirrhosis); and ingestion of poisons.
Liver cirrhosis causes portal hypertension, resulting in esophageal varices (dilated veins in the lower
part of the esophagus), hemorrhoids (dilated veins around the anal canal), and caput medusa (dilated
veins around the umbilicus), spider nevi or spider angioma (small red spider-like arterioles in the cheeks,
neck, and shoulder), ascites (accumulation of fluid in the peritoneal cavity because of excessive loss of
fluid from the capillaries into the peritoneal cavity resulting from elevated capillary pressure), edema in
the legs (lower albumin levels facilitate water retention), jaundice (yellow eyes or skin resulting from bile
duct disease failing to remove bilirubin), hepatic encephalopathy (shunted blood bypassing the liver con-
tains toxins that reach the brain), splenomegaly (enlarged spleen resulting from venous congestion caus-
ing sequestered blood cells that lead to thrombocytopenia, a low platelet count and easy bruising), he-
patomegaly, coagulopathy (which causes hemorrhagic tendency resulting from lack of serum proteins
for blood coagulation), palmar erythema (persistent redness of the palms), testicular atrophy, gyneco-
mastia, and pectoral alopecia. It also has symptoms of fatigue (tiredness), weakness, nausea, indiges-
tion, vague abdominal pain, loss of appetite, weight loss, and fever. Liver cirrhosis cannot be reversed, but
treatment can stop or delay further progression of hepatic fibrous (scar) tissue and reduce complications
by avoiding alcohol intake (for alcoholic cirrhosis), medication such as interferon for viral hepatitis-related
cirrhosis, and corticosteroids for autoimmune hepatitis. Treatments also include a healthy diet, a low-
sodium diet or the use of diuretics (remove fluid from the body), and a low-protein diet (decrease the
buildup of toxins).

r mine
,	 -..• 	 Liver 

eighth
biopsy:  or iis inptehrf 

intercostal
 l ths epanceeednletnpeurnigcthLtipuncture, idwahxicHhercyol monlhyilgeoteaskitnhgrothuegh the

biopsy, the patient is asked to hold his or her breath in full expiration to reduce the costodiaphragmatic
recess and to lessen the possibility of damaging the lung and causing pneumothorax.

B. Gallbladder (Figure 5-11; see Figures 5-9 and 5-21)
• Is located at the junction of the right ninth costal cartilage and lateral border of the rec-

tus abdominis, which is the site of maximum tenderness in acute inflammation of the

gallbladder.
• Is a pear-shaped sac lying on the inferior surface of the liver in a fossa between the right and

quadrate lobes with a capacity of about 30 to 50 mL and is in contact with the duodenum
and transverse colon.
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Hepatopancreatic ampulla

Figure 5-11 Extrahepatic bile passages and pancreatic ducts.

• Consists of the fundus, body, and neck: the fundus is the rounded blind end located at the
tip of the right ninth costal cartilage in the midclavicular line and contacts the transverse
colon; the body is the major part and rests on the upper part of the duodenum and the

transverse colon; the neck is the narrow part and gives rise to the cystic duct with spiral
valves (Heister's valves).

• Receives bile, concentrates it (by absorbing water and salts), stores it, and releases it during

digestion.
• Contracts to expel bile as a result of stimulation by the hormone cholecystokinin, which

is produced by the duodenal mucosa when food arrives in the duodenum.

• Receives blood from the cystic artery, which arises from the right hepatic artery within

the cystohepatic triangle (of Calot), which is formed by the visceral surface of the liver

superiorly, the cystic duct inferiorly, and the common hepatic duct medially.
• May have an abnormal conical pouch (Hartmann's pouch) at the junction of its neck and

the cystic duct (ampulla of the gallbladder).

Gallstones (choleliths or cholelithiasis): are formed by solidification of bile constituents,
composed chiefly of cholesterol crystals, usually mixed with bile pigments and calcium.

Bile crystallizes and forms sand, gravel, and finally stones. Gallstones present commonly in fat, fertile (mul-
tiparous) females who are older than forty (40) years (4-F individuals). Stones may become lodged in the
(a) fundus of the gallbladder where they may ulcerate through the wall of the fundus of the gallbladder
into the transverse colon or through the wall of the body of the gallbladder into the duodenum (in the for-
mer case, they are passed naturally to the rectum, but in the latter case they may be held up at the ileoce-
cal junction, producing an intestinal obstruction); (b) bile duct where they obstruct bile flow to the duo-
denum, leading to jaundice; and (c) hepatopancreatic ampulla, where they block both the biliary and the
pancreatic duct systems. In this case, bile may enter the pancreatic duct system, causing aseptic or nonin-
fectious pancreatitis. Gallstones cause signs of small bowel obstruction and pain in the upper abdomen,
accompanied by nausea, vomiting, and diarrhea. They can be treated by cholelithotomy (removal of gall-
stones through a surgical incision in the gallbladder) or cholecystectomy (surgical removal of the gallblad-
der) using a laparoscope.



Cholecystectomy: is surgical removal of the gallbladder resulting from inflammation or
presence of gallstones in the gallbladder. It can be performed via open surgical or lapa-

roscopic techniques. The peritoneal cavity is first inflated with CO 2 gas and laparoscope and surgical
instruments passed through a small incision in the abdominal wall near the umbilicus. The gallbladder is
separated from the liver and the cystic duct and cystic artery is dissected and ligated. The ligated cystic
duct is excised and the gallbladder is removed through the small incision.

(c 5.24
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C olecystitis: is an inflammation of the gallbladder caused by obstruction of the cystic
1,11/ML duct by gallstones. Acute cholecystitis is a sudden inflammation of the gallbladder

caused by impacted gallstones in the gallbladder, which obstruct the cystic duct. The trapped bile causes
irritation and p ressure build-up in the gallbladder, leading to bacterial infection and perforation and caus-
ing pain in the upper right quadrant and the epigastric region, fever, nausea, and vomiting. The pain may
radiate to the back or right shoulder region. Nonsurgical treatment consists of pain control, antibiotics to
eliminate the infection, and a low-fat diet when food is tolerated after the acute attack. Surgical interven-
tions may include cholecystectomy (surgical removal of the gallbladder) or cholecystotomy (surgical inci-
sion of the gallbladder) if extensive inflammation makes cholecystectomy too dangerous.

C. Pancreas (see Figures 5-11 and 5-21)
• Lies largely in the floor of the lesser sac in the epigastric and left hypochondriac regions,

where it forms a major portion of the stomach bed.
• Is a retroperitoneal organ except for a small portion of its tail, which lies in the lienorenal

ligament.
• Has a head that lies within the C-shaped concavity of the duodenum. If tumors are present

in the head, bile flow is obstructed, resulting in jaundice. Bile pigments accumulate in the
blood, giving the skin and eyes a characteristic yellow coloration.

• Has an uncinate process, which is a projection of the lower part of the head to the left

side behind the superior mesenteric vessels.
• Receives blood from branches of the splenic artery and from the superior and inferior

pancreaticoduodenal arteries.
• Is both an exocrine gland, which produces digestive enzymes that help digest fats, proteins,

and carbohydrates, and an endocrine gland, which secretes hormones insulin and glucagon
that help the body to use the glucose for energy.

• Has two ducts, the main pancreatic duct and the accessory pancreatic duct.

1. Main pancreatic duct (duct of Wirsung)
• Begins in the tail, runs to the right along the entire pancreas, and carries pancreatic

juice containing enzymes.

• Joins the bile duct to form the hepatopancreatic ampulla (ampulla of Vater) before

entering the second part of the duodenum at the greater papilla.
2. Accessory pancreatic duct (Santorini's duct)

• Begins in the lower portion of the head and drains a small portion of the head and

body.
• Empties at the lesser duodenal papilla about 2 cm above the greater papilla.

r"ffl Pancreatitis: is an inflammation of the pancreas and is caused by gallstones and alcohol
• consumption (alcohol-induced protein precipitation). Its symptoms include upper abdom-

inal pain (which may be severe and constant and may reach to the back), nausea, vomiting, weight loss,
fatty stools, mild jaundice, diabetes, low blood pressure, heart failure, and kidney failure.

Pancreatic cancer: frequently causes severe back pain, has a potential of invading into
the adjacent organs, and is extremely difficult to treat but may be treated by a surgical

resection called a pancreaticoduodenectomy or Whipple's procedure. Cancer of the pancreatic head
often compresses and obstructs the bile duct, causing obstructive jaundice. Cancer of the pancreatic
neck and body may cause portal or inferior vena caval obstruction because the pancreas overlies these
large veins.



Diabetes mellitus: is characterized by hyperglycemia that is caused by an inadequate
production of insulin or inadequate action of insulin on body tissues. Insulin controls

blood glucose by taking the glucose from the blood into the cells (and convert it to glycogen) and hyper-

glycemia is an abnormally high content of glucose in the blood. It has two types including type I dia-
betes (also known as insulin-dependent diabetes) in which the pancreas (II cells) produce an insufficient
amount of insulin, and type II diabetes, which results from insulin resistance of target tissues (a condi-

/ion in which the body fails to properly use insulin or fails to respond properly to the insulin action). Dia-

betes causes diabetic retinopathy, neuropathy, kidney failure, heart disease, stroke, and limb disease. It

has symptoms of polyuria (excessive secretion of urine), polydipsia (thirst), weight loss, tiredness, infec-

tions of urinary tract, and blurring of vision. It may be treated by insulin therapy, weight reduction, diet

(restriction of carbohydrate and fat intake), and physical activity, depending on type and severity.

( 5.27
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D. Duct system for bile passage (see Figure 5-11)
1. Right and left hepatic ducts

• Are formed by union of the intrahepatic ductules from each lobe of the liver and drain
bile from the corresponding halves of the liver.

2. Common hepatic duct
• Is formed by union of the right and left hepatic ducts.
• Is accompanied by the proper hepatic artery and the portal vein.

3. Cystic duct
• Has spiral folds (valves) to keep it constantly open, and thus bile can pass upward into

the gallbladder when the common bile duct is closed.
• Runs alongside the hepatic duct before joining the common hepatic duct.
• Is a common site of impaction of gallstones.

4. Common bile duct (ductus choledochus)
• Is formed by union of the common hepatic duct and the cystic duct.
• Is located lateral to the proper hepatic artery and anterior to the portal vein in the right

free margin of the lesser omentum.
• Descends behind the first part of the duodenum and runs through the head of the

pancreas.
• Joins the main pancreatic duct to form the hepatopancreatic duct (hepatopancreatic

ampulla), which enters the second part of the duodenum at the greater papilla.
• Contains the sphincter of Boyden, which is a circular muscle layer around the lower

end of the duct.
5. Hepatopancreatic duct or ampulla (ampulla of Vater)

• Is formed by the union of the common bile duct and the main pancreatic duct and enters
the second part of the duodenum at the greater papilla. This represents the junction of the
embryonic foregut and midgut.

• Contains the sphincter of Oddi, which is a circular muscle layer around it in the
greater duodenal papilla.

(see Figures 5-7 and 5-21)

• Is a large vascular lymphatic organ lying against the diaphragm and ribs 9 to 11 in the left
hypochondriac region.

• Is developed in the dorsal mesogastrium and supported by the lienogastric and lienorenal
ligaments.

• Is composed of white pulp, which consists of lymphatic nodules and diffuse lymphatic tissue,
and red pulp, which consists of venous sinusoids and splenic cords.

• Is hematopoietic in early life and later destroys aged (i.e., worn-out) red blood cells ill the red
pulp.

• Filters blood (removes aged erythrocytes, particulate matter and cellular residue from the
blood); stores red blood cells and platelets; and produces lymphocytes, macrophages, and
antibodies in the white pulp.



Splenomegaly: is caused by venous congestion resulting from thrombosis of the
splenic vein or portal hypertension, which causes sequestering of blood cells, leading

to thrombocytopenia (a low platelet count) and easy bruising. It has symptoms of fever, diarrhea, bone
pain, weight loss, and night sweats.
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• Is supplied by the splenic artery and is drained by the splenic vein.
• Develops as a thickening of the mesenchyme in the dorsal mesentery.

Rupture of the spleen: occurs frequently by fractured ribs or severe blows to the left
hypocnondrium and causes profuse bleeding. The ruptured spleen Is difficult to repair,

consequently, splenectomy is performed to prevent the person from bleeding to death. The spleen
may be removed surgically with minimal effect on body function because its functions are assumed by
other reticuloendothelial organs.

VII. Development of Digestive System (Figure 5-12)

A. Primitive gut tube

• Is a tube of endoderm that is covered by splanchnic mesoderm and is formed from the yolk
sac during craniocaudal and lateral folding of the embryo.

• The endoderm forms the epithelial lining and glands of the gut tube mucosa, whereas the

splanchnic mesoderm forms all other layers.
• Opens to the yolk sac through the vitelline duct that divides the embryonic gut into the

foregut, midgut, and hindgut.

Umbilical artery

Figure 5-12 Formation of the midgut loop and the foregut, midgut, and hindgut
arteries. (Reprinted with permission from Langman J. Medical Embryology, 4th ed.
Baltimore: Williams & Wilkins, 1981:150.)
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B. Foregut
1. Foregut derivatives

• Are supplied by the celiac artery.
2. Esophagus

• Develops from the narrow part of the foregut that is divided into the esophagus and

trachea by the tracheoesophageal septum.
3. Stomach

• Develops as a fusiform dilation of the foregut during week 4. The primitive stomach
rotates 90-degrees clockwise during its formation, causing the formation of the lesser

peritoneal sac.
4. Duodenum

• Develops from the distal end of the foregut and the proximal segment of the midgut.

5. Liver
• Develops as an endodermal outgrowth of the foregut, the hepatic diverticulum, and

involves in hematopoiesis from week 6 and begins bile formation in week 12.

• Liver parenchymal cells and the lining of the biliary ducts are endodermal derivatives of
the hepatic diverticulum, whereas the sinusoids and other blood vessels are mesodermal

derivatives of the septum transversum.
a. Hepatic diverticulum

• Grows into the mass of splanchnic mesoderm called the septum transversum

and proliferates to form the liver parenchyma and sends hepatic cell cords to
surround the vitelline veins, which form hepatic sinusoids.

b. Septum transversum
• Is a mesodermal mass between the developing pericardial and peritoneal cavities;

gives rise to Kupffer cells and hematopoietic cells; and forms the lesser omentum,
falciform ligament, and central tendon of the diaphragm.

6. Gallbladder
• Develops from the hepatic diverticulum as a solid outgrowth of cells. The end of the

outgrowth expands to form the gallbladder, and the narrow portion forms the cystic
duct. The connection between the hepatic diverticulum and foregut narrows to form

the bile duct.
7. Pancreas

• Arises from the ventral and dorsal pancreatic buds from endoderm of the caudal foregut
and is formed by migration of ventral bud (head of the pancreas) to fuse with dorsal

bud (rest of the pancreas).
• The ventral pancreatic bud forms the uncinate process and part of the head of the

pancreas, and the dorsal pancreatic bud forms the remaining part of the head, body,
and tail of the pancreas.

• Main pancreatic duct is formed by fusion of the duct of the ventral bud with the distal
part of the duct of the dorsal bud.

• Accessory pancreatic duct is formed from the proximal part of the duct of the dorsal bud.

Annular pancreas: occurs when the ventral and dorsal pancreatic buds form a ring

around the duodenum, thereby obstructing it.

8. Upper duodenum
• Develops from the distal end of the foregut. The junction of the foregut and midgut is

at the opening of the common bile duct.
9. Spleen

• Arises from mesoderm of the dorsal mesogastrium in week 5 and is not an embryologic
derivative of the foregut. It is a hematopoietic organ until week 15.

C. Midgut

1. Midgut derivatives
• Are supplied by the superior mesenteric artery.



Anorectal agenesis: occurs when the rectum ends as a Lind sac above the rouborectalis
muscle, whereas anal agenesis occurs when the anal canal ends as a blind sac because

of abnormal formation of the urorectal septum.

c5.31
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2. Lower duodenum
• Arises from the upper portion of the midgut.

3. The midgut loop
• Is formed by rapid lengthening of the gut tube, communicates with yolk sac by way of the

vitelline duct or yolk stalk, and herniates through the umbilicus during the physiologic

umbilical herniation.
• Rotates 270 degrees counterclockwise around the superior mesenteric artery as it returns

to the abdominal cavity.
a. The cranial limb of the midgut loop forms the jejunum and ileum (cranial portion).

b. The caudal limb forms the caudal portion of the ileum, cecum, appendix, ascending

colon, and the transverse colon (proximal two thirds).

D. Hindgut
1. Hindgut derivatives are supplied by the inferior mesenteric artery.
2. Cranial end of the hindgut forms the transverse (distal third), descending, and sigmoid

colons.
3. Caudal end of the hindgut joins the allantois (diverticulum of yolk sac into body stalk)

and forms the cloaca. The dilated cloaca is divided by the urorectal septum into the
rectum and anal canal dorsally and the urogenital sinus ventrally which forms the

urinary bladder.

E. Proctodeum
• Is an invagination or depression of the surface ectoderm of the terminal part of the

hindgut, which gives rise to the lower anal canal and the urogenital external orifice.

F. Mesenteries
• The primitive gut tube is suspended within the peritoneal cavity of the embryo by the

ventral and dorsal mesenteries, from which all adult mesenteries are derived.
• Ventral mesentery forms the lesser omentum, falciform, coronary, and triangular ligaments.

• Dorsal mesentery forms the greater omentum, mesentery of the small intestine,

mesoappendix, transverse mesocolon, and sigmoid mesocolon.

VIII. Celiac and Mesenteric Arteries

A. Celiac trunk (Figure 5-13)
• Arises from the front of the abdominal aorta immediately below the aortic hiatus of the

diaphragm, between the right and left crura.
• Divides into the left gastric, splenic, and common hepatic arteries.

1. Left gastric artery
• Is the smallest branch of the celiac trunk.
• Runs upward and to the left toward the cardia, giving rise to esophageal and hepatic

branches and then turns to the right and runs along the lesser curvature within the

lesser omentum to anastomose with the right gastric artery.
2. Splenic artery

• Is the largest branch of the celiac trunk.
• Runs a highly tortuous course along the superior border of the pancreas and enters

the lienorenal ligament.
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Figure 5-13 Branches of the celiac trunk.

• Gives rise to the following:
a. A number of pancreatic branches, including the dorsal pancreatic artery

b. A few short gastric arteries, which pass through the lienogastric ligament to reach

the fundus of the stomach
c. The left gastroepiploic artery, which reaches the greater omentum through the

lienogastric ligament and runs along the greater curvature of the stomach to dis-

tribute to the stomach and greater omentum
3. Common hepatic artery

• Runs to the right along the upper border of the pancreas and divides into the proper
hepatic artery, the gastroduodenal artery, and possibly the right gastric artery.
a. Proper hepatic artery

• Ascends in the free edge of the lesser omentum and divides, near the porta hepatis,
into the left and right hepatic arteries; the right hepatic artery gives rise to the cys-
tic artery in the cystohepatic triangle of Calot, which supplies the gallbladder.

• Gives rise, near its beginning, to the right gastric artery.
b. Right gastric artery

• Arises from the proper hepatic or common hepatic artery, runs to the pylorus
and then along the lesser curvature of the stomach, and anastomoses with the

left gastric artery.
c. Gastroduodenal artery

• Descends behind the first part of the duodenum, giving off the supraduodenal
artery to its superior aspect and a few retroduodenal arteries to its inferior aspect.

• Divides into two major branches:
(1) The right gastroepiploic artery runs to the left along the greater curvature

of the stomach, supplying the stomach and the greater omentum.

(2) The superior pancreaticoduodenal artery passes between the duodenum and
the head of the pancreas and further divides into the anterior-superior pancre-
aticoduodenal artery and the posterior-superior pancreaticoduodenal artery.
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Figure 5-14 Branches of the superior and inferior mesenteric arteries.

B. Superior mesenteric artery (Figure 5-14)

• Arises from the aorta behind the neck of the pancreas.
• Descends across the uncinate process of the pancreas and the third part of the duodenum

and then enters the root of the mesentery behind the transverse colon to run to the right

iliac fossa.
• Gives rise to the following branches:

1. Inferior pancreaticoduodenal artery
• Passes to the right and divides into the anterior-inferior pancreaticoduodenal artery

and the posterior-inferior pancreaticoduodenal artery, which anastomose with the
corresponding branches of the superior pancreaticoduodenal artery.

2. Middle colic artery
• Enters the transverse mesocolon and divides into the right branch, which anasto-

moses with the right colic artery, and the left branch, which anastomoses with the
ascending branch of the left colic artery. The branches of the mesenteric arteries form
an anastomotic channel, the marginal artery, along the large intestine.

3. Ileocolic artery
• Descends behind the peritoneum toward the right iliac fossa and ends by dividing into

the ascending colic artery, which anastomoses with the right colic artery, anterior

and posterior cecal arteries, the appendicular artery, and ileal branches.
4. Right colic artery

• Arises from the superior mesenteric artery or the ileocolic artery.
• Runs to the right behind the peritoneum and divides into ascending and descending

branches, distributing to the ascending colon.
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5. Intestinal arteries
• Are 12 to 15 in number and supply the jejunum and ileum.

• Branch and anastomose to form a series of arcades in the mesentery.

C. Inferior mesenteric artery (see Figure 5-14)

• Passes to the left behind the peritoneum and distributes to the descending and sigmoid

colons and the upper portion of the rectum.
• Gives rise to:

1. Left colic artery
• Runs to the left behind the peritoneum toward the descending colon and divides into

ascending and descending branches.

2. Sigmoid arteries
• Are two to three in number, run toward the sigmoid colon in its mesentery, and divide

into ascending and descending branches.
3. Superior rectal artery

• Is the termination of the inferior mesenteric artery, descends into the pelvis, divides
into two branches that follow the sides of the rectum, and anastomoses with the
middle and inferior rectal arteries. (The middle and inferior rectal arteries arise from

the internal iliac and internal pudendal arteries, respectively.)

r.  Hepatic Portal Venous System 

• Is a system of vessels in which blood collected from the intestinal capillaries passes through the
portal vein and then through the liver capillary sinusoids before reaching to the IVC (systemic
circulation).

A. Portal vein (Figure 5-15; see Figure 5-21)
• Drains the abdominal part of the gut, spleen, pancreas, and gallbladder and is 8 cm

(3.2 inches) long.
• Is formed by the union of the splenic vein and the superior mesenteric vein posterior to the

neck of the pancreas. The inferior mesenteric vein joins either the splenic or the superior
mesenteric vein or the junction of these two veins.

• Receives the left gastric (or coronary) vein.
• Carries deoxygenated blood containing nutrients.
• Carries twice as much blood as the hepatic artery and maintains a higher blood pressure

than in the IVC.
• Ascends behind the bile duct and hepatic artery within the free margin of the lesser

omentum.

Portal hypertension: results from thrombosis of the portal vein or liver cirrhosis, forming
esophageal varices (dilated veins in the lower part of the esophagus), caput medusae

(dilated veins radiating from the umbilicus), which occurs because the paraumbilical veins enclosed in the
free margin of the falciform ligament anastomose with branches of the epigastric (superficial and inferior)
veins around the umbilicus, and hemorrhoids (dilated veins in the rectum and anal canal) because of en-
largement of veins around the anal canal. It can be treated by diverting blood from the portal to the caval
system by (a) the splenorenal (Warren) shunt, which is accomplished by anastomosing the splenic vein to
the left renal vein; (b) the end-to-side portacaval shunt, which is performed by suturing the inferior end of
the portal vein to the IVC; (c) the side-to-side portacaval shunt, which is achieved by creating a communi-
cation between the portal vein and the IVC; and (d) the mesocaval shunt, which is performed by construct-
ing a prosthetic vascular graft between the IVC and the superior mesenteric vein. Portal hypertension can
also be treated by transjugular intrahepatic portosystemic shunt (TIPS), which is a nonsurgical, invasive
radiologic procedure in the treatment of bleeding esophageal varices. A catheter is placed percutaneously
into the right internal jugular vein through which an intrahepatic shunt is created between a hepatic vein
and a branch of the portal vein within the liver, followed by placement of an expandable stent in the cre-
ated tract or channel, and thus blood flow from the portal vein into the hepatic vein.
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Figure 5-15 Portal venous system.

1. Superior mesenteric vein
• Accompanies the superior mesenteric artery on its right side in the root of the

mesentery.

• Crosses the third part of the duodenum and the uncinate process of the pancreas and
terminates posterior to the neck of the pancreas by joining the splenic vein, thereby

forming the portal vein.
• Has tributaries that are some of the veins that accompany the branches of the superior

mesenteric artery.
2. Splenic vein

• Is formed by the union of tributaries from the spleen.
• Receives the short gastric, left gastroepiploic, and pancreatic veins.

3. Inferior mesenteric vein
• Is formed by the union of the superior rectal and sigmoid veins.
• Receives the left colic vein and usually drains into the splenic vein, but it may drain into

the superior mesenteric vein or the junction of the superior mesenteric and splenic

veins.



Budd-Chiari's or Chiares syndrome: is an occlusion of the hepatic veins and results in

high pressure in the veins, causing hepatomegaly, upper right abdominal pain, ascites,

mild jaundice, and eventually portal hypertension and liver failure. It can be treated by balloon angio-

plasty or surgical bypass of the clotted hepatic vein into the vena cava.

c( 5.33
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4. Left gastric (coronary) vein
• Drains normally into the portal vein.
• Has esophageal tributaries that anastomose with the esophageal veins of the azygos

system at the lower part of the esophagus and thereby enter the systemic venous system.

5. Paraumbilical veins
• Are found in the falciform ligament and are virtually closed; however, they dilate in

portal hypertension.
• Connect the left branch of the portal vein with the small subcutaneous veins in the

region of the umbilicus, which are radicles of the superior epigastric, inferior epigas-

tric, thoracoepigastric, and superficial epigastric veins.

B. Important portal-caval (systemic) anastomoses

• These structures are located between:
1. The left gastric vein and the esophageal vein of the azygos system

2. The superior rectal vein and the middle and inferior rectal veins

3. The paraumbilical veins and radicles of the epigastric (superficial and inferior) veins

4. The retroperitoneal veins draining the colon and twigs of the renal, suprarenal, and

gonadal veins

C. Hepatic veins
• Consist of the right, middle, and left hepatic veins that lie in the intersegmental planes

and converge on the IVC.

• Have no valves and the middle and left veins frequently unite before entering the vena cava.

RETROPERITONEAL VISCERA, DIAPHRAGM,
AND POSTERIOR ABDOMINAL WALL

Kidney, Ureter,  and Suprarenal Gland

A. Kidney (Figure 5-16; see Figure 5-21)

• Is retroperitoneal and extends from Ll to L4 vertebrae in the erect position. The right kidney
lies a little lower than the left, because of the large size of the right lobe of the liver. The right
kidney usually is related to rib 12 posteriorly, whereas the left one is related to ribs 11 and 12

posteriorly.
• Is invested by a firm, fibrous renal capsule and is surrounded by the renal fascia, which

divides the fat into two regions. The perirenal (perinephric) fat lies in the perinephric
space between the renal capsule and renal fascia, and the pararenal (paranephric) fat lies
external to the renal fascia.

• Has an indentation—the hilus—on its medial border, through which the ureter, renal vessels,
and nerves enter or leave the organ.

• Consists of the medulla and the cortex, containing 1 to 2 million nephrons, which are the
anatomic and functional units of the kidney. Each nephron consists of a renal corpuscle,
a proximal convoluted tubule, Henle's loop, and a distal convoluted tubule.

• Has arterial segments including the superior, anterosuperior, anteroinferior, inferior,
and posterior segments, which are of surgical importance.
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Pelvic kidney: is an ectopic kidney that occurs when kidneys fail to ascend and thus

remain in the pelvis. Two pelvic kidneys may fuse to form a solid lobed organ because

of fusion of the renal anlagen, called a cake (rosette) kidney.
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Figure 5-16 Frontal section of the
kidney.

• Filters blood to produce urine; reabsorbs nutrients, essential ions, and water; excretes
urine (by which metabolic waste products are eliminated) and foreign substances; regu-
lates the salt, ion (electrolyte), and water balance; and produces vasoactive substances

that regulate blood pressure.
• Also produces renin by juxtaglornerular (JG) cells, which converts plasma angiotensino-

gen to angiotensin I, which is converted to angiotensin II by enzymes in the lungs. An-
giotensin II, a vasoconstrictor, increases blood pressure and stimulates aldosterone pro-
duction by the suprarenal cortex, thereby regulating the salt, ion, and water balance

between the blood and urine.

c 5.35
Horseshoe kidney: develops as a result of fusion of the lower poles of two kidneys

and may obstruct the urinary tract by its impingement on the ureters.

Nephroptosis: is downward displacement of the kidney, dropped kidney, or floating

• kidney caused by loss of supporting fat. The kidney moves freely in the abdomen and

even into the pelvis. It may cause a kink in the ureter or compression of the ureter by an aberrant inferior

polar artery, resulting in hydronephrosis (see later).



Polycystic kidney disease: is a genetic disorder characterized by numerous cysts filled
with fluid in the kidney; the cysts can slowly replace much of normal kidney tissues,

reducing kidney function and leading to kidney failure. It is caused by a failure of the collecting tubules
to join a calyx, which causes dilations of the loops of Henle, resulting in progressive renal dysfunction.
This kidney disease has symptoms of high blood pressure, pain in the back and side, headaches, and
blood in the urine. It may be treated by hemodialysis or peritoneal dialysis, and kidney transplantation.

Kidney stone (renal calculus or nephrolith): is formed by combination of a high level
of calcium with oxalate, phosphate, urea, uric acid, and cystine. It forms crystals and

subsequently stones in the urine and is placed in calyces of the kidney or in the ureter. The kidney
stone varies in size from a grain of sand to the size of a golf ball and produces severe colicky pain
while traveling down through the ureter from the kidney to the bladder. Common signs of the kidney
stone include nausea and vomiting, urinary frequency and urgency, and pain during urination. The kid-
ney stone is crushed by the lithotripter (stone crushing machine) or ultrasound probe and removed by
placing a catheter (stent) in the ureter from below to facilitate passage of the shattered fragments.
The stone is removed with a specialized endoscope (uteroscope or nephroscope) inserted into the kid-
ney via a small skin incision (percutaneous nephrolithotomy). It is also removed through an open sur-
gery by making an incision of the ureter or renal calyces.

CC: 5.38
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Hemodialysis (for kidney failure): is the process of removing unwanted substances
such as toxins and wastes from the blood by diffusion through a semipermeable mem-

brane by means of a hemcdiaiyzer En patients with renal failure. A constant blood flow on one side of
the membrane and a cleansing solution (dialysate) on the other allows removal of waste products in a
fashion similar to that of glomerular filtration. Hemodialysis equipment consists of three components
including the blood delivery system, the dialysate delivery system, and the dialyzer. The dialysate (simi-
lar to plasma water) is delivered to the dialyzer (hollow fiber or capillary dialyzer, which is the most com-
monly used artificial kidney). Most patients require between 10 and 15 hours of dialysis per week,
equally divided into several sessions. Peritoneal dialysis: uses a filtration process similar to hemodialy-
sis, but the blood is cleaned in the peritoneal cavity rather than in a machine. The peritoneal cavity is
filled with dialysis fluid which enters the cavity through an implanted catheter. Toxic wastes and excess
fluid from the blood travel across the peritoneal membrane into the dialysis fluid, which is then drained
from the body. The peritoneal cavity maintains fresh dialysis fluid, so blood is constantly being cleaned.

1. cortex
• Forms the outer part of the kidney and also projects into the medullary region between

the renal pyramids as renal columns.
• Contains renal corpuscles and proximal and distal convoluted tubules. The renal

corpuscle consists of the glomerulus (a tuft of capillaries) surrounded by a glomerular
capsule, which is the invaginated blind end of the nephron.

2. Medulla
• Forms the inner part of the kidney and consists of 8 to 12 renal pyramids (of

Malpighi), which contain straight tubules (Henle's loops) and collecting tubules. An
apex of the renal pyramid, the renal papilla, fits into the cup-shaped minor calyx
on which the collecting tubules open (10 to 25 openings).

3. Minor calyces
• Receive urine from the collecting tubules and empty into two or three major calyces,

which in turn empty into an upper dilated portion of the ureter, the renal pelvis.

B. Ureter
• Is a muscular tube that begins with the renal pelvis, extending from the kidney to the

urinary bladder.
• Is retroperitoneal, descends on the transverse processes of the lumbar vertebrae and the

psoas muscle, is crossed anteriorly by the gonadal vessels, and crosses the bifurcation of

the common iliac artery.



Obstruction of the ureter: occurs by renal calculi or kidney stones where the ureter
joins the renal pelvis (ureteropelvic junction), where it crosses the pelvic brim, or where

it enters the wall of the urinary bladder (ureterovesicular junction). Kidney stones at these narrow
points result in hydroureter and hydronephrosis.
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• Receives blood from the aorta and from the renal, gonadal, common and internal iliac,
umbilical, superior and inferior vesical, and middle rectal arteries.

• is innervated by the lumbar (sympathetic) and pelvic (parasympathetic) splanchnic nerves.

W% ' Hydronephrosis: is a fluid filled enlargement of the renal pelvis and calyces as a result
of obstruction of the ureter. It is due to an obstruction of urine flow by kidney stones in

the ureter, by compression on the ureter by abnormal blood vessels, or by the developing fetus at the
pelvic brim. It has symptoms of nausea and vomiting, urinary tract infection, fever, dysuria (painful or diffi-
cult urination), urinary frequency, and urinary urgency. This condition may be corrected by the pyeloplasty,
which is a surgical reconstruction of the renal pelvis and ureter to correct an obstruction at the uretero-
pelvic junction by removing the obstructed portion of the ureter and then reattaching the healthy ureter to
the renal pelvis.

C. Suprarenal (adrenal) gland (Figure 5-17)
• Is a retroperitoneal organ lying on the superomedial aspect of the kidney. It is surrounded

by a capsule and renal fascia.
• Is pyramidal on the right and semilunar on the left.
• Has a cortex that is essential to life and produces steroid hormones, including mineralo-

corticoids (aldosterone), glucocorticoids (e.g., cortisone), and sex hormones. Cortisol
maintains glucose regulation, suppresses the immune response, and is released in response
to stress.

Middle suprarenal artery
Inferior vena cave
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Figure 5-17 Suprarenal glands, kidneys, and abdominal aorta and its branches.
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• Has a medulla that is derived from embryonic neural crest cells, receives preganglionic

sympathetic nerve fibers directly, and secretes epinephrine and norepinephrine.

• Receives arteries from three sources: the superior suprarenal artery from the inferior
phrenic artery, the middle suprarenal from the abdominal aorta, and the inferior

suprarenal artery from the renal artery.
• Is drained via the suprarenal vein, which empties into the IVC on the right and the renal

vein on the left.

5,42 Acute adrenal crisis ;acute adrenal insufficiency): is a hire-threatening state caused by

insufficJent levels of cortisol produced and released by the suprarenal cortex. It may result
from hemorrhagic necrosis of the suprarenal glands caused by meningococcal infection in Waterhouse-
Friderichsen syndrome, which is a malignant form of epidemic cerebrospinal meningitis characterized by
fever, vomiting, diarrhea, cyanosis, convulsions, coma, and collapse.

▪ Development of Kidney, Urinary Bladder,
and Suprarenal Gland

• Kidney and suprarenal cortex develop from mesoderm, but suprarenal medulla develops from

neural crest cells.

A. Kidney
• Develops from the intermediate mesoderm that forms the nephrogenic cord in longitudinal

ridge.
• Develops from the last of three sets of kidneys: pronephros, mesonephros, and metanephros.

1. The pronephros appears early, degenerates rapidly, and never forms functional nephrons.

2. The mesonephros largely degenerates but forms the mesonephric (Wolffian) duct,
which forms the ureteric bud and contributes to the male reproductive tract.

3. The metanephros develops from the ureteric bud and forms the permanent kidney,

which ascends from the sacral region to the upper lumbar region.
a. Ureteric bud forms the ureter, which dilates at its upper end to form the renal pelvis.

The renal pelvis repeatedly divides to form the major calyces, the minor calyces, and
collecting tubules.

b. Metanephric mesoderm forms the nephrons of adult kidney (glomerulus, renal cap-
sule, proximal convoluted tubules, and loop of Henle), distal convoluted tubules,

and collecting tubules.
4. The urogenital sinus forms from the hindgut. The urorectal septum divides the cloaca

into the rectum and anal canal posteriorly and the urogenital sinus anteriorly, which

forms the bladder and part of the urethra.

B. Urinary bladder
• Develops from the upper end of the urogenital sinus, which is continuous with the

allantois.
1. The allantois degenerates and forms a fibrous cord in the adult called the urachus.

2. The trigone of the bladder is formed by the incorporation of the lower end of the
mesonephric ducts into the posterior wall of the urogenital sinus.

C. Suprarenal gland
1. The cortex forms as a result of two waves of mesoderm proliferation.

a. The first wave of the coelomic mesothelial cells forms the fetal cortex.
h. The second wave of cells surrounds the fetal cortex and forms the adult cortex.

2. The medulla forms from neural crest cells, which migrate to the fetal cortex and differen-

tiate into chromaffin cells.



230 BRS GROSS ANATOMY

Posterior Abdominal Blood Vessels and

A. Aorta (see Figures 5-17 and 5-21)
• Passes through the aortic hiatus in the diaphragm at the level of T12, descends anterior to

the vertebral bodies, and bifurcates into the right and left common iliac arteries anterior
to L4.

• Gives rise to the following:
1. Inferior phrenic arteries

• Arise from the aorta immediately below the aortic hiatus, supply the diaphragm, and

give rise to the superior suprarenal arteries.
• Diverge across the crura of the diaphragm, with the left artery passing posterior to the

esophagus and the right passing posterior to the IVC.
2. Middle suprarenal arteries

• Arise from the aorta and run laterally on the crura of the diaphragm just superior to
the renal arteries.

3. Renal arteries
• Arise from the aorta inferior to the origin of the superior mesenteric artery. The right

artery is longer and a little lower than the left and passes posterior to the IVC; the left

artery passes posterior to the left renal vein.
• Give rise to the inferior suprarenal and ureteric arteries.
• Divide into the superior, anterosuperior, anteroinferior, inferior, and posterior seg-

mental branches.
4. Testicular or ovarian arteries

• Descend retroperitoneally and run laterally on the psoas major muscle and across the

ureter.
a. The testicular artery accompanies the ductus deferens into the scrotum, where it

supplies the spermatic cord, epididymis, and testis.
b. The ovarian artery enters the suspensory ligament of the ovary, supplies the ovary,

and anastomoses with the ovarian branch of the uterine artery.
5. Lumbar arteries

• Consist of four or five pairs that arise from the back of the aorta.
• Run posterior to the sympathetic trunk, the IVC (on the right side), the psoas major

muscle, the lumbar plexus, and the quadratus lumborum.
• Divide into smaller anterior branches (to supply adjacent muscles) and larger posterior

branches, which accompany the dorsal primary rami of the corresponding spinal

nerves and divide into spinal and muscular branches.
6. Middle sacral artery

• Arises from the back of the aorta, just above its bifurcation; descends on the front of
the sacrum; and ends in the coccygeal body.

• Supplies the rectum and anal canal, and it anastomoses with the lateral sacral and

superior and inferior rectal arteries.

B. Inferior vena cava
• Is formed on the right side of L5 by the union of the two common iliac veins, below the

bifurcation of the aorta.
• Is longer than the abdominal aorta and ascends along the right side of the aorta.
• Passes through the opening for the IVC in the central tendon of the diaphragm at the

level of T8 and enters the right atrium of the heart.
• Receives the right gonadal, suprarenal, and inferior phrenic veins. On the left side, these

veins usually drain into the left renal vein.
• Also receives the three (left, middle, and right) hepatic veins. The middle and left hepatic

veins frequently unite for about 1 cm before entering the vena cava.
• Receives the right and left renal veins. The left renal vein runs posterior to the superior

mesenteric artery and anterior to the abdominal aorta.
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C. Cisterna chyli
• Is the lower dilated end of the thoracic duct and lies just to the right and posterior to the

aorta, usually between two crura of the diaphragm.
• Is formed by the intestinal and lumbar lymph trunks.

D. Lymph nodes related to the aorta
1. Preaortic nodes

• Include the celiac, superior mesenteric, and inferior mesenteric nodes; drain the lymph
from the GI tract, spleen, pancreas, gallbladder, and liver; and their efferent vessels

form the intestinal trunk.
2. Para-aortic, lumbar, or lateral aortic lymph nodes

• Drain lymph from the kidneys, suprarenal glands, testes or ovaries, uterus, and uterine
tubes; receive lymph from the common, internal, or external iliac; and their efferent
vessels form the right and left lumbar trunks.

IV. Nerves of the Posterior Abdominal Wall

A. Lumbar plexus (Figure 5-18)
• Is formed by the union of the ventral rami of the first three lumbar nerves and a part of

the fourth lumbar nerve.
• Lies anterior to the transverse processes of the lumbar vertebrae within the substance of

the psoas muscle.

Figure 5-18 Lumbar plexus.
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1. Subcostal nerve (T12)
• Runs behind the lateral lumbocostal arch and in front of the quadratus lumborum.
• Penetrates the transverse abdominal muscle to run between it and the internal

oblique muscle.
• Innervates the external oblique, internal oblique, transverse, rectus abdominis,

and pyramidalis muscles.
2. Iliohypogastric nerve (L1)

• Emerges from the lateral border of the psoas muscle and runs in front of the quadratus

lumborum.
• Pierces the transverse abdominal muscle near the iliac crest to run between this muscle

and the internal oblique muscle.
• Pierces the internal oblique muscle and then continues medially deep to the external

oblique muscle.
• Innervates the internal oblique and transverse muscles of the abdomen and divides

into an anterior cutaneous branch, which innervates the skin above the pubis, and
a lateral cutaneous branch, which innervates the skin of the gluteal region.

3. Ilioinguinal nerve (L1)
• Runs in front of the quadratus lumborum, piercing the transverse and then the

internal oblique muscle to run between the internal and external oblique

aponeuroses.
• Accompanies the spermatic cord (or the round ligament of the uterus), continues

through the inguinal canal, and emerges through the superficial inguinal ring (see
Figure 5-3).

• Innervates the internal oblique and transverse muscles and gives off femoral cuta-
neous branches to the upper medial part of the thigh and anterior scrotal or labial

branches.
4. Genitofemoral nerve (L1-L2)

• Emerges on the front of the psoas muscle and descends on its anterior surface.

• Divides into a genital branch, which enters the inguinal canal through the deep
inguinal ring to reach the spermatic cord and supply the cremaster muscle and the
scrotum (or labium majus), and a femoral branch, which supplies the skin of the
femoral triangle.

5. Lateral femoral cutaneous nerve (L2-L3)
• Emerges from the lateral side of the psoas muscle and runs in front of the iliacus and

behind the inguinal ligament.
• Innervates the skin of the anterior and lateral thigh.

6. Femoral nerve (L2-L4)
• Emerges from the lateral border of the psoas major and descends in the groove between

the psoas and iliacus.
• Enters the femoral triangle deep to the inguinal ligament and lateral to the femoral

vessels, outside the femoral sheath, and divides into numerous branches.
• Innervates the skin of the thigh and leg, the muscles of the front of the thigh, and

the hip and knee joints.
• Innervates the quadriceps femoris, pectineal, and sartorius muscles and gives rise to

the anterior femoral cutaneous nerve and the saphenous nerve.
7. Obturator nerve (L3-L4)

• Arises from the second, third, and fourth lumbar nerves and descends along the medial
border of the psoas muscle. It runs forward on the lateral wall of the pelvis and enters

the thigh through the obturator foramen.
• Divides into anterior and posterior branches and innervates the adductor group of

muscles, the pectineus, the hip and knee joints, and the skin of the medial side of the

thigh.

8. Accessory obturator nerve (L3-L4)
• Is present in about 9% of the population.
• Descends medial to the psoas muscle, passes over the superior pubic ramus, and supplies

the hip joint and the pectineus muscle.
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Lateral horn

Dorsal root

Figure 5-19 Nerve supply to the viscera.

9. Lumbosacral trunk (L4-L5)
• Is formed by the lower part of the fourth lumbar nerve and all of the fifth lumbar

nerve, which enters into the formation of the sacral plexus.

B. Autonomic nerves in the abdomen (Figure 5-19)
1. Autonomic ganglia

a. Sympathetic chain (paravertebral) ganglia
• Are composed primarily of ascending and descending preganglionic sympathetic

general visceral efferent (GVE) fibers and general visceral afferent (GVA) fibers with

cell bodies located in the dorsal root ganglia.
• Also contain cell bodies of the postganglionic sympathetic fibers.

b. Collateral (prevertebral) ganglia
• Include the celiac, superior mesenteric, aorticorenal, and inferior mesenteric ganglia,

usually located near the origin of the respective arteries.
• Are formed by cell bodies of the postganglionic sympathetic fibers.
• Receive preganglionic sympathetic fibers by way of the greater, lesser, and least

splanchnic nerves.
c. Para-aortic bodies

• Are also called aortic bodies, Zuckerkandl's bodies, organs of Zuckerkandl, or
aortic glomera.
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• Are small masses of chromaffin cells found near the sympathetic chain ganglia along
the abdominal aorta and serve as chemoreceptors responsive to oxygen, carbon

dioxide, and hydrogen ion concentration that help to control respiration.
2. Splanchnic nerves

a. Thoracic splanchnic nerves
• Contain preganglionic sympathetic (GVE) fibers with cell bodies located in the

lateral horn (intermediolateral cell column) of the spinal cord and GVA fibers
with cell bodies located in the dorsal root ganglia.

• The greater splanchnic nerve enters the celiac ganglion, the lesser splanchnic nerve
enters the aorticorenal ganglion, and the least splanchnic nerve joins the renal

plexus.
b. Lumbar splanchnic nerves

• Arise from the lumbar sympathetic trunks and join the celiac, mesenteric, aortic,

and superior hypogastric plexuses.
• Contain preganglionic sympathetic and GVA fibers.

3. Autonomic plexuses
a. Celiac plexus

• Is formed by splanchnic nerves and branches from the vagus nerves.
• Also contains the celiac ganglia, which receive the greater splanchnic nerves.

• Lies on the front of the crura of the diaphragm and on the abdominal aorta at the

origins of the celiac trunk and the superior mesenteric and renal arteries.
• Extends along the branches of the celiac trunk and forms the subsidiary plexuses,

which are named according to the arteries along which they pass, such as gastric,

splenic, hepatic, suprarenal, and renal plexuses.
b. Aortic plexus

• Extends from the celiac plexus along the front of the aorta.
• Extends its branches along the arteries and forms plexuses that are named

accordingly—superior mesenteric, testicular (or ovarian), and inferior mesenteric.

• Continues along the aorta and forms the superior hypogastric plexus just below

the bifurcation of the aorta.
c. Superior and inferior hypogastric plexuses

4. Enteric division
• Consists of the myenteric (Auerbach's) plexus, which is located chiefly between the

longitudinal and circular muscle layers, and the submucosal (Meissner's) plexus, which
is located in the submucosa. Both parts consist of preganglionic and postganglionic
parasympathetic fibers, postganglionic sympathetic fibers, GVA fibers, and cell bodies of

postganglionic parasympathetic fibers.
• Have sympathetic nerves that inhibit GI motility and secretion and constrict GI sphinc-

ters; parasympathetic nerves stimulate GI motility and secretion and relax GI sphincters.

111r The Diaphragm and Its Openings

A. Diaphragm (Figures 5-20 and 5-21)
• Arises from the xiphoid process (sternal part), lower six costal cartilages (costal part),

medial and lateral lumbocostal arches (lumbar part), vertebrae Ll to L3 for the right crus,

and vertebrae Ll to L2 for the left crus.
• Inserts into the central tendon and is the principal muscle of inspiration.
• Receives somatic motor fibers solely from the phrenic nerve; its central part receives sensory

fibers from the phrenic nerve, whereas the peripheral part receives sensory fibers from the

intercostal nerves.
• Receives blood from the musculophrenic, pericardiophrenic, superior phrenic, and inferior

phrenic arteries.
• Descends when it contracts, causing an increase in thoracic volume by increasing the vertical

diameter of the thoracic cavity and thus decreasing intrathoracic pressure.
• Ascends when it relaxes, causing a decrease in thoracic volume with an increased thoracic

pressure.
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Figure 5-20 Diaphragm and muscles of the posterior abdominal wall.

1. Right crus
• Is larger and longer than the left crus.
• Originates from vertebrae Ll to L3 (the left crus originates from L1-L2).

• Splits to enclose the esophagus.
2. Medial arcuate ligament (medial lumbocostal arch)

• Extends from the body of Ll to the transverse process of L1 and passes over the psoas

muscle and the sympathetic trunk.
3. Lateral arcuate ligament (lateral lumbocostal arch)

• Extends from the transverse process of Ll to rib 12 and passes over the quadratus

lumborum.

B. Apertures through the diaphragm
1. Vena caval hiatus (vena caval foramen)

• Lies in the central tendon of the diaphragm at the level of T8 and transmits the IVC

and occasionally the right phrenic nerve.
2. Esophageal hiatus

• Lies in the muscular part of the diaphragm (right crus) at the level of T10 and transmits
the esophagus and anterior and posterior trunks of the vagus nerves.

3. Aortic hiatus
• Lies behind or between two crura at the level of T12 and transmits the aorta, thoracic

duct, azygos vein, and occasionally greater splanchnic nerve.
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Figure 5-21 Computed tomography (CT) scans of the abdomen at different levels.
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TABLE 5-2 Muscles of the Posterior Abdominal Wall

Muscle Origin Insertion Nerve Action

Quadratus Transverse pro- Lower border of last Subcostal n.; Depresses rib 12;
lumborum cesses of L3-L5; rib; transverse Ll-L3 flexes trunk lat-

iliolumbar liga-

ment; iliac crest

processes of

L1-L3

erally

Psoas major Transverse pro-

cesses, interverte-

bral disks and

bodies of T12-L5

Lesser trochanter L2-L3 Flexes thigh and

trunk

Psoas minor Bodies and inter- Pectineal line; ilio- L1 Aids in flexing of
vertebral disks of pectineal eminence trunk

T12-L1

Muscles of the Posterior Abdominal Wall (Table 5-2)

CHAPTER SUMMARY

Inguinal region

• The inguinal triangle is bounded by the lateral edge of the rectus abdominis (linea semilunaris), the
inferior epigastric vessels, and the inguinal ligament. The superficial inguinal ring is in the aponeu-
rosis of the external abdominal oblique muscle and lies just lateral to the pubic tubercle. The deep
inguinal ring lies in the transversalis fascia, just lateral to the inferior epigastric vessels. The inguinal
canal transmits the spermatic cord or the round ligament of the uterus and the genital branch of the
genitofemoral nerve.

• The spermatic cord is composed of the ductus deferens, testicular, cremasteric, and deferential
arteries; pampiniform plexus of testicular veins; genital branch of the genitofemoral and cremasteric
nerves; the testicular sympathetic plexus; and lymph vessels. The spermatic cord is surrounded by
three layers of the spermatic fascia including the external spermatic fascia, which derived from the
aponeurosis of the external oblique abdominal muscle, the cremasteric fascia (cremaster muscle
and fascia) originating in the internal oblique abdominal muscle, and the internal spermatic fas-
cia, which derived from the transversalis fascia.

Umbilical Fold

• The median umbilical fold or ligament contains the fibrous remnant of the obliterated urachus,
the medial umbilical fold contains the fibrous remnant of the obliterated umbilical artery, and
the lateral umbilical fold contains the inferior epigastric vessels.

Peritoneal Region

• The lesser omentum contains the right and left gastric vessels and its right free margin forms the
anterior wall of the epiploic foramen and contains the proper hepatic artery, bile duct, and portal vein.

• The greater omentum contains the right and left gastroepiploic vessels, the mesentery proper the
superior mesenteric vessels and its branches and tributaries; the transverse mesocolon the middle colic
vessels; the sigmoid mesocolon the sigmoid vessels; and the mesoappendix the appendicular vessels.
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• The lienogastric (gastrosplenic) ligament contains the short gastric and left gastroepiploic vessels;
the lienorenal (splenorenal) ligament contains the splenic vessels and the tail of the pancreas; and the
free margin of the falciform ligament contains the ligamentum teres hepatis, which is the fibrous

remnant of the left umbilical vein, and the paraumbilical vein, which connects the left branch of the
portal vein with the subcutaneous veins in the region of the umbilicus.

Stomach

• The stomach has the cardiac part, fundus, body, pyloric antrum and pyloric canal.

• The rugae are longitudinal folds of mucous membrane and forms the gastric canals along the lesser

curvature and these canals direct fluids toward the pylorus.

• The stomach produces hydrochloric acid, which destroys many organisms in food and drink;
pepsin, which converts proteins to polypeptides; and the hormone gastrin, which is produced in its

pyloric antrum and stimulates gastric acid secretion.

Small Intestine

• The small intestine consists of the duodenum, which is a C-shaped tube surrounding the head of

the pancreas and is retroperitoneal except for the beginning of the first part.

• Its descending (second) part contains the junction of the foregut and midgut, where the bile duct

and main pancreatic ducts open at the greater papilla.

• The duodenojejunal junction is fixed in position by the suspensory ligament of Treitz, a surgical
landmark.

• The jejunum makes up the proximal two fifths of the small intestine; is emptier, larger in diameter,

thicker-walled, and has tall and closely packed plica circulares.

• The ileum is longer than the jejunum, and its mesentery contains more prominent arterial
arcades and shorter vasa recta. Its lower part contains Peyer's patches (aggregations of lymphoid

tissue).

Large Intestine

• The large intestine consists of the cecum, appendix, colon, rectum, and anal canal and functions
to convert the liquid contents of the ileum into semisolid feces by absorbing water and electrolytes

such as sodium and potassium.

• The colon has the ascending and descending colons that are retroperitoneal and transverse and
sigmoid colons that are surrounded by peritoneum. The ascending and transverse colons are supplied
by the superior mesenteric artery and the vagus nerve; the descending and sigmoid colons are supplied
by the inferior mesenteric artery and the pelvic splanchnic nerves. The colons are characterized by

presence of the teniae coli, sacculations or haustra, and epiploic appendages.

• The appendix has large aggregations of lymphoid tissue in its wall and its base lies deep to
McBurney's point, which occurs at the junction of the lateral one third of a line between the right

anterior-superior iliac spine and the umbilicus. This is the site of maximum tenderness in acute
appendicitis.

Liver

• The liver is the largest visceral organ and plays an important role in bile production and secretion;
detoxification; storage of carbohydrate as glycogen; storage of vitamins, iron, and copper; protein
synthesis; and production of heparin and bile pigments from breakdown of hemoglobin.
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• The liver is divided, based on hepatic drainage and blood supply, into the right and left lobe by the
fossae for the gallbladder and the IVC. On the visceral surface of the liver, there is an H-shaped group
of fissures including fissures for the ligamentum teres hepatic, the ligamentum venosum, the gall-
bladder, and the IVC. The porta hepatis is a transverse fissure between the quadrate and caudate
lobes and lodges the hepatic ducts, hepatic arteries, branches of the portal vein, hepatic nerves, and
lymphatic vessels.

Gallbladder

• The gallbladder is located at the junction of the right ninth costal cartilage and lateral border of the
rectus abdominis, which is the site of maximum tenderness in acute inflammation of the gallbladder.

• It receives bile, concentrates it (by absorbing water and salts), stores it, and releases it.

• It receives blood from the cystic artery arising from the right hepatic artery within the cysto-
hepatic triangle (of Calot), which is formed by the visceral surface of the liver, the cystic duct, and
the common hepatic duct.

Pancreas

• The pancreas is a retroperitoneal organ except for a small portion of its tail, which lies in the
lienorenal ligament.

• It is both an exocrine gland, which produces digestive enzymes, and an endocrine gland, which
secretes two hormones—insulin and glucagon.

• The main pancreatic duct joins the bile duct to form the hepatopancreatic duct and/or ampulla
before entering the second part of the duodenum at the greater papilla.

• For bile passage, the right and left hepatic ducts unite to form the common hepatic duct, which
joins the cystic duct to form the bile duct. The bile duct descends behind the first part of the duo-
denum and runs through the head of the pancreas and joins the main pancreatic duct to form the
hepatopancreatic duct, which enters the second part of the duodenum at the greater papilla.

Spleen

• The spleen is a large vascular lymphatic organ and is developed in the dorsal mesogastrium and
supported by the lienogastric and lienorenal ligaments.

• The spleen is composed of white pulp, which consists of lymphatic nodules and diffuse lymphatic
tissue, and red pulp, which consists of venous sinusoids. It is hematopoietic in early life, later destroys
aged or worn-out red blood cells and removes them.

• The spleen filters blood (lymph nodes filter the lymph), stores blood (red blood cells and
platelets), produces lymphocytes and antibodies, and involves in body defense against foreign
particles (removal of blood-borne antigens as its immune function).

• The red blood cells are destroyed, mainly in the spleen.

• The hemoglobin is broken down into (a) the globin (protein part), which is hydrolyzed to amino
acids that are reutilized for protein synthesis; (b) iron, which is released from heme and transported
to the bone marrow where it is reused in erythropoiesis; and (c) iron-free heme, which is metabolized
to biliruhin in the liver and excreted in the bile.

Celiac Trunk

• The celiac trunk arises from the abdominal aorta and divides into the left gastric, splenic, and
common hepatic arteries.
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• The common hepatic artery divides into the proper hepatic and gastroduodenal arteries,

• The proper hepatic artery divides into the right and left hepatic arteries; the right hepatic artery
gives off the cystic artery.

• The gastroduodenal artery divides into the superior pancreaticoduodenal and left gastroepiploic
arteries.

• The splenic artery gives off the dorsal pancreatic, left gastroepiploic, and short gastric arteries.

Superior and Inferior Mesenteric Arteries

• The superior mesenteric artery gives off the inferior pancreaticoduodenal artery, the middle colic
artery to the transverse colon, right colic artery to the ascending colon, the ileocolic artery, and the
jejunal and ileal arteries.

• The inferior mesenteric artery gives rise to the left colic, sigmoid, and superior rectal arteries.

Portal vein

• The portal vein is formed by the union of the splenic vein and the superior mesenteric vein and
receives the right and left gastric vein.

• The inferior mesenteric vein joins the splenic vein or the superior mesenteric vein or the junction
of these veins.

• The portal vein carries deoxygenated blood containing nutrients, and carries two to three times

as much blood as the hepatic artery.

• The important portal-caval (systemic) anastomoses occur between (a) the left gastric vein and the

esophageal vein of the azygos vein; (b) the superior rectal vein and the middle and inferior rectal
veins; (c) the paraumbilical veins and radicles of the epigastric (superficial and inferior) veins; and
(d) the retrocolic veins and twigs of the renal, suprarenal, and gonadal veins.

Kidney

• The kidney is retroperitoneal in position and extends from Ll to L4, and the right kidney lies a

little lower than the left.

• The kidney is invested by a fibrous renal capsule and is surrounded by the renal fascia that divides
the fat into two regions.

• The perirenal (perinephric) fat lies in the perinephric space between the renal capsule and renal

fascia, and the pararenal (paranephric) fat lies external to the renal fascia.

• The kidney consists of the medulla and the cortex, containing 1 to 2 million nephrons, which

are the anatomical and functional units. Each nephron consists of a renal corpuscle, a proximal

convoluted tubule, Henle's loop, and a distal convoluted tubule.

• The kidney produces and excretes urine (by which metabolic waste products are eliminated),
maintains electrolyte (ionic) balance and pH, and produces vasoactive substances that regulate
blood pressure. The cortex contains renal corpuscles and proximal and distal convoluted tubules.

• The renal corpuscle consists of a tuft of capillaries, the glomerulus, surrounded by a glomerular

capsule, which is the invaginated blind end of the nephron.

• The medulla consists of 8 to 12 renal pyramids, which contain straight tubules (Henle's loops) and
collecting tubules. An apex of the renal pyramid, the renal papilla, fits into the cup-shaped minor
calyx on which the collecting tubules open.
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• The minor calyces receive urine from the collecting tubules and empty into two or three major

calyces, which in turn empty into the renal pelvis.

• The ureter is a muscular tube that extends from the kidney to the urinary bladder. It may be
obstructed by renal calculi (kidney stones) where it joins the renal pelvis (ureteropelvic junction),
where it crosses the pelvic brim over the distal end of the common iliac artery, or where it enters
the wall of the urinary bladder (ureterovesicular junction).

• The right renal artery arises from the abdominal aorta, is longer and a little lower than the left,
and passes posterior to the IVC; the left artery passes posterior to the left renal vein.

• The suprarenal (adrenal) gland is a retroperitoneal organ lying on the superomedial aspect of the

kidney and is surrounded by a capsule and renal fascia.

• Its cortex is essential to life and produces steroid hormones, and its medulla is derived from
embryonic neural crest cells, receives preganglionic sympathetic nerve fibers directly, and secretes
epinephrine and norepinephrine.

• The gland receives arteries from three sources: the superior suprarenal artery from the inferior
phrenic artery, the middle suprarenal from the abdominal aorta, and the inferior suprarenal artery
from the renal artery.

• It is drained via the suprarenal vein, which empties into the IVC on the right and renal vein on

the left.

Posterior Abdominal Blood Vessels and Lymphatics

• The suprarenal and gonadal veins drain into the IVC on the right and the renal vein on the left.
The azygos vein is connected to the IVC, but the hemiazygos vein is connected to the left renal vein.

• The cisterna chyli is the lower dilated end of the thoracic duct and lies just to the right and
posterior to the aorta, usually between two crura of the diaphragm. It is formed by the intestinal
and lumbar lymph trunks.

Diaphragm

• The diaphragm arises from the xiphoid process, lower six costal cartilages, and medial and lateral

lumbocostal arches and vertebrae and inserts into the central tendon. It is the principal muscle of
inspiration.

• It consists of (a) the vena caval hiatus, which lies in the central tendon at the level of T8 and
transmits the IVC and the right phrenic nerve; (b) the esophageal hiatus, which lies in the mus-

cular part of the diaphragm at the level of TIO and transmits the esophagus and vagus nerve; and
(c) the aortic hiatus, which lies between the two crura at the level of T12 and transmits the aorta,
thoracic duct, azygos vein, and sometimes greater splanchnic nerve.

• It receives somatic motor fibers solely from the phrenic nerve; its central part receives sensory fibers
from the phrenic nerve, whereas the peripheral part receives sensory fibers from the intercostal nerves.

TAKE-AWAY POINTS  

Hernias

3 Umbilical hernia is a protrusion of the bowel through the natural weak spot or defect at the
umbilicus, results from failure of the midgut to return to the abdomen early in fetal life, and is
more common in girls and in premature babies.
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3 Epigastric hernia is a protrusion of extraperitoneal fat or a small piece of greater omentum
through a defect in the linea alba above the umbilicus and may contain a small portion of intestine
that may become trapped within the hernia leading to strangulation or incarceration.

3 Inguinal hernia is a protrusion of the intestine through a weak spot in the inguinal canal,
occurs superior to the inguinal ligament and medial to the pubic tubercle, and is more common
in males than in females.

3 Reducible hernia is a hernia in which the contents of the sac can be returned to their normal
position, whereas incarcerated hernia is an irreducible hernia in which the contents of the hernial
sac are entrapped in the groin.

3 Strangulated hernia is an irreducible hernia in which the circulation is arrested and gangrene
occurs unless relief is prompt.

3 Indirect inguinal hernia lies lateral to the inferior epigastric vessels, passes through the deep
inguinal ring, inguinal canal, and superficial inguinal ring and descends into the scrotum. It is
congenital and is associated with the persistence of the processus vaginalis and is covered by the
peritoneum and the coverings of the spermatic cord.

3 Direct inguinal hernia occurs directly through the posterior wall of the inguinal canal in the
region of the inguinal triangle but does not descend into the scrotum. The hernia lies medial to the
inferior epigastric vessels and protrudes forward to but rarely through the superficial inguinal ring.
It is acquired (develops after birth) and has a sac that is formed by the peritoneum.

3 Hiatal or esophageal hernia is a herniation of a part of the stomach through the esophageal
hiatus of the diaphragm into the thoracic cavity. The hernia is caused by an abnormally large
esophageal hiatus, by a relaxed and weakened lower esophageal sphincter, or by an increased
pressure in the abdomen. It may cause gastroesophageal reflux, strangulation of the esophagus or

stomach, or vomiting in an infant after feeding.

Peritoneal Region

3 Peritonitis is inflammation and infection of the peritoneum and most commonly results
from a burst appendix, a penetrating wound to the abdomen, a perforating ulcer, or poor sterile

technique during abdominal surgery.

Genitofemoral Region

3 Cremasteric reflex is drawing up of the testis by contraction of the cremaster muscle when
the skin on the upper anteromedial side of the thigh is stroked. The efferent limb of the reflex arc

is the genital branch of the genitofemoral nerve; the afferent limb is a femoral branch of the
genitofemoral nerve.

Stomach

3 See hiatal or esophageal hernia listed previously.

3 Gastroesophageal reflux disease (GERD) is a digestive disorder caused by a hiatal hernia and

lower esophageal sphincter dysfunction, causing reflux of stomach contents.

Ulcers

3 Peptic ulcer is an erosion of alimentary mucosa, usually in the stomach or the first part of the

duodenum caused by acid and pepsin and occurs more often in men than in women.

3 Gastric ulcer is an erosion of the mucosa of the stomach, occurs in the pylorus, and may per-

forate into the lesser sac and erode the pancreas and the splenic artery, causing fatal hemorrhage.
It is caused by an overproduction of gastric acid and pepsin associated with stress arid anxiety,
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has symptoms of epigastric pain, and may be treated with antibiotic or a partial gastrectomy and

vagotomy.

3 Pyloric stenosis is narrowing of the gastric pylorus as the result of congenital muscular

hypertrophy or an acquired scar from peptic ulceration or pyloric carcinoma.

Intestine

3 Meckel's diverticulum is an outpouching (finger-like pouch) of the ileum located 2 feet
proximal to the ileocecal junction on the antimesenteric side; it is about 2 inches long, occurs
in about 2% of the population, may contain two types of ectopic tissues (gastric and pancreatic),
presents in the first 2 decades of life and more often in the first 2 years, and is found two times
as frequently in boys as in girls. It represents persistent portions of the embryonic yolk stalk or
omphalomesenteric duct and may be free or connected to the umbilicus via a tibrous cord or a
fistula. Diverticulitis, ulceration, bleeding, perforation, and obstruction are complications re-

quiring surgical intervention.

3 Small bowel obstruction is caused by postoperative adhesions, tumors, Crohn's disease, her-
nias, peritonitis, gallstones, volvulus and congenital malrotation. Strangulated obstructions are
surgical emergencies and may cause death, if untreated. Symptoms include colicky abdominal
pain and cramping, nausea and vomiting, constipation, dizziness, abdominal distention, and in-

termittent high-pitched bowel sounds.

3 Crohn's disease is an inflammatory bowel disease, usually occurs in the ileum, but it can af-
fect any part of the digestive tract. Its symptoms are diarrhea, rectal bleeding, anemia, weight loss,

and fever.

3 Ulcerative colitis is chronic ulceration of the colon and rectum with diarrhea, cramping ab-
dominal pain, rectal bleeding, and discharge of pus and mucus with scanty fecal particles. Its
complications include hemorrhoids, abscesses, and carcinoma.

3 Sigmoid volvulus is twisting of the sigmoid colon around its mesentery creating a colonic ob-
struction and may cause intestinal ischemia, leading to infarction and necrosis, peritonitis, and

abdominal distention.

3 Megacolon (Hirschsprung's disease) is caused by the absence of enteric ganglia in the lower
part of the colon, leading to dilation of the colon proximal to the inactive segment. Its symptoms
are constipation, abdominal distention, and vomiting.

Acute Appendicitis

3 Acute appendicitis is acute inflammation of the appendix, usually resulting from bacterial or
viral infection, which may be precipitated by obstruction of the lumen by feces. It is more com-
mon in males than in females and has symptoms of periumbilical pain, which may move down-
ward and to the McBurney's point, followed by nausea, vomiting, fever, diarrhea, or constipation.
It has a frequent complication of perforation, which may spread its infection to wider areas of the
abdomen and can be treated with appendectomy.

Liver

3 Liver cirrhosis is a condition in which liver cells are progressively destroyed and replaced
by fatty and fibrous tissue that surrounds the intrahepatic blood vessels and biliary radicles, im-
peding the circulation of blood through the liver. It is caused by chronic alcohol abuse (alco-
holism); hepatitis B, C, and D; and ingestion of poisons. Liver cirrhosis causes portal hyper-
tension resulting in esophageal varices, hemorrhoids, and caput medusa, spider angioma,
ascites, edema in the legs, jaundice, hepatic encephalopathy, hepatomegaly, splenomegaly,
thrombocytopenia, coagulopathy, palmar erythema, gynecomastia, and testicular atrophy. It
cannot be reversed, but avoidance of alcohol intake and treatment—medications and liver
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transplantation canstop or delay further progression of hepatic fibrous tissue and reduce
complications.

Gallbladder

3 Gallstones (choleliths) are formed by solidification of bile constituents, composed chiefly of
cholesterol crystals, usually mixed with bile pigments and calcium. Gallstones present com-
monly in fat, fertile (multiparous) females who are older than forty years (4-F individuals). Stones
may become lodged in the (a) fundus of the gallbladder where they may ulcerate through the
wall of the gallbladder into the duodenum, producing an intestinal obstruction at the ileocecal
junction or into the transverse colon and pass them naturally to the rectum; (b) bile duct where
they obstruct bile flow to the duodenum, leading to jaundice; and (c) hepatopancreatic
ampulla, where they block both the biliary and the pancreatic duct systems. In this case, bile may

enter the pancreatic duct system, causing aseptic or noninfectious pancreatitis.

3 Cholecystitis is inflammation of the gallbladder; occurs because of bile accumulation, caus-
ing enlargement of the gallbladder. Acute cholecystitis is associated with obstruction of the cys-
tic duct resulting from an impacted stone in the gallbladder neck or the cystic duct. The trapped
bile causes irritation and pressure build-up in the gallbladder, leading to bacterial infection and

perforation. It may be treated with cholecystectomy or cholecystotomy.

3 Cholecystectomy is surgical removal of the gallbladder due to inflammation or presence of

gallstones in the gallbladder. It can be performed by separating the gallbladder from the liver, the
cystic duct, and cystic artery; excising the ligated cystic duct; and removing the gallbladder
through the small incision.

Portal Hypertension

3 Portal hypertension results from thrombosis of the portal vein or liver cirrhosis and causes a

dilation of veins in the lower part of the esophagus, forming esophageal varices, caput medusae,
and hemorrhoids.

It can be treated by diverting blood from the portal to the caval system by (a) the splenorenal

(Warren) shunt, which is accomplished b y anastomosing the splenic vein to the left renal vein; (b)

the end-to-side portacaval shunt, which is performed by suturing the inferior end of the portal
vein to the IVC; (c) the side-to-side portacaval shunt, which is achieved by creating a communi-

cation between the portal vein and the IVC; and (d) the mesocaval shunt, which is performed by
constructing a prosthetic vascular graft between the IVC and the superior mesenteric vein.

It can also be treated by TIPS, which is a nonsurgical, invasive radiologic procedure in the

treatment of bleeding esophageal varices. A catheter is placed percutaneously into the right inter-
nal jugular vein through which an intrahepatic shunt is created between the hepatic and portal
veins within the liver followed by placement of an expandable stent in the created tract or chan-

nel, and thus blood flow from the portal vein into the hepatic vein.

Kidney

3 Kidney stones (renal calculus or nephrolith) are formed by a combination of a high level of cal-
cium with oxalate, phosphate, urea, uric acid, and cystine. It forms crystals and subsequently stones,
is placed in calyces of the kidney or in the ureter and produces severe colicky pain while traveling
down through the ureter. The stones are crushed by the lithotripter (stone crushing machine) or ul-
trasound probe and removed by placing a catheter (stent) in the ureter from below to facilitate pas-

sage of the shattered fragments.

3 Pelvic kidney is an ectopic kidney that occurs when kidneys fail to ascend and thus remain
in the pelvis. Two pelvic kidneys may fuse to form a solid lobed organ resulting from fusion of

the renal anlagen, called a cake (rosette) kidney.

3 Horseshoe kidney develops as a result of fusion of the lower poles of two kidneys and may
obstruct the urinary tract by its impingement on the ureters.
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3 Nephroptosis is downward displacement or floating kidney caused by loss of supporting
fat. The kidney moves freely in the abdomen and even into the pelvis. It may cause a kink in the
ureter or compression of the ureter by an aberrant inferior polar artery, resulting in hy-
dronephrosis.

3 Polycystic kidney disease is a genetic disorder characterized by numerous cysts filled with fluid
in the kidney and the cysts can slowly replace much of normal kidney tissues, reducing kidney
function and leading to kidney failure. It is caused by a failure of the collecting tubules to join a
calyx, which causes dilations of the loops of Henle, resulting in progressive renal dysfunction. It
may be treated by hemodialysis or peritoneal dialysis and kidney transplantation.

3 Hydronephrosis is a fluid-filled enlargement of the renal pelvis and calyces as a result of
obstruction of the ureter. It is due to an obstruction of urine flow by kidney stones in the ureter

or due to pressure on the ureter by abnormal blood vessels and by the developing fetus in a preg-
nant woman. It may be corrected by the pyeloplasty, which is a surgical reconstruction of the
renal pelvis and ureter to correct an obstruction at the ureteropelvic junction by removing the
obstructed portion of the ureter and then reattaching the healthy ureter to the renal pelvis.

3 Peritoneal dialysis is a filtration process of the blood in the peritoneal cavity, which is filled with
dialysis fluid through an implanted catheter. Toxic wastes in the blood pass through the semiper-
meable peritoneal membrane into the dialysis fluid, which is then drained from the body. The peri-
toneal cavity maintains fresh dialysis fluid, so blood is constantly being cleaned.

3 Renal transplantation is performed through a transabdominal (traditionally retroperitoneal)
approach to the kidney by connecting the donor renal vessels to the recipient's external iliac vessels

and suturing the donor ureter into the urinary bladder.
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'Ft CHAPTER 5 REVIEW TEST

Directions: Each of the numbered items or incomplete statements in this section is followed
by answers or by completions of the statement. Select the one lettered answer or completion
that is best in each case.

1. A 63-year-old man comes to an emergency
department with back pain, weakness, and
shortness of breath. On examination, he has an
aneurysm of the abdominal aorta at the aortic
hiatus of the diaphragm. Which of the follow-
ing pairs of structures would most likely be
compressed?

(A) Vagus nerve and azygos vein
(B) Esophagus and vagus nerve
(C) Azygos vein and thoracic duct
(D) Thoracic duct and vagus nerve
(E) Inferior vena cava and phrenic nerve

2. A 36-year-old woman with yellow pigmen-
tation of the skin and sclerae presents at the out-
patient clinic. Which of the following condi-
tions most likely is the cause of her obstructive
jaundice?

(A) Aneurysm of the splenic artery
(B) Perforated ulcer of the stomach
(C) Obstruction of the main pancreatic duct
(D) Cancer in the head of the pancreas
(E) Cancer in the body of the pancreas

3. A 2-year-old boy presents with pain in his
groin that has been increasing in nature over the
past few weeks. He is found to have a degener-
ative malformation of the transversalis fascia

during development. Which of the following
structures on the anterior abdominal wall is
likely defective?

(A) Superficial inguinal ring
(B) Deep inguinal ring
(C) Inguinal ligament
(D) Sac of a direct inguinal hernia
(E) Anterior wall of the inguinal canal

4. A 29-year-old man comes to a local hospital
with duodenal peptic ulcer and complains of
cramping epigastric pain. Which of the follow-
ing structures harbor the cell bodies of abdom-
inal pain fibers?

(A) Lateral horn of the spinal cord
(B) Anterior horn of the spinal cord
(C) Dorsal root ganglion

(D) Sympathetic chain ganglion

(E) Celiac ganglion

5. A 42-year-old obese woman with seven
children is brought to a local hospital by her
daughter. Physical examination and her radi-
ograph reveal that large gallstones have ulcer-
ated through the posterior wall of the fundus
of the gallbladder into the intestine. Which of
the following parts of the intestine is most
likely to initially contain gallstones?

(A) Cecum

(B) Ascending colon

(C) Transverse colon
(D) Descending colon

(E) Sigmoid colon

6. A 35-year-old woman comes to a local hos-
pital with abdominal tenderness arid acute
pain. On examination, her physician observes
that an abdominal infection has spread
retroperitoneally. Which of the following
structures is most likely affected?

(A) Stomach

(B) Transverse colon
(C) Jejunum

(D) Descending colon

(E) Spleen

7. During an annual health examination of a
46-year-old woman, a physician finds hyper-
secretion of norepinephrine from her suprarenal
medulla. Which of the following types of nerve
fibers are most likely overstimulated?

(A) Preganglionic sympathetic fibers

(B) Postganglionic sympathetic fibers

(C) Somatic motor fibers
(D) Postganglionic parasympathetic fibers

(E) Preganglionic parasympathetic fibers

8. A 6-year-old girl comes to her pediatrician
with constipation, abdominal distention, and
vomiting. After thorough examination, she is
diagnosed as having Hirschsprung's disease
(aganglionic megacolon), which is a congenital
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disease and leads to dilation of the colon. This
condition is caused by an absence of which of
the following kinds of neural cell bodies?

(A) Sympathetic preganglionic neuron cell
bodies

(B) Sympathetic postganglionic neuron cell

bodies
(C) Parasympathetic preganglionic neuron

cell bodies
(D) Parasympathetic postganglionic neuron

cell bodies

(E) Sensory neuron cell bodies

9. A pediatric surgeon is resecting a possible
malignant mass from the liver of a neonate
with cerebral palsy. The surgeon divides the
round ligament of the liver during surgery. A
fibrous remnant of which of the following fetal
vessels is severed?

(A) Ductus venosus
(B) Ductus arteriosus

(C) Left umbilical vein
(D) Right umbilical vein
(E) Umbilical artery

10. A 27-year-old woman has suffered a gun-
shot wound to her midabdomen. After examin-
ing the patient's angiogram, a trauma surgeon
locates the source of bleeding from pairs of
veins that typically terminate in the same vein.
Which of the following veins are damaged?

(A) Left and right ovarian veins
(B) Left and right gastroepiploic veins
(C) Left and right colic veins
(D) Left and right suprarenal veins
(E) left and right hepatic veins

11. A 43-year-old man complains of abdominal
pain just above his umbilicus. On examination,
a tumor is found anterior to the inferior vena
cava. Which of the following structures would
most likely be compressed by this tumor?

(A) Right sympathetic trunk
(B) Left third lumbar artery
(C) Third part of the duodenum
(D) Left renal artery
(E) Cisterna chyli

12. A 33-year-old man with a perforated gastric
ulcer complains of excruciating pain in his
stomach. It is observed that the pain comes
from peritoneal irritation by gastric contents in
the lesser sac. Which of the following nerves

contain sensory nerve fibers that convey this
sharp, stabbing pain?

(A) Vagus nerves
(B) Greater splanchnic nerves

(C) Lower intercostal nerves
(D) White rami communicantes
(E) Gray rami communicantes

13. A young boy is brought to the hospital after
a bicycle accident and possible pelvic fracture.
While awaiting a computed tomography (CT)
scan of his pelvis, a physician proceeds with a
focal neurologic examination. In testing the

child's reflexes, which of the following nerves
would carry afferent impulses of the cremasteric
reflex?

(A) Subcostal nerve

(B) Lateral femoral cutaneous nerve
(C) Genitofem oral nerve
(I)) Iliohypogastric nerve
(E) Femoral nerve

14. A 21-year-old man receives a penetrating
knife wound in the abdomen and is injured in
both the superior mesenteric artery and the
vagus nerve. Which portion of the colon
would most likely be impaired by this injury?

(A) Ascending and descending colons
(B) Transverse and sigmoid colons
(C) Descending and sigmoid colons
(D) Ascending and transverse colons

(E) Transverse and descending colons

15. A 42-year-old man with portal hypertension
secondary to cirrhosis of the liver and subse-
quent massive ascites presents to the emergency
department. He refuses to have a transjugular
intrahepatic portosystemic shunt (TIPS) proce-
dure and prefers surgery. Which of the following
surgical connections are involved in the most
practical method of shunting portal blood
around the liver?

(A) Superior mesenteric vein to the inferior
mesenteric vein

(B) Portal vein to the superior vena cava
(C) Portal vein to the left renal vein
(D) Splenic vein to the left renal vein
(E) Superior rectal vein to the left colic vein

16. A 78-year-old man is suffering from is-
chemia of the suprarenal glands. Rapid occlu-
sion of direct branches of which of the follow-
ing arteries results in this condition?
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(A) Aorta, splenic and inferior phrenic arteries
(B) Renal, splenic, and inferior mesenteric

arteries
(C) Aorta, inferior phrenic and renal arteries
(D) Superior mesenteric, inferior mesenteric,

and renal arteries
(E) Aorta, hepatic and renal arteries

17. A radiograph of a 32-year-old woman re-
veals a perforation in the posterior wall of the
stomach in which the gastric contents have
spilled into the lesser sac. The general surgeon
has opened the lienogastric (gastrosplenic) lig-

ament to reach the lesser sac and notes erosion
of the ulcer into an artery. Which of the follow-
ing vessels is most likely involved?

(A) Splenic artery
(B) Gastroduodenal artery
(C) Left gastric artery
(D) Right gastric artery
(E) Left gastroepiploic artery

18. A 35-year-old woman with a history of
cholecystectomy arrives in the emergency
room with intractable hiccups most likely
caused by an abdominal abscess secondary to
surgical infection. Which of the following
nerves carries pain sensation caused by irrita-
tion of the peritoneum on the central portion
of the inferior surface of the diaphragm?

(A) Vagus nerve
(B) Lower intercostal nerve
(C) Phrenic nerve
(D) Greater splanchnic nerve
(E) Subcostal nerve

19. A 16-year-old boy with ruptured spleen
comes to the emergency department for
splenectomy. Soon after ligation of the splenic
artery just distal to its origin, a surgical resident
observes that the patient is healing normally.
Normal blood flow would occur in which of
the following arteries?

(A) Short gastric arteries

(B) Dorsal pancreatic artery
(C) Inferior pancreaticoduodenal artery
(D) Left gastroepiploic artery
(E) Artery in the lienorenal ligament

20. A 9-year-old boy was admitted to the
emergency department complaining of nau-
sea, vomiting, fever, and loss of appetite. On
examination, he was found to have tenderness
and pain on the right lower quadrant. Based

on signs and symptoms, the diagnosis of acute
appendicitis was made. During an appendec-
tomy performed at McBurney's point, which
of the following structures is most likely to be

injured?

(A) Deep circumflex femoral artery

(B) Inferior epigastric artery
(C) Iliohypogastric nerve

(D) Genitofemoral nerve
(E) Spermatic cord

21. A 54-year-old man with a long history of
alcohol abuse presents to the emergency depart-
ment with rapidly increasing abdominal disten-
tion most likely resulting from an alteration in
portal systemic blood flow. Which of the follow-
ing characteristics is associated with the portal
vein or the portal venous system?

(A) Lower blood pressure than in the inferior

vena cava

(B) Least risk of venous varices because of

portal hypertension
(C) Distention of the portal vein resulting

from its numerous valves
(D) Caput medusae and hemorrhoids caused

by portal hypertension

(E) Less blood flow than in the hepatic artery

22. While examining radiographs and an-
giograms of a 52-year-old patient, a physician
is trying to distinguish the jejunum from the
ileum. He has observed that the jejunum has:

(A) Fewer plicae circulares

(B) Fewer mesenteric arterial arcades

(C) Less digestion and absorption of nutrients

(D) Shorter vasa recta

(E) More fat in its mesentery

23. A 67-year-old woman with a long history of
liver cirrhosis was seen in the emergency depart-
ment. In this patient with portal hypertension,
which of the following veins is most likely to be

dilated?

(A) Right colic vein
(B) Inferior epigastric vein
(C) Inferior phrenic vein

(D) Suprarenal vein
(E) Ovarian vein

24. A 26-year-old patient is admitted to a local
hospital with a retroperitoneal infection.
Which of the following arteries is most likely

to be infected?
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(A) Left gastric artery
(B) Proper hepatic artery
(C) Middle colic artery
(D) Sigmoid arteries
(E) Dorsal pancreatic artery

25. A pediatric surgeon has resected a structure
that is a fibrous remnant of embryonic or fetal
artery in a 5-year-old child. Which of the fol-
lowing structures is most likely to be divided?

(A) Lateral umbilical fold
(B) Medial umbilical told

(C) Median umbilical fold
(D) Ligamentum teres hepatis

(E) Ligamentum venosum

26. A 57-year-old patient has a tumor in the
body of the pancreas that obstructs the inferior
mesenteric vein just before joining the splenic
vein. Which of the following veins is most
likely to be enlarged?

(A) Middle colic vein
(B) Left gastroepiploic vein
(C) Inferior pancreaticoduodenal vein
(D) Ileocolic vein
(E) Left colic vein

27. An elderly man with prostatic hypertrophy
returns to his urologist with another case of
epididymitis. An acute infection involving the
dartos muscle layer of the scrotum most likely

leads to an enlargement of which of the fol-
lowing lymph nodes?

(A) Preaortic nodes
(B) Lumbar nodes
(C) External iliac nodes
(D) Superficial inguinal nodes
(E) Common iliac nodes

28. A patient with cryptogenic cirrhosis is
scheduled for liver transplant surgery. During
the operation rounds, the transplant physi-
cian explains to his residents that one of the
reasons a surgeon must pay close attention to

the anatomic location of the liver is that this
organ:

(A) Receives blood only from the hepatic
arteries

(B) Manufactures red blood cells in an adult
(C) Drains bile from the quadrate lobe into

the right hepatic duct
(D) Drains venous blood into the hepatic veins
(E) Functions to concentrate and store bile

29. A 41-year-old woman is brought to the
emergency room by her family because of acute
onset of right upper quadrant pain, nausea, and
vomiting. For this case, it important to remem-
ber that the bile duct:

(A) Drains bile into the second part of the
duodenum

(B) Can be blocked by cancer in the body of
the pancreas

(C) Joins the main pancreatic duct, which
carries hormones

(D) Is formed by union of the right and left
hepatic duct

(E) Lies posterior to the portal vein in the
right free edge of the lesser omentum

30. A patient with diverticulosis of the colon
presents for follow-up to his primary care
physician with ongoing complaints of left
lower quadrant pain and occasionally bloody
stools. His physician begins workup with ap-
propriating test by recalling that the sigmoid
colon:

(A) Is drained by systemic veins
(B) Is a retroperitoneal organ
(C) Receives parasympathetic fibers from the

vagus nerve
(D) Receives its blood from the superior

mesenteric artery
(E) Has teniae coli and epiploic appendages

31. A 19-year-old man with ruptured appendix
is sent to the emergency department for surgery.
To cut off the blood supply to the appendix (if
collateral circulation is discounted), a surgeon
should ligate which of the following arteries?

(A) Middle colic artery
(B) Right colic artery

(C) Ileocolic colic artery
(D) Inferior mesenteric artery
(E) Common iliac artery

32. Because of an inflammatory bowel disease
(Crohn's disease) and a small bowel obstruction
leading to bowel ischemia, an elderly woman
requires bypass of her ileum and jejunum and is
scheduled for a gastrocolostomy. The surgeon
will ligate all arteries that send branches to the
stomach. Which of the following arteries may
be spared?

(A) Splenic artery
(B) Gastroduodenal artery
(C) Inferior pancreaticoduodenal artery
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(D) Left gastroepiploic artery
(E) Proper hepatic artery

33. A 38-year-old woman with peptic ulcer dis-
ease of the stomach experiences severe abdom-
inal pain. Which of the following nervous
structures would most likely be involved?

(A) Greater splanchnic nerve
(B) Ventral roots of the spinal nerve
(C) Lower intercostal nerve
(D) Vagus nerve
(E) Gray ramus communicans

34. Before beginning a cesarean section (C-
section) in a pregnant woman with a genital her-
pes infection, the obstetrician noted that she
had an aponeurosis of the transverse abdominal
muscle. This aponeurosis most likely contributes

to the formation of which of the following?

(A) Anterior layer of the rectus sheath below
the arcuate line

(B) Anterior layer of the rectus sheath above
the umbilicus

(C) Posterior layer of the rectus sheath below
the arcuate line

(D) Deep inguinal ring
(E) Lacunar ligament

35. Examination of a 54-year-old man reveals
an isolated tumor located at the porta hepatis.
This tumor most likely compresses which of
the following structures?

(A) Cystic duct
(B) Hepatic veins
(C) Common hepatic artery
(D) Left gastric artery
(E) Branches of the portal vein

36. A patient is rushed to the operating room
for an emergent cholecystectomy (resection of
a gallbladder) because of cholecystitis. While
locating landmarks before surgical resection of
an infected gallbladder, the surgeon recalls that
one pair of veins forms a portal-caval anasto-
mosis. Which of the following pairs of veins
form a portal-caval anastomosis?

(A) Hepatic veins and inferior vena cava
(B) Superior and middle rectal vein
(C) Left and right gastric veins
(D) Inferior and superficial epigastric veins
(E) Suprarenal and renal veins

37. Mrs. Jones is undergoing a routine colonos-
copy for colon cancer prevention. The gastroen-
terologist finds a Meckel's diverticulum. Which
of the following statements is true about the
diverticulum?

(A) It is found 2 feet distal to the ileocecal
junction

(B) It is located on the mesenteric side of the
ileum

(C) It occurs in about 20% of the population

(D) It is a persistent remnant of the embryonic

yolk sac
(E) It may contain renal and suprarenal

tissues

38. A 54-year-old man comes to a hospital
with abdominal pain, jaundice, loss of ap-
petite, and weight loss. On examination of his
radiograms and computed tomography (CT)
scans, a physician finds a slowly growing tu-
mor in the uncinate process of the pancreas.
Which of the following structures is most likely

compressed by this tumor?

(A) Main pancreatic duct
(B) Splenic artery

(C) Portal vein

(D) Superior mesenteric artery
(E) Superior pancreaticoduodenal artery

39. A 6-year-old boy comes to his pediatrician
with a lump in the groin near the thigh and pain
in the groin. On examination, the physician
makes a diagnosis of a direct inguinal hernia
because the herniated tissue:

(A) Enters the deep inguinal ring

(B) Lies lateral to the inferior epigastric

artery

(C) Is covered by spermatic fasciae

(D) Descends into the scrotum

(E) Develops after birth

40. A 21-year-old young man was lifting heavy
boxes while moving into his new house. During
the repair of his resulting hernia, the urologist
recalls that the genitofemoral nerve:

(A) Runs in front of the quadratus lumborum

(B) Is a branch of the femoral nerve

(C) Supplies the testis

(D) Passes through the deep inguinal ring

(E) Gives rise to an anterior scrotal branch
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41. An oncologist is reviewing a computed
tomography (CT) scan of a 74-year-old man
with newly diagnosed hepatocellular carci-
noma. He locates the affected quadrate lobe
of the liver that:

(A) Lies between the inferior vena cava and
ligamentum venosum

(B) Receives blood from the right hepatic
artery

(C) Drains bile into the left hepatic duct

(D) Is a medial superior segment
(E) Is functionally a part of the right lobe

42. A 58-year-old man is presented with edema
of the lower limb and enlarged superficial veins
of the abdominal wall. Examination of radi-

ographs and angiograms reveals obstruction of
the inferior vena cava just proximal to the origin
of the renal vein. This venous blockage may re-
sult in dilation of which of the following veins?

(A) Left suprarenal vein
(B) Right inferior phrenic vein
(C) Right hepatic vein
(D) Left gastric vein
(E) Portal vein

43. A physical fitness trainer for a young Holly-
wood movie star explains the reasons for 100
stomach crunches a day. The young star, a med-
ical student before "hitting it big" reaffirms to
his trainer that the lateral margin of the rectus
abdominis, the muscle responsible for a wash-
board stomach, defines which one of the fol-
lowing structures?

(A) Linea alba
(B) Linea semilunaris
(C) Linea semicircularis
(D) Transversalis fascia
(E) Falx inguinalis

44. During surgical treatment of portal hyper-
tension of a 59-year-old man with liver cirrho-
sis, a surgeon inadvertently lacerates the dilated
paraumbilical veins. The veins must be repaired
to allow collateral flow. Which of the following
ligaments is most likely severed?

(A) Lienorenal ligament
(B) Lienogastric ligament
(C) Gastrophrenic ligament
(D) Ligamentum teres hepatis
(E) Ligamentum venosum

45. A 43-year-old woman is admitted to a hos-
pital because of deep abdominal pain in her
epigastric region. On examination, it is ob-
served that a retroperitoneal infection erodes
an artery that runs along the superior border of
the pancreas. Which of the following arteries is
likely injured?

(A) Right gastric artery

(B) Left gastroepiploic artery
(C) Splenic artery
(D) Gastroduodcnal artery

(E) Dorsal pancreatic artery

46. A 19-year-old young woman with a long
history of irritable bowel syndrome presents for

the possibility of surgical resection of the gas-
trointestinal (GI) tract where the vagal parasym-
pathetic innervation terminates. Which of the
following sites is most appropriate for surgical
resection?

(A) Duodenojejunal junction

(B) Ileocecal junction

(C) Right colic flexure

(D) Left colic flexure

(E) Anorectal junction

47. A 58-year-old man is admitted to a hospital
with severe abdominal pain, nausea, and vom-
iting resulting in dehydration. Emergency com-
puted tomography (CT) scan reveals a tumor lo-
cated between the celiac trunk and the superior
mesenteric artery. Which of the following struc-
tures is likely compressed by this tumor?

(A) Fundus of the stomach

(B) Neck of the pancreas
(C) Transverse colon
(D) Hepatopancreatic ampulla
(E) Duodenojejunal junction

48. An emergent hernia repair is scheduled. As
the attending physician is driving to the hospi-

tal, the medical student assisting on the case
quickly reviews his anatomy atlas and is trying
to commit to memory that the internal oblique
abdominis muscle contributes to the formation
of which of the following structures?

(A) Inguinal ligament
(B) Deep inguinal ring
(C) Falx inguinalis

(D) Internal spermatic fascia
(E) Reflected inguinal ligament
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49. A 9-year-old girl has crashed into her
neighbor's brick fence while riding her bike

and is brought to the emergency department
with a great deal of abdominal pain. Her radi-
ogram and angiogram show laceration of the
superior mesenteric artery immediately distal
to the origin of the middle colic artery. If col-
lateral circulation is discounted, which of the
following organs may become ischemic?

(A) Descending colon
(B) Duodenum
(C) Pancreas
(D) Ascending colon
(E) Transverse colon

50. A 53-year-old woman with known kidney
disease presents to a hospital because her pain
has become increasingly more severe. A physi-
cian performing kidney surgery must remember

that:

(A) The left kidney lies a bit lower than the
right one

(B) The peri-renal fat lies external to the renal

fascia
(C) The renal fascia does not surround the

suprarenal gland

(D) The left renal vein runs anterior to both
the aorta and the left renal artery

(E) The right renal artery is shorter than the

left one

Questions 51-55: Choose the appropriate
lettered structure in this computed tomography
(CT) scan of the abdomen (see bottom of page)
at the level of the twelfth thoracic vertebra.

51. Which structure is hematopoietic in early

life and later destroys worn out red blood

cells?

52. Which structure runs along the superior
border of the pancreas and enters the lienorenal

ligament?

53. Which structure is divided into the proper

hepatic and gastroduodenal arteries?

54. Which structure provides an attachment
of the suspensory muscle of the duodenum

(ligament of Treitz)?

SS. Which structure is retroperitoneal in posi-
tion and receives blood from the splenic artery?
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Questions 56-60: Choose the appropriate
lettered structure in this computed tomogra-
phy (CT) scan of the abdomen (see above) at
the level of the upper lumbar vertebra.

56. Which structure is a direct branch of the
aorta and supplies blood to the ascending and
transverse colons?

57. Which structure receives blood from the
liver and kidney and enters the thorax by pierc-
ing the central tendon of the diaphragm?

58. Which structure receives bile, concentrates
it by absorbing water and salt, and stores it?

59. Which structure receives blood from the
left gonad and suprarenal gland?

60. Which structure runs behind the inferior
vena cava?
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pi ANSWERS AND EXPLANATIONS

1. The answer is C. The aortic hiatus of the diaphragm transmits the azygos vein and thoracic

duct. The vagus nerve passes through the esophageal hiatus, and the right phrenic nerve may run
through the vena caval hiatus.

2. The answer is D. Because the bile duct traverses the head of the pancreas, cancer in the head
of the pancreas obstructs the bile duct, resulting in jaundice. Aneurysm of the splenic artery, ob-
struction of the main pancreatic duct, a stomach ulcer, and cancer in the body of the pancreas are
not closely associated with the bile duct. The tail of the pancreas is located at the hilus of the

spleen, which lies far from the bile duct.

3. The answer is B. The deep inguinal ring lies in the transversalis fascia, just lateral to the inferior
epigastric vessels. The superficial inguinal ring is in the aponeurosis of the external oblique muscle.

The inguinal ligament and the anterior wall of the inguinal canal are formed by the aponeurosis of
the external oblique muscle. The sac of a direct inguinal hernia is formed by the peritoneum.

4. The answer is C. Cell bodies of the abdominal pain fibers are located in the dorsal root ganglion.
The lateral horn of the spinal cord contains cell bodies of sympathetic preganglionic nerve fibers;
the anterior horn contains cell bodies of general somatic efferent (GSE) fibers. The sympathetic
chain ganglion contains cell bodies of sympathetic postganglionic fibers, which supply blood ves-
sels, sweat glands, and hair follicles. The celiac ganglion contains cell bodies of sympathetic post-
ganglionic fibers, which supply the visceral organs such as stomach and intestine.

5. The answer is C. The fundus of the gallbladder is in contact with the transverse colon and thus
gallstones erode through the posterior wall of the gallbladder and enter the transverse colon. They
are passed naturally to the rectum through the descending colon and sigmoid colon. Gallstones
lodged in the body of the gallbladder may ulcerate through the posterior wall of the body of the
gallbladder into the duodenum (because the gallbladder body is in contact with the duodenum)
and may be held up at the ileocecal junction, producing an intestinal obstruction.

6. The answer is D. The descending colon is a retroperitoneal organ. The rest of the organs are

surrounded by peritoneum.

7. The answer is A. The suprarenal medulla is the only organ that receives preganglionic sym-
pathetic fibers. No other nerve fibers are involved in secretion of norepinephrine secretion from
the suprarenal medulla.

8. The answer is D. Aganglionic megacolon (Hirschsprung's disease) is caused by the absence of

enteric ganglia (parasympathetic postganglionic neuron cell bodies) in the lower part of the colon,
which leads to dilatation of the colon proximal to the inactive segment, resulting in an inability
to evacuate the bowels. The other neuron cell bodies listed are not involved in this condition.

9. The answer is C. The left umbilical vein becomes the round ligament of the liver after birth.
The right umbilical vein did not leave a fibrous remnant because it was degenerated during the
early embryonic period. The ductus venosus forms the ligamentum venosum; the ductus arterio-
sus forms the ligamentum arteriosum; the umbilical artery forms the medial umbilical ligament.

10. The answer is E. The right and left hepatic veins drain into the inferior vena cava. The right
gastroepiploic vein drains into the superior mesenteric vein, but the left one drains into the
splenic vein. The right gonadal and suprarenal veins drain into the inferior vena cava, whereas
the left ones drain into the left renal vein. The right colic vein ends in the superior mesenteric
vein, but the left one terminates in the inferior mesenteric vein.
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11. The answer is C. The third part of the duodenum (transverse portion) crosses anterior to the

inferior vena cava. The other structures do not cross the inferior vena cava anteriorly.

12. The answer is C. Pain sensation originating from peritoneal irritation by gastric contents in
the lesser sac is carried by lower intercostals nerves. The vagus nerves carry sensory fibers associated
with reflexes in the gastrointestinal (GI) tract. The greater splanchnic nerves and white rami corn-
municantes carry pain (general visceral afferent [GVA]) fibers from the wall of the stomach and
other areas of the GI tract. The gray rami communicantes contains no sensory fibers but contain
sympathetic postganglionic fibers.

13. The answer is C. Stimulation of the cremaster muscle draws the testis up from the scrotum
toward the superficial inguinal ring. The efferent limb of the reflex arc is the genital branch of the
genitofemoral nerve, whereas the afferent limb is the femoral branch of the genitofemoral nerve.

The other nerves are not involved in the cremasteric reflex.

14. The answer is D. The ascending and transverse colons receive blood from the superior mesen-
teric artery and parasympathetic nerve fibers from the vagus nerve. However, the descending and

sigmoid colons receive blood from the inferior mesenteric artery and the parasympathetic nerve
fibers from the pelvic splanchnic nerve arising from sacral spinal nerves (S2–S4).

15. The answer is D. Portal hypertension can be reduced by diverting blood from the portal to
the caval system. This is accomplished by connecting the splenic vein to the left renal vein or
by creating a communication between the portal vein and the inferior vena cava. A connection
between an hepatic vein and a branch of the portal vein can be accomplished by the transjugu-
lar intrahepatic portosystemic shunt (TIPS) procedure in the treatment of bleeding esophageal

varices.

16. The answer is C. The suprarenal gland receives arteries from three sources. The superior
suprarenal artery arises from the inferior phrenic artery, the middle suprarenal artery arises from
the abdominal aorta, and the inferior suprarenal artery arises from the renal artery. The hepatic,
superior mesenteric, inferior mesenteric, and splenic arteries do not supply the suprarenal gland.

17. The answer is E. The left gastroepiploic artery runs through the lienogastric ligament, hence
it is the artery most likely injured. The splenic artery is found in the lienorenal ligament. The
right and left gastric arteries run within the lesser omentum. The gastroduodenal artery descends

between the duodenum and the head of the pancreas.

18. The answer is C. The diaphragm receives somatic motor fibers solely from the phrenic
nerves. However, the peritoneum on the central part of the diaphragm receives sensory fibers

from the phrenic nerve, and the peripheral part of the diaphragm receives such fibers from the
lower intercostal nerves. The subcostal nerve supplies the peritoneum inferior to the diaphragm.
The vagus and greater splanchnic nerves do not carry pain fibers from the peritoneum.

19. The answer is C. The inferior pancreaticoduodenal artery is a branch of the superior mesenteric
artery. All of other arteries are branches of the splenic artery.

20. The answer is C. The iliohypogastric nerve runs medially and inferiorly between the internal
oblique and transverse abdominal muscles near the McBurney's point, the point at the junction of
the lateral one third of a line between the anterior superior iliac spine and the umbilicus. Other
structures are not found near the McBurney's point.

21. The answer is D. Portal hypertension can cause esophageal varices, caput medusa, and hem-
orrhoids. The portal vein has higher pressure than systemic veins; the vein and its tributaries have
no valves, or, if present, they are insignificant. In addition, the portal vein carries two to three times
as much blood as the hepatic artery.
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22. The answer is B. The jejunum has fewer mesenteric arterial arcades but longer vasa recta than
the ileum. The plicae circulares (circular folds) are tall and closely packed in the jejunum and are
low and sparse in the ileum, and the lower part of the ileum has no plicae circulares. More diges-
tion and absorption of nutrients occurs in the jejunum than in the ileum, and less fat is found in
the mesentery of the jejunum.

23. The answer is A. The right colic vein belongs to the portal venous system and empties into

the superior mesenteric vein, which joins the splenic vein to form the portal vein. The inferior
epigastric, inferior phrenic, suprarenal, and ovarian veins belong to the systemic (or caval) venous
system and drain directly or indirectly into the inferior vena Cava.

24. The answer is E. The pancreas is a retroperitoneal organ, except for a small portion of its tail.
The dorsal pancreatic artery would be the infected artery because it arises from the splenic artery and
runs ret roperitoneally along the superior border of the pancreas behind the peritoneum. The other
arteries run within layers of the peritoneum. The left gastric arteries run within the lesser omentum;
the proper hepatic artery runs within the free margin of the lesser omentum; the middle colic artery
runs within the transverse mesocolon; the sigmoid arteries run within the sigmoid mesocolon.

25. The answer is B. The medial umbilical fold or ligament contains a fibrous remnant of the
umbilical artery. The median umbilical fold contains a fibrous remnant of the urachus, The lat-
eral umbilical fold (ligament) contains the inferior epigastric artery and vein, which are adult
blood vessels. The ligamentum venosum contains a fibrous remnant of the ductus venosus and

the ligamentum teres hepatic contains a fibrous remnant of the left umbilical vein.

26. The answer is E. The left colic vein is a tributary of the inferior mesenteric vein. The middle
colic, inferior pancreaticoduodenal, and ileocolic veins drain into the superior mesenteric vein.

The lett gastroepiploic vein empties into the splenic vein.

27. The answer is D. The superficial inguinal lymph nodes receive lymph from the scrotum, penis,
buttocks, and lower part of the anal canal, and their efferent vessels enter primarily to the external
iliac nodes and ultimately to the lumbar (aortic) nodes. The deep inguinal nodes receive lymph from
the testis and upper parts of the vagina and anal canal, and their efferent vessels enter the external
iliac nodes.

28. The answer is D. The liver receives blood from the hepatic artery and portal vein and drains
its venous blood into the hepatic veins. The liver manufactures red blood cells in the fetus. The
liver plays important roles in bile production and secretion. The quadrate lobe drains bile into the
left hepatic duct, not the right hepatic duct, whereas the caudate lobe drains bile into the right
and left hepatic ducts. The gallbladder functions to concentrate and store bile.

29. The answer is A. The bile duct is formed by union of the common hepatic and cystic ducts,

lies lateral to the proper hepatic artery and anterior to the portal vein in the right free margin of
the lesser omentum, traverses the head of the pancreas, and drains bile into the second part of
the duodenum at the greater papilla. The endocrine part of the pancreas secretes the hormones
insulin and glucagon, which are transported through the bloodstream. The main pancreatic duct
carries pancreatic juice containing enzymes secreted from the exocrine part of the pancreas.

30. The answer is E. The sigmoid colon has teniae coli and epiploic appendages. The sigmoid

colon receives blood from the inferior mesenteric artery, drains its venous blood through the por-
tal tributaries, has its own mesentery (sigmoid mesocolon; therefore, is not a retroperitoneal organ),
and receives parasympathetic preganglionic fibers from the pelvic splanchnic nerve.

31. The answer is C. The appendicular artery is a branch of the ileocolic artery. The other arteries
do not supply the appendix. The middle colic and right colic arteries are branches of the superior

mesenteric artery. The Inferior mesenteric artery passes to the left behind the peritoneum and
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distributes to the descending and sigmoid colons and the upper portion of the rectum. The com-

mon iliac arteries are bifurcations from the aorta.

32. The answer is C. The inferior pancreaticoduodenal artery does not supply the stomach. All
of the other arteries supply the stomach. Gastrocolostomy is used to establish a communication
between the stomach and colon, bypassing the small intestine when the patient has Crohn's disease

(inflammation disease) and small bowel obstruction.

33. The answer is A. The greater splanchnic nerve carries pain fibers from the upper gastroin-

testinal (GI) tract. Neither the ventral roots of the spinal nerves nor the gray rami corn municantes
contain sensory nerve fibers. The vagus nerve contains sensory fibers associated with reflexes, but
it does not contain pain fibers. The lower intercostals nerves carry general somatic afferent (GSA)
pain fibers from the diaphragm, abdominal wall, and peritoneum but not general visceral afferent

(GVA) pain fibers from the GI tract.

34. The answer is A. The anterior layer of the rectus sheath below the arcuate line is formed

by aponeuroses of the external and internal oblique and transverse abdominal muscles, but
there is no posterior layer of the rectus sheath below the arcuate line. The anterior layer of the
rectus sheath above the umbilicus is formed by aponeuroses of the external and internal
oblique abdominal muscles. The deep inguinal ring lies in the transversalis fascia. The lacunar

ligament is formed by the external oblique abdominal aponeurosis.

35. The answer is E. The porta hepatis is the transverse fissure (doorway) in the liver and contains
the hepatic ducts, hepatic arteries, and branches of the portal vein. "the other structures are not

found in the porta hepatis.

36. The answer is B. Portal-caval anastomoses occur between the left gastric vein and esophageal
vein of the azygos, the superior rectal and middle or inferior rectal veins, paraumbilical and super-
ficial epigastric veins, and retrocolic veins and twigs of the renal vein. The hepatic veins and the
inferior vena cava are systemic or caval veins. The left and right gastric veins belong to the por-
tal venous system. The inferior and superficial epigastric veins and the suprarenal and renal

veins are systemic veins.

37. The answer is D. The Meckel's diverticulum is a persistent remnant of the yolk stalk (vitelline
duct) and located 2 feet proximal to the ileocecal junction on the antimesenteric border of the
ileum. It is about 2 inches long, occurs in about 2% of the population, and contains two types of
mucosal (gastric and pancreatic) tissues in its wall.

38. The answer is D. The uncinate process of the pancreas is a projection of the lower part of the
head to the left behind the superior mesenteric vessels. The superior pancreaticoduodenal artery
runs between the duodenum and the head of the pancreas. The main pancreatic runs transversely
through the entire pancreas superior to the uncinate process. The splenic artery runs along the
superior border of the pancreas. The portal vein runs behind the neck of the pancreas.

39. The answer is E. A direct hernia is acquired (develops after birth), whereas an indirect inguinal
hernia is congenital. The direct hernia does not enter the deep inguinal ring but occurs through the
posterior wall of the inguinal canal, lies medial to the inferior epigastric artery, is covered only by

peritoneum, and does not descend into the scrotum.

40. The answer is D. The genitofemoral nerve descends on the anterior surface of the psoas mus-
cle and gives rise to a genital branch, which enters the inguinal canal through the deep inguinal
ring to supply the cremaster muscle, and a femoral branch, which supplies the skin of the femoral
triangle. The genitofemoral nerve is not a branch of the femoral nerve but arises from the lum-
bar plexus, and does not supply the testis. It is the ilioinguinal nerve that gives rise to an anterior
scrotal branch.
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41. The answer is C. The quadrate lobe of the liver drains bile into the left hepatic duct and
receives blood from the left hepatic artery. It lies between the gallbladder fossa and the liga-
mentum teres hepatic, is a medial inferior segment, and is a part of the left lobe,

42. The answer is A. The veins distal to obstruction are dilated, but the veins proximal to ob-
struction are not dilated but have low blood pressure. The suprarenal vein drains into the left renal
vein and thus is dilated because of high pressure. The right phrenic and right hepatic veins drain
into the inferior vena cava above the obstruction. The left gastric vein joins the portal vein, which
enters the liver.

43. The answer is B. The linea semilunaris is a curved line along the lateral border of the rectus ab-
dominis. The linea alba is a tendinous median raphe between the two rectus abdominis muscles. The
linea semicircularis is an arcuate line of the rectus sheath, which is the lower limit of the posterior
layer of the rectus sheath. The falx inguinalis (conjoint tendon) is formed by aponeuroses of the in-

ternal oblique and transverse abdominal muscles (otherwise known as the transversalis fascia).

44. The answer is D. The paraumbilical veins and the ligamentum teres hepatis are contained
in the free margin of the falciform ligament. The lienorenal ligament contains the splenic vessels
and a small portion of the tail of the pancreas. The lienogastric ligament contains the left gas-
troepiploic and short gastric vessels. The gastrophrenic ligament contains no named structures.
The hepatoduodenal ligament, a part of the lesser omentum, contains the bile duct, proper hepatic

artery, and portal vein in its free margin.

45. The answer is C. The splenic artery arises from the celiac trunk, runs along the superior
border of the pancreas, and enters the spleen through the lienorenal ligament and the hilus of
the spleen. The right gastric artery runs along the lesser curvature of the stomach, and the left
gastroepiploic artery runs along the greater curvature of the stomach. "I he gastroduodenal artery
runs behind the first part of the duodenum. The dorsal pancreatic artery descends behind the
neck of the pancreas and divides into right and left branches to supply the pancreas.

46. The answer is D. The vagus nerve supplies parasympathetic nerve fibers to the gastroin-

testinal (GI) tract and terminates approximately at the left colic flexure (junction of the transverse
colon and the descending colon). The duodenojejunal junction, ileocecal junction, and right
colic flexure are supplied by the vagus nerve. The descending colon, sigmoid colon, rectum, anal
canal, and anorectal junction are supplied by the pelvic splanchnic nerve for parasympathetic
innervation.

47. The answer is B. The pyloric canal and the neck of the pancreas are situated anterior to the
abdominal aorta between the origin of the celiac trunk and the superior mesenteric artery. The
transverse colon passes anterior to the superior mesenteric artery and the third part of the duode-
num. The other structures are not located in front of the aorta.

48. The answer is C. The falx inguinalis (conjoint tendon) is formed by the aponeuroses of the
internal oblique and transverse muscles of the abdomen. The inguinal ligament is formed by
aponeurosis of the external oblique abdominal muscle and the reflected inguinal ligament is
formed by certain fibers of the inguinal ligament reflected from the pubic tubercle upward toward
the linea alba. The deep inguinal ring lies in the transversalis fascia, and the internal spermatic

fascia is formed by the transversalis fascia.

49. The answer is D. The right colic and ileocolic arteries arise from the superior mesenteric artery
distal to the origin of the middle colic artery. The right colic artery may arise from the ileocolic
artery and supplies the ascending colon. The duodenum and pancreas receive blood from the infe-

rior pancreaticoduodenal artery and superior pancreaticoduodenal. The pancreas is also supplied

by the splenic artery of the celiac trunk. The transverse colon receives blood from the middle colic
artery. The descending colon is supplied by the left colic artery, which is a branch of the inferior
mesenteric artery.



ABDOMEN 259

50. The answer is D. The left renal vein runs anterior to both the aorta and the left renal artery.
The renal fascia lies external to the perirenal fat and internal to the pararenal fat, and it also sur-
rounds the suprarenal gland. The right renal artery runs behind the inferior vena cava and is
longer than the left renal artery. Because of the large size of the right lobe of the liver, the right

kidney lies a little lower than the left.

51. The answer is E. The spleen lies in the left hypochondriac region, is hematopoietic in early
life, and later functions in worn-out red blood cell destruction. It filters blood, stores red blood
cells, and produces lymphocytes and antibodies.

52. The answer is D. The splenic artery is a branch of the celiac trunk, follows a tortuous course
along the superior border of the pancreas, and divides into several branches that run through the
lienorenal ligament.

53. The answer is A. The common hepatic artery is divided into the proper hepatic and gastro-

duodenal arteries.

54. The answer is B. The duodenojejunal flexure is supported by a fibromuscular band called the
suspensory ligament of the duodenum (ligament of Treitz), which is attached to the right crus of
the diaphragm.

55. The answer is C. The pancreas is an endocrine and exocrine gland; is retroperitoneal in posi-
tion; arid receives blood from the splenic, gastroduodenal, and superior mesenteric arteries.

56. The answer is D. The superior mesenteric artery, a direct branch of the aorta, supplies blood
to the ascending and transverse colons.

57. The answer is B. The inferior vena cava, which receives blood from the liver, kidneys, and
other abdominal structures, enters the thorax through the vena caval foramen to empty into the
right atrium.

58. The answer is A. The gallbladder receives bile, concentrates it by absorbing water and salt,
and stores it.

59. The answer is E. The left renal vein runs anterior to the aorta but posterior to the superior
mesenteric artery and receives blood from the gonad and suprarenal gland.

60. The answer is C. The right renal artery arises from the aorta, is longer than the left one, and
runs behind the inferior vena cava and the right renal vein.



Perineum and Pelvis

PERINEAL REGION

Perineum

• Is a diamond-shaped space that has the same boundaries as the inferior aperture of the pelvis.
• Is bounded by the pubic symphysis anteriorly, the ischiopubic rami anterolaterally, the is-

chial tuberosities laterally, the sacrotuberous ligaments posterolaterally, and the tip of the
coccyx posteriorly.

• Has a floor that is composed of skin and fascia and a roof formed by the pelvic diaphragm
with its fascial covering.

• Is divided into an anterior urogenital triangle and a posterior anal triangle by a line con-
necting the two ischial tuberosities.

Wr. Urogenital Triangle (Figures 6-1 and 6-2)

A. Superficial perineal space (pouch)

• Lies between the inferior fascia of the urogenital diaphragm (perineal membrane) and

the membranous layer of the superficial perineal fascia (Colles' fascia).
• Contains the superficial transverse perineal muscle, the ischiocavernosus muscles and crus

of the penis or clitoris, the bulbospongiosus muscles and the bulb of the penis or the
vestibular bulbs, the central tendon of the perineum, the greater vestibular glands (in the
female), branches of the internal pudendal vessels, and the perineal nerve and its branches.

1. Colles' fascia
• Is the deep membranous layer of the superficial perineal fascia and forms the inferior

boundary of the superficial perineal pouch.
• Is continuous with the dartos tunic of the scrotum, with the superficial fascia of the

penis and with the Scarpa's fascia of the anterior abdominal wall.

cc 6.1 Extravasated urine: may result from rupture of the bulbous portion of the spongy ure-
thra below the urogenital diaphragm; urine may pass into the superficial perineal space.

The urine spreads inferiorly into the scrotum, anteriorly around the penis, and superiorly into the ab-

dominal wall. The urine cannot spread laterally into the thigh, because the inferior fascia of the urogeni-

tal diaphragm (the perinea) membrane) and the superficial fascia of the perineum are firmly attached to

the ischiopubic rami and are connected with the deep fascia of the thigh !fascia-lata). It cannot spread

posteriorly into the anal region, because the perineal membrane and Colles' fascia are continuous with

each other around the superficial . transverse perineal muscles. If the membranous part of the urethra is

ruptured, urine escapes into the dee6-:.rierineal space and can extravasate upward around the prostate

and bladder or downward into the superficial perineal space.
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Peritoneum

Obturator internus
muscle and fascia

Pudendal canal 	
lschiorectal fossa

Visceral pelvic fascia

Superior fascia of pelvic diaphragm

/7.41

Pelvic diaphragm

O
iFZ  Inferior fascia of pelvic diaphragm

ff Prostate gland

Urogenital diaphragm

Crus of penis — - Buck's fascia
Ischiocavernosus muscle/	 ,

fascia	 Superior fascia of urogenital diaphragmand 

	

Superficial perinea! fascia 	 nferior fascia of urogenital diaphragm

	

(of Colles)	 Bulbospongiosus muscle and fascia
Superficial perinea! space	 Bulb of penis

Figure 6-1 Frontal section of the male perineum and pelvis.

2. Perineal membrane
• Is the inferior fascia of the urogenital diaphragm that forms the inferior boundary of

the deep perineal pouch and the superior boundary of the superficial pouch.

• Lies between the urogenital diaphragm and the external genitalia, is perforated by the
urethra, and is attached to the posterior margin of the urogenital diaphragm and the is-
chiopubic rami.

• Is thickened anteriorly to form the transverse ligament of the perineum, which spans
the subpubic angle just behind the deep dorsal vein of the penis.

3. Muscles of the superficial perineal space (Figures 6-3 and 6-4)
a. Ischiocavernosus muscles

• Arise from the inner surface of the ischial tuberosities and the ischiopubic rami.
• Insert into the corpus cavernosum (the crus of the penis or clitoris).
• Are innervated by the perineal branch of the pudendal nerve.
• Maintain erection of the penis by compressing the crus and the deep dorsal vein of

the penis, thereby retarding venous return.
b. Bulbospongiosus muscles

• Arise from the perineal body and fibrous raphe of the bulb of the penis in the male
and the perineal body in the female.

• Insert into the corpus spongiosum and perineal membrane in the male and the pu-
bic arch and dorsum of the clitoris in the female.

• Are innervated by the perineal branch of the pudendal nerve.
• Compress the bulb in the male, impeding venous return from the penis and

thereby maintaining erection. Contraction (along with contraction of the ischio-
cavernosus) constricts the corpus spongiosum, thereby expelling the last drops of
urine or the final semen in ejaculation.

• Compress the erectile tissue of the vestibular bulbs in the female and constrict
the vaginal orifice.

c. Superficial transverse perineal muscle
• Arises from the ischial rami and tuberosities.
• Inserts into the central tendon (perineal body).
• Is innervated by the perineal branch of the pudendal nerve.
• Stabilizes the central tendon.
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Vagina

Figure 6-2 Frontal section of the female perineum and pelvis.

Superior fascia of urogenital diaphragm

Urogenital diaphragm

4. Perineal body (central tendon of the perineum)
• Is a fibromuscular mass located in the center of the perineum between the anal canal

and the vagina (or the bulb of the penis).
• Serves as a site of attachment for the superficial and deep transverse perineal, bul-

bospongiosus, levator ani, and external anal sphincter muscles.
5. Greater vestibular (Bartholin's) glands

• Lie in the superficial perineal space deep to the vestibular bulbs in the female.
• Are homologous to the bulbourethral glands in the male.
• Are compressed during coitus and secrete mucus that lubricates the vagina. Ducts

open into the vestibule between the labium minora below the hymen.

B. Deep perineal space (pouch)

• Lies between the superior and inferior fasciae of the urogenital diaphragm.
• Contains the deep transverse perineal muscle and sphincter urethrae, the membranous

part of the urethra, the bulbourethral glands (in the male), and branches of the internal

pudendal vessels and pudendal nerve.
1. Muscles of the deep perineal space

a. Deep transverse perineal muscle
• Arises from the inner surface of the ischial rami.
• Inserts into the medial tendinous rap he and the perineal body; in the female, it

also inserts into the wall of the vagina.
• Is innervated by the perineal branches of the pudendal nerve.
• Stabilizes the perineal body and supports the prostate gland or the vagina.

b. Sphincter urethrae
• Arises from the inferior pubic ramus.
• Inserts into the median raphe and perineal body.
• Is innervated by the perineal branch of the pudendal nerve.

• Encircles and constricts the membranous urethra in the male.
• Has an inferior part that is attached to the anterolateral wall of the vagina in the

female, forming a urethrovaginal sphincter that compresses both the urethra and

vagina.
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Coccyx

Figure 6-3 Muscles of the male perineum.

2. Urogenital diaphragm
• Consists of the deep transverse perineal muscle and the sphincter urethrae and is in-

vested by superior and inferior fasciae.
• Stretches between the two pubic rami and ischial rami, but does not reach the pubic

symphysis anteriorly.
• Has inferior fascia that provide attachment to the bulb of the penis.

• Is pierced by the membranous urethra in the male and by the urethra and the vagina

in the female.
3. Bulbourethral (Cowper's) glands

• Lie among the fibers of the sphincter urethrae in the deep perineal pouch in the male,
on the posterolateral sides of the membranous urethra. Ducts pass through the infe-
rior fascia of the urogenital diaphragm to open into the bulbous portion of the

spongy (penile) urethra.

alai Triangle

A. Ischiorectal (ischioanal) fossa (see Figures 6-1 and 6-2)

• Is the potential space on either side of the anorectum and is separated from the pelvis by
the levator ani and its fasciae.

• Contains ischioanal fat, which allows distention of the anal canal during defecation; the
inferior rectal nerves and vessels, which are branches of the internal pudendal vessels
and the pudendal nerve; and perineal branches of the posterior femoral cutaneous nerve
(which communicates with the inferior recta] nerve).

• Contains the pudendal (Alcock's) canal on its lateral wall. This is a fascial canal formed
by a split in the obturator internus fascia and transmits the pudendal nerve and internal
pudendal vessels.
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Coccyx

Figure 6-4 Muscles of the female perineum.

• Has the following boundaries:
1. Anterior: the posterior borders of the superficial and deep transverse perineal muscles

2. Posterior: the gluteus maximus muscle and the sacrotuberous ligament
3. Superomedial: the sphincter ani externus and levator ani muscles
4. Lateral: the obturator fascia covering the obturator internus muscle

5. Floor: the skin over the anal triangle

B. Muscles of the anal triangle (Figure 6-5)

1. Obturator internus
• Arises from the inner surface of the obturator membrane.
• Has a tendon that passes around the lesser sciatic notch to insert into the medial sur-

face of the greater trochanter of the femur.
• Is innervated by the nerve to the obturator.
• Laterally rotates the thigh.

2. Sphincter ani externus
• Arises from the tip of the coccyx and the anococcygeal ligament.
• Inserts into the central tendon of the perineum.
• Is innervated by the inferior rectal nerve.
• Closes the anus.

3. Levator ani muscle
• Arises from the body of the pubis, the arcus tendineus of the levator ani (a thickened

part of the obturator fascia), and the ischial spine.
• Inserts into the coccyx and the anococcygeal raphe or ligament.
• Is innervated by the branches of the anterior rami of sacral nerves S3 and S4 and the

perineal branch of the pudendal nerve.
• Supports and raises the pelvic floor.
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Figure 6-5 Muscles of the perineum and pelvis.

• Consists of the puborectalis, pubococcygeus, and iliococcygeus.

• Has as its most anterior fibers, which are also the most medial, the levator prostatae or
pubovaginalis.

4. Coccygeus
• Arises from the ischial spine and the sacrospinous ligament.

• Inserts into the coccyx and the lower part of the sacrum.

• Is innervated by branches of the fourth and fifth sacral nerves.

• Supports and raises the pelvic floor.

C. Anal canal (see Pelvis: VIII.B.)

xternal Genitalia and Associated Structures
	 ..Mn1•1011MI.

A. Fasciae and ligaments
1. Fundiform ligament of the penis

• Arises from the linea alba and the membranous layer of the superficial fascia of the

abdomen.
• Splits into left and right parts, encircles the body of the penis, and blends with the

superficial penile fascia.
• Enters the septum of the scrotum.

2. Suspensory ligament of the penis (or the clitoris)
• Arises from the pubic symphysis and the arcuate pubic ligament and inserts into the

deep fascia of the penis or to the body of the clitoris.
• Lies deep to the fundiform ligaments.

3. Deep fascia of the penis (Buck's fascia)
• Is a continuation of the deep perineal fascia.
• Is continuous with the fascia covering the external oblique muscle and the rectos sheath.

4. Tunica albuginea
• Is a dense fibrous layer that envelops both the corpora cavernosa and the corpus spon-

giosum.
• Is very dense around the corpora cavernosa, thereby greatly impeding venous return

and resulting in the extreme turgidity of these structures when the erectile tissue be-
comes engorged with blood.



Hydrocele: is an accumulation of fluid in the cavity of the tunica vaginalis of the testis

or along the spermatic cord. It may result from an infection or injury to the testis that

causes the layers of the tunica vaginalis to secrete excess serous fluid.

CC 6.2

Varicocele: occurs when varicose veins in the pampiniform plexus of the spermatic

cord appears like a "bag of worms:' in the scrotum. It may cause infertility in men be-

cause the pampiniform plexus of veins is unable to cool the testes, resulting in a declining sperm count

(oligospermia) or sterility. The varicocele is accompanied by a constant pulling and dragging and is more

common on the left side, probably as a result of a malignant tumor of the left kidney, which blocks the

exit of the testicular vein. It can be treated surgically by removing the varicose veins.

cc 6.3

If a man wants to have children, it is recommended that he not wear tight underwear or

tight jeans because tight clothing holds the testes close to the body wall, where higher

temperatures inhibit sperm production. Under cold conditions, the testes are pulled up toward the

warm body wall, and the scrotal skin wrinkles to increase its thickness and reduce heat loss.

CC 6.4

266 SRS GROSS ANATOMY

• Is more elastic around the corpus spongiosum, which, therefore, does not become ex-

cessively turgid during erection and permits passage of the ejaculate.
S. Tunica vaginalis

• Is a serous sac of the peritoneum that covers the front and sides of the testis and epi-

didymis.
• Consists of a parietal layer that forms the innermost layer of the scrotum and a visceral

layer adherent to the testis and epididymis.
6. Processus vaginalis

• Is a diverticulum of the peritoneum that traverses the inguinal canal, accompanying
the round ligament in the female or the testis in its descent into the scrotum and forms

the tunica vaginalis in the male.
7. Gubernaculum

• Is a fibrous cord that connects the fetal testis to the floor of the developing scrotum and
its homologues in the female are the ovarian and round ligaments.

• Appears to play a role in testicular descent by pulling the testis down as it migrates.

B. Male external genitalia
1. Scrotum

• Is a cutaneous pouch consisting of thin skin and the underlying dartos, which is con-

tinuous with the superficial penile fascia and superficial perinea] fascia. The dartos mus-
cle is responsible for wrinkling the scrotal skin and the cremaster muscle is responsible

for elevating the testis.
• Is covered with sparse hairs and has no fat, which is important in maintaining a tem-

perature lower than the rest of the body for sperm production.
• Contains the testis and its covering and the epididymis.
• Is contracted and wrinkled when cold (or sexually stimulated), bringing the testis into

close contact with the body to conserve heat; is relaxed when warm and hence is flac-

cid and distended to dissipate heat.
• Receives blood from the external pudendal arteries and the posterior scrotal branches

of the internal pudendal arteries.
• Is innervated by the anterior scrotal branch of the ilioinguinal nerve, the genital

branch of the genitofemoral nerve, the posterior scrotal branch of the perineal branch

of the pudendal nerve, and the perineal branch of the posterior femoral cutaneous

nerve.

2. Penis (Figure 6-6)
• Consists of three masses of vascular erectile tissue; these are the paired corpora caver-

nosa and the midline corpus spongiosum, which are bounded by tunica albuginea.



Deep dorsal vein

Dorsal artery

Superficial dorsal vein
	 Dorsal nerve

Skin

	 Superficial fascia
Deep (Buck's) fascia

Tunica albuginea

Corpus cavernosum

Corpus spongiosum

Epispadias: is a malformation in which the spongy urethra opens on the dorsum of the pe-

nis. Hypospadias is a developmental anomaly in which the urethra opens on the underside

of the penis because Of a failure of the two urethral folds to fuse completely. As a result, more urine exits

from the underside of the penis than from its tip; this condition is corrected surgically at the age of 1 year.

cc 6.5
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Septum penis

Deep artery of penis

Urethra

Figure 6-6 Cross-section of the penis.

• Consists of a root, which includes two crura and the bulb of the penis; and the body,

which contains the single corpus spongiosum and the paired corpora cavernosa.

• Has a head called the glans penis, which is formed by the terminal part of the corpus

spongiosum and is covered by a free fold of skin, the prepuce. The frenulum of the
prepuce is a median ventral fold passing from the deep surface of the prepuce. The
prominent margin of the glans penis is the corona, the median slit near the tip of the

glans is the external urethral orifice, and the terminal dilated part of the urethra in

the glans is the fossa navicularis.

C. Female external genitalia
1. Labia majora

• Are two longitudinal folds of skin that run downward and backward from the mons
pubis and are joined anteriorly by the anterior labial commissure.

• Are homologous to the scrotum of the male. Their outer surfaces are covered with pig-
mented skin, and after puberty, the labia majora are covered with hair.

• Contain the terminations of the round ligaments of the uterus.

2. Labia minora
• Are hairless and contain no fat, unlike the labia majora.
• Are divided into upper (lateral) parts, which above the clitoris fuse to form the pre-

puce of the clitoris, and lower (medial) parts, which fuse below the clitoris to form

the frenulum of the clitoris.
3. Vestibule of the vagina (urogenital sinus)

• Is the space or cleft between the labia minora.

• Has the openings for the urethra, the vagina, and the ducts of the greater vestibular
glands in its floor.

4. Clitoris
• Ts homologous to the penis in the male, consists of erectile tissue, is enlarged as a re-

sult of engorgement with blood, and is not perforated by the urethra.
• Consists of two crura, two corpora cavernosa, and a glans but no corpus spongiosum.

The glans clitoris is derived from the corpora cavernosa and is covered by a sensitive

epithelium.



'	 Perineal arteryDeep perineal branch
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Pudendal nerve block: is performed by injecting a local anesthetic near the pudendal
nerve. It is accomplished by inserting a needle through the posterolateral vaginal wall, just

beneath the pelvic diaphragm and toward the ischial spine, thus placing the needle around the pudendal
nerve. (A finger is placed on the ischial spine and the needle is inserted in the direction of the tip of the
finger on the spine.) Pudendal block can be done subcutaneously through the buttock by inserting the
needle on the medial side of the ischial tuberosity to deposit the anesthetic near the pudendal nerve.

IL 6.6
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Dorsal nerve of penis Dorsal artery of penis

Figure 6-7 Internal pudendal artery and pudendal nerve and branches.

5. Bulbs of the vestibule
• Is the homologue of the bulb of the penis, a paired mass of erectile tissue on each side

of the vaginal orifice.
• Is covered by the bulbospongiosus muscle, and each bulb is connected to the under-

surface of the clitoris.

Ir Nerve Supply of the Perineal Region (Figure 6-7)

A. Pudendal nerve (S2–S4)
• Passes through the greater sciatic foramen between the piriformis and coccygeus muscles.
• Crosses the ischial spine and enters the perineum with the internal pudendal artery

through the lesser sciatic foramen.
• Enters the pudendal canal, gives rise to the inferior rectal nerve and the perineal nerve,

and terminates as the dorsal nerve of the penis (or clitoris).

1. Inferior rectal nerve
• Arises within the pudendal canal, divides into several branches, crosses the ischiorectal

fossa, and innervates the sphincter ani externus and the skin around the anus.
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• Communicates in the ischiorectal fossa with perineal branch of the posterior femoral
cutaneous nerve, which supplies the scrotum or labium majus.

2. Perineal nerve
• Arises within the pudendal canal and divides into a deep branch, which supplies all of

the perineal muscles, and a superficial (posterior scrotal or labial) branch, which sup-

plies the scrotum or labia majora.
3. Dorsal nerve of the penis (or clitoris)

• Pierces the perineal membrane, runs between the two layers of the suspensory ligament
of the penis or clitoris, and runs deep to the deep fascia on the dorsum of the penis or

clitoris to innervate the skin, prepuce, and glans.

Wood Supply of the Perineal Region (see Figure 6-7)

A. Internal pudendal artery

• Arises from the internal iliac artery.
• Leaves the pelvis by way of the greater sciatic foramen between the piriformis and coc-

cygeus and immediately enters the perineum through the lesser sciatic foramen by hook-

ing around the ischial spine.
• Is accompanied by the pudendal nerve during its course.
• Passes along the lateral wall of the ischiorectal fossa in the pudendal canal.

• Gives rise to the following:

1. Inferior rectal artery
• Arises within the pudendal canal, pierces the wall of the pudendal canal, and breaks

into several branches, which cross the ischiorectal fossa to muscles and skin around

the anal canal.
2. Perineal arteries

• Supply the superficial perineal muscles and give rise to transverse perineal branches
and posterior scrotal (or labial) branches.

3. Artery of the bulb

• Arises within the deep perineal space, pierces the perineal membrane, and supplies
the bulb of the penis and the bulbourethral glands (in the male) and the vestibular
bulbs and the greater vestibular gland (in the female).

4. Urethral artery

• Pierces the perineal membrane, enters the corpus spongiosum of the penis, and con-

tinues to the glans penis.
S. Deep arteries of the penis or clitoris

• Are terminal branches of the internal pudendal artery.
• Pierce the perineal membrane, run through the center of the corpus cavernosum of

the penis or clitoris, and supply its erectile tissue.
6. Dorsal arteries of the penis or clitoris

• Pierce the perineal membrane and pass through the suspensory ligament of the penis

or clitoris.
• Run along its dorsum on each side of the deep dorsal vein and deep to the deep fascia

(Buck's fascia) and superficial to the tunica albuginea to supply the glans and prepuce.

B. External pudendal artery
• Arises from the femoral artery, emerges through the saphenous ring, and passes medially

over the spermatic cord or the round ligament of the uterus to supply the skin above the
pubis, penis, and scrotum or labium majus.

C. Veins of the penis
1. Deep dorsal vein of the penis

• Is an unpaired vein that lies in the dorsal midline deep to the deep (Buck's) fascia and
superficial to the tunica albuginea.

• Leaves the perineum through the gap between the arcuate pubic ligament and the
transverse perineal ligament and drains into the prostatic and pelvic venous plexuses.
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Figure 6 -8 Lymphograph of the pelvis and lumbar region.

2. Superficial dorsal vein of the penis
• Runs toward the pubic symphysis between the superficial and deep fasciae and termi-

nates in the external (superficial) pudendal veins, which drains into the greater

saphenous vein.

D. Lymph nodes and vessels (Figure 6-8)
1. Lymphatic drainage of the perineum

• Occurs via the superficial inguinal lymph nodes, which receive lymph from the lower
abdominal wall, buttocks, penis, scrotum, labium majus, and lower parts of the vagina
and anal canal. These nodes have efferent vessels that drain primarily into the external

iliac nodes and ultimately to the lumbar (aortic) nodes.

2. Lymphatic drainage of the pelvis
• Follows the internal iliac vessels to the internal iliac nodes and subsequently to the

lumbar (aortic) nodes.
a. Internal iliac nodes receive lymph from the upper part of the rectum and vagina and

other pelvic organs, and they drain into the common iliac and then to the lumbar
(aortic) nodes. However, lymph from the uppermost part of the rectum drains into

the inferior mesenteric nodes and then to the aortic nodes.

b. Lymph from the testis or ovary drains along the gonadal vessels directly into the aor-

tic nodes.

PELVIS

ony Pelvis (Figures 6-9, 6-10, and 6-11)

A. Pelvis
• Is the basin-shaped ring of bone formed by the two hip bones, the sacrum, and the coc-

cyx. (The hip or coxal bone consists of the ilium, ischium, and pubis.)
• Is divided by the pelvic brim or iliopectineal line into the pelvis major (false pelvis)

above and the pelvis minor (true pelvis) below.
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Figure 6-9 Lateral view of the hip bone.
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• Has an outlet that is closed by the coccygeus and levator ani muscles, which form the floor

of the pelvis.
• Is normally tilted in anatomic position. Thus:

1. The anterior-superior iliac spine and the pubic tubercles are in the same vertical plane.

2. The coccyx is in the same horizontal plane as the upper margin of the pubic sym-

physis.
3. The axis of the pelvic cavity running through the central point of the inlet and tile out-

let almost parallels the curvature of the sacrum.

B. Upper pelvic aperture (pelvic inlet or pelvic brim)
• Is the superior rim of the pelvic cavity; is bounded posteriorly by the promontory of the

sacrum and the anterior border of the ala of the sacrum (sacral part); laterally by the ar-

cuate or iliopectineal line of the ilium (iliac part); and anteriorly by the pectineal line, the

pubic crest, and the superior margin of the pubic symphysis (pubic part).
• Is measured using transverse, oblique, and anteroposterior (conjugate) diameters.

C. Lower pelvic aperture (pelvic outlet)
• Is a diamond-shaped aperture bounded posteriorly by the sacrum and coccyx; laterally

by the ischial tuberosities and sacrotuberous ligaments; and anteriorly by the pubic sym-
physis, arcuate pubic ligament, and rami of the pubis and ischium.

• Is closed by the pelvic and urogenital diaphragms.

D. Pelvis major (false pelvis)
• Is the expanded portion of the bony pelvis above the pelvic brim.

E. Pelvis minor (true pelvis)
• Is the cavity of the pelvis below the pelvic brim (or superior aperture) and above the pelvic

outlet (or inferior aperture).
• Has an outlet that is closed by the coccygeus and levator ani muscles and the perineal fas-

cia, which form the floor of the pelvis.
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Figure 6-10 Medial view of the hip bone.

F. Differences between the female and male pelvis
1. The bones of the female pelvis are usually smaller, lighter, and thinner than those of the

male.
2. The inlet is transversely oval in the female and heart-shaped in the male.
3. The outlet is larger in the female than in the male because of the everted Ischia] tuberosi-

ties in the female.
4. The cavity is wider and shallower in the female than in the male.

5. The subpubic angle or pubic arch is larger and the greater sciatic notch is wider in the

female than in the male.
6. The female sacrum is shorter and wider than the male sacrum.
7. The obturator foramen is oval or triangular in the female and round in the male.

IIPP Joints of the Pelvis (see Figures 6-10 and 6-11)

A. Lumbosacral joint
• Is the joint between vertebra L5 and the base of the sacrum, joined by an intervertebral

disk and supported by the iliolumbar ligaments.

B. Sacroiliac joint
• Is a synovial joint of an irregular plane type between the articular surfaces of the sacrum

and ilium.
• Is covered by cartilage and is supported by the anterior, posterior, and interosseous sacroil-

iac ligaments.
• Transmits the weight of the body to the hip bone.

C. Sacrococcygeal joint
• Is a cartilaginous joint between the sacrum and coccyx, reinforced by the anterior, poste-

rior, and lateral sacrococcygeal ligaments.

D. Pubic symphysis
• Is a cartilaginous or fihrocartilaginous joint between the pubic bones in the median plane.
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Figure 6-11 Male and female pelvic bones.
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Promontory

Pelvic Diaphragm (see Figure 6-5)

• Forms the pelvic floor and supports all of the pelvic viscera.
• Is formed by the levator ani and coccygeus muscles and their fascial coverings.

• Lies posterior and deep to the urogenital diaphragm and medial and deep to the ischiorectal
fossa.

• On contraction, raises the entire pelvic floor.
• Flexes the anorectal canal during defecation and helps the voluntary control of mict urition.
• Helps direct the fetal head toward the birth canal at parturition.

IF Ligaments or folds and pouches of the Pelvis 

A. Broad ligament of the uterus (Figures 6-12 and 6-13)
• Consists of two layers of peritoneum, extends from the lateral margin of the uterus to the

lateral pelvic wall, and serves to hold the uterus in position.
• Contains the uterine tube, uterine vessels, round ligament of the uterus, ovarian ligament,

ureter (lower part), uterovaginal nerve plexus, and lymphatic vessels.
• Does not contain the ovary but gives attachment to the ovary through the mesovarium.
• Has a posterior layer that curves from the isthmus of the uterus (the rectouterine fold) to

the posterior wall of the pelvis alongside the rectum.
1. Mesovarium

• Is a fold of peritoneum that connects the anterior surface of the ovary with the pos-
terior layer of the broad ligament.

2. Mesosalpinx
• Is a fold of the broad ligament that suspends the uterine tube.

3. Mesometrium
• Is a major part of the broad ligament below the mesosalpinx and mesovarium.

B. Round ligament of the uterus
• Is attached to the uterus in front of and below the attachment of the uterine tube and rep-

resents the remains of the lower part of the gubernaculum.
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broad ligament.

Uterine tube

Ovary

•
	 Mesovarium

I	 I.
1,

/

'	 Mesometrium

-	 •1

Mesosalpinx
.... -

•0

274 BRS GROSS ANATOMY

• Runs within the layers of the broad ligament, contains smooth muscle fibers, and holds
the fundus of the uterus forward, keeping the uterus anteverted and anteflexed.

• Enters the inguinal canal at the deep inguinal ring, emerges from the superficial inguinal

ring, and becomes lost in the subcutaneous tissue of the labium majus.

C. Ovarian ligament
• Is a fibromuscular cord that extends from the ovary to the uterus below the uterine tube,

running within the layers of the broad ligament.

D. Suspensory ligament of the ovary
• Is a band of peritoneum that extends upward from the ovary to the pelvic wall and trans-

mits the ovarian vessels, nerves, and lymphatics.

E. Lateral or transverse cervical (cardinal or Mackenrodt's) ligaments of the uterus
• Are fibromuscular condensations of pelvic fascia from the cervix and the vagina to the

pelvic walls, extend laterally below the base of the broad ligament, and support the uterus.

F. Pubocervical ligaments
• Are firm bands of connective tissue that extend from the posterior surface of the pubis to

the cervix of the uterus.

G. Pubovesical (female) or puboprostatic (male) ligaments
• Are condensations of the pelvic fascia that extend from the neck of the bladder (or the

prostate gland in the male) to the pelvic bone.

H. Sacrocervical ligaments
• Are firm fibromuscular bands of pelvic fascia that extend from the lower end of the sacrum

to the cervix and the upper end of the vagina.

I. Inferior pubic (arcuate pubic) ligament
• Arches across the inferior aspect of the pubic symphysis and attaches to the medial borders

of the inferior pubic rami.

J. Rectouterine (sacrouterine) ligaments
• Hold the cervix back and upward and sometimes elevate a shelf-like fold of peritoneum

(rectouterine fold), which passes from the isthmus of the uterus to the posterior wall of
the pelvis lateral to the rectum. It corresponds to the sacrogenital (rectoprostatic) fold in

the male.

K. Rectouterine pouch (cul-de-sac of Douglas)
• Is a sac or recess formed by a fold of the peritoneum dipping down between the rectum

and the uterus.



Culdocentesis: is aspiration of fluid from the cul-de-sac of Douglas (rectouterine pouch)
by a needle puncture of the posterior vaginal fornix near the midline between the

uterosacral ligaments; because the rectouterine pouch is the lowest portion of the peritoneal cavity, it
can collect fluid. This procedure is done when pain occurs in the lower abdomen and pelvic regions and
when a ruptured ectopic pregnancy or ovarian cyst is suspected.

Ovary
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Figure 6-13 Female reproductive organs.

• Lies behind the posterior fornix of the vagina and contains peritoneal fluid and some of
the small intestine.

L. Rectovesical pouch
• Is a peritoneal recess between the bladder and the rectum in males, and the vesicouterine

pouch is a peritoneal sac between the bladder and the uterus in females.

IL Ureter and Urinary Bladder (Figures 6-14, 6-15 and 6-16)

A. Ureter
• Is a muscular tube that transmits urine by peristaltic waves.

• Has three constrictions along its course: at its origin where the pelvis of the ureter joins
the ureter, where it crosses the pelvic brim, and at its junction with the bladder.

• Crosses the pelvic brim in front of the bifurcation of the common iliac artery; descends
retroperitoneally on the lateral pelvic wall; and runs medial to the umbilical artery and the
obturator vessels and posterior to the ovary, forming the posterior boundary of the ovar-
ian fossa.

• In females is accompanied in its course by the uterine artery, which runs above and ante-
rior to it in the base of the broad ligament of the uterus. Because of its location, the ureter
is in danger of being injured in the process of hysterectomy. It can be remembered by the
mnemonic device, "water (ureter) runs under the bridge (uterine artery)."

• Passes posterior and inferior to the ductus deferens and lies in front of the seminal vesicle
before entering the posterolateral aspect of the bladder in males.
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Figure 6-14 Male urogenital organs.

• Enters obliquely through the base of the bladder and opens by a slit-like orifice that acts
as a valve, and the circular fibers of the intramural part of the ureter act as a sphincter.

When the bladder is distended, the valve and sphincter actions prevent the reflux of urine

from the urinary bladder into the ureter.
• Receives blood from the aorta and the renal, gonadal, common and internal iliac, umbili-

cal, superior and inferior vesical, and middle rectal arteries.

6.8 Damage of the ureter: in the female may occur during a hysterectomy or surgical repair
of a prolapsed uterus because it runs under the uterine artery. The ureter is inadvertently

clamped, ligated, or divided during a hysterectomy when the uterine artery is being ligated to control
uterine bleeding.

B. Urinary bladder
• Is situated below the peritoneum and is slightly lower in the female than in the male.
• Extends upward above the pelvic brim as it fills; may reach as high as the umbilicus if fully

distended.
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Figure 6-15 Computed tomography (CT) scans of the male pelvis and perineum.

• Has the apex at the anterior end, and the fundus or base as its posteroinferior triangular

portion.
• Has a neck, which is the area where the fundus and the inferolateral surfaces come to-

gether, leading into the urethra.

• Has an uvula, which is a small eminence at the apex of its trigone, projecting into the
orifice of the urethra. The trigone is bounded by the two orifices of the ureters and the
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Bladder cancer: usually originates in the bladder lining, which consists of a mucous layer

of surface cells. The most common symptom is blood in the urine (hematuria). Other

symptoms include frequent urination and pain upon urination (dysuria),This cancer may be induced by

organic carcinogens that are deposited in the urine after being absorbed from the environment.

cc 6.9

Figure 6-16 Computed tomography (CT) scans of the female pelvis and perineum.

internal urethral orifice, around which is a thick circular layer called the internal sphinc-

ter (sphincter vesicae).
▪ Has bundles of smooth muscle fibers that as a whole is known as the detrusor muscle of

the bladder.
• Receives blood from the superior and inferior vesical arteries (and from the vaginal artery

in females). Its venous blood is drained by the prostatic (or vesical) plexus of veins,

which empties into the internal iliac vein.

• Is innervated nerve fibers from the vesical and prostatic plexuses. The parasympathetic

nerve (pelvic splanchnic nerve originating from S2–S4) stimulates to contract the muscu-

lature (detrusor) of the bladder wall, relaxes the internal urethral sphincter, and promotes
emptying. The sympathetic nerve relaxes the detrusor of the bladder wall and constricts

the internal urethral sphincter.

C. Micturition (urination)
• Is initiated by stimulating stretch receptors in the detrusor muscle in the bladder wall by

the increasing volume (about 300 mL for adults) of urine.
• Can be assisted by contraction of the abdominal muscles, which increases the intraab-

dominal and pelvic pressures.
• Involves the following processes:

1. Sympathetic (general visceral efferent [GVE]) fibers induce relaxation of the bladder

wall and constrict the internal sphincter, inhibiting emptying. (They may also activate

the detrusor to prevent the reflux of semen into the bladder during ejaculation.)

2. General visceral afferent (GVA) impulses arise from stretch receptors in the bladder

wall and enter the spinal cord (S2–S4) via the pelvic splanchnic nerves.
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Testicular torsion: is twisting of the spermatic cord and testis within the scrotum. It

results in blockage of blood supply to the testis and produces sudden urgent pain,

swelling, and reddening of the scrotum. It may be caused by trauma or a spasm of the cremaster mus-

cle and can be treated by surgery to undo the twist
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Figure 6-17 Male reproductive organs.

3. Parasympathetic preganglionic (GVE) fibers in the pelvic splanchnic nerves synapse in
the pelvic (inferior hypogastric) plexus; postganglionic fibers to the bladder muscula-
ture induce a reflex contraction of the detrusor muscle and relaxation of the internal

urethral sphincter, enhancing the micturition.
4. General somatic efferent (GSE) fibers in the pudendal nerve cause voluntary relax-

ation of the external urethral sphincter, and the bladder begins to void.
5. At the end of micturition, the external urethral sphincter contracts and bulbospongio-

sus muscles in the male expel the last few drops of urine from the urethra.

111, Male Genital Organs (Figures 6-17 and 6-18; see Figures 6-14 and 6-15)

A. Testis
• Develops retroperitoneally and descends into the scrotum retroperitoneally.

• Is covered by the tunica albuginea, which lies beneath the visceral layer of the tunica
vaginalis.

• Produces spermatozoa and secretes sex hormones.
• Is supplied by the testicular artery from the abdominal aorta and is drained by veins of the

pampini form plexus.
• Has lymph vessels that ascend with the testicular vessels and drain into the lumbar (aor-

tic) nodes; lymphatic vessels in the scrotum drain into the superficial inguinal nodes.

C C 6.11 Orchitis: is inflammation of the testis and is marked by pain, swelling, and a feeling of

heaviness in the testis. It may be caused by the mumps, gonorrhea, syphilis, or tuber-

culosis. If testicular infection spreads to the epididymis, it is called epididymo-orchitis.
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Testicular cancer: develops commonly from the rapidly dividing early state spermato-
genic cells (seminoma or germ cell tumor). Tumor also develops from Leydig cells,

which produce androgen (Leydig cell tumor), and Sertoli cells, which support and nourish germ cells
and produce androgen-binding protein and hormone inhibin (Sertoli cell tumor). Sign and symptoms
include a painless mass or lump, testicular swelling, hardness, and a feeling of heaviness or aching in
the scrotum or lower abdomen. The cause of cancer is unknown, but the major risk factors are cryp-
torchidism (condition of the undescended testes into the scrotum) and Klinefelter's syndrome (47,XXY
sex chromosome, seminiferous tubule dysgenesis, gynecomastia, and infertility). Metastasis occurs via
lymph and blood vessels. It can be treated by surgical removal of the affected testis and spermatic cord
(orchiectomy), radiotherapy, and chemotherapy.
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Figure 6-18 Sagittal section of the male pelvis.

B. Epididymis
• Consists of a head, body, and tail, and contains a convoluted duct about 6 m (20 feet)

long.
• Functions in the maturation and storage of spermatozoa in the head and body and

propulsion of the spermatozoa into the ductus deferens.

C. Ductus deferens
• Is a thick-walled tube, which enters the pelvis at the deep inguinal ring at the lateral side

of the inferior epigastric artery.
• Crosses the medial side of the umbilical artery and obturator nerve and vessels, passes su-

perior to the ureter near the wall of the bladder, and is dilated to become the ampulla at

its terminal part.
• Contains fructose, which is nutritive to spermatozoa, and receives innervation primarily

from sympathetic nerves of the hypogastric plexus and parasympathetic nerves of the

pelvic plexus.



Vasectomy: is surgical excision of a portion of the vas deferens (ductus deferens)
through the scrotum. It stops the passage of spermatozoa, but neither reduces the

amount of ejaculate greatly nor diminishes sexual desire.

Seminal vesicles: produce the alkaline constituent of the seminal fluid, which contains
fructose and choline. Fructose provides a forensic determination for occurrence of

rape, whereas choline crystals provide the basis for the determination of the presence of semen
(Florence's test).
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D. Ejaculatory ducts

• Are formed by the union of the ductus deferens with the ducts of the seminal vesicles. Peri-
staltic contractions of the muscular layer of the ductus deferens and the ejaculatory ducts

propel spermatozoa with seminal fluid into the urethra.

• Open into the prostatic urethra on the seminal colliculus just lateral to the blind prosta-

tic utricle (see the section on urethral crest).

E. Seminal vesicles
• Are enclosed by dense endopelvic fascia and are lobulated glandular structures that are

diverticula of the ductus deferens.
• Lie inferior and lateral to the ampullae of the ductus deferens against the fundus (base) of

the bladder.
• Produce the alkaline constituent of the seminal fluid, which contains fructose and

choline.
• Have lower ends that become narrow and form ducts, which join the ampullae of the duc-

tus deferens to form the ejaculatory ducts.
• Do not store spermatozoa, as was once thought; this is done by the epididymis, the duc-

tus deferens, and its ampulla.

F. Prostate gland
• Is located at the base of the urinary bladder and consists chiefly of glandular tissue mixed

with smooth muscle and fibrous tissue.
• Has five lobes: the anterior lobe (or isthmus), which lies in front of the urethra and is de-

void of glandular substance; the middle (median) lobe, which lies between the urethra

and the ejaculatory ducts and is prone to benign hypertrophy obstructing the internal

urethral orifice; the posterior lobe, which lies behind the urethra and below the ejacula-

tory ducts, contains glandular tissue and is prone to carcinomatous transformation; and

the right and left lateral lobes, which are situated on either side of the urethra and form

the main mass of the gland.
• Secretes a fluid that produces the characteristic odor of semen. This fluid, together with

the secretion from the seminal vesicles and the bulbourethral glands, and the spermato-

zoa, constitute the semen or seminal fluid.
• Secretes prostate-specific antigen (PSA), prostaglandins, citric acid and acid phosphatase,

and proteolytic enzymes.
• Has ducts that open into the prostatic sinus, a groove on either side of the urethral crest.
• Receives the ejaculatory duct, which opens into the urethra on the seminal colliculus

just lateral to the blind prostatic utricle.

cc 6.15 Hypetrophy of the prostate: is a benign enlargement of the prostate, which affects a
high proportion of older men and occurs most in the middle lobe, obstructing the in-

ternal urethral orifice and thus leading to nocturia (excessive urination at night), dysuria (difficulty or
pain in urination), and urgency (sudden desire to urinate). Cancer occurs most in the posterior lobe.
Transurethral resection of the prostate (TURP) is surgical removal of the prostate by means of a cysto-
scope passed through the urethra.



Prostate cancer: is a slow-growing cancer that occurs particularly in the posterior lobe.

It is usually symptomless in the early stages, but it can impinge on the urethra in the

late stage. Prostate cancer spreads to the bony pelvis, pelvic lymph nodes, vertebral column, and skull

via the vertebral venous plexus, producing pain in the pelvis, the lower back, and the bones. This cancer

also metastasizes to the heart and lungs through the prostatic venous plexus, internal iliac veins, and

into the inferior vena cava. It can be detected by digital rectal examination, ultrasound imaging with a

device inserted into the rectum, or PSA test. PSA concentration in the blood of normal males is less

than 4.0 ng/mL.

cc 6.16
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Prostatectomy: is surgical removal of a part or all of the prostate gland. Perinea'

prostatectomy is removal of the prostate through an incision in the perineum. Radical

prostatectomy is removal of the prostate with seminal vesicles, ductus deferens, some pelvic fasciae,

and pelvic lymph nodes through the retropubic or the perinea' route. Retropubic prevesical prostatec-

tomy is removal of the prostate through a suprapubic incision but without entering the urinary bladder.

Suprapubic transvesical prostatectomy is removal of the prostate through an incision above the pubis

and through the urinary bladder. Transurethral prostatectomy is resection of the prostate by means of a

cystoscope passed through the urethra.

G. Urethral crest
• Is located on the posterior wall of the prostatic urethra and has numerous openings for

the prostatic ducts on either side.
• Has an ovoid-shaped enlargement called the seminal colliculus (verumontanum), on

which the two ejaculatory ducts and the prostatic utricle open. At the summit of the col-

liculus is the prostatic utricle, which is an invagination (a blind pouch) about 5 mm deep;

it is analogous to the uterus and vagina in the female.

H. Prostatic sinus
• Is a groove between the urethral crest and the wall of the prostatic urethra and receives the

ducts of the prostate gland.

I. Erection
• Depends on stimulation of parasympathetics from the pelvic splanchnic nerves, which

dilates the arteries supplying the erectile tissue, and thus causes engorgement of the cor-

pora cavernosa and corpus spongiosum, compressing the veins and thus impeding venous

return and causing full erection.
• Is also maintained by contraction of the bulbospongiosus and ischiocavernosus mus-

cles, which compresses the erectile tissues of the bulb and the crus.
• Is often described using a popular mnemonic device: point (erection by parasympathetic)

and shoot (ejaculation by sympathetic).

Ejaculation
• Begins with nervous stimulation. Friction to the glans penis and other sexual stimuli re-

sult in excitation of sympathetic fibers, leading to contraction of the smooth muscle
of the epididymal ducts, the ductus deferens, the seminal vesicles, and the prostate in
turn.

• Occurs as a result of contraction of the smooth muscle, thus pushing spermatozoa and the
secretions of both the seminal vesicles and prostate into the prostatic urethra, where they
join secretions from the bulbourethral and penile urethral glands. All of these secretions
are ejected together from the penile urethra because of the rhythmic contractions of the

bulbospongiosus, which compresses the urethra.
• Involves contraction of the sphincter of the bladder, preventing the entry of urine into the

prostatic urethra and the reflux of the semen into the bladder.
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Figure 6-19 Sagittal section of the female pelvis.

VII. Female Genital Organs (Figure 6-19; see Figures 6-13 and 6-16)

A. Ovaries
• Lie on the posterior aspect of the broad ligament on the side wall of the pelvic minor and

are bounded by the external and internal iliac vessels.

• Are not covered by the peritoneum, and thus the ovum or oocyte is expelled into the peri-

toneal cavity and then into the uterine tube.
• Are not enclosed in the broad ligament, but their anterior surface is attached to the poste-

rior layer of the broad ligament by the mesovarium.
• Have a surface that is covered by germinal (columnar) epithelium, which is modified

from the developmental peritoneal covering of the ovary.

• Are supplied primarily by the ovarian arteries, which are contained in the suspensory lig-

ament and anastomose with branches of the uterine artery.

• Are drained by the ovarian veins; the right ovarian vein joins the inferior vena cava, and

the left ovarian vein joins the left renal vein.

Ovarian cancer: develops from germ cells that produce ova or eggs, stromal cells that
produce estrogen and progesterone, and epithelial cells that cover the outer surface of the

ovary. Its symptoms include a feeling of pressure in the pelvis or changes in bowel or bladder habits. Metas-
tasis occurs via lymph and blood vessels or by direct spread to nearby structures. Diagnosis involves feeling
a mass during a pelvic examination, visualizing it by using an ultrasound probe placed in the vagina, or using
a blood test for a protein associated with ovarian cancer ICA-125). Some germ cell cancers release certain
protein markers such as human chorionic gonadotropin (HCG) and a-fetoprotein (AFP) into the blood. Cancer
cause several signs and symptoms such as unusual vaginal bleeding, postmenopausal bleeding, bleeding
after intercourse and pain during intercourse, pelvic pressure, abdominal and pelvic pain, back pain, indiges-
tion, and loss of appetite. It can be treated by surgical removal of the ovary, uterine tubes, and uterus.
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B. Uterine tubes
• Extend from the uterus to the uterine end of the ovaries and connect the uterine cavity

to the peritoneal cavity.
• Are each subdivided into four parts: the uterine part, the isthmus, the ampulla (the

longest and widest part), and the infundibulum (the funnel-shaped termination formed
of fimbriae).

• Convey the fertilized or unfertilized oocytes to the uterus by ciliary action and muscu-

lar contraction, which takes 3 to 4 days.
• Transport spermatozoa in the opposite direction (toward the eggs); fertilization takes

place within the tube, usually in the infundibulum or ampulla. Fertilization is the process
beginning with penetration of the secondary oocyte by the sperm and completed by fu-

sion of the male and female pronuclei.

C. Uterus
• Is the organ of gestation, in which the fertilized oocyte normally becomes embedded and

the developing organism grows until its birth.
• Is normally anteverted (i.e., angle of 90 degrees at the junction of the vagina and cervical

canal) and anteflexed (i.e., angle of 160 to 170 degrees at the junction of the cervix and
body).

• Is supported by the pelvic diaphragm; the urogenital diaphragm; the round, broad, lateral,

or transverse cervical (cardinal) ligaments; and the pubocervical, sacrocervical, and
rectouterine ligaments.

• Is supplied primarily by the uterine artery and secondarily by the ovarian artery.
• Has an anterior surface that rests on the posterosuperior surface of the bladder.
• Is divided into four parts for the purpose of description:

1. Fundus
• Is the rounded part of the uterus located superior and anterior to the plane of the

entrance of the uterine tube.
2. Body

• Is the main part of the uterus located inferior to the fundus and superior to the isth-
mus. The uterine cavity is triangular in the coronal section and is continuous with

the lumina of the uterine tube and with the internal os.
3. Isthmus

• Is the constricted part of the uterus located between the body and cervix of the

uterus. It corresponds to the internal os.
4. Cervix

• Is the inferior narrow part of the uterus that projects into the vagina and divides into

the following regions:
a. Internal os, the junction of the cervical canal with the uterine body

b. Cervical canal, the cavity of the cervix between the internal and external ostia

c. External os, the opening of the cervical canal into the vagina

0 Uterine prolapse: is the protrusion of the cervix of the uterus into the lower part of the

,	 vagina close to the vestibule, and causes a bearing-down sensation in the womb and

an increased frequency of and burning sensation on urination. The prolapse occurs as a result of ad-

vancing age and menopause and results from weakness of the muscles, ligaments, and fasciae of
the pelvic floor such as the pelvic diaphragm, urogenital diaphragm, ovarian and cardinal (transverse

cervical) ligaments, and broad and round ligaments of the uterus that constitute the support of the
uterus and other pelvic viscera. The vagina may prolapse too. Symptoms include the pelvic heaviness,

pelvic pain, lower back pain, constipation, difficulty urination, urinary frequency, and painful sexual inter-
course. Treatments include special (Kegel) exercises to strengthen the muscles, estrogen replacement

therapy, and surgical correction and reconstruction for weakened and stretched ligaments and muscles

of the pelvic floor.



Fibromyoma or leiomyoma: is the most common benign neoplasm of the female geni-
tal tract derived from smooth muscle. It may cause urinary frequency, dysmenorrhea,

abortion, or obstructed labor. A fibroid is a benign uterine tumor made of smooth muscle cells and fi-
brous connective tissue in the wall of the uterus. A large fibroid can cause bleeding, pressure and pain
in the pelvis, heavy menstrual periods, and infertility.

cc 6.20

Endometrial cancer: is the most common type (about 90%) of uterine cancer and de-
velops from the endometrium of the uterus usually from the uterine glands. Its symp-

tom is vaginal bleeding, which allows for early detection; and other symptoms are clear vaginal dis-
charge, lower abdominal pain, or pelvic cramping. Risk factors include obesity, nulliparity, infertility, early
menarche (onset of menstruation), late menopause (cessation of menstruation), and postmenopausal
estrogen-replacement therapy because estrogens stimulate the growth and division of endometrial
cells. Diagnosis involves the use of an ultrasound device inserted into the vagina to detect endometrial
thickening, followed by an endometrial biopsy. This cancer may be treated by hysterectomy (surgical
removal of the uterus).

c 6.22

Cervical cancer: is slow-growing cancer that develops from the epithelium covering
the cervix. The major risk factor for development of cervical cancer is human papillo-

mavirus (HPV) infection. Cancer cells grow upward to the endometrial cavity, downward to the vagina,
and laterally to the pelvic wall, invading the bladder and rectum directly. A Papanicolaou (Pap) smear
or cervical smear test is effective in detecting cervical cancer early. This cancer metastasizes to ex-
trapelvic lymph nodes, liver, lung, and bone and can be treated by surgical removal of the cervix or by a
hysterectomy

cc 6.23

Hysterectomy: is surgical removal of the uterus, performed either through the ab-
dominal wall or through the vagina. It may result in injury to the ureter, which lies in the

transverse cardinal ligament beneath the uterine artery.
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FM% Endometriosis: is a benign disorder in which a mass of endometrial tissue (stroma and
glands) occurs aberrantly in various locations, including the uterine wall, ovaries, or

other extraendometrial sites. It frequently forms cysts containing altered blood.

D. Vagina
• Extends between the vestibule and the cervix of the uterus.

• Is located at the lower end of the birth canal.
• Serves as the excretory channel for the products of menstruation; also serves to receive

the penis during coitus.
• Has a fornix that forms the recess between the cervix and the wall of the vagina.

• Opens into the vestibule and is partially closed by a membranous crescentic fold, the

hymen.
• Is supported by the levator ani; the transverse cervical, pubocervical, and sacrocervical lig-

aments (upper part); the urogenital diaphragm (middle part); and the perineal body (lower

part).
• Receives blood from the vaginal branches of the uterine artery and of the internal iliac

artery.
• Has lymphatic drainage in two directions: the lymphatics from the upper three fourths

drain into the internal iliac nodes and those from the lower one fourth, below the hymen,
drain downward to the perineum and thus into the superficial inguinal nodes.

• Is innervated by nerves derived from the uterovaginal plexus for the upper three fourths
and by the deep perineal branch of the pudendal nerve for the lower one fourth.



Vaginismus: is a painful spasm of the vagina resulting from involuntary contraction of
the vaginal musculature, preventing sexual intercourse, which may be caused by or-

ganic or psychogenic reasons.

Mediolateral episiotomy: is a surgical incision through the posterolateral vaginal
wall, just lateral to the perineal body, to enlarge the birth canal and thus prevent uncon-

trolled tearing during parturition. The mediolateral episiotomy allows greater expansion of the birth canal
into the ischiorectal fossa. However, the incision is more difficult to close layer by layer, and there is an
increased risk of infection because of contamination of the ischiorectal fossa. In a median episiotomy,
the incision is carried posteriorly in the midline through the posterior vaginal wall and the central tendon
(perinea) body).The median episiotomy is relatively bloodless and painless, but this incision provides a
limited expansion of the birth canal with a slight possibility of tearing the anal sphincters.

Gonorrhea: is an infectious disease caused by a sexually transmitted bacterium called
Neisseria gonorrhoeae, which can be found in the warm moist mucous membranes of

the vagina, cervix, penis, mouth, throat, and rectum. Its symptoms include painful or burning sensation
while urinating and a yellowish white discharge from the vagina or penis. It is treated with
cephalosporin or quinolone type of antibiotics. If untreated, gonorrhea can lead to painful swelling of
the genitals, sterility, ectopic (tubal) pregnancy, pelvic inflammatory disease, female endocervicitis,
male urethritis, epididymitis, and conjunctivitis.
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A Vaginal examination: is an examination of pelvic structures through the vagina:
' (a) Inspection with a speculum allows observation of the vaginal walls, the posterior

fornix as the site of culdocentesis (aspiration of fluid from the rectouterine excavation by puncture of
the vaginal wall), the uterine cervix, and the cervical os; (b) Digital examination allows palpation of the
urethra and bladder through the anterior fornix of the vagina; the perinea! body, rectum, coccyx, and
sacrum through the posterior fornix and the ovaries, uterine tubes, ureters, and ischial spines through
the lateral fornices; and (c) Bimanual examination is performed by placing the fingers of one hand in
the vagina and exerting pressure on the lower abdomen with the other hand. It enables physicians to
determine the size and position of the uterus, to palpate the ovaries and uterine tubes, and to detect
pelvic inflammation or neoplasms.

I. Rectum and Anal Canal 

A. Rectum (see Figure 6-15)
• Is the part of the large intestine that extends from the sigmoid colon to the anal canal and

follows the curvature of the sacrum and coccyx.
• Has a lower dilated part called the ampulla, which lies immediately above the pelvic di-

aphragm and stores the feces.
• Has a peritoneal covering on its anterior, right, and left sides for the proximal third; only

on its front for the middle third; and no covering for the distal third.
• Has a mucous membrane and a circular muscle layer that forms three permanent trans-

verse folds (Houston's valves), which appear to support the fecal mass.

• Receives blood from the superior, middle, and inferior rectal arteries and the middle sacral
artery. (The superior rectal artery pierces the muscular wall and courses in the submucosal
layer and anastomoses with branches of the inferior rectal artery. The middle rectal artery

supplies the posterior part of the rectum.)
• Has venous blood that returns to the portal venous system via the superior rectal vein and

to the caval (systemic) system via the middle and inferior rectal veins. (The middle rectal
vein drains primarily the muscular layer of the lower part of the rectum and upper part of

the anal canal.)
• Receives parasympathetic nerve fibers by way of the pelvic splanchnic nerve.



Rectal or digital (finger) examination: is performed by inserting a gloved, lubricated

finger into the rectum; using the other hand to press on the lower abdomen or pelvic

area; and palpating for lumps, tumors, enlargements, tissue hardening, hemorrhoids, rectal carcinoma,

prostate cancer, seminal vesicle, ampulla of the ductus deferens, bladder, uterus, cervix, ovaries,

anorectal abscesses, polyps, chronic constipation, and other abnormalities.

cc 6.30
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6.29 Ulcerative colitis: is chronic ulceration of the colon and rectum with cramping abdomi-

nal pain, rectal bleeding, diarrhea, and loose discharge of pus and mucus with scanty

fecal particles. Complications include hemorrhoids, abscesses, anemia, electrolyte imbalance, perfora-

tion of the colon, and carcinoma.

Rectal cancer: develops in the epithelial cells lining the lumen of the rectum. Cancer

can be detected by colonoscopy, which is an examination of the inside of the colon

and rectum using a colonoscope (an elongated flexible lighted endoscope) inserted into the rectum.

Suspicious areas are photographed for future reference and a polyp or other abnormal tissue can be ob-

tained during the procedure for pathologic examination. Rectal cancer can be detected by digital rectal
examination (examination of the rectum by inserting a lubricated, gloved finger into the rectum to feel

for lumps or abnormal areas). Rectal cancer may spread along lymphatic vessels and through the ve-

nous system. The superior rectal vein is a tributary of the portal vein and thus the rectal cancer may

metastasize to the liver. The rectal cancer may penetrate posteriorly the rectal wall and invade the

sacral plexus producing sciatica and invade laterally the ureter and anteriorly the vagina, uterus, bladder,

prostate or seminal vesicles.

B. Anal canal (see Figure 6-15)
• Lies below the pelvic diaphragm and ends at the anus.

• Is divided into an upper two thirds (visceral portion), which belongs to the intestine, and

a lower one third (somatic portion), which belongs to the perineum with respect to mu-

cosa, blood supply, and nerve supply.
• Has anal columns, which are 5 to 10 longitudinal folds of mucosa in its upper half (each

column contains a small artery and a small vein).
• Has anal valves, which are crescent-shaped mucosal folds that connect the lower ends of

the anal columns.
• Has anal sinuses, which are a series of pouch-like recesses at the lower end of the anal col-

umn in which the anal glands open.
• Has an internal anal sphincter, which is a thickening of the circular smooth muscle in

the lower part of the rectum that is separated from the external anal sphincter (skeletal
muscle has three parts: subcutaneous, superficial, and deep) by the intermuscular (inter-

sphincteric) groove called Hilton's white line.

• Has a point of demarcation between visceral and somatic portions called the pectinate

(dentate) line, which is a serrated line following the anal valves and crossing the bases of
the anal columns.
1. The epithelium is columnar or cuboidal above the pectinate line and stratified squa-

mous below it.
2. Venous drainage above the pectinate line goes into the portal venous system mainly

via the superior rectal vein; below the pectinate line, it goes into the caval system via

the middle and inferior rectal veins.
3. The lymphatic vessels drain into the internal iliac nodes above the line and into the

superficial inguinal nodes below it.
4. The sensory innervation above the line is through fibers from the pelvic plexus and

thus is of the visceral type; the sensory innervation below it is by somatic nerve fibers
of the pudendal nerve (which are very sensitive).

5. Internal hemorrhoids occur above the pectinate line, and external hemorrhoids oc-

cur below it.
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6.32 Hemorrhoids: are dilated internal and external venous plexuses around the rectum and

anal canal. Internal hemorrhoids occur above the pectinate line and are covered by

mucous membrane; their own fibers are carried by GVA fibers: of the sympathetic nerves. External
hemorrhoids are situated below the pectinate line, are covered by skin, and are more painful than in-

ternal hemorrhoids because their pain fibers are carried by GSA fibers of the inferior rectal nerves.

C. Defecation
• Is initiated by distention of the rectum, which has filled from the sigmoid colon, and af-

ferent impulses transmitted to the spinal cord by the pelvic splanchnic nerve. The pelvic

splanchnic nerve increases peristalsis (contracts smooth muscles in the rectum), whereas
sympathetic nerve causes a decrease in peristalsis, maintains tone in the internal sphinc-
ter and contains vasomotor and sensory (pain) fibers.

• Involves the following:
1. The intraandominal pressure is increased by holding the breath and contracting the di-

aphragm, the abdominal muscles, and the levator ani, thus facilitating the expulsion of
feces.

2. The puborectalis relaxes, which decreases the angle between the ampulla of the rectum

and the upper portion of the anal canal, thus aiding defecation.

3. The smooth muscle in the wall of the rectum contracts, the internal anal sphincter re-
laxes, and the external anal sphincter relaxes to pass the feces.

4. After evacuation, the contraction of the puborectalis and the anal sphincters closes the

anal canal.

IX. Blood Vessels of the Pelvis (Figure 6-20)

A. Internal iliac artery
• Arises from the bifurcation of the common iliac artery, in front of the sacroiliac joint, and

is crossed in front by the ureter at the pelvic brim.
• Is commonly divided into a posterior division, which gives rise to the iliolumbar, lateral

sacral, and superior gluteal arteries and an anterior division, which gives rise to the infe-

rior gluteal, internal pudendal, umbilical, obturator, inferior vesical, middle rectal, and

uterine arteries.
1. Iliolumbar artery

• Runs superolaterally to the iliac fossa, deep to the psoas major.
• Divides into an iliac branch supplying the iliacus muscle and the ilium, and a lum-

bar branch supplying the psoas major and quadratus lumborum muscles.

2. Lateral sacral artery
• Passes medially in front of the sacral plexus, giving rise to spinal branches, which en-

ter the anterior sacral foramina to supply the spinal meninges and the roots of the
sacral nerves, and then emerge through the posterior sacral foramina to supply the

muscles and skin overlying the sacrum.
3. Superior gluteal artery

• Usually runs between the lumbosacral trunk and the first sacral nerve.
• Leaves the pelvis through the greater sciatic foramen above the piriformis muscle to

supply muscles in the buttocks.
4. Inferior gluteal artery

• Runs between the first and second or between the second and third sacral nerves.

• Leaves the pelvis through the greater sciatic foramen, inferior to the piriformis.

5. Internal pudendal artery
• Leaves the pelvis through the greater sciatic foramen, passing between the piriformis

and coccygeus muscles, and enters the perineum through the lesser sciatic foramen.

6. Umbilical artery
• Runs forward along the lateral pelvic wall and along the side of the bladder.
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Figure 6-20 Branches of the internal iliac artery.

• Has a proximal part that gives rise to the superior vesical artery to the superior part
of the bladder and, in the male, to the artery of the ductus deferens, which supplies
the ductus deferens, the seminal vesicles, the lower part of the ureter, and the bladder.

• Has a distal part that is obliterated and continues forward as the medial umbilical

ligament.

7. Obturator artery
• Usually arises from the internal iliac artery, but in about 20% to 30% of the popula-

tion it arises from the inferior epigastric artery. It then passes close to or across the
femoral canal to reach the obturator foramen and hence is susceptible to damage dur-

ing hernia operations.
• Runs through the upper part of the obturator foramen, divides into anterior and pos-

terior branches, and supplies the muscles of the thigh.
• Forms a posterior branch that gives rise to an acetabular branch, which enters the

joint through the acetabular notch and reaches the head of the femur by way of the

ligamentum capitis femoris.
8. Inferior vesical artery

• Occurs in the male and corresponds to the vaginal artery in the female.

• Supplies the fundus of the bladder, prostate gland, seminal vesicles, ductus deferens,

and lower part of the ureter.



Cancer cells in the pelvis: may metastasize from pelvic organs to the vertebral col-

umn, spinal cord, and brain via connections of the pelvic veins with vertebral venous

plexus and cranial dural sinus. Prostatic or uterine cancer can spread to the heart and lungs via the in-

ternal iliac veins draining from the prostatic or vesical venous plexus into the inferior vena cava.
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9. Vaginal artery
• Arises from the uterine or internal iliac artery.
• Gives rise to numerous branches to the anterior and posterior wall of the vagina and

makes longitudinal anastomoses in the median plane to form the anterior and pos-

terior azygos arteries of the vagina.
10. Middle rectal artery

• Runs medially to supply mainly the muscular layer of the lower part of the rectum

and the upper part of the anal canal.
• Also supplies the prostate gland and seminal vesicles (or vagina) and the ureter.

11. Uterine artery
• Is homologous to the artery of the ductus deferens in the male.
• Arises from the internal iliac artery or in common with the vaginal or middle rectal

artery.
• Runs medially in the base of the broad ligament to reach the junction of the cervix

and the body of the uterus, runs in front of and above the ureter near the lateral
fornix of the vagina, then ascends along the margin of the uterus, and ends by anas-

tomosing with the ovarian artery.
• Divides into a large superior branch, supplying the body and fundus of the uterus,

and a smaller vaginal branch, supplying the cervix and vagina.
• Takes a tortuous course along the lateral margin of the uterus and ends by anasto-

mosing with the ovarian artery.

B. Median sacral artery
• Is an unpaired artery, arising from the posterior aspect of the abdominal aorta just before

its bifurcation.
• Descends in front of the sacrum, supplying the posterior portion of the rectum, and ends

in the coccygeal body, which is a small cellular and vascular mass located in front of the

tip of the coccyx.

C. Superior rectal artery
• Is the direct continuation of the inferior mesenteric artery.

D. Ovarian artery
• Arises from the abdominal aorta, crosses the proximal end of the external iliac artery to en-

ter the pelvic minor, and reaches the ovary through the suspensory ligament of the ovary.

E. Veins of the pelvis
• Generally correspond to arteries.

F. Lymphatic vessels
• Follow the internal iliac vessels to the internal iliac nodes, to the common iliac nodes, and

then the aortic nodes.
• Drain lymph from the rectum along the superior rectal vessels, inferior mesenteric nodes,

and then aortic nodes.

IlL_Nerve Supply to the Pelvis

A. Sacral plexus
• Is formed by the fourth and fifth lumbar ventral rami (the lumbosacral trunk) and the first

four sacral ventral rami.
• Lies largely on the internal surface of the piriformis muscle in the pelvis.
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1. Superior gluteal nerve (L4-S1)
• Leaves the pelvis through the greater sciatic foramen, above the piriformis.

• Innervates the gluteus medius, gluteus minimus, and tensor fascia lata muscles.

2. Inferior gluteal nerve (L5-S2)
• Leaves the pelvis through the greater sciatic foramen, below the piriformis.

• Innervates the gluteus maximus muscle.
3. Sciatic nerve (L4-S3)

• Is the largest nerve in the body and is composed of peroneal and tibial parts.
• Leaves the pelvis through the greater sciatic foramen below the piriformis.

• Enters the thigh in the hollow between the ischial tuberosity and the greater

trochanter of the femur.
4. Nerve to the obturator internus muscle (L5-S2)

• Leaves the pelvis through the greater sciatic foramen below the piriformis.

• Enters the perineum through the lesser sciatic foramen.
• Innervates the obturator internus and superior gemellus muscles.

5. Nerve to the quadratus femoris muscle (L5-S1)
• Leaves the pelvis through the greater sciatic foramen, below the piriformis.

• Descends deep to the gemelli and obturator internus muscles and ends in the deep
surface of the quadratus femoris, supplying the quadratus femoris and the inferior
gemellus muscles.

6. Posterior femoral cutaneous nerve (S1-S3)
• Leaves the pelvis through the greater sciatic foramen below the piriformis.

• Lies alongside the sciatic nerve and descends on the back of the knee.

• Gives rise to several inferior cluneal nerves and perineal branches.

7. Pudendal nerve (S2-S4)
• Leaves the pelvis through the greater sciatic foramen below the piriformis.

• Enters the perineum through the lesser sciatic foramen and the pudendal canal in the
lateral wall of the ischiorectal fossa.

• Its branches are described in the section on the nerves of the perineal region.

8. Branches distributed to the pelvis
• Include the nerve to the piriformis muscle (S1-S2), the nerves to the levator ani and

coccygeus muscles (S3-S4), the nerve to the sphincter ani externus muscle, and the
pelvic splanchnic nerves (S2-S4).

B. Autonomic nerves
1. Superior hypogastric plexus

• Is the continuation of the aortic plexus below the aortic bifurcation and receives the
lower two lumbar splanchnic nerves.

• Lies behind the peritoneum, descends in front of the fifth lumbar vertebra, and ends by
bifurcation into the right and left hypogastric nerves in front of the sacrum.

• Contains preganglionic and postganglionic sympathetic fibers, visceral afferent fibers,
and few, if any, parasympathetic fibers, which may run a recurrent course through the

inferior hypogastric plexus.
2. Hypogastric nerve

• Is the lateral extension of the superior hypogastric plexus and lies in the extraperitoneal

connective tissue lateral to the rectum.
• Provides branches to the sigmoid colon and the descending colon.

• Is joined by the pelvic splanchnic nerves to form the inferior hypogastric or pelvic plexus.
3. Inferior hypogastric (pelvic) plexus

• Is formed by the union of hypogastric, pelvic splanchnic, and sacral splanchnic
nerves and lies against the posterolateral pelvic wall, lateral to the rectum, vagina, and
base of the bladder.

• Contains pelvic ganglia, in which both sympathetic and parasympathetic preganglionic
fibers synapse. Hence, it consists of preganglionic and postganglionic sympathetic fibers,

preganglionic and postganglionic parasympathetic fibers, and visceral afferent fibers.

(text continues on page 293)



Epigenital
tubules Prostatic utricle

(a)
Allantois

Cloaca!
membrane

Cloaca!
membrane

Primitive
Allantois

urogenital
sinus

(b)

Mesonephric duct

Ureteric bud

Pelvic part of
urogenital
sinus

(e) Allantois

Urinary bladder

Seminal vesicle

Ureter

Ductus
deferens

Definitive
urogenital
sinus

Hindgut
Anorectal canal

	  A 	

Hindgut

(b)

Cloaca Urorectal
septum

Urorectal
septum

(a) Rete testis Seminal vesicle

Testis cords

Tunica
albuginea

Efferent
ductules

Mesonephric
duct

Ductus deferens

Appendix epididymis

Appendix testis

Testis cords

Rete testis

Paragenital
tubules

Paradidymis

Paramesonephric
tubercle	 Epididymis

(a)
Abdominal ostium of
uterine tube

(b)

Fimbriae Suspensory ligament
of ovary

Ligament of ovary

Mesovarium

Cortical
cords of
ovary

Mesonephros

Mesonephric

Paroophoron

Epoophoron

duct

Corpus uteri

Uterine
canal

Round lig
of uterus

Gartner's
cyst

Cervix

Fornix

Vagina

B

Paramesonephric tubercle

292



PERINEUM AND PELVIS 293

• Gives rise to subsidiary plexuses, including the middle rectal plexus, uterovaginal

plexus, vesical plexus, differential plexus, and prostatic plexus.
4. Sacral splanchnic nerves

• Consist primarily of preganglionic sympathetic fibers that come off the chain and

synapse in the inferior hypogastric (pelvic) plexus.
5. Pelvic splanchnic nerves (nervi erigentes)

• Are the only splanchnic nerves that carry parasympathetic fibers. (All other splanchnic

nerves are sympathetic.)
• Arise from the sacral segment of the spinal cord (S2–S4).

• Contribute to the formation of the pelvic (or inferior hypogastric) plexus, and
supply the descending colon, sigmoid colon, and other viscera in the pelvis and

perineum.

Development of the Lower Gastrointestinal Tract
and Urinary Organs (Figure 6-21)   

A. Hind gut

• Sends off a diverticulum, the allantois and terminates as a blind sac of endoderm called the
cloaca, which is in contact with an ectodermal invagination called the proctodeum.

B. Endodermal cloaca
• Is divided by the urorectal septum into an anterior part, which becomes the primitive

bladder and the urogenital sinus, and a posterior part called the anorectal canal, which
forms the rectum and the upper half of the anal canal. The lower half of the anal canal

forms from the ectoderm of the proctodeum.
• The primitive bladder is divided into an upper dilated portion, the bladder, and a lower

narrow portion, the urethra.

C. Mesonephric (wolffian) duct

• Gives origin to the ureteric bud, which forms the ureter, renal pelvis, major and minor

calyces, and collecting tubules.
• Forms the epididymal duct, vas deferens, ejaculatory ducts, and seminal vesicles in the

male, but in the female it largely degenerates and small remnants persist as the duct of

epoophoron (Gartner's) and the duct of the paroophoron.

D. Urethra
• Develops from the mesonephric ducts and the urogenital sinus.
• In males, the proximal part of the prostatic urethra develops from the mesonephric ducts

and the distal part from the urogenital sinus. The membranous and penile urethrae form

from the urogenital sinus.
• In females, the upper part of the urethra develops from the mesonephric ducts and the

lower end forms from the urogenital sinus.

Figure 6-21 Development of the urogenital and reproductive systems. A: Development of the urogenital sys-
tems. B: Development of the male reproductive system. C: Development of the female reproductive system.
Aa: The urorectal septum arises between the allantois and the hindgut. Ab: The cloaca divides into the uro-
genital sinus and anorectal canal, the mesonephric duct, and the ureteric bud. Ac: The urogenital sinus de-
velops into the urinary bladder, and the seminal vesicles are formed by an outbudding of the ductus defer-
ens. Ba: The paramesonephric duct has degenerated except for the appendix testis and the prostatic utricle.
Bb: The genital duct after descent of the testis, showing the testis cords, the rete testis, and efferent ductules.
Ca: The paramesonephric tubercle and uterine canal are formed. Cb: The genital ducts after descent of the
ovary, showing the ligament of the ovary and the round ligament of the uterus. The mesonephric systems
are degenerated except epoophoron, paroophoron, and Gartner's cyst.
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XII. Development of the Reproductive System (see Figure 6-21)

A. Indifferent embryo

1. Genotype of the embryo is established at fertilization, but male and female embryos are
phenotypically indistinguishable between weeks 1 and 6. Male and female characteristics

of the external genitalia can be recognized by week 12.
2. Phenotypic differentiation is completed by week 20. The components that will form the

adult reproductive systems are the gonads, paramesonephric (mtillerian) ducts,
mesonephric (wolffian) ducts and tubules, urogenital sinus, phallus, urogenital folds, and
labioscrotal swellings.

B. Development of genital organs
1. Indifferent gonads form the ovaries in the presence of estrogen and the absence of

testosterone in females and form testes, seminiferous tubules, and rete testes in the testos-

terone in males.
2. Paramesonephric ducts form uterine tubes, the uterus, cervix, and upper vagina in fe-

males; and the prostatic utricle and appendix of testes in males.
3. Mesonephric ducts form the epoophoron (vestigial) in females; and efferent ductules,

epididymal duct, ductus deferens, ejaculatory duct, and seminal vesicles in males.

4. Urogenital sinus forms the urinary bladder, urethra, urethral and paraurethral glands,

greater vestibular glands and lower vagina in females; and urinary bladder, urethra,

prostate, and bulbourethral glands in males.
5. Phallus or genital tubercle (develop from mesenchymal proliferation) forms the clitoris

in females and the penis in males.
6. Urogenital folds form the labia minora in females and ventral aspect and the raphe of

penis in males.
7. Genital swellings form labia majora in females, and scrotum in males.

C. Descent of the ovaries and testes
1. Ovaries and testes develop within the abdominal cavity but later descend into the pelvis

and scrotum, respectively. The gubernaculum and the processus vaginalis are involved in

the descent of the ovaries and testes.
2. Gubernaculum forms ovarian ligament and round ligament of the uterus in females and

gubernaculum testes in males.
3. Processus vaginalis forms no adult structures in females and tunica vaginalis in males.

CHAPTER SUMMARY

Perineum

• The perineum is a diamond-shaped space that has the same boundaries as the pelvic outlet or
the inferior aperture of the pelvis; bounded by the pubic symphysis, ischiopubic rami, ischial

tuberosities, sacrotuberous ligament, and the tip of the coccyx. It is divided into urogenital and anal

triangles.

• The superficial perineal space (pouch) lies between the inferior fascia of the urogenital di-

aphragm (perineal membrane) and the superficial perineal fascia (Colles' fascia) and contains per-
ineal muscles, the crus of the penis or clitoris, the bulb of the penis or vestibule, the central tendon
of the perineum, the greater vestibular glands in the female, branches of the internal pudendal ves-
sels and the pudendal nerve.

• The deep perineal space (pouch) lies between the superior and inferior fasciae of the urogenital

diaphragm. It contains the deep transverse perineal muscle and sphincter urethrae, the membranous
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part of the urethra, the bulbourethral glands in the male, and branches of the internal pudendal ves-

sels and pudendal nerve.

• The ischiorectal fossa is separated from the pelvis by the levator ani and its fasciae; bounded by
the superficial and deep transverse perineal muscles (anteriorly), the gluteus maximus and the sacro-
tuberous ligament (posteriorly), the sphincter ani externus and levator ani (superomedially), the ob-
turator fascia (laterally), and the skin (floor). It contains the inferior rectal nerve and vessels and fat.

Male Genitalia

• The scrotum is a sac of skin with no fat and the dartos muscle, which is continuous with the

superficial penile fascia and superficial perineal fascia; contains the testis and epididymis and re-
ceives blood from the external and internal pudendal arteries; and is innervated by the anterior scro-
tal branch of the ilioinguinal nerve, the genital branch of the genitofemoral nerve, the posterior
scrotal branch of the perineal branch of the pudendal nerve, and the perineal branch of the poste-
rior femoral cutaneous nerve. Lymphatics in the scrotum drain into the superficial inguinal nodes.
The dartos muscle, cremaster muscle, and pampiniform plexus help regulate the temperature of the
testes in the scrotum; the dartos muscle is responsible for wrinkling the scrotal skin, whereas the cre-
master muscles are responsible for elevating the testes. The scrotal skin wrinkles to increase its thick-

ness and reduce heat loss.

• The penis consists of a root, which includes two crura and the bulb of the penis, and the body,
which contains the single corpus spongiosum and the paired corpora cavernosa. Its head is called

the glans penis, which is formed by the terminal part of the corpus spongiosum.

Female Genitalia

• The labia majora are two longitudinal folds of skin are homologous to the scrotum and contain

the terminations of the round ligaments of the uterus.

• The labia minora is hairless and contain no fat. "they are divided into upper (lateral) part,

which fuse above the clitoris to form the prepuce of the clitoris, and lower (medial) part, which

fuse below the clitoris to form the frenulum of the clitoris.

• The vestibule of the vagina is the space between the labia minora and has the openings for the

urethra, vagina, and ducts of the greater vestibular glands in its floor.

• The clitoris is homologous to the penis; consists of two crura, two corpora cavernosa, and a glans

but no corpus spongiosum. The glans clitoris is derived from the corpora cavernosa and is cov-

ered by a sensitive epithelium.

Pudendal Nerves and Vessels

• The pudendal nerve (S2-S4) passes through the greater sciatic foramen between the piriformis

and coccygeus muscles and enters the perineum with the internal pudendal vessels through the
lesser sciatic foramen. The pudendal nerve enters the pudendal canal, gives rise to the inferior rec-

tal and perineal nerves, and terminates as the dorsal nerve of the penis (or clitoris).

• The inferior rectal nerve innervates the sphincter ani externus and the skin around the anus.

• The perineal nerve divides into a deep branch, which supplies all of the perineal muscles, and a
superficial (posterior scrotal or labial) branch, which supplies the scrotum or labia majora.

• The dorsal nerve of the penis or clitoris runs between the two layers of the suspensory ligament
of the penis or clitoris and runs deep to the deep fascia on the dorsum of the penis or clitoris to in-

nervate the skin, prepuce, and glans.
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• The internal pudendal artery is accompanied by the pudendal nerve during its course, leaving

the pelvis by way of the greater sciatic foramen and entering the perineum through the lesser sciatic
foramen.

• The internal pudendal vein arises from the lower part of the prostatic venous plexus in the male
or the vesical plexus in the female and usually empties into the internal iliac vein by a common
trunk; gives rise to the inferior rectal, perineal, and urethral arteries and the artery of the bulb, deep
artery of the penis or clitoris, and dorsal artery of the penis or clitoris; part of the prostatic venous
plexus in the male or the vesical plexus in the female and usually empties into the internal iliac vein
by a common trunk.

• The deep dorsal vein of the penis is an unpaired vein that begins behind the glans and lies in
the dorsal midline deep to the deep fascia and superficial to the tunica albuginea, leaves the per-
ineum through the gap between the arcuate pubic ligament and the transverse perineal ligament,
and drains into the prostatic and pelvic venous plexuses. The superficial dorsal vein of the penis runs
toward the pubic symphysis and terminates in the external (superficial) pudendal veins, which drain

into the greater saphenous vein.

• The deep dorsal vein of the clitoris is small but also runs in the median plane between the left
and right dorsal arteries and ends in the lower part of the vesical plexus.

Pelvis

• Basin-shaped ring of bone formed by the two hip bones, the sacrum and the coccyx.

The hip or coxal bone consists of the ilium, ischium, and pubis.

• Divided by the pelvic brim into the pelvis major (false pelvis) above and the pelvis mi-
nor (true pelvis) below (Table 6-1).

• The pelvic diaphragm is formed by the levator ani and coccygeus, forms the pelvic floor, and
supports all of the pelvic viscera. It flexes the anorectal canal during defecation, helps the volun-
tary control of micturition, and also helps direct the fetal head toward the birth canal at parturi-
tion.

• The broad ligament extends from the uterus to the lateral pelvic wall; serves to hold the uterus

in position; and contains the uterine tube, uterine vessels, round ligament of the uterus, ovarian lig-
ament, ureter, nerve plexus and lymphatic vessels. It does not contain the ovary but gives at-

tachment to the ovary through the mesovarium.

• The round ligament of the uterus is the remains of the lower part of the gubernaculum, runs
within the broad ligament, and keeps the uterus anteverted and anteflexed. It enters the inguinal
canal at the deep inguinal ring, emerges from the superficial inguinal ring, and becomes lost in the
labium mains.

• The ovarian ligament extends from the ovary to the uterus below the uterine tube within the

layers of the broad ligament.

TABLE 6-1 Differences Between the Female and Male Pelvis

Female
	 Male

Bones
inlet
Outlet
Cavity
Subpubic angle
Sacrum
Obturator foramen

Smaller, lighter, thinner
Transversely oval
Larger
Wider, shallower
Larger, greater
Shorter, wider
Oval or triangular

Larger, heavier, thicker
Heart-shaped
Smaller
Narrower, deeper
Smaller, lesser
Longer, narrower
Round
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• The lateral or transverse cervical (cardinal or Mackenrodt's) ligament of the uterus extends

from the cervix and the vagina to the pelvic wall, and contains smooth muscle fibers and supports
the uterus.

Ureter and Bladder

• The ureter has three constrictions along its course: at the origin where the pelvis of the ureter joins

the ureter, where it crosses the pelvic brim, and at its junction with the urinary bladder. It is accompa-
nied in its course by the uterine artery, and thus it is sometimes injured by a clamp during surgical

procedures and may be ligated and sectioned by mistake during a hysterectomy. It can be remembered
by the mnemonic device, "water (ureter) runs under the bridge (uterine artery)," and passes posterior
and inferior to the ductus deferens and lies in front of the seminal vesicle. Therefore, the ureter runs
under the uterine artery in the female and the ductus deferens in the male. It courses obliquely through

the bladder wall and functions as a check valve to prevent reflux of urine into the ureter.

• The urinary bladder has its apex at the anterior end, and the fundus or base as its posteroin-

ferior triangular portion. Its neck is the area where the fundus and the inferolateral surfaces come
together, leading into the urethra; the uvula is a small rounded elevation just behind the urethral
orifice at the apex of its trigone; and the trigone is bounded by the two orifices of the ureters and
the internal urethral orifice, around which is a thick circular layer called the internal sphincter
(sphincter vesicae). The musculature (bundles of smooth muscle fibers) is known as the detrusor
muscle of the bladder, and it receives blood from the superior and inferior vesical arteries and its ve-
nous blood is drained by the prostatic or vesical plexus of veins, which empties into the internal

iliac vein; it is innervated by nerve fibers from the vesical and prostatic plexuses.

• Micturition (urination) is initiated by stimulating stretch receptors in the detrusor muscle in the
bladder wall by the increasing volume of urine. Afferent (GVA) impulses arise from the stretch re-
ceptors in the bladder wall and enter the spinal cord (S2-S4) via the pelvic splanchnic nerves. Sym-
pathetic fibers induce relaxation of the bladder wall and constrict the internal sphincter, inhibiting
emptying; parasympathetic fibers in the pelvic splanchnic nerve induce a contraction of the detru-
sor muscle and relaxation of the internal sphincter, enhancing the urge to void; somatic motor fibers
in the pudendal nerve cause voluntary relaxation of the external urethral sphincter, and the blad-
der begins to void. At the end of micturition, the external urethral sphincter contracts and bul-
bospongiosus muscles in the male expel the last few drops of urine from the urethra.

Male Reproductive Organs

• The testis develops in the posterior wall of the embryo, descends into the scrotum retroperi-
toneally, and is covered by the tunica albuginea. The germ cells produce sperms; sustentacular
(Sertoli) cells secrete androgen-binding protein and hormone inhibin; interstitial (Leydig) cells se-
crete sex hormones; and myoid cells help to squeeze sperms through the tubules. The testis is sup-
plied by the testicular artery from the abdominal aorta and is drained by veins of the pampiniform
plexus into the inferior vena cava on the right and the renal vein on the left. Lymph vessels ascend
with the testicular vessels and drain into the lumbar (aortic) nodes.

• The epididymis consists of a head, body, and tail, and contains a convoluted duct. It functions
in the maturation and storage of spermatozoa in the head and body and the propulsion of the sper-
matozoa into the ductus deferens.

• The ductus deferens enters the pelvis at the lateral side of the inferior epigastric artery; passes

superior to the ureter near the wall of the bladder; is dilated to become the ampulla; and joins the
duct of the seminal vesicle to form the ejaculatory duct, which empties into the prostatic urethra
on the seminal colliculus just lateral to the prostatic utricle; transports and stores spermatozoa; and
during ejaculation, the thick layers of smooth muscle in its wall propel sperm into the urethra by

peristalsis.
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• The seminal vesicles are lobulated glandular structures that lie inferior and lateral to the am-
pullae of the ductus deferens and that contain (a) a sugar (fructose) and other nutrients that nour-
ish the sperm, (b) prostaglandins which stimulate contraction of the uterus to help move sperm
through the female reproductive tract, (c) substances that enhance sperm motility and suppress the

immune response against semen in females, and (d) enzymes that clot the ejaculated semen in the
vagina and then liquefy it so that the sperm can swim out. Produce the alkaline constituent of the

seminal fluid, which contains fructose and choline.

• The prostate gland is located at the base of the urinary bladder and its secretion helps to clot
and then to liquefy the semen; has five lobes including the anterior lobe, middle lobe (prone to be-
nign hypertrophy), lateral lobes, and posterior lobe (prone to carcinomatous transformation).

• Erection and ejaculation is often described using a popular mnemonic device: point (erection

by parasympathetic) and shoot (ejaculation by sympathetic).

Female Reproductive Organs

• The ovaries are almond-shaped structures that lie on the lateral walls of the pelvic cavity; are
suspended by suspensory and round ligaments and produce oocytes or ova and steroid hormones.

• The uterine tube extends from the uterus to the ovary; consists of the isthmus, ampulla, and

infundibulum; the fimbriated distal end creates currents, helping draw an ovulated oocyte into the

uterine tube.

• The uterus contains a fundus, body, isthmus, and cervix and is supported by the broad,

transverse cervical (cardinal), and round ligaments and the muscles of the pelvic floor, which
provide the most important support. The uterine wall consists of the perimetrium, myometrium
and endometrium; the uterine cycle includes the menstrual, proliferative, and secretory phases;
the first two phases are a shedding and then a rebuilding of endometrium in the 2 weeks before

ovulation and the third phase prepares the endometrium to receive an embryo in the 2 weeks
after ovulation.

• The vagina extends between the vestibule and the cervix of the uterus, serves as the excretory

channel for the products of menstruation, receives the penis and semen during coitus, and acts as the
birth canal. The vaginal fornix is a ring-like recess around the tip of the cervix in the upper vagina.

Anal Region

• The rectum extends from the sigmoid colon to the anal canal and receives blood from the superior,

middle, and inferior rectal arteries and drains its venous blood into the portal venous system via supe-
rior rectal vein and into the caval system via the middle and inferior rectal veins. The feces are stored

in the ampulla, which is the lower dilated part of the rectum, that lies above the pelvic diaphragm.

• The anal canal divides into an upper two thirds (visceral portion), which belongs to the intes-

tine, and a lower one third (somatic portion), which belongs to the perineum. A point of demarca-

tion between visceral and somatic portions is called the pectinate line, which is a serrated line fol-

lowing the anal valves.

TABLE 6-2 Divisions of the Pectinate Line

Above Pectinate Line
	

Below Pectinate Line

Epithelium
Venous drainage
Lymphatics
Sensory innervation
Hemorrhoids

Columnar or cuboidal
Portal venous system
Internal iliac nodes
Visceral sensory
Internal hemorrhoids

Stratified squamous
Caval venous system
Superficial inguinal nodes
Somatic sensory
External hemorrhoids
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TAKE-AWAY POINTS

Disorders of the Urinary Tract

EXTRAVASATED URINE

3 It may result from rupture of the bulbous portion of the spongy urethra below the urogen-
ital diaphragm; urine may pass into the superficial perineal space.

3 It spreads inferiorly into the scrotum, anteriorly around the penis, and superiorly into the ab-
dominal wall.

3 It cannot spread laterally into the thigh, because the inferior fascia of the urogenital di-
aphragm and the superficial fascia of the perineum are firmly attached to the ischiopubic rami
and are connected with the deep fascia of the thigh (fascia lata).

3 It cannot spread posteriorly into the anal region, because the perineal membrane and Colles'
fascia are continuous with each other around the superficial transverse perineal muscles.

DAMAGE OFTHE URETER

3 In the female, it may occur during a hysterectomy or surgical repair of a prolapsed uterus be-
cause it lies under the uterine artery.

Male Genitalia
3 Seminal vesicles produce the alkaline constituent of the seminal fluid, which contains fruc-

tose and choline.

3 Fructose provides a forensic determination for occurrence of rape, whereas choline crystals
provide the basis for the determination of the presence of semen (Florence's test).

MALFORMATIONS OR DISORDERS

3 Hydrocele is an accumulation of fluid in the cavity of the tunica vaginalis of the testis or
along the spermatic cord, resulting from an infection or injury to the testis that causes the tunica
vaginalis to secrete excess serous fluid.

3 Varicocele occurs when varicose veins in the pampiniform plexus of the spermatic cord ap-
pears like a "bag of worms" in the scrotum. It may cause infertility in men because the pampini-
form plexus of veins is unable to cool the testes, resulting in a declining sperm count (oligosper-
mia) or sterility.

3 Epispadia is a malformation in which the spongy urethra opens on the dorsum of the penis.

3 Hypospadia is a developmental anomaly in which the urethra opens on the underside of the
penis because of a failure of the two urethral folds to fuse completely.

3 Testicular torsion is twisting of the spermatic cord and testis within the scrotum, results in
blockage of blood supply to the testis and produces sudden urgent pain, swelling, and reddening
of the scrotum. It may be caused by trauma or a spasm of the cremaster muscle.

3 Orchitis is inflammation of the testis and is marked by pain, swelling, and a feeling of weight;
may be caused by the mumps, gonorrhea, syphilis, or tuberculosis.

SURGERY

3 Vasectomy is surgical excision of a portion of the vas deferens (ductus deferens) through the
scrotum; stops the passage of spermatozoa but neither reduces the amount of ejaculate greatly nor
diminishes sexual desire.

Female Genitalia

VAGINAL EXAMINATION (EXAMINATION OF PELVIC STRUCTURES THROUGH THE VAGINA)

3 Inspection with a speculum allows observation of the vaginal walls, the posterior fornix as
the site of culdocentesis, the uterine cervix, and the cervical os.
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3 Digital examination allows palpation of the urethra and bladder through the anterior fornix
of the vagina; the rectum, coccyx, and sacrum through the posterior fornix; and the ovaries, uter-

ine tubes, ureters, and ischial spines through the lateral fornices.

3 Bimanual examination allows examination of uterus and adnexal masses by placing the fin-
gers of one hand in the vagina and exerting pressure on the lower abdomen with the other hand.

DISORDERS

3 Endometriosis is a benign disorder in which a mass of endometrial tissue (stroma and glands)
occurs aberrantly in various locations, including the uterine wall, ovaries, or other extraendome-
trial sites.

3 Fibroid is a benign uterine tumor made of smooth muscle cells and fibrous connective tissue
in the wall of the uterus; a large fibroid can cause bleeding, pressure, and pain.

3 Fibromyoma or leiomyoma is the most common benign neoplasm of the female genital tract
derived from smooth muscle; may cause urinary frequency, dysmenorrhea (painful menstrua-
tion), abortion, or obstructed labor.

3 Vaginismus is a painful involuntary spasm or constriction of the musculature surrounding
the vaginal opening and the outer third of the vagina, preventing sexual intercourse, which may

be caused by organic or psychogenic factors; can also stem from a severe traumatic experience
such as rape or sexual abuse.

3 Uterine prolapse is a protrusion of the cervix of the uterus into the lower part of the vagina
close to the vestibule and causes a bearing-down sensation in the womb and an increased fre-
quency of and burning sensation on urination. The prolapse occurs as a result of advancing age
and menopause and results from weakness of the muscles, ligaments, and fasciae of the pelvic
floor such as the pelvic diaphragm, urogenital diaphragm, ovarian and cardinal (transverse cervi-
cal) ligaments, and broad and round ligaments of the uterus that constitute the support of the
uterus and other pelvic viscera.

SURGERY

3 Mediolateral episiotomy is a surgical incision through the posterolateral vaginal wall and
perineum, just lateral to the perineal body (central tendon), to enlarge the birth canal and thus
prevent uncontrolled tearing of the urogenital diaphragm and perineal musculatures during par-
turition. In a median episiotomy, the incision is carried posteriorly in the midline through the
posterior vaginal wall and the perineal body. Relatively bloodless and painless, this incision pro-

vides a limited expansion of the birth canal.

3 Pudendal nerve block is performed by injecting a local anesthetic in the vicinity of the pu-
dendal nerve; is accomplished by inserting a needle through the posterolateral vaginal wall, just
beneath the pelvic diaphragm and toward the ischial spine, thus placing the needle in the vicin-
ity of the pudendal canal; and can be done percutaneously by inserting the needle on the medial

side of the ischial tuberosity near the pudendal nerve.

3 Culdocentesis is aspiration of fluid from the cul-de-sac of Douglas (rectouterine pouch) by a
needle puncture of the posterior vaginal fornix near the midline between the uterosacral liga-
ments; because the rectouterine pouch is the lowest portion of the peritoneal cavity, it can col-
lect fluid.

Cancers of the Perineal/Pelvic Region
3 Bladder cancer usually originates in the bladder lining epithelium. The most common symp-
tom is blood in the urine (hematuria). Other symptoms include frequent urination and pain upon
urination (dysuria). This cancer may be induced by organic carcinogens that are deposited in the

urine after being absorbed from the environment.

3 Testicular cancer develops commonly from the rapidly dividing early state spermatogenic
cells (seminoma or germ cell tumor); tumor also develops from Leydig and Sertoli cells, and the
major risk factors are cryptorchidism and Klinefelter's syndrome.
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3 Prostate hypertrophy occurs most in the middle lobe, obstructing the internal urethral ori-
fice and thus leading to nocturia (excessive urination at night), dysuria (difficulty or pain in uri-

nation), and urgency (sudden desire to urinate).

3 Prostate cancer is a slow-growing cancer that occurs most in the posterior lobe; spreads to
the bony pelvis, pelvic lymph nodes, vertebral column, and skull via the vertebral venous plexus,
producing pain in the pelvis, the lower back, and the bones; metastasizes to the heart and lungs
through the prostatic venous plexus, internal iliac veins, and into the inferior vena cava; can be
detected by digital rectal examination, ultrasound imaging with a device inserted into the rectum,
or PSA test; surgical removal performed by cystoscope, passed through the urethra. The procedure
is called TURP.

3 Ovarian cancer develops from germ cells, stromal cells, and epithelial cells; metastasis occurs
via lymph and blood vessels or by direct spread to nearby structures; diagnosis involves (a) de-
tecting a mass during the pelvic examination, (b) visualizing it by using an ultrasound probe
placed in the vagina, or (c) using a blood test for a protein associated with ovarian cancer (CA-
125). Some germ cell cancers release certain protein markers such as HCG and AFP into the blood.

3 Endometrial cancer is the most common type (about 90%) of uterine cancer and develops
from the endometrium of the uterus. Its symptom is vaginal bleeding, which allows early detec-
tion. Other symptoms are clear vaginal discharge, lower abdominal pain, or pelvic cramping. Risk
factors include obesity, nulliparity, infertility, early menarche, late menopause, and post-
menopausal estrogen-replacement therapy because estrogens stimulate the growth and division
of endometrial cells.

3 Cervical cancer is a slow-growing cancer that develops from the epithelium covering the

cervix. The major risk factor is HPV infection. A Papanicolaou (Pap) smear or cervical smear test
is effective in detecting cervical cancer early. This cancer metastasizes to extrapelvic lymph nodes,
liver, lung, and bones.

3 Rectal cancer develops in the epithelial cells lining the lumen of the rectum and can be de-
tected by digital rectal examination or colonoscopy. A polyp or other abnormal tissue can be
obtained during the procedure for pathologic examination; may metastasize to the liver because
the superior rectal vein is a tributary of the portal vein; and may penetrate posteriorly the rectal
wall and invade the sacral plexus producing sciatica, invade laterally the ureter, and invade ante-
riorly the vagina, uterus, bladder, prostate, or seminal vesicles.

Anal Region
3 Rectal or digital examination is used to (a) determine the size and consistency of the
prostate gland and (b) palpate the bladder, seminal vesicle, and ampulla of the ductus defer-
ens anteriorly; the coccyx and sacrum posteriorly; and the ischiorectal fossa (abscess) laterally

3 Hemorrhoids are dilated internal and external venous plexuses around the rectum and anal
canal.

3 Internal hemorrhoids occur above the pectinate line and are covered by mucous membrane;
their pain fibers are carried by GVA fibers of the sympathetic nerves.

3 External hemorrhoids are situated below the pectinate line, are covered by skin, and are
more painful than internal hemorrhoids because their pain fibers are carried by GSA fibers of the
inferior rectal nerves.
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rt CHAPTER 6 REVIEW TEST

Directions: Each of the numbered items or incomplete statements in this section is followed
by answers or by completions of the statement. Select the one lettered answer or completion
that is best in each case.

1. A 68-year-old woman with uterine carci-
noma undergoes surgical resection. This cancer
can spread directly to the labia majora in lym-
phatics that follow which of the following
structures?

(A) Pubic arcuate ligament
(B) Suspensory ligament of the ovary
(C) Cardinal (transverse cervical) ligament
(D) Suspensory ligament of the clitoris
(E) Round ligament of the uterus

2. A 17-year-old boy suffers a traumatic groin
injury during a soccer match. The urologist no-
tices tenderness and swelling of the boy's left
testicle that may be produced by thrombosis in
which of the following veins?

(A) Left internal pudendal vein
(8) Left renal vein
(C) Inferior vena cava
(D) Left inferior epigastric vein
(E) Left external pudendal vein

3. On a busy Saturday night in Chicago, a 16-
year-old boy presents to the emergency room
with a stab wound from a knife that enters the
pelvis above the piriformis muscle. Which of
the following structures is most likely to be
damaged?

(A) Sciatic nerve
(B) Internal pudendal artery
(C) Superior gluteal nerve
(D) Inferior gluteal artery
(E) Posterior femoral cutaneous nerve

4. A 22-year-old woman receives a deep cut
in the inguinal canal 1 inch lateral to the pubic
tubercle. Which of the following ligaments is
lacerated within the inguinal canal?

(A) Suspensory ligament of the ovary
(B) Ovarian ligament
(C) Mesosalpinx
(D) Round ligament of the uterus
(E) Rectouterine ligament

5. A 29-year-old carpenter sustains severe in-
juries of the pelvic splanchnic nerve by a deep

puncture wound, which has become contami-
nated. The injured parasympathetic pregan-
glionic fibers in the splanchnic nerve are most
likely to synapse in which of the following

ganglia?

(A) Ganglia in or near the viscera or pelvic

plexus
(B) Sympathetic chain ganglia
(C) Collateral ganglia

(D) Dorsal root ganglia

(E) Ganglion impar

6. A 59-year-old woman comes to a local hos-
pital for uterine cancer surgery. As the uterine
artery passes from the internal iliac artery to
the uterus, it crosses superior to which of the
following structures that is sometimes mistak-
enly ligated during such surgery?

(A) Ovarian artery
(B) Ovarian ligament
(C) Uterine tube

(D) Ureter
(E) Round ligament of the uterus

7. A 29-year-old woman is admitted to a hos-
pital because the birth of her child is several
days overdue. Tearing of the pelvic diaphragm
during childbirth leads to paralysis of which of

the following muscles?

(A) Piriformis
(B) Sphincter urethrae
(C) Obturator internus

(D) Levator ani
(E) Sphincter ani externus

8. A 37-year-old small business manager re-
ceives a gunshot wound in the pelvic cavity, re-
sulting in a lesion of the sacral splanchnic
nerves. Which of the following nerve fibers
would primarily be damaged?

(A) Postganglionic parasympathetic fibers
(B) Postganglionic sympathetic fibers

(C) Preganglionic sympathetic fibers
(D) Preganglionic parasympathetic fibers

(E) Postganglionic sympathetic and parasym-
pathetic fibers
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9. A young couple is having difficulty con-
ceiving a child. Their physician at a reproduc-
tion and fertility clinic explains to them that:

(A) The ovary lies within the broad ligament
(B) The glans clitoris is formed from the cor-

pus spongiosum
(C) Erection of the penis is a sympathetic re-

sponse
(D) Ejaculation follows parasympathetic stim-

u lation
(E) Fertilization occurs in the infundibulum

or ampulla of the uterine tube.

10. A 46-year-old woman has a history of in-
fection in her perineal region. A comprehen-
sive examination reveals a tear of the superior
boundary of the superficial perineal space.
Which of the following structures would most
likely be injured?

(A) Pelvic diaphragm

(B) Colles' fascia
(C) Superficial perineal fascia

(D) Deep perineal fascia
(E) Perineal membrane

11. A 58-year-old man is diagnosed as having
a slowly growing tumor in the deep perineal
space. Which of the following structures would
most likely be injured?

(A) Bulbourethral glands

(B) Crus of penis
(C) Bulb of vestibule
(D) Spongy urethra
(E) Great vestibular gland

12. An elderly man with benign enlargement
of his prostate experiences difficulty in urina-
tion, urinary frequency, and urgency. Which of
the following lobes of the prostate gland is
commonly involved in benign hypertrophy
that obstructs the prostatic urethra?

(A) Anterior lobe
(B) Middle lobe
(C) Right lateral lobe
(D) Left lateral lobe

(E) Posterior lobe

13. A 59-year-old man is diagnosed with
prostate cancer following a digital rectal exami-
nation. For the resection of prostate cancer, it is
important to know that the prostatic ducts open
into or on which of the following structures?

(A) Membranous part of the urethra

(B) Seminal colliculus

(C) Spongy urethra
(D) Prostatic sinus

(E) Prostatic utricle

14. A 29-year-old woman with a ruptured ec-

topic pregnancy is admitted to a hospital for
culdocentesis. A long needle on the syringe is
most efficiently inserted through which of the
following structures?

(A) Anterior fornix of the vagina
(B) Posterior fornix of the vagina

(C) Anterior wall of the rectum
(D) Posterior wall of the uterine body

(E) Posterior wall of the bladder

15. A 37-year-old man is suffering from carci-
noma of the skin of the glans penis. Cancer
cells are likely to metastasize directly to which
of the following lymph nodes?

(A) External iliac nodes
(B) Internal iliac nodes

(C) Superficial inguinal nodes

(D) Aortic (lumbar) nodes

(E) Common iliac nodes

16. A 42-year-old woman who has had six
children develops a weakness of the urogenital
diaphragm. Paralysis of which of the following
muscles would cause such a symptom?

(A) Sphincter urethrae
(B) Coccygeus
(C) Superficial transversus perinei

(D) Levator ani

(E) Obturator internus

17. A 43-year-old man has a benign tumor lo-

cated near a gap between the arcuate pubic lig-
ament and the transverse perineal ligament.
Which of the following structures is most likely
compressed by this tumor?

(A) Perineal nerve
(B) Deep dorsal vein of the penis

(C) Superficial dorsal vein

(D) Posterior scrotal nerve
(E) Deep artery of the penis

18. An obstetrician performs a median epi-
siotomy on a woman before parturition to pre-
vent uncontrolled tearing. If the perineal body
is damaged, the function of which of the fol-
lowing muscles might be impaired?

(A) Ischiocavernosus and sphincter urethrae
(B) Deep transverse perineal and obturator

internus
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(C) Bulbospongiosus and superficial trans-
verse perineal

(D) External anal sphincter and sphincter
urethrae

(E) Bulbospongiosus and ischiocavernosus

19. A 22-year-old man has a gonorrheal infec-
tion that has infiltrated the space between the
inferior fascia of the urogenital diaphragm and
the superficial perineal fascia. Which of the fol-
lowing structures might be inflamed?

(A) Greater vestibular gland
(B) Bulbourethral gland
(C) Membranous part of the male urethra
(D) Deep transverse perineal muscle
(E) Sphincter urethrae

20. A 39-year-old man is unable to expel the
last drops of urine from the urethra at the end
of micturition because of paralysis of the exter-
nal urethral sphincter and bulbospongiosus
muscles. This condition may occur as a result
of injury to which of the following nervous
structures?

(A) Pelvic plexus
(B) Prostatic plexus

(C) Pudendal nerve
(D) Pelvic splanchnic nerve
(E) Sacral splanchnic nerve

21. A 21-year-old marine biologist asks about
her first himanual examination arid it is ex-
plained to her that the normal position of the
uterus is:

(A) Anteflexed and anteverted
(B) Retroflexed and anteverted
(C) Anteflexed and retroverted
(D) Retroverted arid retroflexed
(E) Anteverted and retroverted

22. After his bath, but before getting dressed, a
4-year-old boy was playing with his puppy. The
boy's penis was bitten by the puppy and the
deep dorsal vein was injured. The damaged vein:

(A) Lies deep to Buck's fascia
(B) Drains into the prostatic venous plexus
(C) Lies lateral to the dorsal artery of the penis
(D) Is found in the corpus spongiosum
(E) Is dilated during erection

23. A 62-year-old man is incapable of penile
erection after rectal surgery with prostatec-
tomy. The patient most likely has a lesion of
which of the following nerves?

(A) Dorsal nerve of the penis

(B) Perineal nerve

(C) Hypogastric nerve
(D) Sacral splanchnic nerve

(E) Pelvic splanchnic nerve

24. A 23-year-old massage therapist who spe-
cializes in women's health attends a lecture at
an annual conference on techniques of mas-
sage. She asks which of the following structures
is drained by the lumbar (aortic) lymph nodes?

(A) Perineum

(B) Lower part of the vagina
(C) External genitalia

(D) Ovary
(E) Lower part of the anterior abdominal wall

25. A sexually active adolescent presents with
an infection within the ischiorectal fossa.
Which of the following structures is most likely

injured?

(A) Vestibular bulb

(B) Seminal vesicle

(C) Greater vestibular gland

(D) Inferior rectal nerve

(E) Internal pudendal artery

26. A first-year resident in the urology depart-
ment reviews pelvic anatomy before seeing pa-
tients. Which of the following statements is

correct?

(A) The dorsal artery of the penis supplies the
glans penis

(B) The seminal vesicles store spermatozoa

(C) The duct of the hulbourethral gland
opens into the membranous urethra

(D) The duct of the greater vestibular gland
opens into the vagina

(E) The anterior lobe of the prostate gland is
prone to carcinomatous transformation

27. A 43-year-old woman presents with a pro-
lapsed uterus. Repair of a prolapsed uterus re-
quires knowledge of the supporting structures
of the uterus. Which of the following struc-
tures plays the most important role in the sup-
port of the uterus?

(A) Levator ani
(B) Sphincter urethrae
(C) Uterosacral ligament
(D) Ovarian ligament

(E) Arcuate pubic ligament

28. A 16-year-old boy presents to the emer-
gency department with rupture of the penile
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urethra. Extravasated urine from this injury
can spread into which of the following struc-
tures?

(A) Scrotum
(B) Ischiorectal fossa
(C) Pelvic cavity
(D) Testis
(E) Thigh

29. A 23-year-old woman visits her obstetri-
cian for an annual checkup. During vaginal ex-
amination, which of the following structures
may be palpated?

(A) Apex of the urinary bladder
(B) Fundus of the uterus
(C) Terminal part of the round ligament of

the uterus
(D) Body of the clitoris

(E) Uterine cervix

30. A 53-year-old bank teller is admitted to a
local hospital for surgical removal of a be-
nign pelvic tumor confined within the broad
ligament. There is a risk of injuring which of
the following structures that lies in this liga-
ment?

(A) Ovary
(B) Proximal part of the pelvic ureter
(C) Terminal part of the round ligament of

the uterus
(D) Uterine tube
(E) Suspensory ligament of the ovary

31. A 72-year-old man comes to his physician
for an annual check-up. Which of the follow-
ing structures is most readily palpated during
rectal examination?

(A) Prostate gland
(B) Epididymis
(C) Ejaculatory duct
(D) Ureter
(E) Testis

32. A 48-year-old college football coach under-
goes a radical prostatectomy for a malignant
tumor in his prostate. Following surgery, he is
incapable of achieving an erection. Which of
the following nerves is most likely damaged
during the surgery?

(A) Sacral splanchnic nerve
(B) Pelvic splanchnic nerve
(C) Pudendal nerve
(D) Dorsal nerve of the penis

(E) Posterior scrotal nerve

33. While performing a pelvic exenteration,
the surgical oncologist notices a fractured or
ruptured boundary of the pelvic inlet. Which
of the following structures is most likely dam-
aged?

(A) Promontory of the sacrum
(B) Anterior-inferior iliac spine

(C) Inguinal ligament

(D) Iliac crest
(E) Arcuate pubic ligament

34. A 32-year-old patient with multiple frac-
tures of the pelvis has no cutaneous sensation
in the urogenital triangle. The function of
which of the following nerves is most likely to
be spared?

(A) Ilioinguinal nerve
(B) Iliohypogastric nerve
(C) Posterior cutaneous nerve of the thigh
(D) Pudendal nerve

(E) Genitofemoral nerve

35. A 22-year-old victim of an automobile
accident has received destructive damage to
structures that form the boundary of the per-
ineum. Which of the following structures is
spared?

(A) Pubic arcuate ligament
(B) Tip of the coccyx

(C) Ischial tuberosities

(D) Sacrospinous ligament

(E) Sacrotuberous ligament

36. A 32-year-old man undergoes vasectomy
as a permanent birth control. A physician per-
forming the vasectomy by making an incision
on each side of the scrotum should remember
which of the following statements is most ap-
plicable to the scrotum?

(A) It is innervated by the ilioinguinal and
genitofemoral nerves

(B) It receives blood primarily from the testic-
ular artery

(C) Its venous blood drains primarily into the
renal vein on the left

(D) Its lymphatic drainage is primarily into
upper lumbar nodes

(E) Its dartos tunic is continuous with the
perineal membrane

37. A 37-year-old woman complains of a
bearing-down sensation in her womb and an
increased frequency of and burning sensation
on urination. On examination by her gyne-
cologist, she is diagnosed with the uterine
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prolapse. Which of the following structures
provides the primary support for the cervix of
the uterus?

(A) External anal sphincter
(B) Broad ligament of the uterus
(C) Cardinal (transverse cervical) ligament
(D) Round ligament of the uterus
(E) Suspensory ligament of the ovary

38. A woman is delivering a breech baby. The
obstetrician decides it is best to perform a
mediolateral episiotomy. Which of the follow-
ing structures, should the obstetrician avoid
incising?

(A) Vaginal wall

(B) Superficial transverse perineal muscle
(C) Bulbospongiosus
(D) Levator ani
(E) Perineal membrane

39. During pelvic surgery, a surgeon notices se-
vere bleeding from the artery that remains
within the true pelvis. Which of the following
arteries is most likely to be injured?

(A) Iliolumbar artery
(B) Obturator artery
(C) Uterine artery
(D) Internal pudendal artery
(E) Inferior gluteal artery

40. A neurosurgeon performs surgical resec-
tion of a rare meningeal tumor in the sacral re-
gion. He tries to avoid an injury of the nerve
that arises from the lumbosacral plexus and re-
mains within the abdominal or pelvic cavity.
To which of the following nerves should he
pay particular attention?

(A) Ilioinguinal nerve
(B) Genitofemoral nerve
(C) Lumbosacral trunk
(D) Femoral nerve
(E) Lateral femoral cutaneous nerve

41. After repair of a ruptured diverticulum, a
31-year-old patient begins to spike with fever
and complains of abdominal pain. An infection
in the deep perineal space would most likely
damage which of the following structures?

(A) Ischiocavernosus muscles
(B) Superficial transverse perineal muscles
(C) Levator ani
(D) Sphincter urethrae
(E) Bulbospongiosus

42. A radiologist interprets a lymphangiogram
for a 29-year-old patient with metastatic carci-
noma. Upper lumbar nodes most likely receive
lymph from which of the following structures?

(A) Lower part of the anal canal

(B) Labium majus

(C) Clitoris

(D) Testis
(E) Scrotum

43. A 49-year-old woman has a large mass on
the pelvic brim. Which of the following struc-
tures was most likely compressed by this mass
when crossing the pelvic brim?

(A) Deep dorsal vein of the penis

(B) Uterine tube

(C) Ovarian ligament

(D) Uterine artery

(E) Lumbosacral trunk

44. A 26-year-old man comes to a hospital
with fever, nausea, pain, and itching in the per-
ineal region. On examination by an urologist,
he is diagnosed as having infected bul-
bourethral (Cowper's) glands. Which of the fol-
lowing structures is affected by this infection?

(A) Superficial perineal space.
(B) Sphincter urethrae.
(C) Production of sperm.
(D) Testis

(E) Seminal vesicles

45. A 21-year-old man is involved in a high-
speed motor vehicle accident. As a result, he
has extensive damage to his sphincter ure-
thrae. Which of the following statements best
explains the injured sphincter urethrae?

(A) Smooth muscle

(B) Innervated by the perineal nerve

(C) Lying between the perinea] membrane
and CoIles' fascia

(D) Enclosed in the pelvic fascia

(E) Part of the pelvic diaphragm

46. An obstetrician is about to perform a pu-
dendal block so a woman can experience less
pain when she delivers her child. He recalls
what he learned in medical school about this

nerve:

(A) It passes superficial to the sacrotuberous
ligament

(B) It innervates the testis and epididymis in
a male
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(C) It provides motor fibers to the coccygeus
(D) It can be blocked by injecting an anes-

thetic near the inferior margin of the is-
chial spine

(E) It arises from the lumbar plexus

47. A trauma surgeon in the emergency room
at a local center examines a 14-year-old boy
with extensive pelvic injuries after a hit and
run accident. The surgeon inspects the is-

chiorectal fossa because it:

(A) Accumulates urine leaking from rupture
of the bulb of the penis

(B) Contains the inferior rectal vessels
(C) Has a pudendal canal along its medial wall
(D) Is bounded anteriorly by the sacrotuber-

ous ligament

(E) Contains a perineal branch of the fifth
lumbar nerve

48. An elderly man with prostatitis is seen at
an internal medicine clinic. The seminal col-
liculus of his prostate gland is infected, and its
fine openings are closed. Which of the follow-
ing structures is most likely to be disturbed?

(A) Ducts of the prostate gland

(B) Prostatic utricle

(C) Ducts of the bulbourethral glands
(ID) Ejaculatory ducts
(E) Duct of the seminal vesicles

49. A general surgeon is giving a lecture to a
team of surgery residents. She describes charac-
teristics of structures above the pectinate line
of the anal canal, which include

(A) Stratified squamous epithelium
(B) Venous drainage into the caval system

(C) Lymphatic drainage into the superficial
inguinal nodes

(D) Visceral sensory innervation

(E) External hemorrhoids

50. A 78-year-old man has carcinoma of the
rectum. The cancer is likely to metastasize via

the veins into which of the following struc-
tures?

(A) Spleen

(B) Kidney

(C) Liver

(D) Duodenum
(E) Suprarenal gland

Questions 51-55: Choose the appropriate
lettered structure in this computed tomo-
graphy (CT) scan (see bottom of page) of the
female perineum and pelvis.

51. Which structure extends between the
vestibule and the cervix of the uterus and
serves as the excretory channel for the prod-
ucts of menstruation?

52. Which structure in the female that is
much shorter than that in the male?

53. Into which structure does hemorrhage oc-
cur after injury to the inferior rectal vessels?

54. Which structure has Houston's valve or
fold, with its venous blood drained by the por-
tal venous system?

55. Which structure is innervated by the nerve
passing through both the greater and lesser sci-
atic foramina?
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Questions 56-60: Choose the appropriate
lettererd structure in this computed tomogra-
phy (CT) scan (see above) of the male per-

ineum and pelvis.

56. Which structure, when fractured, results in
paralysis of the obturator internus muscles?

57. Which structure secretes fluid containing
fructose, which allows for forensic determina-
tion of rape?

58. In which structure would ligation of the
external iliac artery reduce blood pressure?

59. A knife wound to the obturator foramen

might injure which structure?

60. A stab wound immediately superior to the
pubic symphysis on the anterior pelvic wall
would most likely injure which visceral organ

first?
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ANSWERS AND EXPLANATIONS

1. The answer is E. The round ligament of the uterus runs laterally from the uterus through the
deep inguinal ring, inguinal canal, and superficial inguinal ring and becomes lost in the subcu-
taneous tissues of the labium majus. Thus, carcinoma of the uterus can spread directly to the
labium majus by traveling in lymphatics that follow the ligament. The pubic arcuate ligament at-
taches across the inferior aspect of the pubic symphysis and attaches to the medial borders of the
inferior pubic rami. The suspensory ligament of the ovary runs from the ovary to the pelvic wall
and transmits the ovarian vessels. The cardinal (transverse cervical) ligament runs from the cervix

and the vagina to the pelvic walls. The suspensory ligament of the clitoris runs from the pubic
symphysis and the arcuate pubic ligament to the deep fascia of the body of the clitoris.

2. The answer is B. A tender swollen left testis may be produced by thrombosis in the left renal
vein, because the left testicular vein drains into the left renal vein. The right testicular vein drains
into the inferior vena cava. The left internal pudendal vein empties into the left internal iliac
vein. The left inferior epigastric drains into the left external iliac vein and the left external pu-
dendal vein empties into the femoral vein.

3. The answer is C. The superior gluteal nerve leaves the pelvis through the greater sciatic fora-
men, above the piriformis. The sciatic nerve, internal pudendal vessels, inferior gluteal vessels and
nerve, and posterior femoral cutaneous nerve leave the pelvis below the piriformis.

4. The answer is D. The round ligament of the uterus is found in the inguinal canal along its
course. Other ligaments are not passing through the inguinal canal.

5. The answer is A. The pelvic splanchnic nerves carry preganglionic parasympathetic general
visceral efferent (GVE) fibers that synapse in the ganglia of the inferior hypogastric plexus and in
terminal ganglia in the muscular walls of the pelvic organs. The sympathetic preganglionic fibers
synapse in the sympathetic chain (paravertebral) ganglia or in the collateral (prevertebral) gan-
glia. The dorsal root ganglia contains cell bodies of general somatic afferent (GSA) and general vis-
ceral afferent (GVA) fibers and have no synapsis. The two sympathetic trunks unite and terminate
in the ganglion impar (coccygeal ganglion), which is the most inferior, unpaired ganglion located
in front of the coccyx.

6. The answer is D. The ureter runs under the uterine artery near the cervix; thus, the ureter is
sometimes mistakenly ligated during pelvic surgery. The other structures mentioned are not
closely related to the uterine artery near the uterine cervix.

7. The answer is D. The pelvic diaphragm is formed by the levator ani and coccygeus, whereas
the urogenital diaphragm consists of the sphincter urethrae and deep transverse perinei muscles.
The piriformis passes through the greater sciatic notch and inserts on the greater trochanter of
the femur. The obturator internus forms the lateral wall of the ischiorectal fossa. The sphincter
ani externus is composed of three layers, including the subcutaneous (corrugator cutis ani), su-
perficial, and deep portions and maintains a voluntary tonic contracture.

8. The answer is C. The sacral splanchnic nerves consist primarily of preganglionic sympathetic
neurons and also contain general visceral afferent (GVA) fibers. None of the other fibers listed are
contained in these nerves.

9. The answer is E. Fertilization takes place in the infundibulum or ampulla of the uterine tube. The
glans clitoris is derived from the corpora cavernosa, whereas the glans penis is the expanded termi-
nal part of the corpus spongiosum. Erection of the penis is caused by parasympathetic stimulation,

whereas ejaculation is mediated via the sympathetic nerve. The ovaries are not enclosed in the broad
ligament, but their anterior surface is attached to the posterior surface of the broad ligament.
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10. The answer is E. The superior (deep) boundary of the superficial perineal space is the per-
ineal membrane (inferior fascia of the urogenital diaphragm). Colles' fascia is the deep membra-
nous layer of the superficial perineal fascia. The deep perineal fascia essentially divides the su-
perficial perineal space into a superficial and deep compartment. The pelvic diaphragm consists

of the levator ani and coccygeus muscles.

11. The answer is A. The deep perineal space contains the bulbourethral (Cowper's) glands. The
crus of the penis, bulb of the vestibule, spongy urethra, and great vestibular gland are found in

the superficial perineal space.

12. The answer is B. The middle lobe of the prostate gland is commonly involved in benign pro-
static hypertrophy, resulting in obstruction of the prostatic urethra, whereas the posterior lobe is
commonly involved in carcinomatous transformation. The anterior lobe contains little glandular
tissue, and the two lateral lobes on either side of the urethra form the major part of the gland.

13. The answer is D. Ducts from the prostate gland open into the prostatic sinus, which is a
groove on either side of the urethral crest. The prostate gland receives the ejaculatory duct, which
opens into the prostatic urethra on the seminal colliculus (a prominent elevation of the urethral

crest) just lateral to the prostatic utricle, which is a small blind pouch. The bulbourethral gland
lies on the lateral side of the membranous urethra within the deep perineal space, but its duct

opens into the bulbous portion of the spongy (penile) urethra.

14. The answer is B. A needle should be inserted through the posterior fornix, just below the
posterior lip of the cervix while the patient is in supine position, to aspirate abnormal fluid in the
cul-de-sac of Douglas (rectouterine pouch). Rectouterine excavation is not most efficiently aspi-

rated by puncture of other structures.

15. The answer is C. The superficial inguinal nodes receive lymph from the penis, scrotum, but-
tocks, labium majus, and the lower parts of the vagina and anal canal. These nodes have efferent
vessels that drain primarily into the external iliac and common iliac nodes and ultimately to the
lumbar (aortic) nodes. The internal iliac nodes receive lymph from the upper part of the rectum,
vagina, uterus, and other pelvic organs, and they drain into the common iliac and then to the
lumbar (aortic) nodes.

16. The answer is A. The urogenital diaphragm consists of the sphincter urethrae and deep
transverse perineal muscles. Weakness of the muscles, ligaments, and fasciae of the pelvic floor
such as the pelvic diaphragm, urogenital diaphragm, and cardinal (transverse cervical) ligaments
occurs as result of multiple child delivery, advancing age, and menopause. The pelvic diaphragm
is composed of the levator ani and coccygeus muscles. The superficial transverses perinei is one
of the superficial perineal muscles and the obturator internus forms the lateral wall of the is-
chiorectal fossa.

17. The answer is B. The deep dorsal vein, dorsal artery, and dorsal nerve of the penis pass

through a gap between the arcuate pubic ligament and the transverse perineal ligament. The per-
ineal nerve divides into a deep branch, which supplies all of the perineal muscles, and superficial
branches as posterior scrotal nerves that supply the scrotum. The superficial dorsal vein of the pe-
nis empties into the greater saphenous vein. The deep artery of the penis runs in the corpus cav-
ernosum penis.

18. The answer is C. The perineal body (central tendon of the perineum) is a fibromuscular node
at the center of the perineum. It provides attachment for the bulbospongiosus, the superficial and
deep transverse perineal muscles, and the sphincter ani externus muscles. Other muscles (ischio-

cavernosus, sphincter urethrae, and obturator internus) are not attached to the perineal body.

19. The answer is A. The greater vestibular gland is located in the superficial perineal space be-
tween the inferior fascia of the urogenital diaphragm and the membranous layer of the superficial
perineal fascia (Colles' fascia). All of the other structures are found in the deep perineal pouch.



PERINEUM AND PELVIS 311

20. The answer is C. The perineal branch of the pudendal nerve supplies the external urethral
sphincter and bulbospongiosus muscles in the male. All other nervous structures do not supply
skeletal muscles but supply smooth muscles in the perineal and pelvic organs. The pelvic and pro-
static plexuses contain both sympathetic and parasympathetic nerve fibers. The pelvic splanch-
nic nerve carries preganglionic parasympathetic fibers, whereas the sacral splanchnic nerve trans-

mits preganglionic sympathetic fibers.

21. The answer is A. The normal position of the uterus is anteverted (i.e., angle of 90 degrees at
the junction of the vagina and cervical canal) and anteflexed (i.e., angle of 160 to 170 degrees at
the junction of the cervix and body).

22. The answer is B. The deep dorsal vein of the penis lies medial to the dorsal artery of the pe-
nis on the dorsum of the penis and superficial to Buck's fascia, drains into the prostatic plexus of
veins, and is compressed against the underlying deep fascia of the penis during erection.

23. The answer is E. The pelvic splanchnic nerve contains preganglionic parasympathetic fibers,

whereas the sacral splanchnic nerve contains preganglionic sympathetic fibers. Parasympathetic
fibers are responsible for erection, whereas sympathetic fibers are involved with ejaculation. The
right and left hypogastric nerves contain primarily sympathetic fibers and visceral sensory fibers.

The dorsal nerve of the penis and the perineal nerve provide sensory nerve fibers.

24. The answer is D. The lymphatic vessels from the ovary ascend with the ovarian vessels in

the suspensory ligament and terminate in the lumbar (aortic) nodes. Lymphatic vessels from the
perineum, external genitalia, and lower part of the anterior abdominal wall drain into the super-

ficial inguinal nodes.

25. The answer is D. The ischiorectal fossa contains the inferior rectal nerves and vessels arid
adipose tissue. The bulb of the vestibule and the great vestibular gland are located in the superfi-
cial perineal space, whereas the bulbourethral gland is found in the deep perineal space. The in-
ternal pudendal artery runs in the pudendal canal, but its branches pass through the superficial

and deep perineal spaces.

26. The answer is A. The dorsal artery of the penis supplies the glans penis. The seminal vesicles
store no spermatozoa. The duct of the bulbourethral gland opens into the bulbous portion of the
spongy urethra, whereas the greater vestibular gland opens into the vestibule between the labium
minora and the hymen. The anterior lobe of the prostate is devoid of glandular substance, the
middle lobe is prone to benign hypertrophy, and the posterior lobe is prone to carcinomatous

transformation.

27. The answer is A. The pelvic diaphragm, particularly the levator ani, provides the most im-
portant support for the uterus, although the urogenital diaphragm and the uterosacral and ovar-
ian ligaments support the uterus. The arcuate pubic ligament arches across the inferior aspect of

the pubic symphysis.

28. The answer is A. Extravasated urine from the penile urethra below the perineal membrane
spreads into the superficial perineal space, scrotum, penis, and anterior abdominal wall. However,
it does not spread into the testis, ischiorectal fossa, pelvic cavity, and thigh because Scarpa's fas-

cia ends by firm attachment to the fascia lata of the thigh.

29. The answer is E. In addition to the uterine cervix, the uterus, uterine tubes, ovaries, and
ureters can be palpated. The apex of the urinary bladder is the anterior end of the bladder; thus,
it cannot be palpated. The fundus of the uterus is anterosuperior part of the uterus. The terminal
part of the round ligament of the uterus emerges from the superficial inguinal ring and becomes
lost in the subcutaneous tissue of the labium majus.

30. The answer is D. The uterine tubes lie in the broad ligament. The anterior surface of the
ovary is attached to the posterior surface of the broad ligament of the uterus. The ureter
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descends retroperitoneally on the lateral pelvic wall but is crossed by the uterine artery in the

base (in the inferomedial part) of the broad ligament. The terminal part of the round ligament
of the uterus becomes lost in the subcutaneous tissue of the labium majus. The suspensory lig-
ament of the ovary is a band of peritoneum that extends superiorly from the ovary to the
pelvic wall.

31. The answer is A. The prostate gland may be palpated on rectal examination. The ejaculatory
duct runs within the prostate gland and cannot be felt. In the male, the pelvic part of the ureter
lies lateral to the ductus deferens and enters the posterosuperior angle of the bladder, where it is
situated anterior to the upper end of the seminal vesicle, and thus cannot be palpated during rec-
tal examination. However, in the female the ureter can be palpated during vaginal examination
because it runs near the uterine cervix and the lateral fornix of the vagina to enter the postero-
superior angle of the bladder. The testis are examined during a routine annual check-up but ob-

viously not during a rectal examination.

32. The answer is B. Parasympathetic preganglionic fibers in the pelvic splanchnic nerve are re-
sponsible for erection of the penis. Sympathetic preganglionic fibers in the sacral splanchnic
nerve are responsible for ejaculation. The pudendal nerve supplies the external anal sphincter and

perineal muscles and supplies general somatic afferent (GSA) fibers to the perineal region. The
dorsal nerve of the penis is a terminal branch of the pudendal nerve and supplies sensation of the

penis. The posterior scrotal nerves are superficial branches of the perineal nerve and supply sen-
sory fibers to the scrotum.

33. The answer is A. The pelvic inlet (pelvic brim) is bounded by the promontory and the an-
terior border of the ala of the sacrum, the arcuate line of the ilium, the pectineal line, the pubic
crest, and the superior margin of the pubic symphysis.

34. The answer is B. The iliohypogastric nerve innervates the skin above the pubis. The skin of
the urogenital triangle is innervated by the pudendal nerve, perineal branches of the posterior
femoral cutaneous nerve, anterior scrotal or labial branches of the ilioinguinal nerve, and the gen-

ital branch of the genitofemoral nerve.

35. The answer is D. The sacrospinous ligament forms a boundary of the lesser sciatic foramen.
The pubic arcuate ligament, tip of the coccyx, ischial tuberosities, and sacrotuberous ligament all

form part of the boundary of the perineum.

36. The answer is A. The scrotum is innervated by branches of the ilioinguinal, genitofemoral,
pudendal, and posterior femoral cutaneous nerves. The scrotum receives blood from the posterior

scrotal branches of the internal pudendal arteries and the anterior scrotal branches of the exter-
nal pudendal arteries, but it does not receive blood from the testicular artery. Similarly, the scro-
tum is drained by the posterior scrotal veins into the internal pudendal vein. The lymph vessels
from the scrotum drain into the superficial inguinal nodes, whereas the lymph vessels from the

testis drain into the upper lumbar nodes. The dartos tunic is continuous with the membranous
layer of the superficial perineal fascia (Colles' fascia).

37. The answer is C. The cardinal (transverse cervical) ligament provides the major ligamentous
support for the uterus. The sphincter ani externus does not support the uterus. The broad and
round ligaments of the uterus provide minor supports for the uterus. The suspensory ligament of
the ovary does not support the uterus.

38. The answer is D. An obstetrician should avoid incising the levator ani and the external anal
sphincter. The levator ani is the major part of the pelvic diaphragm, which forms the pelvic floor

and supports all of the pelvic organs. None of the other choices applies here.

39. The answer is C. Of all the arteries listed, the uterine artery remains within the pelvic
cavity.
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40. The answer is C. The lumbosacral trunk is formed by part of the ventral ramus of the fourth
lumbar nerve and the ventral ramus of the fifth lumbar nerve. This trunk contributes to the for-
mation of the sacral plexus by joining the ventral ramus of the first sacral nerve in the pelvic cav-
ity and does not leave the pelvic cavity. All other nerves leave the abdominal and pelvic cavities.
The ilioinguinal nerve accompanies the spermatic cord or the round ligament of the uterus, con-
tinues through the inguinal canal, and emerges through the superficial inguinal ring. The gen-
itofemoral nerve divides into a genital branch, which enters the inguinal canal through the deep
inguinal ring and exits through the superficial inguinal ring and supplies the cremaster muscle
and the scrotum or labium majus, and a femoral branch, which passes deep to the inguinal liga-
ment and enters the femoral triangle. The femoral nerve enters the femoral triangle deep to the
inguinal ligament and lateral to the femoral vessels and divides into numerous branches. The lat-
eral femoral cutaneous nerve runs in front of the iliacus and behind the inguinal ligament and
innervates the skin of the anterior and lateral thigh.

41. The answer is D. The sphincter urethrae is found in the deep perineal space, whereas the
other structures are located in the superficial perineal space.

42. The answer is D. Lymphatic vessels from the testis and epididymis ascend along the testic-
ular vessels in the spermatic cord through the inguinal canal and continue upward in the ab-
domen to drain into the upper lumbar nodes. The lymph from the other structures drains into
the superficial inguinal lymph nodes.

43. The answer is E. All of the listed structures do not cross the pelvic brim except the lum-
bosacral trunk, which arises from L4 and L5, enters the true pelvis by crossing the pelvic brim,
and contributes to the format ion of the sacral plexus. The deep dorsal vein of the penis enters the
pelvic cavity by passing under the symphysis pubis between the arcuate and transverse perineal
ligaments.

44. The answer is B. The bulbourethral glands lie on either side of the membranous urethra, em-
bedded in the sphincter urethrae. Their ducts open into the bulbous part of the penile urethra.

Semen—a thick, yellowish white, viscous, spermatozoa-containing fluid—is a mixture of the se-

cretions of the testes, seminal vesicles, prostate, and bulbourethral glands. Sperm, or spermato-
zoa, are produced in the seminiferous tubules of the testis and matured in the head of the epi-
didymis. The seminal vesicles are lobulated glandular structures, produce the alkaline constituent
of the seminal fluid that contains fructose and choline, and lie inferior and lateral to the ampul-
lae of the ductus deferens against the fundus (base) of the bladder.

45. The answer is B. The sphincter urethrae is striated muscle that lies in the deep perineal space
and forms a part of the urogenital diaphragm but not the pelvic diaphragm. It is not enclosed in
the pelvic fascia. It is innervated by a deep (muscular) branch of the perineal nerve.

46. The answer is D. The pudendal nerve, which arises from the sacral plexus, provides sensory
innervation to the labium majus (or scrotum in a male). It leaves the pelvis through the greater
sciatic foramen and enters the perineum through the lesser sciatic foramen near the inferior mar-
gin of the ischial spine. Therefore, it can be blocked by injection of an anesthetic near the infe-

rior margin of the ischial spine.

47. The answer is B. The ischiorectal fossa is bounded posteriorly by the gluteus maximus and
the sacrotuberous ligament. It contains fat, the inferior rectal nerve and vessels, and perineal
branches of the posterior femoral cutaneous nerve. The pudendal canal runs along its lateral wall.
Urine leaking from a ruptured bulb of the penis does not spread into the ischiorectal fossa because
Scarpa's fascia ends by firm attachment to the fascia lata of the thigh.

48. The answer is D. The ejaculatory ducts, which open onto the seminal colliculus, may be

injured. The prostate ducts open into the urethral sinus, the bulbourethral ducts open into the

bulbous part of the penile urethra, and the ducts of the seminal vesicle join the ampulla of the
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ductus deferens to form the ejaculatory duct. The prostatic utricle is a minute pouch on the sum-
mit of the seminal colliculus.

49. The answer is D. The pectinate line is a point of demarcation between visceral and somatic

portions of the anal canal. Characteristics above the pectinate line include columnar epithelium,
venous drainage into the portal system, lymphatic drainage into the internal iliac nodes, visceral

sensory innervation, and internal hemorrhoids.

50. The answer is C. Cancer cells from the rectal cancer are likely to metastasize to the liver via
the superior rectal, inferior mesenteric, splenic, and portal veins. Cancer cells are not directly
spread to the other organs listed. The spleen and duodenum drain their venous blood to the por-
tal venous system and the kidney and suprarenal gland empty into the caval (inferior vena cava)
system.

51. The answer is D. The vagina is the genital canal in the female, extending from the vestibule
to the uterine cervix. The vagina transmits the products of menstruation and receives the penis

in copulation.

52. The answer is A. In females, the urethra extends from the bladder, runs above the anterior
vaginal wall, and pierces the urogenital diaphragm to reach the urethral orifice in the vestibule

behind the clitoris. It is about 4 cm long. In males, the urethra is about 20 cm long.

53. The answer is E. The ischiorectal fossa lies in the anal triangle and is bound laterally by the

obturator internus with its fascia and superomedially by the levator ani and external anal sphinc-
ter. It contains the inferior rectal vessels. Thus, hemorrhage occurs in the ischiorectal fossa when
it is ruptured.

54. The answer is C. The mucous membrane and the circular smooth muscle layer of the rec-
tum form three transverse folds; the middle one is called Houston's valve. The venous blood re-

turns to the portal venous system via the superior rectal vein.

55. The answer is B. The obturator internus muscle and its fascia form the lateral wall of the is-
chiorectal fossa. This muscle is innervated by the nerve to the obturator internus, which passes

through the greater and lesser sciatic foramen.

56. The answer is E. The greater trochanter provides an insertion site for the obturator internus

muscle.

57. The answer is B. The seminal vesicle is a lobulated glandular structure and produces the al-
kaline constituent of the seminal fluid, which contains fructose and choline. Fructose, which is
nutritive to spermatozoa, also allows forensic determination of rape, whereas choline crystals are

the preferred basis for the determination of the presence of semen.

58. The answer is A. The external iliac artery becomes the femoral artery immediately after pass-
ing the inguinal ligament. Therefore, ligation of the external iliac artery reduces blood pressure

in the femoral artery.

59. The answer is D. The obturator foramen transmits the obturator nerve and vessels. Therefore,
the knife wound in this foramen injures the obturator nerve and vessels.

60. The answer is C. The bladder is situated in the anterior part of the pelvic cavity. Thus, a stab
wound superior to the pubic symphysis would injure the bladder.



Abnormal curvatures of the vertebral column include: (a) kyphosis (hunchback or

humpback)—an abnormally increased thoracic curvature resulting from osteoporosis;

(b) loroosis (swayback or saddle back)—an abnormally increased lumbar curvature resulting from

trunk muscular weakness or osteomalacia; and (c) scoliosis—a condition of lateral deviation resulting

from unequal growth of the vertebral column, pathologic erosion of vertebral bodies, or asymmetric

paralysis or weakness of vertebral muscles.

Back

VERTEBRAL COLUMN

General Characteristics (Figures 7-1 and 7-2)

• The vertebral column consists of 33 vertebrae (7 cervical, 12 thoracic, 5 lumbar, 5 fused sacral,
and 4 fused coccygeal vertebrae). It protects the spinal cord, supports the weight of the head and
the trunk, and allows the movement of the rib cage for respiration by articulating with the ribs.

• The primary curvatures are located in the thoracic and sacral regions and develop during
embryonic and fetal periods, whereas the secondary curvatures are located in the cervical
and lumbar regions and develop after birth and during infancy.

INIPZLI-xpical Vertebra (Figure 7-3)

• Consists of a body and a vertebral arch with several processes for muscular and articular
attachments.

A. Body
• Is a short cylinder, supports weight, and is separated and also bound together by the

intervertebral disks, forming the cartilaginous joints.

• Has costal facets or processes of the thoracic vertebrae anterior to the pedicles, which
articulate with the heads of the corresponding and subjacent (just below) ribs.

the fifth lumbar over the body of the sacrum; it is usually due to a developmental defect in
Spondylolisthesis: is a forward displacement of a vertebra on the one below, usually of

the pedicle of the migrating vertebra. In this case, the spinal nerve roots may be pressed on, causing

low backache, sciatica, or a shortened trunk.
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Spina bifida: is a developmental anomaly characterized by defective closure of the vertebral
arch and is classified as follows (Figure 7-41: (a) spina bifida occulta—failure of the vertebral

arch to fuse (bony defect only with a small tuft of hair over the affected area of skin); (b) meningocele-
protrusion of the meninges through the unfused arch of the vertebra (spina bifida cystica); (c)
meningomyelocele--protrusion of the spinal cord and the meninges; (d) myeloschisis frachischisisl—a
cleft spinal cord due to failure of neural folds to close; (e) syringomyelocele—protrusion of the meninges
and a pathologic tubular cavity in the spinal cord or brain; (f) lipomeningocele—protrusion of the
meninges with an overlying lipoma (lipomatous mass) in spina bifida; and (g) myelocele—protrusion of
the substance of the spinal cord in spina bifida.
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Figure 7 - 1 Anteroposterior radiograph of the cervical and upper thoracic vertebrae.

cc 7.3 Compression fracture: is produced by collapse of the vertebral bodies resulting from
trauma. It may result in kyphosis or scoliosis and may cause spinal nerve compression.

B. Vertebral (neural) arch
• Consists of paired pedicles laterally and paired laminae posteriorly.
• Forms the vertebral foramen with the vertebral body and protects the spinal cord and

associated structures.

A baby with spina bifida: should be delivered by cesarean section because passage of
the baby through the narrow birth canal is likely to compress the meningocele and damage

the spinal cord.

C. Processes associated with the vertebral arch
1. Spinous process

• Projects posteriorly from the junction of two laminae of the vertebral arch.
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Figure 7-2 Sagittal magnetic resonance imaging (MRIs) scans of the vertebral column. A: Midsagittal view.

B: Parasagittal view.

• Is bifid in the cervical region, spine-like in the thoracic region, and oblong in the
lumbar region.

2. Transverse processes

• Project laterally on each side from the junction of the pedicle and the lamina; articulate
with the tubercles of ribs 1 to 10 in the thoracic region.

• Have transverse foramina in the cervical region.
3. Articular processes (facets)

• Are two superior and two inferior projections from the junction of the laminae and
pedicles.

• Articulate with other articular processes of the arch above or below, forming plane
synovial joints.

4. Mamillary processes
• Are tubercles on the superior articular processes of the lumbar vertebrae.

5. Accessory processes
• Project backward from the base of the transverse process, lateral and inferior to the

mamillary process of a lumbar vertebra.

D. Foramina associated with the vertebral arch
1. Vertebral foramina

• Are formed by the vertebral bodies and vertebral arches (pedicles and laminae).

• Collectively form the vertebral canal and transmit the spinal cord with its meningeal
coverings, nerve roots, and associated vessels.

2. Intervertebral foramina
• Are located between the inferior and superior surfaces of the pedicles of adjacent

vertebrae.
• Transmit the spinal nerves and accompanying vessels as they exit the vertebral

canal.
3. Transverse foramina

• Are present in transverse processes of the cervical vertebrae.

• Transmit the vertebral artery (except for C7), vertebral veins, and autonomic nerves.
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Klippel-Feil syndrome: is a congenital defect manifested as a short, stiff neck resulting
from reduction in the number of cervical vertebrae or extensive fusion of the cervical

vertebrae that causes low hairline and limited motion of the neck.
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Cervical vertebra

Figure 7 -3 Typical cervical, thoracic, and lumbar vertebrae.

Whiplash injury of the neck: is produced by a force that drives the trunk forward while
the head lags behind, causing the head (with the upper part of the neck) to hyperextend

and the lower part of the neck to hyperfiex rapidly, as occurs in rear-end automobile collisions. This
injury occurs frequently at the junction of vertebrae C4 and C5; thus, vertebrae Cl to C4 act as the
lash, and vertebrae C5 to C7 act as the handle of the whip. It results in neck pain, stiff neck, and
headache and can be treated by supporting the head and neck using a cervical collar that is higher in
the back than in the front; the collar keeps the cervical vertebral column in a flexed position.

Intervertebral Disks (see Figure 7-2)

• Form the secondary cartilaginous joints between the bodies of two vertebrae from the axis to
the sacrum (there is no disk between the atlas and axis).

• Consist of a central mucoid substance (nucleus pulposus) with a surrounding fibrocartilaginous
lamina (anulus fibrosus).
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A herniated (slipped) disk: is a protrusion of the nucleus pulposus through the anulus
fibrosus of the intervertebral disk into the intervertebral foramen or into the vertebral canal,

compressing the spinal nerve root. It commonly occurs posterolaterally where the anulus fibrosus is not
reinforced by the posterior longitudinal ligament and frequently affects the lumbar region.
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Figure 7-4 Various types of spina bifida. A: Spina bifida occulta.
B: Meningocele. C: Meningomyelocele. D: Rachischisis. (Redrawn with
permission from Langman J. Medical Embryology; 4th ed. Baltimore:
Williams & Wilkins, 1981:331.)

• Comprise one fourth (25%) of the length of the vertebral column.
• Allow movements between the vertebrae and serve as a shock absorber.
• Are avascular except for their peripheries, which are supplied from adjacent blood vessels.

A. Nucleus pulposus
• Is a remnant of the embryonic notochord and is situated in the central portion of the

intervertebral disk.
• Consists of reticular and collagenous fibers embedded in mucoid material.

• May herniate or protrude through the anulus fibrosus, thereby impinging on the roots of

the spinal nerve.

• Acts as a shock-absorbing mechanism by equalizing pressure.

B. Anulus fibrosus
• Consists of concentric layers of fibrous tissue and fibrocartilage.
• Binds the vertebral column together, retains the nucleus pulposus, and permits a limited

amount of movement.
• Acts as a shock absorber.

Sciatica: is characterized by pain radiating from the back into the buttock and into the
lower limb and most commonly caused by herniation of a lower lumbar intervertebral disk.



Hangman's fracture: is a fracture of the pedicles of the axis (C2), which may occur as

a result of judicial hanging or automobile accidents. In this fracture, the cruciform ligament

is torn and the spinal cord is crushed, causing death.

7.11
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7.10 Lumbar spondylosis: is a degenerative joint disease affecting the lumbar vertebrae

and intervertebral disks, causing pain and stiffness, sometimes with sciatic radiation

resulting from nerve root pressure by associated protruding disks or osteophytes (bony outgrowths).

Regional Characteristics of Vertebrae (see Figure 7-3)

A. First cervical vertebra (atlas)
• Supports the skull; thus its name. According to Greek mythology, Atlas supported the

Earth on his shoulders.
• Is the widest of the cervical vertebrae.
• Has no body and no spine but consists of anterior and posterior arches and paired transverse

processes.
• Articulates superiorly with the occipital condyles of the skull to form the atlanto-occipital

joints and inferiorly with the axis to form the atlantoaxial joints.

B. Second cervical vertebra (axis)
• Has the smallest transverse process.
• Is characterized by the dens (odontoid process), which projects superiorly from the body

of the axis and articulates with the anterior arch of the atlas, thus forming the pivot

around which the atlas rotates. It is supported by the cruciform, apical, and alar ligaments

and the tectorial membrane.

C. Third to sixth cervical vertebrae
• Are typical cervical vertebrae and have short spinous processes and transverse processes

with anterior and posterior tubercles and transverse foramina for the vertebral vessels.

D. Seventh cervical vertebra (C7)
• Is called the vertebra prominens because it has a long spinous process, which is nearly

horizontal, ends in a single tubercle (not bifid), and forms a visible protrusion.

• Provides an attachment site for the ligamentum nuchae, supraspinous ligaments, and

numerous back muscles.

E. Thoracic vertebrae
• Has costal facets; the superior costal facet on the body articulates with the head of the cor-

responding rib, whereas the inferior facet articulates with the subjacent rib (just below).
• Has a transverse process that articulates with the tubercle of the corresponding rib.
• Has the typical thoracic vertebrae, which are the second to the eighth thoracic vertebrae.

F. Lumbar vertebrae
• Are distinguished by their large bodies, sturdy laminae, and absence of costal facets. The

fifth lumbar vertebra has the largest body of the vertebrae.

• Is characterized by a strong, massive transverse process and has mamillary and accessory

processes.

G. Sacrum (Figure 7-5; see Figure 7-2)
• Is a large, triangular, wedge-shaped bone composed of five fused sacral vertebrae.
• Has four pairs of foramina for the exit of the ventral and dorsal primary rami of the first

four sacral nerves.
• Forms the posterior part of the pelvis and provides the strength and stability to the pelvis.
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Figure 7-5 Sacrum.

• Is characterized by the following structures:
1. Promontory: the prominent anterior edge of the first sacral vertebra (Si).

2. Ala: the superior and lateral part of the sacrum, which is formed by the fused transverse

processes and fused costal processes of the first sacral vertebra.

3. Median sacral crest: formed by the fused spinous processes.

4. Sacral hiatus: formed by the failure of the laminae of vertebra S5 to fuse. It is used for

the administration of caudal (extradural) anesthesia.

5. Sacral cornu or horn: formed by the pedicles of the fifth sacral vertebra. It is an impor-

tant landmark for locating the sacral hiatus.

H. Coccyx

• Is a wedge-shaped bone formed by the union of the four coccygeal vertebrae.

• Provides attachment for the coccygeus and levator ani muscles.

Ligaments of the Vertebral Column (Figure 7-6)

A. Anterior longitudinal ligament
• Runs from the skull (occipital bone) to the sacrum on the anterior surface of the vertebral

bodies and intervertebral disks.
• Is narrowest at the upper end but widens as it descends, maintaining the stability of the

joints.
• Limits extension of the vertebral column, supports the anulus fibrosus anteriorly, and

resists gravitational pull.

B. Posterior longitudinal ligament

• Interconnects the vertebral bodies and intervertebral disks posteriorly and narrows as it

descends.
• Supports the posterior aspect of the vertebral bodies and the anulus fibrosus, but it runs

anterior to the spinal cord within the vertebral canal.
• Limits flexion of the vertebral column and resists gravitational pull.

C. Ligamentum flavum

• Connects the laminae of two adjacent vertebrae and functions to maintain the upright

posture.
• Forms the posterior wall of the vertebral canal between the vertebrae and may be pierced

during lumbar (spinal) puncture.



Cruciform ligament
Superior longitudinal band

.	 Transverse ligament of atlas
Inferior longitudinal bandAtlas (C1)

Accessory
atlantoaxial ligament

Axis (C2)

Alar ligament

Dens of axis
Atlas (C1)

Axis (C2)

322 BRS GROSS ANATOMY
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Figure 7-6 Ligaments of the atlas and the axis.

D. Ligamentum nuchae (back of neck)
• Is a triangular-shaped median fibrous septum between the muscles on the two sides of

the posterior aspect of the neck.
• Is formed by thickened supraspinous ligaments that extend from vertebra C7 to the

external occipital protuberance and crest.
• Is also attached to the posterior tubercle of the atlas and to the spinous processes of the

other cervical vertebrae.

IPP Vertebral Venous System

• Is a valveless plexiform of veins, forming interconnecting channels.

A. Internal vertebral venous plexus
• Lies in the epidural space between the wall of the vertebral canal and the dura mater and

receives tributaries from the spinal cord and vertebrae, vertebral veins, basilar plexus, and

occipital and sigmoid dural sinuses.
• Forms anterior and posterior ladder-like configurations by anastomosing longitudinal and

transverse veins.
• Drains into segmental veins by the intervertebral veins that pass through the intervertebral

and sacral foramina. The anterior veins receive the basivertebral veins, which lie within the
vertebral bodies.
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• Also communicates superiorly with the cranial dural sinuses, inferiorly with the pelvic
vein, and in the thoracic and abdominal regions with both the azygos and caval systems.

• Is thought to be the route of early metastasis of carcinoma from the lung, breast, and

prostate gland to bones and the central nervous system (CNS).

B. External vertebral venous plexus
• Consists of the anterior part, which lies in front of the vertebral column, and the posterior

part, which lies on the vertebral arch.
• Communicates with the internal venous plexus by way of the intervertebral and basiver-

tebral veins and also with the vertebral, posterior intercostals, lumbar, and lateral sacral

veins.

The vertebral venous plexus: is a thin-walled, valveless venous plexus that communi-

cates above with the intracranial venous sinuses and segmentally with the veins of the

thorax, abdomen, and pelvis. Therefore, the plexus provides a pathway for tumor cells to spread from

the pelvic, abdominal, and thoracic viscera to the vertebrae, spinal cord, and brain. Cancer of the prostate,

lung, or breast can metastasize to the brain via the vertebral venous plexus. This venous plexus also pro-

vides a pathway for spreading infections of the skin of the back to the cranial dural venous sinuses.

C. Vertebral vein

• Arises from the venous plexuses around the foramen magnum and in the suboccipital
region, passes with the vertebral artery through the transverse foramina of the upper six

cervical vertebrae, and empties into the brachiocephalic vein.

SOFT TISSUES OF THE BACK

Superficial Tissues

A. Triangles and fascia

B. Superficial muscles (Figure 7-7; Table 7-1)

1. Triangle of auscultation (see Figure 7-7)

• Is bounded by the upper border of the latissimus dorsi, the lateral border of the
trapezius, and the medial border of the scapula.

• Has a floor formed by the rhomboid major.
• Is the site where breathing sounds can be heard most clearly, using a stethoscope

(Laennec, 1816).
2. Lumbar triangle (of Petit)

• Is formed by the iliac crest, latissimus dorsi, and posterior free border of the external
oblique abdominal muscle; its floor is formed by the internal oblique abdominal muscle.
It may be the site of an abdominal hernia.

3. Thoracolumbar (lumbodorsal) fascia
• Invests the deep muscles of the back.
• Has an anterior layer that lies anterior to the erector spinae and attaches to the vertebral

transverse process.
• Has a posterior layer that lies posterior to the erector spinae and attaches to the spinous

processes.

• Provides the origins for the latissimus dorsi and the internal oblique and transverse

abdominis muscles.
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Figure 7-7 Superficial muscles of the back, with particular attention to the shoulder region.

C. Blood vessels (see Figure 7-7)

1. Occipital artery
• Arises from the external carotid artery, runs deep to the sternocleidomastoid muscle,

and lies on the obliquus capitis superior and the semispinalis capitis.

• Pierces the trapezius, is accompanied by the greater occipital nerve (C2) and supplies

the scalp in the occipital region.
• Gives off the descending branch, which divides into the superficial branch that anas-

tomoses with the transverse cervical artery, and the deep branch, which anastomoses

with the deep cervical artery from the costocervical trunk.
2. Transverse cervical artery

• Arises from the thyrocervical trunk of the suhclavian artery.
• Has a superficial branch that accompanies the spinal accessory nerve on the deep

surface of the trapezius.
• Has a deep branch that accompanies the dorsal scapular nerve (C5) deep to the levator

scapulae and the rhomboids along the medial side of the scapula.

D. Nerves (see Figure 7-7)
1. Accessory nerve

• Consists of a cranial portion, which joins the vagus nerve, and a spinal portion, which

runs deep to the sternocleidomastoid, lies on the levator scapulae, and passes deep to
the trapezius.

• Supplies the sternocleidomastoid and trapezius muscles.
2. Dorsal scapular nerve (CS)

• Is derived from the ventral primary ramus of the fifth cervical spinal nerve, runs along
with the deep branch of the transverse cervical artery, and supplies the rhomboid major

and minor and levator scapulae muscles.
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TABLE 7-1 Superficial Muscles of the Back

Muscle Origin Insertion Nerve Action

Trapezi us External occipital

protuberance, su-

perior nuchal line,

ligamentum nu-

chae, spines of

Spine of scapula,

acromion, and lat-

eral third of

clavicle

Spinal accessory

nerve, C3-C4
Adducts, rotates,

elevates, and de-

presses scapula

C7-T12

Levator Transverse processes Medial border of Nerves to levator Elevates scapula;

scapulae of C1-C4 scapula scapulae,

(C3-C4); dorsal

scapular nerve

rotates glenoid
cavity

Rhomboid Spines of C7-T1 Root of spine of Dorsal scapular Adducts scapula

minor scapula nerve, (CS)

Rhomboid Spines of T2-T5 Medial border of Dorsal scapular Adducts scapula

major scapula nerve, (C5)

Latissimus

dorsi

Spines of T7-T12,

thoracodorsal fas-

cia, iliac crest, ribs

9-12

Floor of bicipital

groove of humerus

Thoracodorsal Adducts, extends,

and rotates arm

medially; de-

presses scapula

Serratus

posterior-

superior

Ligamentum nu-

chae, supraspinal

ligament, and

spines of C7-T3

Upper border of

ribs 2-5

Intercostal nerve,

T1-T4

Elevates ribs

Serratus

posterior-

inferior

Supraspinous liga-

ment and spines

of T11-L3

Lower border of

ribs 9-12

Intercostal nerve,

T9-12

Depresses ribs

3. Greater occipital nerve (C2)

• Is derived as a medial branch of the dorsal primary ramus, the second cervical spinal

nerve.
• Crosses obliquely between the obliquus inferior and the semispinalis capitis, pierces the

semispinalis capitis and the trapezius, and supplies cutaneous innervation in the occipital

region.
• May innervate the semispinalis capitis and communicates with the suboccipital and

third occipital nerves.
4. Third (least) occipital nerve (C3)

• Is derived from the dorsal primary ramus of the third cervical spinal nerve.

• Ascends across the suboccipital region, pierces the trapezius, and supplies cutaneous

innervation in the occipital region.
5. Lesser occipital nerve (C2)

• Is derived from the ventral primary ramus of the second cervical spinal nerve.

• Is a cutaneous branch of the cervical plexus and ascends along the posterior border of

the sternocleidomastoid to the scalp behind the auricle.

Deep Tissues

A. Deep or intrinsic muscles

1. Muscles of the superficial layer: spinotransverse group
• Consist of the splenius capitis and the splenius cervicis.

• Originate from the spinous processes and insert into the transverse processes (splenius
cervicis) and on the mastoid process and the superior nuchal line (splenius capitis).

• Arc innervated by the dorsal primary rami of the middle and lower cervical spinal nerves.

• Extend, rotate, and laterally flex the head and neck.
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2. Muscles of the intermediate layer: sacrospinalis group

• Consist of the erector spinae (sacrospinalis), which is divided into three columns:
iliocostalis (lateral column), longissimus (intermediate column), and spinalis (medial
column).

• Originate from the sacrum, ilium, ribs, and spinous processes of lumbar and lower

thoracic vertebrae.
• Insert on the ribs (iliocostalis); on the ribs, transverse processes, and mastoid process

(longissimus); and on the spinous processes (spinalis).
• Are innervated by the dorsal primary rami of the spinal nerves.
• Extend, rotate, and laterally flex the vertebral column and head.

3. Muscles of the deep layer: transversospinalis group
• Consist of the semispinalis (capitis, cervicis, and thoracis); the multifidus; and the

rotators.
• The semispinalis muscles originate from the transverse processes and insert into the

skull (semispinalis capitis) and the spinous processes (semispinalis cervicis and thoracis).

• The rotators run from the transverse processes to spinous processes two vertebrae

above (longus) and one vertebra above (brevis).
• The multifidus originates from the sacrum, ilium, and transverse processes and inserts

on the spinous processes. It is best developed in the lumbar region.
• Are innervated by the dorsal primary rami of the spinal nerves.
• Extend and rotate the head, neck, and trunk.

B. Segmental muscles

• Are innervated by the dorsal primary rami of the spinal nerves.
• Consist of the following:

1. Interspinales
• Run between adjacent spinous processes and aid in extension of the vertebral column.

2. Intertransversarii
• Run between adjacent transverse processes and aid in lateral flexion of the vertebral

column.
3. Levatores costarum (longus and brevis)

• Extend from the transverse processes to ribs and elevate ribs.

11111 Suboccipital Area (Figure 7-8)

A. Suboccipital triangle
• Is bound medially by the rectus capitis posterior major, laterally by the obliquus capitis

superior muscle, and inferiorly by the obliquus capitis inferior muscle.
• Has a roof formed by the semispinalis capitis and longissimus capitis.
• Has a floor formed by the posterior arch of the atlas and posterior atlanto-occipital

membrane.
• Contains the vertebral artery and suboccipital nerve and vessels.

B. Suboccipital muscles (Table 7-2)

C. Suboccipital nerve
• Is derived from the dorsal ramus of Cl and emerges between the vertebral artery above and

the posterior arch of the atlas below.
• Supplies the muscles of the suboccipital triangle and semispinalis capitis.
• Contains skeletal motor fibers and no cutaneous sensory fibers but occasionally has a

cutaneous branch.

D. Vertebral artery
• Arises from the subclavian artery and ascends through the transverse foramina of the upper

six cervical vertebrae.
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Subclavian steal syndrome: is a cerebral and brainstem ischemia caused by reversal

of blood flow from the basilar artery through the vertebral artery into the subclavian ar-

tery, in the presence of occlusive disease of the subclavian artery proximal to the origin of the vertebral

artery. When there is very little blood flow through the vertebral artery, it may steal blood flow from the

carotid and basilar circulation and divert it through the vertebral artery into the subclavian artery and

into the arm, causing vertebrobasilar insufficiency and thus brainstem ischemia and stroke.

a 7.13
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Occipital artery Semispinalis capitis muscle

Suboccipital nerve

Figure 7 -8 Suboccipital triangle.

• Winds behind the lateral mass of the atlas, runs in a groove on the superior surface of the

posterior arch of the atlas, pierces the dura mater to enter the vertebral canal, and ascends

into the cranial cavity through the foramen magnum.

• Gives off an anterior spinal and two posterior spinal arteries.

E. Vertebral veins

• Are formed in the suboccipital triangle by union of tributaries from the venous plexus
around the foramen magnum, the suboccipital venous plexus, the intervertebral veins,

and internal and the external vertebral venous plexus.

• Do not emerge from the cranial cavity with the vertebral artery through the foramen mag-
num, but they enter the transverse foramen of the atlas and descend through the next five
successive foramina, emptying into the brachiocephalic vein. The small accessory vertebral
veins arise from the plexus, traverse the seventh cervical transverse foramina, and end in
the brachiocephalic vein.

F. Joints
1. Atlanto-occipital joint

• Is a condylar synovial joint that occurs between the superior articular facets of the atlas
and the occipital condyles.

• Is involved primarily in flexion, extension, and lateral flexion of the head.
2. Atlantoaxial joints

• Are synovial joints, consisting of two lateral plane joints, which are between articular

facets of the atlas and axis, and one median pivot joint between the dens of the axis

and the anterior arch of the atlas.

• Are involved in rotation of the atlas and head as a unit on the axis.



Atlantoaxial dislocation (subluxation): occurs after rupture of the cruciform ligament

caused by trauma or rheumatoid arthritis. It may result from a congenital absence of

the dens, a fracture of the dens, or a direct trauma frequently caused by traffic accidents. This subluxa-

tion may injure the spinal cord and medulla, and its symptoms include pain in the cervical area and in

the back of the neck or painful restriction of mobility.

a 7.14
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TABLE 7-2	 Suboccipital Muscles of the Back

Muscle Origin Insertion Nerve Action
MEM

Rectus capitis
posterior major

Spine of axis Lateral portionof
inferior nuchal line

.,-
Suboccipital Extends, rotates,

and flexes head
laterally

Rectus capitis Posterior tubercle Occipital bone be- Suboccipital Extends and flexes
posterior minor of atlas low inferior nuchal

line
head laterally

Obliquus capitis
superior

Transverse process
of atlas

Occipital bone
above inferior nu-
chal line

Suboccipital Extends, rotates,
and flexes head
laterally

Obliquus capitis Spine of axis Transverse process Suboccipital Extends and ro-
inferior of atlas tates head lat-

erally

G. Components of the occipitoaxial ligament (see Figure 7-6)
1. Cruciform ligament

a. Transverse ligament
• Runs between the lateral masses of the atlas, arching over the dens of the axis.

b. Longitudinal ligament
• Extends from the dens of the axis to the anterior aspect of the foramen magnum and

to the body of the axis.
2. Apical ligament

• Extends from the apex of the dens to the anterior aspect of the foramen magnum (of
the occipital bone).

3. Alar ligament
• Extends from the apex of the dens to the tubercle on the medial side of the occipital

condole.
4. Tectorial membrane

• Is an upward extension of the posterior longitudinal ligament from the body of the axis
to the basilar part of the occipital bone anterior to the foramen magnum.

• Covers the posterior surface of the dens and the apical, alar, and cruciform ligaments.

SPINAL CORD AND ASSOCIATED STRUCTURES

Spinal Cord (Figure 7-9; see Figure 7-2)

• Is cylindrical, occupies about the upper two thirds of the vertebral canal, and is enveloped by

the three meninges.
• Has cervical and lumbar enlargements for nerve supply of the upper and lower limbs, respectively.

• Contains gray matter, which is located in the interior (in contrast to the cerebral hemispheres);
the spinal cord is surrounded by white matter.

• Has a conical end known as the conus medullaris, which terminates at the level of L2 vertebra
or the intervertebral disk between Ll and 1,2 vertebrae.
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• Grows much more slowly than the bony vertebral column during fetal development; thus, its
end gradually shifts to a higher level, and ends at the level of L2 vertebra in the adult and at

the level of L3 vertebra in the newborn.

• Receives blood from the anterior spinal artery and two posterior spinal arteries and from

branches of the vertebral, cervical, and posterior intercostal and lumbar arteries.

Tethered cord syndrome: is a congenital anomaly resulting from defective closure of
the neural tube. It is characterized by the abnormally low conus medullaris, which is

tethered by a short thickened filum terminale, leading to such conditions as progressive neurologic
defects in the legs and feet and scoliosis.



Amold-Chian (or Chiari) deformity: is a congenital cerebellomedullary malformation in
which the cerebellum and medulla oblongata protrude down into the vertebral canal

through the foramen magnum.

CC 7.16

Spinal cord ischemia: can easily occur because the blood supply to the spinal cord is
surprisingly meager. The anterior and posterior spinal arteries are of small and variable

diameter and the reinforcing segmental arteries vary in number and in size. ischemia may be caused by
aortic disease and surgery, regional anesthesia, or pain block procedures.

CC 7.17

Herpes zoster (shingles): is an infectious disease caused by a herpes virus that
remains latent in the dorsal root ganglia of spinal nerves and the sensory ganglia of

cranial nerves. It results from activation of the virus, which travels down the sensory nerve to pro-
duce severe neuralgic pain, an eruption of groups of vesicles, or a rash in the dermatome of the
nerve. Herpes zoster is frequently associated with spina bifida and results in such conditions as a
short neck and obstructive hydrocephalus.
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Spinal Nerves

• Consist of 31 pairs of nerves (8 cervical, 12 thoracic, 5 lumbar, 5 sacral, 1 coccygeal).
• Are formed within an intervertebral foramen by union of the ventral root and the dorsal root

with ganglion, which contains cell bodies of sensory neurons.
• Are divided into the dorsal primary rami, which innervate the skin and deep muscles of

the back; the ventral primary rami, which form the plexuses (C1–C4, cervical; CS–T1,
brachial; L1–L4, lumbar; and L4–S4, sacral); and the intercostal (T1–T11) and subcostal

(Tl 2) nerves.
• Are connected with the sympathetic chain ganglia by rami communicantes.
• Arc mixed nerves, containing all of the general functional components (i.e., general somatic

afferent [GSA], general somatic efferent [GSE], general visceral afferent [GVA], and general vis-
ceral efferent [GVE]).

• Contain sensory (GSA and GVA) fibers with cell bodies in the dorsal root ganglion.
• Contain motor (GSE) fibers with cell bodies in the anterior horn of the spinal cord.

• Contain preganglionic sympathetic (GVE) fibers with cell bodies in the intermediolateral cell
column in the lateral horn of the spinal cord (segments between T1 and L2).

• Contain preganglionic parasympathetic (GVE) fibers with cell bodies in the intermediolateral

cell column of the spinal cord segments between S2 and S4. These GVE fibers leave the sacral

nerves via the pelvic splanchnic nerves.

Multiple sclerosis (MS): is a life-long chronic disease diagnosed primarily in young
adults but affects three times more women than men. It is a progressive disease that

causes destruction of myelin in the spinal cord and brain, leading to sensory disorders and muscle
weakness. Common signs and symptoms include numbness or pain on the skin, blurred or double
vision, cognitive impairments, muscle weakness in the extremities, difficulty with coordination and
balance, slurred speech, bladder incontinence, fatigue, and depression. MS may be caused by an auto-
immune disease in which the immune system attacks the myelin around axons in the CNS, thereby
interfering with the conduction of signals along the axons. The most important immune cells are lym-
phocytes, which break down the myelin and then macrophages phagocytize the remains.



Meningitis: is inflammation of the meninges caused by viral or bacterial infection.
Nonbacterial meningitis is referred to as aseptic meningitis, whereas bacterial menin-

gitis is referred to as purulent meningitis. Viral meningitis is milder and occurs more often than bacter-
ial meningitis. Bacterial meningitis is an extremely serious illness and may result in brain damage or
death, even if treated. Meningitis is also caused by fungi, chemical irritation or drug allergies, and tu-
mors. Its symptoms include fever, headache, stiff neck, brain swelling, shock, convulsions, nausea,
and vomiting. Antibiotics are effective for bacterial meningitis but are ineffective in viral meningitis.

Caudal (epidural) anesthesia: is used to block the spinal nerves in the epidural
space by injection of local anesthetic agents via the sacral hiatus located between the

sacral cornua. It is used for surgery on the rectum, anus, genitals, or urinary tract and for culdoscopy.
Obstetricians use this method of nerve block to relieve the pains during labor and childbirth and its
advantage is that the anesthetic does not affect the infant.

Saddle block: is the introduction of anesthesia into the dural sac in the region
corresponding with area of the buttocks, perineum, and medial aspects of the thighs

that impinge on the saddle in riding.
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ViSilirISCS (see Figures 7-2 and 7-9)

A. Pia mater
• Is the innermost meningeal layer; it is closely applied to the spinal cord and thus cannot

be dissected from it. It also enmeshes blood vessels on the surfaces of the spinal cord.

• Has lateral extensions (denticulate ligaments) between dorsal and ventral roots of spinal

nerves and an inferior extension known as the filum terminate.

B. Arachnoid mater

• Is a filmy, transparent, spidery layer connected to the pia mater by web-like trabeculations.

• Forms the subarachnoid space, the space between the arachnoid layer and the pia mater

that is filled with cerebrospinal fluid (CSF) and that extends to the second sacral verte-
bral level. The enlarged subarachnoid space between vertebrae Ll and S2 is called the

lumbar cistern.

C. Dura mater
• Is the tough, fibrous, outermost layer of the meninges.

• The subdural space is a potential space between the arachnoid and dura. It extends infe-
riorly to the second sacral vertebral level and contains only sufficient fluid to moisten the

surfaces of two membranes.
• The epidural space is external to it and contains the internal vertebral venous plexus and

epidural fat.

Lumbar puncture (spinal tap): is the tapping of the subarachnoid space in the lumbar
region, usually between the laminae of vertebrae L3 and L4 or vertebrae L4 and L5. It

allows measurement of CSF pressure and withdrawal of a sample of the fluid for microbial or chemical
analysis, and also allows introduction of anesthesia, drugs, or radiopaque material into the subarachnoid

space.
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Structures Associated with the Spinal Cord

A. Cauda equina ("horse's tail")

• Is formed by a great lash of dorsal and ventral roots of the lumbar and sacral spinal nerves
that surround the filum terminale.

• Is located within the subarachnoid space (lumbar cistern) below the level of the conus

medullaris.
• Is free to float in the CSF within the lumbar cistern and therefore is not damaged during a

spinal tap.

B. Denticulate ligaments
• Are lateral extensions of the spinal pia mater, consisting of 21 pairs of toothpick-like

processes.
• Extend laterally from the pia through the arachnoid to the dura mater between dorsal and

ventral roots of the spinal nerves.
• Help hold the spinal cord in position within the subarachnoid space.

C. Filum terminale (internum)
• Is a prolongation of the pia mater from the tip (conus medullaris) of the spinal cord at the

level of L2.
• Lies in the midst of the cauda equina and ends at the level of S2 by attaching to the apex

of the dural sac.
• Blends with the dura at the apex of the dural sac and then the dura continues downward

as the filum terminale externum (filum of the dura mater of coccygeal ligament), which

is attached to the dorsum of the coccyx.

D. Cerebrospinal fluid

• Is contained in the subarachnoid space between the arachnoid and pia mater.
• Is formed by vascular choroid plexuses in the ventricles of the brain.
• Circulates through the ventricles, enters the subarachnoid space, and eventually filters

into the venous system through arachnoid villi projecting into the dural venous sinuses,

particularly the superior sagittal sinus.

Dermatome, Myotome, and Sclerotome

A. Dermatome

• Is an area of skin innervated by sensory fibers derived from a particular spinal nerve or seg-
ment of the spinal cord. Knowledge of the segmental innervation is useful clinically to pro-

duce a region of anesthesia or to determine which nerve has been damaged.

B. Myotome

• Is a group of muscles innervated by motor fibers derived from a single spinal nerve segment.

C. Sclerotome
• Is the area of a bone innervated from a single spinal segment.

VI. Development of Back Structures

A. Development of vertebral column
• The embryonic mesoderm differentiates into the paraxial mesoderm, intermediate meso-

derm, and lateral mesoderm.
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• The paraxial mesoderm divides into somites, and each somite differentiates into the scle-
rotome (a ventromedial part) and the dermatomyotome (a dorsolateral part), which further

differentiates into the myotome and the dermatome.
• Mesenchymal cells from the sclerotome form condensations around neural tube and

notochord.
• The caudal half of one sclerotome fuses with the cranial half of next sclerotome to form a

vertebral body.
• The notochord degenerates in the vertebral body, but it forms the nucleus pulposus in the

intervertebral disks.
• The anulus fibrosus of the intervertebral disk is derived from mesenchymal cells of scle-

rotome situated between adjacent vertebral bodies.

B. Development of spinal cord and meninges (see Figure 7-9)
1. Neural tube formation (neurulation)

• The notochord induces the overlying ectoderm to differentiate into neuroectoderm to

form the neural plate.
• The neural plate (neuroectoderm) folds to form the neural tube. As the neural plate

folds, some cells differentiate into neural crest cells.
• The neural tube initially remains open at cranial and caudal neuropores.

• The brain develops from cranial swellings of neural tube after closure of cranial neuropore.
• The spinal cord develops from caudal neural tube on closure of caudal neuropore.
• Neuroblasts form all neurons within the brain and spinal cord, including preganglionic

sympathetic and parasympathetic neurons.
2. Neural crest cells

• Develop from the junction of the neural tube and surface ectoderm.
• Give rise to dorsal root ganglia, autonomic ganglia, and adrenal medulla.

3. Meninges
• The dura mater arises from mesoderm that surrounds the neural tube.
• The pia mater and arachnoid membrane arise from neural crest cells.

C. Development of back muscles
• Differentiating somites give rise to segmental myotomes and each myotome splits into

dorsal epimere (dorsal part of a myotome) and ventral hypomere (ventrolateral part of a

myotome).
• The epimere gives rise to deep back (epaxial) muscles that are innervated by dorsal primary

rami of spinal nerves.
• The hypomere gives rise to body-wall (hypaxial) muscles that are innervated by ventral pri-

mary rami of spinal nerves. The prevertebral and postvertebral muscles develop from the
segmental myotomes.

• Limb muscles that arise from hypomere migrate into limb buds and are innervated by
ventral primary rami of spinal nerves.

• Superficial muscles of the back are muscles of the upper limb that develop from limb bud
mesoderm and migrate into back and are innervated by ventral primary rami of spinal nerves.

CHAPTER SUMMARY

Skeleton

• The axial skeleton forms the long axis of the body, including the skull, vertebral column, and
bony thorax. The appendicular skeleton consists of the pectoral and pelvic girdles and the long

bones of the limbs.
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Vertebral column

• The vertebral column consists of 33 vertebrae, including the 7 cervical, 12 thoracic, 5 lumbar, 5 fused
sacral, and 4 fused coccyx. The atlas and axis are atypical vertebrae. The ring-like atlas supports the skull
and helps make nodding movements possible. The axis has a dens that helps the head to rotate. The
intervertebral disks, with their nucleus pulposus cores and annulus fibrosus rings, act as shock ab-
sorbers. Herniated disks usually involve rupture of the annulus followed by protrusion of the nucleus.
The primary curvatures are located in the thoracic and sacral regions and developed during embry-
onic and fetal periods, whereas the secondary curvatures are in the cervical and lumbar regions. The
cervical curvature appears at birth (when a baby starts to lift its head) and the lumbar curvature be-
comes pronounced during infancy (when a toddler starts to walk). In old age, the intervertebral disks
thin. This, along with osteoporosis, leads to a gradual decrease in height.

Spinal Cord

• Occupies about the upper two thirds of the vertebral canal and is enveloped by three meninges and
has cervical and lumbar enlargements for nerve supply of the upper and lower limbs, respectively. It
has a conical end known as the conus medullaris, which terminates at the level of 12 vertebra.

• Consists of 31 pairs of nerves (8 cervical, 12 thoracic, 5 lumbar, 5 sacral, 1 coccygeal). The spinal
nerves are mixed nerves, containing sensory (GSA and GVA) fibers and somatic motor (GSE) and vis-

ceral motor (sympathetic and parasympathetic GVE) fibers.

• The meninges consist of a pia mater (innermost layer), arachnoid mater (transparent spidery
layer), and dura mater (tough fibrous outermost layer). The subarachnoid space between the pia and
arachnoid maters contains CSF, the subdural space between the arachnoid and dura mater contains
moistening fluid, and the epidural space external to the dura mater contains the internal vertebral
venous plexus.

• The denticulate ligaments are 21 pairs of lateral extensions of the pia mater; the filum terminale is
an inferior extension of the pia mater; CSF is formed by vascular choroids plexuses in the ventricles of

the brain and is contained in the subarachnoid space; and the cauda equina (horse's tail) is formed

by dorsal and ventral roots of the lumbar and sacral spinal nerves.

Venous System

• The vertebral artery arises from the suhclavian artery and ascends through the transverse foramina

of the upper six cervical vertebrae.

• The vertebral veins are formed in the suboccipital triangle by tributaries from the venous plexus
around the foramen magnum and the suboccipital venous plexus and descend through the transverse
foramina.

• The internal vertebral venous plexus lies in the epidural space and communicates superiorly

with the cranial dural sinuses and inferiorly with the pelvic veins and with both the azygos and
caval systems in the thoracic and abdominal regions. This venous plexus is the route of early metas-
tasis of carcinoma from the lung, breast, and prostate gland or uterus to bones and the CNS.

• The external vertebral venous plexus lies in front of the vertebral column and on the vertebral

arch and communicates with the internal vertebral venous plexus.

Muscles

• The superficial muscles of the back are involved in moving the shoulder and arm and are inner-

vated by ventral primary rami of the spinal nerves.
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• The deep muscles of the back are responsible for extension of the spine and head and are innervated
by dorsal primary rami of the spinal nerves. Flexion and rotation of the head and neck are brought
about by the sternocleidomastoid and scalene muscles in the anterior and lateral neck.

• The triangle of auscultation is bounded by the latissimus dorsi, trapezius, and scapula (medial bor-
der) and is the site where breathing sounds can be heard most clearly. The lumbar triangle is formed by
the iliac crest, latissimus dorsi, and external oblique abdominal muscles. It may be site of an abdomi-
nal hernia.

Nerves

• The accessory nerve consists of a cranial portion, which joins the vagus nerve, and a spinal portion,
which supplies the stemocleidomastoid and trapezius muscles.

• The dorsal scapular nerve (C5) supplies the rhomboid major and minor and levator scapulae
muscles.

• The suboccipital nerve (C1) supplies the muscles of the suboccipital region. The greater occipital
nerve (C2) is derived from the dorsal primary ramus and communicates with the suboccipital and
third occipital nerves and may supply the semispinalis capitis.

TAKE-AWAY POINTS

Vertebral Malformations

3 Kyphosis (hunchback or humpback) is an abnormally increased thoracic curvature resulting
from osteoporosis.

3 Lordosis (swayback or saddle back) is an abnormally increased lumbar curvature resulting
from weakened trunk musculature.

3 Scoliosis is a condition of lateral deviation resulting from unequal growth of the vertebral
column, pathologic erosion of vertebral bodies, or asymmetric paralysis or weakness of vertebral
muscles.

3 Spina bifida occulta is a failure of the vertebral arch to fuse (bony defect only). A baby with
spina bifida should be delivered by cesarean section because passage of the baby through the
narrow birth canal is likely to compress the meningocele and damage the spinal cord.

3 Meningocele is a protrusion of the meninges through the unfused arch of the vertebra (spina
bifida cystica).

3 Meningomyelocele is a protrusion of the spinal cord and the meninges.

3 Myeloschisis (rachischisis) is a cleft spinal cord resulting from failure of neural folds to close.

3 Syringomyelocele is a protrusion of the meninges and a pathologic tubular cavity in the
spinal cord or brain.

3 Lipomeningocele is a protrusion of the meninges with an overlying lipoma (lipomatous
mass) in spina bifida.

3 Klippel-Feil syndrome is a congenital defect manifested as a short, stiff neck resulting from
reduction in the number of cervical vertebrae or extensive fusion of the cervical vertebrae.



336 SRS GROSS ANATOMY

3 Tethered cord syndrome is a congenital anomaly resulting from defective closure of the neural
tube; characterized by the abnormally low conus medullaris, which is tethered by a short thickened
filum terminale, leading to such conditions as progressive neurologic defects in the legs and feet and
scoliosis.

3 Arnold-Chiari (or Chiari) deformity is a congenital cerebellomedullary malformation in
which the cerebellum and medulla oblongata protrude down into the vertebral canal through the
foramen magnum.

3 Lumbar spondylosis is a degenerative joint disease affecting the lumbar vertebrae and inter-
vertebral disks, causing pain and stiffness, sometimes with sciatic radiation resulting from nerve

root pressure by associated protruding disks or osteophytes.

Injury

3 Compression fracture is produced by collapse of the vertebral bodies resulting from
trauma, results in kyphosis or scoliosis, and may cause spinal nerve compression.

3 Atlantoaxial dislocation (subluxation) occurs after rupture of the cruciform ligament caused
by trauma or rheumatoid arthritis; may result from a congenital absence of the dens, a fracture
of the dens, or a direct trauma, injuring the spinal cord and medulla.

3 Whiplash injury of the neck is produced by a force that drives the trunk forward while the

head lags behind, causing the head (with the upper part of the neck) to hyperextend and the
lower part of the neck to hyperflex rapidly, as occurs in rear-end automobile collisions. This
injury occurs frequently at the junction of vertebrae C4 and CS; thus, vertebrae C1 to C4 act as

the lash, and vertebrae CS to C7 act as the handle of the whip.

3 Herniated (slipped) disk is a protrusion of the nucleus pulposus through the anulus fibrosus

of the intervertebral disk into the intervertebral foramen or into the vertebral canal, compressing
the spinal nerve root; commonly occurs posterolaterally where the anulus fibrosus is not reinforced

by the posterior longitudinal ligament and frequently affects the lumbar region.

3 Sciatica is characterized by pain radiating from the back into the buttock and into the lower
limb and most commonly caused by herniation of a lower lumbar intervertebral disk.

3 Hangman's fracture is a fracture of the pedicles of the axis (C2), which may occur as a result
of judicial hanging or automobile accidents. In this fracture, the cruciform ligament is torn and

the spinal cord is crushed, causing death.

Anesthesia

3 Caudal (epidural) anesthesia is used to block the spinal nerves in the epidural space by
injection of local anesthetic agents via the sacral hiatus located between the sacral cornua.

3 Saddle block involves introduction of anesthesia into the dural sac in the region correspon-
ding with area of the buttocks, perineum, and medial aspects of the thighs, which impinge on the
saddle in riding.

3 Lumbar puncture (spinal tap) is tapping of the subarachnoid space in the lumbar region,
usually between the laminae of vertebrae L3 and L4 or vertebrae L4 and L5. It allows measure-

ment of CSF pressure and withdrawal of a sample of CSF.

Pathologic Conditions Affecting the Nerves

3 Prostate, lung, and breast cancer can metastasize to the brain via the vertebral venous plexus,
which provides a pathway for tumor cells to spread from the pelvic, abdominal, and thoracic viscera
to the vertebrae, spinal cord, and brain.

3 Subclavian steal syndrome is cerebral and brainstem ischemia caused by reversal of blood
flow from the basilar artery through the vertebral artery into the subclavian artery, in the presence
of occlusive disease of the subclavian artery proximal to the origin of the vertebral artery.
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3 Herpes zoster (shingles) is an infectious disease caused by a herpes virus that remains latent
in the dorsal root ganglia of spinal nerves and the sensory ganglia of cranial nerves.

3 Multiple sclerosis (MS) is a chronic and progressive disease that causes destruction of myelin
in the spinal cord and brain, leading to sensory disorders and muscle weakness. The cause of MS
may be an autoimmune disease in which the immune system attacks the myelin around axons
in the CNS, thereby interfering with the conduction of signals along the axons.

3 Meningitis is an inflammation of the meninges caused by viral or bacterial infection. Viral
meningitis is milder and occurs more often than bacterial meningitis. Bacterial meningitis is an
extremely serious illnesses and may result in brain damage or death even if treated.
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A CHAPTER 7 REVIEW TEST

Directions: Each of the numbered items or incomplete statements in this section is followed
by answers or by completions of the statement. Select the one lettered answer or completion
that is best in each case.

1. During an outbreak of meningitis at a lo-
cal college, a 20-year-old young student pre-
sents to a hospital emergency room complain-
ing of headache, fever, chills, and stiff neck.
On examination, it appears that he may have
meningitis and needs a lumbar puncture or a
spinal tap. Cerebrospinal fluid (CSF) is nor-
mally withdrawn from which of the following
spaces?

(A) Epidural space
(B) Subdural space
(C) Space between the spinal cord and pia

mater

(D) Subarachnoid space
(E) Space between the arachnoid and dura

maters

2. A 23-year-old jockey falls from her horse
and complains of headache, backache, and
weakness. Radiologic examination would reveal
blood in which of the following spaces if the in-
ternal vertebral venous plexus was ruptured?

(A) Space deep to the pia mater
(B) Space between the arachnoid and dura

maters
(C) Subdural space
(D) Epidural space
(E) Subarachnoid space

3. A 42-year-old woman with metastatic
breast cancer is known to have tumors in the
intervertebral foramina between the fourth
and fifth cervical vertebrae and between the
fourth and fifth thoracic vertebrae. Which of
the following spinal nerves may be damaged?

(A) Fourth cervical and fourth thoracic nerves
(B) Fifth cervical and fifth thoracic nerves
(C) Fourth cervical and fifth thoracic nerves
(D) Fifth cervical and fourth thoracic nerves
(E) Third cervical and fourth thoracic nerves

4. A 39-year-old woman with headaches pre-

sents to her primary care physician with a pos-
sible herniated disk. Her magnetic resonance

imaging (MRI) scan reveals that the posterolat-
eral protrusion of the intervertebral disk be-

tween L4 and L5 vertebrae would most likely
affect nerve roots of which of the following
spinal nerves?

(A) Third lumbar nerve

(B) Fourth lumbar nerve

(C) Fifth lumbar nerve
(D) First sacral nerve
(E) Second sacral nerve

5. A 57-year-old woman comes into her
physician's office complaining of fever, nausea,
vomiting, and the worst headache of her life.

Tests and physical examination suggest hydro-
cephalus (widening ventricles) resulting from a
decrease in the absorption of cerebrospinal
fluid (CSF). A decrease of flow in the CSF
through which of the following structures
would be responsible for these findings?

(A) Choroid plexus
(B) Vertebral venous plexus

(C) Arachnoid villi

(D) Internal jugular vein

(E) Subarachnoid trabeculae

6. After his car was broad-sided by a large
truck, a 26-year-old man is brought to the
emergency department with multiple fractures
of the transverse processes of the cervical and
upper thoracic vertebrae. Which of the follow-
ing muscles might be affected?

(A) Trapezius
(B) Levator scapulae
(C) Rhomboid major
(D) Serratus posterior superior

(E) Rectus capitis posterior major

7. A 27-year-old mountain climber falls from a
steep rock wall and is brought to the emergency
department. His physical examination and com-
puted tomography (CT) scan reveal dislocation
fracture of the upper thoracic vertebrae. The
fractured body of the T4 vertebra articulates with
which of the following parts of the ribs?

(A) Head of the third rib

(B) Neck of the fourth rib

(C) Tubercle of the fourth rib
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(D) Head of the fifth rib
(E) Tubercle of the fifth rib

8. A young toddler presents to her pediatri-
cian with rather new onset of bowel and blad-
der dysfunction and loss of the lower limb
function. Her mother had not taken enough
folic acid (to the point of a deficiency) during
her pregnancy. On examination, the child has
protrusion of the spinal cord and the meninges
and is diagnosed with which of the following

conditions?

(A) Spina bifida occulta
(B) Meningocele

(C) Meningomyelocele

(D) Myeloschisis
(E) Syringomyelocele

9. A 34-year-old woman crashes into a tree
during a skiing lesson and is brought to a hos-
pital with multiple injuries that impinge the
dorsal primary rami of several spinal nerves.

Such lesions could affect which of the following
muscles?

(A) Rhomboid major
(B) Levator scapulae
(C) Serratus posterior superior
(D) Iliocostalis
(E) Latissimus dorsi

10. During a domestic dispute, a 16-year-old
boy receives a deep stab wound around the su-
perior angle of the scapula near the medial bor-
der, which injures both the dorsal scapular and
spinal accessory nerves. Such an injury could
result in paralysis or weakness of which of the
following muscles?

(A) Trapezius and serratus posterior superior
(B) Rhomboid major and trapezius
(C) Rhomboid minor and latissimus dorsi
(D) Splenius cervicis and sternocleidomastoid
(E) Levator scapulae and erector spinae

11. An elderly man at a nursing home is
known to have degenerative brain disease.
When cerebrospinal fluid (CSF) is withdrawn
by lumbar puncture for further examination,
which of the following structures is most likely
penetrated by the needle?

(A) Pia mater
(B) Filum terminale externum
(C) Posterior longitudinal ligament
(D) Ligamentum flavum
(E) Anulus fibrosus

12. A 27 year-old-stuntman is thrown out of
his vehicle prematurely when the car used for
a particular scene speeds out of control. His
spinal cord is crushed at the level of the fourth
lumbar spinal segment. Which of the follow-
ing structures would most likely be spared from
destruction?

(A) Dorsal horn
(B) Ventral horn
(C) Lateral horn
(D) Gray matter
(E) Pia mater

13. A 24-year-old woman comes to a hospital
to deliver her baby. Her obstetrician uses a cau-
dal anesthesia during labor and childbirth to
block the spinal nerves in the epidural space.
Local anesthetic agents are most likely injected
via which of the following openings?

(A) Intervertebral foramen
(B) Sacral hiatus
(C) Vertebral canal

(D) Dorsal sacral foramen
(E) Ventral sacral foramen

14. In a freak hunting accident, a 17 year-old
boy was shot with an arrow that penetrated
into his suboccipital triangle, injuring the sub-
occipital nerve between the vertebral artery
and the posterior arch of the atlas. Which of
the following muscles would be unaffected by
such a lesion?

(A) Rectus capitis posterior major
(B) Semispinalis capitis

(C) Splenius capitis
(D) Obliquus capitis superior
(E) Obliquus capitis inferior

15. A 26-year-old heavyweight boxer is punch-
ed on his mandible, resulting in a slight sub-
luxation (dislocation) of the atlantoaxial joint.
The consequence of the injury was decreased
range of motion at that joint. What movement
would be most affected?

(A) Extension
(B) Flexion
(C) Abduction
(D) Adduction
(E) Rotation

16. A crush injury of the vertebral column can
cause the spinal cord to swell. What structure
would be trapped between the dura and verte-
bral body by the swelling spinal cord?
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(A) Anterior longitudinal ligament
(B) Alar ligament
(C) Posterior longitudinal ligament
(D) Cruciform ligament
(E) Ligamentum nuchae

17. A 44-year-old woman comes to her physi-
cian and complains of headache and backache.
On examination, she is found to have fluid ac-
cumulated in the spinal epidural space because

of damage to blood vessels or meninges.
Which of the following structures is most likely
ruptured?

(A) Vertebral artery
(B) Vertebral vein
(C) External vertebral venous plexus
(D) Internal vertebral venous plexus
(E) Lumbar cistern

18. A 69-year-old man has an abnormally in-
creased curvature of the thoracic vertebral col-
umn. Which of the following conditions is the
most likely diagnosis?

(A) Lordosis
(B) Spina bifida occulta
(C) Meningocele
(D) Meningomyelocele
(E) Kyphosis

19. During a snowstorm, a 52-year-old man is
brought to the emergency department after a
multiple car pile-up. Which of the following
conditions is produced by a force that drives
the trunk forward while the head lags behind
in a rear-end automobile collision?

(A) Scoliosis
(B) Hangman's syndrome
(C) Meningomyelocele
(D) Whiplash injury
(E) Herniated disk

20. A 37-year-old man is brought to the emer-
gency department with a crushed second cervi-
cal vertebra (axis) he suffered after a stack of pal-
lets fell on him at work. Which of the following
structures would be intact after the accident?

(A) Alar ligament
(B) Apical ligament
(C) Semispinalis cervicis muscle
(D) Rectus capitis posterior minor
(E) Obliquus capitis inferior

21. A middle-aged coal miner injures his back
after an accidental explosion. His magnetic res-
onance imaging (MRI) scan reveals that his
spinal cord has shifted to the right because the
lateral extensions of the pia mater were torn.
Function of which of the following structures
is most likely impaired?

(A) Filum terminale internum

(B) Coccygeal ligament

(C) Denticulate ligament

(D) Choroid plexus
(E) Tectorial membrane

22. A 25-year-old man with congenital abnor-
malities at birth has a lesion of the dorsal
scapular nerve, making him unable to adduct
his scapula. Which of the following muscles is

most likely paralyzed?

(A) Semispinalis capitis

(B) Rhomboid major

(C) Multifidus
(D) Rotator longus

(E) Iliocostalis

23. After an automobile accident, a back mus-
cle that forms the boundaries of the triangle of
auscultation and the lumbar triangle, receives
no blood. Which of the following muscles

might be ischemic?

(A) Levator scapulae
(B) Rhomboid minor

(C) Latissimus dorsi

(D) Trapezius

(E) Splenius capitis

24. A 38-year-old woman with a long history
of shoulder pain is admitted to a hospital for
surgery. Which of the following muscles be-
comes ischemic soon after ligation of the su-
perficial or ascending branch of the transverse

cervical artery?

(A) Latissimus dorsi

(B) Multifidus

(C) Trapezius
(D) Rhomboid major
(E) Longissimus capitis

25. A 25-year-old soldier suffers a gunshot
wound on the lower part of his back and is un-
able to move his legs. A neurologic examina-

tion and magnetic resonance imaging (MRI)
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scan reveal injury of the cauda equina. Which
of the following is most likely damaged?

(A) Dorsal primary rami
(B) Ventral primary rami

(C) Dorsal roots of the thoracic spinal nerves
(D) Ventral roots of the sacral spinal nerves
(E) Lumbar spinal nerves

Questions 26-30: Choose the appropriate
lettererd structure in this magnetic resonance
imaginge (MRI) scan of the back.

26. When the internal vertebral venous plexus
is ruptured, venous blood may spread into
which tissue and space?

27. Dorsal and ventral roots of the lower lum-
bar and sacral nerves are lacerated. Which
structure is most likely damaged?

28. The spinal cord is crushed at the level of
the upper part of the first lumbar vertebra.
Which structure is most likely damaged?

29. Which structure may herniate through the
annulus fibrosus, thereby impinging on the
roots of the spinal nerve?

30. Cerebrospinal fluid (CSF) is produced by

vascular choroid plexuses in the ventricles of
the brain and accumulated in which space?
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F41 ANSWERS AND EXPLANATIONS

1. The answer is D. Cerebrospinal fluid (CSF) is found in the subarachnoid space, which is a
wide interval between the arachnoid layer and the pia mater. The epidural space contains the in-
ternal vertebral venous plexus and epidural fat. The subdural space between the arachnoid and
the dura contains a little fluid to moisten the meningeal surface. The pia mater closely covers the
spinal cord and en meshes blood vessels on the surfaces of the spinal cord. Thus, the space be-

tween the spinal cord and the pia is a potential space.

2. The answer is D. The space between the vertebral canal and the dura mater is the epidural
space, which contains the internal vertebral venous plexus. The spinal cord and blood vessels lie
deep to the pia mater. The space between the arachnoid and dura maters is the subdural space,

which contains a film of fluid. The subarachnoid space contains cerebrospinal fluid (CSF).

3. The answer is D. All cervical spinal nerves exit through the intervertebral foramina above the
corresponding vertebrae, except the eighth cervical nerves, which run inferior to the seventh
cervical vertebra. All other spinal nerves exit the intervertebral foramina below the correspon-
ding vertebrae. Therefore, the fifth cervical nerve passes between the fourth and fifth cervical ver-
tebrae and the fourth thoracic nerve runs between the fourth and fifth thoracic vertebrae.

4. The answer is C. A posterolateral herniation of the intervertebral disk at disk level L4–L5 af-
fects the fifth lumbar nerve not the fourth lumbar nerve. The first seven cervical nerves exit

above the corresponding vertebra, and the eighth cervical nerve exits below the seventh cervical
vertebra because there are eight cervical nerves but only seven cervical vertebrae. The rest of the

spinal nerves exit below their corresponding vertebrae.

5. The answer is C. Cerebrospinal fluid (CSF) is absorbed into the venous system primarily
through the arachnoid villi projecting into the cranial dural venous sinuses, particularly the su-

perior sagittal sinus. CSF is produced by the choroid plexuses of the ventricles of the brain and
is circulated in the subarachnoid space, in which subarachnoid trabeculae are also found. The
vertebral venous plexus and internal jugular vein are not involved in absorption of CSF.

6. The answer is B. The levator scapulae arises from the transverse processes of the upper cervi-
cal vertebrae and inserts on the medial border of the scapula. The other muscles are attached to

the spinous processes of the vertebrae.

7. The answer is D. The body of vertebra T4 articulates with the heads of the fourth and fifth
ribs. The body of the T3 vertebra articulates with the head of the third and fourth ribs. The neck

of a rib does not articulate with any parts of the vertebra. The transverse process of the vertebra
articulates with the tubercle of the corresponding rift Therefore, the transverse process of verte-
bra T4 articulates with the tubercle of the fourth rib.

8. The answer is C. Meningomyelocele is protrusion of the meninges and spinal cord through
the unfused arch of the vertebra. Sufficient amount of folic acid during pregnancy is shown to

prevent these kind of neural tube defects. Spina bifida occulta is failure of the vertebral arch to
fuse (bony defect only). Meningocele is protrusion of the meninges through the defective verte-
bral arch. Syringomyelocele is protrusion of the meninges and a pathologic tubular cavity in the
spinal cord or brain.

9. The answer is D. The dorsal primary rami of the spinal nerves innervate the deep muscles of
the back, including the iliocostalis. The other muscles are the superficial muscles of the back,
which are innervated by the ventral primary rami of the spinal nerves.
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10. The answer is B. The dorsal scapular nerve innervates the levator scapulae and rhomboid

muscles, whereas the accessory nerve innervates the trapezius and sternocleidomastoid muscles.
The serratus posterior superior is innervated by ventral primary rami of the spinal nerves, whereas
the splenius cervicis and erector spinae are innervated by dorsal primary rami of the spinal nerves.

11. The answer is D. The cerebrospinal fluid (CSF) is located in the subarachnoid space, between
the arachnoid layer and pia mater. In a lumbar puncture, the needle penetrates the skin, fascia,
ligamentum flavum, epidural space, dura mater, subdural space, and arachnoid mater. The pia
mater forms the internal boundary of the subarachnoid space; thus, it cannot be penetrated by
needle. The posterior longitudinal ligament lies anterior to the spinal cord; thus, it is not pene-
trated by the needle. The filum terminate externum is the downward prolongation of the spinal
dura mater from the second sacral vertebra to the dorsum of the coccyx. The anulus fibrosus con-
sists of concentric layers of fibrous tissue and fibrocartilage surrounding and retaining the nucleus
pulposus of the intervertebral disk, which lies anterior to the spinal cord.

12. The answer is C. The lateral horns, which contain sympathetic preganglionic neuron cell
bodies, are present between the first thoracic and second lumbar spinal cord levels (T1–L2). The
lateral horns of the second, third, and fourth sacral spinal cord levels (S2–S4) contain parasym-

pathetic preganglionic neuron cell bodies. The entire spinal cord is surrounded by the pia mater
and has the dorsal horn, ventral horn, and gray matter. Note that the fourth lumbar spinal cord
level is not the same as the fourth vertebral level.

13. The answer is B. Caudal (epidural) anesthesia is used to block the spinal nerves in the
epidural space by injecting local anesthetic agents via the sacral hiatus located between the sacral
cornua. An intervertebral foramen transmits the dorsal and ventral primary rami of the spinal
nerves. The vertebral canal accommodates the spinal cord. Dorsal and ventral sacral foramina
transmit the dorsal and ventral primary rami of the sacral nerves.

14. The answer is C. The splenius capitis is innervated by dorsal primary rami of the middle and
lower cervical nerves. The suboccipital nerve (dorsal primary ramus of C1) supplies the muscles
of the suboccipital area including the rectus capitis posterior major, obliquus capitis superior and
inferior, and the semispinalis capitis.

15. The answer is E. The atlantoaxial joints are synovial joints that consist of two plane joints
and one pivot joint and are involved primarily in rotation of the head. Other movements do not
occur at this joint.

16. The answer is E. The ligamentum nuchae is formed by supraspinous ligaments that extend
from the seventh cervical vertebra to the external occipital protuberance and crest. The anterior
longitudinal ligament runs anterior to the vertebral bodies. The alar and cruciform ligaments also
lie anterior to the spinal cord. Although the posterior longitudinal ligament interconnects the
vertebral bodies and intervertebral disks posteriorly, it runs anterior to the spinal cord within the
vertebral canal.

17. The answer is D. The internal vertebral venous plexus is located in the spinal epidural space.
The vertebral artery and vein occupy the transverse foramina of the upper six cervical vertebrae.
The external vertebral venous plexus consists of the anterior part, which lies in front of the ver-
tebral column, and the posterior part, which lies on the vertebral arch. The lumbar cistern is the
enlargement of the subarachnoid space between the inferior end of the spinal cord and the infe-
rior end of the subarachnoid space.

18. The answer is E. Kyphosis (hunchback or humpback) is an abnormally increased thoracic
curvature, usually resulting from osteoporosis. Lordosis is an abnormal accentuation of the lum-
bar curvature. Spina bifida occulta is failure of the vertebral arch to fuse (bony defect only).
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Meningocele is a protrusion of the meninges through the unfused arch of the vertebra, whereas
meningomyelocele is a protrusion of the spinal cord and the meninges.

19. The answer is D. Whiplash injury of the neck is produced by a force that drives the trunk
forward while the head lags behind. Scoliosis is a lateral deviation resulting from unequal growth
of the spinal column. Hangman's syndrome is a fracture of the neural arch through the pedicle
of the axis that may occur as a result of hanging or motor vehicle accidents. Meningomyelocele
is a protrusion of the spinal cord and its meninges. A herniated disk compresses the spinal nerve

roots when the nucleus pulposus is protruded through the anulus fibrosus.

20. The answer is D. The rectus capitis posterior minor arises from the posterior tubercle of the
atlas and inserts on the occipital bone below the inferior nuchal line. The alar ligament extends
from the apex of the dens to the medial side of the occipital bone, The apical ligament extends
from the dens of the axis to the anterior aspect of the foramen magnum of the occipital bone.

The semispinalis cervicis arises from the transverse processes and inserts on the spinous processes.
The obliquus capitis inferior originates from the spine of the axis and inserts on the transverse
process of the atlas.

21. The answer is C. The denticulate ligament is a lateral extension of the pia mater. The filum
terminate (internum) is an inferior extension of the pia mater from the tip of the conus
medullaris. The coccygeal ligament, which is also called the filum terminate externum or the
filum of the dura, extends from the tip of the dural sac to the coccyx. The vascular choroid
plexuses produce the cerebrospinal fluid (CSF) in the ventricles of the brain. The tectorial mem-
brane is an upward extension of the posterior longitudinal ligaments from the body of the axis

to the basilar part of the occipital bone.

22. The answer is B. The rhomboid major is a superficial muscle of the back; is innervated by
the dorsal scapular nerve, which arises from the ventral primary ramus of the fifth cervical nerve;
and adducts the scapula. The semispinalis capitis, multifidus, rotator longus, and iliocostalis mus-
cles are deep muscles of the back; innervated by dorsal primary rami of the spinal nerves; and

have no attachment to the scapula.

23. The answer is C. The latissimus dorsi forms boundaries of the auscultation and lumbar tri-
angles and receives blood from the thoracodorsal artery. The levator scapulae, rhomboid minor,
and splenius capitis muscles do not form boundaries of these two triangles. The trapezius muscle
forms a boundary of the auscultation triangle but not the lumbar triangle. The levator scapulae,
rhomboid minor, and trapezius muscles receive blood from the transverse cervical artery. The

splenius capitis muscle receives blood from the occipital and transverse cervical arteries,

24. The answer is C. The trapezius receives blood from the superficial branch of the transverse
cervical artery. The latissimus dorsi receives blood from the thoracodorsal artery. The rhomboid
major receives blood from the deep or descending branch of the transverse cervical artery. The
multifidus and longissimus capitis receive blood from the segmental arteries.

25. The answer is D. The cauda equina is the collection of dorsal and ventral roots of the lower
lumbar and sacral spinal nerves below the spinal cord. Dorsal and ventral primary rami and dor-
sal roots of the thoracic spinal nerves and lumbar spinal nerves do not participate in the forma-
tion of the cauda equina.

26. The answer is E. Epidural fat is shown in the magnetic resonance imaging (MRI) scan. In ad-
dition, the internal vertebral venous plexus lies in the epidural space; thus, venous blood from
the plexus may spread into epidural fat.

27. The answer is C. The cauda equina is formed by a great lash of the dorsal and ventral roots
of the lumbar and sacral nerves.
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28. The answer is B. The conus medullaris is a conical end of the spinal cord and terminates at
the level of the L2 vertebra or the intervertebral disk between Ll and L2 vertebrae. The spinal cord
injury at the level of the upper part of the first lumbar vertebra damages the conus medullaris

29. The answer is A. The intervertebral disk lies between the bodies of two vertebrae and con-
sists of a central mucoid substance, the nucleus pulposus, and a surrounding fibrous tissue and fi-
brocartilage, the anulus fibrosus. The nucleus pulposus may herniate through the annulus fibro-
sus, thereby impinging on the roots of the spinal nerves.

30. The answer is D. The cerebrospinal fluid (CSF) is found in the lumbar cistern, which is a sub-

arachnoid space in the lumbar area. CSF is produced by vascular choroid plexuses in the ventri-
cles of the brain, circulated in the subarachnoid space, and filtered into the venous system
through the arachnoid villi and arachnoid granulations.



Head and Neck

STRUCTURES OF THE NECK

Major Divisions and Bones (Figure 8-1)

A. Posterior triangle
• Is bounded by the posterior border of the sternocleidomastoid muscle, the anterior border

of the trapezius muscle, and the superior border of the clavicle.
• Has a roof formed by the platysma and the investing (superficial) layer of the deep cervical

fascia.
• Has a floor formed by the splenius capitis and levator scapulae muscles, and the anterior,

middle, and posterior scalene muscles.
• Contains the accessory nerve, cutaneous branches of the cervical plexus, external jugular

vein, transverse cervical and suprascapular vessels, subclavian vein (occasionally) and artery,

posterior (inferior) belly of the omohyoid, and roots and trunks of the brachial plexus.
• Also contains the nerve to the suhclavius and the dorsal scapular, suprascapular, and long

thoracic nerves.
• Is further divided into the occipital and subclavian (supraclavicular or omoclavicular)

triangles by the omohyoid posterior belly.

B. Anterior triangle
• Is bounded by the anterior border of the sternocleidomastoid, the anterior midline of the

neck, and the inferior border of the mandible.
• Has a roof formed by the platysma and the investing layer of the deep cervical fascia.
• Is further divided by the omohyoid anterior belly and the digastric anterior and posterior

bellies into the digastric (submandihular), submental (suprahyoid), carotid, and muscular
(inferior carotid) triangles.

-	 ' Torticollis (wryneck): is a spasmodic contraction of the cervical muscles, producing

twisting of the neck with the chin pointing upward and to the opposite side. It is due to in-

jury to the sternocleidomastoid muscle or avulsion of the accessory nerve at the time of birth and uni-
lateral fibrosis in the muscle, which cannot lengthen with the growing neck (congenital torticollis).

C. Hyoid bone
• Is a U-shaped bone consisting of a median body, paired lesser horns (cornua) laterally, and

paired greater horns (cornua) posteriorly.
1. Body

• Provides for attachments for the geniohyoid, mylohyoid, omohyoid, and sternohyoid

muscles.
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Eagle's syndrome: is an elongation of the styloid process or excessive calcification of the
kti	 stylohyoid ligament or styloid process, which causes neck, throat, or facial pain and dys-

phagia (difficulty in swallowing). The pain may occur due to compression of the nerve such as the glos-
sopharyngeal nerve, which winds around the styloid process or stylohyoid ligament as it descends to
supply the tongue, pharynx, and neck. In addition, the pain is presumed to be caused by pressure on
the internal and external carotid arteries by a medially or laterally deviated and elongated styloid
process. Additional symptoms may include taste disturbance, earache, headache, dizziness, or transient
syncope (loss of consciousness resulting from cerebral ischemia). The treatment of Eagle's syndrome is
styloidectomy.
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Digastric muscle (posterior belly)

Digastric (submandibular) triangle
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Omohyoid muscle
Trapezius muscle belly)ranterio(

Muscular triangle

Sternum

Omohyoid muscle (posterior belly) 	 Subclavian (supraclavicular) triangle

Figure 8-1 Subdivisions of the cervical triangle.

2. Greater horn
• Provides attachments for the middle constrictor, hyoglossus, digastric (anterior and

posterior) bellies, stylohyoid, and thyrohyoid muscles.
3. Lesser horn

• Provides attachment for the stylohyoid ligament, which runs from the styloid

process to the lesser horn of the hyoid bone.

ir Muscles (Figure 8-2; Table 8-1)

Nerves (Figures 8-3 and 8-4)

A. Accessory nerve
• Is formed by the union of cranial and spinal roots.
• Has cranial roots that arise from the medulla oblongata below the roots of the vagus.
• Has spinal roots that arise from the lateral aspect of the cervical segment of the spinal cord

between Cl and C3 (or Cl and C7) and unites to form a trunk that ascends between the

dorsal and ventral roots of the spinal nerves in the vertebral canal and passes through the
foramen magnum.
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Figure 8-2 Muscles of the cervical triangle.

• Has both spinal and cranial portions, which traverse the jugular foramen, where they in-
terchange fibers. The cranial portion contains motor fibers that join the vagus nerve and
innervate the soft palate, pharyngeal constrictors, and larynx. The spinal portion inner-
vates the sternocleidomastoid and trapezius muscles.

• Lies on the levator scapulae in the posterior cervical triangle and then passes deep to the
trapezius.

Lesion of the accessory nerve in the neck: denervates the trapezius, leading to atrophy
of the muscle. It causes a downward displacement or drooping of the shoulder.

B. Cervical plexus
• Is formed by the ventral primary rami of Cl to C4.

1. Cutaneous branches
a. Lesser occipital nerve (C2)

• Ascends along the posterior border of the sternocleidomastoid to the scalp behind

the auricle.
b. Great auricular nerve (C2-C3)

• Ascends on the sternocleidomastoid to innervate the skin behind the auricle and

on the parotid gland.
c. Transverse cervical nerve (C2-C3)

• Turns around the posterior border of the sternocleidomastoid and innervates the

skin of the anterior cervical triangle.
d. Supraclavicular nerve (C3-C4)

• Emerges as a common trunk from under the sternocleidomastoid and then divides
into anterior, middle, and lateral branches to the skin over the clavicle and the

shoulder.



HEAD AND NECK	 349

TABLE 8-1 Muscles of the Neck

Muscle Origin Insertion Nerve Action

Cervical
muscles

Platysma Superficial fascia Mandible; skin Facial n. Depresses lower
over upper part and muscles over jaw and lip and
of deltoid and mandible and angle of mouth;
pectoralis major angle of mouth wrinkles skin of

neck
Sternocleido- Manubrium stemi Mastoid process Spinal accessory Singly turns face

mastoid and medial one- and lateral one- n.; C2-C8 toward opposite
third of clavicle half of superior

nuchal line
(sensory) side; together flex

head, raise thorax

Suprahyoid
muscles

Digastric Anterior belly Intermediate Posterior belly by Elevates hyoid
from digastric tendon attached facial n.; and floor of
fossa of mandible; to body of hyoid anterior belly by mouth; depresses
posterior belly
from mastoid
notch

mylohyoid n. of
trigeminal n.

mandible

Mylohyoid Mylohyoid line of Median raphe and Mylohyoid n. of Elevates hyoid
mandible body of hyoid

bone
trigeminal n. and floor of

mouth; depresses
mandible

Stylohyoid Styloid process Body of hyoid Facial n. Elevates hyoid
Geniohyoid Genial tubercle of Body of hyoid Cl via hypo- Elevates hyoid and

mandible glossal n. floor of mouth

Infrahyoid
muscles

Sternohyoid Manubrium sterni
and medial end of
clavicle

Body of hyoid Ansa cervicalis Depresses hyoid
and larynx

Sternothyroid Manubrium sterni; Oblique line of Ansa cervicalis Depresses thyroid
first costal cartilage thyroid cartilage cartilage and

larynx
Thyrohyoid Oblique line of thyroid Body and greater Cl via hypo- Depresses and

cartilage horn of hyoid glossal n. retracts hyoid and
larynx

Omohyoid Inferior belly from Inferior belly to Ansa cervicalis Depresses and
medial lip of supra- intermediate ten- retracts hyoid and
scapular notch and
suprascapular lig-
ament; superior
belly from interme-
diate tendon

don; superior
belly to body of
hyoid

larynx

2. Motor branches
a. Ansa cervicalis

• Is a nerve loop formed by the union of the superior root (C1 or Cl and C2;
descendens hypoglossi) and the inferior root (C2 and C3; descendens
cervicalis).

• Lies superficial to or within the carotid sheath in the anterior cervical triangle.
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Figure 8-3 Cervical plexus.

• Innervates the infrahyoid (or strap) muscles such as the omohyoid, sternohyoid,
and sternothyroid muscles, with the exception of the thyrohyoid muscle, which is

innervated by Cl via the hypoglossal nerve.
b. Phrenic nerve (C3–05)

• Arises from the third, fourth, and fifth cervical nerves but chiefly from the fourth
cervical nerve; contains motor, sensory, and sympathetic nerve fibers; and provides
the motor supply to the diaphragm and sensation to its central part.

• Descends on the anterior surface of the anterior scalene muscle under cover of the

sternocleidomastoid muscle.
• Passes between the subclavian artery and vein at the root of the neck and enters

the thorax by crossing in front of the origin of the internal thoracic artery, where

it joins the pericardiacophrenic branch of this artery.
• Passes anterior to the root of the lung and between the mediastinal pleura and

fibrous pericardium to supply sensory fibers to these structures.
c. Twigs from the plexus

• Supply the longus capitis and cervicis or colli, sternocleidomastoid, trapezius, levator

scapulae, and scalene muscles.
d. Accessory phrenic nerve (C5)

• Occasionally arises as a contribution of CS to the phrenic nerve or a branch of the
nerve to the subclavius (C5), descends lateral to the phrenic nerve, enters the thorax
by passing posterior to the subclavian vein, and joins the phrenic nerve below the

first rib to supply the diaphragm.

C. Brachial plexus (see Figures 2-15, 2-16)
• Is formed by the union of the ventral primary rami of C5 to T1 and passes between the

anterior scalene and middle scalene muscles.



Lesser occipital nerve

Accessory nerve 	
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Supraclavicular
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Sternocleidomastoid muscle

Injury to the upper trunk of the brachial plexus: may be caused by a violent separation
of the head from the shoulder such as occurs in a fall from a motorcycle. The arm is in

medial rotation owing to paralysis of the lateral rotators, resulting in waiter's tip hand. It may be
caused by stretching an infant's neck during a difficult delivery. This is referred to as birth palsy or ob-
stetric paralysis.
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Figure 8-4 Cutaneous branches of the cervical plexus.

1. Its roots give rise to the
a. Dorsal scapular nerve (C5)

• Emerges from behind the anterior scalene muscle and runs downward and backward
through the middle scalene muscle and then deep to the trapezius.

• Passes deep to or through the levator scapulae and descends along with the dorsal
scapular artery on the deep surface of the rhomboid muscles along the medial bor-
der of the scapula, innervating the levator scapulae and rhomboid muscles.

b. Long thoracic nerve (C5–C7)
• Pierces the middle scalene muscle, descends behind the brachial plexus, and enters

the axilla to innervate the serratus anterior.
2. Its upper trunk gives rise to the

a. Suprascapular nerve (C5–C6)
• Passes deep to the trapezius and joins the suprascapular artery in a course toward

the shoulder.
• Passes through the scapular notch under the superior transverse scapular ligament.
• Supplies the supraspinatus and infraspinatus muscles.

b. Nerve to the subclavius muscle (C5)

• Descends in front of the plexus and behind the clavicle to innervate the subclavius.
• Communicates with the phrenic nerve as the accessory phrenic nerve in many

cases.

IV. Blood Vessels (Figure 8-5)

A. Subclavian artery
• Is a branch of the brachiocephalic trunk on the right but arises directly from the arch of

the aorta on the left.
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Superficial temporal artery
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Superior cerebellar artery
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Figure 8 -5 Subclavian and carotid arteries and their branches.

• Is divided into three parts by the anterior scalene muscle: the first part passes from the ori-
gin of the vessel to the medial margin of the anterior scalene; the second part lies behind
this muscle; and the third part passes from the lateral margin of the muscle to the outer

border of the first rib.

• Its branches include the following:
1. Vertebral artery

• Arises from the first part of the subclavian artery and ascends between the anterior

scalene and longus colli muscles.
• Ascends through the transverse foramina of vertebrae Cl to C6, winds around the

superior articular process of the atlas, and passes through the foramen magnum into

the cranial cavity.
2. Thyrocervical trunk

• Is a short trunk from the first part of the subclavian artery that divides into the follow-

ing arteries:
a. Inferior thyroid artery

• Ascends in front of the anterior scalene muscle, turns medially behind the
carotid sheath but in front of the vertebral vessels, and then arches downward to

the lower pole of the thyroid gland.
• Gives rise to an ascending cervical artery, which ascends on the anterior scalene

muscle medial to the phrenic nerve.

b. Transverse cervical artery
• Runs laterally across the anterior scalene muscle, phrenic nerve, and trunks of

the brachial plexus, passing deep to the trapezius.



Neurovascular compression syndrome: produces symptoms of nerve compression of
the brachial plexus and the subclavian vessels. It is caused by abnormal insertion of the

anterior and middle scalene muscles (scalene syndrome) and by the cervical rib, which is the carti-
laginous accessory rib attached to vertebra C7 It can be corrected by cutting the cervical rib or the an-
terior scalene muscle.
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• Divides into a superficial branch and a deep branch, which takes the place of
the dorsal (descending) scapular artery. In the absence of the deep branch, the

superficial branch is known as the superficial cervical artery.
c. Suprascapular artery

• Passes in front of the anterior scalene muscle and the brachial plexus parallel to
but below the transverse cervical artery.

• Passes superior to the superior transverse scapular ligament, whereas the supra-
scapular nerve passes inferior to this ligament.

3. Internal thoracic artery
• Arises from the first part of the subclavian artery, descends through the thorax behind

the upper six costal cartilages, and ends at the sixth intercostal space by dividing into
the superior epigastric and musculophrenic arteries.

4. Costocervical trunk
• Arises from the posterior aspect of the second part of the subclavian artery behind the

anterior scalene muscle and divides into the following arteries:
a. Deep cervical artery

• Passes between the transverse process of vertebra C7 and the neck of the first
rib, ascends between the semispinalis capitis and semispinalis cervicis mus-
cles, and anastomoses with the deep branch of the descending branch of the
occipital artery.

b. Superior intercostal artery
• Descends behind the cervical pleura anterior to the necks of the first two ribs and

gives rise to the first two posterior intercostal arteries.
5. Dorsal (descending) scapular artery

• Arises from the third part of the subclavian artery or arises as the deep (descending)
branch of the transverse cervical artery.

B. Common carotid arteries
• Have different origins on the right and left sides: the right common carotid artery, which

begins at the bifurcation of the brachiocephalic artery, and the left common carotid artery,
which arises from the aortic arch.

• Ascend within the carotid sheath and divide at the level of the upper border of the thyroid
cartilage into the external and internal carotid arteries.
1. Receptors

a. Carotid body
• Lies at the bifurcation of the common carotid artery as an ovoid body.
• Is a chemoreceptor that is stimulated by chemical changes (e.g., oxygen, carbon

dioxide, and hydrogen ion concentration) in the circulating blood.
• Is innervated by the nerve to the carotid body, which arises from the pharyngeal

branch of the vagus nerve, and by the carotid sinus branch of the glossophar-
yngeal nerve.

b. Carotid sinus
• Is a spindle-shaped dilatation located at the origin of the internal carotid artery,

which functions as a pressoreceptor (baroreceptor), stimulated by changes in
blood pressure.



Carotid sinus syncope: is a temporary loss of consciousness or fainting caused by

diminished cerebral blood flow. It results from hypersensitivity of the carotid sinus and

attacks may be produced by pressure on a sensitive carotid sinus such as taking the carotid pulse near

the superior border of the thyroid cartilage.

cc 8.6
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• Is innervated primarily by the carotid sinus branch of the glossopharyngeal nerve

hut also by the nerve to the carotid body.

2. Internal carotid artery
• Has no branches in the neck.
• Ascends within the carotid sheath in company with the vagus nerve and the internal

jugular vein.
• Enters the cranium through the carotid canal in the petrous part of the temporal

bone.
• In the middle cranial fossa, gives rise to the ophthalmic artery and the anterior and

middle cerebral arteries.

-	 •	 Carotid endarterectomy: is excision of atherosclerotic thickening of intima of the internal

carotid artery for the prevention of stroke in patients with symptoms of obstructive dis-

ei,i.e. .,,, T the carotid artery.

3. External carotid artery
• Extends from the level of the upper border of the thyroid cartilage to the neck of

the mandible, where it ends in the parotid gland by dividing into the maxillary and

superficial temporal arteries.
• Has eight named branches:

a. Superior thyroid artery
• Arises below the level of the greater horn of the hyoid bone.
• Descends obliquely forward in the carotid triangle and passes deep to the infrahy-

oid muscles to reach the superior pole of the thyroid gland.
• Gives rise to an infrahyoid, sternocleidomastoid, superior laryngeal, cricothyroid,

and several glandular branches.
b. Lingual artery

• Arises at the level of the tip of the greater horn of the hyoid bone and passes deep

to the hyoglossus to reach the tongue.
• Gives rise to suprahyoid, dorsal lingual, sublingual, and deep lingual branches.

c. Facial artery
• Arises just above the lingual artery and ascends forward, deep to the posterior

belly of the digastric and stylohyoid muscles.

• Hooks around the lower border of the mandible at the anterior margin of the

masseter to enter the face.

d. Ascending pharyngeal artery
• Arises from the deep surface of the external carotid artery in the carotid triangle

and ascends between the internal carotid artery and the wall of the pharynx.

• Gives rise to pharyngeal, palatine, inferior tympanic, and meningeal branches.

e. Occipital artery
• Arises from the posterior surface of the external carotid artery, just above the

level of the hyoid bone.
• Passes deep to the digastric posterior belly, occupies the groove on the mastoid

process, and appears on the skin above the occipital triangle.
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• Gives rise to the following:
(1) Sternocleidomastoid branch

• Descends inferiorly and posteriorly over the hypoglossal nerve and enters

the substance of the muscle.
• Anastomoses with the sternocleidomastoid branch of the superior thyroid

artery.
(2) Descending branch

• Its superficial branch anastomoses with the superficial branch of the trans-

verse cervical artery.
• Its deep branch anastomoses with the deep cervical artery of the costocer-

vical trunk.
f. Posterior auricular artery

• Arises from the posterior surface of the external carotid artery just above the digas-

tric posterior belly.
• Ascends superficial to the styloid process and deep to the parotid gland and ends

between the mastoid process and the external acoustic meatus.

• Gives rise to stylomastoid, auricular, and occipital branches.

g. Maxillary artery
• Arises behind the neck of the mandible as the larger terminal branch of the ex-

ternal carotid artery.
• Runs deep to the neck of the mandible and enters the infratemporal fossa.

h. Superficial temporal artery
• Arises behind the neck of the mandible as the smaller terminal branch of the ex-

ternal carotid artery.
• Gives rise to the transverse facial artery, which runs between the zygomatic

arch above and the parotid duct below.
• Ascends in front of the external acoustic meatus into the scalp, accompanying

the auriculotemporal nerve and the superficial temporal vein.

Temporal (giant cell) arteritis: is granulomatous inflammation with multinucleated giant
cells, affecting the medium-sized arteries, especially the temporal artery. Symptoms in-

clude severe headache, excruciating pain in temporal area, temporal artery tenderness, visual impair-
ment, transient diplopia, jaw claudication, fever, fatigue, and weight loss. Diagnosis of this vascular dis-
ease of unknown origin can be confirmed by a temporal artery biopsy. Temporal arteritis frequently
responds to treatment with corticosteroids such as prednisone.

C. Veins (Figure 8-6)
1. Retromandibular vein

• Is formed by the superficial temporal and maxillary veins.
• Divides into an anterior branch, which joins the facial vein to form the common facial

vein, and a posterior branch, which joins the posterior auricular vein to form the external

jugular vein.
2. External jugular vein

• Is formed by the union of the posterior auricular vein and the posterior branch of the
retromandibular vein.

• Crosses the sternomastoid obliquely under the platysma and ends in the subclavian (or
sometimes the internal jugular) vein.

• Receives the suprascapular, transverse cervical, and anterior jugular veins.

3. Internal jugular vein (Figure 8-7)
• Begins in the jugular foramen as a continuation of the sigmoid sinus, descends in the

carotid sheath, and ends in the brachiocephalic vein.
• Has the superior bulb at its beginning and the inferior bulb just above its termination.

• Receives the facial, lingual, and superior and middle thyroid veins.
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Occipital vein

Suprascapular vein
- Brachiocephalic vein

Figure 8-6 Veins of the cervical triangle.

Central venous line: is an intravenous needle and catheter placed into a large vein such
as the internal jugular or subclavian vein to give fluids or medication. A central line is in-

serted in the apex of the triangular interval between the clavicle and the clavicular and sternal heads of
the sternocleidomastoid muscle into the internal jugular vein through which the catheter is threaded
into the superior vena cava (a large central vein in the chest). The needle is then directed inferolaterally.
Air embolism is a possible complication of catheterization or of a laceration of the internal jugular vein.
A central line is also inserted into the retroclavicular portion of the right subclavian vein and it should be
guided medially along the long axis of the clavicle to reach the posterior surface where the vein runs
over the first rib. The lung is vulnerable to injury and pneumothorax or arterial puncture, causing hemo-
thorax, are potential complications of a subclavian catheterization.

4his

1111„Lymphatics_

A. Superficial lymph nodes of the head
• Lymph vessels from the face, scalp, and ear drain into the occipital, retroauricular, parotid,

buccal (facial), submandibular, submental, and superficial cervical nodes, which in turn drain

into the deep cervical nodes (including the jugulodigastric and jugulo-omohyoid nodes).

B. Deep lymph nodes of the head
• The middle ear drains into the retropharyngeal and upper deep cervical nodes; the nasal

cavity and paranasal sinuses drain into the submandibular, retropharyngeal, and upper
deep cervical; the tongue drains into the submental, submandibular, and upper and lower
cervical; the larynx drains into the upper and lower deep cervical; the pharynx drains into
the retropharyngeal and upper and lower deep cervical; the thyroid gland drains into the

lower deep cervical, prelaryngeal, pretracheal, and paratracheal.

C. Superficial cervical lymph nodes
• Lie along the external jugular vein in the posterior triangle and along the anterior jugular

vein in the anterior triangle.
• Drain into the deep cervical nodes.
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Pharyngeal branch

Figure 8 - 7 Deep structures of the neck.

D. Deep cervical lymph nodes

1. Superior deep cervical nodes
• Lie along the internal jugular vein in the carotid triangle of the neck.

• Receive afferent lymphatics from the back of the head and neck, tongue, palate, nasal
cavity, larynx, pharynx, trachea, thyroid gland, and esophagus.

• Has efferent vessels that join those of the inferior deep cervical nodes to form the
jugular trunk, which empties into the thoracic duct on the left and into the junction

of the internal jugular and subclavian veins on the right.
2. Inferior deep cervical nodes

• Lie on the internal jugular vein near the subclavian vein.
• Receive afferent lymphatics from the anterior jugular, transverse cervical, and apical

axillary nodes.

DEEP NECK AND PREVERTEBRAL REGION

Deep Structures of the Neck (see Figure 8-7)

A. Trachea

• Begins at the inferior border of the cricoid cartilage (C6).
• Has 16 to 20 incomplete hyaline cartilaginous rings that open posteriorly to prevent the

trachea from collapsing.



Tracheotomy (tracheostomy): is an opening into the trachea made by incising the
third and fourth rings of the trachea, after making a vertical midline skin incision from

the jugular notch of the manubrium sterni to the thyroid notch of the thyroid cartilage. A tracheotomy
tube is then inserted into the trachea and secured by neck straps.

Goiter: is an enlargement of the thyroid gland that is not associated with over-
production of thyroid hormones, inflammation, or cancer. It causes a soft swelling in

the front part of the neck, which compresses other structures such as the trachea, larynx, and esopha-
gus, causing symptoms of breathing difficulties (dyspnea), loss of speech, cough or wheezing, swallow-
ing difficulties (dysphagia), neck vein distention, and dizziness. The common cause of goiter is iodine
deficiency (because iodine is vital to the formation of thyroid hormone) or overproduction of thyrotropin
(thyroid-stimulating hormone (TS1-11) from the pituitary, which causes hyperplasia of the thyroid gland.
The goiter can be treated with radioactive iodine to shrink the gland or with surgical removal of part or
all of the gland (thyroidectomy).
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B. Esophagus
• Begins at the lower border of the pharynx at the level of the cricoid cartilage (C6) and de-

scends between the trachea and the vertebral column.
• The cricopharyngeus muscle, the sphincter of the upper esophageal opening, remains

closed except during deglutition (swallowing) and emesis (vomiting).
• Is innervated by the recurrent laryngeal nerves and the sympathetic trunks and receives

blood from branches of the inferior thyroid arteries.

C. Thyroid gland (see Figure 8-7)
• Is an endocrine gland that produces thyroxine and thyrocalcitonin that are essential for me-

tabolism and growth. The thyroid takes iodine from the food to produce thyroid hormones.
• Consists of right and left lobes connected by the isthmus, which usually crosses the second

and third (or second, third, and fourth) tracheal rings. (The muscular band descending from
the hyoid bone to the isthmus is called the levator glandulae thyroideae.)

• Is supplied by the superior and inferior thyroid arteries and sometimes the thyroid ima
artery, an inconsistent branch from the brachiocephalic trunk.

• Drains via the superior and middle thyroid veins to the internal jugular vein and via the
inferior thyroid vein to the brachiocephalic vein.

	

.	 It Graves disease: is an autoimmune disease of unknown cause in which the immune
$7

	

...•:	 system overstimulates the thyroid gland, causing hyperthyroidism. Overproduction of
thyroid hormones causes the eyeballs to protrude (exophthalmos or proptosis) and thyroid enlarge-
ment (goiter). The most common symptoms include insomnia, irritability, weight loss, increased appetite,
heat intolerance, increased perspiration, brittle hair, muscle weakness, palpitations, nervousness, and
hand tremors. This condition can be treated by antithyroid medications; radioactive iodine, which dam-
ages thyroid cells causing them to shrink and thus reduce hormone levels; or surgical removal of part or
all of the thyroid gland.

Papillary carcinoma of the thyroid: is a malignancy of the thyroid and is the most
.A.	 common type of thyroid carcinoma, accounting for approximately 70% of all thyroid tu-

mors. Thyroid cancer usually presents as a nodule in the thyroid gland and occurs in females more com-
monly than in males. Symptoms include a lump on the side of the neck, hoarseness of the voice, and
difficulty swallowing. Surgery should be performed to remove as much of the tumor as possible or the
entire thyroid gland; the operation alleviates compression on the trachea, larynx, and nerves and blood
vessels. After surgery, most patients are treated with radioactive iodine, which destroys any leftover
thyroid tissue, and need to take thyroid hormone for life.



Thyroidectomy: is a surgical removal of the thyroid gland. During thyroid surgery or

tracheotomy, the thyroid ima artery and inferior thyroid veins are vulnerable to injury.

Potential complications may include hemorrhage resulting from injury of the anterior jugular veins,

nerve paralysis particularly the recurrent laryngeal nerves, pneumothorax resulting from damage of

the cervical dome of the pleura most commonly in children because of the high level of the pleura, and

esophageal injury resulting from its immediate posterior location to the trachea (this injury occurs

especially in infants).

Parathyroidectomy: may occur during a total thyroidectomy and cause death if para-
thyroid hormone, calcium, or vitamin D is not provided. It decreases the plasma

calcium level, causing increased neuromuscular activity such as muscular spasms and nervous hyperex-

citability, called tetany.

Cricothyrotomy: is incision through the skin and cricothyroid membrane and insertion

of a tracheotomy tube into the trachea for relief of acute respiratory obstruction. When

making a skin incision, care must be taken not to injure the anterior jugular veins, which lie near the mid-

line of the neck. It is preferable to tracheostomy for nonsurgeons in emergency respiratory obstructions.
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D. Parathyroid glands

• Are endocrine glands that play a vital role in the regulation of calcium and phosphorus
metabolism.

• Secrete parathyroid hormone, which is essential to life because low calcium levels lead to
lethal neuromuscular disorders.

• Usually consist of four (two to six) small ovoid bodies that lie against the dorsum of the

thyroid under its sheath but with their own capsule.

• Are supplied chiefly by the inferior thyroid artery.

E. Thyroid cartilage
• Is a hyaline cartilage that forms a laryngeal prominence known as the Adam's apple,

which is particularly apparent in males.
• Has a superior horn that is joined to the tip of the greater horn of the hyoid bone by the

lateral thyroid ligament and an inferior horn that articulates with the cricoid cartilage.

E Vagus nerve
• Runs through the jugular foramen and gives rise to the superior laryngeal nerve, which is

divided into the external and internal laryngeal nerves.
1. External laryngeal nerve

• Runs along with the superior thyroid artery.
• Supplies the cricothyroid and inferior pharyngeal constrictor muscles.

2. Internal laryngeal nerve
• Accompanies the superior laryngeal artery.
• Supplies the sensory fibers to the larynx above the vocal cord and taste fibers to the

epiglottis.

G. Sympathetic trunk
• Is covered by the prevertebral fascia (the prevertebral fascia splits to enclose the sympathetic

trunk).
• Runs behind the carotid sheath and in front of the longus colli and longus capitis muscles.



Horner's syndrome: is caused by thyroid carcinoma, which may cause a lesion of the
cervical sympathetic trunk; by Pancoast's tumor at the apex of the lungs, which injures

the stellate ganglion; and a penetrating injury to the neck, injuring cervical sympathetic nerves. This
syndrome is characterized by presence of ptosis, miosis, enophthalmos, anhidrosis, and vasodilation.
(These are explained in the sections pertaining to the eye. See the section of the orbit.)

CC 8.17

Stellate ganglion block: is performed by palpating the large anterior tubercle of the
transverse process of the C6 cervical vertebra. The stellate ganglion lies in front of the

head of the first rib, adjacent to the vertebral artery, the apex of the lung, and the phrenic nerve. The
carotid sheath and the sternocleidomastoid are retracted laterally; the needle of the anesthetic syringe
is inserted through the skin over the tubercle and then directed medially and inferiorly, but piercing the
pleura is avoided. Once needle position close to the ganglion is confirmed, the local anesthetic is in-
jected beneath the prevertebral fascia.

CC 8.18
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• Contains preganglionic and postganglionic sympathetic fibers, cell bodies of the postgan-
glionic sympathetic fibers, and visceral afferent fibers with cell bodies in the upper thoracic
dorsal root ganglia.

• Receives gray rami communicantes but no white rami communicantes in the cervical
region.

• Bears the following cervical ganglia:
1. Superior cervical ganglion

• Lies in front of the transverse processes of vertebrae Cl to C2, posterior to the internal
carotid artery and anterior to the longus capitis.

• Contains cell bodies of postganglionic sympathetic fibers that pass to the visceral
structures of the head and neck.

• Gives rise to the internal carotid nerve to form the internal carotid plexus; the ex-
ternal carotid nerve to form the external carotid plexus; the pharyngeal branches

that join the pharyngeal branches of the glossopharyngeal and vagus nerves to form

the pharyngeal plexus; the superior cervical cardiac nerve to the heart.
2. Middle cervical ganglion

• I,ies at the level of the cricoid cartilage (vertebra C6).
• Gives rise to a middle cervical cardiac nerve, which is the largest of the three cervical

sympathetic cardiac nerves.
3. Inferior cervical ganglion

• Fuses with the first thoracic ganglion to become the cervicothoracic (stellate)
ganglion.

• Lies in front of the neck of the first rib and the transverse process of vertebra C7 and
behind the dome of the pleura and the vertebral artery.

• Gives rise to the inferior cervical cardiac nerve.

4. Ansa subclavia
• Is the cord connecting the middle and inferior cervical sympathetic ganglia, forming

a loop around the first part of the subclavian artery.

H. Thoracic duct
• Ascends through the posterior mediastinum between the aorta and azygos vein.
• Arches laterally over the apex of the left pleura, posterior to the left carotid sheath and an-

terior to the sympathetic trunk and vertebral and subclavian arteries, runs behind the left
internal jugular vein, and then usually empties into the left brachiocephalic vein at the
junction of the left internal jugular and subclavian veins.



Danger space: is the space between the anterior and posterior layers of prevertebral

fascia because of its extension from the base of the skull to the diaphragm, providing a

route for the spread of infection.

CC-8.19
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1E.12esp Cervical Fasciae (Figure 8-8)

A. Superficial (investing) layer of deep cervical fascia

• Surrounds the deeper parts of the neck.
• Splits to enclose the sternocleidomastoid and trapezius muscles.
• Is attached superiorly along the mandible, mastoid process, external occipital protuber-

ance, and superior nuchal line of the occipital bone.
• Is attached inferiorly along the acromion and spine of the scapula, clavicle, and

manubrium sterni.

B. Prevertebral layer of deep cervical fascia
• Is cylindrical and encloses the vertebral column and its associated muscles.

• Covers the scalene muscles and the deep muscles of the back.
• Attaches to the external occipital protuberance and the basilar part of the occipital bone

and becomes continuous with the endothoracic fascia and the anterior longitudinal lig-

ament of the bodies of the vertebrae in the thorax.

Figure 8-8 Cross-section of the neck.
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C. Carotid sheath
• Contains the common and internal carotid arteries, internal jugular vein, and vagus

nerve.
• Does not contain the sympathetic trunk, which lies posterior to the carotid sheath and is

enclosed in the prevertebral fascia.
• Blends with the prevertebral, pretracheal, and investing layers and also attaches to the base

of the skull.

D. Pretracheal layer of deep cervical fascia
• Invests the larynx and trachea, encloses the thyroid gland, and contributes to the for-

mation of the carotid sheath.
• Attaches superiorly to the thyroid and cricoid cartilages and inferiorly to the pericardium.

8.20 Infection: may spread from the neck into the mediastinum through the pretracheal
space between the pretracheal fascia and the trachea.

E. Alar fascia
• Is an ancillary layer of the deep cervical fascia between the pretracheal and prevertebral

fasciae.
• Blends with the carotid sheath laterally and extends from the base of the skull to the level

of the second thoracic vertebra, where it merges with the pretracheal fascia.

F. Buccopharyngeal fascia
• Covers the buccinator muscles and the pharynx.
• Is attached to the pharyngeal tubercle and the pterygomandibular raphe.

G. Pharyngobasilar fascia
• Is the fibrous coat in the wall of the pharynx, situated between the mucous membrane

and the pharyngeal constrictor muscles.

H. Retropharyngeal space
• Is the space between prevertebral fascia and buccopharyngeal fascia, extending from the

base of the skull into the posterior mediastinum.

Retropharyngeal abscess or infection: may spread from the neck into the posterior
mediastinum through the retropharyngeal space.

Prevertebral or Deep Neck Muscles (Table 8-2)

lir Development of thyroid and parathyroid gland

A. Thyroid gland

• Develops from the thyroid diverticulum, which forms from the endoderm in the floor of
the foregut (pharynx).

• Descends into the neck by downward growth of a thyroglossal duct, which is an endo-
dermal tube in the embryo extending between the thyroid primordium and the posterior
part of the tongue. The thyroglossal duct is elongated, is bilobed at its distal end, and forms



Thyroglossal duct cyst: is a cyst in the midline of the neck resulting from lack of

closure of a segment of the thyroglossal duct. It occurs most commonly in the region
below the hyoid bone. As the cyst enlarges, it is prone to infection. Occasionally, a thyroglossal cyst
ruptures spontaneously, producing a sinus as a result of an infection of a cyst.
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TABLE 8-2	 Prevertebral or Deep Neck Muscles

Muscle Origin Insertion Nerve Action

Lateral vertebral

Anterior scalene Transverse pro- Scalene tubercle Lower cervical Elevates first

cesses of CV3- on first rib (C5–C8) rib; bends neck

CV6

Middle scalene Transverse pro- Upper surface of Lower cervical Elevates first

cesses of CV2– first rib (C5–C8) rib; bends neck

CV7

Posterior scalene Transverse pro- Outer surface of Lower cervical Elevates second

cesses of CV4– second rib (C6–C8) rib; bends neck

CV6

Anterior vertebral

Longus capitus Transverse pro- Basilar part of oc- C1–C4 Flexes and

cesses of CV3- cipital bone rotates head

CV6

Longus colli	 cer- Transverse pro- Anterior tubercle C2–C6 Flexes and

vicis) cesses and bodies

of CV3–TV3

of atlas; bodies of

CV2–CV4; trans-

verse process of

rotates neck

CV5–CV6

Rectus capitis an- Lateral mass of Basilar part of oc- C1–C2 Flexes and

terior atlas cipital bone rotates head

Rectus capitis lat- Transverse process Jugular process of C1–C2 Flexes head

eralis of atlas occipital bone laterally

the thyroid gland. Sometimes, the gland remains connected to the foregut via the thy-
roglossal duct, which is later obliterated. The former site of the thyroglossal duct is marked

by the foramen cecum.

• Parafollicular cells are derived from the neural crest via the ultimobranchial (end-gill) body
in the fourth pharyngeal pouch and then migrate into the thyroid gland.

B. Parathyroid gland
• Inferior parathyroid glands develop as the result of proliferation of endodermal cells in the

third pharyngeal pouch.
• Superior parathyroid glands develop as the result of proliferation of endodermal cells in

the fourth pharyngeal pouch.

FACE AND SCALP

Muscles of Facial Expression (Figure 8-9; Table 8-3)
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TABLE 8-3	 Muscles of Facial Expression

Muscle Origin Insertion Nerve Action

Occipitofrontalis Superior nuchal Epicranial Facial Elevates eyebrows;

line; upper or-

bital margin

aponeurosis wrinkles forehead

(surprise)

Corrugator Medial supraor- Skin of medial Facial Draws eyebrows

us percilii bital margin eyebrow downward medially

(anger, frowning)

Orbicularis oculi Medial orbital Skin and rim of Facial Closes eyelids

margin; medial

palpebral liga-

ment; lacrimal

bone

orbit; tarsal

plate; lateral pal-

pebral rap he

(squinting)

Procerus Nasal hone and Skin between Facial Wrinkles skin over

cartilage eyebrows bones (sadness)

Nasalis Maxilla lateral to

incisive fossa

Ala of nose Facial Draws ala of nose

toward septum

Depressor septi* Incisive fossa of

maxilla

Ala and nasal

septum

Facial Constricts nares

Orbicularis oris Maxilla above in-

cisor teeth

Skin of lip Facial Closes lips

Levator anguli oris Canine fossa of

maxilla

Angle of mouth Facial Elevates angle of

mouth medially

(disgust)

Levator labii Maxilla above in- Skin of upper lip Facial Elevates upper lip;

superioris fraorbital fo-

ramen

dilates nares

(disgust)

Levator labii Frontal process Skin of upper lip Facial Elevates ala of nose

superioris alaeque

nasi*

of maxilla and upper lip

Zygomaticus

major
Zygomatic arch Angle of mouth Facial Draws angle of

mouth backward and

upward (smile)

Zygomaticus

minor

Zygomatic arch Angle of mouth Facial Elevates upper lip

Depressor labii Mandible below Orbicularis oris Facial Depresses lower lip

inferioris mental foramen and skin of

lower lip

Depressor anguli Oblique line of Angle of mouth Facial Depresses angle of

oris mandible mouth (frowning)

Risorius Fascia over mas-

seter

Angle of mouth Facial Retracts angle of

mouth (false smile)

Buccinator Mandible; ptery-

gomandibular

raphe; alveolar

processes

Angle of mouth Facial Presses cheek to

keep it taut

Mentalis Incisive fossa of

mandible

Skin of chin Facial Elevates and protrudes

lower lip

Auricularis anterior,
superior, and

Temporal fascia;

epicranial apo-

Anterior, superior,

and posterior

Facial Retract and elevate
ear

posterior* neurosis; mastoid
process

sides of auricle

*Indicates less important muscles.
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Figure 8-9 Muscles of facial expression.

II.	 Nerve Supply to the Face and Scalp (Figures 8-10 and 8-11)

A. Facial nerve (Figure 8-12)
• Comes through the stylomastoid foramen and appears posterior to the parotid gland.
• Enters the parotid gland to give rise to five terminal branches—the temporal, zygomatic,

buccal, mandibular, and cervical branches—which radiate forward in the face.

• Innervates the muscles of facial expression and sends the posterior auricular branch to

muscles of the auricle and the occipitalis muscle.
• Also innervates the digastric posterior belly and stylohyoid muscles.

Corneal blink reflex: is closure of the eyelids in response to blowing on the cornea or
touching it with a wisp of cotton. It is caused by bilateral contraction of the orbicularis

oculi muscles. Its efferent limb (of the reflex arc) is the facial nerve; its afferent limb is the nasociliary
nerve of the ophthalmic division of the trigeminal nerve.
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Figure 8-10 Sensory innervation of the face.

Figure 8-11 Cutaneous innervation of the face and scalp.
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Temporal branch

Posterior auricular nerve 	 Branch to digastric muscle (posterior belly)
and stylohyoid muscle

Figure 8-12 Distribution of the facial nerve.

Bell's palsy: is a paralysis of the facial muscles because of a lesion of the facial
nerve. It is marked by characteristic distortions of the face such as a sagging corner of

the mouth; inability to smile, whistle, or blow; drooping of the eyebrow; eversion or sagging of the
lower eyelid; and inability to close or blink the eye. The palsy causes decreased lacrimation (as a result
of a lesion of the greater petrosal nerve), loss of taste in the anterior two thirds of the tongue (lesion of
chorda tympani), painful sensitivity to sounds (damage of nerve to the stapedius), and deviation of the
lower jaw and tongue (injury of nerve to the digastric muscle). Facial paralysis may be caused by a le-
sion of the facial nerve, a stroke, or a brain tumor. A central lesion of the facial nerve results in paralysis
of muscles in the lower face on the contralateral (opposite) side; consequently, forehead wrinkling is
not impaired. Therefore, the patient with peripheral facial palsy shows no wrinkles on the affected
side, but the patient with a stroke or a brain tumor shows wrinkles on both sides. Treatment and prog-
nosis: the patient is advised to avoid exposure to cold and wind and to protect eyes from drying out
with artificial tears and eye patches. Although there is no scientific evidence to support this, massage
and electrical stimulation may be used to prevent muscle atrophy. Within a few days of the onset of
paralysis, a course of corticosteroid treatment-60 to 80 mg prednisone daily during the first 5 days,
followed by tapering doses over the next 5 days—may help reduce paralysis and expedite recovery by
.reducing the swelling and relieving pressure on the facial nerve for some patients. Recovery is likely to
take a few weeks to months.

B. Trigeminal nerve
• Provides sensory innervation to the skin of the face.

1. Ophthalmic division
• Innervates the area above the upper eyelid and dorsum of the nose.
• Supplies the face as the supraorbital, supratrochlear, infratrochlear, external nasal,

and lacrimal nerves.
2. Maxillary division

• Innervates the face below the level of the eyes and above the upper lip.
• Supplies the face as the zygomaticofacial, zygomaticotemporal, and infraorbital

nerves.
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Trigeminal neuralgia (tic douloureux): is marked by paroxysmal pain along the
course of the trigeminal nerve, especially radiating to the maxillary or mandibular area.

The common causes of this disorder are aberrant blood vessels, aneurysms, chronic meningeal inflam-
mation, brain tumors compressing on the trigeminal nerve at the base of the brain, and other lesions
such as multiple sclerosis. Carbamazepine is regarded as the treatment of choice, but the synergistic
combination of carbamazepine and baclofen may provide relief from episodic pain. If medical treat-
ments are not effective, the neuralgia may be alleviated by sectioning the sensory root of the trigeminal
nerve in the trigeminal (Meckel's) cave in the middle cranial fossa.

CC 8.25
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Superficial temporal artery

Posterior auricular artery

Transverse facial artery

Common carotid artery //

Lingual artery
Superior thyroid artery

Figure 8 - 13 Blood supply to the face and scalp.

3. Mandibular division
• Innervates the face below the level of the lower lip.

• Supplies the face as the auriculotemporal, buccal, and mental nerves.

IP Blood Vessels of the Face and Scalp (Figures 8-13 and 8-14)

A. Facial artery
• Arises from the external carotid artery just above the upper border of the hyoid bone.

• Passes deep to the mandible, winds around the lower border of the mandible, and runs up-
ward and forward on the face.

• Gives rise to the ascending palatine, tonsillar, glandular, and submental branches in the
neck and the inferior labial, superior labial, and lateral nasal branches in the face.

• Terminates as an angular artery that anastomoses with the palpebral and dorsal nasal
branches of the ophthalmic artery to establish communication between the external and
internal carotid arteries.

B. Superficial temporal artery
• Arises behind the neck of the mandible as the smaller terminal branch of the external

carotid artery and ascends anterior to the external acoustic meatus into the scalp.

Submental artery

Glandular branch



Supraorbital vein

	 Supratrochlear vein
Superficial temporal vein

Posterior auricular vein -

Retromandibular vein

Maxillary vein

Deep facial vein

External jugular vein

Internal jugular vein

Transverse cervical vein

Suprascapular vein

)

Facial vein

Common facial vein

Communicating vein

Anterior jugular vein

Jugular arch

Subclavian vein

Right brachiocephalic vein

Angular vein

Danger area of the face: is the area of the face near the nose drained by the facial
veins. Pustules (pimples) or boils or other skin infections, particularly on the side of the

nose and upper lip, may spread to the cavernous venous sinus via the facial vein, pterygoid venous plexus,

and ophthalmic veins. Septicemia leads to meningitis and cavernous sinus thrombosis, both of which may

cause neurologic damage and are life threatening. Septicemia is a systemic disease caused by the spread
of microorganisms and their toxins via the circulating blood, formerly called "blood poisoning."
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Figure 8-14 Veins of the head and neck.

• Accompanies the auriculotemporal nerve along its anterior surface.
• Gives rise to the transverse facial artery, which passes forward across the masseter be-

tween the zygomatic arch above and the parotid duct below.
• Also gives rise to zygomatico-orbital, middle temporal, anterior auricular, frontal, and pari-

etal branches.

C. Facial vein
• Begins as an angular vein by the confluence of the supraorbital and supratrochlear veins.

The angular vein is continued at the lower margin of the orbital margin into the facial vein.
• Receives tributaries corresponding to the branches of the facial artery and also receives the

infraorbital and deep facial veins.
• Drains either directly into the internal jugular vein or by joining the anterior branch of the

retromandibular vein to form the common facial vein, which then enters the internal
jugular vein.

• Communicates with the superior ophthalmic vein and thus with the cavernous sinus,
allowing a route of infection from the face to the cranial dural sinus.

D. Retromandibular vein
• Is formed by the union of the superficial temporal and maxillary veins behind the mandible.

• Divides into an anterior branch, which joins the facial vein to form the common facial

vein, and a posterior branch, which joins the posterior auricular vein to form the external

jugular vein.
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Scalp hemorrhage: results from laceration of arteries in the dense subcutaneous tissue

that are unable to contract or retract and thus remain open, leading to profuse bleeding.

Deep scalp wounds gape widely when the epicranial aponeurosis is lacerated in the coronal plane be-

cause of the pull of the frontal and occipital bellies of the epicranius muscle in opposite directions. Scalp

infection localized in the loose connective tissue layer spreads across the calvaria to the intracranial

durai venous sinuses through emissary veins, causing meningitis or septicemia.

c, 8.27
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Internal table
Endocranium (dura)

Figure 8-15 Layers of the scalp and cranium.

SCALP

CRANIUM

Scalp

A. Layers (Figure 8-15)
1. Skin

• Provided with abundant hairs and contains numerous sebaceous glands.
2. Connective tissue (close subcutaneous tissue)

• Is composed of dense connective tissue that binds the skin to the underlying aponeurosis

of the occipitofrontalis muscle.
• Contains numerous blood vessels and nerves, and arteries nourish the hair follicles.

These arteries are held by the dense connective tissue around them and thus they tend

to remain open when cut, causing profuse bleeding.

3. Aponeurosis epicranialis (galea aponeurotica)
• Is a fibrous sheet that covers the vault of the skull and unites the occipitalis and

frontal is muscles.
4. Loose connective tissue

• Forms the subaponeurotic space and contains the emissary veins.

• Is termed a dangerous area because infection (blood and pus) can spread easily in it or

from the scalp to the intracranial sinuses by way of the emissary veins.
5. Pericranium

• Is the periosteum over the surface of the skull.

B. Innervation and blood supply (Figure 8-16)
• Is innervated by the supratrochlear, supraorbital, zygomaticotemporal, auriculotemporal,

lesser occipital, greater occipital, and third occipital nerves.
• Is supplied by the supratrochlear and supraorbital branches of the internal carotid and by

the superficial temporal, posterior auricular, and occipital branches of the external carotid

arteries.
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Third occipital nerve

Figure 8-16 Nerves and arteries of the scalp.

TEMPORAL AND INFRATEMPORAL FOSSAE

!Introduction

A. Infratemporal fossa (Figures 8-17 and 8-18)
• Contains the lower portion of the temporalis muscle, the lateral and medial pterygoid

muscles, the pterygoid plexus of veins, the mandibular nerve and its branches, the maxil-
lary artery and its branches, the chorda tympani, and the otic ganglion.

• Has the following boundaries:
1. Anterior: posterior surface of the maxilla
2. Posterior: styloid process
3. Medial: lateral pterygoid plate of the sphenoid bone
4. Lateral: ramus and coronoid process of the mandible
5. Roof: greater wing of the sphenoid bone

B. Temporal fossa (see Figures 8-17 and 8-18)
• Contains the temporalis muscle, the deep temporal nerves and vessels, the auriculotem-

poral nerve, and the superficial temporal vessels.
• Has the following boundaries:

1. Anterior: zygomatic process of the frontal bone and the frontal process of the zygomatic
bone

2. Posterior: temporal line
3. Superior: temporal line
4. Inferior: zygomatic arch
5. Floor: parts of the frontal, parietal, temporal, and greater wing of the sphenoid bone
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Figure 8 - 17 Lateral view of the skull.

Muscles of Mastication (Figure 8-19; Table 8-4)

NIL Nerves of the Infratemporal Region (see Figure 8-19)

A. Mandibular division of the trigeminal nerve
• Passes through the foramen ovale and innervates the tensor veli palatini and tensor tympani

muscles, muscles of mastication (temporalis, masseter, and lateral and medial pterygoid), an-

terior belly of the digastric muscle, and the mylohyoid muscle.
• Provides sensory innervation to the lower teeth and to the lower part of the face below

the lower lip and the mouth.
• Gives rise to the following branches:

1. Meningeal branch
• Accompanies the middle meningeal artery, enters the cranium through the foramen

spinosum, and supplies the meninges of the middle cranial fossa.
2. Muscular branches include masseteric, deep temporal, medial pterygoid, and lateral

pterygoid nerves
• Innervate the corresponding muscles of mastication.

3. Buccal nerve
• Descends between the two heads of the lateral pterygoid muscle.
• Innervates skin and fascia on the buccinator muscle and penetrates this muscle to

supply the mucous membrane of the cheek and gums.
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Figure 8-18 External (buccal) and internal (lingual) surfaces o the mandihle.

4. Auriculotemporal nerve
• Arises from two roots that encircle the middle meningeal artery.
• Innervates sensory (general somatic afferent [GSA]) branches to the temporo-

mandibular joint.
• Carries postganglionic parasympathetic and sympathetic general visceral efferent

(GVE) fibers to the parotid gland in addition to GSA fibers.
• Has terminal branches that supply the skin of the auricle and the scalp.

5. lingual nerve
• Descends deep to the lateral pterygoid muscle, where it joins the chorda tympani,

which conveys the parasympathetic preganglionic (secretomotor) fibers to the sub-
mandibular ganglion and taste fibers from the anterior two thirds of the tongue.

• Lies anterior to the inferior alveolar nerve on the medial pterygoid muscle, deep to
the ramus of the mandible.

Frey's syndrome: produces flushing and sweating instead of salivation in response
to taste of food, after injury of the auriculotemporal nerve, which carries parasympa-

thetic secretomotor fibers to the parotid gland and sympathetic fibers to the sweat glands. (When the
nerve is severed, the fibers can regenerate along each others .pathways and innervate the wrong

gland.) It can occur after parotid surgery and may be treated by cutting the tympanic plexus in the ear.
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Mandibular nerve

Middle meningeal artery	 Deep temporal nerves and artery

TABLE 8-4 Muscles of Mastication

Action on
Muscle	 Origin

	 Insertion
	 Nerve	 mandible

The jaws are opened by the lateral pterygoid muscle and are closed by the temporalis, masseter, and medial
pterygoid muscles.



Rupture of the middle meningeal artery: may be caused by fracture of the squamous
part of the temporal bone as it runs through the foramen spinosum and just deep to

the inner surface of the temporal bone. It causes epidural hematoma with increased intracranial pressure.
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• Crosses lateral to the styloglossus and hyoglossus muscles, passes deep to the mylo-
hyoid muscle, and descends lateral to and loops under the submandibular duct.

• Supplies general sensation for the anterior two thirds of the tongue.

6. Inferior alveolar nerve
• Passes deep to the lateral pterygoid muscle and then between the sphenomandibular

ligament and the ramus of the mandible.
• Enters the mandibular canal through the mandibular foramen and supplies the tissues

of the chin and lower teeth and gum.

• Gives rise to the following branches:
a. Mylohyoid nerve, which innervates the mylohyoid and the anterior belly of the

digastric muscle
b. Inferior dental branch, which innervates lower teeth

c. Mental nerve, which innervates the skin over the chin
d. Incisive branch, which innervates the canine and incisor teeth

B. Otic ganglion
• Lies in the infratemporal fossa, just below the foramen ovale between the mandibular

nerve and the tensor veli palatini.
• Receives preganglionic parasympathetic fibers that run in the glossopharyngeal nerve,

tympanic plexus and lesser petrosal nerve, and synapse in this ganglion.
• Contains cell bodies of postganglionic fibers that run in the auriculotemporal nerve to

innervate the parotid gland.

11._ Blood Vessels of the Infratemporal Region (see Figure 8-19)

A. Maxillary artery
• Arises from the external carotid artery at the posterior border of the ramus of the mandible.
• Divides into three parts:

1. Mandibular part
• Runs anteriorly between the neck of the mandible and the sphenomandibular ligament.
• Gives rise to the following branches:

a. Deep auricular artery
• Supplies the external acoustic meatus.

b. Anterior tympanic artery
• Supplies the tympanic cavity and tympanic membrane.

c. Middle meningeal artery
• Is embraced by two roots of the auriculotemporal nerve and enters the middle

cranial fossa through the foramen spinosum.
• Runs between the dura mater and the periosteum.
• May be damaged, resulting in epidural hematoma.

d. Accessory meningeal artery
• Passes through the foramen ovale.

e. Inferior alveolar artery
• Follows the inferior alveolar nerve between the sphenomandibular ligament and

the ramus of the mandible.
• Enters the mandibular canal through the mandibular foramen and supplies the

tissues of the chin and lower teeth.
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2. Pterygoid part
• Runs anteriorly deep to the temporalis and lies superficial (or deep) to the lateral

pterygoid muscle.
• Has branches that include the anterior and posterior deep temporal, pterygoid, mas-

seteric, and buccal arteries, which supply chiefly the muscles of mastication.
3. Pterygopalatine part

• Runs between the two heads of the lateral pterygoid muscle and then through the

pterygomaxillary fissure into the pterygopalatine fossa.
• Has branches that include the following arteries:

a. Posterior-superior alveolar arteries
• Run downward on the posterior surface of the maxilla and supply the molar and

premolar teeth and the maxillary sinus.
b. Infraorbital artery

• Runs upward and forward to enter the orbit through the inferior orbital fissure.

• Traverses the infraorbital groove and canal and emerges on the face through the

infraorbital foramen.
• Divides into branches to supply the lower eyelid, lacrimal sac, upper, lip, and cheek.

• Gives rise to anterior and middle superior alveolar branches to the upper

canine and incisor teeth and the maxillary sinus.
c. Descending palatine artery

• Descends in the pterygopalatine fossa and the palatine canal.

• Supplies the soft and hard palates.
• Gives rise to the greater and lesser palatine arteries, which pass through the

greater and lesser palatine foramina, respectively. The lesser palatine artery sup-
plies the soft palate. The greater palatine artery supplies the hard palate and
sends a branch to anastomose with the terminal (nasopalatine) branch of the

sphenopalatine artery in the incisive canal or on the nasal septum.
d. Artery of the pterygoid canal

• Passes through the pterygoid canal and supplies the upper part of the pharynx,

auditory tube, and tympanic cavity.
e. Pharyngeal artery

• Supplies the roof of the nose and pharynx, sphenoid sinus, and auditory tube.

f. Sphenopalatine artery
• Is the terminal branch of the maxillary artery.
• Enters the nasal cavity through the sphenopalatine foramen in company with

the nasopalatine branch of the maxillary nerve.
• Is the principal artery to the nasal cavity, supplying the conchae, meatus, and

paranasal sinuses.
• May be damaged, resulting in epistaxis (nosebleed).

B. Pterygoid venous plexus (Figure 8-20)
• Lies on the lateral surface of the medial pterygoid muscle, receives veins corresponding to

the branches of the maxillary artery, and drains into the maxillary vein.
• Communicates with the cavernous sinus by emissary veins (that pass through the foramen

ovale), the inferior ophthalmic vein by a vein (that runs through the infraorbital fissure),

and the facial vein by the deep facial vein.

C. Retromandibular vein
• Is formed by the superficial temporal vein and the maxillary vein.
• Divides into an anterior branch, which joins the facial vein to form the common facial

vein, and a posterior branch, which joins the posterior auricular vein to form the external

jugular vein.

Parotid Gland

• Is the largest of the three salivary glands and occupies the retromandibular space between the ra-
mus of the mandible front and the mastoid process and the sternocleidomastoid muscle behind.
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Superior vena cava	 Right subclavian vein

Figure 8-20 Cranial venous sinuses and veins of the head and neck.

• Is invested with a dense fibrous capsule, the parotid sheath, derived from the investing layer of

the deep cervical fascia.
• Is separated from the submandibular gland by a facial extension and the stylomandibular lig-

ament, which extends from the styloid process to the angle of the mandible. (Therefore, pus
does not readily exchange between these two glands.)

• Has the parotid (Stensen's) duct, which crosses the masseter, pierces the buccinator muscle, and
opens into the oral cavity opposite the second upper molar tooth.

• Is innervated by parasympathetic (secretomotor) fibers of the glossopharyngeal nerve by way

of the lesser petrosal nerve, otic ganglion, and auriculotemporal nerve.

• Secretes a copious watery saliva by parasympathetic stimulation and produces a small

amount of viscous saliva by sympathetic stimulation.
• Complete surgical removal of the parotid may damage the facial nerve.

Mumps (epidemic parotitis): is an acute infectious and contagious disease caused by
a viral infection. It can be spread to other people by breathing, coughing, kissing,

sneezing, and talking. It irritates the auriculotemporal nerve, causing severe pain because of inflamma-
tion.and swelling of the parotid gland and stretching of its capsule, and pain is exacerbated by
compression from swallowing or chewing. Other symptoms include chills, headache, fever, and sore
throat. It may be accompanied by inflammation of the testes (orchitis) or ovaries, causing sterility if it
occurs after puberty. If the testes are affected, they become swollen and painful; if the ovaries or pan-
creas are affected, abdominal pain will result.
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VI. Joints and Ligaments of the Infratemporal Region

A. Temporomandibular joint
• Is a combined gliding and hinge type of the synovial joint (ginglymoid-arthrodial

compound synovial joint) between the mandibular fossa and the articular tubercle of

the temporal bone above and the head of the mandible below, and has two (superior
and inferior) synovial cavities divided by an articular disk, which is an oval plate of
dense fibrous tissue.

• Consists of an upper gliding joint (between the articular tubercle and mandibular fossa

above and the articular disk below where forward gliding or protrusion and backward

gliding or retraction takes place) and a lower hinge joint (between the disk and the

mandibular head [condylar process] where elevation [closing] and depression [opening] of
the jaw takes place). During yawning, the disk and the condyle (head) of the mandible

glide across the articular tubercle.
• Has an articular capsule that extends from the articular tubercle and the margins of the

mandibular fossa to the neck of the mandible.
• Is reinforced by the lateral (temporomandibular) ligament, which extends from the tu-

bercle on the zygoma to the neck of the mandible, and the sphenomandibular ligament,
which extends from the spine of the sphenoid bone to the lingula of the mandible.

• Is innervated by the auriculotemporal and masseteric branches of the mandibular nerve.
• Is supplied by the superficial temporal, maxillary (middle men ingeal and anterior tym-

panic branches), and ascending pharyngeal arteries.

Dislocation of the temporomandibular joint: occurs anteriorly as the mandible head

glides across the articular tubercle during yawning and laughing. A blow to the chin

with the mouth closed may drive the head of the mandible posteriorly and superiorly, causing fracture

of the bony auditory canal and the floor of the middle cranial fossa.

B. Pterygomandibular raphe
• Is a ligamentous band (or a tendinous inscription) between the buccinator muscle and the

superior pharyngeal constrictor.
• Extends between the pterygoid harnulus superiorly and the posterior end of the mylohyoid

line of the mandible inferiorly.

C. Stylomandibular ligament
• Extends from the styloid process to the posterior border of the ramus of the mandible, near

the angle of the mandible, separating the parotid from the submandibular gland.

SKULL AND CRANIAL CAVITY

-1.	 Skull (see Figure 8-17; Figures 8-21 and 8-22)

• Is the skeleton of the head and may be divided into two types: 8 cranial bones for enclosing

the brain (unpaired frontal, occipital, ethmoid, and sphenoid bones, and paired parietal and

temporal bones), which can be seen in the cranial cavity; and 14 facial bones (paired

lacrimal, nasal, palatine, inferior turbinate, maxillary, and zygornatic bones and unpaired
vomer and mandible).

A. Cranium
• Is sometimes restricted to the skull without the mandible.
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Figure 8-21 Anterior view of the skull.

B. Calvaria

• Is the skullcap, which is the vault of the skull without the facial bones. It consists of the
superior portions of the frontal, parietal, and occipital hones.

• Its highest point on the sagittal suture is the vertex.

Bones of the Cranium

A. Frontal bone
• Underlies the forehead and the superior margin and roof of the orbit and has a smooth

median prominence called the glabella.

B. Parietal bone
• Forms part of the superior and lateral surface of the skull.

C. Temporal bone
• Consists of the squamous part external to the lateral surface of the temporal lobe of the

brain; the petrous part, which encloses the internal and middle ears; the mastoid part,
which contains mastoid air cells; and the tympanic part, which houses the external au-
ditory meatus and the tympanic cavity.

D. Occipital bone
• Consists of squamous, basilar, and two lateral condylar parts.
• Encloses the foramen magnum and forms the cerebral and cerebellar fossae.

E. Sphenoid bone

• Consists of the body (which houses the sphenoid sinus), the greater and lesser wings, and
the pterygoid process.

•
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Figure 8-22 Posterior view of the skull.

F. Lthmoid bone
• Is located between the orbits and consists of the cribriform plate, perpendicular plate,

and two lateral masses enclosing ethmoid air cells.

111. Sutures of the Skull

• Are the immovable fibrous joints between the bones of the skull.

A. Coronal suture: lies between the frontal bone and the two parietal bones

B. Sagittal suture: lies between the two parietal bones

C. Squamous (squamoparietal) suture: lies between the parietal bone and the squamous part

of the temporal bone

D. Lambdoid suture: lies between the two parietal bones and the occipital bone

E. Junctions of the cranial sutures

I. Lambda: intersection of the lambdoid and sagittal sutures
2. Bregma: intersection of the sagittal and corona] sutures
3. Pterion: a craniometric point at the junction of the frontal, parietal, and temporal bones

and the great wing of the sphenoid bne
4. Asterion: a craniornetric point at the junction of the parietal, occipital, and temporal

(mastoid part) bones



Skull fracture: Fracture at the pterion may rupture of the middle meningeal artery and

a depressed fracture may compress the underlying brain. A fracture of the petrous por-

tion of the temporal bone may cause blood or cerebrospinal fluid (CSF) to escape from the ear, hearing

loss, and facial nerve damage. Fracture of the anterior cranial fossa causes anosmia, periorbital bruising

(raccoon eyes), and CSF leakage from the nose (rhinorrhea). A blow to the top of the head may fracture

the skull base with related cranial nerve injury, CSF leakage from a dura-arachnoid tear or dural sinus

thrombosis. Tripod fracture is a facial fracture involving the three supports of the malar (cheek or zygo-

matic) bone including the zygomatic processes of the temporal, frontal, and maxillary bones.

HEAD AND NECK 381

5. Nasion: a point on the middle of the nasofrontal suture (intersection of the frontal and

two nasal bones)
6. Inion: most prominent point of the external occipital protuberance, which is used as a

fixed point in craniometry

Foramina in the Skull (Figures 8-23 and 8-24)

• Include the following, which are presented here with the structures that pass through them:

A. Anterior cranial fossa
1. Cribriforrn plate: olfactory nerves
2. Foramen cecum: occasional , small emissary vein from nasal mucosa to superior sagittal

sinus
3. Anterior and posterior ethmoidal foramina: anterior and posterior ethmoidal nerves,

arteries, and veins

B. Middle cranial fossa
1. Optic canal: optic nerve, ophthalmic artery, and central artery and vein of the retina
2. Superior orbital fissure: oculomotor, trochlear, and abducens nerves; ophthalmic divi-

sion of trigeminal nerve; and ophthalmic veins
3. Foramen rotundum: maxillary division of trigeminal nerve
4. Foramen ovale: mandibular division of trigeminal nerve, accessory meningeal artery, and

occasionally lesser petrosal nerve
5. Foramen spinosum: middle meningeal artery
6. Foramen lacerum: nothing passes through this foramen but upper part traversed by the

internal carotid artery and greater and deep petrosal nerves en route to the pterygoid canal
7. Carotid canal: internal carotid artery and sympathetic nerves (carotid plexus)
8. Hiatus of facial canal: greater petrosal nerve

C. Posterior cranial fossa
1. Internal auditory meatus: facial and vestibulocochlear nerves and labyrinthine artery
2. Jugular foramen: glossopharyngeal, vagus, and spinal accessory nerves and beginning of

internal jugular vein
3. Hypoglossal canal: hypoglossal nerve and meningeal artery
4. Foramen magnum: spinal cord, spinal accessory nerve, vertebral arteries, venous plexus

of vertebral canal, and anterior and posterior spinal arteries
5. Condyloid foramen: condyloid emissary vein

6. Mastoid foramen: branch of occipital artery to dura mater and mastoid emissary vein

D. Foramina in the front of the skull (see Figure 8-21)
1. Zygomaticofacial foramen: zygomaticofacial nerve
2. Supraorhital notch or foramen: supraorbital nerve and vessels

3. Infraorhital foramen: infraorhital nerve and vessels

4. Mental foramen: mental nerve and vessels
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Figure 8-23 Base of the skull.

Foramina in the base of the skull (see Figure 8-23)

1. Petrotympanic fissure: chorda tympani and often anterior tympanic artery

2. Stylomastoid foramen: facial nerve

3. Incisive canal: nasopalatine nerve and terminal part of the sphenopalatine or greater

palatine vessels
4. Greater palatine foramen: greater palatine nerve and vessels

5. Lesser palatine foramen: lesser palatine nerve and vessels

6. Palatine canal: descending palatine vessels and the greater and lesser palatine nerves

7. Pterygoid canal: runs from the anterior wall of the foramen lacerum to the pterygopala-

tine fossa and transmits the nerve of the pterygoid canal (Vidian nerve)

8. Sphenopalatine foramen: sphenopalatine vessels and nasopalatine nerve

Structures in the Cranial Fossae (see Figure 8-24)

A. Foramen cecum
• Is a small pit in front of the crista galli between the ethmoid and frontal bones.

• May transmit an emissary vein from the nasal mucosa and the frontal sinus to the supe-

rior sagittal sinus.

B. Crista galli

• Is the triangular midline process of the ethmoid bone extending upward from the cribri-

form plate.
• Provides attachment for the falx cerebri.

k
m.
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Figure 8-24 Interior of the base of the skull.
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C. Cribriform plate of the ethmoid bone
• Is perforated by 15 to 20 foramina, supports the olfactory bulb, and transmits olfactory

nerves from the olfactory mucosa to the olfactory bulb.

D. Anterior clinoid processes

• Are two anterior processes of the lesser wing of the sphenoid bone, which are located in
the middle cranial fossa.

• Provide attachment for the free border of the tentorium cerebelli.

E. Middle clinoid process
• Is a small inconstant eminence on the body of the sphenoid, posterolateral to the tuber-

culum sellae.

Posterior clinoid processes
• Are two tubercles from each side of the dorsum sellae.
• Provide attachment for the attached border of the tentorium cerebelli.

G. Lesser wing of the sphenoid bone
• Forms the anterior boundary of the middle cranial fossa.
• Forms the sphenoidal ridge separating the anterior from the middle cranial fossa.
• Forms the boundary of the superior orbital fissure (the space between the lesser and greater

wings).

H. Greater wing of the sphenoid bone
• Forms the anterior wall and the floor of the middle cranial fossa.
• Presents several openings: the foramen rotundum, foramen ovate, and foramen

spinosum.
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Sella turcica (Turk's saddle) of the sphenoid bone
• Is bounded anteriorly by the tuberculum sellae and posteriorly by the dorsum sellae.
• Has a deep central depression known as the hypophyseal fossa, which accommodates the

pituitary gland or the hypophysis.
• Lies directly above the sphenoid sinus located within the body of the sphenoid bone; its

dural roof is formed by the diaphragma sellae.

Jugum sphenoidale

• Is a portion of the body of the sphenoid bone, connecting the two lesser wings, and forms

the roof for the sphenoidal air sinus.

K. Clivus

• Is the downward sloping surface from the dorsum sellae to the foramen magnum.
• Is formed by a part of the body of the sphenoid and a portion of the basilar part of the

occipital bone.

L Meninges of the Brain (Figure 8-25)

A. Pia mater

• Is a delicate investment that is closely applied to the brain and dips into fissures and sulci.
• Enmeshes blood vessels on the surfaces of the brain.

Pial hemorrhage: is due to damage to the small vessels of the pia and brain
tissue.

'34 Cerebral hemorrhage: is caused by rupture of the thin-walled lenticulostriate artery,
a branch of the middle cerebral artery, producing hemiplegia (paralysis of one side of

the body).

B. Arachnoid layer
• Is a filmy, transparent, spidery layer that is connected to the pia mater by web-like tra-

heculations.
• Is separated from the pia mater by the subarachnoid space, which is filled with CSF.

• May contain blood after hemorrhage of a cerebral artery.
• Projects into the venous sinuses to form arachnoid villi, which serve as sites where CSF

diffuses into the venous blood.
1. Cerebrospinal fluid (CSF)

• Is formed by vascular choroid plexuses in the ventricles of the brain and is contained
in the subarachnoid space.

• Circulates through the ventricles, enters the subarachnoid space, and eventually filters

into the venous system.
2. Arachnoid granulations

• Are tuft-like collections of highly folded arachnoid (aggregations of arachnoid villi)
that project into the superior sagittal sinus and the lateral lacunae, which are lateral

extensions of the superior sagittal sinus.
• Absorb the CSF into the dural sinuses and often produce erosion or pitting of the in-

ner surface of the calvaria, forming the granular pit.
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Subarachnoid hemorrhage: is due to rupture of cerebral arteries and veins that cross
the subarachnoid space. It may be caused by rupture of an aneurysm on the circle of

Willis or less commonly from a hemangioma (proliferation of blood vessels leads to a mass that resem-
bles a neoplasm).

Subdural hematoma: is due to rupture of bridging cerebral veins as they pass from
the brain surface into one of the venous sinuses resulting from a blow on the front or

the back of the head, causing displacement of the brain.

c, 8.36

HEAD AND NECK 385

Pehcranium

Granular
foveola

Superior
sag ittal
sinus

Figure 8-25 Scalp, calvaria, meninges, and dural venous sinuses.

C. Dura mater
• Is the tough, fibrous, outermost layer of the meninges external to the subdural space, the

space between the arachnoid and the dura.
• Lies internal to the epidural space, a potential space that contains the middle meningeal

arteries in the cranial cavity.
• Forms the dural venous sinuses, spaces between the periosteal and meningeal layers or

between duplications of the meningeal layers.

Epidural hematoma: is due to rupture of the middle meningeal arteries or veins
caused by trauma near the pterion, fracture of the greater wing of the sphenoid, or a

torn dural venous sinus. An epidural hematoma may put pressure on the brain and form a biconvex
pattern on computed tomography (CT) scan or magnetic resonance imaging (MRI).
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1. Innervation of the dura mater
a. Anterior and posterior ethmoidal branches of the ophthalmic division of the

trigeminal nerve in the anterior cranial fossa
b. Meningeal branches of the maxillary and mandibular divisions of the trigeminal

nerve in the middle cranial fossa
c. Meningeal branches of the vagus and hypoglossal (originate from C1) nerves in

the posterior cranial fossa
2. Projections of the dura mater (see Figures 8-20 and 8-25)

a. Falx cerebri
• Is the sickle-shaped double layer of the dura mater, lying between the cerebral

hemispheres.
• Is attached anteriorly to the crista galli and posteriorly to the tentorium cerebelli.

• Has a free inferior concave border that contains the inferior sagittal sinus, and

its upper convex margin encloses the superior sagittal sinus.
b. Falx cerebelli

• Is a small sickle-shaped projection between the cerebellar hemispheres.
• Is attached to the posterior and inferior parts of the tentorium.
• Contains the occipital sinus in its posterior border.

c. Tentorium cerebelli
• Is a crescentic fold of dura mater that supports the occipital lobes of the cerebral

hemispheres and covers the cerebellum.
• Has a free internal concave border, that bounds the tentorial notch, whereas its

external convex border encloses the transverse sinus posteriorly and the superior

petrosal sinus anteriorly. The free border is anchored to the anterior coronoid

process, whereas the attached border is attached to the posterior clinoid process.

d. Diaphragma sellae
• Is a circular, horizontal fold of dura that forms the roof of the sella turcica, covering

the pituitary gland or the hypophysis.
• Has a central aperture for the hypophyseal stalk or infundibulum.

Cranial Venous Channels (Figure 8-26; see Figure 8-20)

A. Superior sagittal sinus

• Lies in the midline along the convex border of the falx cerebri.
• Begins at the crista galli and receives the cerebral, diploic meningeal, and parietal emissary

veins.

B. Inferior sagittal sinus

• Lies in the free edge of the falx cerebri and is joined by the great cerebral vein of Galen

to form the straight sinus.

C. Straight sinus

• Runs along the line of attachment of the falx cerebri to the tentorium cerebelli.
• Is formed by union of the inferior sagittal sinus and the great vein of Galen.

D. Transverse sinus
• Runs laterally from the confluence of sinuses along the edge of the tentorium cerebelli.

E. Sigmoid sinus

• Is a continuation of the transverse sinus; arches downward and medially in an S-shaped

groove on the mastoid part of the temporal bone.
• Enters the superior bulb of the internal jugular vein.

F. Cavernous sinuses
• Are located on each side of the sella turcica and the body of the sphenoid bone and lie

between the meningeal and periosteal layers of the dura mater.
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Cavernous sinus thrombosis: is the formation of thrombus in the cavernous sinus and
includes cases of thromtophlebitis (infectious inflammation secondary to thrombus for-

mation), phlebitis, phlebothrombosis, and septic thrombosis. The most important cause of septic type
is a staphylococcus, and the most common cause of spread of infection to the cavernous sinus is
squeezing a pimple or boil on the face above the upper lip near the nose. Cavernous sinus thrombosis
may produce papilledema (edema of the optic disk or nerve probably resulting from increased intracra-
nial pressure), exophthalmos or proptosis (protrusion of the eyeball), diplopia (double vision), loss of vi-
sion (resulting from damage of the optic nerve or central artery and vein of the retina), ophthalmoplegia
(paralysis of the eye movement muscles), edema of the eyelids, chemosis (swelling of the conjuncti-
vae), sluggish pupillary responses (resulting from damage of sympathetic and parasympathetic nerves),
and ptosis of the upper eyelids (resulting from damage of oculomotor nerve and sympathetic plexus on
the internal carotid artery). It is associated with significant morbidity and mortality because of the for-
mation of meningitis (inflammation of the meninges). It can be treated with high-dose antibiotics, and
sometimes surgery is needed to drain the infected sinuses. Corticosteroids may reduce edema and in-
flammation as adjunctive therapy.

cc 8.38
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Figure 8-26 Frontal section through the cavernous sinus.

• The internal carotid artery and the abducens nerve pass through these sinuses. In addition,
the oculomotor, trochlear, ophthalmic, and maxillary nerves pass forward in the lateral

wall of these sinuses.
• Communicate with the pterygoid venous plexus by emissary veins and receive the superior

ophthalmic vein.

G. Superior petrosal sinus

• Lies in the margin of the tentoriurn cerebelli, running from the posterior end of the cav-

ernous sinus to the transverse sinus.
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H. Inferior petrosal sinus
• Drains the cavernous sinus into the bulb of the internal jugular vein.
• Runs in a groove between the petrous part of the temporal bone and the basilar part of the

occipital bone.

I. Sphenoparietal sinus
• Lies along the posterior edge of the lesser wing of the sphenoid bone and drains into the

cavernous sinus.

j. Occipital sinus
• Lies in the falx cerebelli and drains into the confluence of sinuses.

K. Basilar plexus
• Consists of interconnecting venous channels on the basilar part of the occipital bone and

connects the two inferior petrosal sinuses.
• Communicates with the internal vertebral venous plexus.

L. Diploic veins
• Lie in the diploe of the skull and are connected with the cranial dura sinuses by the

emissary veins.

M. Emissary veins
• Are small veins connecting the venous sinuses of the dura with the diploic veins and the

veins of the scalp.

It Blood Supply of the Brain (Figure 8-27)

A. Internal carotid artery
• Enters the carotid canal in the petrous portion of the temporal bone.
• Is separated from the tympanic cavity by a thin bony structure.
• Lies within the cavernous sinus and gives rise to small twigs to the wall of the cavernous

sinus, to the hypophysis, and to the semilunar ganglion of the trigeminal nerve.
• Pierces the dural roof of the cavernous sinus between the anterior clinoid process arid

the middle clinoid process, which is a small projection posterolateral to the tuberculum
sellae.

• Forms a carotid siphon (a bent tube with two arms of unequal length), which is the pet-

rosal part just before it enters the cranial cavity.
1. Ophthalmic artery

• Enters the orbit via the optic canal with the optic nerve.
2. Posterior communicating artery

• Arises from the carotid siphon and joins the posterior cerebral artery.
• Runs backward below the optic tract and supplies the optic chiasma and tract and

hypothalamus.
3. Anterior choroidal artery

• Supplies the choroids plexus of the lateral ventricles, optic tract and radiations, and

lateral geniculate body.
4. Anterior cerebral artery

• Enters the longitudinal fissure of the cerebrum, supplies the optic chiasma and me-
dial surface of the frontal and parietal lobes of the brain, and unites each by the short

anterior communicating artery.
S. Middle cerebral artery

• Passes laterally in the lateral cerebral fissure and supplies the lateral convexity of the

cerebral hemisphere.

B. Vertebral arteries
• Arise from the first part of the subclavian artery and ascend through the transverse foramina

of the vertebrae CI to C6.
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Figure 8-27 Arterial circle on the inferior surface of the brain.

• Curve posteriorly behind the lateral mass of the atlas, pierce the dura mater into the vertebral

canal, and then enter the cranial cavity through the foramen magnum.

• Join to form the basilar artery.
• Give rise to the following:

1. Anterior spinal artery
• Arises as two roots from the vertebral arteries shortly before the junction of the vertebral

arteries.
• Descends in front of the medulla, and the two roots unite to form a single median

trunk at the level of the foramen magnum.
2. Posterior spinal artery

• Arises from the vertebral artery or the posterior-inferior cerebellar artery.

• Descends on the side of the medulla, and the right and left roots unite at the lower

cervical region.
3. Posterior-inferior cerebellar artery

• Is the largest branch of the vertebral artery, distributes to the posterior-inferior surface
of the cerebellum, and gives rise to the posterior spinal artery.

C. Basilar artery
• Is formed by the union of the two vertebral arteries at the lower border of the pons.
• Ends near the upper border of the pons by dividing into the right and left posterior cerebral

arteries.
1. Pontine arteries

• Are several in number and supply the pons.
2. Labyrinthine artery

• Enters the internal auditory meatus and supplies the cochlea and vestibular

apparatus.
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Figure 8-28 Formation of the circle of Willis.

3. Anterior-inferior cerebellar artery

• Supplies the anterior part of the interior surface of the cerebellum.
• Gives rise to the labyrinthine artery in 85% of the population.

4. Superior cerebellar artery
• Passes laterally just behind the oculomotor nerve and supplies the superior surface of

the cerebellum.
5. Posterior cerebral artery

• Is formed by bifurcation of the basilar artery, passes laterally in front of the oculo-
motor nerve, winds around the cerebral peduncle, and supplies the midbrain and the

temporal and occipital lobes of the cerebrum.

D. Circle of Willis (circulus arteriosus) (Figure 8-28)

• Is formed by the posterior cerebral, posterior communicating, internal carotid, anterior

cerebral, and anterior communicating arteries.
• Forms an important means of collateral circulation in the event of obstruction.

IX. Development of the Skull

A. Cranial base develops mainly by endochondral ossification.



Lesion of the olfactory nerve: may occur as result of ethmoidal bone fracture and

cause anosmia, or loss of olfactory sensation. Many people with anosmia may com-

plain of the loss or alteration of taste.
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B. Cranial vault and facial skeleton develop by intramembranous ossification.

C. Sutures are important sites of growth and allow bones to overlap (molding) during birth.

NERVES OF THE HEAD AND NECK

Cranial Nerves (Figure 8-29; Table 8-5)

A. Olfactory nerves (cranial nerve [CN] I)

• Consist of about 20 bundles of unmyelinated special visceral afferent (SVA) fibers that arise

from olfactory neurons in the olfactory area, the upper one third of the nasal mucosa, and
mediate the sense of smell (olfaction).

• Pass through the foramina in the cribriform plate of the ethmoid bone and enter the

olfactory bulb, where they synapse.

B. Optic nerve (CN II)

• Is formed by the axons of ganglion cells of the retina, which converge at the optic disk.

• Carries special somatic afferent (SSA) fibers (for vision) from the retina to the brain.

• Leaves the orbit through the optic canal and forms the optic chiasma, where fibers from
the nasal side of the retina cross over to the opposite side of the brain, but fibers from the
temporal retina pass ipsilaterally through the chiasma.

• Mediates the afferent limb of the pupillary light reflex, whereas parasympathetic fibers
in the oculomotor nerve mediate the efferent limb.

First cervical nerve	 Hypoglossal nerve

Figure 8-29 Cranial nerves on the base of the brain.



Lesion of the optic nerve (optic neuritis): may be caused by inflammatory, degenera-
tive, demyelinating, or toxic disorders and result in blindness or diminished visual acuity

and no direct pupillary light reflex. Lesion of the optic chiasma produces bitemporal heteronymous hemi-

anopsia or tunnel vision, and lesion of the optic tract produces contralateral homonymous hemianopsia.
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Nucleus CN VI
(pons)

Motor nucleus CN
VII (pons)

Superior orbital
fissure

Stylomastoid
foramen

VII: Facial

: Abducens GSE

SVE

GVE

SVA

GVA

GSA	 Auricle and external
acoustic meatus

SSA	 Equilibrium

SSA	 Hearing

Eye movement (lateral
rectus m.)

Muscle of facial expres-
sion, posterior belly of
digastric, stylohyoid,
and stapedius mm.

Lacrimal and salivary
secretion

Taste from anterior
two-thirds of tongue
and palate

Sensation from palate

IV: Trochl ear

V: Trigeminal

Superior orbital
fissure

Superior orbital fis-
sure; foramen ro-
tundum and fora-
men ovale

Trigeminal
ganglion

Motor nucleus CN	 SVE	 Muscles of mastication,
V (pons) mylohyoid, anterior

belly of digastric,
tensor veli palatini,
and tensor tympani
mm.

GSA	 Sensation in head
(skin and mucous
membranes of face
and head)

Compo-
nents	 Chief Functions

SVA 	 Smell

SSA	 Vision

GSE	 Eye movements (supe-
rior, inferior, and me-
dial recti, inferior
oblique, and levator
palpebrae superioris
mm.)

Nerve

I: Olfactory

II: Optic

III: Oculomotor

Cranial Exit

4." Cribriform plate

Optic canal

Superior orbital
fissure

Cell Bodies

Nasal mucosa

Ganglion cells of
retina

Nucleus CN III
(midbrain)

VIII: Vestibulo-
cochlear

Does not leave
skull

Superior salivatory
nucleus (pons)

Geniculate
ganglion

Geniculate

ganglion
Geniculate

ganglion

Vestibular
ganglion

Spiral ganglion

Edinger-Westphal	 GVE	 Constriction of pupil
nucleus (midbrain)	 (sphincter pupillae m.)

and accommodation
(ciliary m.)

Nucleus CN IV	 GSE	 Eye movements (supe-
(midbrain)	 rior oblique m.)
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TABLE 8-5 Cranial Nerves

(continued)



Compo-
nents	 Chief Functions
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TABLE 8-5 Cranial Nerves (continued)

Nerve Cranial Exit Cell Bodies

IX: Glosso-	 Jugular foramen	 Nucleus ambiguus	 SVE	 Elevation of pharynx

pharyngeal	 (medulla)	 (stylopharyngeus m.)

Inferior salivary	 GVE	 Secretion of saliva (par-

nucleus (medulla)	 otid gland)

Inferior ganglion	 GVA	 Carotid sinus and

body, tongue, pharynx,

and middle ear

Inferior ganglion	 SVA	 Taste from posterior

one-third of tongue

Superior ganglion	 GSA	 External ear

X: Vagus	 Jugular foramen	 Nucleus ambiguus	 SVE	 Muscles of pharynx,

(medulla)	 larynx, and palate

Dorsal nucleus	 GVE	 Smooth muscles and

(medulla)	 glands in thoracic and

abdominal viscerae

Inferior ganglion	 GVA	 Sensation in lower

pharynx, larynx, tra-

chea, and other

viscerae

Inferior ganglion	 SVA	 Taste on epiglottis

Superior ganglion	 GSA	 Auricle and external

acoustic meatus

XI: Accessory	 Jugular foramen	 Spinal cord
(cervical)

XII: Hypo-	 Hypoglossal canal	 Nucleus CN XII
glossal	 (medulla)

SVE Sternocleidomastoid

and trapezius mm.

Muscles of movements

of tongue

GSE

GSA, general somatic afferent; GSE, general somatic efferent; GVA, general visceral afferent; GVE, general visceral
efferent; SSA, special somatic afferent; SVA, special visceral afferent; SVE, special visceral efferent.

C. Oculomotor nerve (CN III)

• Enters the orbit through the superior orbital fissure within the tendinous ring.

• Supplies general somatic efferent (GSE) fibers to the extraocular muscles (i.e., medial, superior,

and inferior recti; inferior oblique; and levator palpebrae superioris).
• Contains preganglionic parasympathetic GVE fibers with cell bodies located in the

Edinger-Westphal nucleus, and postganglionic fibers derived from the ciliary ganglion that

run in the short ciliary nerves to supply the sphincter pupillae (miosis) and the ciliary

muscle (accommodation).
• Contains parasympathetic fibers that mediate the efferent limb of the pupillary light reflex.

Lesion of oculomotor nerve: causes paralysis of ocular muscles including the levator

palpebrae superioris (ptosis) because of damage of GSE fibers, paralysis of sphincter
pupillae resulting in dilation of the pupil (mydriasis), paralysis of ciliary muscles resulting in loss of ac-

commodation because of damage of parasympathetic fibers. Lesion also causes loss of papillary light

reflex because of damage of parasympathetic fibers that mediate the efferent limb of the pupillary light

reflex.



Lesion of the trochlear nerve: causes paralysis of superior oblique muscle of the eye,
causing diplopia (double vision) when looking down. It may be caused by severe head

injuries because of its long intracranial course.

CC 8.42
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D. Trochlear nerve (CN IV)
• Passes through the lateral wall of the cavernous sinus during its course.
• Enters the orbit by passing through the superior orbital fissure and supplies GSE fibers to

the superior oblique muscle.
• Is the smallest cranial nerve and the only cranial nerve that emerges from the dorsal as-

pect of the brainstem.

E. Trigeminal nerve (CN V)
• Is the nerve of the first branchial arch and supplies special visceral efferent (SVE) fibers to

the muscles of mastication, the mylohyoid, and the anterior belly of the digastric, and the

tensor tympani and tensor veli palatini.
• Provides GSA sensory fibers to the face, scalp, auricle, external auditory meatus, nose,

paranasal sinuses, mouth (except the posterior one third of the tongue), parts of the na-

sopharynx, auditory tube, and cranial dura mater.
• Has a ganglion (semilunar or trigeminal ganglion) that consists of cell bodies of GSA

fibers and occupies the trigeminal impression, or Meckel's cave, on the petrous portion of
the temporal bone.

1. Ophthalmic division (see Orbit: I.B.1.)
• Runs in the dura of the lateral wall of the cavernous sinus and enters the orbit

through the supraorbital fissure.
• Provides sensory innervation to the eyeball, tip of the nose, and skin of the face above

the eye.
• Mediates the afferent limb of the corneal reflex by way of the nasociliary branch,

whereas the facial nerve mediates the efferent limb.
a. Lacrimal nerve supplies the lacrimal gland, the conjunctiva, and the skin of the

upper eyelid.
b. Frontal nerve divides into the supraorbital and supratrochlear nerve and supplies

the scalp, forehead, frontal sinus, and upper eyelid.
c. Nasociliary nerve gives rise to (a) a communicating branch to the ciliary ganglion;

(b) short ciliary nerves which carry postganglionic parasympathetic and sympa-
thetic fibers; (c) long ciliary nerves which carry postganglionic sympathetic fibers
to the dilator pupillae and afferent fibers from the iris and cornea; (d) posterior
ethmoidal nerve which supplies the sphenoidal and posterior ethmoidal sinuses;
(e) anterior ethmoidal nerve, which supplies the anterior ethmoidal air cells and
divides into the internal and external nasal branches; and (f) infratrochlear nerve,
which innervates the eyelids, conjunctiva, skin of the nose, and lacrimal sac.

d. Meningeal branch supplies the dura in the anterior cranial fossa.

2. Maxillary division (see Pterygopalatine Fossa: II.A.)
• Passes through the lateral wall of the cavernous sinus and through the foramen

rotundum.
• Provides sensory (GSA) innervation to the midface (below the eye but above the up-

per lip), palate, paranasal sinuses, and maxillary teeth, with cell bodies in the trigem-

inal ganglion.
• Mediates the afferent limb of the sneeze reflex (irritation of the nasal mucosa), and

vagus nerve mediates the efferent limb.
a. Meningeal branch innervates the dura mater of the middle cranial fossa.
b. Pterygopalatine (communicating) nerve connects to the pterygopalatine gan-

glion.



Lesion of the trigeminal nerve: causes sensory loss on the face and motor (SVE) loss
of muscles of mastication with deviation of the mandible toward the side of the lesion.

Lesion of the lingual nerve near the oral cavity causes loss of general and taste sensation to the ante-
rior two thirds of the tongue and salivary secretion from submandibular and sublingual glands. Lesion
of the ophthalmic division cannot mediate the afferent limb of the corneal reflex by way of the
nasociliary branch (the facial nerve mediates the efferent limb) Lesion of the maxillary division cannot
mediate the afferent limb of the sneeze reflex (vagus nerve mediates the efferent limb). Lesion of the
mandibular division cannot mediate the afferent and efferent limbs of the jaw jerk reflex.
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c. Posterior-superior alveolar nerve innervates the cheeks, gums, molar teeth, and

maxillary sinus.
d. Zygomatic nerve divides into the zygomaticofacial and zygomaticotemporal

nerves. The latter carries postganglionic parasympathetic fibers and joins the

lacrimal nerve for lacrimal secretion.

e. Infraorbital nerve gives rise to the middle and anterior-superior alveolar nerves

that supply the maxillary sinus, teeth, and gums. It then emerges through the in-
fraorbital foramen and divides in the face into the inferior palpebral, nasal, and

superior labial branches.
f. Branches via the pterygopalatine ganglion includes (a) orbital branches, which

supplies the orbit and posterior ethmoidal and sphenoidal sinuses; (b) pharyngeal
branch, which supplies the roof of the pharynx and sphenoidal sinus; (c) posterior-
superior lateral nasal branches, which innervates the nasal septum, posterior eth-
moidal air cells, and superior and middle conchae; (d) greater palatine nerve,
which innervates the hard palate and inner surface of the maxillary gingiva; (e)

lesser palatine nerve, which innervates the soft palate and palatine tonsil and con-
tains sensory (general visceral afferent [GVAI and taste) fibers; (f) nasopalatine
nerve, which supplies the nasal septum, hard palate, and the gum.

3. Mandibular division (see Temporal and Infratemporal Fossae: III.A.)

• Passes through the foramen ovate and supplies SVE fibers to the tensor veli palatini,
tensor tympani, muscles of mastication (temporalis, masseter, and lateral and medial
pterygoid), and the anterior belly of the digastric and mylohyoid muscles.

• Provides sensory (GSA) innervation to the lower part of the face (below the lower lip
and mouth), scalp, jaw, mandibular teeth, and anterior two thirds of the tongue.

• Mediates the afferent and efferent limbs of the jaw jerk reflex.

a. Meningeal branch supplies the dura in the middle cranial fossa.
b. Muscular branches include the masseteric, deep temporal, medial pterygoid, and

lateral pterygoid branches.
c. Buccal nerve innervates skin on the buccinator and the mucous membrane of the

cheek and gums.
d. Lingual nerve supplies general sensation to the anterior two thirds of the tongue.

It joins the chorda tympani, which contains preganglionic parasympathetic and
taste fibers, and supplies the anterior two thirds of the tongue for taste sensation

and submandibular and sublingual glands for salivary secretion.
e. Inferior alveolar nerve gives rise to the (a) mylohyoid nerve, which innervates the

mylohyoid and anterior belly of the digastric muscles; (b) inferior dental branch,
which innervates lower teeth; (c) mental nerve, which innervates the skin over the

chin; and (d) incisive branch, which innervates the canine and incisor teeth.

F. Abducens nerve (CN VI)
• Pierces the dura on the dorsum sellae of the sphenoid bone.
• Passes through the cavernous sinus, enters the orbit through the supraorbital fissure, and

supplies GSE fibers to the lateral rectus.
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Lesion of the abducens nerve: causes paralysis of the lateral rectus muscle of the

eye, causing medial deviation of the affected eye. It may result from a brain tumor or

septic thrombosis in the cavernods sinus.
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Nervus intermedius	 Vestibulocochlear nerve

Facial nerve—	 Caroticotympanic nerve

Figure 8-30 Facial nerve and its connections with other nerves.

G. Facial nerve (CN VII) (Figure 8-30)
• Is the nerve of the second branchial arch.

• Consists of a larger root, which contains SVE fibers to innervate the muscles of facial ex-
pression, and a smaller root, termed the nervus intermedius, which contains SVA (taste)
fibers from the anterior two thirds of the tongue. In addition, it contains preganglionic
parasympathetic GVE fibers for the lacrimal, submandibular, sublingual, nasal, and pala-
tine glands; GVA fibers from the palate and nasal mucosa; and GSA fibers from the exter-

nal acoustic meatus and the auricle.
• Enters the internal acoustic meatus, the facial canal in the temporal bone, and emerges

from the stylomastoid foramen.
• Has a sensory ganglion, the geniculate ganglion, which lies at the knee-shaped bend or

genu (Latin for "knee") and contains cell bodies of SVA (taste), GVA, arid GSA fibers.
• mediates the efferent limb of the corneal (blink) reflex.
• Lesion produces Bell's palsy (facial paralysis).
• Gives rise to the following branches:

1. Greater petrosal nerve
• Contains preganglionic parasympathetic GVE fibers and joins the deep petrosal

nerve (containing postganglionic sympathetic fibers) to form the nerve of the ptery-

goid canal (vidian nerve).



HEAD AND NECK 397

• Also contains SVA (taste) and GVA fibers, which pass from the palate through the
pterygopalatine ganglion, the nerve of the pterygoid canal, and the greater petrosal
nerve to the geniculate ganglion (where cell bodies are located).

2. Communicating branch
• Joins the lesser petrosal nerve.

3. Stapedial nerve
• Supplies motor (SVE) fibers to the stapedius.

4. Chorda tympani
• Arises in the descending part of the facial canal, crosses the tympanic membrane,

passing between the handle of the malleus and the long process of the incus.
• Exits the skull through the petrotympanic fissure and joins the lingual nerve in the

infratemporal fossa.
• Contains preganglionic parasympathetic GVE fibers that synapse on postganglionic

cell bodies in the submandibular ganglion. Their postganglionic fibers innervate the
submandibular, sublingual, and lingual glands.

• Also contains taste (SVA) fibers from the anterior two thirds of the tongue, with cell
bodies located in the geniculate ganglion.

• May communicate with the otic ganglion below the base of the skull.

5. Muscular branches
• Supply motor (SVE) fibers to the stylohyoid and the posterior belly of the digastric

muscle.

6. Fine communicating branch
• Joins the auricular branch of the vagus nerve and the glossopharyngeal nerve to sup-

ply GSA fibers to the external ear.
7. Posterior auricular nerve

• Runs behind the auricle with the posterior auricular artery.
• Supplies SVE fibers to the muscles of the auricle and the occipitalis muscle.

8. Terminal branches
• Arise in the parotid gland and radiate onto the face as the temporal, zygomatic, buc-

cal, marginal mandibular, and cervical branches.
• Supply motor (SVE) fibers to the muscles of facial expression.

Lesion of the facial nerve: causes foss of SVE fibers to innervate the muscles of facial

expression (Bell's palsy); SVA (taste) fibers from the anterior two thirds of the tongue;

parasympathetic GVE fibers for the lacrimal, submandibular, sublingual, nasal, and palatine glands; GVA

fibers to the palate and nasal mucosa, carotid sinus and carotid body; and GSA fibers from the external

acoustic meatus and the auricle. Lesion causes loss of mediation of the efferent limb of the corneal

blink reflex.

H. Vestibulocochlear (acoustic or auditory) nerve (CN VIII)
• Enters the internal acoustic meatus and remains within the temporal bone to supply SSA

fibers to hair cells of the cochlea (organ of Corti), the ampullae of the semicircular ducts,
and the utricle and saccule.

• Is split into a cochlear portion (for hearing), which has bipolar neurons in the spiral
(cochlear) ganglion, and a vestibular portion (for equilibrium), which has bipolar neurons
in the vestibular ganglion.

Lesion of the vestibulocochlear nerve: causes loss of SSA fibers to hair cells of the
cochlea (organ of Corti), the ampullae of the semicircular ducts, and the utricle and sac-

cule, resulting in loss of hearing, vertigo (dizziness, loss of balance), and tinnitus (ringing or buzzing in ears).



Lesion of the glossopharyngeal nerve: causes loss of SVE fibers to the stylopharyngeus

muscle; SVA (taste) fibers to the posterior one third of the tongue and vallate papillae; GVE

fibers to the otic ganglion; GVA fibers to the pharynx, posterior one third of the tongue, tympanic cavity,

the mastoid antrum and air cells, and the auditory tube; and GSA fibers to the external ear. Lesion cannot

mediate the afferent limb of the gag (pharyngeal) reflex.

cc 8.47
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I. Glossopharyngeal nerve (CN IX) (see Figure 8-30)
• Is the nerve of the third branchial arch and contains SVE, SVA (taste), GVE, GVA, and GSA

fibers.
• Passes through the jugular foramen and gives rise to the following branches:

1. Tympanic nerve
• Forms the tympanic plexus on the medial wall of the middle ear with sympathetic

fibers from the internal carotid plexus (caroticotympanic nerves) and a branch from

the geniculate ganglion of the facial nerve.
• Conveys GVA fibers to the tympanic cavity, the mastoid antrum and air cells, and the

auditory tube.
• Continues beyond the plexus as the lesser petrosal nerve, which transmits pregan-

glionic parasympathetic GVE fibers to the otic ganglion.
2. Communicating branch

• Joins the auricular branch of the vagus nerve and provides GSA fibers.
3. Pharyngeal branch

• Supplies GVA fibers to the pharynx and forms the pharyngeal plexus on the middle
constrictor muscle along with the pharyngeal branch (SVE fibers) of the vagus nerve
and branches from the sympathetic trunk.

• Its GVA component mediates the afferent limb of the gag (pharyngeal) reflex. The va-

gus nerve mediates the efferent limb.
4. Carotid sinus branch

• Supplies GVA fibers to the carotid sinus and the carotid body.
• Mediates the afferent limbs of the carotid sinus and body reflexes.

5. Tonsillar branches
• Supply GVA fibers to the palatine tonsil and the soft palate.

6. Motor branch
• Supplies SVE fibers to the stylopharyngeus.

7. Lingual branch
• Supplies GVA and SVA (taste) fibers to the posterior one third of the tongue and the

vallate papillae.

J. Vagus nerve (CN X)

• Is the nerve of the fourth and sixth branchial arches.
• Passes through the jugular foramen.
• Provides branchiomotor (SVE) innervation to all muscles of the larynx, pharynx (except

the stylopharyngeus), and palate (except the tensor veil palatini).
• Also provides motor (GVE) innervation to smooth muscle and cardiac muscle; secretory in-

nervation to all glands; and afferent (GVA) fibers from all mucous membranes in the lower
pharynx, larynx, trachea, bronchus, esophagus, and thoracic and abdominal visceral or-
gans (except for the descending colon, sigmoid colon, rectum, and other pelvic organs).

• Mediates the afferent and efferent limbs of the cough reflex (caused by irritation of the

bronchial mucosa) and the efferent limbs of the gag (pharyngeal) reflex and sneeze reflex.

• Lesion results in deviation of the uvula toward the opposite side of the lesion on phonation.
• Gives rise to the following branches:

1. Meningeal branch
• Arises from the superior ganglion and supplies the dura mater of the posterior cranial

fossa.



Lesion of the vagus nerve: causes dysphagia (difficulty in swallowing) resulting from

lesion of pharyngeal branches; numbness of the upper part of the larynx and paralysis

of cricothyroid muscle resulting from lesion of the superior laryngeal nerve; and hoarseness, dysphonia

(difficulty in speaking), aphonia (loss of voice), and numbness of the lower part of the larynx resulting

from lesion of the recurrent laryngeal nerve. Lesion results in deviation of the uvula toward the oppo-

site side of the lesion on phonation. Lesion cannot mediate the afferent and efferent limbs of the

cough reflex and the efferent limbs of the gag (pharyngeal) reflex and sneeze reflex. In addition, le-
sion causes loss of SVE fibers to muscles of the larynx, pharynx (except the stylopharyngeus), and

palate (except the tensor veli palatini); SVA (taste) fibers to the taste buds on the epiglottis; and GVE

and GVA fibers to thoracic and abdominal visceral organs.
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2. Auricular branch
• Is joined by a branch from the glossopharyngeal nerve and the facial nerve and sup-

plies GSA fibers to the external acoustic meatus.
3. Pharyngeal branch

• Supplies motor (SVE) fibers to all muscles of the pharynx, except the stylopharyngeus,
by way of the pharyngeal plexus and all muscles of the palate except the tensor veli

palatini.
• Gives rise to the nerve to the carotid body, which supplies GVA fibers to the carotid

body and the carotid sinus.
• Lesion causes deviation of the uvula toward the opposite side of the injury.

4. Superior, middle, and inferior cardiac branches
• Pass to the cardiac plexuses.

5. Superior laryngeal nerve
• Divides into internal and external branches:

a. Internal laryngeal nerve
• Provides sensory (GVA) fibers to the larynx above the vocal cord, lower pharynx,

and epiglottis.
• Supplies SVA (taste) fibers to the taste buds on the root of the tongue near and

on the epiglottis.
b. External laryngeal nerve

• Supplies motor (SVE) fibers to the cricothyroid and inferior pharyngeal constrictor

muscles.
6. Recurrent laryngeal nerve

• Hooks around the subclavian artery on the right and around the arch of the aorta lat-
eral to the ligamentum arteriosum on the left.

• Ascends in the groove between the trachea and the esophagus.

• Provides sensory (GVA) fibers to the larynx below the vocal cord and motor (SVE)
fibers to all muscles of the larynx except the cricothyroid muscle.

• Becomes the inferior laryngeal nerve at the lower border of the cricoid cartilage.

K. Accessory nerve (CN XI)

• Is the nerve of the caudal branchial arch and passes through the jugular foramen.
• Has spinal roots that originate from the anterior horn of the upper cervical segments,

emerge from the lateral aspect of the spinal cord between dorsal and ventral roots of the
spinal nerves, and unite to form the trunk that passes through the foramen magnum and
jugular foramen.

• Provides branchiomotor (SVE) fibers to the sternocleidomastoid and trapezius muscles.
• Has a cranial portion that contains motor fibers that exit the medulla; pass through the jugu-

lar foramen where they join the vagus nerve; and supply muscles of the pharynx, larynx,
and palate.



Lesion of the accessory nerve: causes loss of SVE fibers to the sternocleidomastoid

and trapezius muscles. The arm cannot be abducted beyond the horizontal position as a

resuit of an inability to rotate the scapula. Lesion also causes torticoliis because of paralysis of the ster-
nocleidomastoid and the shoulder drop from paralysis of the trapezius.

Lesion of the hypoglossal nerve: causes loss of GSE fibers to all of the intrinsic and

extrinsic muscles of the tongue except the palatoglossus, which is supplied by the

vagus nerve. Lesion causes deviation of the tongue toward the injured side on protrusion.

cc 8.50
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L. Hypoglossal nerve (CN XII)
• Passes through the hypoglossal canal.
• T,00ps around the occipital artery, passes between the external carotid and internal jugular

vessels, and runs deep to the digastric posterior belly and stylobyoid muscles to enter the
submandibular triangle.

• Passes above the hyoid bone on the lateral surface of the hyoglossus deep to the mylohy-
oid muscle.

• Supplies GSE fibers to all of the intrinsic and extrinsic muscles of the tongue except the
palatoglossus, which is supplied by the vagus nerve.

• Carries GSA fibers from C1 to supply the cranial dura mater through the meningeal
branch, but the fibers are not components of the hypoglossal nerve.

• Also carries GSE fibers from Cl to supply the thyrohyoid and geniohyoid muscles.
• Lesion causes deviation of the tongue toward the injured side on protrusion.

.

Parasympathetic Ganglia and Associated Autonomic Nerves
(Figure 8-31; Table 8-6)

A. Ciliary ganglion
• Is formed by neuron cell bodies of parasympathetic preganglionic fibers and situated be-

hind the eyeball, between the optic nerve and the lateral rectus muscle.
• Receives preganglionic parasympathetic fibers (with cell bodies in the Edinger-Westphal

nucleus of CN III in the mesencephalon), which run in the inferior division of the oculo-

motor nerve.
• Sends its postganglionic parasympathetic fibers to the sphincter pupillae and the ciliary

muscle via the short ciliary nerves.
• Receives postganglionic sympathetic fibers (derived from the superior cervical ganglion)

that reach the dilator pupillae by way of the sympathetic plexus on the internal carotid
artery, the long ciliary nerve and/or the ciliary ganglion (without synapsing), and the short
ciliary nerves.

B. Pterygopalatine ganglion
• Lies in the pterygopalatine fossa just below the maxillary nerve, lateral to the sphenopala-

tine foramen and anterior to the pterygoid canal.
• Receives preganglionic parasympathetic fibers from the facial nerve by way of the greater

petrosal nerve and the nerve of the pterygoid canal.
• Sends postganglionic parasympathetic fibers to the nasal and palatine glands and to the

lacrimal glands by way of the maxillary, zygomatic, and lacrimal nerves.
• Also receives postganglionic sympathetic fibers (derived from the superior cervical gan-

glion) by way of the plexus on the internal carotid artery, the deep petrosal nerve, and the
nerve of the pterygoid canal. The fibers merely pass through the ganglion and are distrib-

uted with the postganglionic parasympathetic fibers.
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Figure 8 -31 Autonomics of the head and neck.

1. Greater petrosal nerve
• Arises from the facial nerve adjacent to the geniculate ganglion.
• Emerges at the hiatus of the canal for the greater petrosal nerve in the middle cranial

fossa.
• Contains preganglionic parasympathetic fibers and joins the deep petrosal nerve

(containing postganglionic sympathetic fibers) to form the nerve of the pterygoid

canal (vidian nerve).
• Also contains GVA and SVA (taste) fibers, which pass from the palate nonstop through

the pterygopalatine ganglion, the nerve of the pterygoid canal, and the greater pe-
trosal nerve to the geniculate ganglion (where cell bodies are found).

2. Deep petrosal nerve
• Arises from the plexus on the internal carotid artery.

• Contains postganglionic sympathetic fibers with cell bodies located in the superior
cervical ganglion. These fibers run inside the nerve of the pterygoid canal, pass through
the pterygopalatine ganglion without synapsing, and then join the postganglionic
parasympathetic fibers in supplying the lacrimal gland and the nasal and oral mucosa.

3. Nerve of the pterygoid canal (vidian nerve)
• Consists of preganglionic parasympathetic fibers from the greater petrosal nerve

and postganglionic sympathetic fibers from the deep petrosal nerve.
• Passes through the pterygoid canal and ends in the pterygopalatine ganglion, which

is slung from the maxillary nerve. The postganglionic parasympathetic fibers have
cell bodies located in the pterygopalatine ganglion, and the postganglionic sympa-

thetic fibers are distributed to the lacrimal, nasal, and palatine glands.
• Also contains SVA (taste) and GVA fibers from the palate.



TABLE 8-6 Parasympathetic Ganglia and Associated Autonomic Nerves

Parasympathetic
	

Sympathetic
	 Chief

Fibers
	 Fibers	 Distribution

Oculomotor n. and	 Internal carotid	 Ciliary muscle,
its inferior	 plexus	 and sphincter
division pupillae (para-

sympathetic);
dilator pupillae
and tarsal mm.
(sympathetic)

Facial n., greater
	 Internal carotid	 Lacrimal gland

petrosal n., and n.	 plexus	 and glands in
of pterygoid canal
	 palate and nose

Facial n., chorda
	 Plexus on	 Submandibular

tympani, and
	

facial a.	 and sublingual
lingual n.	 glands

Glossopharyn-	 Plexus on middle	 Parotid gland
geal n., its tym-	 meningeal a.
panic branch, and
lesser petrosal n.

Ganglion	 Location

Ciliary	 Lateral to
optic n.

Pterygopalatine	 In pterygopala-
tine fossa

Submandibular	 On hyoglossus

Otic	 Below foramen
ovale
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C. Submandibular ganglion
• Lies on the lateral surface of the hyoglossus muscle but deep to the mylohyoid muscle and

is suspended from the lingual nerve.
• Receives preganglionic parasympathetic (secretomotor) fibers that run in the facial nerve,

chorda tympani, and lingual nerve.
• Contains cell bodies of postganglionic fibers that supply the submandibular gland mostly,

although some join the lingual nerve to reach the sublingual and lingual glands.

D. Otic ganglion
• Lies in the infratemporal fossa, just below the foramen ovale, between the mandibular

nerve and the tensor veli palatini.
• Receives preganglionic parasympathetic fibers that run in the glossopharyngeal nerve,

tympanic plexus, and lesser petrosal nerve and synapse in the otic ganglion.
• Contains cell bodies of postganglionic fibers that run in the auriculotemporal nerve and

supply the parotid gland.
1. Tympanic nerve

• Contains preganglionic parasympathetic (secretomotor) fibers for the parotid gland
and GVA fibers from the tympanic cavity, auditory tube, and mastoid air cells.

• Arises from the inferior ganglion of the glossopharyngeal nerve.

• Passes through a small canal between the jugular foramen and the carotid canal into

the tympanic cavity.
• Enters the tympanic plexus on the promontory of the medial wall of the tympanic

cavity.
2. Lesser petrosal nerve

• Is a continuation of the tympanic nerve beyond the tympanic plexus.
• Runs just lateral to the greater petrosal nerve and leaves the middle cranial fossa

through either the foramen ovale or the fissure between the petrous bone and the

great wing of the sphenoid to enter the otic ganglion.
• Contains preganglionic parasympathetic (secretomotor) fibers that run in the glos-

sopharyngeal and tympanic nerves before synapsing in the otic ganglion. (The post-

ganglionic fibers arising from the ganglion are passed to the parotid gland by the au-

riculotemporal nerves.)
• Also transmits postganglionic sympathetic fibers (originated from the internal carotid

plexus) to the parotid gland.



Herpes zoster (shingles): is a viral disease of the spinal and certain cranial (i.e.,
trigeminall ganglia. It is characterized by an eruption of groups of vesicles because of

inflammation of ganglia resulting from activation of virus that has remained latent for years.

Chickenpox: is caused by the vancella-zoster virus, which later resides latent in the
J cranial (i.e., trigeminal) or dorsal root ganglia. It is marked by vesicular eruption of the

skin and mucous membranes.
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ORBIT

Bony Orbit (Figure 8-32)

A. Orbital margin
• Is formed by the frontal, maxilla	 ind zygomatic bones.

B. Walls of the orbit
1. Superior wall or roof: orbital part of frontal hone and lesser wing of sphenoid bone

2. Lateral wall: zygomatic bone (frontal process) and greater wing of sphenoid bone

3. Inferior wall or floor: maxilla (orbital surface), zygomatic, and palatine hones

4. Medial wall: ethmoid (orbital plate), frontal, lacrimal, and sphenoid (body) bones

Figure 8-32 Bony orbit.
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C. Fissures, canals, and foramina

1. Superior orbital fissure
• Communicates with the middle cranial fossa and is bounded by the greater and lesser

wings of the sphenoid.
• Transmits the oculomotor, trochlear, abducens, and ophthalmic nerves (three

branches) and the ophthalmic veins.
2. Inferior orbital fissure

• Communicates with the infratemporal and pterygopalatine fossae.
• Is bounded by the greater wing of the sphenoid (above) and the maxillary and palatine

bones (below).
• Transmits the maxillary (or infraorbital) nerve and its zygomatic branch and the infra-

orbital vessels.
• Is bridged by the orbitalis (smooth) muscle.

3. Optic canal
• Connects the orbit with the middle cranial fossa.
• Is formed by the two roots of the lesser wing of the sphenoid and is situated in the pos-

terior part of the roof of the orbit.
• Transmits the optic nerve and ophthalmic artery.

4. Infraorbital groove and infraorbital foramen
• Transmit the infraorbital nerve and vessels.

5. Supraorbital notch or foramen
• Transmits the supraorbital nerve and vessels.

6. Anterior and posterior ethmoidal foramina
• Transmit the anterior and posterior ethmoidal nerves and vessels, respectively.

7. Nasolacrimal canal
• Is formed by the maxilla, lacrimal bone, and inferior nasal concha.
• Transmits the nasolacrimal duct from the lacrimal sac to the inferior nasal meatus.

Fracture of the orbital floor: involving the maxillary sinus commonly occurs as a result

of a blunt force to the face. This fracture causes displacement of the eyeball causing

symptoms of double vision (diplopia) and also causes an injury to the infraorbital nerve, producing loss

of sensation of the skin of the cheek and the gum. This fracture may cause entrapment of the inferior

rectus muscle, which may limit upward gaze.

II.	 Nerves (Figures 8-33, 8-34, and 8-35)

A. Ophthalmic nerve

• Enters the orbit through the superior orbital fissure and divides into three branches:

1. Lacrimal nerve
• Enters the orbit through the superior orbital fissure.

• Enters the lacrimal gland, giving rise to branches to the lacrimal gland, the conjunctiva,

and the skin of the upper eyelid.
• Its terminal part is joined by the zygomaticotemporal nerve that carries postgan-

glionic parasympathetic and sympathetic GVE fibers.
2. Frontal nerve

• Enters the orbit through the superior orbital fissure.
• Runs superior to the levator palpebrae superioris.

• Divides into the supraorbital nerve, which passes through the supraorbital notch or
foramen and supplies the scalp, forehead, frontal sinus, and upper eyelid, and the
supratrochlear nerve, which passes through the trochlea and supplies the scalp, fore-

head, and upper eyelid.
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Figure 8-33 Motor nerves of the orbit.

3. Nasociliary nerve
• Is the sensory nerve for the eye and mediates the afferent limb of the corneal reflex.

• Enters the orbit through the superior orbital fissure, within the common tendinous ring.

• Gives rise to the following:
a. A communicating branch to the ciliary ganglion
b. Short ciliary nerves, which carry postganglionic parasympathetic and sympa-

thetic fibers to the ciliary body and iris and afferent fibers from the iris and cornea.

c. Long ciliary nerves, which transmit postganglionic sympathetic fibers to the dila-

tor pupillae and afferent fibers from the iris and cornea.
d. The posterior ethmoidal nerve, which passes through the posterior ethmoidal

foramen to the sphenoidal and posterior ethmoidal sinuses.

c. The anterior ethmoidal nerve, which passes through the anterior ethmoidal fora-

men to supply the anterior ethmoidal air cells. It divides into internal nasal
branches, which supply the septum and lateral walls of the nasal cavity, and ex-

ternal nasal branches, which supply the skin of the tip of the nose.
f. The infratrochlear nerve, which innervates the eyelids, conjunctiva, skin of the

nose, and lacrimal sac

B. Optic nerve
• Consists of the axons of the ganglion cells of the retina and leaves the orbit by passing

through the optic canal.
• Carries SSA fibers for vision from the retina to the brain and mediates the afferent limb

of the pupillary light reflex.
• Joins the optic nerve from the corresponding eye to form the optic chiasma.

Hemianopia (hemianopsia): is a condition characterized by loss of vision (blindness) in
one half of the visual field of each eye. Blindness may occur as the result of a lesion of

the optic nerve. Types of hemianopia are (a) bitemporal (heteronymous) hemianopia: loss of vision
in the temporal visual field of both eyes resulting from a lesion of the optic chiasma caused by a pitu-
itary tumor; (b) right nasal hemianopia: blindness in the nasal field of vision of the right eye as the re-
sult of a right perichiasmal lesion such as an aneurysm of the internal carotid artery; and (c) left
homonymous hemianopia: loss of sight in the left half of the visual field of both eyes resulting from a

lesion of the right optic tract or optic radiation.
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Posterior ethmoidal nerve
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Trigeminal ganglion

Figure 8-34 Branches of the ophthalmic nerve and ophthalmic artery.

. 11.	 Papilledema (choked disk): is an edema of the optic disk or optic nerve, often resulting

from increased intracranial pressure and increased CSF pressure or thrombosis of the

central vein of the retina, slowing venous return from the retina.

C. Oculomotor nerve
• Leaves the cranium through the superior orbital fissure.
• Divides into a superior division, which innervates the superior rectus and levator palpe-

brae superioris muscles, and an inferior division, which innervates the medial rectus, in-

ferior rectus, and inferior oblique muscles.
• Its inferior division also carries preganglionic parasympathetic fibers (with cell bodies lo-

cated in the Edinger-Westphal nucleus) to the ciliary ganglion.

D. Trochlear nerve
• Passes through the lateral wall of the cavernous sinus during its course.
• Enters the orbit by passing through the superior orbital fissure and innervates the superior

oblique muscle.

E. Abducens nerve
• Enters the orbit through the superior orbital fissure and supplies the lateral rectus muscle.

F. Ciliary ganglion
• Is a parasympathetic ganglion situated behind the eyeball, between the optic nerve and the

lateral rectus muscle (see Nerves of the Head and Neck: TI.A.).

Blood Vessels (see Figure 8-34)

Ophthalmic artery
• Is a branch of the internal carotid artery and enters the orbit through the optic canal beneath

the optic nerve.
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Figure 8-35 Axial magnetic resonance imaging (MRI) scan of the head.

Suprasellar cistern —

• Gives rise to the ocular and orbital vessels, which include the following:

1. Central artery of the retina
• Is the most important branch of the ophthalmic artery.

• Travels in the optic nerve; it divides into superior and inferior branches to the optic
disk, and each of those further divides into temporal and nasal branches.

• Is an end artery that does not anastomose with other arteries, and thus its occlusion

results in blindness.
2. Long posterior ciliary arteries

• Pierce the sclera and supply the ciliary body and the iris.
3. Short posterior ciliary arteries

• Pierce the sclera and supply the choroid.
4. Lacrimal artery

• Passes along the superior border of the lateral rectus and supplies the lacrimal gland,

conjunctiva, and eyelids.

• Gives rise to two lateral palpebral arteries, which contribute to arcades in the upper

and lower eyelids.
5. Medial palpebral arteries

• Contribute to arcades in the upper and lower eyelids.
6. Muscular branches

• Supply orbital muscles and give off the anterior ciliary arteries, which supply the iris.
7. Supraorbital artery

• Passes through the supraorbital notch (or foramen) and supplies the forehead and the
scalp.

8. Posterior ethmoidal artery
• Passes through the posterior ethmoidal foramen to the posterior ethmoidal air cells.

9. Anterior ethmoidal artery
• Passes through the anterior ethmoidal foramen to the anterior and middle ethmoidal

air cells, frontal sinus, nasal cavity, and external nose.
10. Supratrochlear artery

• Passes to the supraorbital margin and supplies the forehead and the scalp.

11. Dorsal nasal artery
• Supplies the side of the nose and the lacrimal sac.
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Superior ophthalmic vein

Figure 8-36 Ophthalmic veins.

B. Ophthalmic veins (Figure 8-36)
1. Superior ophthalmic vein

• Is formed by the union of the supraorbital, supratrochlear, and angular veins.

• Receives branches corresponding to most of those of the ophthalmic artery and, in ad-

dition, receives the inferior ophthalmic vein before draining into the cavernous sinus.
2. Inferior ophthalmic vein

• Begins by the union of small veins in the floor of the orbit.
• Communicates with the pterygoid venous plexus and often with the infraorbital vein

and terminates directly or indirectly in the cavernous sinus.

1111: Muscles of Eye Movement (Figures 8-37 and 8-38; Table 8-7)

(see Figure 8-35)

C C 8.56 Diplopia (double vision): Is caused by paralysis of one or more extraocular muscles
resulting from injury of the nerves supplying them.

eilnwimm.....
7	 Strabismus (squint eye or crossed-eye): is a visual disorder in which the visual axes

do not meet at the desired objective point (or the eyes are misaligned and point in dif-

ferent directions), in consequence of incoordinate action of the extrinsic eye muscles. Strabismus re-

sults from weakness or paralysis of extrinsic eye muscle, from damage to the occulomotor nerve. The
affected eye may turn inward, outward, upward, or downward and other symptoms include a decreased

vision and misaligned eyes. For treatment, the eye muscles are repositioned surgically to restore vision.

A. Innervation of muscles of the eyeball
• Can be summarized as SO4 , LR6, and Remainder3, which means that the superior oblique

muscle is innervated by the trochlear nerve, the lateral rectus by the abducens nerve, and
the remainder of these muscles by the oculomotor nerve.
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Superior oblique muscle

Figure 8-37 Muscles of the orbit.

B. Movements of the eye

1. Intorsion
• Is a medial (inward) rotation of the upper pole (12 o'clock position) of the cornea,

caused by the superior oblique and superior rectus muscles.

2. Extorsion
• Is a lateral (outward) rotation of the upper pole of the cornea, caused by the inferior

oblique and inferior rectus muscles.

C. Common tendinous ring (Figure 8-39)
• Is a fibrous ring that surrounds the optic canal and the medial part of the superior orbital

fissure.
• Is the site of origin of the four rectus muscles of the eye and transmits the following

structures:
1. Oculomotor, nasociliary, and abducens nerves, which enter the orbit through the

superior orbital fissure and the common tendinous ring
2. Optic nerve, ophthalmic artery, and central artery and vein of the retina, which

enter the orbit through the optic canal and the tendinous ring
3. Superior ophthalmic vein plus the trochlear, frontal, and lacrimal nerves, which

enter the orbit through the superior orbital fissure but outside the tendinous ring

.	 Lacrimal Apparatus (Figure 8-40)

A. Lacrimal gland

• Lies in the upper lateral region of the orbit on the lateral rectus and the levator palpebrae
superioris muscles.

• Is drained by 12 lacrimal ducts, which open into the superior conjunctival fornix,

B. Lacrimal canaliculi
• Are two curved canals, which begin as a lacrimal punctum (or pore) in the margin of the

eyelid and open into the lacrimal sac.

C. Lacrimal sac

• Is the upper dilated end of the nasolacrimal duct, which opens into the inferior meatus

of the nasal cavity.
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Levator palpebrae superior's muscle

Figure 8-38 Structure of the upper eyelid.

D. Tears
• Are produced by the lacrimal gland.
• Pass through excretory ductules into the superior conjunctival fornix.
• Are spread evenly over the eyeball by blinking movements and accumulate in the area of

the lacrimal lake.
• Enter the lacrimal canaliculi through their lacrimal puncta (which is on the summit of the

lacrimal papilla) before draining into the lacrimal sac, nasolacrimal duct, and finally the

inferior nasal meatus.

Crocodile tears syndrome (Bogorad's syndrome): is spontaneous lacrimation
during eating, caused by a lesion of the facial nerve proximal to the geniculate gan-

glion. It follows facial paralysis and is due to misdirection of regenerating parasympathetic fibers, which

formerly innervated the salivary (submandibular and sublingual) glands, to the lacrimal glands,

Eyeball (Figure 8-41; see Figure 8-35)

A. External white fibrous coat
• Consists of the sclera and the cornea.

1. Sclera
• Is a tough white fibrous tunic enveloping the posterior five-sixths of the eye.

2. Cornea
• Is a transparent structure forming the anterior one sixth of the external coat.
• Is responsible for the refraction of light entering the eye.

B. Middle vascular pigmented coat
• Consists of the choroid, ciliary body, and iris.

1. Choroid
• Consists of an outer pigmented (dark brown) layer and an inner highly vascular layer,

which invests the posterior five sixths of the eyeball.
• Nourishes the retina and darkens the eye.



Muscle

Superior rectus

Inferior rectus

Medial rectus

Lateral Nails

Levator palpebrae
superioris

Superior oblique

Inferior oblique

Origin

Common tendi-
nous ring

Common tendi-
nous ring

Common tendi-
nous ring

Common tendi-
nous ring

Lesser wing of
sphenoid above
and anterior to
optic canal

Body of
sphenoid hone
above optic
canal

Floor of orbit
lateral to lacri-
mal groove

Insertion

Sclera just
behind cornea

Sclera just
behind cornea

Sclera just
behind cornea

Sclera just
behind cornea

Nerve

Oculomotor

Oculomotor

Oculomotor

Abducens

Actions on
Eyeball

Elevates; intorts

Depresses; extorts

Adducts

Abducts

Tarsal plate	 Oculomotor	 Elevates upper

	

and skin of	 Sympathetic	 eyelid
upper eyelid

	

Sclera beneath	 Trochlear	 Rotates downward
superior rectus	 and laterally;

turns upper pole
of cornea in-
ward (intorsion);
depresses ad-
ducted eye

	

Sclera beneath	 Oculomotor	 Rotates upward

	

lateral rectus	 and laterally;
turns upper pole
of cornea out-
ward (extor-
sion); elevates
adducted eye

Accommodation: is the adjustment or adaptation of the eye to focus on a near object.
It occurs as contraction of the ciliary muscle, causing a relaxation of the suspensory lig-

ament (ciliary zonular fibers), an increase in thickness, convexity, and refractive power of the lens. It is
mediated by parasympathetic fibers running within the oculomotor nerve.

C C 8.59
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TABLE 8-7 Muscles of Eye Movement

2. Ciliary body
• Is a thickened portion of the vascular coat between the choroid and the iris and

consists of the ciliary ring, ciliary processes, and ciliary muscle.
a. The ciliary processes are radiating pigmented ridges that encircle the margin of

the lens.
b. "I he ciliary muscle consists of meridional and circular fibers of smooth muscle in-

nervated by parasympathetic fibers. It contracts to pull the ciliary ring and ciliary
processes, relaxing the suspensory ligament of the lens and allowing it to increase
its convexity.

3. Iris
• Is a thin, contractile, circular, pigmented diaphragm with a central aperture, the

pupil.
• Contains circular muscle fibers (sphincter pupillae), which are innervated by

parasympathetic fibers, and radial fibers (dilator pupillae), which are innervated by
sympathetic fibers.
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Pupillary light reflex: is constriction of the pupil in response to light stimulation. It is
mediated by parasympathetic nerve fibers in the oculomotor nerve (efferent limb). Its

afferent limb is the optic nerve.

cc 8.60

Anisocoria: is an unequal size of the pupil; miosis is a constricted pupil caused by
paralysis of the dilator pupillae resulting from a lesion of sympathetic nerve as seen in

Homer's syndrome; mydriasis is a dilated pupil caused by paralysis of the sphincter pupillae resulting
from lesion of parasympathetic nerve.

CC 8.61

Horner's syndrome: is caused by injury to cervical sympathetic nerves and
characterized by (a) miosis: constriction of the pupil resulting from paralysis of the dila-

tor muscle of the iris; (b) ptosis: drooping of an upper eyelid from paralysis of the smooth muscle com-
ponent (superior tarsal plate) of the levator palpebrae superioris; (c) enophthalmos: retraction (backward
displacement) of an eyeball into the orbit from paralysis of the orbitalis muscle, which is smooth muscle
and bridges the inferior orbital fissure and functions in eyeball protrusion; (d) anhidrosis: absence of
sweating; and (e) vasodilation: increased blood flow in the face and neck (flushing). The common cause
of lesions to cervical syrnpathetics includes a brainstem stroke, tuberculosis, Pancoast's tumor, trauma,
or injury to carotid arteries. There is no specific treatment that improves or reverses the condition.
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Lacrimal, frontal, and trochlear nerves

Common tendinous ring

Figure 8-39 Common tendinous ring.

C. Internal nervous coat
• Consists of the retina, which has an outer pigmented layer and an inner nervous layer.

• Has a posterior part that is photosensitive; its anterior part, which is not photosensitive,
constitutes the inner lining of the ciliary body and the posterior part of the iris.
1. Optic disk (blind spot)

• Consists of optic nerve fibers formed by axons of the ganglion cells. These cells are

connected to the rods and cones by bipolar neurons.
• Is located nasal (or medial) to the fovea centralis and the posterior pole of the eye,

has no receptors, and is insensitive to light.
• Has a depression in its center termed the physiologic cup,
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Myopia (nearsightedness): is a condition in which the focus of objects lies in front of

the retina, resulting from elongation of the eyeball. Hyperopia (farsightedness) is a
condition in which the focus of objects lies behind the retina,

Retinal detachment: is a separation of the sensory layer from the pigment layer of the

retina. It may occur in trauma such as a blow to the head and can be reattached surgi-

cally by photocoagulation by laser beam.

cc 8.64
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Semilunar conjunctival fold

Figure 8-40 Lacrimal apparatus.

2. Macula (yellow spot or macula lutea)
• Is a yellowish area of the retina on the temporal side of the optic disk for the most

distinct vision.
• Contains the fovea centralis.

3. Fovea centralis
• Is a central depression (foveola) in the macula.
• Is avascular and is nourished by the choriocapillary lamina of the choroid.

• Has cones only (no rods), each of which is connected with only one ganglion cell,
and functions in detailed vision.

4. Rods
• Are approximately 120 million in number and are most numerous about 0.5 cm from

the fovea centralis.
• Contain rhodopsin, a visual purple pigment.
• Are specialized for vision in dim light.

5. Cones
• Are 7 million in number and are most numerous in the foveal region.
• Are associated with visual acuity and color vision.

Retinitis pigmentosa: is an inherited disorder that causes a degeneration of
photoreceptor cells in the retina or a progressive retinal atrophy, characterized by nyc-

talopia (night blindness), constricted visual fields, electroretinogram abnormalities, attenuation of the
retinal vessels, and pigment infiltration of the inner retinal layers. It may be transmitted as a dominant,

recessive, or X-linked inheritance.
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Diabetic retinopathy: is a degenerative disease of the retina and a leading cause of
blindness associated with diabetes mellitus. The background type (the earliest phase) is

marked by microaneurysms, intraretinal dot-like hemorrhages, exudates (as a result of leaky vessels),
cotton-wool spots, and macular edema. The proliferative type is characterized by neovascularization
(proliferation of new, abnormal vessel growth) of the retina and optic disk, which may project into the
vitreous, proliferation of fibrous tissue, vitreous hemorrhage, and retinal detachment. It can be treated
with laser photocoagulation to seal off leaking blood vessels and destroy new growth.

8.66
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Optic nerve
	 Outer sheath

Figure 8-41 Horizontal section of the eyeball.

D. Refractive media
• Consist of the cornea, aqueous humor, lens, and vitreous body.

1. Cornea (see VI A 2)
2. Aqueous humor

• Is formed by the ciliary processes and provides nutrients for the avascular cornea and

lens.

• Passes through the pupil from the posterior chamber (between the iris and the lens)

into the anterior chamber (between the cornea and the iris) and is drained into the

scleral venous plexus through the canal of Schlemm at the iridocorneal angle.

• Its impaired drainage causes an increased intraocular pressure, leading to atrophy of

the retina and blindness.



Glaucoma: is characterized by increased intraocular pressure resulting from

impaired drainage of aqueous humor (which is produced by the ciliary processes)

into the venous system through the scleral venous sinus (Schlemm's canal), which is a circular vascular

channel at the corneoscleral junction or limbus. The increased pressure causes impaired retinal blood
flow, producing retinal ischemia or atrophy of the retina; degeneration of the nerve fibers in the retina,

particularly at the optic disk; defects in the visual field; and blindness. Glaucoma can be treated by sur-

gical iridectomy or laser iridotomy for drainage of aqueous humor or by use of drugs to inhibit the se-

cretion of aqueous humor.

cc 8.67

Cataract: is an opacity (milky white) of the crystalline eye lens or of its capsule,
which must be removed. It results in little light being transmitted to the retina, causing

blurred images and poor vision.

Presbyopia: is a condition in which the power of accommodation is reduced. It is
caused by the loss of elasticity of the crystalline lens and occurs in advanced age and

is corrected with bifocal lenses.
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3. Lens
• Is a transparent avascular biconvex structure enclosed in an elastic capsule.

• Is held in position by radially arranged zonular fibers (suspensory ligament of the
lens), which are attached medially to the lens capsule and laterally to the ciliary

processes.
• Flattens to focus on distant objects by pulling the zonular fibers and becomes a glob-

ular shape to accommodate the eye for near objects by contracting the ciliary muscle
and thus relaxing zonular fibers.

4. Vitreous body
• Is a transparent gel called vitreous humor, which fills the eyeball posterior to the lens

(vitreous chamber between the lens and the retina).
• Holds the retina in place and provides support for the lens.

VI!. Development of the Eye

• The eye forms from a neuroectodermal evagination (optic cup and optic stalk) of the wall of

the brain (diencephalon) and from the surface ectoderm (lens placode), mesoderm, and neural
crest cells.

A. Neuroectoderm of the diencephalon evaginates to form the optic vesicle, which in turn in-
vaginates to form the optic cup and optic stalk. This induces the ectoderm to thicken and
form the lens placode.
1. Optic cup forms the retina, iris and ciliary body.
2. Optic stalk forms the optic nerve.

B. Surface ectoderm invaginates to form the lens placode, which forms the lens and anterior
epithelium of cornea.

C. Mesoderm forms the sclera, portions of the cornea, vitreous body, and extraocular muscles.

D. Neural crest cells form the choroids, sphincter pupillae muscle, dilator pupillae muscle, and
ciliary muscle.

L. Hyaloid artery and vein form the central artery and vein of the retina.
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RAL CAVITY AND PALATE

IF Oral Cavity (Figure 8-42)

• Its roof is formed by the palate, and its floor is formed by the tongue and the mucosa, sup-
ported by the geniohyoid and mylohyoid muscles.

• Its lateral and anterior walls are formed by an outer fleshy wall (cheeks and lips) and an inner
bony wall (teeth and gums). (The vestibule is between the walls, and the oral cavity proper is

the area inside the teeth and gums.)

Palate (Figure 8-43)

• Forms the roof of the mouth and the floor of the nasal cavity.

A. Hard palate

• Is the anterior four fifths of the palate and forms a bony framework covered with a

mucous membrane between the nasal and oral cavities.

• Consists of the palatine processes of the maxillae and horizontal plates of the palatine hones.

• Contains the incisive foramen in its median plane anteriorly and the greater and lesser

palatine foramina posteriorly.
• Receives sensory innervation through the greater palatine and nasopalatine nerves and

blood from the greater palatine artery.

B. Soft palate

• Is a fibromuscular fold extending from the posterior border of the hard palate and makes

up one fifth of the palate.

First incisor Second incisor

Figure 8-42 Oral cavity.
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Lesion of the vagus nerve: causes deviation of the uvula toward the opposite side of

the lesion on phonation because of paralysis of the musculus uvulae. This muscle is in-

nervated by the vagus nerve and elevates the uvula
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Figure 8-43 Sagittal magnetic resonance imaging (MRI) scan of the head and neck.

• Moves posteriorly against the pharyngeal wall to close the oropharyngeal (faucial) isthmus

when swallowing or speaking.
• Is continuous with the palatoglossal and palatopharyngeal folds.

• Receives blood from the greater and lesser palatine arteries of the descending palatine ar-
tery of the maxillary artery, the ascending palatine artery of the facial artery, and the pala-

tine branch of the ascending pharyngeal artery.
• Receives sensory innervation through the lesser palatine nerves and skeletal motor inner-

vation from the vagus nerve. A lesion of the vagus nerve deviates the uvula to the oppo-

site side.

C. Muscles of the palate (Table 8-8)

tongue (Figure 8 -44; see Figure 8 -43)

• Is attached by muscles to the hyoid bone, mandible, styloid process, palate, and pharynx.

• Is divided by a V-shaped sulcus terminalis into two parts—an anterior two thirds and a poste-
rior one third—which differ developmentally, structurally, and in innervation.

• The foramen cecum is located at the apex of the "V" and indicates the site of origin of the
embryonic thyroglossal duct.

Tongue-tie fankyloglossia): is an abnormal shortness of frenulum linguae, resulting
in limitation of its movement and thus a severe speech impediment. It can be corrected

surgically by cutting the frenulum.
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TABLE 8-8	 Muscles of the Palate

Muscle Origin Insertion Nerve Action

Tensor yell Scaphoid fossa; Tendon hooks Mandibular Tenses soft
palatini spine of sphenoid; around hamulus of branch of tri- palate

cartilage of audi-

tory tube

medial pterygoid

plate to insert into
aponeurosis of soft

palate

geminal n.

Levator veli Petrous part of Aponeurosis of soft Vagus n. via Elevates soft
palatini temporal bone; car-

tilage of auditory

tube

palate pharyngeal

plexus

palate

Palatoglossus Aponeurosis of Dorsolateral side of Vagus n. via Elevates

soft palate tongue pharyngeal

plexus

tongue

Palatopharyngeus Aponeurosis of Thyroid cartilage Vagus n. via Elevates

soft palate and side of pharyngeal pharynx;

pharynx plexus closes naso-

pharynx

Musculus uvulae Posterior nasal Mucous membrane Vagus n. via Elevates

spine of palatine

bone; palatine

aponeurosis

of uvula pharyngeal

plexus

uvula

A. Lingual papillae
• Are small, nipple-shaped projections on the anterior two thirds of the dorsum of the tongue.
• Are divided into the vallate, fungiform, filiform, and foliate papillae.

1. Vallate papillae
• Are arranged in the form of a "V" in front of the sulcus terminalis.

• Are studded with numerous taste buds and are innervated by the glossopharyngeal

nerve.
2. Fungiform papillae

• Are mushroom-shaped projections with red heads and are scattered on the sides and

the apex of the tongue.
3. Filiform papillae

• Are numerous, slender, conical projections that are arranged in rows parallel to the

sulcus terminalis.
4. Foliate papillae

• Are found in certain animals but are rudimentary in humans.

B. Lingual tonsil
• Is the collection of nodular masses of lymphoid follicles on the posterior one third of

the dorsum of the tongue.

C. Lingual innervation
• The extrinsic and intrinsic muscles of the tongue are innervated by the hypoglossal

nerve except for the palatoglossus, which is innervated by the vagus nerve. A lesion of

the hypoglossal nerve deviates the tongue toward the injured side.
• The anterior two thirds of the tongue receives general sensory innervation from the lin-

gual nerve and taste sensation from the chorda tympani.
• The posterior one third of the tongue and the vallate papillae receive both general and

taste innervation from the glossopharyngeal nerve.
• The epiglottic region of the tongue and the epiglottis receive both general and taste in-

nervation from the internal laryngeal branch of the vagus nerve.
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Epiglottis

Figure 8-44 Tongue.

D. Lingual artery

• Arises from the external carotid artery at the level of the tip of the greater horn of the hyoid

bone in the carotid triangle.
• Passes deep to the hyoglossus and lies on the middle pharyngeal constrictor muscle.
• Gives rise to the suprahyoid, dorsal lingual, and sublingual arteries and terminates as the

deep lingual artery, which ascends between the genioglossus and inferior longitudinal
muscles.

E. Muscles of the tongue (Table 8-9)

1111r Teeth and Gums (Gingivae)

A. Structure of the teeth

1. Enamel is the hardest substance that covers the crown.
2. Dentin is a hard substance that is nurtured through the fine dental tubules of odonto-

blasts lining the central pulp space.
3. Pulp fills the central cavity, which is continuous with the root canal. It contains numer-

ous blood vessels, nerves, and lymphatics, which enter the pulp through an apical foramen
at the apex of the root.

B. Parts of the teeth
1. Crown projects above the gingival surface and is covered by enamel.
2. Neck is the constricted area at the junction of the crown and root.
3. Root, embedded in the alveolar part of the maxilla or mandible, is covered with cement,

which is connected to the bone of the alveolus by a layer of modified periosteum, the

periodontal ligament. Each maxillary molar generally has three roots and each mandibu-
lar molar has two roots.



Abscess or infection of the maxillary teeth: irritates the maxillary nerve, causing

upper toothache. It may result in symptoms of sinusitis, with pain referred to the dis-

tribution of the maxillary nerve.

cc 8.72
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TABLE 8.9 Muscles of the Tongue

Muscle Origin Insertion Nerve Action

Styloglossus Styloid process Side and inferior

aspect of tongue

Hypoglossal n. Retracts and ele-

vates tongue
Hyoglossus Body and greater Side and inferior Hypoglossal n. Depresses and

horn of hyoid bone aspect of tongue retracts tongue

Genioglossus Genial tubercle of Inferior aspect of Hypoglossal n. Protrudes and

mandible tongue; body of

hyoid bone

depresses tongue

Palatoglossus Aponeurosis of Dorsolateral side Vagus n. via Elevates tongue

soft palate of tongue pharyngeal

plexus

C. Basic types of teeth
1. Incisors, which are chisel-shaped teeth that have a single root, are used for cutting or

biting.
Canines, which have a single prominent cone and a single root, are used for tearing

3. Premolars, which usually have two cusps, are used for grinding. The upper first premolar

tooth may be hifid and all others each have a single root.
4. Molars, which usually have three (sometimes three to five) cusps, are used for grinding.

The upper molar teeth have three roots and the lower one two.

1). Two sets of teeth
1. Deciduous (primary) teeth: two incisors, one canine, and two molars in each quadrant,

for a total of 20

2. Permanent teeth: two incisors, one canine, two premolars, and three molars in each

quadrant, for a total of 32

Innervation of the teeth and gums (Figure 8-45)

1. Maxillary teeth are innervated by the anterior, middle, and posterior-superior alveolar

branches of the maxillary nerve.
2. Mandibular teeth are innervated by the inferior alveolar branch of the mandibular nerve.

Abscess or infection of the mandibular teeth: might spread through the lower jaw to

emerge on the face or in the floor of the mouth. It irritates the mandibular nerve,
causing pain that may be referred to the ear because this nerve also innervates a part of the ear.

3. Maxillary gingiva
a. Outer (buccal) surface is innervated by posterior, middle, and anterior-superior alve-

olar and infraorbital nerves.

b. Inner (lingual) surface is innervated by greater palatine and nasopalatine nerves.

4. Mandibular gingiva
a. Outer (buccal) surface is innervated by buccal and mental nerves.

b. Inner (lingual) surface is innervated by lingual nerves.
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Figure 8-45 Branches of the trigeminal nerve and their relationship with other structures.

alivary Glands (see Figure 8-45)

A. Submandibular gland
• Is ensheathed by the investing layer of the deep cervical fascia and lies in the sub-

mandibular triangle.
• Its superficial portion is situated superficial to the mylohyoid muscle.
• Its deep portion is located between the hyoglossus and styloglossus muscles medially and

the mylohyoid muscle laterally and between the lingual nerve above and the hypoglossal
nerve below.

• Wharton's duct arises from the deep portion and runs forward between the mylohyoid
and the hyoglossus, where it runs medial to and then superior to the lingual nerve. It then
runs between the sublingual gland and the genioglossus and empties at the summit of the
sublingual papilla (caruncle) at the side of the frenulum of the tongue.

• Is innervated by parasympathetic secretomotor fibers from the facial nerve, which run in
the chorda tympani and in the lingual nerve and synapse in the Submandibular ganglion.



Ludwig's angina: is an acute infection of the submandibular space and is secondary

involvement of the sublingual and submental spaces, usually resulting from a dental

infection in the mandibular molar area or a penetrating injury of the floor of the mouth. Symptoms

include painful swelling of the floor of the mouth, elevation of the tongue, dysphagia (difficulty in swallow-

ing), dysphonia (impairment of voice production), edema of the glottis, fever, and rapid breathing.
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B. Sublingual gland
• Is located in the floor of the mouth between the mucous membrane above and the mylo-

hyoid muscle below.
• Surrounds the terminal portion of the submandibular duct.
• Empties mostly into the floor of the mouth along the sublingual fold by 12 short ducts,

some of which enter the submandibular duct.
• Is supplied by postganglionic parasympathetic (secretomotor) fibers from the submandibu-

lar ganglion either directly or through the lingual nerve.

l. Development of the Palate

A. Primary palate
• Is formed by the medial nasal prominences at the midline. Posterior to the primary palate,

the maxillary process on each side sends a horizontal plate (palatal process); these plates fuse
to form the secondary palate and also unite with the primary palate and the developing
nasal septum.

B. Secondary palate
• Is formed by fusion of the lateral palatine processes (palatal shelves) that develops from the

maxillary prominences.

C. Definitive palate
• Is formed by fusion of the primary and secondary palates at the incisive foramen.

Cleft palate: occurs when the palatine shelves fail to fuse with each other or the

primary palate. Cleft lip occurs when the maxillary prominence and the medial nasal

prominence fail to fuse.

Development of the Tongue

A. The anterior two thirds of the tongue
• Develop from one median lingual swelling (tongue bud) and two lateral lingual swellings

(tongue buds) in the pharyngeal arch 1. Overgrowth of the lateral swellings form the an-

terior two thirds of the tongue.
• Receives general sensation (GSA) carried by the lingual branch of CN V and taste sensation

(SVA) carried by the chorda tympani branch of CN VII.

B. The posterior one third of the tongue
• Develops from the copula or hypobranchial eminence that is formed by mesoderm of the

pharyngeal arches 3 and 4.
• Receives general sensation and taste sensation carried by CN IX.
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C. Muscles of the tongue
• Intrinsic and extrinsic muscles (styloglossus, hyoglossus, genioglossus, and palatoglos-

sus) are derived from myoblasts that migrate to the tongue region from occipital somites.
Motor innervation is supplied by CN XII, except for that of the palatoglossus muscle,

which is innervated by CN X.

PHARYNX AND TONSILS

Pharynx (Figure 8-46; see Figure 8-43)

• Is a funnel-shaped fibromuscular tube that extends from the base of the skull to the inferior

border of the cricoid cartilage.

• Conducts food to the esophagus and air to the larynx and lungs.

_ubdivisions of the Pharynx

A. Nasopharynx
• Is situated behind the nasal cavity above the soft palate and communicates with the nasal

cavities through the nasal choanae.
• Contains the pharyngeal tonsils in its posterior wall.
• Is connected with the tympanic cavity through the auditory (eustachian) tube, which

equalizes air pressure on both sides of the tympanic membrane.

Figure 8-46 Pharynx.



Pharyngeal tumors: may irritate the glossopharyngeal and vagus nerves. Pain that
occurs while swallowing is referred to the ear because these nerves contribute sen-

sory innervation to the external ear.

Heimlich maneuver: is designed to expel an obstructing bolus of food from the throat
of a choking victim by wrapping your arms around the victim's waist from behind and

placing a fist with one hand and grasping it with the other on the abdomen between the navel and the
costal margin and forcefully pressing into the abdomen with a quick inward and upward thrust to dis-
lodge the obstruction.
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B. Oropharynx

• Extends between the soft palate above and the superior border of the epiglottis below and

communicates with the mouth through the oropharyngeal isthmus.
• Contains the palatine tonsils, which are lodged in the tonsillar fossae and are bounded

by the palatoglossal and palatopharyngeal folds.

C. Laryngopharynx (hypopharynx)
• Extends from the upper border of the epiglottis to the lower border of the cricoid cartilage.
• Contains the piriform recesses, one on each side of the opening of the larynx, in which

swallowed foreign bodies may be lodged.

Innervation and Blood Supply of the Pharynx (Figure 8-47)  

A. Pharyngeal plexus

• Lies on the middle pharyngeal constrictor.
• Is formed by the pharyngeal branches of the glossopharyngeal and vagus nerves and the

sympathetic branches from the superior cervical ganglion.
• Its vagal branch innervates all of the muscles of the pharynx with the exception of the

stylopharyngeus, which is supplied by the glossopharyngeal nerve.
• Its glossopharyngeal component supplies sensory fibers to the pharyngeal mucosa.

B. Arteries of the pharynx

• Are the ascending pharyngeal artery, ascending palatine branch of the facial artery, de-

scending palatine arteries, pharyngeal branches of the maxillary artery, and branches of
the superior and inferior thyroid arteries.

1 usc1eS Of the Pharynx ((Figures 8-48 and 8-49; Table 8-10)

jwallowin (De lutition)

• Is an act of transferring a food bolus from the mouth through the pharynx and esophagus into
the stomach.

A. The bolus of food is pushed back by elevating the tongue by the styloglossus into the fauces,

which is the passage from the mouth to the oropharynx.
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Figure 8-47 Nerve supply to the pharynx.

B. The palatoglossus and palatopharyngeus muscles contract to squeeze the bolus backward
into the oropharynx. The tensor veli palatini and levator veli palatini muscles elevate the soft

palate and uvula to close the entrance into the nasopharynx.

C. The walls of the pharynx are raised by the palatopharyngeus, stylopharyngeus, and salpin-

gopharyngeus muscles to receive the food. The suprahyoid muscles elevate the hyoid bone
and the larynx to close the opening into the larynx, thus passing the bolus over the epiglot-
tis and preventing the food from entering the respiratory passageways.

D. The serial contraction of the superior, middle, and inferior pharyngeal constrictor muscles

moves the food through the oropharynx and the laryngopharynx into the esophagus, where
it is propelled by peristalsis into the stomach.

. Tonsils

A. Pharyngeal tonsil
• Is found in the posterior wall and roof of the nasopharynx and is called an adenoid when

enlarged.

rt-	
Adenoid: is hypertrophy or enlargement of the pharyngeal tonsils, obstructing

passage of air from the nasal cavities through the choanae into the nasopharynx, and

thus causing difficulty in nasal breathing and phonation. It may block the pharyngeal orifices of the

auditory tube, causing hearing impairment. The infection may spread from the nasopharynx through the

auditory tube to the middle ear cavity, causing otitis media, which may result in deafness.
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Palatine tonsillectomy: is surgical removal of a palatine tonsil. During tonsillectomy,
the glossopharyngeal nerve may be injured, causing loss of general sensation and taste

sensation of the posterior one third of the tongue. It may cause much bleeding because the palatine
tonsils are highly vascular. Severe hemorrhage may occur usually from the tonsillar branch of the facial
artery and palatine branches of the ascending pharyngeal and maxillary arteries or paratonsillar veins.
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Figure 8-48 Muscles of the pharynx.

B. Palatine tonsil

• Lies on each side of the oropharynx in an interval between the palatoglossal and

palatopharyngeal folds.
• Receives blood from the ascending palatine and tonsillar branches of the facial artery, the

descending palatine branch of the maxillary artery, a palatine branch of the ascending

pharyngeal artery, and the dorsal lingual branches of the lingual artery.
• Is innervated by branches of the glossopharyngeal nerve and the lesser palatine branch of

the maxillary nerve.

Fir A Quinsy (peritonsillar abscess): is a painful pus-filled inflammation of the tonsils and
- surrounding tissues. It is caused by a spreading infection in the tissues surrounding the

inflamed tonsils or develops as a complication of tonsillitis, primarily in adolescents and young adults.
The soft palate and uvula are edematous and displaced toward the unaffected side. Symptoms include
sore throat, fever, dysphasia (impairment of speech), and trismus (motor disturbance of the trigeminal
nerve, especially spasm of the muscles of mastication with difficulty in opening the mouth). Although it
can be life threatening, it can be treated with antibiotics, surgical aspiration, or tonsillectomy.

C. Tubal (eustachian) tonsil

• Is a collection of lymphoid nodules near the pharyngeal opening of the auditory tube.

D. Lingual tonsil
• Is a collection of lymphoid follicles on the posterior portion of the dorsum of the tongue.
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Inferior constrictor

Esophagus

Figure 8-49 Pharyngeal constrictors.

E. Waldeyer's tonsillar ring

• Is a tonsillar ring of lymphoid tissue at the oropharyngeal isthmus, formed by the lingual,
palatine (faucial), tubal (eustachian), and pharyngeal tonsil.

Fascia and Space of  the Pharynx (see Figure 8-8)

A. Retropharyngeal space
• is a potential space between the huccopharyngeal fascia and the prevertebral fascia, extend-

ing from the base of the skull to the superior mediastinum.

• Permits movement of the pharynx, larynx, trachea, and esophagus during swallowing.

B. Pharyngobasilar fascia
• Forms the submucosa of the pharynx and blends with the periosteum of the base of the

skull.

• Lies internal to the muscular coat of the pharynx; these muscles are covered externally by
the buccopharyngeal fascia.

Pharyngeal (branchial) apparatus

• Consists of the pharyngeal arches, pouches, grooves, and membranes.

A. Pharyngeal (branchial) arches (1,2,3,4,6)
• Are composed of mesoderm and neural crest cells. (They are formed by migration of neural

crest cells around cores of mesoderm covered externally by ectoderm and internally by en-
doderm.) Each arch has its own cartilaginous, muscular, vascular, and nervous components.
1. I'haryngeal arch 1

• Forms the Meckel's cartilage which develops the malleus and incus and maxilla, zy-
gomatic and temporal squama, and mandible.

• Forms CN V (V2 and V3), which supply muscles of mastication, mylohyoid, digastric
anterior belly, tensor veil palatini, and tensor tympani.
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TABLE 8-10	 Muscles of the Pharynx

Muscle Origin Insertion Nerve Action

Circular muscles

Superior Medial pterygoid Median raphe and Vagus n. via Constricts upper
constrictor plate; pterygoid pharyngeal tu- pharyngeal pharynx

hamulus; bercle of skull plexus

pterygoman-

dibular raphe;

mylohyoid line of

mandible; side of

tongue
Middle Greater and lesser Median raphe Vagus n. via Constricts tower

constrictor horns of hyoid;

stylohyoid

ligament

pharyngeal

plexus

pharynx

Inferior con- Arch of cricoid Median raphe of Vagus n. via Constricts lower

strictor and oblique line of

thyroid cartilages

pharynx pharyngeal

plexus, re-

current and

external

laryngeal n.

pharynx

Longitudinal muscles
Stylopha- Styloid process Thyroid cartilage Glosso- Elevates pharynx

ryngeus and muscles of

pharynx

pharyn-

geal n.

and larynx

Palato- Hard palate; Thyroid cartilage Vagus n. via Elevates pharynx

pharyngeus aponeurosis of soft and muscles of pharyngeal and larynx; closes

palate pharynx plexus nasopharynx

Salpingo- Cartilage of auditory Muscles of Vagus n. via Elevates pharynx;

pharyngeus tube pharynx pharyngeal

plexus

opens auditory

tube

2. Pharyngeal arch 2
• Forms the Reichert's cartilage, which develops stapes, styloid process, lesser cornu,

and upper half of the hyoid bone.
• Forms CN VII, which innervates muscles of facial expression, digastric posterior belly,

stylohyoid, stapedius.
3. Pharyngeal arch 3

• Forms the third arch cartilage, which forms the greater cornu and lower half of the

hyoid bone.
• Forms CN IX, which innervates stylopharyngeus.

4. Pharyngeal arch 4
• Forms the fourth arch cartilage, which forms the laryngeal cartilages.
• Forms CN X (superior laryngeal branch), which innervates the muscles of the soft

palate except the tensor veli palatini, muscles of the pharynx except stylopharyngeus,
and cricopharyngeus.

5. Pharyngeal arch 6
• Forms the sixth arch cartilage which forms laryngeal cartilages.
• Forms CN X (recurrent laryngeal branch), which innervates the intrinsic muscles of

the larynx except cricothyroid and upper muscles of the esophagus.

B. Pharyngeal pouches (1, 2, 3, and 4)
• Are evaginations of the foregut endoderm.

1. Pharyngeal pouch 1 forms the epithelium of the auditory tube and the middle ear cavity.

2. Pharyngeal pouch 2 forms the epithelium and crypts of the palatine tonsil.
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3. Pharyngeal pouch 3 forms the inferior parathyroid gland and thymus.

4. Pharyngeal pouch 4 forms the superior parathyroid gland and ultimobranchial body.

C. The pharyngeal grooves (1, 2, 3, and 4)
• Are four invaginations of the surface ectoderm between adjacent arches.

1. Pharyngeal groove 1 gives rise to the epithelium of the external auditory meatus and
skin over the tympanic membrane.

2. Pharyngeal grooves 2, 3, and 4 are obliterated.

D. The pharyngeal membranes (1, 2, 3, and 4)
• Are located at the junction of each pharyngeal groove and pouch.

1. Pharyngeal membrane 1 gives rise to the tympanic membrane.
2. Pharyngeal membranes 2, 3, and 4 are obliterated.

NASAL CAVITY AND PARANASAL SINUSES

:Nasal Cavity (Figure 8-50; see Figure 8-43)

• Opens on the face through the anterior nasal apertures (flares, or nostrils) and communicates
with the nasopharynx through a posterior opening, the choanae.

• Has a slight dilatation inside the aperture of each nostril, the vestibule, which is lined largely

with skin containing hair, sebaceous glands, and sweat glands.

Figure 8-50 Nasal cavity.



Runny nose: is caused by tears draining into the inferior nasal meatus through the

nasolacrimal duct. It is also associated with the common cold, hay fever, flu, or allergy,

which may cause drainage from the paranasal sinus directly into the nasal cavity.
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A. Roof
• Is formed by the nasal, frontal, ethmoid (cribriform plate), and sphenoid (body) bones.

The cribriform plate transmits the olfactory nerves.

B. Floor
• Is formed by the palatine process of the maxilla and the horizontal plate of the palatine bone.
• Contains the incisive foramen, which transmits the nasopalatine nerve and terminal

branches of the sphenopalatine artery.

C. Medial wall (nasal septum)
• Is formed primarily by the perpendicular plate of the ethmoid bone, vomer, and septal

cartilage.
• Is also formed by processes of the palatine, maxillary, frontal, sphenoid, and nasal bones.

c c 8.81
Deviation of the nasal septum: may obstruct the nasal airway and block the openings

of the paranasal sinuses.

D. Lateral wall
• Is formed by the superior and middle conchae of the ethmoid bone and the inferior concha.
• Is also formed by the nasal hone, frontal process and nasal surface of the maxilla, lacrimal

bone, perpendicular plate of the palatine bone, and medial pterygoid plate of the sphenoid

bone.
• Contains the following structures and their openings:

1. Sphenoethmoidal recess: opening of the sphenoid sinus
2. Superior meatus: opening of the posterior ethmoidal air cells
3. Middle meatus: opening of the frontal sinus into the infundibulum, openings of the mid-

dle ethmoidal air cells on the ethmoidal bulla, and openings of the anterior ethmoidal

air cells and maxillary sinus in the hiatus semilunaris
4. Inferior meatus: opening of the nasolacrimal duct
5. Sphenopalatine foramen: opening into the pterygopalatine fossa; transmits the

sphenopalatine artery and nasopalatine nerve

Nasal polyp: is an inflammatory polyp that develops from the mucosa of the

paranasal sinus, which projects into the nasal cavity and may fill the nasopharynx.

84 Rhinoplasty: is a type of plastic surgery that changes the shape or size of the nose.

11.Subdivisions and Mucous Membranes

A. Vestibule
• Is the dilated part inside the nostril that is bound by the alar cartilages and lined by skin

with hairs.
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B. Respiratory region
• Consists of the lower two thirds of the nasal cavity.
• Warms, moistens, and cleans incoming air with its mucous membrane.

C. Olfactory region

• Consists of the superior nasal concha and the upper one third of the nasal septum.
• Is innervated by olfactory nerves, which convey the sense of smell from the olfactory cells

and enter the cranial cavity through the cribriform plate of the ethmoid bone to end in

the olfactory bulb.

Blood Supply to the Nasal Cavity

• Occurs via the following routes:

A. The lateral nasal branches of the anterior and posterior ethmoidal arteries of the oph-
thalmic artery

B. The posterior lateral nasal and posterior septal branches of the sphenopalatine artery of the
maxillary artery

C. The greater palatine branch (its terminal branch reaches the lower part of the nasal septum
through the incisive canal) of the descending palatine artery of the maxillary artery

D. The septal branch of the superior labial artery of the facial artery and the lateral nasal branch
of the facial artery

Epistaxis: is a nosebleed resulting from rupture of the sphenopalatine artery.
Nosebleed occurs from nose picking, which tears the veins in the vestibule of the

nose. It also occurs from the anterior nasal septum (Kiesselbach's area), where branches of the
sphenopalatine (from maxillary), greater palatine (from maxillary), anterior ethmoidal (from ophthalmic),
and superior labial (from facial) arteries converge.

TV Nerve Supply to the Nasal Cavity

A. SVA (smell) sensation is supplied by the olfactory nerves for the olfactory area.

B. GSA sensation is supplied by the anterior ethmoidal branch of the ophthalmic nerve; the
nasopalatine, posterior-superior, and posterior-inferior lateral nasal branches of the maxillary
nerve via the pterygopalatine ganglion; and the anterior-superior alveolar branch of the in-

fraorbital nerve.

Sneeze: is an involuntary, sudden, violent, and audible expulsion of air through the
mouth and nose. The afferent limb of the reflex is carried by branches of the maxillary

nerve, which convey general sensation from the nasal cavity and palate, and the efferent limb is med-
icated by the vagus nerve.

W Paranasal Sinuses (Figure 8-51; see Figures 8-35 and 8-43)

• Consist of the ethmoidal, frontal, maxillary, and sphenoidal sinuses.
• Are involved in a reduction of weight and resonance for voice.
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Figure 8-51 Openings of the paranasal sinuses.

A. Ethmoidal sinus

• Consists of numerous ethmoidal air cells, which are numerous small cavities within the

ethmoidal labyrinth between the orbit and the nasal cavity.
• Its infection may erode through the thin orbital plate of the ethmoid bone (lamina pa-

pyracea) into the orbit.
• Can be subdivided into the following groups:

1. Posterior ethmoidal air cells, which drain into the superior nasal meatus

2. Middle ethmoidal air cells, which drain into the summit of the ethmoidal bulla of the

middle nasal meatus
3. Anterior ethmoidal air cells, which drain into the anterior aspect of the hiatus semi-

lunaris in the middle nasal meatus

LC 8.87 Ethmoidal sinusitis: is an inflammation in the ethmoidal sinuses that may erode the
medial wall of the orbit, causing an orbital cellulitis that may spread to the cranial cavity.

B. Frontal sinus

• Lies in the frontal bone and opens into the hiatus semilunaris of the middle nasal meatus

by way of the frontonasal duct (or infundibulum).
• Is innervated by the supraorbital branch of the ophthalmic nerve.

LL- 8.88 Frontal sinusitis: is an inflammation in the frontal sinus that may erode the thin bone
of the anterior cranial fossa, producing meningitis or brain abscess.



Maxillary sinusitis: mimics the clinical signs of maxillary tooth abscess; in most cases,

it is related to an infected tooth. Infection may spread from the maxillary sinus to the

upper teeth and irritate the nerves to these teeth, causing toothache. It may be confused with toothache,

because only a thin layer of bone separates the roots of the maxillary teeth from the sinus cavity.

Sphenoidal sinusitis: is an infection in the sphenoidal sinus that may spread, may

come from the nasal cavity or from the nasopharynx, and may erode the sinus walls to

reach the cavernous sinuses, pituitary gland, optic nerve, or brainstem. Close relationships of the sphe-

noidal sinus with other surrounding structures are clinically important because of potential injury during

pituitary surgery and the possible spread of infection to other structures.
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C. Maxillary sinus
• Is the largest of the paranasal air sinuses and is the only paranasal sinus that may be present

at birth.
• Lies in the maxilla on each side, lateral to the lateral wall of the nasal cavity and inferior

to the floor of the orbit, and drains into the posterior aspect of the hiatus sem ilunaris in
the middle nasal meatus.

D. Sphenoidal sinus
• Is contained within the body of the sphenoid bone.
• Opens into the sphenoethmoidal recess of the nasal cavity.
• Is innervated by branches from the maxillary nerve and by the posterior ethmoidal branch

of the nasociliary nerve.
• The pituitary gland lies above this sinus and can be reached by the transsphenoidal ap-

proach, which follows the nasal septum through the body of the sphenoid. Care must be
taken not to damage the cavernous sinus and the internal carotid artery.

Development of the Nasal Cavity

A. Nasal pits are ectoderm-lined depressions that result from proliferation of mesenchyme in

lateral and medial nasal swellings. The nasal pits deepen, form blind sacs, and rupture to
form the nostrils.

B. Oronasal membrane initially separates nasal cavities from the oral cavity, but its rupture al-
lows communication between nasal and oral cavities through the primitive choanae.

C. Nasal septum forms as a downgrowth from the medial nasal process.

D. Lateral wall is formed as the superior, middle and inferior conchae.

E. Floor of the nasal cavity is formed by fusion of the medial nasal process (nasal septum) with

the palatine processes of the maxilla.

F. Roof of the nose is formed from the lateral nasal processes.

G. Paranasal sinuses develop as diverticula of the lateral nasal wall and extend into the maxilla,

ethmoid, frontal, and sphenoid bones.
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PTERYGOPALATINE FOSSA

litTioundaries and Openings

A. Anterior wall: posterior surface of the maxilla or the posterior wall of the maxillary sinus (no

openings)

B. Posterior wall: pterygoid process and greater wing of the sphenoid. Openings and their con-
tents include the following:
1. Foramen rotundum to middle cranial cavity: maxillary nerve
2. Pterygoid canal to foramen lacerum: nerve of the pterygoid canal
3. Palatovaginal (pharyngeal or pterygopalatine) canal to choana: pharyngeal branch of

the maxillary artery and pharyngeal nerve from the pterygopalatine ganglion

C. Medial wall: perpendicular plate of the palatine. The opening is the sphenopalatine fora-
men to the nasal cavity, which transmits the sphenopalatine artery and nasopalatine nerve.

D. Lateral wall: open (the pterygomaxillary fissure to the infratemporal fossa)

E. Roof: greater wing and body of the sphenoid. The opening is the inferior orbital fissure to

the orbit, which transmits the maxillary nerve.

F. Floor: fusion of the maxilla and the pterygoid process of the sphenoid. The opening is the
greater palatine foramen to the palate, which transmits the greater palatine nerve and vessels.

E ~Contents

A. Maxillary nerve (see Figure 8-45)
• Passes through the lateral wall of the cavernous sinus and enters the pterygopalatine fossa

through the foramen rotundum.
• Is sensory to the skin of the face below the eye but above the upper lip.
• Gives rise to the following branches:

1. Meningeal branch
• Innervates the dura mater of the middle cranial fossa.

2. Pterygopalatine nerves (communicating branches)
• Are connected to the pterygopalatine ganglion.
• Contain sensory fibers from the trigeminal ganglion.

3. Posterior-superior alveolar nerves
• Descend through the pterygopalatine fissure and enter the posterior-superior alveolar

canals.
• Innervate the cheeks, gums, molar teeth, and maxillary sinus.

4. Zygomatic nerve
• Enters the orbit through the inferior orbital fissure and divides into the zygomati-

cotemporal and zygomaticofacial branches, which supply the skin over the temporal
region and over the zygomatic bone, respectively.

• Transmits postganglionic parasympathetic and sympathetic GVE fibers to the
lacrimal gland through the zygomaticotemporal branch which joins the terminal part

of the lacrimal nerve.
5. Infraorbital nerve

• Enters the orbit through the inferior orbital fissure and runs through the infraorbital
groove and canal.

• Emerges through the infraorbital foramen and divides in the face into the inferior

palpebral, nasal, and superior labial branches.
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• Gives rise to the middle and anterior–superior alveolar nerves, which supply the max-
illary sinus, teeth, and gums.

6. Branches (sensory) via the pterygopalatine ganglion
• Contain GSA fibers as branches of the maxillary nerve but also carry GVA and GVE

fibers from the facial nerve to the nasal mucosa and the palate.
a. Orbital branches

• Supply the periosteum of the orbit and the mucous membrane of the posterior

ethmoidal and sphenoidal sinuses.
b. Pharyngeal branch

• Runs in the pharyngeal (palatovaginal) canal and supplies the roof of the phar-

ynx and the sphenoidal sinuses.
c. Posterior-superior lateral nasal branches

• Enter the nasal cavity through the sphenopalatine foramen and innervate the
posterior part of the septum, the posterior ethmoidal air cells, and the superior
and middle conchae.

d. Greater palatine nerve
• Descends through the palatine canal and emerges through the greater palatine fora-

men to innervate the hard palate and the inner surface of the maxillary gingiva.

• Gives rise to the posterior-inferior lateral nasal branches.
e. Lesser palatine nerve

• Descends through the palatine canal and emerges through the lesser palatine
foramen to innervate the soft palate and the palatine tonsil.

• Contains sensory (GVA and taste) fibers (for the soft palate) that belong to the
facial nerve and have their cell bodies in the geniculate ganglion.

• Also contains postganglionic parasympathetic and sympathetic GVE fibers that
come from the facial nerve via the greater petrosal and Vidian nerves and sup-

ply mucous glands in the nasal cavity and the palate.
f. Nasopalatine nerve

• Runs obliquely downward and forward on the septum, supplying the septum,
and passes through the incisive canal to supply the hard palate and the gum.

B. Pterygopalatine ganglion (see Figures 8-30 and 8-31)
• Is formed by neuron cell bodies of parasympathetic postganglionic GVE fibers and lies in

the pterygopalatine fossa just below the maxillary nerve, lateral to the sphenopalatine
foramen and anterior to the pterygoid canal.

• Receives preganglionic parasympathetic fibers from the facial nerve by way of the greater

petrosal nerve and the nerve of the pterygoid canal.
• Sends postganglionic parasympathetic fibers to the nasal and palatine glands and to the

lacrimal gland by way of the maxillary, zygomatic, and lacrimal nerves.
• Also receives postganglionic sympathetic fibers (by way of the deep petrosal nerve and the

nerve of the pterygoid canal), which are distributed with the postganglionic parasympa-
thetic fibers.

Lesion of the nerve of the pterygoid canal: results in vasodilation; a lack of secretion
of the lacrimal, nasal, and palatine glands; and a loss of general and taste sensation of

C. Pterygopalatine part of the maxillary artery
• Supplies blood to the maxilla and maxillary teeth, nasal cavities, and palate.
• Gives rise to the posterior-superior alveolar artery, infraorbital artery (which gives rise to

anterior-superior alveolar branches), descending palatine artery (which gives rise to the
lesser palatine and greater palatine branches), artery of the pterygoid canal, pharyngeal ar-
tery, and sphenopalatine artery.
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LARYNX

—
I.	 Introduction

• Is the organ of voice production and the part of the respiratory tract between the lower part of
the pharynx and the trachea.

• Acts as a compound sphincter to prevent the passage of food or drink into the airway in swal-
lowing and to close the rima glottidis during the Valsalva's maneuver (buildup of air pressure
during coughing, sneezing, micturition, defecation, or parturition).

• Regulates the flow of air to and from the lungs for vocalization (phonation).
• Forms a framework of cartilage for the attachment of ligaments and muscles.

Laryngitis: is an inflammation of the mucous membrane of the larynx. It is

characterized by dryness and soreness of the throat, hoarseness, cough, and dysphagia.

MB Cartilages (Figure 8-52)

A. Thyroid cartilage (see Deep Neck and Prevertebral Region: I.E.)
• Is a single hyaline cartilage that forms a median elevation called the laryngeal promi-

nence (Adam's apple), which is particularly apparent in males.
• Has an oblique line on the lateral surface of its lamina that gives attachment for the infe-

rior pharyngeal constrictor, sternothyroid, and thyrohyoid muscles.

B. Cricoid cartilage
• Is a single hyaline cartilage, which is shaped like a signet ring.
• Is at the level of C.V.6 and articulates with the thyroid cartilage. Its lower border marks the

end of the pharynx and larynx.

Figure 8-52 Cartilages of the larynx.
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C. Epiglottis
• Is a single elastic cartilage.
• Is a spoon-shaped plate that lies behind the root of the tongue and forms the superior part

of the anterior wall of the larynx.
• Its lower end is attached to the back of the thyroid cartilage.

8.93 Epiglottitis: is an inflammation or acute mucosal swelling of the epiglottis, which may

cause a life-threatening airway obstruction, especially in children.

D. Arytenoid cartilages
• Are paired elastic and hyaline cartilages.
• Are shaped liked pyramids, with bases that articulate with and rotate on the cricoid cartilage.
• Have vocal processes, which give attachment to the vocal ligament and vocalis muscle,

and muscular processes, which give attachment to the thyroarytenoid muscle and the lat-

eral and posterior cricoarytenoid muscles.
• Sits on the top of the cricoid cartilage and rotates to change the opening of the vocal folds

(the rima glottidis).

E. Corniculate cartilages
• Are paired elastic cartilages that lie on the apices of the arytenoid cartilages.

• Are enclosed within the aryepiglottic folds of mucous membrane.

F. Cuneiform cartilages

• Are paired elastic cartilages that lie in the aryepiglottic folds anterior to the corniculate
cartilages.

IF Ligaments of the Larynx

A. Thyrohyoid membrane
• Extends from the thyroid cartilage to the medial surface of the hyoid bone.

• Its middle (thicker) part is called the middle thyrohyoid ligament, and its lateral portion
is pierced by the internal laryngeal nerve and the superior laryngeal vessels.

4 Laryngotomy: is an operative opening into the larynx through the cricothyroid

membrane lcricothyrotomy}, through the thyroid cartilage (thytotomy), or through the

thyrohyoid membrane (superior laryngotomyl. It is performed when severe edema or an impacted for-

eign body calls for rapid admission of air into the larynx and trachea.

B. Cricothyroid ligament
• Extends from the arch of the cricoid cartilage to the thyroid cartilage and the vocal

processes of the arytenoid cartilages.

C. Vocal ligament
• Extends from the posterior surface of the thyroid cartilage to the vocal process of the ary-

tenoid cartilage.
• Is considered the upper border of the conus elasticus.

D. Vestibular (ventricular) ligament
• Extends from the thyroid cartilage to the anterior lateral surface of the arytenoid cartilage.



Valsalva's maneuver: is forcible exhalation effort against a closed airway (a closed
glottis, nose, or mouth); the resultant increase in intrathoracic pressure impedes

venous return to the heart. This maneuver causes a trapping of blood :n the great veins, preventing it
from entering the right atrium. Then the breath is released, the intrathoracic pressure drops, and the

trapped blood is quickly propelled through the heart, producing an increase in the heart rate (tachycar-

dia) and the blood pressure.
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E. Conus elasticus (cricovocal ligament)
• Is the paired lateral portion of the fibroelastic membrane that extends between the supe-

rior border of the entire arch of the cricoid cartilage and the vocal ligaments.
• Is formed by the cricothyroid, median cricothyroid, and vocal ligaments.

Cavities  and Folds (Figure 8-53)

• The laryngeal cavity is divided into three portions by the vestibular and vocal folds: the

vestibule, ventricle, and infraglottic cavity.

A. Vestibule
• Extends from the laryngeal inlet to the vestibular (ventricular) folds.

B. Ventricles
• Extend between the vestibular fold and the vocal fold.

C. Infraglottic cavity
• Extends from the rima glottidis to the lower border of the cricoid cartilage.

D. Rima glottidis
• Is the space between the vocal folds and arytenoid cartilages.
• Is the narrowest part of the laryngeal cavity.

Laryngeal obstruction (choking): is caused by aspirated foods, which are usually
lodged at the rima glottidis. It can be released by compression of the abdomen to expel

air from the lungs and thus dislodge the foods (e.g., the Valsalva's maneuver).

cc 8.95

Figure 8-53 Interior view of the larynx.
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E. Vestibular folds (false vocal cords)
• Extend from the thyroid cartilage above the vocal ligament to the arytenoid cartilage.

F. Vocal folds (true vocal cords)
• Extend from the angle of the thyroid cartilage to the vocal processes of the arytenoid

cartilages.
• Contain the vocal ligament near their free margin arid the vocalis muscle, which forms

the bulk of the vocal fold.
• Are important in voice production because they control the stream of air passing through

the rima glottidis.
• Alter the shape and size of the rima glottidis by movement of the arytenoids to facilitate

respiration and phonation. (The rima glottidis is wide during inspiration and narrow and

wedge-shaped during expiration and sound production.)

V	 Muscles (Figure 8-54; Table 8-11)

Innervation (Figure 8-55)

A. Recurrent laryngeal nerve
• Innervates all of the intrinsic muscles of the larynx except the cricothyroid, which is inner-

vated by the external laryngeal branch of the superior laryngeal branch of the vagus nerve.
• Supplies sensory innervation below the vocal cord.
• Has a terminal portion above the lower border of the cricoid cartilage called the inferior

laryngeal nerve.

Epiglottis

Figure 8-54 Muscles of the larynx.
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TABLE 8-11	 Muscles of the Larynx

Action on

Muscle Origin Insertion Nerve Vocal Cords

Cricothyroid Arch of cricoid Inferior horn and External Tenses; adducts;

cartilage lower lamina of

thyroid cartilage

laryngeal elongates

Posterior crico- Posterior surface of Muscular process Recurrent Abducts; opens

arytenoid lamina of cricoid of arytenoid laryngeal rima glottidis by

cartilage cartilage rotating ary-

tenoid cartilage

laterally

Lateral crico- Arch of cricoid Muscular process Recurrent Adducts; closes

arytenoid cartilage of arytenoid

cartilage

laryngeal rima glottidis by

rotating ary-

tenoid cartilage

medially.

Transverse Posterior surface of Opposite aryte- Recurrent Adducts; closes

arytenoid arytenoid cartilage noid cartilage laryngeal rims glottidis

Oblique Muscular process of Apex of opposite Recurrent Adducts; closes

arytenoid arytenoid cartilage arytenoid laryngeal rima glottidis

Aryepiglottic Apex of arytenoid Side of epiglottic Recurrent Adducts

cartilage cartilage laryngeal

Thyroarytenoid Inner surface of Anterolateral Recurrent Adducts; relaxes

thyroid lamina surface of aryte-

noid cartilage

laryngeal

Thyroepiglottic Anteromedial surface Lateral margin Recurrent Adducts
of lamina of thyroid

cartilage

of epiglottic

cartilage

laryngeal

Vocalis Angle between two Vocal process Recurrent Adducts; tenses

laminae of thyroid of arytenoid laryngeal (anterior part);

cartilage cartilage relaxes (poste-
rior part); con-

trols pitch

* The posterior cricoarytenoid muscle draws the muscular process of the arytenoid cartilage posteriorly and thereby
rotates the vocal process laterally, resulting in opening of the rima glottidis, whereas the lateral cricoarytenoid mus-
cle draws the muscular process anteriorly and thereby rotates the vocal process medially.

Epiglottis
	 Hyoid bone

Figure 8-55 Nerve supply to the larynx.
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Lesion of the external laryngeal nerve may occur during thyroidectomy because

the nerve accompanies the superior thyroid artery. It causes paralysis of the cricothy-
roid muscle, resulting in paralysis of the laryngeal muscles and thus inability to lengthen the vocal cord

and loss of the tension of the vocal cord. Such stresses to the vocal cord cause a fatigued voice and a

weak hoarseness.

CC 8.99
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Lesion of the recurrent laryngeal nerve: could be produced during thyroidectomy or
cricothyrotomy or by aortic aneurysm and may cause respiratory obstruction, hoarse-

ness, inability to speak, and loss of sensation below the vocal cord.

B. Superior laryngeal nerve
• Is a branch of the vagus nerve and divides into the internal and external laryngeal branches.

C. Internal laryngeal nerve
• Innervates the mucous membrane above the vocal cord and taste buds on the epiglottis.

• Is accompanied by the superior laryngeal artery and pierces the thyrohyoid membrane.

Lesion of the internal laryngeal nerve: results in loss of sensation above the vocal

cord and loss of taste on the epiglottis.

D. External laryngeal nerve
• Innervates the cricothyroid and inferior pharyngeal constrictor (cricopharyngeus part)

muscles.
• Is accompanied by the superior thyroid artery.

EAR

g, External Ear (Figure 8-56)

• Consists of the auricle and the external acoustic meatus, and receives sound waves.

A. Auricle

• Consists of cartilage connected to the skull by ligaments and muscles and is covered by skin.
• Funnels sound waves into the external auditory meatus.
• Receives sensory nerves from the auricular branch of the vagus and facial nerves and the

greater auricular, auriculotemporal branch of the trigeminal nerve, and lesser occipital
nerves.

• Receives blood from the superficial temporal and posterior auricular arteries.

• Has the following features:
1. Helix: the slightly curved rim of the auricle
2. Antihelix: a broader curved eminence internal to the helix, which divides the auricle

into an outer scaphoid fossa and the deeper concha
3. Concha: the deep cavity in front of the antihelix
4. Tragus: a small projection from the anterior portion of the external ear anterior to the

concha
5. Lobule: a structure made up of areolar tissue and fat but no cartilage
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Internal carotid artery
	

External auditory meatus
Tympanic membrane

Figure 8-56 External, middle, and inner ear.

B. External acoustic (auditory) meatus
• Is about 2.5 cm long, extending from the concha to the tympanic membrane.
• Its external one third is formed by cartilage, and its internal two thirds is formed by bone.

The cartilaginous portion is wider than the bony portion and has numerous ceruminous

glands that produce earwax.
• Is innervated by the auriculotemporal branch of the trigeminal nerve and the auricular

branch of the vagus nerve, which is joined by a branch of the facial nerve and the glos-

sopharyngeal nerve.

• Receives blood from the superficial temporal, posterior auricular, and maxillary arteries (a

deep auricular branch).

C. Tympanic membrane (eardrum)
• Lies obliquely across the end of the meatus sloping medially from posterosuperiorly to

anteroinferiorly; thus, the anterior-inferior wall is longer than the posterior-superior

wall.
• Consists of three layers: an outer (cutaneous), an intermediate (fibrous), and an inner

(mucous) layer.
• Has a thickened fibrocartilaginous ring at the greater part of its circumference, which is

fixed in the tympanic sulcus at the inner end of the meatus.
• Has a small triangular portion between the anterior and posterior malleolar folds called the

pars flaccida (deficient ring and lack of fibrous layer). The remainder of the membrane is

called the pars tensa.

• Contains the cone of light, which is a triangular reflection of light seen in the anterior-

inferior quadrant.
• Contains the most depressed center point of the concavity, called the umbo (Latin for

"knob").
• Conducts sound waves to the middle ear.
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• Its external (lateral) concave surface is covered by skin and is innervated by the auricu-
lotemporal branch of the trigeminal nerve arid the auricular branch of the vagus nerve.

The auricular branch is joined by branches of the glossopharyngeal and facial nerves.

This surface is supplied by the deep auricular artery of the maxillary artery.

• Its internal (medial) surface is covered by mucous membrane, is innervated by the tym-
panic branch of the glossopharyngeal nerve, and serves as an attachment for the handle
of the malleus. This surface receives blood from the auricular branch of the occipital ar-

tery and the anterior tympanic artery.

	 Middle Ear (Figures 8-57 and 8-58)

• Consists of the tympanic cavity with its ossicles and is located within the petrous portion of
the temporal bone.

• 'Transmits the sound waves from air to auditory ossicles and then to the inner ear.

A. Tympanic (middle ear) cavity

• Includes the tympanic cavity proper (the space internal to the tympanic membrane) and
the epitympanic recess (the space superior to the tympanic membrane that contains the

head of the malleus and the body of the incus).
• Communicates anteriorly with the nasopharynx via the auditory (eustachian) tube and

posteriorly with the mastoid air cells and the mastoid antrum through the aditus ad

antrum.
• Is traversed by the chorda tympani and lesser petrosal nerve.

1. Boundaries of the tympanic cavity
a. Roof: tegmen tympani
b. Floor: jugular fossa

Semicircular canals

Tympanic membrane
	

Stapes

Figure 8-57 Middle and inner ear.
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Figure 8-58 Ossicles of the middle ear and tympanic membrane.

c. Anterior: carotid canal
d. Posterior: mastoid air cells and mastoid antrum through the aditus ad antrum
e. Lateral: tympanic membrane
f. Medial: lateral wall of the inner ear, presenting the promontory formed by the basal

turn of the cochlea, the fenestra vestibuli (oval window), the fenestra cochlea
(round window), and the prominence of the facial canal

2. Oval window (fenestra vestibuli)
• Is pushed back and forth by the footplate of the stapes and transmits the sonic

vibrations of the ossicles into the perilymph of the scala vestibuli in the inner ear.

3. Round window (fenestra cochlea or tympani)
• Is closed by the secondary tympanic (mucous) membrane of the middle ear and ac-

commodates the pressure waves transmitted to the perilymph of the scala tympani.



Hyperacusis (hyperacusia): is excessive acuteness of hearing, because of
paralysis of the stapedius muscle (causing uninhibited movements of the Stop

resulting from a lesion of the facial nerve.

8.101
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Otitis media: is a condition of middle ear infection that may be spread from the

nasopharynx through the auditory tube, causing temporary or permanent deafness.

B. Muscles
1. Stapedius muscle

• Is the smallest of the skeletal muscles in the human body.
• Arises from the pyramidal eminence, and its tendon emerges from the eminence.
• Inserts on the neck of the stapes.
• Is innervated by a branch of the facial nerve.
• Pulls the head of the stapes posteriorly, thereby tilting the base of the stapes.

• Prevents (or reduces) excessive oscillation of the stapes and thus protects the inner ear
from injury from a loud noise.

• Its paralysis results in hyperacusis.

2. Tensor tympani muscle
• Arises from the cartilaginous portion of the auditory tube.
• Inserts on the handle (manubrium) of the malleus.
• Is innervated by the mandibular branch of the trigeminal nerve.
• Draws the tympanic membrane medially and tightens it (in response to loud noises),

thereby increasing the tension and reducing the vibration of the tympanic membrane.

C. Auditory ossicles
• Consist of the malleus, incus, and stapes.
• Form a bridge by synovial joints in the middle ear cavity, transmit sonic vibrations from

the tympanic membrane to the inner ear, and amplify the force.
1. Malleus (hammer)

• Consists of a head, neck, handle (manubrium), and anterior and lateral processes.
• Its rounded head articulates with the incus in the epitympanic recess.

• Its handle is fused to the medial surface of the tympanic membrane and serves as an
attachment for the tensor tympani muscle.

2. I ncus (anvil)
• Consists of a body and two processes (crura).
• Its long process descends vertically, parallel to the handle of the malleus, and articu-

lates with the stapes.

• Its short process extends horizontally backward to the fossa of the incus and provides

the attachment for the posterior ligament of the incus.
3. Stapes (stirrup)

• Consists of a head and neck, two processes (crura), and a base (footplate),

• Its neck provides insertion of the stapedius muscle.
• Has a hole through which the stapedial artery is transmitted in the embryo; this hole

is obturated by a thin membrane in the adult.

• Its base (footplate) is attached by the annular ligament to the margin of the oval win-
dow (fenestra vestibuli). Abnormal ossification between the footplate and the oval
window (otosclerosis) limits the movement of the stapes, causing deafness.

Otosclerosis: is a condition of abnormal bone formation around the stapes and
the oval window, limiting the movement of the stapes and thus resulting in progres-

sive conduction deafness.
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8.103 Conductive deafness: is hearing impairment caused by defect of the sound-

conducting apparatus such as the auditory meatus, eardrum, or ossicles.

D. Auditory (pharyngotympanic or eustachian) tube
• Connects the middle ear to the nasopharynx.
• Allows air to enter or leave the middle ear cavity and thus balances the pressure in the mid-

dle ear with atmospheric pressure, allowing free movement of the tympanic membrane.
• Has cartilaginous portion that remains closed except during swallowing or yawning.
• Is opened by the simultaneous contraction of the tensor veli palatini and salpingopha-

ryngeus muscles.

E. Sensory nerve and blood supply to the middle ear
• Is innervated by the tympanic branch of the glossopharyngeal nerve, which forms the

tympanic plexus with caroticotympanic nerves from the internal carotid plexus of sym-
pathetic fibers. The tympanic nerve continues beyond the plexus as the lesser petrosal
nerve, which transmits preganglionic parasympathetic fibers to the otic ganglion.

• Receives blood from the stylomastoid branch of the posterior auricular artery and the an-

terior tympanic branch of the maxillary artery.

e	 I Neural or sensorineural deafness: is hearing impairment because of a lesion of the

auditory nerve or the central afferent neural pathway.

Inner Ear (see Figure 8-57)

• Consists of the acoustic apparatus, the cochlea housing the cochlear duct for auditory sense,

and the vestibular apparatus, the vestibule housing the utricle and saccule, and the semicir-
cular canals housing the semicircular ducts for the sense of equilibrium.

• Is the place where vibrations are transduced to specific nerve impulses that are transmitted
through the acoustic nerve to the central nervous system (CNS).

• Is composed of the bony labyrinth and the membranous labyrinth.

A. Bony labyrinth
• Consists of three parts: the vestibule, the three semicircular canals, and the cochlea, all of

which contain the perilymph, in which the membranous labyrinth is suspended.
• The vestibule is a cavity of the bony labyrinth communicating with the cochlea anteriorly

and the semicircular canals posteriorly.
• The bony cochlea consists of two adjacent ducts: (a) the upper scala vestibuli, which be-

gins in the vestibule and receives the vibrations transmitted to the perilymph at the oval
window and (b) the lower scala tympani, which communicates with the scala vestibuli
through the helicotrema at the apex of the cochlea and ends at the round window, where

the sound pressure waves are dissipated.

B. Membranous labyrinth
• Is suspended in perilymph within the bony labyrinth, is filled with endolymph, and con-

tains the sensory organs.
• Has comparable parts and arrangement as the bony labyrinth.
• Its utricle and saccule are dilated membranous sacs in the vestibule and contain sense or-

gans called maculae, which detect linear acceleration of the head. The macula of the utri-
cle has a horizontal orientation, and the macula of the saccule has a vertical orientation.

• Its semicircular ducts consist of anterior (superior), lateral, and posterior and their dilated

ends are called ampullae, which detect rotational or angular acceleration.
• Its cochlear duct (scala media) is wedged between the scala vestibuli and scala tympani

and contains endolymph and the spiral organ of Corti, with receptor cells (hair cells) for

auditory stimuli (the sense of hearing).



Maniere's disease (endolymphatic or labyrinthine hydrops): is characterized by a
loss of balance (vertigo), tinnitus (ringing or buzzing in the ears), progressive

hearing loss resulting from hydrops of the endolymphatic duct or edema of the labyrinth (excessive
amounts of endolymph that distort the membranous labyrinth) or inflammation of the vestibular division
of the vestibulocochlear nerve, and nausea and vomiting.

B.105
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W. Development of the Ear

A. External ear
1. Pharyngeal groove 1 forms the external auditory meatus and tympanic membrane.

2. Auricular hillocks form the auricle.

B. Middle ear
1. Pharyngeal arch 1 forms the incur, malleus, tensor tympani muscle, trigeminal nerve.

2. Pharyngeal arch 2 forms the stapes, stapedius muscle, facial nerve.
3. Pharyngeal pouch 1 forms the auditory tube and middle ear cavity.
4. Pharyngeal membrane 1 forms the tympanic membrane.

C. Internal ear
• Develops from the otic placodes (thickening of embryonic ectoderm), which invaginate to

form the otic or auditory vesicles (otocysts).
1. Auditory vesicle (otocyst) is the primordium of the internal ear and derived from the

surface ectoderm.

a. Utricular portion forms the utricle, semicircular ducts, and vestibular ganglion of CN

VIII.
b. Saccular portion forms the saccule, cochlear duct, and spiral ganglion of CN VIII.

c. Vestibular pouch forms the semicircular canals, the utricle, and endolymphatic

duct.
d. Cochlear pouch gives rise to the saccule, which forms a diverticulum, that in turn

forms the cochlear duct.
2. Otic capsule develops from the mesenchyme around the otocyst and forms the peri-

lymphatic space, which develops into the scala tympani and scala vestibule. The carti-

laginous otic capsule ossifies to form the bony labyrinth.

CHAPTER SUMMARY

Neck

• The posterior cervical triangle is bounded by the trapezius, sternocleidomastoid, and clavicle

and is subdivided by the posterior belly of the omohyoid into the occipital and subclavian triangles.
It contains the spinal accessory nerve; external jugular vein; cervical plexus; roots and trunks of the
brachial plexus; and subclavian, transverse cervical, and suprascapular arteries.

• The anterior cervical triangle is bounded by the sternocleidomastoid, mandible, and midline of
the neck and is subdivided by the digastric anterior and posterior bellies and anterior belly of the
omohyoid into the submandibular, carotid, muscular, and submental triangles.

• The accessory nerve runs on the levator scapulae, deep to the trapezius, and innervates the
trapezius and sternocleidomastoid muscles. The superficial (cutaneous) branches of the cervical
plexus include the great auricular, transverse cervical, supraclavicular, and lesser occipital nerves.
The deep branches of the cervical plexus consist of the ansa cervicalis, which supplies the infrahy-
oid or strap muscles, and the phrenic nerve, which runs on the scalenus anterior and enters the tho-
rax to supply the diaphragm.
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• The posterior belly of the digastric and stylohyoid muscles are innervated by the facial nerve,

whereas the anterior belly of the digastric and mylohyoid muscles are innervated by the trigeminal
nerve. The geniohyoid and thyrohyoid muscles are innervated by Cl through the hypoglossal nerve.

Deep Structures of the Neck

• The trachea begins at the inferior border of the cricoid cartilage and ends by bifurcating into the

primary bronchi at the level of sternal angle. It keeps open by series of C-shaped hyaline cartilages.

• The esophagus is a muscular tube extending from the pharynx to the stomach. It contains

smooth muscles innervated by sympathetic nerve fibers from the sympathetic trunk and bran-
chiomeric skeletal muscles innervated by SVE fibers from the recurrent laryngeal nerves.

• The thyroid gland is an endocrine gland secreting hormones thyroxine and thyrocalcitonin that
regulate metabolic rate. The isthmus overlies the second to the third or the second to the fourth tra-
cheal rings.

• The parathyroid glands are two superior and two inferior (4 to 6) small endocrine glands, which

secrete parathyroid hormone for calcium metabolism. If there is no secretion of parathyroid hor-
mone, fetal tetany is produced.

• The carotid sheath contains the common and internal carotid arteries, internal jugular vein, and

vagus nerve. It does not contain the sympathetic trunk, which lies posterior to the carotid sheath

and is embedded in the prevertebral fascia.

• The common carotid artery arises from the brachiocephalic trunk on the right and from the aor-

tic arch on the left. It divides into the internal and external carotid arteries at the level of the upper
border of the thyroid cartilage. The internal carotid artery has no named branch in the neck, and
the external carotid artery has numerous branches such as the superior thyroid, ascending pharyn-
geal, occipital, lingual, facial, posterior auricular, maxillary, and superficial temporal arteries. The
carotid body lies at the bifurcation of the common carotid artery and serves as a chemoreceptor.
The carotid sinus lies at the origin of the internal carotid artery and functions as a pressoreceptor

or baroreceptor. The carotid body and carotid sinus are innervated by the carotid sinus nerve of the
vagus nerve and the nerve to the carotid body from the glossopharyngeal nerve.

Face and Scalp

• Muscles of facial expression are innervated by the facial nerve and the cutaneous sensation is

supplied by the trigeminal nerve. The face receives arterial blood from the facial artery, which gives
rise to the inferior labial, superior labial, and lateral nasal and ends as the angular artery. The facial

vein has the corresponding branches of the facial artery and drains into the internal jugular vein
and communicates with the pterygoid venous plexus by way of the deep facial vein.

• The scalp consists of the skin, connective tissue, aponeurosis, loose connective tissue, and pericra-

nium (periosteum); receives sensory innervation from branches of the ophthalmic, maxillary and
mandibular nerves, and the lesser, greater and third occipital nerves; and receives blood from
branches of the internal and external carotid arteries. The loose connective tissue layer is known as a
dangerous layer, which communicates with cranial dural venous sinuses by way of the emissary veins.

Infratemporal Fossa

• The infraorbital fossa contains muscles of mastication, mandibular nerve and it branches, and

the maxillary artery and its branches.

• The muscles of mastication are innervated by the mandibular branch of the trigeminal nerve.

The lateral pterygoid opens the jaw, and other muscles close the jaw. The mandible can be protruded
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by the lateral and medial pterygoid muscles, whereas it can be retracted by the temporalis and mas-
seter muscles.

• The maxillary artery gives rise to the deep auricular, anterior tympanic, inferior alveolar, deep
temporal, middle meningeal, (muscles of mastication), and buccal branches in the infratemporal
fossa. The middle meningeal artery passes between two roots of the auriculotemporal nerve and en-
ters the cranial cavity through the foramen ovale. The inferior alveolar artery enters the mandibu-
lar canal and supplies the lower teeth and chin.

• The mandibular nerve gives off inferior alveolar, lingual, buccal, deep temporal, and other mus-
cular branches. The lingual nerve is joined by the chorda tympani which carries the preganglionic

parasympathetic fibers to the submandibular ganglion and taste fibers to the anterior two thirds of
the tongue. The inferior alveolar nerve gives off the mylohyoid nerve, which supplies the anterior
belly of the digastric and mylohyoid muscles.

• The parotid gland secretes a large amount of watery saliva (which contains enzymes) by parasym-
pathetic stimulation and a small amount of viscus saliva in response to sympathetic stimulation. The
saliva enters the vestibule opposite site of the upper second molar tooth by way of the parotid duct.

Cranial cavity

• The anterior cranial cavity contains numerous foramina that transmit nerves; blood vessels; and
other structures including the foramen cecum (emissary vein to superior sagittal sinus, foramina of
cribriform plate (olfactory nerve), posterior ethmoidal foramen (posterior ethmoidal nerve and ves-
sels), and optic canal (optic nerve, ophthalmic artery).

• The middle cranial fossa contains the superior orbital fissure (CNs III, IV, V3, and VI and oph-
thalmic vein), foramen rotundum (maxillary nerve), foramen ovale (mandibular nerve, accessory
meningeal artery, lesser petrosal nerve), foramen spinosum (middle meningeal vessels, meningeal
branch of mandibular nerve), foramen lacerum (upper part: internal carotid artery and plexus), hia-
tus of canal of lesser petrosal nerve, and hiatus of canal of greater petrosal nerve.

• The posterior cranial fossa contains the internal acoustic meatus (facial nerve, vestibulocochlear
nerve, labyrinthine artery), mastoid foramen (emissary vein), jugular foramen (CNs IX, X, and XI
and internal jugular vein), condylar canal (emissary vein), hypoglossal canal (CN XII), and foramen
magnum (medulla oblongata, meninges, vertebral arteries, spinal roots of CN XI).

Cranial nerves

• Olfactory nerve (SVA, smell).

• Optic nerve (SSA, vision).

• Oculomotor, trochlear, and abducens nerves (GSE, muscles of eye movement, SO 4, LR6, and Re-
mainder3).

• Trigeminal nerve (GSA, skin on face; SVE, muscles of mastication).

• Facial nerve (SVE, muscles of facial expression; SVA, taste on anterior two thirds of tongue; GVE,

parasympathetic nerve to submandibular and pterygopalatine ganglia; GVA, mucous membrane on
palate; GSA, external ear).

• Vestibulocochlear nerve (SSA, hearing and balance).

• Glossopharyngeal nerve (SVE, stylopharyngeus muscle; SVA, taste on posterior one third of
tongue; GVE, parasympathetic nerve to otic ganglion; GVA, posterior one third of tongue; GSA, ex-
ternal ear).
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• Vagus nerve (SVE, muscles of palate, pharynx, and larynx; SVA, taste on epiglottis; GVE, parasym-

pathetic nerve to smooth muscles, glands, heart, and muscles in the thorax and abdomen; GVA, mu-
cous membrane of the pharynx, larynx, middle ear cavity, and thoracic and abdominal viscera;,
GSA, external ear).

• Accessory nerve (SVE, trapezius and sternocleidomastoid) and hypoglossal nerve (GSE, muscles
of tongue movement).

Reflex arcs

• The optic nerve mediates the afferent limb of the pupillary light reflex, whereas parasympathetic

fibers in the oculomotor nerve mediate the efferent limb.

• The ophthalmic nerve mediates the afferent limb of the corneal (blink) reflex by way of the

nasociliary branch, whereas the facial nerve mediates the efferent limb.

• The maxillary nerve mediates the afferent limb of the sneeze reflex (irritation of the nasal mu-

cosa), and the vagus nerve mediates the efferent limb.

• The mandibular nerve mediates the afferent and efferent limbs of the jaw jerk reflex.

• The glossopharyngeal nerve (pharyngeal branch) mediates the afferent limb of the gag (pharyn-

geal) reflex, and the vagus nerve mediates the efferent limb.

• The vagus nerve mediates the afferent and efferent limbs of the cough reflex (irritation of the
bronchial mucosa).

Intracranial dural venous sinuses

• Most veins of the brain drain into the intracranial dural venous sinuses.

• The superior sagittal sinus lies in the midline along the convex border of the falx cerebri between

the cerebral hemispheres.

• The inferior sagittal sinus lies in the free edge of the falx cerebri and is joined by the great cere-

bral vein of Galen to form the straight sinus.

• The superior sagittal, straight, and occipital (in the falx cerebelli) sinuses join at the conflu-

ence, which is drained by the transverse sinuses.

• The transverse sinus drains into the sigmoid sinus, which becomes the internal jugular vein.

• The cavernous sinus is located on each side of the sella turcica; communicates with the oph-

thalmic vein, pterygoid venous plexus, and facial vein; and contains the abducens nerve and inter-
nal carotid artery in the middle and the oculomotor, trochlear, ophthalmic, and maxillary nerves in
the lateral wall.

Orbit

• The optic canal is formed by two roots of the lesser wing of sphenoid and transmits the optic

nerve and ophthalmic artery. The superior orbital fissure is formed by the lesser and greater wings
of the sphenoid bone and transmits the oculomotor, trochlear, abducens, and ophthalmic nerves
and ophthalmic vein and form the supraorbital fissure. The inferior orbital fissure lies between the
greater wing and maxilla and transmits the infraorbital nerve and vessels.

• Muscles of eye movement are the levator palpebrae superioris, inferior oblique, superior, middle,

and inferior rectus muscles, which are innervated by the oculomotor nerve; the lateral rectus muscle
is innervated by the abducens nerve; and the superior oblique is innervated by the trochlear nerve.
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• The ophthalmic nerve divides into the lacrimal, frontal (which divides into the supraorbital and
supratrochlear branches), and nasociliary nerves. The nasociliary nerve gives off a communicating
branch to the ciliary ganglion and the long ciliary nerve, which contains sympathetic postgan-
glionic fibers, and serves as afferent limb of the corneal blink reflex arc. Parasympathetic nerves sup-
ply ciliary muscle and sphincter pupillae muscle, and sympathetic nerves supply the dilator pupil-

lae muscle.

• The ophthalmic artery arises from the internal carotid artery and supplies structures in the orbit
and eyeball. The ophthalmic veins communicate with the cavernous sinus and the pterygoid venous
plexus.

Oral cavity

• The palate consists of the hard palate and soft palate. Muscles of the palate (palatoglossus,
palatopharyngeus, muscular uvulae, levator veli palatine, and tensor veli palatine) are innervated by
the vagus nerve except the tensor veli palatini, which is innervated by the trigeminal nerve.

• Nerves

The maxillary teeth are innervated by the superior alveolar nerve, and the mandibular teeth are
innervated by the inferior alveolar nerve.

The maxillary gingival, the outer (buccal) surface is innervated by the superior alveolar and in-

fraorbital nerves, whereas the inner (lingual) surface is innervated by the greater palatine and na-
sopalatine nerves.

* The outer (buccal) surface of the mandibular gingiva is innervated by the buccal and mental
nerves, whereas the inner (lingual) surface is innervated by the lingual nerves.

• Muscles of the tongue are innervated by the hypoglossal nerve except the palatoglossus, which is
innervated by the vagus nerve. Anterior two thirds of the tongue is innervated by the lingual nerve for
general sensation and by chorda tympani of the facial nerve for taste (SVA) sensation. Posterior one
third of the tongue is supplied by the glossopharyngeal nerve for both general and taste sensations.

• Innervation of the tongue

GSE motor innervation to muscles of the tongue from the hypoglossal nerve.

GSA sensation from anterior two thirds of the tongue from the lingual nerve.

* SVA taste sensation from anterior two thirds of the tongue from the chorda tympani.

GVA and SVA sensation from posterior one third of the tongue from the glossopharyngeal nerve.

* The vallate papillae are located on the anterior two thirds of the tongue in front of the sulcus
terminalis, but they are innervated by the glossopharyngeal nerve.

• Glands

• The submandibular gland has a larger superficial portion, which is separated by the mylohyoid
muscle from the smaller deep portion.

4 The submandibular (Wharton's) duct passes medial to the lingual nerve and then superior to
the nerve and opens onto the sublingual caruncle.

* The sublingual gland has numerous small ducts, which open on the sublingual fold or into the
submandibular duct.

* Both glands receive postganglionic parasympathetic fibers from the submandibular ganglion,
which receives preganglionic parasympathetic fibers through the chorda tympani (which also
contains taste fibers).

is The lingual artery arises from the external carotid artery near the greater horn of the hyoid bone
and passes deep to hyoglossus muscle, but the lingual and hypoglossal nerves pass superficial to
the muscle. The artery has the dorsal lingual, deep lingual, and sublingual branches.
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Nasal Cavity

• The nasal cavity is divided into a vestibule, which is dilated area inside nostril lined by skin with

hairs to filter incoming air; an olfactory region, which is the upper third of the nasal cavity lined

with olfactory mucosa; and a respiratory region, which is the lower two thirds of the nasal cavity

lined with vascular, glandular respiratory mucosa to warm and humidify air.

• It has a roof formed by the body of the sphenoid and sphenoid sinus; a floor formed by the hard
palate; the medial wall formed by the nasal septum of the septal cartilage, perpendicular plate of

ethmoid, and vomer; and the lateral wall formed by the superior and middle concha of the eth-

mold and inferior concha.

• Receives GSA innervation to its mucosa by branches of the ophthalmic and maxillary nerves and

SVA (olfaction) by the olfactory nerves. It receives blood from the sphenopalatine branch of the max-
illary artery, anterior ethmoidal branch of the ophthalmic artery, and septal branch of the facial artery.

Pterygopalatine Fossa

• Ganglia

• The pterygopalatine ganglion receives parasympathetic preganglionic fibers from the facial

nerve through the greater petrosal nerve and the nerve of the pterygoid canal.

*Postganglionic parasympathetic fibers supply the lacrimal gland running through the maxillary,
zygomatic, zygomaticotemporal, and lacrimal nerves.

The ganglion receives branches from the maxillary nerve and then sends branches to the palate

and nasal mucosae.

• Nerves

The greater petrosal nerve contains preganglionic parasympathetic GVE fibers, GVA, and SVA
(taste) fibers to the palate.

The deep petrosal nerve contains postganglionic sympathetic GVE fibers.

*2 The nerve of the pterygoid canal contains preganglionic parasympathetic GVE fibers to the
lacrimal gland and nasal and palatine mucosae and postganglionic sympathetic GVE fibers and

GVA and SVA (taste) fibers to the palate.

Larynx

• The larynx has a cartilaginous framework, consisting of the thyroid cartilage (Adam's apple, a

laryngeal prominence), cricoid cartilage (signet ring shape), arytenoid cartilages (have vocal process
and muscular process and rotate on the cricoid cartilage), epiglottic cartilage (leaf-shaped), and cor-

niculate and cuneiform cartilages.

• The laryngeal muscles are innervated by the recurrent laryngeal nerve except the cricothyroid,

which is innervated by the external laryngeal branch of the superior laryngeal nerve. The posterior
cricoarytenoid muscle abducts the vocal cord, but all other muscles adduct the vocal cord. The chief
adductor is the lateral cricoarytenoid; the sole abductor is the posterior cricoarytenoid; the chief ten-
sor is the cricothyroid; the chief relaxer is the thyroarytenoid. The lateral cricoarytenoid rotates the
vocal process of the arytenoid cartilage medially, closing the rima glottidis, whereas the posterior

cricoarytenoid rotates the vocal process laterally, opening the rima glottidis.

• Sensation above the vocal cord is supplied by the internal laryngeal branch of the superior la-

ryngeal nerve, whereas sensation below the vocal cord by the recurrent laryngeal nerve. SVA (taste)

sensation on the epiglottis is supplied by the internal laryngeal nerve.



HEAD AND NICK 453

• The larynx receives blood from the superior laryngeal artery of the superior thyroid artery and the

inferior laryngeal artery of the inferior thyroid artery.

Ear

• The external ear consists of the auricle, which is elastic cartilage covered by skin and is inner-

vated by the great auricular, auriculotemporal, and lesser occipital nerves. The external acoustic mea-
tus consists of cartilaginous outer third and bony inner two thirds. It is innervated by the auricu-
lotemporal branch of the trigeminal nerve and the auricular branches of the facial, vagus, and

glossopharyngeal nerves.

• The tympanic membrane is covered by the skin externally and the mucosa internally. The ex-

ternal surface is innervated by the trigeminal, facial, glossopharyngeal, and vagus nerves, and the in-

ternal surface is innervated by the glossopharyngeal nerve.

• The auditory ossicles are the malleus (hammer), incus (anvil), and stapes (stirrup). The handle of

the malleus is attached to the tympanic membrane and receives the tendon of the tensor tympani
(which is innervated by the trigeminal nerve). The footplate of the stapes occupies the oval window
and its neck receives insertion of the stapedius (which is innervated by the facial nerve).

• The chorda tympani arises from the facial nerve in the facial canal, passes between the handle of

the malleus and the long process of the incus, exits through the petrotympanic fissure, and joins the
lingual nerve in the infratemporal fossa, carrying preganglionic parasympathetic fibers to the sub-

mandibular ganglion and taste fibers to the anterior two thirds of the tongue.

• The cochlea contains the spiral organ of Corti for hearing and the membranous cochlear duct
filled with endolymph and the scala vestibule and scala tympani filled with perilymph. The
vestibule contains the membranous utricle and saccule filled with endolymph and receptors (macu-
lae) for linear acceleration. The semicircular canals contains sensory receptors (cristae) for angular

movements in the ampullae at one end of each canal.

Head and Neck Muscle Innervation

• All of the infrahyoid muscles are innervated by the ansa cervicalis except the thyrohyoid mus-

cle, which is innervated by Cl through the hypoglossal nerve.

• All of muscles of facial expression are innervated by the facial nerve.

• All of the tongue muscles are innervated by the hypoglossal nerve except the palatoglossus mus-

cle, which is innervated by the vagus nerve.

• All of the palate muscles are innervated by the vagus nerve except the tensor veli palatini mus-

cle, which is innervated by the trigeminal nerve.

• All of the pharyngeal muscles are innervated by the vagus nerve except the stylopharyngeus

muscle, which is innervated by the glossopharyngeal nerve.

• All of the laryngeal muscles are innervated by the recurrent laryngeal nerve except the cricothy-

roid muscle, which is innervated by the external laryngeal nerve.

• In addition, for the suprahyoid muscles, the stylohyoid and digastric posterior belly are inner-
vated by the facial nerve, whereas the mylohyoid and digastric anterior belly are innervated by the
trigeminal nerve, and the geniohyoid is innervated by C1 through the hypoglossal nerve.

• In the neck, the sternocleidomastoid and trapezius are innervated by the accessory nerve.

• In the middle ear, the tensor tympani and stapedius are innervated by the trigeminal and facial

nerves, respectively.
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TAKE-AWAY POINTS

Neck
3 Torticollis (wryneck) is a spasmodic contraction of the cervical muscles, producing twisting
of the neck with the chin pointing upward and to the opposite side. It is due to injury to the ster-

nocleidomastoid muscle or avulsion of the accessory nerve.

3 Lesion of the accessory nerve in the neck denervates the trapezius and causes an atrophy of
the muscle, leading to a downward displacement or drooping of the shoulder.

3 Injury to the upper trunk of the brachial plexus may be caused by a violent separation of
the head from the shoulders. It causes paralysis of the lateral rotators and results in waiter's tip
hand; may also be caused by stretching an infant's neck during a difficult delivery (birth palsy).

Carotid sinus syncope is a temporary loss of consciousness caused by diminished cerebral blood
flow that results from hypersensitivity of the carotid sinus; attacks may be produced by pressure
on a sensitive carotid sinus.

3 Carotid endarterectomy is excision of atherosclerotic thickening of intima of the internal

carotid artery for the prevention of stroke in patients with symptoms of obstructive disease of the
carotid artery.

3 Neurovascular compression syndrome produces symptoms of nerve compression of the

brachial plexus and the subclavian vessels; it is caused by abnormal insertion of the anterior and
middle scalene muscles (scalene syndrome) and by the cervical rib, which is the cartilaginous
accessory rib attached to vertebra C7.

3 Eagle's syndrome is elongation of the styloid process or excessive calcification of the stylohy-
oid ligament, which causes neck, throat, or facial pain and dysphagia (difficulty in swallowing).

3 Central venous line is an intravenous needle and catheter placed into the internal jugular or
subclavian vein to give fluids or medication. A central line is inserted in the apex of the triangu-
lar interval between the clavicle and the clavicular and sternal heads of the sternocleidomastoid
muscle into the internal jugular vein. A central line is also inserted into the retroclavicular por-
tion of the right subclavian vein. In such case, the lung is vulnerable to pneumothorax or arte-

rial puncture may occur.

3 Tracheotomy (tracheostomy) is an opening into the trachea by incising the third and fourth
rings of the trachea.

3 Cricothyrotomy is an incision through the skin and cricothyroid membrane through which
a tracheotomy tube is placed into the trachea for relief of acute respiratory obstruction. It is
preferable to tracheostomy for nonsurgeons in emergency respiratory obstructions.

3 Stellate ganglion block is performed by placing a needle near the anterior tubercle of the
transverse process of the C6 cervical vertebra, because the stellate ganglion lies in front of the
head of the first rib. Once needle position close to the ganglion is confirmed, the local anesthetic

is injected beneath the prevertebral fascia.

Thyroid

3 Goiter is an enlargement of the thyroid gland that is not associated with overproduction of
thyroid hormones, inflammation, or cancer; it causes a soft swelling in the front part of the neck,
which compresses the trachea, larynx, and esophagus, causing symptoms of breathing difficulties
(dyspnea), loss of speech, cough or wheezing, swallowing difficulties (dysphagia), neck vein dis-
tention, and dizziness. The common cause of goiter is iodine deficiency or over production of thy-
rotropin (thyroid-stimulating hormone [TSH1) from the pituitary.

3 Graves' disease is an autoimmune disease in which the immune system overstimulates the
thyroid gland, causing hyperthyroidism. Overproduction of thyroid hormones causes the eyeballs

to protrude (exophthalmos) and thyroid enlargement (goiter).
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3 Papillary carcinoma of the thyroid is a malignancy of the thyroid and usually presents as a
nodule in the thyroid gland. Symptoms include a lump on the side of the neck, hoarseness of the
voice, and difficulty swallowing. After surgery, most patients are treated with radioactive iodine,
which destroys any leftover thyroid tissue, and need to take thyroid hormone for life.

3 Thyroidectomy is surgical removal of the thyroid gland; during this procedure, the inferior
thyroid veins are vulnerable to injury. Potential complications may include hemorrhage resulting
from injury of the anterior jugular veins, paralysis of the recurrent laryngeal nerves, pneumo-
thorax, and esophageal injury. The removal of the parathyroid gland (parathyroidectomy) may
occur during a total thyroidectomy. Lack of parathyroid hormone, calcium, or vitamin D, pro-

vided by the parathyroid gland, may result in death. The removal of the parathyroid gland de-
creases the plasma calcium level, causing increased neuromuscular activity such as muscular
spasms and nervous hyperexcitability, called tetany.

3 Retropharyngeal abscess or infection may spread from the neck into the posterior medi-

astinum through the retropharyngeal space.

3 Thyroglossal duct cyst is a cyst in the midline of the neck resulting from lack of closure of a
segment of the thyroglossal duct.

Face and Scalp

3 Bell's palsy (facial paralysis) is paralysis of the facial muscles resulting from a lesion of the
facial nerve (or stroke or brain tumor). It is marked by characteristic distortions of the face such

as a sagging corner of the mouth; inability to smile, whistle, or blow; drooping of the eyebrow;
eversion or sagging of the lower eyelid; and inability to close or blink the eye. The palsy causes
decreased lacrimation (as a result of a lesion of the greater petrosal nerve), loss of taste in the an-
terior two thirds of the tongue (lesion of chorda tympani), painful sensitivity to sounds (damage
of nerve to the stapedius), and deviation of the lower jaw and tongue (injury of nerve to the di-
gastric muscle).

3 Corneal blink reflex is closure of the eye lids in response to blowing on the cornea or touch-
ing it with a wisp of cotton. Its efferent limb (of the reflex arc) is the facial nerve; its afferent limb
is the nasociliary nerve of the ophthalmic division of the trigeminal nerve.

3 Trigeminal neuralgia (tic douloureux) is marked by paroxysmal pain along the course of
the trigeminal nerve, especially radiating to the maxillary or mandibular area. If medical (carba-

mazepine) treatments are not effective, it may be alleviated by sectioning the sensory root of the
trigeminal nerve in the trigeminal (Meckel's) cave in the middle cranial fossa.

3 Danger area of the face is the area of the face near the nose drained by the facial veins. Pus-
tules (pimples) or boils or skin infections on the side of the nose and upper lip may spread to the
cavernous venous sinus via the facial vein, pterygoid venous plexus, and ophthalmic veins. Sep-
ticemia leads to meningitis and cavernous sinus thrombosis, both of which may cause neurologic
damage and are life threatening.

3 Scalp hemorrhage resulting from lacerated arteries in the dense subcutaneous tissue are un-
able to contract or retract and thus remain open, leading to profuse bleeding.

3 Deep scalp wounds gape widely when the epicranial aponeurosis is lacerated in the coronal
plane because of the pull of the frontal and occipital bellies of the epicranius muscle in opposite
directions.

3 Scalp infection localized in the loose connective tissue layer spreads across the calvaria to the
intracranial dural venous sinuses through emissary veins, causing meningitis or septicemia.

Infratemporal Fossa

3 Frey's syndrome produces flushing and sweating instead of salivation in response to taste of
food, following injury of the auriculotemporal nerve, which carries parasympathetic secretomo-
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tor fibers to the parotid gland and sympathetic fibers to the sweat glands. When the nerve is sev-
ered, the fibers can regenerate along each others pathways and innervate the wrong gland.

3 Rupture of the middle meningeal artery may be caused by fracture of the squamous part of
the temporal bone and causes epidural hematoma with increased intracranial pressure.

3 Mumps (epidemic parotitis) is an acute infectious and contagious disease caused by a viral in-
fection. It irritates the auriculotemporal nerve, causing severe pain and may be accompanied by
inflammation of the testes (orchitis) or ovaries, causing sterility.

3 Temporal (giant cell) arteritis is granulomatous inflammation with multinucleated giant
cells, affecting the medium-sized arteries, especially the temporal artery. This vascular disease
causes severe headache, pain in temporal region, temporal artery tenderness, visual loss, and jaw

claudication and may be treated with corticosteroids such as prednisone.

3 Dislocation of the temporomandibular joint occurs anteriorly as the mandible head glides
across the articular tubercle during yawning and laughing.

Skull and Cranial Cavity

3 Skull fracture at the pterion may rupture of the middle meningeal artery. A fracture of the
petrous portion of the temporal bone may cause blood or CSF to escape from the ear, hearing
loss, and facial nerve damage.

3 Tripod fracture is a facial fracture involving the three supports of the malar (cheek or zygo-
matic) bone including the zygomatic processes of the temporal, frontal, and maxillary bones.

3 Fracture of the anterior cranial fossa causes anosmia, periorbital bruising (raccoon eyes), and
CS", leakage from the nose (rhinorrhea).

3 Blow to the top of the head may fracture the skull base with related cranial nerve injury, CSF
leakage from a dura-arachnoid tear, or dural sinus thrombosis.

3 Cerebral hemorrhage caused by rupture of a branch of the middle cerebral artery, producing
hemiplegia (paralysis of one side of the body).

3 Pial hemorrhage is hemorrhage from damage to the small vessels of the pia and brain tissue.

3 Subarachnoid hemorrhage is hemorrhage from rupture of cerebral arteries and veins that
cross the subarachnoid space.

3 Subdural hematoma is a hematoma caused by rupture of bridging cerebral veins as they pass
from the brain surface into one of the venous sinuses resulting from a blow on the front or the
back of the head, causing displacement of the brain.

3 Epidural hematoma is a hematoma caused by rupture of the middle meningeal vessels caused
by trauma near the prion, fracture of the greater wing of the sphenoid, or a torn dural venous sinus.

3 Cavernous sinus thrombosis is formation of thrombus in the cavernous sinus. The most im-
portant cause of septic type is a staphylococcus, and the most common cause of spread of infec-
tion to the cavernous sinus is squeezing a pimple or boil on the face above the upper lip near the
nose. Cavernous sinus thrombosis may produce papilledema (edema of the optic disk or nerve),
exophthalmos or proptosis (protrusion of the eyeball), diplopia (double vision), loss of vision (re-
sulting from damage of the optic nerve or central artery and vein of the retina), ophthalmople-
gia (paralysis of the eye movement muscles), edema of the eyelids, chemosis (swelling of the con-
junctivae), sluggish pupillary responses (resulting from damage of sympathetic and
parasympathetic nerves), and ptosis of the upper eyelids (resulting from damage of oculomotor
nerve and sympathetic plexus on the internal carotid artery).

Cranial Nerves

3 Lesion of the olfactory nerve causes anosmia, or loss of olfactory sensation.
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3 Lesion of the optic nerve results in ipsilateral blindness and no direct pupillary light reflex.

3 Lesion of the optic chiasma produces bitemporal heteronymous hemianopsia or tunnel vi-

sion, and lesion of the optic tract produces contralateral homonymous hemianopsia.

3 Lesion of oculomotor nerve causes paralysis of ocular muscles resulting from damage of GSE
fibers, paralysis of sphincter pupillae resulting in dilation of the pupil (mydriasis), and paralysis
of ciliary muscles resulting in loss of accommodation because of damage of parasympathetic
fibers. Lesion interferes with pupillary light reflex because of damage of parasympathetic fibers
that mediate the efferent limb of the pupillary light reflex.

3 Lesion of the trochlear nerve causes paralysis of superior oblique muscle of the eye.

3 Lesion of the trigeminal nerve causes sensory loss on the face and motor loss of muscles of
mastication with deviation of the mandible toward the side of the lesion. Lesion of the lingual

nerve near the oral cavity causes loss of general and taste sensation to anterior two thirds of the
tongue and salivary secretion from submandibular and sublingual glands. Lesion of the trigemi-
nal nerve cannot mediate the afferent limb of the corneal reflex, the afferent limb of the sneeze
reflex (vagus nerve mediates the efferent limb), and the afferent and efferent limbs of the jaw jerk
reflex.

3 Lesion of the abducens nerve causes paralysis of the lateral rectus muscle of the eye, causing

medial deviation of the affected eye.

3 Lesion of the facial nerve causes loss of SVE fibers to innervate the muscles of facial expres-

sion; SVA (taste) fibers from the anterior two thirds of the tongue; parasympathetic GVE fibers for
the lacrimal, submandibular, sublingual, nasal, and palatine glands; GVA fibers to the palate and
nasal mucosa, carotid sinus and carotid body; and GSA fibers from the external acoustic meatus
and the auricle. Lesion causes loss of mediation of the efferent limb of the corneal blink reflex.

3 Lesion of the vestibulocochlear nerve causes SSA fibers to hair cells of the cochlea (organ of
Corti), the ampullae of the semicircular ducts, and the utricle and saccule, resulting in loss of
hearing, vertigo (dizziness, loss of balance), and tinnitus (ringing or buzzing in ears).

3 Lesion of the glossopharyngeal nerve causes loss of SVE fibers to the stylopharyngeus mus-
cle; SVA (taste) fibers to the posterior one third of the tongue and vallate papillae; GVE fibers to
the otic ganglion; GVA fibers to the pharynx, posterior one third of the tongue, tympanic cavity,
the mastoid antrum and air cells, and the auditory tube; and GSA fibers to the external ear. Le-
sion cannot mediate the afferent limb of the gag (pharyngeal) reflex.

3 Lesion of the vagus nerve causes loss of SVE fibers to all muscles of the larynx, pharynx (ex-

cept the stylopharyngeus), and palate (except the tensor veli palatini); SVA (taste) fibers to the
taste buds on the root of the tongue near and on the epiglottis; GVE fibers to smooth muscle,
cardiac muscle, and glands; GVA fibers to the larynx, lower pharynx, epiglottis, trachea,
bronchus, esophagus, and thoracic and abdominal visceral organs (except for the descending

colon, sigmoid colon, rectum, and other pelvic organs). Lesion results in deviation of the uvula
toward the opposite side of the lesion on phonation. Lesion cannot mediate the afferent and ef-
ferent limbs of the cough reflex and the efferent limbs of the gag (pharyngeal) reflex and
sneeze reflex.

3 Lesion of the accessory nerve causes loss of SVE fibers to the sternocleidomastoid and trapez-

ius muscles.

3 Lesion of the hypoglossal nerve causes loss of GSE fibers to all of the intrinsic and extrinsic
muscles of the tongue except the palatoglossus, which is supplied by the vagus nerve. Lesion
causes deviation of the tongue toward the injured side on protrusion.

3 Herpes zoster (shingles) is a viral disease of the spinal and certain cranial (i.e., trigeminal)
ganglia. It is characterized by an eruption of groups of vesicles because of inflammation of gan-
glia resulting from activation of virus that has remained latent for years.
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Orbit
3 Fracture of the orbital floor involving the maxillary sinus results from a blunt force to the
face. This fracture causes displacement of the eyeball, causing double vision (diplopia) and also
injures the infraorbital nerve, producing loss of sensation of the skin of the cheek and the gum.

3 Homer's syndrome is caused by injury to cervical sympathetic nerves and is characterized
by (a) miosis: constriction of the pupil resulting from paralysis of the dilator muscle of the iris,
(b) ptosis: drooping of an upper eyelid from paralysis of the smooth muscle component (superior
tarsal plate) of the levator palpebrae superioris, (c) enophthalmos: retraction (backward dis-
placement) of an eyeball into the orbit from paralysis of the orbitalis muscle, (d) anhidrosis: ab-
sence of sweating, and (e) vasodilation: increased blood flow in the face and neck (flushing).

3 Papilledema (choked disk) is edema of the optic disk or optic nerve resulting from increased
intracranial pressure, increased CSF pressure, or thrombosis of the central vein of the retina, slow-
ing venous return from the retina.

3 Retinal detachment is separation of the sensory layer from the pigment layer of the retina.
It may occur in trauma such as a blow to the head and can be reattached surgically by photoco-
agulation by laser beam.

3 Retinitis pigmentosa is degeneration of photoreceptor cells in the retina or a progressive reti-
nal atrophy characterized by bilateral nyctalopia (night blindness), constricted visual fields, and
clumping of the pigment.

3 Diabetic retinopathy is degenerative disease of the retina and a leading cause of blindness as-
sociated with diabetes mellitus. The condition is marked by microaneurysms, intraretinal punctu-
ate hemorrhages, exudates (as a result of leaky vessels), and macular edema. The proliferative (ad-
vanced) type is characterized by neovascularization (proliferation of new, abnormal vessel growth)

of the retina and optic disk. These new vessels can break, leading the retina to become ischemic.

3 Cataract is an opacity (milky white) of the crystalline eye lens or of its capsule, necessi-
tating its removal. It results in little light being transmitted to the retina, causing blurred images
and poor vision.

3 Pupillary light reflex is constriction of the pupil in response to light stimulation. It is medi-
ated by parasympathetic nerve fibers in the oculomotor nerve (efferent limb) and its afferent limb
is the optic nerve.

3 Anisocoria is unequal size of the pupil; miosis is a constricted pupil caused by paralysis of the
dilator pupillae resulting from a lesion of sympathetic nerve; mydriasis is a dilated pupil caused
by paralysis of the sphincter pupillae resulting from lesion of parasympathetic nerve.

3 Glaucoma is characterized by increased intraocular pressure resulting from impaired
drainage of aqueous humor (which is produced by the ciliary processes) into the venous system
through the scleral venous sinus (Schlemm's canal), which is a circular vascular channel at the
corneoscleral junction or limbus. The increased pressure causes impaired retinal blood flow,
producing retinal ischemia or atrophy of the retina; degeneration of the nerve fibers in the retina,
particularly at the optic disk; defects in the visual field; and blindness.

3 Crocodile tears syndrome is spontaneous lacrimation during eating, caused by a lesion of
the facial nerve proximal to the geniculate ganglion. It is due to misdirection of regenerating
parasympathetic fibers, which formerly innervated the salivary (submandibular and sublingual)
glands, to the lacrimal glands.

Vision

3 Accommodation is adjustment or adaptation of the eye to focus on a near object. It occurs

as contraction of the ciliary muscle and is mediated by parasympathetic fibers running within the
oculomotor nerve.
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3 Presbyopia is a condition in which the power of accommodation is reduced. It is caused by

the loss of elasticity of the crystalline lens and occurs in advanced age and is corrected with bi-

focal lenses.

3 Myopia (nearsightedness) is a condition in which the focus of objects lies in front of the
retina, resulting from elongation of the eyeball.

3 Hyperopia (farsightedness) is a condition in which the focus of objects lies behind the retina.

3 Hemianopia (hemianopsia) is a condition characterized by loss of vision (blindness) in one
half of the visual field of each eye. Blindness may occur as the result of a lesion of the optic nerve.
Types of hemianopia include (a) bitemporal (heteronymous) hemianopia: loss of vision in the
temporal visual field of both eyes resulting from a lesion of the optic chiasma caused by a pitu-
itary tumor, (b) right nasal hemianopia: blindness in the nasal field of vision of the right eye as
the result of a right perichiasmal lesion such as an aneurysm of the internal carotid artery, and
(c) left homonymous hemianopia: loss of sight in the left half of the visual field of both eyes re-

sulting from a lesion of the right optic tract or optic radiation.

3 Diplopia (double vision) is caused by paralysis of one or more extraocular muscles resulting
from injury of the nerves supplying them.

Oral Cavity and Palate

3 Tongue-tie (ankyloglossia) is an abnormal shortness of frenulum linguae, resulting in lim-
itation of its movement and thus a severe speech impediment. It can be corrected surgically by
cutting the frenulum.

3 Abscess or infection of the maxillary teeth irritates the maxillary nerve, causing upper
toothache. It may result in symptoms of sinusitis with pain referred to the distribution of the
maxillary nerve.

3 Abscess or infection of the mandibular teeth might spread through the lower jaw to emerge
on the face or in the floor of the mouth. It irritates the mandibular nerve, causing pain that may
be referred to the ear because this nerve also innervates a part of the ear.

3 Ludwig's angina is an acute infection of the submandibular space and is secondary involve-
ment of the sublingual and submental spaces, usually resulting from a dental infection in the
mandibular molar area or a penetrating injury of the floor of the mouth.

3 Cleft palate occurs when the palatine shelves fail to fuse with each other or the primary palate.

3 Cleft lip occurs when the maxillary prominence and the medial nasal prominence fail to fuse.

3 Adenoid is hypertrophy or enlargement of the pharyngeal tonsils, obstructing passage of
air from the nasal cavities through the choanae into the nasopharynx, and thus causing difficulty
in nasal breathing and phonation.

3 Palatine tonsillectomy is surgical removal of a palatine tonsil. During tonsillectomy, the
glossopharyngeal nerve may be injured and much bleeding may occur because the palatine ton-
sils are highly vascular.

3 Quinsy (peritonsillar abscess) is a painful pus-filled inflammation of the tonsils and sur-
rounding tissues that may develop as a complication of tonsillitis.

Nasal Cavity

3 Deviation of the nasal septum may obstruct the nasal airway and block the openings of the
paranasal sinuses.

3 Nasal polyp is an inflammatory polyp developing from the mucosa of the paranasal sinus,
which projects into the nasal cavity and may fill the nasopharynx.
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3 Runny nose is caused by tears draining into the inferior nasal meatus through the naso-
lacrimal duct. It is also associated with the flu or allergy, which is from paranasal sinus drainage
directly into the nasal cavity.

3 Rhinoplasty is a type of plastic surgery that changes the shape or size of the nose.

3 Epistaxis is a nosebleed resulting from rupture of the sphenopalatine artery. It also occurs
from the anterior nasal septum (Kiesselbach's area), where branches of the sphenopalatine (from
maxillary), greater palatine (from maxillary), anterior ethmoidal (from ophthalmic), and superior
labial (from facial) arteries converge.

Sneeze is an involuntary, sudden, violent, and audible expulsion of air through the mouth and
nose. The afferent limb of the reflex is carried by branches of the maxillary nerve, and the effer-
ent limb is carried by the vagus nerve.

Sinusitis

3 Ethmoidal sinusitis is inflammation in the ethmoidal sinuses that may erode the medial wall

of the orbit, causing an orbital cellulitis that may spread to the cranial cavity.

3 Frontal sinusitis is inflammation in the frontal sinus that may erode the thin bone of the an-
terior cranial fossa, producing meningitis or brain abscess.

3 Maxillary sinusitis mimics the clinical signs of maxillary tooth abscess; in most cases, it is re-
lated to an infected tooth.

3 Sphenoidal sinusitis is an infection in the sphenoidal sinus that may spread from the nasal
cavity or from the nasopharynx and may erode the sinus walls to reach the cavernous sinuses, pi-

tuitary gland, optic nerve, or brainstem.

Pterygopalatine Fossa and Larynx

3 Lesion of the nerve of the pterygoid canal results in vasodilation; a lack of secretion of the
lacrimal, nasal, and palatine glands; and a loss of general and taste sensation of the palate.

3 Epiglottitis is inflammation or acute mucosal swelling of the epiglottis that may cause a life-
threatening airway obstruction, especially in children.

3 Laryngitis is inflammation of the mucous membrane of the larynx and is characterized by

dryness and soreness of the throat, hoarseness, cough, and dysphagia.

3 Laryngotomy is an operative opening into the larynx through the cricothyroid membrane
(cricothyrotomy), through the thyroid cartilage (thyrotomy), or through the thyrohyoid mem-
brane (superior laryngotomy).

3 Laryngeal obstruction (choking) is caused by aspirated foods, which are usually lodged at
the rima glottidis. It can be released by compression of the abdomen to expel air from the lungs

and thus dislodge the foods (e.g., the Valsalva's maneuver).

3 Lesion of the recurrent laryngeal nerve could be produced during thyroidectomy or
cricothyrotomy or by aortic aneurysm and may cause respiratory obstruction, hoarseness, inabil-

ity to speak, and loss of sensation below the vocal cord.

3 Lesion of the internal laryngeal nerve results in loss of sensation above the vocal cord and

loss of taste on the epiglottis.

3 Lesion of the external laryngeal nerve may occur during thyroidectomy because the nerve
accompanies the superior thyroid artery. It causes paralysis of the cricothyroid muscle, resulting
in paralysis of the laryngeal muscles and thus causing a fatigued voice and a weak hoarseness.
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Ear

3 Otitis media is a middle ear infection that may be spread from the nasopharynx through

the auditory tube, causing temporary or permanent deafness.

3 Hyperacusis (hyperacusia) is excessive acuteness of hearing, because of paralysis of the

stapedius muscle (causing uninhibited movements of the stapes), resulting from a lesion of the
facial nerve.

3 Otosclerosis is a condition of abnormal bone formation around the stapes and the oval win-
dow, limiting the movement of the stapes and thus resulting in progressive conduction deaf-
ness.

Ilf Conductive deafness is hearing impairment caused by defect of the sound-conducting ap-
paratus such as the auditory meatus, eardrum, or ossicles.

3 Neural or sensorineural deafness is hearing impairment resulting from a lesion of the audi-

tory nerve or the central afferent neural pathway.

3 Meniere's disease (endolymphatic or labyrinthine hydrops) is loss of balance (vertigo), tin-
nitus (ringing or buzzing in ears), progressive hearing loss resulting from hydrops (edema) of the
endolymphatic duct or inflammation of the vestibular division of the vestibulocochlear nerve,

and nausea and vomiting.
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CHAPTER 8 REVIEW TEST

Directions: Each of the numbered items or incomplete statements in this section is followed
by answers or by completions of the statement. Select the one lettered answer or completion
that is best in each case.

1. A 38-year-old man has had thyroid sur-
gery to remove his papillary carcinoma. The
external laryngeal nerve that accompanies
the superior thyroid artery is damaged during

the surgery. This injury could result in a se-
vere impairment of function of which of the
following?

(A) Relax the vocal cords
(B) Rotate the arytenoid cartilages
(C) Tense the vocal cords
(D) Widen the rima glottidis
(E) Abduct the vocal cords

2. A 27-year-old woman with a goiter comes
to the hospital for surgical treatment. The sur-
geon must ligate the superior laryngeal artery
before surgically resecting the goiter, so care
must be taken to avoid injury to which of the
following nerves?

(A) External laryngeal nerve
(B) Internal laryngeal nerve
(C) Superior laryngeal nerve
(D) Hypoglossal nerve
(E) Vagus nerve

3. A 19-year-old woman complains of numb-
ness of the nasopharynx after surgical removal
of the adenoid. A lesion of which of the fol-
lowing nerves would be expected?

(A) Maxillary nerve
(B) Superior cervical ganglion
(C) External laryngeal nerve
(D) Glossopharyngeal nerve
(E) Vagus nerve

4. During surgery on a 56-year-old man for a
squamous cell carcinoma of the neck, a sur-
geon notices profuse bleeding from the deep
cervical artery. Which of the following arteries
must be ligated immediately to stop bleeding?

(A) Inferior thyroid artery
(B) Transverse cervical artery
(C) Thyrocervical trunk
(D) Costocervical trunk
(E) Ascending cervical artery

5. A 17-year-old boy receives an injury of the
phrenic nerve by a knife wound in the neck.
The damaged nerve passes by which of the fol-
lowing structures in the neck?

(A) Anterior to the subclavian vein

(B) Posterior to the subclavian artery
(C) Deep to the brachial plexus
(D) Medial to the common carotid artery
(E) Superficial to the anterior scalene muscle

6. A 45-year-old woman is suffering from
numbness over the tip of her nose. Which of the
following nerves is most likely to be damaged?

(A) Ophthalmic division of the trigeminal
nerve

(B) Maxillary division of the trigeminal nerve

(C) Mandibular division of the trigeminal

nerve
(D) Facial nerve
(E) Auriculotemporal nerve

7. A 26-year-old singer visits her physician—
an ear, nose, and throat (ENT) surgeon—and
complains of changes in her voice. A laryngo-
scopic examination demonstrates a lesion of
the superior laryngeal nerve, causing weakness
of which of the following muscles?

(A) Inferior pharyngeal constrictor
(B) Middle pharyngeal constrictor
(C) Superior pharyngeal constrictor
(D) Thyroarytenoid
(E) Thyrohyoid

8. A 44-year-old man with "crocodile tears
syndrome" has spontaneous lacrimation dur-
ing eating because of misdirection of regener-
ating autonomic nerve fibers. Which of the fol-
lowing nerves has been injured?

(A) Facial nerve proximal to the geniculate
ganglion

(B) Auriculotemporal nerve

(C) Chorda tympani in the infratemporal
fossa

(D) Facial nerve at the stylomastoid foramen
(E) Lacrimal nerve
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9. A young girl complains of dryness of the
nose and the palate. This would indicate a le-
sion of which of the following ganglia?

(A) Nodose ganglion
(B) Otic ganglion
(C) Pterygopalatine ganglion
(D) Submandibular ganglion
(E) Ciliary ganglion

10. A 33-year-old woman develops Bell's palsy.
She must be cautious because this can result in

corneal inflammation and subsequent ulcera-
tion. This symptom results from which of the
following conditions?

(A) Sensory loss of the cornea and conjunctiva

(B) Lack of secretion of the parotid gland
(C) Absence of the corneal blink reflex
(D) Absence of sweating on the face

(E) Inability to constrict the pupil

11. A 39-year-old woman presents to your

clinic with complaints of headache and dizzi-
ness. She has an infection of a cranial dural si-
nus; one that lies in the margin of the tento-

num cerebelli and runs from the posterior end
of the cavernous sinus to the transverse sinus is
infected. Which of the following sinuses is af-

fected by inflammation?

(A) Straight sinuses
(B) Inferior sagittal sinus
(C) Sphenoparietal sinus
(D) Superior petrosal sinuses
(E) Cavernous sinus

12. A 34-year-old man in a bar fight suffers a
knife wound that severs the abducens nerve
proximal to its entrance into the orbit. Which
of the following conditions results from this

injury?

(A) Ptosis of the upper eyelid
(B) Loss of the ability to dilate the pupil

(C) External strabismus (lateral deviation)

(D) Loss of visual accommodation
(E) Internal strabismus (medial deviation)

13. A 24-year-old man falls from his motorcy-

cle and lands in a creek. Death may result from
bilateral severance of which of the following
nerves?

(A) Trigeminal nerve
(B) Facial nerve
(C) Vagus nerve
(D) Spinal accessory nerve
(E) Hypoglossal nerve

14. A 25-year-old man is involved in an auto-

mobile accident and slams his head into a con-
crete wall of a bridge. His computed tomog-
raphy (CT) scan reveals that the middle
meningeal artery has ruptured but the meninges

remain intact. Blood leaking from this artery en-
ters which of the following spaces?

(A) Subarachnoid space
(B) Subdural space
(C) Epidural space
(D) Subpial space

(E) Cranial dural sinuses

15. A 27-year-old paratrooper lands on a pine
tree. Consequently, preganglionic parasympa-
thetic nerves leaving the central nervous system
are lacerated. Which of the following structures
contain cell bodies of the damaged nerve fibers?

(A) Cervical and sacral spinal cord
(B) Cervical and thoracic spinal cord
(C) Brainstem and cervical spinal cord

(-D) Thoracic and lumbar spinal cord
(E) Brainstem and sacral spinal cord

16. Following radical resection of a primary
tongue tumor, a 72-year-old patient has lost
general sensation on the anterior two thirds of
the tongue. This is probably due to injury to

branches of which of the following nerves?

(A) Trigeminal nerve
(B) Facial nerve
(C) Glossopharyngeal nerve

(D) Vagus nerve
(E) Hypoglossal nerve

17. A 67-year-old woman comes to her physi-
cian complaining of visual loss. Her magnetic
resonance imaging (MRI) scan shows an en-
larged pituitary gland that lies in the sella tur-
cica, immediately posterior and superior to
which of the following structures?

(A) Frontal sinus
(B) Maxillary sinus
(C) Ethmoid air cells
(D) Mastoid air cells
(E) Sphenoid sinus

18. After having a tonsillectomy, a 57-year-old
man with a long history of chewing tobacco
use is unable to detect taste on the posterior
one third of his tongue. Which of the follow-
ing nerves most likely has been injured?

(A) Internal laryngeal nerve

(B) Lingual nerve
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(C) Glossopharyngeal nerve
(D) Greater palatine nerve
(E) Chorda tympani

19. A 14-year-old boy hits his head on the as-
phalt road after falling off his skateboard. His
radiograph reveals damage to the sella turcica.
This is probably due to fracture of which of the
following bones?

(A) Frontal bone
(B) Ethmoid bone
(C) Temporal hone
(D) Basioccipital bone

(E) Sphenoid bone

20. The nerve accompanying the superior thy-
roid artery may be damaged during an operation
on the thyroid gland. Which of the following
functional defects may result from this injury?

(A) Loss of sensation above the vocal cord
(B) Loss of lateral rotation of the arytenoid

cartilages
(C) Paralysis of vocalis muscle
(D) Lack of abduction of the vocal cord

(E) Decreased tension of the vocal cord

21. A 37-year-old patient has an infectious in-
flammation of the dural venous sinus closest to
the pituitary gland and a secondary thrombus
formation. Which of the following is the most
likely site of infection?

(A) Straight sinus
(B) Cavernous sinus
(C) Superior petrosal sinus
(D) Sigmoid sinus

(E) Confluence of sinuses

22. A 53-year-old woman is diagnosed as hav-
ing a pituitary tumor. If the tumor is large
enough, she could exhibit which of the follow-
ing disorders?

(A) Blindness
(B) Bitemporal (heteronymous) hemianopia
(C) Right nasal hemianopia
(D) Left homonymous hemianopia
(E) Binasal hemianopia

23. A young singer at the local music theater
visits her physician and complains of vocal diffi-
culties. On examination, she is unable to abduct
the vocal cords during quiet breathing. Which of
the following muscles is most likely paralyzed?

(A) Vocalis muscle
(B) Cricothyroid muscle

(C) Oblique arytenoid muscle

(D) Posterior cricoarytenoid muscle

(E) Thyroarytenoid muscle

24. A 71-year-old woman often visits an emer-
gency department with swallowing difficulties
and subsequent choking while eating food.
Which of the following pairs of muscles is most
instrumental in preventing food from entering

the larynx and trachea during swallowing?

(A) Sternohyoid and sternothyroid muscles

(B) Oblique arytenoid and aryepiglottic
muscles

(C) Inferior pharyngeal constrictor and thyro-
hyoid muscles

(D) Levator veli palatini and tensor veli pala-

tini muscles

(E) Musculus uvulae and geniohyoid muscles

25. A 31-year-old woman complains of
headache and dizziness after hitting a kitchen
cabinet door with her head. Her magnetic res-
onance imaging (MRT) scan and venogram
show a large blood clot in the great cerebral
vein of Galen. The obstructed vein of the brain
is a direct tributary of which of the following

venous structures?

(A) Emissary veins
(B) Pterygoid venous plexus

(C) Diploic veins
(D) Dural venous sinuses
(E) Internal jugular vein

26. A 41-year-old woman overdoses on some
prescription medications that have a common

side effect of autonomic nerve stimulation.
Which of the following conditions or actions
results from stimulation of the parasympa-
thetic fibers to the eyeball?

(A) Enhanced vision for distant objects
(B) Dilation of the pupil

(C) Contraction of capillaries in the iris

(D) Contraction of the ciliary muscle

(E) Flattening of the lens

27. A 53-year-old woman with a severe middle
ear infection comes to a hospital. On examina-
tion, a physician finds the infection has in-
jured the tympanic nerve. The damaged nerve

(A) Is a branch of the facial nerve

(B) Contains postganglionic parasympathetic
fibers

(C) Synapses with fibers in the lesser petrosal
nerve
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(D) Is a branch of the glossopharyngeal nerve
(E) Forms the tympanic plexus in the exter-

nal auditory meatus

28. A 13-year-old boy competing in a mo-
tocross competition falls from his bicycle and
sustains massive head injuries. Which of the
following cavities are separated from the mid-
dle cranial fossa by a thin layer of bone?

(A) Auditory tube and bony orbit
(B) Middle ear cavity and sphenoid sinus

(C) Sigmoid sinus and frontal sinus

(D) Sphenoid sinus and ethmoid sinus
(E) Maxillary sinus and middle ear cavity

29. A 32-year-old house painter suffers from a
head injury after falling off a ladder and bleeding
in his head. During intraoperative testing, the
neurosurgeon notes loss of general sensation in
the dura of the middle cranial fossa. Which of
the following nerves has been affected?

(A) Vagus nerve
(B) Facial nerve
(C) Hypoglossal nerve
(D) Trigeminal nerve

(E) Glossopharyngeal nerve

30. During a carotid endarterectomy of a 57-
year-old man who suffered a stroke, the carotid
sinus is damaged. A third-year medical student
in surgical rotation notices that the injured

structure:

(A) Is located at the origin of the external
carotid artery

(13) Is innervated by the facial nerve
(C) Functions as a chemoreceptor

(D) Is stimulated by changes in blood pressure

(E) Communicates freely with the cavernous
sinus

31. During a game, a 26-year-old baseball
player is hit in the head by a baseball that frac-
tures the optic canal. Which of the following
pairs of structures is most likely to be damaged?

(A) Optic nerve and ophthalmic vein
(B) Ophthalmic vein and ophthalmic nerve
(C) Ophthalmic artery and optic nerve
(D) Ophthalmic nerve and optic nerve
(E) Ophthalmic artery and ophthalmic vein

32. A 43-year-old man has new-onset of diffi-
culty with speaking. Examination by the ear,
nose, and throat (ENT) resident reveals prob-
lems in elevating the hyoid bone and floor of
the mouth, secondary to paralysis of the poste-

rior belly of the digastric muscle. Which of the

following nerves would most likely be involved?

(A) Accessory nerve

(B) Trigeminal nerve

(C) Ansa cervicalis

(D) Facial nerve

(E) Glossopharyngeal nerve

33. The drummer of a local band presents to
your clinic with hearing loss. Otoscopic exam-
ination reveals loss of contraction of the tensor
tympani and the stapedius, which prevents
damage to the eardrum and middle ear ossicles.
These muscles are most likely controlled by
which of the following nerves?

(A) Chorda tympani and tympanic nerve
(B) Trigeminal and facial nerves

(C) Auditory and vagus nerves
(D) Facial and auditory nerves

(E) Trigeminal and accessory nerves

34. The pupil in the eye of a 43-year-old pa-
tient remains small even when room lighting is
dim. Which of the following nerves would be
injured?

(A) Trochlear nerve
(B) Superior cervical ganglion

(C) Oculomotor nerve

(D) Ophthalmic nerve

(E) Abducens nerve

35. A pharyngeal (gag) reflex is the contraction

of the pharyngeal constrictor muscles elicited
by touching the back of a patient's pharynx
(e.g., with a tongue depressor). Afferent nerve
fibers that innervated the pharyngeal mucosa
are branches of which of the following nerves?

(A) Trigeminal nerve
(B) Facial nerve

(C) Glossopharyngeal nerve

(D) Vagus nerve

(E) Hypoglossal nerve

36. A patient can move his eyeballs normally
and see distant objects clearly but cannot focus
on near objects. This condition may indicate
damage to which of the following structures?

(A) Ciliary ganglion and oculomotor nerve
(B) Oculomotor nerve and long ciliary nerve
(C) Short ciliary nerves and ciliary ganglion
(D) Superior cervical ganglion and long ciliary

nerve
(E) Oculomotor, trochlear, and abducens

nerves
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37. A benign tumor in the orbit of 49-year-old
man compresses a structure that runs through
both the superior orbital fissure and the com-
mon tendinous ring. Which of the following
structures is most likely damaged?

(A) Frontal nerve
(B) Lacrimal nerve
(C) Trochlear nerve
(D) Abducens nerve
(E) Ophthalmic vein

38. A 37-year-old man feels a little discomfort
when moving his tongue, pharynx, and lar-
ynx. Physical examination indicates that the
muscles attached to the styloid process are par-
alyzed. Which of the following groups of cra-
nial nerves are damaged?

(A) Facial, glossopharyngeal, and hypoglossal
nerves

(B) Hypoglossal, vagus, and facial nerves
(C) Glossopharyngeal, trigeminal, and vagus

nerves
(D) Vagus, spinal accessory, and hypoglossal

nerves
(E) Facial, glossopharyngeal, and vagus

nerves

39. A 32-year-old woman has hoarseness in
her voice, and her uvula is deviated to the left
on phonation. Which of the following nerves
is damaged?

(A) Right trigeminal nerve
(B) Left trigeminal nerve
(C) Right vagus nerve
(D) Left vagus nerve
(E) Left glossopharyngeal nerve

40. A high school basketball player experi-
ences a sudden difficulty in breathing and is
brought to an emergency room. When a low
tracheotomy is performed below the isthmus
of the thyroid, which of the following vessels
may be encountered?

(A) Inferior thyroid artery
(B) Inferior thyroid vein
(C) Costocervical trunk
(D) Superior thyroid artery
(E) Right brachiocephalic vein

41. A 59-year-old man complains of numbness
in the anterior cervical triangle. Damage has
therefore occurred to which of the following
nerves?

(A) Phrenic nerve
(B) Greater auricular nerve

(C) Transverse cervical nerve
(D) Supraclavicular nerve

(E) Lesser occipital nerve

42. A 53-year-old man has difficulty with
breathing through his nose. On examination,
his physician finds that he has swelling of the
mucous membranes of the superior nasal mea-
tus. Which opening of the paranasal sinuses is

most likely plugged?

(A) Middle ethmoidal sinus

(B) Maxillary sinus
(C) Posterior ethmoidal sinus
(D) Anterior ethmoidal sinus

(E) Frontal sinus

43. Following a penetrated injury in the sub-
mandibular triangle, the tongue of a 45-year-

old patient deviates to the left on protrusion.
Which of the following nerves is injured?

(A) Right lingual nerve
(B) Left lingual nerve

(C) Right hypoglossal nerve
(D) Left hypoglossal nerve
(E) Left glossopharyngeal nerve

44. A 47-year-old man cannot move his eye

laterally. Which of the following conditions
would cause this type of inability to move the

eye?

(A) Tumor of the pituitary gland

(B) Occlusion of the posterior cerebral artery

(C) Infection in the maxillary sinus

(D) Infection in the cavernous sinus

(E) Tumor in the anterior cranial fossa

45. A young boy with a tooth abscess from a
long-standing infection suffers damage of the

lingual nerve as it enters the oral cavity. Which
of the following structures contain cell bodies
of injured nerve fibers?

(A) Geniculate and otic ganglia

(B) Trigeminal and submandibular ganglia

(C) Trigeminal and dorsal root ganglia

(D) Geniculate and trigeminal ganglia
(E) Geniculate and pterygopalatine ganglia

46. A 61-year-old woman is found to have oc-
ular lymphoma invading her optic canal.
Which of the following structures would most

likely be damaged?

(A) Ophthalmic vein

(B) Ophthalmic nerve

(C) Oculomotor nerve
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(D) Trochlear nerve
(E) Ophthalmic artery

47. A 76-year-old man with swallowing diffi-
culties undergoes imaging for a possible mass.
The computed tomography (CT) scan image at
the level of the cricothyroid ligament in his
neck should show which of the following
structures?

(A) Inferior laryngeal nerves
(B) External carotid arteries
(C) Inferior thyroid veins
(D) Thyrocervical trunks

(E) Internal laryngeal nerves

48. A knife wound has severed the oculomotor
nerve in a 45-year-old man. Which of the fol-
lowing conditions would occur because of this
injury?

(A) Constricted pupil
(B) Abduction of the eyeball

(C) Complete ptosis

(D) Impaired lacrimal secretion
(E) Paralysis of the ciliary muscle

49. The muscles that are of branchiomeric ori-
gin are paralyzed in a 26-year-old patient. A le-
sion of which of the following nerves would
cause muscle dysfunction?

(A) Oculomotor nerves
(B) Trochlear nerves
(C) Trigeminal nerves
(D) Abducens nerves

(E) Hypoglossal nerves

50. During surgery for a malignant parotid tu-
mor in a 69-year-old woman, the main trunk of
the facial nerve is lacerated. Which of the fol-
lowing muscles is paralyzed?

(A) Masseter muscle
(B) Stylopharyngeus muscle

(C) Anterior belly of the digastric muscle
(D) Buccinator muscle
(E) Tensor tympani

51. During a gang-fight, a 17-year-old boy is
punched and his nasal septum is broken.
Which of the following structures would be
damaged?

(A) Septal cartilage and nasal bone
(B) Inferior concha and vomer

(C) Vomer and perpendicular plate of eth-

moid

(D) Septal cartilage and middle concha
(E) Cribriform plate and frontal bone

52. A 58-year-old woman comes to a hospital
and complains of progressive loss of voice,
numbness, loss of taste on the back part of her
tongue, and difficulty in shrugging her shoul-
ders. Her magnetic resonance imaging (MRI)
scan reveals a dural meningioma that com-
presses nerves leaving the skull. These nerves
leave the skull through which of the following
openings?

(A) Foramen spinosum

(B) Foramen rotundum
(C) Internal auditory meatus
(D) Jugular foramen
(E) Foramen lacerum

53. A 21-year old woman presents to her
physician with a swelling on her neck. On ex-
amination, she is diagnosed with an infection
within the carotid sheath. Which of the fol-
lowing structures would be damaged?

(A) Vagus nerve and middle cervical ganglion
(B) Internal carotid artery and recurrent

laryngeal nerve
(C) Internal jugular vein and vagus nerve
(D) Sympathetic trunk and common carotid

artery

(E) External carotid artery and ansa cervicalis

54. An angiogram of a 45-year-old man shows
an occlusion of the costocervical trunk. This
obstruction could produce a marked decrease
in the blood flow in which of the following ar-
teries?

(A) Superior thoracic artery
(B) fransverse cervical artery

(C) Ascending cervical artery

(D) Deep cervical artery
(E) Inferior thyroid artery

55. A 20-year-old guard at the gate of the
Royal King's palace blinks his eyes when a
strong wind hits the cornea of his eye. The af-
ferent fibers of the corneal reflex arc are carried
by which of the following nerves?

(A) Optic nerve

(B) Long ciliary nerve
(C) Nasociliary nerve
(D) Zygomatic nerve
(E) Oculomotor nerve

56. A 57-year-old man comes to a local hospi-
tal with fever, headache, nausea, and vomiting.
Laboratory tests reveal an infection and radio-
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logic examination localizes the infection to the
cavernous sinus. Which of the following

nerves would be unaffected by this condition?

(A) Oculomotor nerves
(B) Abducens nerves
(C) Trochlear nerves
(D) Mandibular nerves
(E) Ophthalmic nerves

57. A 7-year-old girl has difficulty breathing
through her nose and is brought to her pedia-
trician. On examination, she is diagnosed with
adenoids. Which of the following tonsils is en-
larged?

(A) Palatine tonsil
(B) Pharyngeal tonsil
(C) Tubal tonsil
(D) Lingual tonsil
(E) Eustachian tonsil

58. A 59-year-old woman with pain at the side

of her skull comes to the emergency depart-
ment. An emergent head computed tomogra-
phy (CT) scan shows a large lesion in the inter-
nal auditory meatus. This condition may
progress and damage which of the following
pairs of structures?

(A) Vagus and glossopharyngeal nerves
(B) Internal carotid and vertebral arteries
(C) Internal jugular vein and trigeminal nerve
(D) Facial and vestibulocochlear nerves
(E) Hypoglossal and accessory nerves

59. After ingesting a toxic substance found in
her friend's home, a 12-year-old girl is unable

to close her lips. Which of the following mus-
cles may be paralyzed?

(A) Levator labii superioris
(B) Zygomaticus minor
(C) Orbicularis oris
(D) Lateral pterygoid
(E) Depressor labii inferioris

60. A 37-year-old man receives a direct blow to
his head and is brought to an emergency de-

partment. His x-ray film shows a fracture of the
floor of the middle cranial cavity, causing sev-
erance of the greater petrosal nerve. Which of
the following conditions could be produced by
this injury?

(A) Increased lacrimal gland secretion
(B) Loss of taste sensation in the epiglottis

(C) Dryness in the nose and palate
(D) Decreased parotid gland secretion
(E) Loss of sensation in the pharynx

61. A 71-year-old man suffers from a known
benign tumor in the pterygoid canal. Which
ofthe following nerve fibers could be injured

by this condition?

(A) Postganglionic parasympathetic fibers

(B) Taste fibers from the epiglottis

(C) General somatic afferent (GSA) fibers

(D) l'reganglionic sympathetic fibers

(E) General visceral afferent (GVA) fibers

62. A 65-year-old man with multiple vision
problems comes to a local eye clinic. The pupil-
lary light reflex can be eliminated by cutting
which of the following nerves?

(A) Short ciliary, ophthalmic, and oculomotor

nerves
(B) Long ciliary, optic, and short ciliary nerves

(C) Oculomotor, short ciliary, and optic

nerves

(D) Optic and long ciliary nerves; ciliary

ganglion

(E) Ophthalmic and optic nerves; ciliary

ganglion

63. A 22-year-old patient has dryness of the
corneal surface of his eye because of a lack of
tears. Which of the following nerves may be

damaged?

(A) Proximal portion of the lacrimal nerve

(B) Zygomatic branch of the facial nerve

(C) Lesser petrosal nerve

(D) Greater petrosal nerve

(E) Deep petrosal nerve

64. A 12-year-old boy has difficulty in breath-
ing because he is choking on food. A school
nurse performs the Valsalva's maneuver to ex-
pel air from his lungs and thus dislodge the
food. When that fails, she performs a needle
cricothyrotomy, which would open into which

of the following regions?

(A) Rima glottidis

(B) Laryngeal vestibule
(C) Laryngeal ventricle

(D) Infraglottic cavity
(E) Piriform recess

65. A 59 year-old stroke patient is unable to
swallow because of a nerve injury. Which of the
following nerves is unaffected?

(A) Hypoglossal nerve

(B) Spinal accessory nerve

(C) Vagus nerve
(D) Facial nerve
(E) Trigeminal nerve
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66. A 64-year-old woman is unable to open
her mouth or jaw because of tetanus resulting
from a penetrating wound from a rusty nail.
Which of the following muscles would most
likely he paralyzed?

(A) Masseter muscle
(B) Medial pterygoid muscle
(C) Lateral pterygoid muscle
(D) Buccinator muscle
(E) Temporalis muscle

67. A 60-year-old man is unable to open his
eye because of a rare neuromuscular disease.
Which of the following muscles would most
likely be paralyzed?

(A) Orbicularis oculi
(B) Orbicularis oris
(C) Frontalis
(D) Levator palpebrae superioris
(E) Superior rectus

68. A 31-year-old hockey player is hit in the
head by a puck. His radiogram shows a fracture
of the foramen rotundum. Which of the fol-
lowing nerves would be damaged by this event?

(A) Ophthalmic nerve
(B) Mandibular nerve
(C) Maxillary nerve
(D) Optic nerve
(E) Trochlear nerve

69. A 46-year-old man visits the speech thera-
pist complaining of dryness of the mouth. The
therapist performs a swallowing study and, on
examination, finds that the man has a lack of
salivary secretion from the submandibular
gland. This indicates a lesion of which of the
following nervous structures?

(A) Lingual nerve at its origin
(B) Chorda tympani in the middle ear cavity
(C) Superior cervical ganglion
(D) Lesser petrosal nerve
(E) Auriculotemporal nerve

70. A 51-year-old woman traveling through
British Columbia can see the beautiful blue sky
with white clouds but is unable to focus on her
face in the mirror. Her lack of accommodation
results from paralysis of which of the following
muscles?

(A) Tarsal muscle

(B) Sphincter pupillae

(C) Dilator pupillae

(D) Ciliary muscles

(E) Orbitalis muscles

Questions 71-75: Radiograph of the lateral
view of the head (see below).

71. Which structure lies lateral to the lateral
wall of the nasal cavity and inferior to the floor
of the orbit?

B
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72. A middle ear infection may spread into
which structure?

73. Which structure has numerous small cavi-
ties and lies between the orbit and the nasal
cavity?

74. Which structure would spread infection
into the anterior part of the middle nasal mea-
tus through the frontonasal duct?

75. Cerebrospinal fluid (CSF) is formed by vas-
cular choroid plexus in which structure?

Questions 76-80: Magnetic resonance imag-
ing (MRI) scan (see above), a sagittal section
through the head and neck.

76. When the nerve on the right side is dam-
aged, which structure is deviated to the left side?

77. A lesion of the first cervical spinal nerve
would cause functional impairment of which
structure?

78. Tears drain through the nasolacrimal duct
into the space below which structure?

79. Which structure runs along the line of at-
tachment of the falx cerebri to the tentorium
cerebelli?

80. A tumor of which structure can be re-
moved through the trans-sphenoidal approach

following the septum of the nose through the

body of the sphenoid?

Questions 81-85: Magnetic resonance imag-
ing (MRI) scan, a transaxial section through
the head (see facing page, top).

81. Which structure mediates the afferent limb
of the pupillary light reflex?

82. Which structure is formed by the perpen-
dicular plate of the ethmoid bone, vomer, and

septal cartilage?

83. Which structure may be paralyzed as a re-

sult of infection of the cavernous sinus?

84. Which structure pierces the dural roof of
the cavernous sinus between the anterior and

middle clinoid processes?

85. Which structure may be obliterated by the

pituitary tumor?

Questions 86-90: Angiogram of the cere-

bral vasculature (see facing page, bottom).
Collateral circulations are discounted for the
next five questions.

86. Aneurysm of which artery causes a perichi-
asmal lesion that may cause nasal hemianopia?

87. A large tumor in the foramen magnum
may decrease blood flow in which artery?
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88. A blockage of which artery may cause is- 90. Lesion of which artery may cause oxygen
chemia of the midbrain and the temporal and deficiency to the medial surface of the frontal

occipital lobes of the cerebrum?	 and parietal lobes of the brain?

89. Ischemia of the posterior inferior surface of
the cerebellum is caused by obstruction of
which artery?
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pi ANSWERS AND EXPLANATIONS

1. The answer is C. The external laryngeal nerve innervates the cricothyroid muscle (major ten-
sor), which tenses the vocal cord. The anterior part of the vocalis muscle can tense the vocal cord,
and its posterior part can relax the vocal cord. The lateral cricoarytenoid muscle rotates the vocal

process of the arytenoids cartilage medially, closing the rima glottides. The rima glottidis is
opened (widened) by rotating the vocal process of the arytenoids cartilage laterally by the poste-

rior cricoarytenoid muscle. Other laryngeal muscles adduct the vocal cords.

2. The answer is B. The internal laryngeal nerve accompanies the superior laryngeal artery,
whereas the external laryngeal nerve accompanies the superior thyroid artery. The superior laryn-
geal, hypoglossal, and vagus nerves are not closely associated with the superior laryngeal artery.

3. The answer is D. The glossopharyngeal nerve supplies sensory innervation to the mucosa of
the upper pharynx, whereas the vagus nerve supplies sensory innervation to the lower pharynx
and larynx. The maxillary nerve supplies sensory innervation to the face below the level of the
eye and above the level of the upper lip and the palate and nasal mucosa. The superior cervical
ganglion contributes to a formation of the pharyngeal plexus but contains no afferent fibers. The
external laryngeal nerve innervates the cricothyroid and inferior pharyngeal constrictor muscles.

4. The answer is D. The surgeon should ligate the costocervical trunk because it divides into the
deep cervical and superior intercostal arteries. The thyrocervical trunk gives off the suprascapu-
lar, transverse cervical, and inferior thyroid artery. The ascending cervical artery is a branch of the

inferior thyroid artery.

5. The answer is E. The phrenic nerve descends on the superficial surface of the anterior scalene

muscle and passes into the thorax posterior to the subclavian vein, anterior to the subclavian ar-
tery, and lateral to the common carotid artery. The brachial plexus passes deep to the anterior sca-
lene muscle.

6. The answer is A. the skin over the tip of the nose is innervated by external nasal branch of the
nasociliary branch of the ophthalmic division of the trigeminal nerve. The maxillary division of
the trigeminal nerve innervates the skin of the face above the upper lip but below the lower eye-
lid. The mandibular division of the trigeminal nerve supplies the lower part of the face below the
lower lip. The facial nerve provides no cutaneous sensation on the face but innervates muscles of

facial expression. The auriculotemporal nerve is a branch of the mandibular division of the
trigeminal nerve arid innervates the skin of the auricle and the scalp.

7. The answer is A. The external laryngeal branch of the superior laryngeal nerve supplies the
cricothyroid and inferior pharyngeal constrictor muscles. The superior, middle, and inferior pha-
ryngeal constrictors are innervated by the vagus nerve through the pharyngeal plexus. The re-
current (or inferior) laryngeal nerve supplies the thyroarytenoid muscle, and the Cl via the hy-

poglossal nerve supplies the thyrohyoid muscle.

8. The answer is A. "Crocodile tears syndrome" (lacrimation during eating) is caused by a lesion
of the facial nerve proximal to the geniculate ganglion resulting from misdirection of regenerat-
ing parasympathetic fibers, which formerly innervated the salivary glands, to the lacrimal glands.
An injury to the auriculotemporal nerve may result in Frey's syndrome (sweating while eating) re-
sulting from misdirection of regenerating parasympathetic and sympathetic fibers. Chorda tym-
pani carries preganglionic parasympathetic fibers to the submandibular ganglion and taste fibers

to the anterior two thirds of the tongue. The facial nerve innervates the muscles of facial expres-

sion. The terminal part of the lacrimal nerve contains postganglionic parasympathetic fibers for

lacrimation.
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9. The answer is C. Postganglionic parasympathetic fibers originating in the pterygopalatine
ganglion innervate glands in the palate and nasal mucosa. The postganglionic parasympathetic

fibers from the otic ganglion supply the parotid gland, those from the submandibular ganglion
supply the submandibular and sublingual glands, and those from the ciliary ganglion supply the
ciliary muscle and sphincter pupillae. The nodose (inferior) ganglion of the vagus nerve is a sen-

sory ganglion.

10. The answer is C. Bell's palsy (facial paralysis) can involve inflammation of the cornea lead-
ing to corneal ulceration, which probably is attributable to an absence of the corneal blink re-
flex. This is due to paralysis of the orbicularis oculi, which closes the eyelid. Sensory loss of the
cornea and conjunctiva is due to injury of the ophthalmic nerve. Lack of secretion of the parotid
salivary gland is due to injury of the glossopharyngeal, tympanic, or lesser petrosal nerve. Ab-
sence of sweating is due to damage of the sympathetic nerve. Inability to constrict the pupil is
due to paralysis of the sphincter pupillae or damage of parasympathetic nerve fibers to the
sphincter.

11. The answer is D. The superior petrosal sinus runs from the cavernous sinus to the transverse
sinus along the attached margin of the tentorium cerebelli. This patient has meningitis (inflam-
mation of the meninges), which causes headache and dizziness. The straight sinus runs along
the line of attachment of the falx cerebri to the tentorium cerebelli; the inferior sagittal sinus lies
in the free edge of the falx cerebri; the sphenoparietal sinus lies along the posterior edge of the
lesser wing of the sphenoid bone; the cavernous sinus lies on each side of the sella turcica and
the body of the sphenoid bone.

12. The answer is E. The abducens nerve (CN VI) innervates the lateral rectus muscle, which
abducts the eyeball. A lesion of the abducens nerve results in medial strabismus (medial devia-
tion) and diplopia (double vision). Ptosis of the upper eyelid is caused by lesions of the oculo-
motor nerve or sympathetic nerve to the levator palpebrae superioris. Inability to dilate the pupil
is caused by a lesion of the sympathetic nerve to the dilator pupillae. The external strabismus
(lateral deviation) is caused by paralysis of the medial rectus muscle, which is innervated by the
oculomotor nerve. Loss of visual accommodation is due to a lesion of parasympathetic nerve
fibers to the ciliary muscle.

13. The answer is C. Bilateral severance of the vagus nerve (CN X) causes a loss of reflex con-
trol of circulation because of an increase in heart rate and blood pressure; poor digestion results
because of decreased gastrointestinal (GI) motility and secretion; and difficulty in swallowing,
speaking, and breathing occurs because of paralysis of laryngeal and pharyngeal muscles. All of
these effects may result in death. Bilateral severance of other nerves do not cause death.

14. The answer is C. Rupture of the middle meningeal artery in the cranial cavity causes an
epidural hemorrhage. Subarachnoid hemorrhage is due to rupture of cerebral arteries and veins.
Subdural hematoma is due to rupture of bridging cerebral veins as they pass from the brain sur-
face into one of the venous sinuses. Subpial hemorrhage is due to damage to the small vessels of

the pia and brain tissue. Cranial dural sinuses normally contain venous blood.

15. The answer is E. Preganglionic neurons of the parasympathetic nervous system are located

in the brainstem (cranial outflow) and sacral spinal cord segments S2–S4 (sacral outflow). Pre-
ganglionic sympathetic neurons are located in the thoracic and lumbar spinal cord.

16. The answer is A. The anterior two thirds of the tongue are innervated by the lingual nerve,
a branch of the mandibular division of the trigeminal nerve (CN V). The posterior one third of
the tongue is innervated by the glossopharyngeal nerve (CN IX) for general and taste sensations.
The facial nerve supplies taste fiber to the tongue through the chorda tympani but does not sup-
ply general sensation. The vagus nerve supplies general sensation and taste sensation to the

epiglottis by way of the internal laryngeal branch. The hypoglossal nerve innervates the tongue
muscles.
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17. The answer is E. The pituitary gland lies in the hypophyseal fossa of the sella turcica of the
sphenoid hone, which lies immediately posterior and superior to the sphenoid sinus and medial
to the cavernous sinus. The frontal sinus lies in the frontal bone; the maxillary sinus lies in the
maxilla lateral to the lateral wall of the nasal cavity; the ethmoid sinus (composed of air cells) lies
between the orbit and the nasal cavity; the mastoid air cells lie in the mastoid process of the tem-
poral bone.

18. The answer is C. The posterior one third of the tongue receives both general and taste in-
nervation from the lingual branch of the glossopharyngeal nerve, The internal laryngeal nerve
supplies general and taste sensations to the epiglottis. The lingual nerve supplies general sensa-
tion to the anterior two thirds of the tongue. The greater palatine nerve innervates the hard palate
and the inner surface of the maxillary gingival. The chorda tympani supplies taste sensation to
anterior two thirds of the tongue and preganglionic parasympathetic fibers to the submandibu-

lar ganglion for supplying the submandibular and sublingual glands.

19. The answer is E. The sella turcica is part of the sphenoid bone and lies superior to the sphe-
noid sinus. Therefore, none of the other bones listed are fractured,

20. The answer is E. The superior thyroid artery is accompanied by the external laryngeal nerve,
which innervates the cricothyroid muscle. Paralysis of this muscle due to a lesion of the external
laryngeal nerve decreases tension of the vocal cord. Loss of sensation above the vocal cord is due
to injury of the internal laryngeal nerve. The posterior crycoarytenoid muscle draws the muscu-
lar process of the arytenoid cartilage posteriorly and thereby rotates its vocal process laterally.
Paralysis of the vocalis muscle is due to a lesion of the recurrent laryngeal nerve. Lack of abduc-
tion of the vocal cord results from paralysis of the posterior cricoarytenoid muscle.

21. The answer is B. The dural venous sinus nearest the pituitary gland is the cavernous sinus.
Cavernous sinus thrombophlebitis is an infectious inflammation of the sinus that may produce
meningitis, papilledema, exophthalmos, and ophthalmoplegia. The other sinuses listed are not

closely associated with the pituitary gland.

22. The answer is B. Lesion of the optic chiasma by a pituitary tumor results in bitemporal hemi-
anopia resulting from loss in the nasal field of vision of both eyes. Lesion of the optic nerve causes
blindness. The right perichiasmal lesion by an aneurysm of the internal carotid artery leads to
right nasal hemianopia because of loss of vision in the nasal field of the right eye. Lesion of the
right optic tract or optic radiation causes left homonymous hemianopia resulting from loss of the
left half of the visual fields of both eyes. Aneurysms of both internal carotid arteries cause right

and left perichiasrnal lesions, leading to binasal hemianopia (loss of vision in the nasal fields of
both eyes).

23. The answer is D. The posterior cricoarytenoid muscle is the only muscle that abducts the vo-

cal cords during quiet breathing. All other laryngeal muscles adduct the vocal cords.

24. The answer is B. The oblique arytenoid and aryepiglottic muscles tilt the arytenoid cartilages
and approximate them, assisting in closing off the larynx and preventing food from entering the
larynx and trachea during the process of swallowing. The cricopharyngeus fibers of the inferior
pharyngeal constrictors act as a sphincter that prevents air from entering the esophagus. Other

muscles are not involved in closing or opening the airway.

25. The answer is D. The veins of the brain are direct tributaries of the dural venous sinuses. The
emissary veins connect the dural venous sinuses with the veins of the scalp; the pterygoid venous
plexus communicates with the cavernous sinus through an emissary vein; the diploic veins lie in
channels in the diploe of the skull and communicate with the dural sinuses, the veins of the

scalp, and the meningeal veins.
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26. The answer is D. When the parasympathetic fibers to the eyeball are stimulated, the pupil

constricts and the ciliary muscle contracts, resulting in a thicker lens and enhanced vision for
near objects (accommodation). Dilation of the pupil, contraction of capillaries in the iris, and en-
hanced ability to see distant objects (flattening of the lens) result from stimulation of sympathetic

nerves.

27. The answer is D. The tympanic nerve, or Jacobson's nerve, is a branch of the glossopharyn-
geal nerve, contains preganglionic parasympathetic fibers, and forms a tympanic plexus on the
medial wall of the middle ear with sympathetic fibers. The tympanic nerve continues beyond the

plexus as the lesser petrosal nerve, which transmits preganglionic parasympathetic fibers to the
otic ganglion for synapse.

28. The answer is B. The middle ear cavity is separated from the middle cranial fossa by the
tegmen tympani, a thin plate of the petrous part of the temporal bone. A part of the roof of the
sphenoid bone forms the floor of the hypophyseal fossa. The other pairs of sinuses or bony cav-
ities are not separated from the middle cranial cavity.

29. The answer is D. The cranial dura in the middle cranial fossa is innervated by the maxillary
and mandibular divisions of the trigeminal nerve, the dura in the anterior cranial fossa is inner-

vated by the ophthalmic division of the trigeminal nerve, and the dura in the posterior cranial
fossa is innervated by the vagus and hypoglossal (C1 through the hypoglossal) nerves. The facial
and glossopharyngeal nerves do not supply the cranial dura.

30. The answer is D. The carotid sinus, a spindle-shaped dilatation of the origin of the internal
carotid artery, is a pressoreceptor that is stimulated by changes in blood pressure. The carotid si-
nus is at the origin of the internal carotid artery, innervated by the carotid sinus branch of the
glossopharyngeal nerve and nerve to the carotid body of the vagus nerve. It is not a venous sinus
and thus does not communicate with the cavernous sinus. The carotid body functions as a

chemoreceptor.

31. The answer is C. The optic canal transmits the optic nerve and ophthalmic artery. The oph-
thalmic nerve and ophthalmic vein enter the orbit through the superior orbital fissure.

32. The answer is D. The digastric posterior belly is innervated by the facial nerve, whereas the
digastric anterior belly is innervated by the trigeminal nerve. The accessory nerve supplies the
sternocleidomastoid and trapezius muscles. The ansa cervicalis innervates the infrahyoid (or
strap) muscles. The glossopharyngeal nerve supplies the stylopharyngeus muscle.

33. The answer is B. The tensor tympani is innervated by the trigeminal nerve, and the stapedius
is innervated by the facial nerve. The other nerves are not involved.

34. The answer is B. The superior cervical ganglion is damaged. When the pupil remains small
in a dimly lit room, it is an indication that postganglionic sympathetic fibers that originate from
the superior cervical ganglion and innervate the dilator pupillae (radial muscles of the iris) are
damaged. Other nerves contain no sympathetic fibers but the oculomotor nerve contains pre-
ganglionic parasympathetic fibers.

35. The answer is C. The afferent limb of the pharyngeal (gag) reflex is a pharyngeal branch of
the glossopharyngeal nerve, whereas the vagus nerve mediates the efferent limb. The trigeminal,
facial, and hypoglossal nerves are not involved in the gag reflex.

36. The answer is C. Damage to the parasympathetic ciliary ganglion and parasympathetic fibers
in the short ciliary nerve impairs the ability to focus on close objects (accommodation). Because
the patient can move his eyeballs normally, the oculomotor nerve is not damaged even if this
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nerve contains preganglionic parasympathetic fibers. The patient is able to see distant objects
clearly because the long ciliary nerve also carries sympathetic fibers to the dilator pupillae. The abil-
ity to move the eyeball normally indicates that the oculomotor, trochlear, and abducens nerves are
intact.

37. The answer is D. The abducens nerve enters the orbit through the superior orbital fissure and

the common tendinous ring. The trochlear, lacrimal, and frontal nerves and the ophthalmic vein
enter the orbit through the superior orbital fissure outside the common tendinous ring.

38. The answer is A. The styloid process provides attachments for the stylohyoid, styloglossus, and
stylopharyngeus muscles. The stylohyoid muscle is innervated by the facial nerve, the styloglossus
muscle by the hypoglossal nerve, and the stylopharyngeus muscle by the glossopharyngeal nerve.

No other muscles are attached to the styloid process.

39. The answer is C. The vagus nerve innervates the museums uvulae. A lesion of the vagus nerve
causes deviation of the uvula toward the opposite side of the injury. Because her uvula deviates to
the left on phonation, the right vagus nerve is damaged. Hoarseness is caused by a paralysis of the
laryngeal muscles resulting from damage to skeletal motor fibers in the recurrent laryngeal branch
of the vagus nerve.

40. The answer is B. A low tracheotomy is a surgical incision of the trachea through the neck, be-
low the isthmus of the thyroid gland. The inferior thyroid veins drain the thyroid gland, descend
in front of the trachea, and enter the brachiocephalic veins. Consequently, these veins are closely
associated with the isthmus of the thyroid gland. Other blood vessels are not closely related with
the front of the trachea and the isthmus of the thyroid gland.

41. The answer is C. The transverse cervical nerve turns around the posterior border of the stern-
ocleidomastoid and innervates the skin of the anterior cervical triangle. The phrenic nerve, a
branch of the cervical plexus, contains motor and sensory fibers but no cutaneous nerve fibers. The
greater auricular nerve innervates the skin behind the auricle and on the parotid gland. The supra-
clavicular nerve innervates the skin over the clavicle and the shoulder. The lesser occipital nerve in-

nervates the scalp behind the auricle.

42. The answer is C. The posterior ethmoidal sinus opens into the superior nasal meatus. The max-
illary, frontal, and anterior and middle cthmoidal sinuses drain into the middle nasal meatus.

43. The answer is D. A lesion of the hypoglossal nerve causes deviation of the tongue toward the
injured side on protrusion. The lingual and glossopharyngeal nerves do not supply the tongue
muscles.

44. The answer is D. The abducens nerve, which innervates the lateral rectus muscle, runs through
the middle of the cavernous sinus. The other conditions listed do not injure the abducens nerve. A
tumor in the pituitary gland may injure the optic chiasma, causing bitemporal hemianopsia.

45. The answer is D. The lingual nerve is joined by the chorda tympani in the infratemporal fossa.
Therefore, the lingual nerve contains general somatic afferent (GSA) fibers whose cell bodies are lo-
cated in the trigeminal ganglion and special somatic afferent (SSA) or taste fibers that have cell bod-
ies located in the geniculate ganglion. In addition, the lingual nerve carries parasympathetic pre-
ganglionic general visceral efferent (GVE) fibers that originated from the chorda tympani; the cell
bodies are located in the superior salivatory nucleus in the pons. The chorda tympani and lingual
nerves contain no fibers from the otic, submandibular, pterygopalatine, or dorsal root ganglia.

46. The answer is E. The optic canal transmits the ophthalmic artery and optic nerve. The oph-
thalmic nerve, ophthalmic vein, and oculomotor and trochlear nerves enter the orbit through the
superior orbital fissure.
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47. The answer is A. A computed tomography (CT) scan through the cricothyroid ligament shows

the inferior laryngeal nerves, which are the terminal portion of the recurrent laryngeal nerves
above the lower border of the cricoid cartilage. The external carotid arteries and the internal lar-
yngeal nerves lie above the cricothyroid ligament, and the inferior thyroid veins and the thyro-
cervical trunks lie below the ligament.

48. The answer is E. The oculomotor nerve carries parasympathetic fibers to the ciliary and
sphincter pupillae ciliary muscles; thus, its lesion leads to ciliary muscle paralysis and a dilated
pupil. The abducens nerve supplies the lateral rectus, which is an abductor of the eye. The levator
palpebrae superioris inserts on the tarsal plate in the upper eyelid, which is innervated by sympa-

thetic fibers. Thus, a lesion of the oculomotor nerve does not cause complete ptosis. The secreto-
motor fibers for lacrimal secretion come through the pterygopalatine ganglion. Thus, severance of
the oculomotor nerve has no effect on lacrimal secretion.

49. The answer is C. Special visceral efferent (SVE) nerve fibers originate from the first branchial
arch (trigeminal), the second arch (facial), the third arch (glossopharyngeal), and the fourth and
sixth arches (vagus). Nerves that supply the muscles of the eyeball (oculomotor, trochlear, ab-
ducens) and tongue (hypoglossal) are not of branchiomeric origin.

50. The answer is D. The buccinator muscle is innervated by the facial nerve. The masseter, ante-
rior belly of the digastric, and tensor tympani muscles are innervated by the mandibular division
of the trigeminal nerve. The stylopharyngeus muscle is innervated by the glossopharyngeal nerve.

51. The answer is C. The nasal septum is formed primarily by the vomer, the perpendicular plate
of ethmoid bone, and the septal cartilage. The superior, middle, and inferior conchae form the lat-
eral wall of the nasal cavity. The ethmoid (cribriform plate), nasal, frontal, and sphenoid (body)
bones form the roof. The floor is formed by the palatine process of the maxilla and the horizontal
plate of the palatine bone.

52. The answer is D. A loss of voice is due to an injury to the recurrent laryngeal nerve of the va-
gus nerve; numbness and loss of taste on the posterior part of the tongue is due to a lesion of the
glossopharyngeal nerve; an inability to shrug the shoulder is due to damage of the accessory nerve.
These three cranial nerves exit the skull through the jugular foramen. The foramen spinosum
transmits the middle meningeal artery. The foramen rotundum transmits the maxillary division of
the trigeminal nerve. The internal auditory meatus transmits the facial and vestibulocochlear
nerves. The foramen lacerum transmits nothing, but its upper part is traversed by the internal
carotid artery with sympathetic nerve plexus.

53. The answer is C. The carotid sheath contains the internal jugular vein, vagus nerve, and com-
mon and internal carotid arteries. The recurrent laryngeal nerve lies in a groove between the tra-
chea and esophagus. The sympathetic trunk, with superior and middle cervical ganglia, lies behind
the carotid sheath. The external carotid artery is not contained within the carotid sheath. The ansa
cervicalis lies superficial to or within the carotid sheath.

54. The answer is D. The costocervical trunk gives rise to the deep cervical and superior intercostal
arteries. The superior thoracic artery arises from the axillary artery. The transverse cervical, inferior
thyroid, and suprascapular arteries arise from the thyrocervical trunk. The ascending cervical ar-
tery arises from the inferior thyroid artery.

55. The answer is C. The afferent limb of the corneal reflex arc is the nasociliary nerve, and its ef-
ferent limb is the facial nerve. The other nerves are not involved in the reflex arc. The opening of
the eye is carried by the oculomotor nerve, but it is not a part of the corneal reflex.

56. The answer is D. The mandibular division of the trigeminal nerve does not lie in the wall of
the cavernous sinus, whereas the oculomotor, abducens, trochlear, and ophthalmic nerves do.
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57. The answer is B. The enlarged pharyngeal tonsil is called the adenoid, which obstructs pas-
sage of air from the nasal cavities through the choanae into the nasopharynx, thus causing diffi-
culty in nasal breathing and phonation. The tubal tonsil is also called the eustachian tonsil. The
palatine tonsil is called the faucial tonsil. The submerged tonsil is a palatine tonsil that is
shrunken and atrophied and is partly or entirely hidden by the palatoglossal arch.

58. The answer is D. The internal auditory meatus transmits the facial and vestibulocochlear
nerves. The jugular foramen transmits the glossopharyngeal, vagus, and accessory nerves and the
internal jugular vein. The ophthalmic, maxillary, and mandibular divisions of the trigeminal
nerve run through the superior orbital fissure, foramen rotundum, and foramen ovale, respec-

tively. The hypoglossal nerve runs through the hypoglossal canal.

59. The answer is C. The lips are closed by the orbicularis oris muscles. The lips are opened by
the levator labii superioris, zygomaticus minor, and depressor labii inferioris muscles. The lateral
pterygoid muscle can open the mouth by depressing the lower jaw.

60. The answer is C. The greater petrosal nerve carries parasympathetic (preganglionic) fibers,
which are secretomotor fibers to the lacrimal glands and mucous glands in the nasal cavity and

palate; carries taste fibers from the palate; and carries general visceral afferent (GVA) fibers from
the nasal cavity, palate, and roof of the oral cavity but not from the pharynx and larynx. There-
fore, a lesion of the greater petrosal nerve causes dryness in the nose and palate and decreased
lacrimal secretion. A decreased parotid gland secretion is due to a lesion of the lesser petrosal

nerve. Taste sensation in the epiglottis is carried by the internal laryngeal branch of the superior
laryngeal nerve. General visceral sensation in the pharynx is carried by the glossopharyngeal
nerve.

61. The answer is E. The nerve of the pterygoid canal (vidian nerve) contains taste (special vis-
ceral afferent [SVA]) fibers from the palate, general visceral afferent (GVA) fibers, postganglionic

sympathetic fibers, and preganglionic parasympathetic fibers.

62. The answer is C. The efferent limbs of the reflex are involved in the pupillary light reflex (i.e.,
constriction of the pupil in response to illumination of the retina) are composed of parasympa-
thetic preganglionic fibers in the oculomotor nerve, parasympathetic fibers and ganglionic cells
in the ciliary ganglion, and parasympathetic postganglionic fibers in the short ciliary nerves. The
afferent limbs of this reflex are optic nerve fibers. The long ciliary nerves contain postganglionic

sympathetic fibers. The ophthalmic nerve contains general somatic afferent (GSA) fibers.

63. The answer is D. The secretomotor fibers to the lacrimal gland are parasympathetic fibers

that run in the facial, greater petrosal, vidian (nerve of the pterygoid canal), maxillary, zygomatic
(of maxillary), zygomaticotemporal, and lacrimal (terminal portion) nerves. The lesser petrosal
nerve carries secretomotor (preganglionic parasympathetic) fibers to the parotid gland. The deep
petrosal nerve contains postganglionic sympathetic fibers. The zygomatic branch of the facial
nerve supplies the facial muscles.

64. The answer is D. The infraglottic cavity extends from the rima glottidis to the lower border

of the cricoid cartilage. The rima glottidis is the space between the vocal folds and arytenoid car-
tilages. The vestibule extends from the laryngeal inlet to the vestibular folds. The ventricle ex-
tends between the vestibular fold and the vocal fold. The piriform recess is a pear-shaped fossa in
the wall of the laryngopharynx lateral to the arytenoid cartilage.

65. The answer is B. The spinal accessory nerve supplies the sternocleidomastoid and trapezius
muscles, which are not involved in the act of swallowing. Swallowing involves movements of the
tongue to push the food into the oropharynx, elevation of the soft palate to close the entrance
of the nasopharynx, elevation of the hyoid bone and the larynx to close the opening into the lar-
ynx, and contraction of the pharyngeal constrictors to move the food through the pharynx. The
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hypoglossal nerve supplies all of the tongue muscles except the palatoglossus, which is inner-
vated by the vagus nerve. The vagus nerve innervates the muscles of the palate, larynx, and phar-

ynx. The mandibular division of the trigeminal nerve supplies the suprahyoid muscles (e.g., the
anterior belly of the digastric and the mylohyoid muscles).

66. The answer is C. The lateral pterygoid muscle opens the mouth by depressing the jaw. The
masseter, medial pterygoid, and temporalis muscles close the jaw. The buccinator muscle is a mus-
cle of facial expression.

67. The answer is D. The levator palpebrae superioris muscle opens the eye by elevating the up-
per eyelid. The orbicularis oculi closes the eye, the orbicularis oris closes the lips, the frontalis el-
evates the eyebrow, and the superior rectus elevates the eyeball.

68. The answer is C. The maxillary nerve runs through the foramen rotundum; the ophthalmic
nerve runs through the supraorbital fissure; the mandibular nerve passes through the foramen
ovale; the optic nerve runs through the optic canal; the trochlear nerve passes through the supe-
rior orbital fissure.

69. The answer is B. The chorda tympani nerve contains preganglionic parasympathetic fibers
responsible for secretion of the submandibular gland. The lingual nerve at its origin is not yet
joined by the chorda tympani. The superior cervical ganglion provides sympathetic fibers, which

supply blood vessels in the submandibular gland. The lesser petrosal nerve contains preganglionic
parasympathetic fibers that synapse in the otic ganglion. The auriculotemporal nerve contains
postganglionic parasympathetic fibers, which are responsible for secretion of the parotid gland.

70. The answer is D. Accommodation occurs with contraction of the ciliary muscles and is me-
diated by parasympathetic fibers running within the oculomotor nerve. The levator palpebrae su-
perioris inserts on the tarsal smooth muscle plate in the upper eyelid and skin of the upper eye-
lid and opens the eye by elevating the upper eyelid. The sphincter pupillae and dilator pupillae
constrict and dilate the pupil, respectively. The orbitalis muscle is smooth muscle that bridges the
inferior orbital fissure and protrudes the eye.

71. The answer is C. The maxillary sinus lies lateral to the lateral wall of the nasal cavity and in-

ferior to the floor of the orbit.

72. The answer is B. Mastoid air cells communicate with the middle ear cavity through the
antrum and aditus.

73. The answer is D. The ethmoid sinus has numerous small cavities and lies between the orbit
and the nasal cavity.

74. The answer is E. The frontal sinus drains into the anterior part of the middle nasal meatus
via frontonasal duct or infundibulum.

75. The answer is A. Cerebrospinal fluid (CSF) is formed by vascular choroid plexus in the ven-
tricles in the brain; the letter "A" indicates the lateral ventricle.

76. The answer is E. The musculus uvulae is innervated by the vagus nerve. A lesion of the right
vagus nerve causes deviation of the uvula to the left side.

77. The answer is C. The geniohyoid muscle is innervated by the first cervical nerve through the
hypoglossal nerve.

78. The answer is B. The inferior nasal meatus below the inferior concha receives the naso-

lacrimal duct.
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79. The answer is D. The straight sinus runs along the line of the attachment of the falx cerebri
to the tentorium cerebelli, which supports the occipital lobe of the cerebrum and covers the cere-
bellum.

80. The answer is A. The pituitary gland can be reached through the transsphenoidal approach
following the septum of the nose through the body of the sphenoid.

81. The answer is B. The optic nerve mediates the afferent limb of the pupillary light reflex,
whereas the efferent limb is mediated by the facial nerve.

82. The answer is A. The nasal septum is formed primarily by the perpendicular plate of the eth-
moid bone, vomer, and septal cartilage.

83. The answer is D. The lateral rectus is innervated by the abducens nerve, which runs through
the cavernous sinus.

84. The answer is E. The internal carotid artery pierces the dural roof of the cavernous sinus be-
tween the anterior and middle clinoid processes.

85. The answer is C. The suprasellar cistern can be obliterated by the pituitary tumor.

86. The answer is D. Nasal hemianopia is blindness in the nasal field of vision of the eye because
of a perichiasmal lesion such as an aneurysm of the internal carotid artery.

87. The answer is B. The basilar artery is formed by the union of the two vertebral arteries at the
lower border of the pons. A large tumor in the foramen magnum compresses the vertebral arter-
ies, resulting in decreased blood flow in the basilar artery.

88. The answer is A. The posterior cerebral artery provides the blood supply to the midbrain, the
temporal and occipital lobes of the cerebrum.

89. The answer is E. The posterior inferior cerebellar artery supplies the posterior inferior surface
of the cerebellum.

90. The answer is C. The anterior cerebral artery supplies the medial surface of the frontal and
parietal lobes of the cerebrum.
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COMPREHENSIVE EXAMINATION

Directions: Each of the numbered items or incomplete statements in this section is followed
by answers or by completions of the statement. Select the one lettered answer or completion
that is best in each case.

1. A young man is brought to the emergency
room after being mugged. He has been stabbed
in the shoulder after refusing to give his wallet
to his assailant. If the stab wound lacerated the
posterior humeral circumflex artery passing
through the quadrangular space on the shoul-
der region, which of the following nerves
might be injured?

(A) Radial nerve
(B) Axillary nerve
(C) Thoracodorsal nerve
(D) Suprascapular nerve
(E) Accessory nerve

2. A victim of an automobile accident is un-
able to abduct her left arm. This indicates dam-
age to which of the following parts of the
brachial plexus?

(A) Middle trunk and posterior cord
(B) Middle trunk and lateral cord
(C) Lower trunk and lateral cord
(D) Upper trunk and posterior cord
(E) Lower trunk and medial cord

3. A biomedical engineer would like to re-
construct the arm of a boy who underwent am-
putation to treat a life-threatening infection. In
designing the prosthetic arm, the engineer will
need to know that which of the following mus-
cles flexes the elbow and is innervated by the

radial nerve?

(A) Flexor digitorum longus
(B) Brachioradialis
(C) Brachialis
(D) Extensor digitorum longus
(E) Biceps brachii

4. Young Johnny was playing on the play-
ground at school when he fell and struck his

arm against the swing set. He ran to the school
nurse, complaining of which of the following
conditions as a result of injuring the radial
nerve in the spiral groove of the humerus?

(A) Numbness over the medial side of the
forearm

(B) Inability to oppose the thumb

(C) Weakness in pronating the forearm

(D) Weakness in abducting the arm
(E) Inability to extend the hand

5. An indoor soccer player runs into another
player while running after the ball. She falls to
the ground and fractures the medial epi-
condyle of the humerus. Which of the follow-
ing symptoms might she present with when
seeing a physician in the emergency room?

(A) Impaired abduction of the hand
(B) Carpal tunnel syndrome
(C) Wrist drop

(D) Thenar atrophy
(E) Inability to sweat on the medial part of

the hand

6. After winning a boxing match, a 24-year-

old man is unable to abduct his fingers. Which
of the following nerves is injured?

(A) Ulnar nerve
(B) Median nerve

(C) Radial nerve

(D) Musculocutaneous nerve

(E) Axillary nerve

7. A 42-year-old woman present to an outpa-
tient clinic with a 6-month history of numb-
ness and tingling on the palmar aspect of her
lateral three and one-half fingers, loss of prona-
lion, and flattening of the thenar eminence.
Injury to which of the following nerves could
cause such a condition?

(A) Axillary nerve

(B) Musculocutaneous nerve
(C) Median nerve
(D) Radial nerve
(E) Ulnar nerve

8. A ballet dancer falls to the floor and hurts
herself during a practice session before opening
night. She sustains an injury to the thora-
codorsal nerve that would probably affect the
strength of which of the following move-
ments?

(A) Adduction of the scapula

(B) Elevation of the scapula
(C) Abduction of the arm



482 BRS GROSS ANATOMY

(D) Extension of the arm
(E) Lateral rotation of the arm

9. A 23-year-old man falls from a ladder and
injures his arm. On examination, he feels numb-
ness and has no sweating on the lateral side of
his forearm, indicating damage to the lateral
antebrachial cutaneous nerve. The cell bodies
of injured nerve fibers involved in sweating are
located in which of the following structures?

(A) Collateral ganglia
(B) Dorsal root ganglia
(C) Sympathetic chain ganglia
(D) Lateral horn of spinal cord
(E) Anterior horn of spinal cord

10. There are only 30 minutes left before the
concert starts. The pianist, who incidentally
has a cut over the palmar surface of her wrist,
noticed that she is unable to pick up a piece of

music between her index and middle fingers.
Which of the following nerves is most likely
damaged?

(A) Radial nerve
(B) Axillary nerve
(C) Ulnar nerve
(D) Median nerve
(E) Anterior interosseous nerve

11. A 29-year-old carpenter receives a crush in-
jury of his metacarpophalangeal joint of the
fourth digit (ring finger) while remodeling his
neighbor's porch. Which of the following pairs
of nerves innervates the muscle that moves the
injured joint?

(A) Median and ulnar nerves
(B) Radial and median nerves
(C) Musculocutaneous and ulnar nerves
(D) Ulnar and radial nerves
(E) Radial and axillary nerves

12. A 21-year-old man celebrating his birthday
gets a little carried away with his friends and
starts a bar fight. He is stabbed with a knife that
severs the roots of C5 and C6 of the brachial
plexus. Which of the following muscles is
likely to be paralyzed?

(A) Infraspinatus
(B) Flexor carpi ulnaris
(C) Palmar interossei
(D) Adductor pollicis
(E) Palmaris brevis

13. The secretary of a rather verbose academic
physician in internal medicine complains of

numbness and tingling in her hands and fin-
gers. She is constantly typing long patient visit
dictations and now has carpal tunnel syn-
drome, which is due to compression of which
one of the following structures?

(A) Ulnar artery
(B) Ulnar nerve
(C) Median nerve
(D) Flexor carpi radialis tendon

(E) Palmaris longus tendon

14. While playing in a Super Bowl game, a 32-
year-old professional football player is tackled
and his anterior cruciate ligament is torn. If
not injured, the anterior cruciate ligament of
the knee joint:

(A) Becomes taut during flexion of the leg

(B) Resists posterior displacement of the
femur on the tibia

(C) Inserts into the medial femoral condyle

(D) Helps prevent hyperflexion of the knee
joint

(E) Is lax when the knee is extended

15. A man interviewing for a new administra-
tive position as hospital chief executive officer
(CEO) notices difficulty walking after sitting
with his leg crossed for 2 hours. He was nerv-
ous during the interview but even more so now
that he is attempting to stand to follow two
board members for a tour of the hospital.
Which of the following actions is most seri-
ously affected by compression and temporary
paralysis of the deep peroneal nerve?

(A) Plantar flexion of the foot
(B) Dorsiflexion of the foot
(C) Abduction of the toes
(D) Adduction of the toes
(E) Inversion of the foot

16. Deep venous thrombosis is a common
complication from sitting in one position for a
prolonged period of time, such as during a long
car trip or a long plane flight. The first vascular
channels likely to be obstructed or occluded by
an embolus from the deep veins of a lower
limb are the:

(A) Tributaries of the renal veins
(B) Branches of the coronary arteries
(C) Sinusoids of the liver
(D) Tributaries of the pulmonary veins
(E) Branches of the pulmonary arteries

17. During recruitment by the local represen-
tative for the Marines, a young college student
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presents with the condition known as flat foot.
His foot is displaced laterally and everted, and
the head of the talus is no longer supported.
Which of the following ligaments probably is

stretched?

(A) Plantar calcaneonavicular (spring)

(B) Calcaneofibular
(C) Anterior talofibular
(D) Plantar calcaneocuboid (short plantar)
(E) Anterior tibiotalar

18. During a sports medicine physical by a lo-
cal family physician, a young woman is tested
for stability of her joints before try-outs for the
high school team. Which of the following liga-
ments is important in preventing forward dis-
placement of the femur on the tibia when the

weight-bearing knee is flexed?

(A) Medial meniscus

(B) Tibial collateral ligament

(C) Fibular collateral ligament

(D) Posterior cruciate ligament

(E) Anterior cruciate ligament

19. A 21-year-old man falls from the attic and
is brought to the emergency room. Examina-
tion and radiogram reveal that the lateral lon-
gitudinal arch of his foot is flattened. Which of
the following bones is displaced?

(A) Talus
(B) Medial three metatarsals

(C) Navicular
(D) Cuneiform

(E) Cuboid

20. A 72-year-old woman with Parkinson's dis-
ease has fallen down in the bathtub at her
home and suffered a dislocation of the hip
joint that may result in vascular necrosis of the
femoral head and neck because of injuries to
the arteries. Which of the following arteries

might remain intact?

(A) Lateral femoral circumflex artery
(B) Medial femoral circumflex artery

(C) Obturator artery
(D) Inferior gluteal artery
(E) Deep iliac circumflex artery

21. A 78-year-old woman receives knee surgery
because her lateral meniscus is torn. Before in-
jury, the normal lateral meniscus of the knee

joint:

(A) Is C-shaped or forms a semicircle

(B) Is attached to the fibular collateral liga-

ment

(C) Is larger than the medial meniscus
(D) Lies outside the synovial cavity
(E) Is more frequently torn in injuries than

the medial meniscus

22. A 17-year-old boy is involved in a group
fight and a stab wound lacerates a ventral root

of his thoracic spinal nerve. Cell bodies of the
injured nerve fibers are located in which of the
following nervous structures?

(A) Dorsal root ganglia and sympathetic
trunk

(B) Lateral horn of spinal cord and dorsal
root ganglia

(C) Anterior horn and lateral horn of spinal
cord

(D) Sympathetic trunk and lateral horn of
spinal cord

(E) Anterior horn of spinal cord and sympa-
thetic trunk

23. A racecar driver is brought to the city
trauma center after a high-speed crash in which
his car spun out of control and struck the con-
crete embankment. He has blunt trauma to his
chest and undergoes extensive vascular studies
to determine which blood vessels are still in-
tact. The interventional radiologist recalls that
one of the following veins drains directly into
the superior vena cava. Which one?

(A) Internal thoracic vein

(B) Azygos vein

(C) Hemiazygos vein

(D) Right superior intercostal vein
(E) Left superior intercostal vein

24. A 58 year-old stockbroker is brought to the
cardiac catheterization laboratory emergently
after evaluation in the emergency room has de-
termined he is suffering from an acute myocar-
dial infarction. During the catheterization, he
is found to have inadequate blood flow in the
artery that runs aside the great cardiac vein in
the anterior interventricular sulcus of the
heart. This is most likely an acute occlusion of

the:

(A) Circumflex branch of the left coronary
artery

(B) Marginal branch of the right coronary
artery

(C) Left coronary artery
(D) Right coronary artery
(E) Posterior interventricular artery

25. A retired teacher suffers from a massive
heart attack while playing golf and dies in the
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intensive care unit. Autopsy reveals the cause
of death as severely diminished blood flow in
the coronary arteries. This most likely resulted
from embolization of an atherosclerotic plaque
at the origin of which of the following vascular
structures?

(A) Pulmonary trunk
(B) Ascending aorta
(C) Coronary sinus
(D) Descending aorta
(E) Aortic arch

26. A 21-year-old woman comes to the emer-
gency department with acute chest pain and
shortness of breath. Her chest x-ray film shows
opacification of one of her lungs. She under-
goes thoracentesis, which reveals she has a
chylothorax resulting from rupture of the tho-
racic duct. Lymphatic drainage remains normal
in which of the following areas?

(A) Left thorax
(B) Right thorax
(C) Left abdomen
(D) Right pelvis
(E) Left lower limb

27. An elderly man is choking on his food at a

restaurant and attempts by other patrons to dis-
lodge the food bolus using the Heimlich proce-
dure have failed. A retired anesthesiologist
rushes to his table and prepares for emergent
tracheostomy. She locates the manubrium of
the sternum and recalls that it is free from artic-
ulation with which of the following structures?

(A) Body of the sternum
(B) First rib
(C) Second rib
(D) Third rib
(E) Clavicle

28. A stab wound penetrates the posterior tho-
racic wall near vertebra of 24-year-young man.
Examination at the emergency room indicates
a lesion of gray rami communicantes. Which
of the following nerve fibers would most likely
be damaged?

(A) General somatic afferent (GSA) fibers
(B) Postganglionic parasympathetic fibers
(C) Preganglionic sympathetic fibers
(D) Postganglionic sympathetic fibers
(E) General visceral afferent (GVA) fibers

29. A 31-year-old NHL hockey player com-
plains of numbness in the area of his umbilicus
after the national championship game. Which

one of following structures that carries general
somatic afferent (GSA) fibers was injured dur-
ing the hockey game?

(A) Sympathetic trunk

(B) Dorsal root
(C) Greater splanchnic nerve

(D) Gray rami communicantes

(E) White rami communicantes

30. A 75 year-old veteran suffers a heart attack
and is found in his home unconscious. He is in
ventricular tachycardia and is shocked into nor-
mal sinus rhythm. He undergoes emergent

catheterization and is found to have a thrombo-
sis in the coronary sinus. Which of the following
cardiac veins might remain normal in diameter
by catheterization study by the cardiologist?

(A) Great cardiac vein
(B) Middle cardiac vein

(C) Anterior cardiac vein
(D) Small cardiac vein

(E) Oblique cardiac vein

31. A 35-year-old man is suffering from an in-
fected mediastinum (mediastinitis) after neck
and chest injuries resulting from a head-on au-
tomobile collision. He has been intubated
since the accident and on broad-spectrum in-
travenous antibiotics since admission; how-
ever, the infection continues to progress
throughout the mediastinurn. Which of the
following structures is free from infection?

(A) Thymus gland

(B) Esophagus

(C) Trachea

(D) Lungs

(E) Heart

32. A 42-year-old man suffers from a rare
tongue disease and comes to an emergency
room. On examination, he is unable to pro-
trude his tongue. Which of the following mus-
cles is paralyzed?

(A) Hyoglossus
(B) Genioglossus
(C) Styloglossus

(D) Palatoglossus
(E) Geniohyoid

33. A new biotech company is interested in
developing a new mechanical heart with a su-
perficial implantable and rechargeable battery
for easy access. During the design phase, the
physician hired from the local academic hospi-
tal is asked which of the following structures
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carries or comes in contact with oxygenated
blood?

(A) Pectinate muscle
(B) Crista terminalis
(C) Septomarginal trabecula
(D) Pulmonary vein
(E) Pulmonary artery

34. A 62-year-old man is diagnosed with a
Pancoast's tumor that invades the inferior
trunk of the brachial plexus. Which of the fol-
lowing muscle actions most likely resulted
from injury to the brachial plexus?

(A) Lateral rotation of the arm
(B) Extension of the ring finger

(C) Abduction of the index finger

(D) Flexion of the forearm
(E) Pronation of the forearm

35. A 67-year-old woman complains of increas-
ing urinary frequency and a heaviness in her
pelvic area. On examination, her uterine cervix
is visible at the vaginal opening. This symptom
is caused by which of the following conditions?

(A) Tear of the transversalis fascia

(B) Weakness of the ovarian ligament
(C) Relaxation of the cardinal ligament
(D) Weakness of arcuate pubic ligament
(E) Paralysis of the piriformis muscle

36. Weight lifters in competition are often
concerned about muscle tone and complica-
tions with hernias. In particular, the most com-
mon hernia in this case is an indirect inguinal
hernia, which appears:

(A) Lateral to the inferior epigastric artery
(B) Between the inferior epigastric and oblit-

erated umbilical arteries
(C) Medial to the obliterated umbilical artery
(D) Between the median and medial umbilical

folds

(E) Between the linea alba and linea semilu-

naris

37. A 32-year-old man is involved in a car ac-
cident and receives a crushed internal injury in
his abdomen. Examination reveals a lesion of
parasympathetic fibers in the vagus nerve,
which interferes with glandular secretory or
smooth muscle functions in which of the fol-
lowing organs?

(A) Bladder
(B) Transverse colon
(C) Sigmoid colon

(D) Prostate gland
(E) Rectum

38. Pancreatic cancer has one of the highest
mortality rates of all cancers because of the lack

of symptoms until an advanced stage of dis-
ease. The one exception is the cancer that is
slow growing and located in the head of the
pancreas. This may present in early stage by
causing compression of which of the following
structures?

(A) Duodenojejunal junction
(B) Gastroduodenal artery
(C) Bile duct
(D) Inferior mesenteric artery
(E) Common hepatic duct

39. An elderly man with a known large ab-
dominal aortic aneurysm presents to the emer-
gency room with acute severe and diffuse pain
in his abdomen. The physician performing the
evaluation considers mesenteric ischemia, a
life-threatening disease, as a possible etiology.
Which of the following organs may be spared
from ischemia in the presence of an occlusive
lesion in the celiac trunk?

(A) Liver
(B) Spleen
(C) Pancreas

(D) Gallbladder

(E) Stomach

40. A young woman with cryptogenic cirrho-
sis presents to the university hospital for an
evaluation as a possible candidate for liver
transplant. She has late-stage cirrhosis and her
liver-spleen scan shows a high degree of portal
hypertension. The portal venous system in-
cludes which of the following veins?

(A) Left suprarenal vein
(B) Inferior epigastric vein
(C) Superior rectal vein
(D) Azygos vein
(E) Hepatic vein

41. Hirschsprung's disease is diagnosed in the
sigmoid colon of a 7-year-old girl. The diseased
part of the lower colon:

(A) Is a retroperitoneal organ
(B) Receives parasympathetic fibers from the

vagus nerve
(C) Receives blood mainly from the superior

mesenteric artery
(D) Is the site of digestion and absorption of

foods
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(E) Drains its venous blood into the portal
venous system

42. A 29-year-old farmer falls on tractor blades
and injures his groin. Several days later, he
comes to the emergency room and examina-
tion by a physician reveals that the urogenital
diaphragm and bulbourethral glands are in-
fected. The infected deep perineal space:

(A) Is formed superiorly by perineal membrane
(B) Is formed inferiorly by Colles' fascia
(C) Contains a segment of the dorsal nerve of

the penis
(D) Contains superficial transverse perineal

muscles
(E) Contains the greater vestibular glands

43. The weather has been awful in the last few
days and the number of trauma patients in the
emergency room has risen dramatically be-
cause of the increased number of motor vehicle

accidents. During a quick orientation by the at-
tending physician, the rotating residents are
told that many of those patients suffer from
blunt trauma to the pelvis resulting from crush
injuries from the steering column. In males, if
the urethra is torn distal to the urogenital di-
aphragm, urine might accumulate in the:

(A) Retropubic space
(B) Medial aspect of the thigh
(C) Ischiorectal fossa
(D) Superficial perineal space
(E) Paravesical fossa

44. A 59-year-old woman has a large pelvic tu-
mor, which compresses the inferior hypogas-
tric (pelvic) plexus. Parasympathetic nerve
fibers in this plexus come from which of the
following nerves?

(A) Lumbar splanchnic nerves
(B) Pelvic splanchnic nerves
(C) Sacral sympathetic chain ganglia
(D) Vagus nerve
(E) Sacral splanchnic nerves

45. Because of a lesion, the parasympathetic
nerve fibers are unable to induce a contraction
of the detrusor muscle and relaxation of the in-
ternal sphincter The injured parasympathetic
fibers that supply the urinary bladder are de-
rived from which of following nerves?

(A) Vagus nerve
(B) Pelvic splanchnic nerve
(C) Sacral splanchnic nerve

(D) Lesser splanchnic nerve
(E) Greater splanchnic nerve

46. At a local hospital tumor board, a gyneco-
logic oncologist discusses the next case for the
multidisciplinary team. He explains the ration-
ale for using chemotherapy and radiation after
surgical resection because carcinoma of the
uterus can spread directly to the labia majus
through lymphatics that follow the:

(A) Ovarian ligament
(B) Suspensory ligament of the ovary
(C) Round ligament of the uterus

(D) Uterosacral ligaments
(E) Pubocervical ligaments

47. A young couple is seeing a sex therapist for
the first time to determine the cause of some of
their recent difficulties. The husband tells her
that he no longer has sensation in his scrotum
after a race car accident. Which of the follow-
ing nerves carries undamaged sensory nerve
fibers?

(A) Ilioinguinal nerve

(B) Genitofemoral nerve

(C) Iliohypogastric nerve

(D) Perineal branch of the pudendal nerve

(E) Perineal branch of the posterior femoral
cutaneous nerve

48. A patient has a damaged pelvic outlet as
the result of an automobile accident. Following
this accident, which of the following structures
is still intact?

(A) Sacrotuberous ligament
(B) Inferior pubic ramus
(C) Pubic crest
(D) Ischial tuberosity

(E) Coccyx

49. A forensic pathologist is examining the
pelvic bone of a murder victim to identify sex.
Which of the following characteristics is that
of a female pelvis?

(A) Oval-shaped pelvic inlet
(B) Smaller pelvic outlet
(C) Lesser in pubic angle
(D) Narrower and longer sacrum
(E) Narrower and deeper pelvic cavity

50. A 26-year-old woman experiences severe
back pain from an automobile accident. A
computed tomography (CT) scan reveals the L5
vertebral foramen is completely obliterated by
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a collapsed L5 laminae and pellicles. In this in-

jury, which of the following structures is
crushed?

(A) Vertebral artery
(B) Spinal cord
(C) Ilium terminale externus (filum of the

dura)
(D) Denticulate ligament
(E) Cauda equina

51. A performer at the traveling circus for the
State Fair has injured her shoulder during a
routine. When she fell off the trapeze, she
struck the ground on her back and most of the
blunt force was directed toward her shoulders.
A crush injury of the suboccipital nerve would
result in paralysis of which of the following
muscles?

(A) Splenius capitis
(B) Trapezius
(C) Rectus capitis posterior major
(D) Levator scapulae
(E) Iliocostalis

52. A neonate is brought to the pediatrician
with headaches, fevers, and change in mental
status, mostly manifested as lethargy and lack
of appetite. The baby is admitted emergently to
rule out meningitis and is to undergo a diag-
nostic lumbar puncture. When withdrawing
cerebrospinal fluid (CSF), the needle may pene-
trate which of the following pairs of structures?

(A) Dura mater and denticulate ligament
(B) Arachnoid mater and pia mater
(C) Dura mater and arachnoid mater
(D) Anulus fibrosus and pia mater
(E) Arachnoid mater and nucleus pulposus

53. Mrs. Jones was riding in the front seat of
her son's van when the vehicle abruptly
stopped. Unfortunately, she was not wearing
her seatbelt and was thrown forward and as a
result of the accident, the transverse processes
of her cervical vertebrae are crushed against the
dashboard of the van. Which of the following
muscles might be paralyzed?

(A) Trapezius
(B) Latissimus dorsi
(C) Rhomboid major
(D) Levator scapulae
(E) Serratus posterior superior

54. A middle-aged woman is receiving a shi-
atsu massage when her therapist notices that

the client has numbness of her back. A lack of

sensation overlying the skin over the anterior
triangle of the neck may he due to injury to
which of the following nerves?

(A) Great auricular nerve
(B) Transverse cervical nerve
(C) Superior ramus of the ansa cervicalis
(D) Inferior ramus of the ansa cervicalis
(E) Superior laryngeal nerve

55. A young man presents to your clinic with
a 3-month history of an enlarging mass in his
right neck. He undergoes a computed tomogra-
phy (CT) scan that reveals a fluid-filled mass
where the common carotid artery bifurcates.
Another structure would be located at this level
would be the:

(A) Thyroid isthmus
(B) Cricoid cartilage

(C) Sternal angle
(D) Superior border of the thyroid cartilage
(E) Jugular notch

56. A kick fighter is brought into the locker
room after being knocked out by his opponent.
He has suffered severe trauma to the articular
disk and capsule of the temporomandibular
joint. This could result in paralysis of which of
the following muscles?

(A) Masseter

(B) Temporalis

(C) Medial pterygoid

(D) Lateral pterygoid
(E) Buccinator

57. A 25-year-old woman is suffering from fa-
cial paralysis and exhibits ptosis (drooping of
the upper eyelid). Injury to which of the fol-
lowing nerves would result in ptosis?

(A) Trochlear nerve
(B) Abducens nerve
(C) Oculomotor nerve

(D) Ophthalmic nerve

(E) Facial nerve

58. A 67-year-old man is known to have infec-
tion in the superior petrosal sinus. The infected
sinus lies in the margin of which of the follow-
ing structures?

(A) Tentorium cerebelli
(B) Falx cerebri
(C) Falx cerebelli

(D) Diaphragma sellae
(E) Straight sinus
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59. A 59-year-old man has pus in the loose
connective tissue layer of the scalp and conse-
quently his superior sagittal sinus is infected.
The arachnoid granulations in the infected si-
nus

(A) Absorb cerebrospinal fluid (CSF) into the
dural venous sinuses

(B) Are storage areas for CSF
(C) Produce CSF
(D) Allow CSF to return to the ventricles of

the brain
(E) Filter venous blood into CSF

60. While speaking at a charity program, an

elderly woman suddenly collapses to the
ground. She is found to have a massive stroke,
but it is unclear where the vascular lesion is lo-
cated. She undergoes a cerebral arteriogram.
Normally, the great cerebral vein of Galen
drains directly into which of the following si-
nuses?

(A) Superior sagittal sinus
(B) Inferior sagittal sinus
(C) Cavernous sinus
(D) Transverse sinus
(E) Straight sinus

61. While resecting a tumor in the palate, a
surgical intern removes the mass but finds that
it is deeply invasive into the tendon that loops
around the pterygoid hamulus. Which of the
following muscles would most likely he para-
lyzed?

(A) Tensor tympani
(B) Tensor veli palatini
(C) Levator veli palatini
(D) Superior pharyngeal constrictor
(E) Stylohyoid

62. During a domestic incident, a 28-year-old
woman receives a vertical stab wound that lac-

erates the pterygomandibular raphe. Which of
the following muscles would be paralyzed?

(A) Superior and middle pharyngeal constric-
tors

(B) Middle and inferior pharyngeal constric-
tors

(C) Superior pharyngeal constrictor and
buccinator muscles

(D) Medial and lateral pterygoid muscles
(E) Tensor veli palatini and levator veli

palatini

63. A 31-year-old football player with a head
injury is brought to a local emergency depart-

ment. Physical examination, radiogram, and a
magnetic resonance imaging (MRI) scan indi-
cate a lesion of the trigeminal nerve. Which of
the following muscles is most likely paralyzed?

(A) Geniohyoid
(B) Palatoglossus
(C) Cricothyroid

(D) Tensor veli palatini

(E) Levator veli palatini

64. The muscle that indents the submandibu-
lar gland and divides it into superficial and
deep parts is paralyzed because of compression
by a large salivary glandular tumor. Which of
the following muscles is involved?

(A) Hyoglossus
(B) Digastric posterior belly

(C) Styloglossus
(D) Stylohyoid

(E) Mylohyoid

65. A young homeless child presents to the
emergency room with high fever and low
blood pressure. He had strep throat 2 weeks ago
when seen in the free clinic; however, his par-
ents could not afford antibiotic medication

and he did not take any. He now has an abscess
in the auditory tube that is blocking commu-
nication between the nasopharynx and which
of the following structures?

(A) Vestibule of the inner ear

(B) Middle ear

(C) Semicircular canals

(D) External ear

(E) Inner ear

66. A man with a neuromuscular autoimmune
disease has another attack at home. His wife
calls the doctor's office because he is unable to
speak. Once at the office, he is unable to open
his jaw because of paralysis of which of the fol-

lowing muscles?

(A) Medial pterygoid

(B) Masseter

(C) Temporalis
(D) Lateral pterygoid
(E) Buccinator

67. A 29-year-old baseball player whose head
is hit by a high-speed baseball is brought to an
emergency room. Physical examination and ra-
diogram reveal fracture of the temporal bone
and damage to the lesser petrosal nerve. Which
of the following conditions could occur as a re-
sult of injury to the lesser petrosal nerve?
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(A) Lack of lacrimal secretion
(B) Lack of submandibular gland secretion
(C) Lack of parotid gland secretion
(D) Constriction of the pupil
(E) Ptosis of the upper eyelid

68. A 26-year-old woman with the flu comes
to an outpatient clinic. On examination, a
physician diagnoses her with sinus and palate
infection, and her uvula deviates to the left
side on phonation. Which of the following
nerves is injured?

(A) Left hypoglossal nerve
(B) Right hypoglossal nerve
(C) Left vagus nerve
(D) Right vagus nerve

(E) Left trigeminal nerve

69. During a palatine tonsillectomy, a surgeon
must ligate arteries to avoid bleeding within
the surgical field. Which of the following arter-
ies can be spared?

(A) Lesser palatine artery
(B) Facial artery
(C) Lingual artery
(D) Superior thyroid artery
(E) Ascending pharyngeal artery

70. A young child is evaluated by his pediatri-
cian for chronic nosebleeds. He is referred to an
allergist when it is determined that his nasal
cavity is chronically dry because of a lack of
glandular secretions. A possible etiology may be
a lesion of which of the following structures?

(A) Superior cervical ganglion
(B) Lesser petrosal nerve
(C) Facial nerve in the facial canal
(D) Greater petrosal nerve
(E) Deep petrosal nerve

Questions 71 and 72: A 12-year-old girl suf-
fers from a type of neural tithe defect called
tethered cord syndrome, a congenital anomaly
that results from defective closure of the neu-
ral tube. This syndrome is characterized by
an abnormally low conus medullaris, which
is tethered by a short, thickened filum lermi-
nale, leading to progressive neurologic defects
in the legs and feet.

71. Which of the following defects is commonly
associated with the tethered cord syndrome?

(A) Spina bifida occulta
(B) Kyphosis

(C) Meningomyelocele
(D) Herniated disk
(E) Scoliosis

72. This girl has strong muscle function of the
flexors of the thigh, but she has weakness of
the extensors (hamstrings). A lesion has oc-
curred at which of the following spinal cord
levels?

(A) T12

(B) Ll
(C) L3
(D) L5
(E) 55

73. A 36-year-old plumber slips and breaks a
porcelain sink, cutting an anterior aspect of his
wrist deeply on a sharp edge. On arrival to the
emergency department, he can adduct his
thumb but not oppose it. Which of the follow-
ing structures has been severed?

(A) Radial nerve

(B) Median nerve
(C) Ulnar nerve
(D) Anterior interosseous nerve
(E) Posterior interosseous nerve

74. A 21-year-old soccer player is tackled via a
high-impact sweeping injury about the right

knee causing a posterior knee dislocation. Soon
after, he is unable to plantar flex his right an-
kle or flex his toes. He also experiences loss of
sensation on the sole of his right foot. Which
of the following nerves is most likely injured?

(A) Saphenous nerve
(B) Tibial nerve
(C) Deep peroneal nerve
(D) Superficial peroneal nerve

(E) Common peroneal nerve

75. A 56-year-old man with one pack/day his-
tory of cigarette smoking is found to have a
malignant squamous cell carcinoma located in
the superior sulcus of Pancoast (superior apex
of the lung). Shortly after the diagnosis is
known, the patient develops symptoms that
consist of shoulder pain along with ptosis,
miosis, enophthalmos, and anhidrosis. Which
of the following nerves is most likely com-
pressed by the tumor mass?

(A) Phrenic nerve

(B) Vagus nerve
(C) Cervical sympathetic trunk
(D) Ansa cervicalis
(E) Recurrent laryngeal nerve



490 BRS GROSS ANATOMY

76. A 57-year-old woman presents with in-
creasing numbness of the fourth and fifth dig-
its on her right hand. On examination, it is no-
ticed that she has a wasted hypothenar
eminence, inability to abduct the thumb, and
a characteristic claw hand. Which of the fol-
lowing nerves has most likely been injured?

(A) Axillary nerve
(B) Anterior interosseous nerve
(C) Radial nerve
(D) Ulnar nerve
(E) Median nerve

77. A 47-year-old woman has had a lumpec-
tomy and axillary dissection to check for
metastasis. She has come in for her follow-up
appointment and her physician notices on her
physical examination that the medial part of
her scapula protrudes from her back and that
she is not able to raise her arm above the hori-
zontal level. Which of the following nerves has
been damaged during her surgery?

(A) Median nerve
(B) Ulnar nerve
(C) Thoracodorsal nerve
(D) Long thoracic nerve
(E) Radial nerve

78. A 31-year-old carpenter was wounded in
his left arm by a utility knife and is brought to
a local emergency room. He complains of
numbness on the medial side of his arm.
Which of the following nerves is most likely
injured?

(A) Axillary nerve
(B) Musculocutaneous nerve
(C) Medial brachial cutaneous nerve
(D) Medial antebrachial cutaneous nerve
(E) Radial nerve

79. A 54-year-old high school teacher has been

diagnosed with coronary artery disease and is
going to undergo coronary bypass surgery.
During the surgery, the thoracic surgeon de-

cides to use the internal thoracic artery for one
of the bypasses. Which of the following arter-
ies gives rise to the internal thoracic artery?

(A) Axillary artery
(B) Superior epigastric artery
(C) Costocervical trunk
(D) Subclavian artery
(E) Ascending aorta

80. A 34-year-old singer has been diagnosed
with thyroid cancer and consequently has a

thyroidectomy. He has been hoarse ever since
the surgery 8 weeks ago. It has been suspected
that a nerve was injured during the operation.
Which of the following nerves is most likely
damaged?

(A) External laryngeal nerve

(B) Internal laryngeal nerve
(C) Recurrent laryngeal nerve

(D) Hypoglossal nerve

(E) Glossopharyngeal nerve

Questions 81-85 (See facing page, top):

81. Which bone articulates with the radius and

triquetrum?

82. Fracture of which bone may cause paralysis
of the flexor digiti minimi and opponens digiti

minimi muscles?

83. Which is the site of attachment of the mus-
cles that form the thenar eminence?

84. Which is the site of tendinous attachment
of the flexor digitorum superficialis?

85. Fracture of which bone may cause a deep

tenderness in the anatomic snuffbox?

Questions 86-90 (See facing page, middle):

86. Thrombosis in which vessel causes a dila-
tion of the left testicular vein?

87. Which structure concentrates and stores

bile?

88. Laceration of which structure decreases
blood flow in the middle colic artery?

89. Which structure produces and excretes

urine?

90. Thrombosis in which vessel causes a dila-
tion of the right suprarenal vein?

Questions 91-95 (See facing page, bottom):

91. Which structure is a common site of uter-

ine cancer?

92. Which structure descends retroperitoneally
on the psoas muscle and runs under the uter-
ine artery?

93. Which structure has venous blood that re-
turns to the portal and caval (systemic) venous

systems?

94. Stimulation of parasympathetic nerve

causes a contraction of the detrusor muscle in
which structure?

95. When the lesser trochanter is fractured,
which structure is paralyzed?
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D

Radiograph of the bones of the hand.

A

B - 

Computed tomography (CT) scan of the abdomen.

Computed tomography (CT) scan of the female pelvis. Sectional
view.
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Questions 96-98 (See below, top):

96. Which structure forms a medial boundary
of the inguinal triangle?

97. Rupture of which structure impairs secre-
tion of a fluid that produces the characteristic
odor of semen?

98. Which structure receives the ejaculatory

duct?

Questions 99 and 100 (See below, bottom):

99. Which sinus opens into the hiatus semilu-
naris of the middle nasal meatus by way of the
frontonasal duct or infundibulum?

100. Meningioma in which structure com-
presses the ophthalmic vein and trochlear

nerve?

Computed tomography (CT) scan of the male pelvis. Sectional
view.

A

B 

Radiograph of the head. Frontal view.
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ANSWERS AND EXPLANATIONS

1. The answer is B. The axillary nerve runs posteriorly to the humerus, accompanying the pos-
terior humeral circumflex artery through the quadrangular space and innervating the teres minor
and deltoid muscles. None of the other nerves pass through the quadrangular space.

2. The answer is D. Both the upper trunk and posterior cord of the brachial plexus are damaged.
The abductors of the arm are the deltoid and supraspinatus muscles. The deltoid is innervated by

the axillary nerve, which arises from the posterior cord of the brachial plexus. The supraspinatus
is innervated by the suprascapular nerve, which arises from the upper trunk of the brachial
plexus. The middle and lower trunk give rise to no branches. The lateral and medial cords supply
no abductors of the arm.

3. The answer is B. The brachioradialis is innervated by the radial nerve and functions to flex
the elbow. The flexor digitorum longus and extensor digitorum longus do not act in the elbow.
The biceps brachii and brachialis muscles flex the elbow and are innervated by the musculocuta-

neous nerve.

4. The answer is E. The radial nerve innervates the extensor muscles of the hand, hence Johnny
could not extend his hand because of an injury to the radial nerve. Numbness would occur on
the posterior aspects of the arm and forearm because of an injury to the radial nerve. The skin on
the medial side of the forearm is innervated by the medial antebrachial cutaneous nerve; thus,
numbness over the medial side of the forearm would not occur."The opponens pollicis, pronator
teres, and pronator quadratus muscles are innervated by the median nerve. Therefore, inability to
oppose the thumb or weakness in pronating the forearm would not occur. The abductors of the
arm (deltoid and supraspinatus muscles) are innervated by the axillary nerve and upper trunk of
the brachial plexus, respectively.

5. The answer is E. Fracture of the medial epicondyle of the humerus might injure the ulnar
nerve, which supplies the skin of the medial side of the hand; thus, a lesion of the ulnar nerve
would cause no cutaneous sensation and lack of sweating in that area. The muscles involved in
abduction of the hand are the flexor carpi radialis and the extensor carpi radialis longus and bre-
vis, which are innervated by the median and radial nerves, respectively. Carpal tunnel syndrome
and thenar atrophy result from a lesion of the median nerve, whereas wrist drop results from a
lesion of the radial nerve.

6. The answer is A. The ulnar nerve innervates the dorsal interossei, which arc the only abduc-

tors of the fingers. The little finger is abducted by the abductor digiti minimi, which is innervated
by the ulnar nerve. The thumb is abducted by the abductor pollicis brevis and longus, which are

innervated by the median and radial nerves, respectively. The musculocutaneous and axillary
nerves do not supply the hand muscles.

7. The answer is C. The median nerve supplies the skin on the palmar aspect of the lateral three
and one-half fingers and the dorsal side of the index finger, middle finger, and one half of the
ring finger. The median nerve innervates the pronator teres and pronator quadratus muscles and
the thenar muscles. The axillary and musculocutaneous nerves do not supply I he skin or muscles
of the hand. The radial nerve does not innervate muscles of the hand but innervates the skin of
the radial side of the hand and the radial two and one-half digits over the proximal phalanx. The

ulnar nerve innervates not only the palmaris brevis, hypothenar muscles, adductor pollicis, dor-
sal and palmar interosseus, and medial two lumbrical muscles but also the skin over the palmar
and dorsal surfaces of the medial one third of the hand and the skin of the little finger and the

medial side of the ring finger.
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8. The answer is D. The thoracodorsal nerve innervates the latissimus dorsi, which adducts, ex-
tends, and medially rotates the arm. The arm is abducted by the supraspinatus and laterally ro-

tated by the infraspinatus, teres minor, and deltoid (posterior part) muscles. The scapula is ele-
vated by the trapezium and levator scapulae muscles and adducted by the rhomboid and
trapezius muscles.

9. The answer is C. The lateral antebrachial cutaneous nerve contains sympathetic postgan-
glionic general visceral efferent (GVE) fibers, which have cell bodies located in the sympathetic
chain ganglia, and general somatic afferent (GSA) fibers, which have cell bodies located in the

dorsal root ganglia. Sympathetic nerve fibers are involved in sweating, whereas GSA fibers are in-
volved in numbness and tingling in the skin.

10. The answer is C. This pianist is unable to pick up a music piece between the index and mid-
dle fingers, because she can not adduct her index finger and abduct the middle finger. Adductor
of the index finger is a palmar interosseous muscle, which is innervated by the ulnar nerve. Ab-
ductors of the middle finger are dorsal interosseous muscles, which are innervated by the ulnar
nerve. The other nerves do not innervate adductors or abductors of the fingers.

11. The answer is D. The metacarpophalangeal joint of the ring finger is extended by the ex-

tensor digitorum, which is innervated by the radial nerve. This joint is flexed by the lumbrical
and interossei muscles, abducted by the dorsal interosseous, and adducted by the palmar in-
terosseous. The medial two lumbricals and both the dorsal and palmar interossei are innervated
by the ulnar nerve. The median, musculocutaneous, and axillary nerves are not involved in
movement of the metacarpophalangeal joint of the ring finger.

12. The answer is A. In Erb-Duchenne paralysis (or upper trunk injury), the nerve fibers in the
roots of C5 and C6 of the brachial plexus are damaged. The infraspinatus, a lateral rotator mus-
cle, is innervated by the suprascapular nerve (C5 and C6). All the other muscles, including the
flexor carpi ulnaris, palmar interossei, adductor pollicis, and palmaris brevis muscles, are inner-

vated by the ulnar nerve (C8 and T1).

13. The answer is C. In carpal tunnel syndrome, structures entering the palm deep to the flexor
retinaculum are compressed; these include the median nerve and the tendons of the flexor polli-
cis longus, flexor digitorum profundus, and flexor digitorum superficialis muscles. The flexor
carpi radialis runs lateral to the carpal tunnel and inserts on the bases of the second and third
metacarpals. Structures entering the palm superficial to the flexor retinaculum include the ulnar
nerve, ulnar artery, and palmaris longus tendon (which inserts on the palmar aponeurosis).

14. The answer is B. The anterior cruciate ligament of the knee joint prevents posterior dis-
placement of the femur on the tibia and limits hyperextension of the knee joint. This ligament
becomes taut when the knee is extended and lax when the knee is flexed. It inserts into the lat-
eral femoral condyle posteriorly within the intercondylar notch.

15. The answer is B. The deep peroneal nerve innervates the dorsiflexors of the foot, which in-
clude the tibialis anterior, extensor hallucis longus, extensor digitorum longus, and peroneus ter-
tius muscles. The plantar flexors include the triceps surae, tibialis posterior, flexor digitorum
longus, and flexor hallucis longus, which are innervated by the tibial nerve; and peroneus longus
and brevis, which are innervated by the superficial peroneal nerve. The toes are abducted and ad-
ducted by dorsal and plantar interosseous muscles, which are innervated by the medial and lat-
eral plantar nerves. The foot is inverted by the tibialis anterior and posterior, triceps surae, and
extensor hallucis longus, which are innervated by the tibial nerve.

16. The answer is E. An embolus from the deep veins of the lower limb would travel through
the femoral vein, the iliac veins, the inferior vena cava, the right atrium, the right ventricle, the
pulmonary trunk, and into the pulmonary arteries, where it could obstruct and occlude these yes-
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sels. If not obstructed, blood from the pulmonary artery passes to the lungs, pulmonary veins, left
atrium, left ventricle, ascending aorta, and coronary arteries; to the body tissues; and then to the
venous system including the renal veins and sinusoids of the liver.

17. The answer is A. Flat foot is characterized by disappearance of the medial portion of the lon-
gitudinal arch, which appears completely flattened. The plantar calcaneonavicular (spring) liga-
ment supports the head of the talus and the medial side of the longitudinal arch. The planar cal-
caneocuboid (short plantar) ligament supports the lateral portion of the longitudinal arch. The

other ligaments support the ankle joint.

18. The answer is D. The posterior cruciate ligament prevents forward displacement of the fe-
mur on the tibia when the knee is flexed. The anterior cruciate ligament prevents backward dis-
location of the femur on the tibia when the knee is extended. The medial meniscus acts as a cush-
ion, or shock absorber, and forms a more stable base for the articulation of the femoral condyle.
The tibial and fibular collateral ligaments prevent medial and lateral displacement, respectively,

of the two long bones.

19. The answer is E. The lateral longitudinal arch is formed by the calcaneus, cuboid bone, and
lateral two metatarsal bones, whereas the medial longitudinal arch of the foot is formed by the
talus, calcaneus, navicular bone, cuneiform bones, and medial three metatarsal bones.

20. The answer is E. The deep iliac circumflex artery does not supply the hip joint. However,
this joint receives blood from branches of the medial and lateral femoral circumflex, superior and

inferior gluteal, and obturator arteries.

21. The answer is D. The lateral meniscus, like the medial meniscus, lies outside the synovial
cavity but within the joint cavity. However, the lateral meniscus is nearly circular, whereas the
medial meniscus is C-shaped or forms a semicircle. The lateral meniscus is smaller than the me-
dial meniscus and less frequently torn in injuries than the medial meniscus. In addition, the lat-
eral meniscus is separated from the fibular collateral ligament by the tendon of the popliteal mus-
cle, whereas the medial meniscus attaches to the tibial collateral ligament.

22. The answer is C. The ventral root of a thoracic spinal nerve contains sympathetic pregan-

glionic fibers, which have cell bodies located in the lateral horn of the gray matter of the spinal
cord, and general somatic efferent (GSE) fibers, which have cell bodies located in the anterior
horn of the gray matter of the spinal cord. The dorsal root ganglion contains cell bodies of gen-
eral somatic afferent (GSA) and general visceral afferent (GVA) fibers and the sympathetic chain
ganglion contains cell bodies of postganglionic sympathetic nerve fibers.

23. The answer is B. The azygos vein receives the hemiazygos and accessory hemiazygos veins
and drains into the superior vena cava. The internal thoracic vein drains into the subclavian vein.
The right superior intercostal vein drains into the azygos vein, and the left superior intercostal
vein drains into the left brachiocephalic vein.

24. The answer is C. The great cardiac vein is accompanied by the anterior interventricular ar-

tery, which is a branch of the left coronary artery. The circumflex branch of the left coronary
artery runs along with the coronary sinus. The right marginal artery is accompanied by the
small cardiac vein, and the posterior interventricular artery is accompanied by the middle car-
diac vein.

25. The answer is B. The right and left coronary arteries arise from the ascending aorta and re-
duced blood flow in the ascending aorta causes decreased blood flow in the coronary arteries.
Blockage of the pulmonary trunk or coronary sinus minimally affects blood flow in the coronary
arteries. Blockage of the origin of the aortic arch or the descending aorta increases blood flow in

the coronary arteries.



496 BRS GROSS ANATOMY

26. The answer is B. The right lymphatic duct drains the right sides of the thorax, upper limb,

head, and neck, and the thoracic duct drains the rest of the body.

27. The answer is D. The third rib articulates with the body of the sternum rather than the
manubrium. The "manubrium of the sternum articulates with the body of the sternum, the first
and second ribs, and the clavicle.

28. The answer is D. Gray rami communicantes contain postganglionic sympathetic nerve

fibers but contain no other nerve fibers.

29. The answer is B. The dorsal root contains both general somatic afferent (GSA) and general

visceral afferent (GVA) fibers. The sympathetic trunk contains preganglionic sympathetic fibers.
The greater splanchnic nerve and white rami communicantes contain GVA and preganglionic
sympathetic fibers. The gray rami communicantes contain sympathetic postganglionic (general

visceral efferent [GVED fibers.

30. The answer is C. Because the anterior cardiac vein drains directly into the right atrium, its
diameter is unchanged. However, all other cardiac veins drain into the coronary sinus, and they

are dilated.

31. The answer is D. The mediastinum does not contain the lungs; it contains the thymus,

esophagus, trachea, and heart.

32. The answer is B. The genioglossus protrudes the tongue. The hyoglossus and styloglossus

muscles retract the tongue. The palatoglossus elevates the tongue. The geniohyoid elevates the

hyoid bone and the floor of the mouth.

33. The answer is D. The pulmonary veins carry oxygenated blood, and the pulmonary artery car-

ries deoxygenated blood. The right atrium (which contains the crista terminalis and pectinate mus-
cle) and the right ventricle (which contains the septomarginal trabecula) carry deoxygenated blood.

34. The answer is C. The ulnar nerve arises from the lower trunk of the brachial plexus, which
is formed by ventral primary rami of C8 and Tl . Abduction of the index finger is done by the pal-
mar interosseus muscle, which is innervated by the ulnar nerve. Lateral rotation of the arm is per-
formed by the deltoid and teres minor muscles, which are innervated by the axillary nerve. The
ring finger is extended by the extensor digitorum, which is innervated by the radial nerve. The
forearm is flexed by the biceps brachii and brachialis muscles, which are innervated by the mus-

culocutaneous nerve. Pronator teres and pronator quadratus muscles, which pronate the forearm,
are innervated by the median nerve.

35. The answer is C. The cardinal ligament provides the major support for the uterus. Therefore,
the weakness of the cardinal ligament may result in uterine prolapse. The transversalis fascia,

ovarian ligament, arcuate pubic ligament, and piriformis muscles do not support the uterus.

36. The answer is A. An indirect inguinal hernia occurs lateral to the inferior epigastric vessels,
whereas a direct inguinal hernia arises medial to these vessels. The other statements are not re-
lated to the indirect inguinal hernia.

37. The answer is B. The vagus nerve supplies parasympathetic fibers to the thoracic and ab-
dominal viscera, including the transverse colon. The descending colon, sigmoid colon, prostate,

rectum, and other pelvic viscera are innervated by the pelvic splanchnic nerves.

38. The answer is C. The bile duct traverses the head of the pancreas; thus, a tumor located there
could compress this structure. The duodenojejunal junction comes into contact with the tip of
the uncinate process and the interior portion of the body of the pancreas. The other structures

are not closely associated with the head of the pancreas.
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39. The answer is C. The arterial supply to the pancreas is from both the celiac trunk and supe-
rior mesenteric artery. Other organs, including the liver, spleen, gallbladder, and stomach, receive
blood from the celiac trunk.

40. The answer is C. The superior rectal vein is part of the portal venous system. All the other
veins belong to the systemic (caval) venous system.

41. The answer is E. The sigmoid colon drains its venous blood into the portal venous system,
has its own mesentery, receives parasympathetic fibers from the pelvic splanchnic nerve, re-
ceives blood from the inferior mesenteric artery, and converts the liquid contents of the ileum
into semisolid feces by absorbing water and electrolytes. The sites of digestion and absorption
are small intestine, particularly the jejunum and ileum.

42. The answer is C. The deep perineal space contains a segment of the dorsal nerve of the pe-
nis in males. The deep perineal space is bounded superiorly by the superior fascia and inferiorly
by the inferior fascia (perineal membrane) of the urogenital diaphragm. The superficial trans-
verse perineal muscles and the greater vestibular glands are found in the superficial perineal
space. The Colles' fascia is the deep membranous layer of the superficial perineal fascia and

forms the inferior boundary of the superficial perineal space.

43. The answer is D. Extravasated urine can pass into the superficial perineal space. The urine
could spread inferiorly into the scrotum, anteriorly around the penis and superiorly into the ab-
dominal wall, but it could not spread into the thigh because the superficial fascia of the per-
ineum is firmly attached laterally to the ischiopubic rami and connected with the deep fascia of
the thigh (the fascia lata). The urine may not spread into the retropubic space, ischiorectal fossa,
or paravesical fossa.

44. The answer is B. The inferior hypogastric (pelvic) plexus contains preganglionic parasym-
pathetic fibers from the pelvic splanchnic nerves. The lumbar and sacral splanchnic nerves and
the sacral sympathetic chain ganglia contain preganglionic sympathetic fibers. The vagus nerve
does not supply parasympathetic nerve fibers to the pelvic organs.

45. The answer is B. The urinary bladder receives parasympathetic fibers from the pelvic splanch-
nic nerve not the vagus nerve. The greater, lesser, lumbar, and sacral splanchnic nerves contain
sympathetic preganglionic fibers.

46. The answer is C. Carcinoma of the uterus can spread directly to the labium majus through
the lymphatics that follow the round ligament of the uterus. This ligament extends from the
uterus, enters the inguinal canal at the deep inguinal ring, emerges from the superficial inguinal
ring, and merges with the subcutaneous tissue of the labium majus. The other ligaments do not
reach the labium majus.

47. The answer is C. The iliohypogastric nerve does not supply the scrotum. The scrotum is in-
nervated by the anterior scrotal branch of the ilioinguinal nerve, the genital branch of the gen-
itofemoral nerve, the posterior scrotal branch of the perineal branch of the pudendal nerve, and
the perineal branch of the posterior femoral cutaneous nerve.

48. The answer is C. Although the pubic crest forms a part of the pelvic inlet (pelvic brim), it
does not contribute to the formation of the pubic outlet. The pelvic outlet (lower pelvic aper-
ture) is bounded posteriorly by the sacrum and coccyx; laterally by the ischial tuberosities and
sacrotuberous ligaments; and anteriorly by the pubic symphysis, the arcuate ligament, and the
rami of the pubis and ischium.

49. The answer is A. Compared to the male pelvis, the female pelvis is characterized by pres-
ence of the oval inlet, larger outlet, larger pubic angle, shorter and wider sacrum, and wider and
shallower cavity.
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50. The answer is E. The cauda equina is formed by dorsal and ventral roots of the lumbar and
sacral spinal nerves. Thus, it is crushed at the level of the L5 vertebra, whereas the other struc-
tures are not. The vertebral artery, which arises from the subclavian artery, ascends through the
transverse foramina of the upper six cervical vertebrae. The spinal cord ends at the level of the
L2 vertebra. The filum terminate externus (filum of the dura) extends from the apex of the dura
at the level of the S2 vertebra to the dorsum of the coccyx. The denticulate ligament, a lateral
extension of the pia between the dorsal and ventral roots of the spinal nerves, consists of 21

pairs of processes, the last one lying between the twelfth thoracic and first lumbar spinal nerves.

51. The answer is C. The suboccipital nerve supplies the suboccipital muscles including the rec-
tus capitis posterior major. The dorsal primary rami of the spinal nerves innervate the deep mus-
cles of the back, including the splenius capitis and iliocostalis muscles. The spinal accessory

nerve innervates the trapezius muscle, and the dorsal scapular nerve innervates the levator
scapulae muscle; these are the superficial muscles of the back.

52. The answer is C. To obtain cerebrospinal fluid (CSF) contained in the subarachnoid space,
the needle should penetrate the dura mater and arachnoid mater. The denticulate ligament, pia
mater, anulus fibrosus, and nucleus pulposus should not be penetrated during a lumbar punc-
ture.

53. The answer is D. The levator scapulae is attached to the transverse processes of the upper
cervical vertebrae. All the other muscles are attached to the spinous processes.

54. The answer is B. The transverse cervical nerve innervates the skin over the anterior cervi-
cal triangle; the great auricular nerve innervates the skin behind the auricle and over the parotid
gland. The ansa cervicalis innervates the infrahyoid muscles, including the sternohyoid, ster-
nothyroid, and omohyoid muscles. The superior laryngeal nerve divides into the internal laryn-
geal nerve, which supplies sensory fibers to the larynx above the vocal cord, and the external la-
ryngeal nerve, which supplies the cricothyroid and inferior pharyngeal constrictor muscles.

55. The answer is D. The common carotid artery normally bifurcates into the external and in-

ternal carotid arteries at the level of the superior border of the thyroid cartilage. The thyroid isth-
mus crosses the second and third tracheal rings. The cricoid cartilage is at the level of C.V. 6 and
its lower border marks the end of the pharynx and larynx. The sternal angle is at the level of the
intervertebral disk between T.V. 4 and T.V. 5, where the aortic arch begins and ends. The jugular
notch is at the level of T.V. 3.

56. The answer is D. The lateral pterygoid muscle is paralyzed because it inserts on the articu-
lar disk and capsule of the temporomandibular joint. The temporalis muscle inserts on the coro-
noid process, and the medial pterygoid and masseter muscles insert on the medial and lateral
surfaces of the ramus and angle of the mandible, respectively. The buccinator muscle inserts into
the orbicularis oris at the angle of the mouth.

57. The answer is C. Damage to the oculomotor nerve results in ptosis (drooping) of the eye-
lid, because the levator palpebrae superioris is innervated by the oculomotor nerve. The
trochlear nerve innervates the superior oblique, and the abducens nerve innervates the lateral
rectus. The oculomotor nerve innervates the remaining ocular muscles. The facial nerve inner-
vates the orbicularis oculi, which functions to close the eyelids.

58. The answer is A. The superior petrosal sinus lies in the margin of the tentorium cerebelli.
The falx cerebri contains the inferior and superior sagittal sinuses, and the falx cerebelli encloses
the occipital sinus. The diaphragma sellae forms the dural roof of the sella turcica. The straight
sinus runs along the line of attachment of the falx cerebri and tentorium cerebelli.

59. The answer is A. Arachnoid granulations are tuft-like collections of highly folded arachnoid
that project into the superior sagittal sinus and the lateral lacunae, which are lateral extensions
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of the superior sagittal sinus. They absorb the cerebrospinal fluid (CSF) into dural sinuses and of-
ten produce erosion or pitting of the inner surface of the calvaria. The CSF is produced in the
ventricles of the brain.

60. The answer is E. The great cerebral vein of Galen and the inferior sagittal sinus unite to
form the straight sinus.

61. The answer is B. The tendon of the tensor veli palatini curves around the pterygoid hamu-
lus to insert on the soft palate. The tensor tympani inserts on the handle of the malleus, the le-
vator veli palatini inserts on the soft palate, the superior pharyngeal constrictor inserts on the
median raphe and the pharyngeal tubercle, and the stylohyoid inserts on the body of the hyoid.

62. The answer is C. The pterygomandibular raphe serves as a common origin for the superior
pharyngeal constrictor and buccinator muscles. None of the other choices are involved with the
pterygomandibular raphe.

63. The answer is D. The tensor veli palatini is innervated by the trigeminal nerve, the levator
veli palatini and palatoglossus are innervated by the vagus nerve, the cricothyroid is innervated
by the external laryngeal branch of the superior laryngeal nerve, and the geniohyoid muscle is
innervated by the first cervical nerve through the hypoglossal nerve.

64. The answer is E. The mylohyoid muscle indents the submandibular gland and divides it
into superficial and deep parts. The deep portion of the gland is located between the mylohyoid
muscle laterally and the hyoglossus and styloglossus muscles medially. Posteriorly, the gland lies
against the posterior digastric and stylohyoid muscles.

65. The answer is B. The auditory (eustachian) tube connects the nasopharynx with the mid-
dle ear cavity. The vestibule and semicircular canals are parts of the inner ear. The external ear
and inner ear communicate with the nasopharynx.

66. The answer is D. The action of the lateral pterygoid muscles opens the jaws. The medial
pterygoid, masseter, and temporalis muscles are involved in closing the jaws. The buccinator
presses the cheek to keep it taut.

67. The answer is C. Parasympathetic preganglionic fibers in the lesser petrosal nerve enter the
otic ganglion where they synapse, and postganglionic parasympathetic fibers join the auricu-
lotemporal nerve to supply the parotid gland for secretion of saliva. The other conditions are not
caused by a lesion of the lesser petrosal nerve.

68. The answer is D. The musculus uvulae is innervated by the vagus nerve. A lesion of the va-
gus nerve results in deviation of the uvula toward the opposite side of the injury. An injury of
the right vagus nerve causes paralysis of the right uvular muscle, which means that the uvula de-
viates toward the left. A lesion of the hypoglossal nerve causes deviation of the tongue toward
the injured side on protrusion. Lesion of the trigeminal nerve (mandibular division) causes
paralysis of the mastication muscles.

69. The answer is D. The superior thyroid artery does not supply the palatine tonsil. The pala-
tine tonsil receives blood from the lesser palatine branch of the maxillary artery, the ascending
palatine branch of the facial artery, the dorsal lingual branches of the lingual artery, and the as-
cending pharyngeal artery.

70. The answer is D. The parasympathetic secretomotor fibers for mucous glands in the nasal
cavity run in the facial nerve, the greater petrosal nerve, the nerve of the pterygoid canal, and the
pterygopalatine ganglion. The lesser petrosal nerve contains parasympathetic preganglionic fibers
for the parotid gland. The facial nerve in the facial canal contains parasympathetic fibers for sub-
mandibular and sublingual salivary glands but not for nasal mucosal glands. The superior cervi-
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cal ganglion and the deep petrosal nerve contain sympathetic postganglionic nerve cell bodies
and/or fibers, which supply blood vessels in the lacrimal gland and the nasal and palate mucosa.

71. The answer is C. Tethered cord syndrome is frequently associated with meningomyelocele
or intraspinal lipomatous growth. Meningomyelocele is a protrusion of the spinal cord and the
meninges through the unfused arch of the vertebra. Spinal bifida occulta is a condition caused

by failure of the vertebral arch to fuse, with no protrusion of the spinal cord and the meninges.
Kyphosis is an abnormal accentuation of lumbar curvature. Herniated disk represents a protru-
sion of the nucleus pulposus through the anulus fibrosus of the intervertebral disk into the in-
tervertebral foramen or into the vertebral canal, compressing the spinal nerve roots. Scoliosis is
a lateral deviation of the spine resulting from unequal growth of the vertebral column.

72. The answer is D. The quadratus femoris muscles—the flexors of the thigh—are innervated
by the femoral nerve, which originates from the spinal cord at L2 to L4. In contrast, the ham-
string muscles—the extensors of the thigh—are innervated by the sciatic nerve, which originates
from L4 to S3. Therefore, the lesion occurs at the level of LS (between L4 and S3).

73. The answer is B. The median nerve enters the palm of the hand through the carpal tunnel
deep to the flexor retinaculum, giving off a muscular branch (recurrent branch) to the thenar
muscles including the abductor pollicis brevis, flexor pollicis brevis, and opponens pollicis. The
ulnar nerve enters the hand superficial to the flexor retinaculum and lateral to the pisiform
bone, supplying the hypothenar muscles and adductor pollicis. The patient can adduct his
thumb but not oppose it. Therefore, the median nerve is injured. The radial nerve and the an-
terior and posterior interosseous nerves do not supply the muscle that opposes the thumb.

74. The answer is B. The tibial nerve innervates the triceps surae, plantaris, and posterior tib-

ialis, which plantar flex; innervates the flexor digitorum longus and brevis, flexor hallucis longus
and brevis, and flexor digiti minimi brevis, which flex toes; and supplies sensory innervation on
the sole of the foot. The common peroneal nerve divides into the deep peroneal nerve, which
innervates muscles of the anterior compartment that dorsiflex the foot, and the superficial per-
oneal nerve, which innervates the peroneus longus and brevis that dorsiflex the foot. The saphe-
nous nerve is cutaneous nerve and does not supply the muscles.

75. The answer is C. Lung cancer in the apex of the lung compresses the cervical sympathetic

trunk and stellate ganglion, causing ptosis, miosis, enophthalmos, and anhidrosis, which are
symptoms of Homer's syndrome. Injury of the other nerves does not cause ptosis, miosis,
enophthalmos, or anhidrosis.

76. The answer is D. The ulnar nerve supplies sensation to the fourth and fifth digits and in-
nervates the hypothenar muscles, the dorsal interosseus muscles that abduct the fingers, and the
medial half of the flexor digitorum profundus (to the ring and little fingers or fourth and fifth
digits) that flexes the distal interphalangeal joints. The claw hand is a condition in which the
ring and little fingers are hyperextended at the metacarpophalangeal joints and flexed at the in-
terphalangeal joints. The axillary and anterior interosseous nerve do not supply the hand. Injury
to the radial nerve results in wrist drop. Injury to the median nerve causes an ape hand (flat-
tening of the thenar eminence).

77. The answer is D. The long thoracic nerve innervates the serratus anterior muscle. Paralysis
of this muscle causes a "winged scapula," in which the vertebral or medial border and inferior
angle of the scapula protrudes away from the thorax. Other nerves do not supply the serratus

anterior muscle.

78. The answer is C. The medial brachial cutaneous nerve supplies the skin on the medial as-
pect of the arm. Axillary nerve supplies the skin of the lateral side of the arm. The musculocu-
taneous nerve supplies the lateral side of the forearm as the lateral antebrachial cutaneous nerve.
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The medial antebrachial cutaneous nerve supplies the medial aspect of the forearm. The radial
nerve gives off the posterior brachial and posterior antebrachial cutaneous nerves.

79. The answer is D. The internal thoracic or internal mammary artery arises from the subcla-
vian artery. Other arteries do not give rise to the internal thoracic artery. The superior epigastric
artery is a branch of the internal thoracic artery.

80. The answer is C. The recurrent laryngeal nerve runs behind the thyroid gland in a groove
between the trachea and esophagus and is vulnerable to injury during thyroidectomy. This nerve
innervates all the laryngeal muscles, except the cricothyroid muscle, which is innervated by the
external laryngeal nerve. The internal laryngeal nerve is sensory to the larynx above the vocal

cord. The hypoglossal and glossopharyngeal nerves do not supply the larynx and are not closely
associated with the thyroid gland.

81. The answer is B. The Innate bone articulates with the radius and triquetrum.

82. The answer is C. 'the hook of the hamate provides attachment for the flexor digiti minimi bre-
vis and opponens digiti minimi muscles. Therefore, its fracture may cause paralysis of these muscles.

83. The answer is E. The base of the proximal phalanx of the thumb is the site of attachment
for the flexor pollicis brevis, which, along with the opponens pollicis, form the thenar eminence.
It is also the site of attachment for the adductor pollicis brevis.

84. The answer is D. The middle phalanx of the ring finger is the site of attachment for the
flexor digitorum superficialis.

85. The answer is A. The scaphoid bone forms the floor of the anatomic snuff box and its frac-

ture may cause a deep tenderness. When fractured, the proximal fragment may undergo avascu-
lar necrosis because the blood supply is interrupted.

86. The answer is D. The left renal vein receives the left testicular vein.

87. The answer is A. l'he gallbladder receives bile and concentrates and stores it.

88. The answer is E. The superior mesenteric artery gives off the middle colic artery.

89. The answer is C. The kidney produces and excretes urine.

90. The answer is B. The right suprarenal vein drains into the inferior vena cava. However, the

left renal vein receives the left suprarenal vein.

91. The answer is D. The uterine cervix is the common site of uterine cancer.

92. The answer is B. The ureter descends retroperitoneally on the psoas muscle in the abdomen

and runs under the uterine artery in the pelvis.

93. The answer is C. The rectum returns its venous blood to the portal vein via the superior rec-
tal vein, and to the inferior vena cava (caval or systemic venous system) via the middle and infe-
rior rectal veins.

94. The answer is A. The detrusor muscle in the wall of the bladder is innervated by the sym-
pathetic nerve.

95. The answer is E. The iliacus muscle together with the psoas major muscle inserts on the

lesser trochanter.
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96. The answer is E. The margin of the rectus abdominis forms the medial boundary of the in-

guinal triangle.

97. The answer is C. The prostate gland secretes a fluid that produces the characteristic odor of
semen.

98. The answer is B. The seminal colliculus or verumontanum of the prostatic urethra receives

the ejaculatory duct.

99. The answer is A. The frontal sinus opens into the hiatus semilunaris of the middle nasal
meatus by way of the frontonasal duct or infundibulum.

100.The answer is E. The superior orbital fissure transmits the ophthalmic vein, trochlear nerve,

and other structures.
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Adductor tubercle, 85

Adenocarcinoma, 152

Adenoid, 459

Adrenal (suprarenal) gland, 228-229

Adrenal crisis, acute, 229

Alar fascia, 362

Alar ligament, 328

Alimentary canal, 11

Allen test, 59

Alveolar period of lung development, 156
Alveoli, 11

Amastia, 31
Amelia, 60

Ampulla, 12, 286

Anal agenesis, 220

Anal canal, 212, 286-288, 298, 301

Anal triangle, 263-265

Anatomic neck, of humerus, 20

Anatomic snuffbox, 43

Anconeus muscle, 38
Aneurysm, of aortic arch, 166, 182

Angina pectoris, 162, 181
Angle of Louis, 141

Anisocoria, 412, 458

Ankle (talocrural) joint, 93-94

Ankle and foot, 110-121

ankle joint, 114

503
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Ankle and foot (continued)
arches, 111, 113

bones and joints, 86-87, 87
fascial structures, 110-111

ligaments, 93-94, 94, 113, 113-114
movement, 123

muscular system, 112
radiograph, 88, 134
sprain, 111

Ankle-jerk (Achilles) reflex, 110, 125

Ankyloglossia (tongue-tie), 417, 459

Annular ligament, 25

Anorectal agenesis, 220

Ansa cervicalis, 349-350

Ansa subclavia, 360

Anserine bursa, 93

Antebrachial cutaneous nerve

lateral, 26, 48

medial, 27, 47

Anterior abdominal wall

blood vessels, 203

inguinal region, 198-200

interior surface, 201-202

lymphatic system, 202-203

nerves, 202

spermatic cord, scrotum, testis, 200-201

Anterior cardiac vein, 166

Anterior cerebral artery, 388

Anterior choroidal artery, 388

Anterior clinoid processes, 383

Anterior cranial fossa, 381

Anterior cruciate ligament, 91

Anterior ethmoidal artery, 407

Anterior ethmoidal foramina, 404

Anterior horn of the spinal cord, 51

Anterior humeral circumflex artery, 55

Anterior inferior cerebellar artery, 390

Anterior intercostal arteries, 144

Anterior interosseous nerve, 49

Anterior IV artery, 165

Anterior longitudinal ligament, 321

Anterior mediastinum, 146

Anterior perforating branches, 144

Anterior scalene muscle, 363

Anterior spinal artery, 389

Anterior tibial artery, 120

Anterior tibial compartment syndrome, 108, 126

Anterior triangle, 346

Anterior tympanic artery, 375

Anterior ulnar recurrent artery, 58

Anterior vertebral neck muscles, 363
Antihelix in external ear, 441

Anulus fibrosus, 319
Anvil (incus), 445
Aorta

abdominal, 228, 230

ascending, 166

coarctation, 172, 182-183

thoracic, 171-172
Aortic heart valve, 162

Aortic hiatus, 235

Aortic plexus, 234

Apex of heart, 158

Apical axillary lymph nodes, 30

Apical ectodermal ridge, 59

Apical ligament, 328

Aponeuroses, 4

Aponeurosis epicranialis, 370

Appendix, 211-212

Aqueous humor, 414

Arachnoid granulations, 384

Arachnoid layer, 384
Arachnoid mater, 6, 331

Arch of the aorta, 166

Arches, ankle and foot, 111, 113
Arcuate ligaments, 235

Arcuate popliteal ligament, 93

Arcuate pubic ligament, 274

Arcola, 31

Arm and forearm. See Upper limb

Arnold-Chian deformity, 330, 336

Arterial blood pressure, 56

Arterial pulse, 55

Arteries, 10, 122-123

development, 169

in lower limb, 106, 117-121

of pharynx, 424

in shoulder region, 35-36

of thoracic wall, 144

umbilical, 171

Artery of the bulb, 269

Articular capsule, 93

Articular processes, 317

Articulations, of thorax, 143

Aryepiglottic muscle, 440

Arytenoid cartilages, 437

Asacrouterine ligaments, 274

Ascending aorta, 166

Ascending pharyngeal artery, 354

Ascites, 214

ASD (atrial septal defect), 168

Aseptic meningitis, 331

Asterion junction, 380

Asthma, 147, 180

Astrocytes, 6

Atelectasis, 152, 181

Athelia, 31

Atlantoaxial joints, 327

Atlantoaxial dislocation, 328, 336

Atlanto-occipital joint, 327

Atlas, 318, 320

ligaments, 322
Atrial septal defect (ASD), 168, 182

Auditory (eustachian) tube, 443, 446

Auditory ossicles, 445
Auerbach's plexuses, 8

Auricle, 441

Auricular branch, 399
Auricularis muscles, 364

Auriculotemporal nerve, 373

Autonomic nervous system, 5, 7, 8

in abdomen, 233-234
in pelvis, 291, 293

in thorax, 174-177, 175
Autonomic plexuses, 234

AV bundle (bundle of His), 164
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AV nodal artery, 164

AV node, 164

Axilla, 32

Axillary artery, 52-55, 61, 64

Axillary lymph nodes, 29, 29-30

Axillary nerve, 34, 48, 50

Axillary regions, fascia, 30

Axillary sheath, 30

Axillary tail, 31

Axillary vein, 59

Axis, 318, 320

ligaments, 322

Axons, 5, 6

Azygos vein, 154, 172-173, 173, 179

B

Back

blood vessels, 324

dermatome, myotome, sclerotome, 332

development, 332-333

magnetic resonance imaging, 341

meninges, 6, 329, 331, 333
muscular system

deep, 325-.326

superficial, 325

nerves, 324-325

spinal cord, 6, 328-330, 334

anterior horn, 51

associated structures, 332

development, 333

spinal nerves, 330

suboccipital area, 326-328, 327

vertebral column, 315-323, 334

development, 332-333

intervertebral disks, 318-320

ligaments, 321-322

magnetic resonance imaging, 317
radiograph, 316

regional characteristics of vertebrae, 320-321

typical vertebra, 315-318, 318

veins, 322-323

Bacteria, 11

Baker's (popliteal) cyst, 110, 126

Ball-and-socket joints, 3

Barrel chest, 147

Bartholin's (greater vestibular) glands, 262

Base of heart, 158

Basilar artery, 389-390

Basilar plexus, 388

Basilic vein, 28

Bell's palsy, 367, 455

Bennett's fracture, 23

Biceps brachii muscle, 38
Biceps lemons muscle, 101

Bicipital aponeurosis, 37
Bicipital groove, 20

Bicuspid heart valve, 163

Bile passages, extrahepatic, 215
Bimanual examination, 286

Biopsy, liver, 214

Bipolar neurons, 5

Birth canal, 12

Birth palsy, 351

Bitemporal hemianopia, 405

Bladder. See Urinary bladder

Blind spot (optic disk), 412

Blindness, 405

"Blood poisoning," 369

Blood pressure, 55, 56

Blood transfusion, 64

Blood vessels, 9-10

abdominal

anterior, 203

posterior, 241

of back, 324

of brain, 388-390

fetal circulation, 170, 170-171

of infratemporal region, 375-376
of lungs, 152-154

to middle ear, 446

of nasal cavity, 431

of neck, 351-356

of orbit, 406-408

of pelvis, 288-290

of perineal region, 269-270

of pharynx, 424

of scalp, 370, 371

of thoracic wall, 143-144

in upper limb, 52-60, 53, 61

arteriograms, 54

axillary artery, 52-55

brachial artery, 55-56

hand, 57

radial artery, 56-57

subclavian artery branches, 52
ulnar artery, 58-59

veins, 59

Body of vertebra, 315

Bogorad's syndrome (crocodile tears syndrome), 410,
458

Bones, 1-2

of forearm and hand, 22
in lower limb, 82-87

of ankle and foot, 86-87, 87

hip (coxal) bone, 82, 83
of thigh and leg, 83-86, 84

in upper limb, 18-23, 19
development, 60

Bony cochlea, 446

Bony labyrinth, 446
Bony orbit, 403, 403-404
Bony pelvis, 270-272

Bowleg, 92, 126

Boxer's fracture, 23

Brachial artery, 55-56, 61

Brachial cutaneous nerve
lateral, 26

medial, 26, 47

Brachial intermuscular septa, 36-37

Brachial plexus, 44-48, 47, 350
injury to upper trunk, 63, 351, 454

Brachialis muscle, 38

Brachioradialis muscle, 37

Brain, 6

arterial circle on inferior surface, 389
blood vessels, 388-389
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Brain (continued)

meninges, 384-386, 385

Branchial (pharyngeal) apparatus, 427-429
Branchioradialis muscle, 40

Breast, 30-31, 31, 60

cancer signs and symptoms, 63

Bregma junction, 380

Broad ligament of uterus, 273, 274
Bronchi, 146-148, 147

development, 156

Bronchial arteries, 154

Bronchial veins, 154

Bronchiectasis, 148, 180

Bronchopulmonary segment, 152

Buccal nerve, 372, 395

Buccinator muscle, 364

Buccopharyngeal fascia, 362

Buck's fascia, 265

Budd-Chiari syndrome, 225

Bulbospongiosus muscles, 261

Bulbourethral (Cowper's) glands, 12, 263

Bumper fracture, 86, 125

Bundle of 1-Os (AT bundle), 164

Bunion, 95

Bunionectomy, 95

Bursae, 4

around shoulder, 25

in knee joint, 93

Bursitis

prepatellar, 93

subacromial, 25

C

Cake (rosette) kidney, 226

Calcaneocuboid joint, 94
Calcaneus, 87

Calcification, of superior transverse scapular liga-

ment, 20

Calcium, 1

Calvaria, 379

Calyces, minor, 227

Campter's fascia, 195

Canalicular period of lung development, 156

Cancer

breast, 32, 63

cervical, 285

endometrial, 285

lungs, 152, 181

ovaries, 283

pancreatic, 216
papillary carcinoma of thyroid, 358

pelvis, 290, 300-301

prostate, 282

rectal, 287
testicular, 280

urinary bladder, 278

Canines, 420

Capillaries, 10

Capitate, 23
Capitulum, 21

Caput medusa, 214, 223

Cardiac murmur, 163, 181

Cardiac muscle, 3

Cardiac plexus, 166

Cardiac tamponade, 157, 181

Cardiac veins and coronary sinus, 165-166

Cardiac. See also Heart

Cardinal ligaments of uterus, 274

Cardinal veins, 170

Cardiopulmonary resuscitation (CPR), 162

Cardiovascular silhouette, 158

Carina, 146, 178

Caroticotympanic nerves, 446

Carotid arteries, 352, 353-355

Carotid canal, 381

Carotid endarterectomy, 354, 454

Carotid sheath, 362

Carotid sinus branch, 398

Carotid sinus syncope, 354

Carpal bones, 23

Carpal tunnel, 41

Carpal tunnel syndrome, 41, 63

Carpometacarpal joints, 26

Carrying angle of arm, 37

Cartilage

hyaline, 2

in larynx, 436, 436-437

thyroid, 359, 436

Cartilaginous joints, 2

Cataract, 415, 458

Caudal anesthesia, 331, 336

Caudal equina, 332

Cavernous sinus thrombosis, 387, 456

Cavernous sinuses, 386

frontal section through, 387

Cavities and folds, in larynx, 438-439

Cecum, 211

Celiac arteries, 220-223
trunk branches, 221

Celiac plexus, 234

Celiac trunk, 239-240

Cell bodies, 5

Central axillary lymph nodes, 29

Central nervous system, 5, 6. See also Nerves; Spinal

cord

Central tendon of perineum, 262

Central venous catheterization, 64

Central venous line, 356, 454

Cephalic vein, 28

Cerebral hemorrhage, 384, 456

Cerebrospinal fluid, 332, 384

Cervical cancer, 285, 301

Cervical ligaments of uterus, 274

Cervical muscles, 349

Cervical plexus, 348-350

Cervical rib, 142
Cervical triangle

muscles, 348

subdivisions, 347

veins, 356

Cervical vertebrae, 318, 320

Cervix, 284

CF (cystic fibrosis), 151, 181

Chiari deformity, 330, 336



INDEX 507

Chiari syndrome, 225

Chickenpox, 403

Choked disk (papilledema), 406, 458

Choking (laryngeal obstruction), 438, 460

Cholecystectomy, 216, 244

Cholecystitis, 216, 244

Cholelithiasis, 215

Choleliths, 215

Choline crystals, 281

Chorda tympani, 397, 418

Chordae tendineae, 161

Choroid, 410

Chronic bronchitis, 147, 148

Chronic obstructive pulmonary disease (COPD), 148

Chyle, 11

Chylothorax, 150

Chyme, 11

Ciliary body of eyeball, 411

Ciliary ganglion, 400, 402, 406

Circle of Willis, 390, 390

Circular layer of smooth muscle, 4

Circular muscles of pharynx, 428

Circulatory system, 9-11. See also Bood vessels;

Heart

in fetus, 170, 170-171

lymphatic system, 10-11

vascular system, 9-10

Circumflex artery, 165

Circumflex scapular artery, 55

Circumflex scapular vessels, 34

Cisterna chyli, 231

Claudication, 108

Clavicle (collarbone), 18

fracture, 63

Clavipectoral fascia, 30

Claw hand, 52

Cleft lip, 422, 459

Cleft palate, 422, 459

Clinical anatomy, 1
Clitoris, 12, 267

deep arteries, 269

dorsal nerve, 269

ligament, 265

Clivus, 384

Clubfoot, 114, 126

Clunial (buttock) nerves, 95

CNS (central nervous system), 5, 6. See also Nerves;

Spinal cord

Coarctation of aorta, 172, 182-183

Coccygeus muscle, 264

Coccyx, 321

Cochlear duct (scala media), 446

Col ligament, lateral, 92
Collarbone (clavicle), 18

fracture, 63

Collateral (prevertebral) ganglia, 233

Collateral ligament, medial, 92

Colles' fascia, 195, 260
Colles' fracture, 21, 22

Colon, 211

Colonoscopy, 287

Colostomy 211

Commmon bile duct, 217

Common carotid arteries, 353-355

Common hepatic artery, 221

Common interosseous artery, 58

Common palmar digital nerves, 49

Common peroneal (fibular) nerve, 116

Common tendinous ring, 409, 412

Communicating branch, 397
Compact hone, 1, 2

Compression fracture, 316, 336

Computed tomography scans

abdomen, 236

hip (coxal) joint, 133
in lower limb, 100

male, pelvis, 308

Concha in external ear, 441

Conducting portion of respiratory system, 11

Conducting system, cardiac, 3, 163-164

Conductive deafness, 446, 461
Condylar joints, 3

Condyloid foramen, 381

Cones, 413

Congenital dislocation, hip (coxal) joint, 102

Connective tissue, of scalp, 370

Contractile cells, 3

Conus arteriosus, 161

Conus elasticus (cricovocal ligament), 438
Conus medullaris, 6

Cooper's ligament (pectineah, 30, 197

COPD (chronic obstructive pulmonary disease), 148
Coracoacromial ligament, 25

Coracobrachialis muscle, 38

Coracohumeral ligament, 24, 25

Coracoid process, 19

Cornea, 410

Corneal blink reflex, 365, 455

Corniculate cartilages, 437

Coronal suture, 380

Coronary angioplasty, 164, 182

Coronary arteries, 158, 164-165, 179
bypass surgery, 97

diseases, 182

Coronary atherosclerosis, 164, 182

Coronary bypass, 165, 182

Coronary ligament, 206

Coronary sinus, 165
Coronary sulcus, 158

Coronoid fossa, 21

Coronoid process, 22

Corrugator supercilii muscle, 364

Cortex of brain, 6

Cortex of kidney, 227

Costal groove of rib, 142
Costocervical trunk, 353

Costochondral joints, 143

Costocoracoid membrane, 30
Cough reflex, 399

Cowper's (bulbourethral) glands, 12, 263
Coxa valga, 89

Coxa vara, 89

Coxal (hip) bone, 88-90, 89
CPR (cardiopulmonary resuscitation), 162
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Cranial cavity, 449. See also Skull and cranial cavity
Cranial fossae, structures, 382-384

Cranial nerves, 6, 391-400, 391, 449-450, 456-457
Cranial venous channels, 386-388, 387
Cranium, bones, 379-380

Cremaster muscle, 197

Cremasteric reflex, 202, 242

Cribriform plate, 381, 383

Cricoarytenoid muscle, lateral, 440

Cricoid cartilage, 436

Cricothyroid ligament, 437

Cricothyroid muscle, 440

Cricothyrotomy, 359, 454

Crista galli, 382

Crista terminalis, 159

Crocodile tears syndrome (Bogorad's syndrome),
410, 458

Crohn's disease, 211, 243

Crossed-eye (strabismus), 408

Crown of tooth, 419

Cruciate ligament, anterior, 91

Cruciform ligament, 328

Cubital fossa, 37

Cubital tunnel syndrome, 37

Cuboid bone, 87

Cul-de-sac of Douglas, 274-275

Culdocentesis, 275

Cuneiform bones, 87

Cuneiform cartilages, 437

Cutaneous nerves

in lower limb, 95-97, 96

in upper limb, 26-27, 27, 52

Cystic duct, 217

Cystic fibrosis (CF), 151, 181

D

Danger area of face, 369, 455

Danger space, 361

Deciduous (primary) teeth, 420

Deep arteries of penis or clitoris, 269

Deep auricular artery, 375
Deep branch of radial nerve, 50

Deep branch of ulnar nerve, 51

Deep cervical artery, 353

Deep cervical lymph nodes, 357
Deep circumflex iliac artery, 203

Deep dorsal vein of penis, 269

Deep external pudendal artery, 118

Deep fascia, 5

of anterior abdominal wall, 196
of penis, 265

Deep inguinal group of lymph nodes, 98

Deep inguinal ring, 198
Deep lymph nodes, of head, 356

Deep lymph vessels, 98

Deep muscles, of back, 325-326

Deep palmar arch, 56, 57

Deep palmar branch, 59

Deep perineal space (pouch), 262-263, 294-295
Deep peroneal nerve, 97, 116
Deep petrosal nerve, 401

Deep scalp wounds, 455

Deep structures of neck, 357-360

esophagus, 11, 171, 207, 358

development, 219

disorders, 182

parathyroid glands, 359

sympathetic trunk, 359-360

thoracic duct, 10, 173-174, 360

area drained by, 174
thyroid cartilage, 359, 436

thyroid gland, 358-359

trachea, 146-148, 147, 177-178, 357-358

development, 156

vagus nerves, 176-177, 359, 393, 398-399
lesion, 417, 457

Deep transverse perineal muscle, 262

Deep venous arch, 59

Defecation, 288

Deltoid muscle, 34

Deltoid tuberosity, 20

Dendrites, 5

Denticulate ligaments, 332

Dentin, 419

Depressor anguli oris muscle, 364

Depressor labii inferioris muscle, 364

Depressor septi muscle, 364

Dermatome, 332
Dermis, 13

Descending branch, 355

Descending genicular artery, 119

Descending palatine artery, 376

Descending scapular artery, 52

Deviation of nasal septum, 430, 459

Diabetes mellitus, 217

Diabetic retinopathy, 414, 458

Diaphragm, 234-235, 235, 241

Diaphragm sellae, 386

Diaphysis, 1

Diarthrodial (synovial) joints, 3

Diastolic pressure, 56

Digastric muscle, 349

Digestive system, 11. See also Gastrointestinal viscera

enteric division and, 8

Digital examination, 286, 287

Dimpling of breast skin, 32

Diploic veins, 388

Diplopia (double vision), 408, 459

Direct inguinal hernia, 200

Dislocation

of acromioclavicular joint, 23

of femoral head, 83

of hip (coxal) joint, 102, 125
of humerus, 24

of temporomandibular joint, 378

Distal arch, 113

Distal end of radius, 21

Distal radioulnar joint, 26
Distal tibiofibular joint, 93

Dorsal carpal branch, 57, 58

Dorsal interossei muscle, 46, 112

Dorsal nasal artery, 407

Dorsal nerve of penis (or clitoris), 269

Dorsal primary rami, 7
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Dorsal root ganglia, 51, 52

Dorsal scapular artery, 52, 353

Dorsal scapular nerve, 45, 324, 351

Dorsal venous network, 29

Dorsalis pedis artery, 120-121

Double vision (diplopia), 408, 459

Drawer sign, 91

Dropped kidney, 226

Drug injection, gluteal region for intramuscular, 99

"Dub" sound, 163

Duct system for bile passage, 217

Ductus arteriosus, 170

Ductus choledochus, 217

Ductus deferens, 12, 280

Ductus venosus, 171

Duodenal peptic ulcer, 210

Duodenum, 208, 209-210

development, 219

Dupuytren's contracture, 39, 64

Dupuytren's fracture, 86

Dura mater, 6, 331, 385-386
Dysuria, 281

E

Eagle's syndrome, 347, 454

Ear, 441-447, 453, 461

development, 447

external, 441-443

inner ear, 443, 446

middle ear, 443, 443-446, 444

Eardrum (tympanic membrane), 442

Ectopic kidney, 226

Edema, 214

Eggs (oocytes), 12

Ejaculation, 282

Ejaculatory duct, 12, 281

Elbow joint, 25-26

movement, 61

radiograph, 72

Ellipsoidal joints, 3
Embryo. See also Fetal development

indifferent, 294

Emissary veins, 388

Emphysema, 147, 148, 180

Enamel, 419

Endocardium, 158

Endochondral ossification, 1-2, 60

Endocrine system, 12

Endodermal cloaca, 293

Endolymphatic hydrops, 447

Endometrial cancer, 285, 301
Endometriosis, 285

Endomysium, 3

End-to-side portacaval shunt, 223

Enteric division, 8, 234
Epicardium, 158

Epicondyle, 21

Epicondylitis, 37

Epidermic parotitis (mumps), 377
Epidermis, 13

Epididyinis, 12, 280

Epididymo-orchitis, 279

Epidural hematoma, 385, 456
Epigastric hernia, 196

Epigastric region of abdomen, 195, 196

Epiglottis, 437

Epiglottitis, 437, 460

Epimysium, 3

Epiphyses, 1-2

Epiploic (Winslow's) foramen, 207
Episiotomy, 286

Epispadias, 268

Epistaxis, 431, 460

Epitympanic recess, 443

Eponychium, 43

Erb palsy, 52

Erb-Duchenne paralysis, 52

Erection, 282

Esophageal hernia, 207

Esophageal hiatus, 235

Esophageal varices, 214, 223

Esophagus, 11, 171, 207, 358

development, 219

disorders, 182

Ethmoid bone, 380

cribriform plate, 383

Ethmoidal artery, anterior, 407

Ethmoidal foramina, 381

anterior, 404

Ethmoidal sinus, 432

Ethmoidal sinusitis, 432, 460

Eustachian (auditory) tube, 443, 446
Exophthalmos, 358
Expiration, 155

Extensor carpi radialis brevis muscle, 40

Extensor carpi radialis longus muscle, 40

Extensor carpi ulnaris muscle, 40

Extensor compartment, 37

Extensor digiti minimi muscle, 40

Extensor digitorum brevis muscle, 112

Extensor digitorum longus muscle, 108

Extensor digitorum muscle, 40

Extensor expansion, 42

Extensor hallucis brevis muscle, 112

Extensor hallucis longus muscle, 108

Extensor indicis muscle, 40

Extensor pollicis brevis muscle, 40

Extensor pollicis longus muscle, 40

Extensor retinaculum, 39

External acoustic (auditory) meatus, 442

External carotid artery, 354

External ear, 441-443

development, 447

External genitalia. See Genital organs
External hemorrhoids, 288

External intercostal muscles, 144
External jugular vein, 355

External laryngeal nerve, 359, 441
lesion, 460

External oblique muscle, 197

External pudendal artery, 269

External spermatic fascia, 196

External vertebral venous plexus, 323

External white fibrous coat of eyeball, 410
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Extorsion, 409

Extracapsular ligaments, 92

Extravasated urine, 260, 299

Eyeball, 410-415 See also Orbit
development, 415

external white fibrous coat, 410
horizontal section, 414

internal nervous coat, 412-413

middle vascular pigmented coat, 410-411
refractive media, 414-415

Eyelid, structure, 410

F

Face and scalp, 363-370, 448, 455

blood vessels, 368, 368-369
scalp, 371

layers of scalp, 370, 370

muscles of facial expression, 364, 365
nerves, 365-367, 366

scalp, 371

Facial artery, 354, 368

Facial nerve, 365, 367, 392, 396-397, 396
lesion, 457

Facial vein, 369

Falciform ligament, 205

False pelvis, 271

False ribs, 142, 177

False vocal cords (vestibular folds), 439

Falx cerebelli, 386

Falx cerebi, 386

Falx inguinalis, 198

Farsightedness (hyperopia), 413, 459
Fascia, 4

of pectoral and axillary regions, 30

of spermatic cord, 200

Fascia lata, 99

Fascial spaces, of pain), 41

Female

genital organs, 283-286, 295

external, and associated structures, 12, 267-268

ovaries, 283, 294

uterine tubes, 284

uterus, 273-274, 274, 284-285
vagina, 267, 285-286

pelvis, 273, 278

vs. male, 272

perineum, 262, 278
muscles, 264

pubovesical ligaments, 274

reproductive system, 12, 275, 298
Femoral artery, 118-119, 124
Femoral canal, 102-103

Femoral circumflex artery

lateral, 119

medial, 118-119

Femoral cutaneous nerve, lateral, 95, 232

Femoral hernia, 103, 124

Femoral nerve, 114-115, 232
Femoral ring, 102

Femoral triangle, 102

Femoral vein, 121

Femur, 83-85

fracture, 84, 85

Fenestra cochlea or tympani (round window), 444

Fenestra vestibuli (oval window), 444

Fertility, men's clothing and, 266

Fertilization, 12

Fetal development

arteries, 169

back, 332-333

digestive system, 218, 218-220

ear, 447

eyeball, 415

heart, 167, 167-169

kidneys, urinary bladder, suprarenal gland, 229

lower gastrointestinal tract and urinary organs,

292, 293

nasal cavity, 433

palate, 422

parathyroid glands, 363

reproductive system, 292, 294

respiratory system, 156

skull and cranial cavity, 390-391

spermatic cord, scrotum, testis, 201

thyroid gland, 362-363

tongue, 422-423

veins, 169-170

Fetus, 12

circulatory system, 170, 170-171

Fibrocartilage, 2

Fibroid, 285
Fibromyoma, 285

Fibrous capsule, in hip joint, 88

Fibrous joints, 2

Fibrous pericardium, 157

Fibula, 86

Fight-or-flight, 174

Filiform papillae, 418

Filum terminale (internum), 332

Finger, dorsal (extensor) expansion, 43

Fingernails, 43

Flail chest, 143

Flat bones, 2

Flat foot, 111, 126

Flexor carpi radialis muscle, 39

Flexor carpi ulnaris muscle, 39

Flexor compartment, 37

Flexor digiti minimi brevis muscle, 46, 112

Flexor digitorum brevis muscle, 112

Flexor digitorum longus muscle, 109

Flexor digitorum profundus muscle, 39

Flexor digitorum superficialis muscle, 39

Flexor hallucis brevis muscle, 112

Flexor hallucis longus muscle, 109
Flexor pollicis brevis muscle, 46

Flexor pollicis longus muscle, 39, 42

Flexor retinaculum, 40-41, 110

Floating kidney, 226

Floating ribs, 142, 177

Floor of nasal cavity, 430

Florence's test, 281

Fluid, in pericardial space, 157

Foliate papillae, 418

Foot. See also Ankle and foot

development, 60
forced eversion or inversion, 111
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Foot drop, 116

Foramen cecum, 381, 382

Foramen lacerum, 381

Foramen magnum, 381

Foramen ovate, 170, 381

Foramen rotundum, 381

Foramen secundum defect, 169

Foramen spinosum, 381

Forearm. See arm and forearm
Foregut, 219

Fork deformity from wrist fracture, 22
Fossa ovalis, 103, 159

Fovea capitis femoris, 83, 90

Fovea centralis, 413

Fracture

Bennett's, 23

Boxer's, 23

bumper, 86, 125

of clavicle, 18

Colles', 21, 22

Dupuytren's, 86

femur, 84, 85

of femur, fibula and tibia, 125

of fibular neck, 86

of greater tuberosity, 20

of hamate, 23

of humerus, 21

of lesser tuberosity, 20

March, 87

of medial epicondyle, 21
of orbital floor, 404

Piton, 86

Pott's, 86, 125

ribs, 143

of scaphoid, 23

Smith's, 22

stress, 87

supracondylar, 21

of surgical neck, 20

transverse patellar, 85

Frey's syndrome, 373, 455-456

Frontal bone, 379

Frontal nerve, 394, 404

Frontal sinus, 432

Frontal sinusitis, 460

Fructose, and forensic determination of rape,

281

Fundiform ligament of penis, 265

Fungiform papillae, 418

"Funny bone", 21, 37, 51

G

Gag reflex, 399

Galea aponeurotica, 370
Gallbladder, 214-215, 239, 243-244

development, 219

Gallstones, 215

Ganglia (in PNS), 5

in abdomen, 233-234

Gastric ulcer, 209

Gastrocnentius muscle, 109

Gastrocolic ligament, 205

Gastroduodenal artery, 221

Gastroesophageal reflux disease (GERD), 207
Gastrointestinal viscera, 207-225

celiac and mesenteric arteries, 220-223
development, 218-220

lower tract, 292, 293

duct system for bile passage, 217

esophagus, 207

gall bladder, 214-215

hepatic portal venous system, 223-225
large intestine, 211-212

liver, 212-214

pancreas, 216

small intestine, 209-210

stomach, 208-209

Gastrolienal (gastrosplenic) ligament, 205

Gastrophrenic ligament, 205

General somatic afferent (GSA) fibers, 7, 8
General somatic efferent (GSE) fibers, 7, 8
General visceral afferent (GVA) fibers, 7
General visceral efferent (GVE) fibers, 7
Genioglossus muscle, 420

Geniohyoid muscle, 349

Genital organs

development, 294

fasciae and ligaments, 265-266

female, 12, 295

disorders, 299-300

external, 267-268

ovaries, 283

uterine tubes, 284

uterus, 284-285

vagina, 285-286

male, 295

disorders, 299

ductus deferens, 280

ejaculation, 282

ejaculatory duct, 281

epididymis, 280

erection, 282

external, 266-267

prostate gland, 281

prostatic sinus, 282

seminal vesicles, 281
testis, 279-280

urethral crest, 282

Genital tubercle, 294

Genitofemoral nerve, 232

Genotype of embryo, 294

Genu valgum, 92

Genu varum, 92

GERD (gastroesophageal reflux disease), 207
Giant cell (temporal) arteritis, 355, 456

Gimbernat's ligament (lacunar ligament),
197

Gingiva, 420

Ginglymus joints, 3

Glabella, 379

Glandular period of lung development, 156
Glaucoma, 415, 458

Glenohumeral joint, 24-25

Glenohumeral ligaments, 24, 25

Glenoid cavity, 20

Glenoid labrum, 24
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Gliding joints, 3

Glossopharyngeal nerve, 393, 398, 418

lesion, 457

tympanic branch, 446

Gluteal arteries, 288

Gluteal gait, 99, 124

Gluteal region and posterior thigh, 98-102,
124

fibrous structures, 98-99

hip (coxal) joint, 101-102

muscular system, 99, 100

posterior muscles of thigh, 100

Gluteus maximus muscle, 99

Gluteus medius limp, 99

Gluteus medius muscle, 99

Gluteus minimus muscle, 99

Goiter, 358, 454

Golfer's elbow, 37

Gonads, indifferent, 294

Gonorrhea, 286

Goose's foot (pes anserinus), 93

Gracillis, 103

Gracillis muscle, 104

Granular pit, 384

Graves' disease, 358, 454

Gray matter of brain, 6

Gray rami communicantes, 176, 180
Great auricular nerve, 348

Great cardiac vein, 165

Great saphenous vein, 97

Great vessels, 166-167

transposition, 168, 182

Greater horn, 347

Greater occipital nerve, 325

Greater palatine foramen, 382

Greater palatine nerve, 435

Greater petrosal nerve, 396-397, 401

Greater sac of peritoneal cavity 207

Greater sciatic foramen, 98

Greater splanchnic nerve, 176

Greater trochantcr, 84

Greater tubercle, of humerus, 20

Greater vestibular (Bartholin's) glands, 262

Greater wing of sphenoid bone, 383

Groin injury, 103

Gubernaculum, 266

Gubernaculum testis, 201

Gums, 419-420

Gutters, 207

Guyon's canal, 23

Gynecomastia, 214

H

I lairs, 13

Hallux valgus, 95, 126

Hamate, 23

Hammer (malleus), 445

Hamstrings, 101, 125

Hand, 38-43

blood vessels, 57

bones, 22, 44

development, 60

muscular system, 44, 46

deep muscles, 42

superficial muscles, 41

radiograph, 73

transverse magnetic resonance imaging, 73

Hangman's fracture, 320, 336

Hard palate, 416

Head and neck. See also Face and scalp

cranial venous sinuses and veins, 377

ear, 441-447

development, 447

external, 441-443

inner ear, 443, 446

middle ear, 443, 443-446, 444

larynx, 436-441

cartilages, 436, 436-437

cavities and folds, 438-439

interior view, 438

ligaments, 437-438

muscles, 439, 440

nerves, 439, 440, 441

magnetic resonance imaging, 417

nasal cavity, 429, 429-430

blood vessels, 431

development, 433

nerves, 431

paranasal sinuses, 431-433

subdivisions and mucous membranes, 430-431

nerves, 391-402, 453
autonomies, 401

cranial nerves, 391-400, 391

parasympathetic ganglia and associated auto-

nomic nerves, 400-403

oral cavity and palate, 416, 416-423

palate development, 422

salivary glands, 421-422

teeth and gums, 419-420

tongue, 417-419, 419

tongue development, 422-423

orbit, 403-415

blood vessels, 406-408

bony orbit, 403, 403-404

eyeball, 410-415

lacrimal apparatus, 409-410

muscles of eye movement, 408-409

nerves, 404-406

pharyngeal (branchial) apparatus, 427-429

pharynx, 423, 423-425

blood vessels, 424

fascia and space, 427

laryngopharynx, 424

muscles, 426

nasopharynx, 423

nerves, 424, 425

oropharynx, 424
swallowing, 424-425

pterygopalatine fossa, 434-435
skull and cranial cavity, 378-391

lateral view, 372

temporal and infratemporal fossa, 371-378

blood vessels, 375-376

joints and ligaments, 378
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muscles of mastication, 374
nerves, 372-373, 375
parotid gland, 376-377

tonsils, 425-427
Head of humerus, 20
Head of radius, 21
Heart, 9, 158, 158-166, 178

abnormalities, 181
anterior view, 165

with coronary arteries, 158

cardiac plexus, 166
cardiac veins and coronary sinus, 165-166
conducting system, 163-164, 179
coronary arteries, 164-165
left atrium, 159, 161
left ventricle, 162
lymphatic system, 166
murmur, 163, 181
muscle, 3
pulmonary circulation, 154

right atrium, 158-159
right ventricle, 161-162
sounds, 163, 163, 179
tamponade, 157, 181
valves, 162-163
veins, 165-166

Heart block, 164
Heimlich maneuver, 424
Helix in external ear, 441
Hemarthrosis, 90
Hemianopia, 405, 459
Hemiazygos vein, 173
Hemodialysis, 227
Hemorrhoids, 214, 223, 288, 301
Hemothorax, 150
Hepatic ducts, 217
Hepatic encephalopathy, 214
Hepatic portal system, 10
Hepatic portal venous system, 223-225
Hepatic veins, 225
Hepatopancreatic duct, 217
Hepatorenal recess, 207
Hernia, 241-242

epigastric, 196
esophageal, 207
hiatal, 207
incarcerated, 199
inguinal, 199
reducible, 199
strangulated, 199
umbilical, 195

Herniated disk, 319, 336
Herpes zoster (shingles), 330, 337, 403, 457
Hesselbach's (inguinal) triangle, 198
Hiatal hernia, 207
Hiatus of facial canal, 381
Hiatus tendineus (adductor hiatus), 103
Hiccup, 156, 181
Hilton's law, 2
Hilton's white line, 287
Hindgut, development, 220, 293
Hinge joints, 3

Hip (coxal) bone, 88-90, 89, 271, 272

Hip (coxal) joint, 101-102
computed tomography scans, 133
dislocation, 102
movement, 123
radiograph, 134

Hirschsprung's disease (megacolon), 211, 243
Homeostasis, 8
Hormones, 12
Homer's syndrome, 151, 360, 412, 458
Horseshoe kidney, 226, 244
Housemaid's knee, 93, 126
Houston's valves, 286
Humeroradial joint, 25
Humeroulnar joint, 25
Humerus, 19, 20-21

dislocation of, 24
Hyaline cartilage, 2
Hydrocele, 266
Hydronephrosis, 228, 245
Hyoglossus muscle, 420
Hyoid bone, 346-347
Hyperacusis (hyperacusia), 445, 461
Hyperopia (farsightedness), 413, 459
Hypertension, portal, 223, 244
Hyperthyroidism, 358
Hypetrophy of prostate, 281
Hypochondriac region of abdomen, 195, 196
Hypodermis, 13
Hypogastric nerve, 293
Hypogastric region of abdomen, 195, 196
Hypoglossal canal, 381
Hypoglossal nerve, 393, 400, 418

lesion, 457
Hyponychium, 43
Hypophyseal portal system, 10
Hypospadias, 268
Hysterectomy, 285

Ileocecal fold, 206
Ileocolic artery, 222
Ileum, 210
Iliacus muscle, 104
Iliofemoral ligament, 89
Iliohypogastric nerve, 202, 232
Ilioinguinal nerve, 202, 232
Iliolumbar artery, 288
Iliopectineal archus, 197
Iliotibial tract, 99
Ilium, 82
Immune mechanism. See lymphatic system
Incarcerated hernia, 199
Incisive canal, 382
Incisors, 420
Incus (anvil), 445
Indifferent embryo, 294
Indirect inguinal hernia, 200
Infection

scalp, 370
spread from neck, 362

Inferior alveolar artery, 375
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Inferior alveolar nerve, 375, 395

Inferior cervical ganglion, 360

Inferior constrictor muscle, 428

Inferior deep cervical nodes, 357

Inferior epigastric artery, 203

Inferior extensor retinaculum, 110

Inferior gemellus muscle, 99

Inferior gluteal artery, 117-118, 288

Inferior gluteal nerve, 115, 291

Inferior hypogastric plexus, 291, 293
Inferior mesenteric artery, 223

Inferior mesenteric vein, 224

Inferior oblique muscle, 411

Inferior ophthalmic vein, 408

Inferior orbital fissure, 404

Inferior pancreaticoduodenal artery, 222

Inferior petrosal sinus, 388
Inferior phrenic arteries, 230

Inferior pubic ligament, 274

Inferior rectal artery, 269

Inferior rectal nerve, 268

Inferior rectus muscle, 411

Inferior sagittal sinus, 386

Inferior thyroid artery, 352

Inferior ulnar collateral artery, 56

Inferior vena cava, 230

Inferior vesical artery, 289

Inflammatory bowel disease, 211

Infraglenoid tubercles, 20
Infraglottic cavity, 438

Infrahyoid muscles, 349

Infraorbital artery, 376

Infraorbital foramen, 404

Infraorbital groove, 404

Infraorbital nerve, 395, 434

Infrapatellar bursa, 93

Infraspinatus muscle, 34

Infratemporal fossa, 371, 448-449, 455-456
Infratemporal region, 374

blood vessels, 375-376

nerves, 372-373, 375

Inguina fossa, lateral, 201

Inguinal (Hesselbach's) triangle, 198

Inguinal canal, 198-199, 199
Inguinal fossa, medial, 201

Inguinal hernia, 199

covering, 200

Inguinal ligament (Poupart's ligament), 197

Inguinal region, 198-200

Inguinal region of abdomen, 195, 196, 237

Inguinal rings, 198
Inion junction, 381

Inner ear, 443, 446

development, 447

Innermost intercostal muscles, 144

Insertion of skeletal muscle, 3

Inspiration, 154-155

Insulin, 217

Integumentary, 13

Intercostal arteries, 172

Intercostal nerves, 143

Intercostobrachial nerve, 26

Internal auditory meatus, 381

Internal carotid artery, 354, 388

Internal hemorrhoids, 288

Internal iliac artery, 288-290

branches, 289

Internal intercostal muscles, 144

Internal jugular vein, 355

Internal laryngeal branch, 418

Internal laryngeal nerve, 359, 441

lesion, 460
Internal nervous coat of eyeball, 412-413

Internal oblique muscle, 197

Internal pudendal artery, 269, 288

Internal thoracic artery, 144

Internal vertebral venous plexus, 322-323

Internum (filum terminale), 332

Interosseous membrane of forearm, 37

Interphalangeal joints, 26, 95

movement, 62, 123

Intertarsal joints, 94

movement, 123

Intertubercular groove, 20

Intervertebal foramina, 317

Intervertebral disks, 318-320

Intestinal arteries, 223

Intestines, 243

large, 11, 211-212, 238

small, 11, 209-210, 238

radiograph, 209

Intorsion, 409

Intracapsular ligaments, 91-92

Intracranial dural venous sinuses, 450

Intramembranous ossification, 60

Inverted nipple, 32

Iris, 411

Irregular bones, 2

Ischiocavernosus muscles, 261

Ischiofemoral ligament, 90

Ischiorectal (ischioanal) fossa, 263-264, 295

Ischium, 82
Isthmus of the uterus, 284

IV septum, 162

J

Jaundice, 214, 215

Jaw, muscles to open and close, 374

Jejunum, 210

Joints, 2-3, 122

blood in (hemarthrosis), 90
of infratemporal region, 378

in lower limb, 88-95

ankle (talocrural) joint, 93-94

hip (coxal) bone, 88-90, 89

knee joint, 90, 90-93, 91

tarsal joints, 94-95

tibiofibular joints, 93

pelvis, 272

in suboccipital area, 327

in upper limb, 23-26, 24
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Jugular foramen, 381

Jugum sphenoidale, 384

K

Kidney stone, 227, 244

Kidneys, 12, 225-227, 240-241, 244-245

development, 229

frontal section, 226
transplantation, 245

Klippel-Feil syndrome, 318, 335

Klumpke's paralysis, 52

Knee joint, 90, 90-93, 91, 109-110, 126

dislocation, 85

movement, 123

"unhappy triad", 92, 126

Knee-jerk reflex, 125

Knock-knee, 92, 126

Kyphosis, 316, 335

L

Labia majora, 12, 267

Labia minora, 12, 267

Labyrinthine artery, 389
Labyrinthine hydrops, 447

Lacrimal apparatus, 409-410, 413
Lacrimal artery, 407

Lacrimal nerve, 394, 404

Lacteals, 11

Lactiferous duct, 31

Lactiferous sinus, 31

Lacunar ligament (Gimbernat's ligament), 197

Lambda junction, 380

Lambdoid suture, 380

Large intestine, 11, 211-212, 238

Laryngeal obstruction (choking), 438, 460

Laryngeal prominence (Adam's apple), 436

Laryngitis, 436, 460

Laryngopharynx, 424

Laryngotomy, 437, 460

Laryngotracheal diverticulum, 156

Laryngotracheal groove, 156

Laryngotracheal tube, 156

Larynx, 436-441, 452-453, 460

cartilages, 436, 436-437

cavities and folds, 438-439

interior view, 438
ligaments, 437-438

muscles, 439, 440

nerves, 439, 440, 441

Lateral antebrachial cutaneous nerve, 26, 48

Lateral arcuate ligament, 235

Lateral axillary lymph nodes, 29

Lateral brachial cutaneous nerve, 26

Lateral cervical ligaments of uterus, 274
Lateral collateral ligament, 92

Lateral epicondyle, 21

Lateral epicondylitis, 37

Lateral femoral circumflex artery, 119

Lateral femoral cutaneous nerve, 95, 232

lateral inguina fossa, 201

Lateral ligament, in ankle, 94

Lateral longitudinal arch, 113

Lateral malleolus, 86

Lateral meniscus, 92

Lateral pectoral nerve, 47
Lateral plantar artery, 120

Lateral plantar nerve, 117

Lateral plate somatic mesoderm, 59-60, 121

Lateral pterygoid muscle, 374

Lateral rectus muscle, 411

Lateral sacral artery, 288

Lateral sural cutaneous nerve, 96

Lateral thoracic artery, 55

Lateral vertebral neck muscles, 363

Lateral wall of nasal cavity, 430

Laterial cricoarytenoid muscle, 440

Latissimus dorsi muscle, 34, 325

Least splanchnic nerve, 176

Left atrium of heart, 159, 161

Left colic artery, 223

Left coronary artery, 165

Left gastric artery, 220

Left gastric vein, 225

Left homonymous hemianopia, 405
Left lung, 151

Left main bronchus, 146

Left pulmonary artery, 153

Left vagus nerve, 176-177

Left ventricle of heart, 162

Leg and popliteal fossa. See also Lower limb
muscular system, 124

anterior and lateral muscles, 108

fibrous and muscular structures, 105-106

posterior muscles, 109

Leiomyoma, 285
Lens, 415

Lesser horn, 347

Lesser occipital nerve, 325, 348

Lesser palatine foramen, 382

Lesser palatine nerve, 435

Lesser petrosal nerve, 402

Lesser sac of peritoneal cavity, 206
Lesser sciatic foramen, 98

Lesser splanchnic nerve, 176

Lesser trochanter, 85
Lesser tubercle, 20

Lesser wing of sphenoid bone, 383

Levator anguli oris muscle, 364

Levator ani muscle, 264

Levator costarum muscle, 144

Levator labii superioris alaeque muscle, 364

Levator labii superioris muscle, 364

Levator palpebrae superioris muscle, 411

Levator scapulae muscle, 325

Levator veli palatini muscle, 418
Lienorenal (splenorenal) ligament, 205
Ligaments, 4

ankle and foot, 93-94, 94, 113-114
Cooper's, 30

external genitalia and associated structures,
265-266

in hip joint, 89-90
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Ligaments (continued)
in knee joint, 91, 91-93

in larynx, 437-438

of liver, 213

pelvis, 273-275

stylomandibular, 378

in upper limb, 23-26

of vertebral column, 321-322

atlas and axis, 322

Ligamentum flavum, 321

Ligamentum nuchae, 322

Ligamentum teres capitis femoris, 90

Ligamentum teres hepatits, 205-206
Ligament= venosurn, 206

Limb buds, 59

Linea alba, 196

Linea aspera, 85

Linea semicircularis, 196
Linea semilunaris, 196

lingual artery, 354, 419

Lingual branch, 398

Lingual innervation, 418

Lingual nerve, 373, 395, 418

Lingual papillae, 418

Lingual tonsil, 418, 426

Lipomeningocele, 316, 335

Liver, 212-214, 213, 238-239, 243

development, 219

divisions, 214

round ligament of, 205-206
Liver biopsy, 214

Liver cirrhosis, 214, 243

Lobule in external ear, 441

Long bones, 1-2

Long plantar ligament, 113

Long posterior ciliary arteries, 407

Long preganglionic fibers, 8

Long thoracic nerve, 45, 351

lesion, 63

Longitudinal arch, 111-113

lateral, 113

medial, 111

Longitudinal layer of smooth muscle, 4

Longitudinal muscles of pharynx, 428

I,ongus capitus muscle, 363

Longus colli muscle, 363

Loose connective tissue, 370

Lordosis, 335

Lower limb, 350-351

ankle and foot, 110-121
ankle joint, 114
arches, 111, 113

fascial structures, 110-111

ligaments, 113, 113-114
muscular system, 112

anterior and medial thigh, 102-105
anterior muscles, 103-104

arteries, 106

fibrous structures, 102-103

medial muscles, 104

nerves, 105

arteries, 106, 117-121

arteriogram, 107

bones and joints, 82-87

of ankle and foot, 86-87, 87

hip (coxal) bone, 82, 83

of thigh and leg, 83-86, 84

computed tomography scans, 100

cutaneous nerves, 95-97, 96

development, 121

gluteal region and posterior thigh, 98-102

fibrous structures, 98-99

hip (coxal) joint, 101-102

muscular system, 99

posterior muscles of thigh, 100

joints and ligaments, 88-95

ankle (talocrural) joint, 93-94

hip (coxal) bone, 88-90, 89

knee joint, 90, 90-93, 91, 109-110

tarsal joints, 94-95

tibiofibular joints, 93

leg and popliteal fossa

anterior and lateral muscles, 108

fibrous and muscular structures, 105-106

posterior muscles, 109

lymphatic system, 98

nerves, 114-117

superficial veins, 97

veins, 121

Lower pelvic aperture, 271

Lower subscapular nerve, 48

Lower trunk injury, 52

"Lub" sound, 163

Ludwig's angina, 459

Lumbar arteries, 230

Lumbar plexus, 231, 231-233

Lumbar puncture, 331, 336

Lumbar region of abdomen, 195, 196

lymphatic system, 270

Lumbar splanchnic nerves, 234

Lumbar spondylosis, 319, 336

Lumbar triangle (of Petit), 323

Lumbar vertebrae, 318, 320

Lumbosacral joint, 272

Lumbosacral trunk, 233

Lumbricals muscle, 46, 112

Lumpectomy, 32

Lunate, 23

Lundwig's angina, 422

Lungs, 147, 150-152, 178

blood vessels, 152-154

cancer, 152, 181
collapse, 149

development, 156

diseases, 180-181

lymphatic vessels, 152, 153

nerves, 155-156
respiration, 154-155

Lunula, 43

Lymph, 11

Lymph nodes, 11

in lower limb, 98
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Lymphatic capillaries, 11

Lymphatic system, 9, 10-11, 61

abdominal wall, anterior, 202-203

drainage, 123

from breast and mammary gland, 32
of finger, 29

of heart, 166

in lower limb, 98

of lungs, 152, 153

in mediastinum, 173-174

of neck, 356-357

of pelvis and lumbar region, 270, 290

lymphograph, 270

related to aorta, 231

retroperitoneal viscera, 231

of thorax, 145, 179

Lymphocytes, 11

M

Mackenrodt's ligaments of uterus, 274

Macula (yellow spot; macula lutea), 413

Maculae, 446

Macular edema, 414

Male

genital organs, 276, 279, 279-282, 295, 297-298.

See also Penis

disorders, 299

ductus deferens, 280

ejaculation, 282

ejaculatory duct, 281

epididymis, 280

erection, 282

external, 266-267

prostate gland, 12, 281

prostatic sinus, 282

seminal vesicles, 281

testis, 200-201, 279-280, 294

urethral crest, 282

pelvis, 273, 277

computed tomography scans, 308

vs. female, 272

perineum, 261, 277

muscles, 263

puboprostatic ligaments, 274

Malleolus, lateral, 86

Mallet's (hammer), 445

Mamillary processes, 317

Mammary gland, 30-31, 31

Mammography, 31

Mandible, external and internal surfaces, 373

Mandibular division of trigeminal nerve, 368,

372-373, 375, 395

Mandibular gingiva, 420

Mandibular part of maxillary artery, 375
Mandibular teeth, 420

Manubrium, 141

March fracture, 87

Madan syndrome, 166

Marginal artery, 164

Marrow, 1

Masseter muscle, 374

Mastectomy, radical, 32

Mastication, muscles for, 374

Mastoid foramen, 381

Matrix of nail bed, 43

Maxillary artery, 355, 375-376

pterygopalatine part, 376, 394, 435

Maxillary division of trigeminal nerve, 367, 394-395

Maxillary gingiva, 420

Maxillary nerve, 434

Maxillary sinus, 433

Maxillary sinusitis, 460

Maxillary teeth, 420

Meckel's diverticulum, 210, 243

Medial (deltoid) ligament, 93-94

Medial antebrachial cutaneous nerve, 27, 47

Medial arcuate ligament, 235

Medial brachial cutaneous nerve, 26, 47

Medial collateral ligament, 92

Medial epicondyle, 21

Medial epicondylitis, 37

Medial femoral circumflex artery, 118-119

Medial inguinal fossa, 201

Medial longitudinal arch, 111

Medial meniscus, 91

Medial palpebral arteries, 407
Medial pectoral nerve, 47

Medial plantar artery, 120

Medial plantar nerve, 117

Medial pterygoid muscle, 374

Medial rectus muscle, 411

Medial sural cutaneous nerve, 96

Medial wall of nasal cavity, 430

Median antebrachial vein, 28

Median cubital vein, 28

Median episiotomy, 286

Median nerve, 48, 49, 49-50
muscle innervation, 62

Median sacral artery, 290

Mediastinum, 145, 145-146, 177

blood vessels, 171-173

esophagus, 171

lymphatic vessels, 173-174

Mediolateral episiotomy, 286

Medulla of kidney, 227

Megacolon (Hirschsprung's disease), 211, 243
Meissner's plexuses, 8

Membranous labyrinth, 446

Meniere's disease, 447, 461

Meningeal branch, 372, 394, 434

Meninges, 6

of brain, 384-386, 385

development, 333

of spinal cord, 329, 331

Meningitis, 331, 337
Meningocele, 316, 335

Meningomyelocele, 316, 335
Meniscus

lateral, 92

medial, 91

Mental foramen, 381

Mentalis muscle, 364
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Meromelia, 60
Mesenchymal core, 59
Mesenteric arteries, 220-223, 240
Mesenteries, 205

artery branches, 222
development, 220

Mesoappendix, 205
Mesocaval shunt, 223
Mesometrium, 273
Mesonephric (wolffian) duct, 293
Mesonephros, 229
Mesosalpinx, 273
Mesovarium, 273
Metacarpals, 23
Metacarpophalangeal joints, 26

movement, 62
Metanephros, 229
Metaphysis, 1
Metastasis of cancer, 10
Metatarsophalangeal joints, 95

movement, 123
Metatarsus, 87
Microglia, 6
Micturition, 278-279
Midcarpal joint, 26
Middle cardiac vein, 165
Middle cerebral artery, 388
Middle cervical ganglion, 360
Middle clinoid processes, 383
Middle colic artery, 222
Middle constrictor muscle, 428
Middle cranial fossa, 381
Middle ear, 443, 443-446, 444

development, 447
Middle mediastinum, 146
Middle meningeal artery, 375

rupture, 456
Middle rectal artery, 290
Middle sacral artery, 230
Middle scalene muscle, 363
Middle suprarenal arteries, 230
Middle vascular pigmented coat of eyeball,

410-411
Midgut, development, 219-220
Midpalmar space, 42
Minor calyces, 227
Miosis, 412
Mitral valve prolapse, 163, 181
Modified radical mastectomy, 32
Molars, 420
Mons pubis, 12
Morrison's pouch, 207
Motor branches for cervical plexus, 349-350
Mouth, 11
MS (multiple sclerosis), 330
Mucous membranes, of nasal cavity, 430-431
Multiple sclerosis (MS), 330, 337
Multipolar neurons, 5
Mumps (epidermic parotitis), 377, 456
Muscles, 3-5

of anterior abdominal wall, 197
associated structures, 4-5

of back, 323, 324, 325, 334-335
deep, 325-326
suboccipital area, 328
superficial, 323, 324

of eye movement, 408-409, 409

of facial expression, 364, 365
of larynx, 439, 440
of limbs, development, 60
of lower limb

ankle and foot, 112
anterior and lateral in leg, 108
gluteal region, 99, 100
posterior in leg, 109
summary of actions, 123
of thigh, 101

for mastication, 373
muscle, 3-4
of neck, 349
of pelvis, 265

of pharynx, 426

posterior abdominal wall, 235, 237
for respiration, 178
of thorax, 144
of upper limb

of anterior forearm, 39
of arm, 38
deep, of hand, 42

of middle finger, 43

of pectoral region, 33, 33
of posterior forearm, 40
of shoulder, 34, 36
summary of actions, 61-62
superficial, of hand, 41

urogenital triangle
anal triangle, 264-265
deep perineal space (pouch), 262-263
superficial peroneal space, 261, 263, 264

Musculocutaneous nerve, 47, 48-49, 49
muscle innervation, 62

Musculophrenic artery, 144
Musculus uvulae, 418
Mydriasis, 412
Myelin, 6
Myelocele, 316
Myeloschisis (rachischisis), 316, 335
Myenteric (Auerbach's) plexus, 8, 234
Mylohyoid muscle, 349
Myocardial infarction, 162, 181
Myocardium, 3, 158
Myopia (nearsightedness), 413, 458
Myotome, 332

N

Nail bed, 43
Nail fold, 43
Nails, 13
Nasal cavity, 429, 429-430, 452, 459-460

blood vessels, 431
development, 433
nerves, 431
paranasal sinuses, 431-433
subdivisions and mucous membranes, 430-431
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Nasal polyp, 430, 459
Nasal septum, 430
Nasalis muscle, 364
Nasion junction, 381
Nasociliary nerve, 394, 404-405
Nasolacrimal canal, 404
Nasopalatine nerve, 435
Nasopharynx, 423
Navicular bone, 87
Nearsightedness (myopia), 413
Neck

blood vessels, 351-356
cranial venous sinuses and veins, 377
cross-section, 361
deep cervical fasciae, 361-362
deep structures, 346-360, 357, 447-448, 454

esophagus, 358. See also Esophagus
parathyroid glands, 359
sympathetic trunk, 359-360
thoracic duct, 10, 173-174, 174, 360
thyroid cartilage, 359, 436
thyroid gland, 358-359, 454-455
trachea, 146-148, 147, 156, 177-178, 357-358
vagus nerves, 359

lymphatic system, 356-357
major divisions and bones, 346-347
muscles, 349
nerves, 347-351
parathyroid glands, development, 363
thyroid gland, development, 362-363
veins, 369

Neck of tooth, 419
Nephrolith, 227
Nephroptosis, 226, 244
Nerves

abdominal wall, anterior, 202
of back, 324-325, 335
of dura mater, 386
of head and neck, 391-402

cranial nerves, 391-400, 391
parasympathetic ganglia and associated auto-

nomic nerves, 400-403
of infratemporal region, 372-373, 375
of larynx, 439, 440, 441
in lower limb, 114-117

lesions, 126-127
of lungs, 155-156
of muscles of eyeball, 408
of nasal cavity, 431
of neck, 347-351
of orbit, 404-406
pathologic conditions affecting, 336-337
of pelvis, 290-291, 293
of perineal region, 268-269
of pharynx, 424, 425
posterior abdominal wall, 231-234, 233
scalp, 370, 371
spinal cord, 328-330
of teeth and gums, 420
of thoracic wall, 143-144
in upper limb, 44-52

brachial plexus, 44-48, 47

cutaneous nerves, 52
median nerve, 49, 49-50
musculocutaneous nerve, 48-49, 49
radial nerve, 50, 50-51
somatic motor nerves, 51
ulnar nerve, 49, 51

Nervous system, 5-8
autonomic, 8

in thorax, 174-177, 175
central, 6
divisions, 5
neurons, 5-6
peripheral, 6-7
typical spinal nerve, 7

Neural deafness, 446, 461
Neural tube formation, 333
Neuroglia, 5, 6
Neurons, 5-6
Neurovascular compression syndrome, 353, 454
Nipple, 31

inverted, 32
Nocturia, 281
Nuclei (in CM), 5
Nucleus pulposus, 319
Nutrients, 9

0
Oblique arytenoid muscle, 440
Oblique popliteal ligament, 93
Oblique sinus, 157
Oblique vein of left atrium, 166
Obliquus capitis inferior muscle, 328
Obliquus capitis superior muscle, 328
Obstetric paralysis, 351
Obturator artery, 118, 289
Obturator externus muscle, 104
Obturator internus muscle, 99, 264

nerve to, 291
Obturator nerve, 114, 232
Occipital artery, 324, 354-355
Occipital bone, 379
Occipital sinus, 388
Occipitoaxial ligament, 328
Occipitofrontalis muscle, 364
Oculomotor nerve, 393, 406

lesion, 457
Olecranon, 22
Olecranon fossa, 21
Olfactory nerves, 39], 392

lesion, 456
Olfactory region, 431
Oligodendrocytes, 6
Omental bursa, 206
Omentum, 204-205
Omohyoid muscle, 349
Oocytes, 12
Open penumothorax, 149
Ophthalmic artery, 388, 406-407

branches, 406
Ophthalmic division of trigeminal nerve, 367, 394
Ophthalmic nerve, 404-405

branches, 406
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Ophthalmic veins, 408

Opponens digiti minimi muscle, 46

Opponens pollicis muscle, 46
Optic canal, 381, 404

Optic chiasma, lesion, 457

Optic disk (blind spot), 412

Optic nerve, 391, 392, 405
lesion, 457

Oral cavity and palate, 416, 416-423, 451, 459
palate development, 422

salivary glands, 421-422

teeth and gums, 419-420

tongue, 417-419, 419
development, 422-423

Orbicularis oculi muscle, 364

Orbicularis oris muscle, 364

Orbit, 403-415, 450-451, 458

blood vessels, 406-408

bony orbit, 403, 403-404

eyeball, 410-415

lacrimal apparatus, 409-410
motor nerves, 405

muscles of eye movement, 408-409, 409
nerves, 404-406

Orbital branches, 435

Orbital margin, 403

Orchitis, 279

Organ of Corti, 446

Organ systems, 11-13. See also specific organs
Origin of skeletal muscle, 3

Oropharynx, 424

Osteocytes, 1

Otic ganglion, 375, 402
Otitis media, 445, 461

Otoschlerosis, 445, 461

Oval window (fenestra vestibuli), 444

Ovarian arteries, 230, 290

Ovarian cancer, 301

Ovarian ligament, 274

Ovaries, 12, 283

cancer, 283

descent, 294

Oxygen, 9

P

Pacemaker, 9

of heart, 164

Palamaris longus muscle, 39
Palate. See also Oral cavity and palate

development, 422

Palatine canal, 382
Palatine tonsil, 426

Palatine tonsillectomy, 459

Palatoglossus muscle, 418, 420, 425

Palatopharyngeus muscle, 425, 428

Palm, fascial spaces, 41

Palmar aponeurosis, 39

Palmar carpal branch, 56, 58

Palmar carpal ligament, 40

Palmar erythema, 214

Palmar interossei muscle, 46

Palmaris brevis muscle, 46

Palpebral arteries, medial, 407

Pampiniform plexus, varicose veins, 266

Pancoast syndrome, 151, 181

Pancreas, 216, 239
development, 219

Pancreatic cancer, 216

Pancreatic ducts, 215
Pancreatitis, 215, 216

Papanicolaou (Pap) smear, 285

Papillary carcinoma of thyroid, 358, 455

Papillary muscles, 161

Papilledema (choked disk), 406, 458

Para-aortic bodies, 233

Paracentesis, 157, 206

Paracolic recesses, 207

Paramesonephric ducts, 294

Paranasal sinuses, 431-433, 432
Parasympathetic nervous system, 176-177

of head and neck, 400-403

nerve fibers, 8

Parathyroid glands, 359

Parathyroidectomy, 359

Paraumbilical veins, 225

Paricardial cavity, 157

Paricarditis, 181

Parietal bone, 379

Parietal peritoneum, 204

Parietal pleura, 148

Parotid gland, 376-377

Partal-caval (systemic) anastomoses, 225

Patella, 85

Patellar ligament (tendon), 92

Patent ductus arteriosus, 182

Pectinate muscles, 159

Pectineal ligament (Cooper's), 197

Pectineal line, 85

Pectineus muscle, 104

Pectoral alopecia, 214

Pectoral axillary lymph nodes, 30

Pectoral fascia, 30

Pectoral nerve, 47

Pectoral region and axilla, 30-33

Pectoral shoulder girdle, 60

Pectoralis major, 33

Pectoralis minor, 33

Pelvic diaphragm, 273

Pelvic girdle, 121

Pelvic kidney, 226, 244

Pelvic splanchnic nerve, 293

Pelvis, 270-294, 296-297

blood vessels, 288-290
bony, 270-272
cancer, 290, 300-301

female, 278
female genital organs, 283-286

ovaries, 283, 294

uterine tubes, 284

uterus, 284-285

vagina, 285-286

hip (coxal) bone, 271, 272
joints, 272

ligaments or folds and pouches, 273-275
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lymphatic system, 270, 270

male, 277

computed tomography scans, 308
genital organs, 279, 279-282. See also Penis

male vs. female, 272, 273, 296

muscular system, 265

nerves, 290-291, 293

pelvic diaphragm, 273

rectum and anal canal, 286-288

ureter, 275-276

urinary bladder, 276-278

Pelvis major, 271

Pelvis minor, 271
Penis, 266-267

cross-section, 267

deep arteries, 269

dorsal nerve, 269

ligaments, 265

veins, 269-270

Peptic ulcer, 208

Pericardial effusion, 157, 181

Pericardial friction rub, 157

Pericardial murmur, 157

Pericardial sinuses, 157

Pericardiocentesis, 157

Pericardiophrenic artery, 144

Pericarditis, 157

Pericardium, 156-157, 181

Pericranium, 370

Perikaryon, 5

Perilymph, 446

Perimysium, 3

Perineal arteries, 269
Perineal body, 262

Perineal membrane, 261

Perineal nerve, 269

Perineal region, 260-270

anal triangle, 263-265

blood vessels, 269-270

external genitalia and associated structures,

265-268

fasciae and ligaments, 265-266

female, 267-268

male, 266-267

nerves, 268-269

perineum, 260

female, 262

female muscles, 264

male, 261

male muscles, 263

muscular system, 265

urogenital triangle, 260-263

Perineum, 260, 294-295

female, 262, 278
female muscles, 264

lymphatic system, 270

male, 261, 277

computed tomography scans, 308

male muscles, 263

muscular system, 265

Peripheral nervous system, 5, 6-7

Peristaltic waves, 4

Peritoneal cavity, 206-207

Peritoneal dialysis, 227

Peritoneal folds, 206

Peritoneal reflections, 204-206

Peritoneum, 203-204

Peritonitis, 206, 242

Peritonsillar abscess (quinsy), 426, 459

Permanent teeth, 420

Peroneus brevis muscle, 108

Peroneus longus muscle, 108

Peroneus tertius muscle, 108

Pertrochanteric fracture, 83

Pes anserinus (goose's foot), 93, 106
Pes cavus, 111

Pes planus, 111

Petrotympanic fissure, 382

Phagocytic cells, 11

Phalanges

in foot and ankle, 87

in hand, 23

Phallus, 294

Phantom limb pain, 116

Pharyngeal (branchial) apparatus, 427-429
Pharyngeal arches, 427-428

Pharyngeal artery, 376

Pharyngeal branch, 398, 399, 435

Pharyngeal constrictors, 427

Pharyngeal plexus, 424

Pharyngeal tonsil, 425

Pharyngeal tumors, 424

Pharyngobasilar fascia, 362, 427

Pharyngotympanic tube, 446

Pharynx, 11, 423, 423-425
blood vessels, 424

fascia and space, 427

laryngopharynx, 424

muscles, 426

nasopharynx, 423

nerves, 424, 425

oropharynx, 424

swallowing, 424-425
Phosphorus, 1

Photoreceptor cells, degeneration, 413
Phrenic nerve, 155, 350

lesion, 156, 181

Phrenicocolic ligament, 205

Physiologic cup, 412

Pia hemorrhage, 384

Pia mater, 6, 331, 384

Pial hemorrhage, 456

Pilon fracture, 86

Piriformis muscle, 99

Piriformis syndrome, 101, 125
Pisiform, 23

Pivot joints, 3

Plane joints, 3

Plantar aponcurosis, 111

Plantar artery, 120

Plantar calcaneocuboid ligament, 113, 114

Plantar calcaneonavicular ligament, 114

Plantar interossei muscle, 112

Plantar ligaments, 113
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Plantar nerve, 117

Plantaris muscle, 109

Plasma cells, 11

Plate somatic mesoderm, lateral, 59-60, 121
Platysma muscle, 349

Pleurae and pleural cavities, 148-150

diseases, 180

Pleural effusion, 150

Pleural empyema, 150

Pleurisy, 149, 180

Pleuritis, 149, 180

I'neumonectomy, 152, 181

Pneumonia, 151, 180

Pneumonitis, 151

Pneumothorax, 149, 180

PNS (peripheral nervous system), 5, 6-7

Polycystic kidney disease, 227, 244
Polydactyly, 60

I'olymastia, 31

Polythelia, 31

Pontine arteries, 389

Popliteal (Baker's) cyst, 110, 126

Popliteal aneurysm, 120

Popliteal artery, 119-120

Popliteal fossa, 105-106

Popliteal vein, 121

Popliteus ligament, 93

Popliteus muscle, 109

Portal hypertension, 223, 244

Portal system, 10

Portal vein, 223, 240

Positive Trendelenburg's sign, 101, 124

Posterior abdominal wall, 225, 230-237

blood vessels, 230-231
muscular system, 235, 237
nerves, 231-234, 233

Posterior antebrachial cutaneous nerve, 26
Posterior auricular artery, 355

Posterior auricular nerve, 397

Posterior brachial cutaneous nerve, 26
Posterior cerebral artery, 390

Posterior clinoid processes, 383

I'osterior communicating artery, 388

Posterior cranial fossa, 381

Posterior cricoarytenoid muscle, 440

Posterior cruciate ligament, 91

Posterior ethmoidal artery, 407

Posterior ethmoidal foramina, 404

Posterior femoral cutaneous nerve, 95, 115, 291
Posterior humeral circumflex artery, 55

Posterior humeral circumflex vessels, 34

Posterior inferior cerebellar artery, 389
Posterior intercostal veins, 173

Posterior interosseous nerve, 50
Posterior IV artery, 164

Posterior longitudinal ligament, 321

Posterior mediastinum, 146

Posterior scalene muscle, 363

Posterior spinal artery, 389

Posterior tibial artery, 120

Posterior triangle, 346

Posterior ulnar recurrent artery, 58

Posterior-superior alveolar arteries, 376

Posterior-superior alveolar nerve(s), 395,

434

Posterior-superior lateral nasal branches, 435

Postganglionic fibers, 8

Pott's fracture, 86, 125

Poupart's ligament (inguinal ligament), 197

Preaortic lymph nodes, 231

Preganglionic fibers, 8

Premolars, 420
Prepatellar bursa, 93

Prepatellar bursitis, 93

Presbyopia, 415, 459

Pretracheal layer of deep cervical fascia, 362

Prevertebral layer of deep cervical fascia, 361

Primary (deciduous) teeth, 420

Primary cartilaginous joints, 2

Primitive gut tube, 218

Primitive heart tube, 167

Princeps pollicis artery, 56, 57

Procerus muscle, 364

Processus vaginalis, 266, 294

Processus vaginalis testis, 201

Proctodeum, development, 220

Profunda brachii artery, 34, 55

Profunda femoris artery, 118

Progressive conduction deafness, 445

Pronation, 37

Pronator quadratus muscle, 39

Pronator teres muscle, 37, 39

Pronephros, 229

Proptosis, 358

Prostate cancer, 282, 301

Prostate gland, 12, 281

Prostate hypertrophy, 301

Prostatectomy, 282

Prostatic sinus, 282

Proximal (metatarsal) arch, 113

Proximal radioulnar joint, 25, 26

Proximal tibiofibular joint, 93

Pseudounipolar neurons, 5

Psoas major muscle, 237

Psoas minor muscle, 237

Pterion junction, 380

Pterygoid canal, 382

artery of, 376

nerve of, 401

lesion, 460

Pterygoid muscle, 374

Pterygoid part of maxillary artery, 376

Pterygoid venous plexus, 376

Pterygomandibular raphe, 378
Pterygopalatine fossa, 434-435, 452, 460

Pterygopalatine ganglion, 400-401, 402, 435

Pterygopalatine nerves, 434

Pterygopalatine part of maxillary artery, 376, 394,

435

Pubic symphysis, 272

Pubis, 82

Pubocervical ligaments, 274

Pubofemoral ligament, 90

Puboprostatic ligaments, 274



INDEX 523

Pubovesical ligaments, 274

Pudendal arteries, 269

Pudendal artery, 268

Pudendal block, 268

Pudendal nerve, 268, 268-269, 291, 295

Pulled groin, 103, 125

Pulmonary circulation, 9

Pulmonary edema, 151, 181

Pulmonary embolism, 97, 153, 181

Pulmonary heart valve, 162

Pulmonary plexus, 155

Pulmonary trunk, 152-153

Pulmonary veins, 10, 153-154

Pulp, 419

Pupil, 411

Pupillary light reflex, 412, 458

Purulent meningitis, 331

Pyeloplasty, 228

Pyloric stenosis, 209

Pyothorax, 150

Pyramidal muscle, 197

Quadrangular space, 34

Quadratus femoris muscle, 99

nerve to, 291

Quadratus lumborum muscle, 237

Quadratus plantae muscle, 112

Quinsy (peritonsillar abscess), 426, 459

R

Rachischisis (myeloschisis), 316, 335

Radial artery, 56-57

Radial bursa, 42

Radial collateral ligament, 25

Radial fossa, 21

Radial nerve, 34, 48, 50, 50-51

lesion, 63
muscle innervation, 62

Radial notch, 22

Radial pulse, 56

Radial recurrent artery, 56

Radial tuberosity, 21

Radialis indicis artery, 57

Radical mastectomy, 32

Radiocarpal joint. See Wrist joint

Radioulnar joints, movement, 61

Radius, 21

Rami communicantes, 7, 176, 180

Rape, forensic determination, 281

Raphe, 4

Rectal cancer, 287, 301

Rectal examination, 287

Rectal nerve, inferior, 268

Rectouterine fold, 206
Rectouterine ligaments, 274

Rectouterine pouch, 274
Rectovesical pouch, 275

Rectum, 11, 212, 286-288, 298

Rectus abdominis muscle, 197

Rectus capitis anterior muscle, 363

Rectus capitis lateralis muscle, 363

Rectus capitis posterior major muscle, 328

Rectus capitis posterior minor muscle, 328

Rectus femoris muscle, 104

Rectus muscle, 411

Rectus sheath, 198, 198

Recurrent laryngeal nerve, 177, 399, 439, 441

lesion, 441, 460

Reducible hernia, 199

Referred pain to shoulder, 24

Reflected inguinal ligament, 197

Reflex, 125

ankle-jerk (Achilles), 110

corneal blink, 365, 455

cough, 399

cremasteric, 202, 242

gag, 399
knee-jerk, 109

patellar ligament, 92

pupillary light, 458

sneeze, 399

Reflex arcs, 450

Refractive media, 414-415

Regional anatomy, 1

Renal. See also Kidneys

Renal arteries, 230

Renal calculus, 227

Reproductive system, 12. See also Genital organs
development, 292, 294

female, 298

male, 297-298

Respiration, 154-155, 178

Respiratory region of nasal cavity, 431

Respiratory system, 11. See also Bronchi; Lungs
development, 156

Reticuloendothelial system, 10

Retina, 412

central artery, 407

Retinaculum, 4

Retinal detachment, 413, 458

Retinitis pigmentosa, 413, 458

Retromammary space, 31

Retromandibular vein, 355, 376

Retroperitoneal viscera, 225-237

kidneys, 225-227

frontal section, 226

lymphatic system, 231

posterior abdominal blood vessels, 230-231
suprarenal (adrenal) gland, 228-229
ureter, 227-228

Retropharyngeal abscess, 455

Retropharyngeal space, 362, 427

Reverse Colles' fracture, 22

Rhinoplasty, 430, 460

Rhomboid major muscle, 325
Rhomboid minor muscle, 325

Ribs, 142-143

articulations, 142
fracture, 143

Right atrium of heart, 158-159

Right auricle, 159

Right border of heart, 158
Right colic artery, 222
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Right coronary artery, 164

Right crus, 235

Right lung, 150-151

Right main bronchus, 146

Right nasal hemianopia, 405

Right pulmonary artery, 153
Right vagus nerve, 176

Right ventricle of heart, 161-162

Rima glottidis, 438

Risorius muscle, 364
Rods, 413

Roof of nasal cavity, 430
Root of tooth, 419

Rotator cuff, 24, 60, 63

rupture, 25

Round ligament of uterus, 273-274

Round window (fenestra cochlea or tympani), 444
Runny nose, 430, 460

S

Saccule, 446

Sacral artery, lateral, 288

Sacral plexus, 290-291

Sacral splanchnic nerve, 293

Sacrocervical ligaments, 274

Sacrococcygeal joint, 272
Sacroiliac joint, 272

Sacrospinalis group, 326

Sacrospinous ligament, 98

Sacrotuherous ligament, 98

Sacrum, 320-321, 321
Saddle block, 331, 336
Saddle joints, 3

Sagittal suture, 380

Saliva, 11

Salivary glands, 421-422

Salpingopharyngeus muscle, 428

Saphenous nerve, 95-96, 124

Saphenous opening, 103

Sartorius muscle, 104

Satellite cells, 6

Scala media (cochlear duct), 446
Scalene tubercle, 143

Scalp. See also Face and scalp

hemorrhage, 370, 455
Scaphoid, 23

fracture, 64

Scapula (shoulder blade), 18-20

movement, 61

Scapular notch, 19

Scarpa's fascia, 195
Schwann cells, 6

Sciatic foramina, 98

Sciatic nerve, 115, 291

Sciatica, 101, 319, 336

Sclera, 410

Scleroderma, 171, 182

Sclerotic plaques, 164

Sclerotome, 332

Scoliosis, 316, 335

Scrotum, 200-201, 266

Sebaceous glands, 13

Secondary cartilaginous joints, 2

Segmental muscles, 326

Sellar joints, 3

Semen, determining presence, 281

Semicircular ducts, 446

Semimembranosus muscle, 101

Seminal vesicles, 12, 281

Semitendinosus muscle, 101

Sensorineural deafness, 446, 461

Sensory nerve, to middle ear, 446

Sensory receptors, 13

Septicemia, 369

Septomarginal trabecula, 161

Serous pericardium, 157

Serratus anterior, 33

Serratus posterior-inferior muscle, 325

Serratus posterior-superior muscle, 325

Sesamoid bones, 2

Sex hormones, 12

Shella turcica (Turk's saddle) of sphenoid bone,

384

Shin splint, 110, 126

Shingles (herpes zoster), 330, 403

Short bones, 2

Short plantar ligament, 114

Short posterior ciliary arteries, 407

Short postganglionic fibers, 8

Shoulder blade (scapula), 18-20

movement, 61

Shoulder region, 34-36, 35, 36

joint, 24, 24-25

dislocation, 63

movement, 61

radiograph, 71

separation, 23

Side-to-side portacavel shunt, 223

Sigmoid arteries, 223

Sigmoid mesocolon, 205

Sigmoid sinus, 386

Sigmoid volvulus, 211, 243

Sinoatrial (SA) node, 163-164

Sinuatrial nodal artery, 164

Sinus venarum, 159

Sinusitis, 460

Sinusoids, 10

Skeletal muscle, 3

Skeletal system, 1-3, 333

bones, 1-2. See also Bones

joints, 2-3. See also Joints
of thorax, 141-145

Skin, 13
on scalp, 370

Skull and cranial cavity, 378-391, 456. See also Head
and neck

anterior view, 379

base of skull, 382
interior, 383

brain

arterial circle on inferior surface, 389

blood vessels, 388-390
circle of Willis, 390

cranial fossae, structures, 382-384
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cranial venous channels, 386-388, 387

cranium, bones, 378, 379-380

development, 390-391
foramina, 381-382

fracture, 381, 456

lateral view, 372

meninges of brain, 384-386, 385
posterior view, 380

sutures, 380-381

Skullcap, 379

Slipped disk, 319

Small bowel obstruction, 211
Small cardiac vein, 166

Small cell carcinoma, 152

Small intestine, 11, 209-210, 238

radiograph, 209

Small saphenous vein, 97

Smell (SVA) sensation, 431

Smith's fracture, 22

Smooth muscle, 4

Sneeze, 399, 431, 460

Soft palate, 416-417

Soleus muscle, 109

Soma, 5

Somatic motor nerves, 51

Somatic nervous system, 5

Sounds, heart, 163, 163

Special somatic afferent (SSA) fibers, 7

Special visceral afferent (SVA) fibers, 7

Special visceral efferent (SVE) fibers, 7

Spermatic cord, 199, 200-201

covering, 200

Spermatozoa, 12

Sphenoid bone, 379

greater wing of, 383

lesser wing of, 383

shella turcica (Turk's saddle) of, 384

Sphenoidal sinus, 388

Sphenoidal sinusitis, 460

Sphenopalatine artery, 376

Sphenopalatine foramen, 382

Sphenoparietal sinus, 387
Spheroidal joints, 3

Sphincter ani externus, 264

Sphincter of Oddi, 217

Sphincter urethrae, 262

Spider angioma, 214

Spider nevi, 214

Spina bifida, 316, 319, 335

Spinal cord, 6, 328-330, 334

anterior horn, 51

associated structures, 332

development, 333
spinal nerves, 330

Spinal cord ischemia, 330

Spinal nerves, 6

typical, 7

Spinal puncture, 331

Spine of the scapula, 18
Spinotransverse group, 325

Spinous process, 316-317

Spiral groove, 20

Splanchnic nerves, 179-180, 234
thoracic, 176

Spleen, 217-218, 239
Splenectomy, 218

Splenic artery, 220

Splenic vein, 224

Splenomegaly, 214, 218

Spondylolisthesis, 315

Spongy bone, 2

Spontaneous pneumothorax, 149

Spring ligament, 114

Squamous cell carcinoma, 152

Squamous suture, 380

Squint-eye (strabismus), 408
Stapedial nerve, 397

Stapedius muscle, 445

Stapes (stirrup), 445

Stellate block, 175, 183

Stellate ganglion block, 360, 454

Sternal angle, 141, 177

Sternochondral (sternocostal) joints, 143
Sternoclavicular joint, 23, 143

Sternocleidomastoid branch, 355

Sternocleidomastoid muscle, 349

Sternocostal (sternochondral) joints, 143

Sternohyoid muscle, 349

Sternothyroid muscle, 349

Sternum, 141-142

Stirrup (stapes), 445

Stomach, 11, 208, 208-209, 238, 242

development, 219

radiograph, 209

Strabismus (squint-eye; crossed-eye), 408

Straight sinus, 386

Strangulated hernia, 199

Stress fracture, 87

Styloglossus muscle, 420

Stylohyoid muscle, 349

Styloid process, 21

Stylomandibular ligament, 378

Stylomastoid foramen, 382

Stylopharyngeus muscle, 428
Subacromial bursa, 25

Subacromial bursitis, 25

Subarachnoid hemorrhage, 385, 456

Subarachnoid space, 6

Subclavian artery, 61, 351-353, 352
branches, 52

Subclavian artery branches, 53

Subclavian steal syndrome, 327, 336

Subclavius muscle, 33

nerve to, 46, 351

Subcostal arteries, 172

Subcostal nerve, 202, 232

Subcostalis muscle, 144
Subdeltoid bursa, 25

Subdural hematoma, 385, 456

Subhepatic recess, 207

Sublingual salivary gland, 422

Subluxation, 328

Submandibular ganglion, 402

Submandibular salivary gland, 421
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Submucosal plexuses, 8

Suboccipital area, 326-328, 327
Suboccipital nerve, 326

Suboccipital triangle, 326, 327
Subphrenic recess, 207

Subscapular artery, 55

Subscapular axillary lymph nodes, 29

Subscapular bursa, 25

Subscapularis muscle, 34

Sulcus terminalis, 158

Superficial branch of radial nerve, 51

Superficial branch of ulnar nerve, 51

Superficial cervical lymph nodes, 356

Superficial circumflex iliac artery, 118, 203

Superficial dorsal vein of penis, 270

Superficial epigastric arteries, 118, 203

Superficial external pudendal artery, 118

Superficial fascia, 4

of anterior abdominal wall, 195-196

Superficial inguinal group of lymph nodes, 98

Superficial inguinal ring, 198

Superficial layer of deep cervical fascia, 361

Superficial lymph nodes, of head, 356

Superficial lymph vessels, 98

Superficial lymphatics and axillary lymph nodes, in

upper limb, 29, 29-30

Superficial muscles, of back, 323, 324
Superficial palmar arterial arch, 58

Superficial palmar branch, 56

Superficial perineal space (pouch), 260-262

muscles, 261, 263, 264
Superficial peroneal nerve, 97, 116

Superficial peroneal space, 294

Superficial pudendal arteries, 203

Superficial temporal artery, 355, 368-369

Superficial transverse perineal muscle, 261

Superficial vein, 122

Superficial veins

in lower limb, 97

in upper limb, 28, 28-29

Superficial venous arch, 59

Superior cerebellar artery, 390

Superior cervical ganglion, 360

Superior constrictor muscle, 428

Superior deep cervical nodes, 357

Superior epigastric artery, 144, 203

Superior extensor retinaculum, 110

Superior gemellus muscle, 99

Superior gluteal artery, 117, 288

Superior gluteal nerve, 115, 291

Superior hypogastric plexus, 293

Superior intercostal artery, 353
Superior intercostals vein, 173

Superior laryngeal nerve, 399, 441

Superior mediastinum, 145-146

Superior mesenteric artery, 222-223

Superior mesenteric vein, 224

Superior oblique muscle, 411

Superior ophthalmic vein, 408

Superior orbital fissure, 381, 404

Superior petrosal sinus, 387

Superior pulmonary sulcus, 151

Superior pulmonary sulcus tumor, 151

Superior rectal artery, 223, 290

Superior rectus muscle, 411

Superior sagittal sinus, 386

Superior thoracic artery, 52

Superior thyroid artery, 354

Superior transverse scapular ligament, calcification,

20
Superior ulnar collateral artery, 56

Superior vena cava, 167

Supination, 37

Supinator muscle, 40

Supraclavicular nerve, 26, 348

Supracondylar fractures, 21

Supraglenoid tubercles, 20

Suprahyoid muscles, 349

Supraorbital artery, 407

Supraorbital notch, 381, 404

Suprapatellar bursa, 93

Suprarenal (adrenal) gland, 228-229

development, 229

Suprascapular artery, 52, 353

Suprascapular nerve, 19-20, 45-46, 351

Supraspinatus muscle, 34

Supratrochlear artery, 407

Supravesical fossa, 201

Sural cutaneous nerve, 96

Sural nerve, 97

Surgical neck, 20

Suspensory ligaments, 30

of the ovary, 274

of penis (or clitoris), 265

Sutures, 2
Sutures of skull, 380-381

junctions, 380

SVA (smell) sensation, 431

Swallowing, 424-425

Sweat glands, 13

Sympathetic chain (paravertebral) ganglia, 51, 52, 233

Sympathetic nerve fibers, 8, 9

Sympathetic nervous system, 174-176

Sympathetic trunk, 175, 359-360

Symphyses, 2

Synapses, 6

Synarthroses, 2

Synchondroses, 2

Syndactyly, 60

Synovial flexor sheaths, 42

Synovial joints, 3
Synovial membrane, sacs of, 4

Synovial tendon sheaths, 4

Synovitis, 64
Syringomyelocele, 316, 335

Systemic anatomy, 1

Systemic circulation, 9
Systemic sclerosis, 171, 182

Systemic veins, 10

Systolic pressure, 56

T

"falipes equinovarus, 114

Talipes planus, 111
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Talocalcaneal (subtalar) joint, 94
Talocalcaneonavicular joint, 94
Talocrural (ankle) joint, 93-94. See also Ankle and foot
Talus, 86
Tarsal joints, 94-95
Tarsal tunnel, 126
Tarsal tunnel syndrome, 110, 126
Tarsometatarsal joints, 95
Tarsus, 86-87
TB (tuberculosis), 151, 181
Tears, 410
Tectorial membrane, 328
Teeth and gums, 419-420

abscess or infection, 459
Temporal (giant cell) arteritis, 355, 456
Temporal bone, 379
Temporal fossa, 371
Temporalis muscle, 374
Temporomandibular joint, 378, 456
Tendo calcaneus (Achilles tendon), 111
Tendonitis, of rotator cuff, 25
Tendons, 4

sesamoid bones and, 2
Tennis elbow, 37
Tenosynovitis, 42
Tension penumothorax, 149
Tensor fascae latae muscle, 99
Tensor tympani muscle, 445
Tensor veli palatini muscle, 418
Tentorium cerebelli, 386
Teres major muscle, 34
Teres minor muscle, 34
Terminal sac period of lung development, 156
Testes, 12
Testicular arteries, 230
Testicular atrophy, 214
Testicular cancer, 280, 300
Testicular torsion, 279
Testis, 200-201, 279-280

descent, 294
Tethered cord syndrome, 329, 336
Tetralogy of Fallot, 168, 182
Thenar space, 42
Thigh

anterior and medial, 102-105
arteries, 106

fibrous structures, 102-103
nerves, 105

muscular system, 99, 123-124
anterior muscles, 103-104
medial muscles, 104, 105

posterior, 98-102
fibrous structures, 98-99
hip (coxal) joint, 101-102
posterior muscles of thigh, 100

Third occipital nerve, 325
Thoracentesis, 150
Thoracic aorta, 154, 171-172
Thoracic artery, lateral, 55
Thoracic duct, 10, 173-174, 360

area drained by, 174

"thoracic empyema, 150

Thoracic outlet, 142
Thoracic outlet syndrome, 142
Thoracic splanchnic nerves, 176, 234
Thoracic vertebrae, 318, 320
Thoracoacromial artery, 55
Thoracodorsal artery, SS
Thoracodorsal nerve, 48
Thoracoepigastric vein, 144, 203
Thoracolumbar (lumbodorsal) fascia, 323
Thorax

articulations, 143
autonomic nervous system, 174-177
computed tomography scans, 189
contrast-enhanced computed tomography scan,

160

frontal section, 148

great vessels, 166-167
heart, 158, 158-166

cardiac plexus, 166
cardiac veins and coronary sinus, 165-166
conducting system, 163-164
coronary arteries, 164-165
development, 167, 167-169
internal anatomy and conducting system, 161
left atrium, 159, 161
left ventricle, 162
lymphatic system, 166
right atrium, 158-159
right ventricle, 161-162
sounds, 163, 163
valves, 162-163

horizontal section, 149

lungs, 147, 150-152
blood vessels, 152-154
development, 156
lymphatic vessels, 152, 153
nerves, 155-156
respiration, 154-155

lympatic drainage, 145
mediastinum, 145, 145-146, 177

blood vessels, 171-173
esophagus, 171
lymphatic vessels, 173-174

muscular system, 144
nerves and blood vessels of thoracic wall, 143-144
pericardium, 156-157
pleurae and pleural cavities, 148-150
posterior-anterior radiograph, 159
skeletal system, 141-145
trachea and bronchi, 146-148, 147

Thrombocytopenia, 214
Thrombophlebitis, 97
Thyroarytenoid muscle, 440
Thyrocervical trunk, 352
Thyroepiglottic muscle, 440
Thyroglossal duct cyst, 364, 455
Thyrohyoid membrane, 437
Thyrohyoid muscle, 349
Thyroid cartilage, 359, 436
Thyroid gland, 358-359, 454-455
Thyroidectomy, 359, 455
Tibia, 86
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Tibial nerve, 117

Tibialis anterior muscle, 108

Tibialis posterior muscle, 109

Tibiolibular joints, 93

Tic douloureux, 368, 455
Tongue, 417-419, 419

development, 422-423

Tongue-tie (ankyloglossia), 417, 459

Tonsillar branches, 398

Tonsillectomy, 426

Tonsils, 425-427

Torticollis (wryneck), 346, 454

Trabeculae carneae cordis, 161
Trachea, 146-148, 147, 177-178, 357-358

development, 156

Tracheoesophageal septum, 156

Tracheotomy (tracheostomy), 358, 454

Tragus in external ear, 441

Transjugular intrahepatic portosystemic shunt

(TIPS), 223

Transurethral resection of the prostate (TURP), 281

Transversalis fascia, 202

Transverse acetabular ligament, 88, 90

Transverse arch, 113

Transverse arytenoid muscle, 440

Transverse cervical artery, 324, 352-353

Transverse cervical ligaments of uterus, 274
Transverse cervical nerve, 348

Transverse foramina, 317

Transverse humeral ligament, 25

Transverse ligament, in knee joint, 92

Transverse mesocolon, 205

Transverse muscle, 197

Transverse patellar fracture, 85

Transverse processes, 317

Transverse sinus, 157, 386

Transverse tarsal (midtarsal) joint, 94

Transverse thoracis muscle, 144

Transversospinalis group, 326

Trapezium, 23

Trapezius muscle, 325

Trapezoid, 23

Traumatic pneumothorax, 149

Trendelenburg's sign, 101, 124

Triangle of auscultation, 35, 323

Triangular space, 34

Triceps muscle, 38

Tricuspid heart valve, 162-163

Trigeminal nerve, 367-368, 392, 394-395

branches, 421
mandibular division, 372-373, 375

Trigeminal neuralgia, 368, 455

Trigger finger, 42

Tripod fracture, 381
Triquetrum, 23

Trochlea, 21

Trochlear nerve, 392, 394, 406

lesion, 457

Trochlear notch, 22
Trochoid joints, 3

Tropic hormones, 12

True pelvis, 271

True ribs, 142, 177
True vocal cords (vocal folds), 439

Tubal (eustachian) tonsil, 426

Tuberculosis (TB), 151, 181

Tunica albuginea, 265-266

Tunica dartos, 196

Tunica vaginalis, 201, 266, 294

Turk's saddle (shella turcica) of sphenoid bone, 384

TURP (transurethral resection of the prostate), 281

Twigs from plexus, 350

Tylectomy, 32

Tympanic cavity, 443

Tympanic membrane (eardrum), 442

Tympanic nerve, 398, 402

Tympanic plexus, 446

U
Ulcer, 242

duodenal peptic, 210

gastric, 209

peptic, 208

Ulcerative colitis, 211, 243, 287

Ulna, 22, 22

Ulnar artery, 58-59

Ulnar bursa, 42
Ulnar collateral ligament, 26

Ulnar nerve, 48, 49, 51

muscle innervation, 62

Ulnar tuberosity, 22

Umbilical arteries, 171, 288-289

Umbilical folds or ligaments, 202, 206, 237

Umbilical hernia, 195

Umbilical region of abdomen, 195, 196
Umbilical veins, 169, 171

Umbilicus, 195
Unipolar neurons, 5

Upper limb

abnormalities, 60

arm and forearm, 36-38

blood vessels, 52-60, 53

arteriograms, 54

axillary artery, 52-55

brachial artery, 55-56

radial artery, 56-57

subclavian artery branches, 52

ulnar artery, 58-59

veins, 59

bones, 18-23, 19
breast and mammary gland, 30-31, 31
cutaneous nerves, 26-27, 27
development, 59-60

hand, 38-43
blood vessels, 57

joints and ligaments, 23-26, 60
nerves, 44-52

brachial plexus, 44-48, 47
cutaneous nerves, 52

median nerve, 49, 49-50

musculocutaneous nerve, 48-49, 49
radial nerve, 50, 50-51

somatic motor nerves, 51

ulnar nerve, 49, 51
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pectoral region and axilla, 30-33
shoulder region, 34-36
superficial lymphatics and axillary lymph nodes,

29, 29-30
superficial veins, 28, 28-29
venipuncture, 59

Upper pelvic aperture, 271
Upper subscapular nerve, 48
Upper trunk injury, 52
Ureter, 227-228, 275-276, 297

damage, 299
Ureters, 12
Urethra, 12

development, 293
Urethral artery, 269
Urethral crest, 282
Urinary bladder, 12, 276-278, 297

cancer, 278
development, 229

Urinary system, 12
Urinary tract, disorders, 299
Urination, 278-279
Urine, extravasated, 260, 299
Urogenital diaphragm, 263
Urogenital folds, 294
Urogenital sinus, 267, 294
Urogenital system, development, 292
Urogenital triangle, 260-263
Uterine artery, 290
Uterine prolapse, 284
Uterine tubes, 12, 284
Uterus, 12, 284-285

broad ligament, 273, 274
round ligament, 273-274

Utricle, 446

V

Vagina, 12, 285-286
vestibule of, 267

Vaginal artery, 290
Vaginal examination, 286
Vaginismus, 286
Vagotomy, 177, 182
Vagus nerves, 176-177, 359, 393, 398-399

lesion, 417, 457
Vallate papillae, 418
Valsalva's maneuver, 438
Valves

of heart, 162-163
of lymphatic vessels, 10

Varicocele, 266
Varicose veins, 97
Vascular system, 9-10
Vasectomy, 281
Vastus intermedius muscle, 104
Vastus lateralis muscle, 104
Vastus medialis muscle, 104
Veins, 10

of hack, 334
development, 169-170
facial, 369
head and neck, 369

in lower limb, 121
deep, 121
superficial, 97

of neck, 355, 356
ophthalmic, 408
of pelvis, 290
of penis, 269-270
umbilical, 171
in upper limb, 59

superficial, 28, 28-29
of vertebral column, 322-323

Vena caval hiatus, 235
Venae comitantes, 10
Venae cordis minimae, 159, 166
Venipuncture, 64

of upper limb, 59
Ventral primary rami, 7
Ventricles, 438
Ventricular septal defect, 169, 182
Vertebal foramina, 317
Vertebral arch, 316
Vertebral arteries, 326-327, 352, 388-389
Vertebral column, 315-323, 334

development, 332-333
intervertebral disks, 318-320
ligaments, 321-322
magnetic resonance imaging, 317
radiograph, 316
regional characteristics, 320-321
typical vertebra, 315-318, 318
veins, 322-323

Vertebral neck muscles, lateral, 363
Vertebral vein, 323, 327
Vertebral venous plexus, 323
Vestibular apparatus, 446
Vestibular folds (false vocal cords), 439
Vestibular ligament, 437
Vestibule, 12, 430, 438, 446

of vagina, 267
Vestibulocochlear nerve, 392, 397

lesion, 457
Vidian nerve, 401
Viral meningitis, 331
Visceral nervous system, 5
Visceral peritoneum, 204
Visceral pleura, 149
Vision, 458-459
Vitelline veins, 169
Vitreous body, 415
Vocal folds (true vocal cords), 439
Vocal ligament, 437
Vocalis muscle, 440
Volkmann's contacture, 39

Waiter's tip hand, 52, 351
Waldeyer's tonsillar ring, 427
Wall of nasal cavity, 430
Walls of orbit, 403
Waste products, 9
Wharton's duct, 421
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X

Xiphoid process, 141-142

Whiplash injury of neck, 318, 336
Whipple procedure, 216
White matter of brain, 6
White rami communicantes, 176, 180
Winslow's (epiploic) foramen, 207
Wrist drop, 48
Wrist joint, 26

coronal magnetic resonance image, 45

fracture, 22
movement, 61-62
radiograph, 73

Wryneck (torticollis), 346, 454

Zygomatic nerve, 395, 434
Zygomaticofacial foramen, 381
Zygomaticus major muscle, 364
Zygomaticus minor muscle, 364
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