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Preface

A third of a century has passed since the first edition of
Clinically Oriented Anatomy appeared on bookstore
shelves. Although the factual basis of anatomy is remark-
able among basic sciences for its longevity and consistency,
this book has evolved markedly since its inception. This is a
reflection of changes in the clinical application of anatomy,
new imaging technologies that reveal living anatomy in new
ways, and improvements in graphic and publication tech-
nology that enable superior demonstration of this informa-
tion. Efforts continue to make this book even more student
friendly and authoritative. The seventh edition has been
thoroughly reviewed by students, anatomists, and clinicians
for accuracy and relevance and revised with significant new
changes and updates.

KEY FEATURES

Clinically Oriented Anatomy has been widely acclaimed
for the relevance of its clinical correlations. As in previous
editions, the seventh edition places clinical emphasis on
anatomy that is important in physical diagnosis for primary
care, interpretation of diagnostic imaging, and understand-
ing the anatomical basis of emergency medicine and general
surgery. Special attention has been directed toward assisting
students in learning the anatomy they will need to know in
the twenty-first century, and to this end new features have
been added and existing features updated.

Extensive art program. The seventh edition is distin-
guished by an extensive revision of the art program. Working
with a team of artists from Imagineering, every illustration
has been revised, improving accuracy and consistency and
giving classical art derived from Grant’s Atlas of Anatomy
a fresh, vital, new appearance. An effort has been made to
ensure that all the anatomy presented and covered in the text
is also illustrated. The text and illustrations have been devel-
oped to work together for optimum pedagogical effect, aid-
ing the learning process and markedly reducing the amount
of searching required to find structures. The great majority
of the clinical conditions are supported by photographs and/
or color illustrations; multipart illustrations often combine
dissections, line art, and medical images; tables are accom-
panied by illustrations to aid the student’s understanding of
the structures described.

Clinical correlations. Popularly known as “blue boxes,”
the clinical information sections have grown, and many of

them are supported by photographs and/or dynamic color
illustrations to help with understanding the practical value
of anatomy. In response to our readers’ suggestions, the blue
boxes have been grouped together within chapters, enabling
presentation of topics with less interruption of the running text.

Bottom line summaries. Frequent “bottom line” boxes
summarize the preceding information, ensuring that primary
concepts do not become lost in the many details necessary
for thorough understanding. These summaries provide a
convenient means of ongoing review and underscore the big
picture point of view.

Anatomy described in a practical, functional con-
text. A more realistic approach to the musculoskeletal sys-
tem emphasizes the action and use of muscles and muscle
groups in daily activities, emphasizing gait and grip. The
eccentric contraction of muscles, which accounts for much
of their activity, is now discussed along with the concentric
contraction that is typically the sole focus in anatomy texts.
This perspective is important to most health professionals,
including the growing number of physical and occupational
therapy students using this book.

Surface anatomy and medical imaging. Surface
anatomy and medical imaging, formerly presented sepa-
rately, are now integrated into the chapter, presented at
the time each region is being discussed, clearly demon-
strating anatomy’s relationship to physical examination
and diagnosis. Both natural views of unobstructed surface
anatomy and illustrations superimposing anatomical struc-
tures on surface anatomy photographs are components of
each regional chapter. Medical images, focusing on normal
anatomy, include plain and contrast radiographic, MRI,
CT, and ultrasonography studies, often with correlative line
art as well as explanatory text, to help prepare future pro-
fessionals who need to be familiar with diagnostic images.

Case studies, accompanied by clinico-anatomical
problems and board review-style multiple-choice
questions. Interactive case studies and multiple-choice
questions are available to our readers online at http:/
thePoint.Iww.com, providing a convenient and comprehen-
sive means of self-testing and review.

Terminology. The terminology fully adheres to Termi-
nologia Anatomica (1998), approved by the International
Federation of Associations of Anatomists (IFAA). Although
the official English-equivalent terms are used throughout the
book, when new terms are introduced, the Latin form, used
in Europe, Asia, and other parts of the world, is also provided.
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The roots and derivations of terms are provided to help stu-
dents understand meaning and increase retention. Eponyms,
although not endorsed by the IFAA, appear in parentheses in
this edition—for example, sternal angle (angle of Louis)—to
assist students who will hear eponymous terms during their
clinical studies. The terminology is now available online at
http://www.unifr.ch/ifaa.

RETAINED AND IMPROVED
FEATURES

Students and faculty have told us what they want and expect
from Clinically Oriented Anatomy, and we listened:

* A comprehensive text enabling students to fill in the
blanks, as time allotted for lectures continues to decrease,
laboratory guides become exclusively instructional, and
multiauthored lecture notes develop inconsistencies in
comprehension, fact, and format.

* A resource capable of supporting areas of special interest
and emphasis within specific anatomy courses that serves
the anatomy needs of students during both the basic sci-
ence and the clinical phases of their studies.

e A thorough Introduction that covers important systemic
information and concepts basic to the understanding of
the anatomy presented in the subsequent regional chap-
ters. Students from many countries and backgrounds have
written to express their views of this book—gratifyingly,
most are congratulatory. Health professional students
have more diverse backgrounds and experiences than
ever before. Curricular constraints often result in unjusti-
fied assumptions concerning the prerequisite information
necessary for many students to understand the presented
material. The Introduction includes efficient summaries
of functional systemic anatomy. Students’ comments spe-
cifically emphasized the need for a systemic description
of the nervous system and the peripheral autonomic ner-
vous system (ANS) in particular.

e Routine facts (such as muscle attachments, innervations,
and actions) presented in tables organized to demonstrate
shared qualities and illustrated to demonstrate the pro-
vided information. Clinically Oriented Anatomy provides
more tables than any other anatomy textbook.

e [llustrated clinical correlations that not only describe but
also show anatomy as it is applied clinically.

e [llustrations that facilitate orientation. Many orientation
figures have been added, along with arrows to indicate
the locations of the inset figures (areas shown in close-up
views) and viewing sequences. Labels have been placed
to minimize the distance between label and object, with
leader lines running the most direct course possible.

* Blue boxes are classified by the following icons to indicate
the type of clinical information covered:

& » Anatomical variations. These blue boxes fea-
v s ture anatomical variations that may be encoun-
‘, ' tered in the dissection lab or in practice,
emphasizing the clinical importance of awareness of such
variations.

a@ Life cycle. These blue boxes emphasize prenatal
N

developmental factors that affect postnatal anatomy

and anatomical phenomena specifically associated
with stages of life—childhood, adolescence, adult, and
advanced age.

Trauma. The effect of traumatic events—such as

fractures of bones or dislocations of joints—on nor-

mal anatomy and the clinical manifestations and
dysfunction resulting from such injuries are featured in these
blue boxes.

Diagnostic procedures. Anatomical features and
observations that play a role in physical diagnosis are
targeted in these blue boxes.

Surgical procedures. These blue boxes address
such topics as the anatomical basis of surgical
procedures, such as the planning of incisions,
and the anatomical basis of regional anesthesia.

Pathology. The effect of disease on normal anat-
omy, such as cancer of the breast, and anatomical
structures or principles involved in the confine-
ment or dissemination of disease within the body are
the types of topics covered in these blue boxes.

e Boldface type indicates the main entries of anatomi-
cal terms, when they are introduced and defined. In the
index, the page numbers of these main entries also appear
in boldface type, so that the main entries can be easily
located. Boldface type is also used to introduce clinical
terms in the clinical correlation (blue) boxes.

e [talic type indicates anatomical terms important to the
topic and region of study or labeled in an illustration that
is being referenced.

e Useful content outlines appear at the beginning of every
chapter.

e Instructor’s resources and supplemental materials are
available at http://thePoint.Iww.com.

Anne M. R. Agur, Ph.D., joined Keith Moore and Arthur
Dalley as a co-author for the sixth edition. From the out-
set, Clinically Oriented Anatomy has utilized materials
from Grant’s Atlas, for which Anne has had responsibility
since 1991. Anne made significant contributions to previous


http://www.unifr.ch/ifaa
http://thePoint.lww.com

editions of Clinically Oriented Anatomy beyond the sharing
of materials from Grant’s Atlas, and has been involved in—
and been an asset to—every stage of the development of this
and the previous editions.

COMMITMENT TO
EDUCATING STUDENTS

This book is written for health science students, keeping
in mind those who may not have had a previous acquain-
tance with anatomy. We have tried to present the material
in an interesting way so that it can be easily integrated
with what will be taught in more detail in other disci-
plines such as physical diagnosis, medical rehabilitation,

ABBREVIATIONS

a., aa. artery, arteries

ant. anterior

B.C.E. before the Common (Christian) era
C cervical

C.E. Common (Christian) era
Co coccygeal

dim. diminutive

e.g. for example

et al. and others

F female

Fr. French

G. Greek

ie. that is

inf. inferior

L liter, lumbar

L. Latin
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and surgery. We hope this text will serve two purposes:
to educate and to excite. If students develop enthusiasm
for clinical anatomy, the goals of this book will have been

fulfilled.

Keith L. Moore
University of Toronto
Faculty of Medicine

Arthur F. Dalley 11
Vanderbilt University
School of Medicine

Anne M. R. Agur
University of Toronto

Faculty of Medicine
lev. levator
lit. literally
M male
m., mm. muscle, muscles
Mediev. medieval
Mod. modern
post. posterior
S sacral
sup. superior, superioris
supf. superficial
T thoracic
TA Terminologia Anatomica
TE Terminologia Embryologica
TH Terminologia Histologica
V., VV. vein, veins
Vs. versus
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and Genu Varum; Patellar Dislocation; Patellofemoral
Syndrome; Knee Joint Injuries; Arthroscopy of Knee Joint;
Aspiration of Knee Joint; Bursitis in Knee Region; Popliteal
Cysts; Knee Replacement; Ankle Injuries; Tibial Nerve
Entrapment; Hallux Valgus; Hammer Toe; Claw Toes; Pes
Planus (Flatfeet); Clubfoot (Talipes equinovarus) / 659

Upper Limb

Bones of Upper Limb. Upper Limb Injuries; Variations
of Clavicle; Fracture of Clavicle; Ossification of Clavicle;
Fracture of Scapula; Fractures of Humerus; Fractures
of Radius and Ulna; Fracture of Scaphoid; Fracture

of Hamate; Fracture of Metacarpals; Fracture of
Phalanges / 683

Pectoral, Scapular, and Deltoid Regions. Absence of
Pectoral Muscles; Paralysis of Serratus Anterior; Triangle
of Auscultation; Injury of Spinal Accessory Nerve (CN XI);
Injury of Thoracodorsal Nerve; Injury to Dorsal Scapular
Nerve; Injury to Axillary Nerve; Fracture-Dislocation of
Proximal Humeral Epiphysis; Rotator Cuff Injuries / 709

Axilla. Arterial Anastomoses Around Scapula;
Compression of Axillary Artery; Aneurysm of Axillary
Artery; Injuries to Axillary Vein; Role of Axillary Vein in
Subclavian Vein Puncture; Enlargement of Axillary Lymph
Nodes; Dissection of Axillary Lymph Nodes; Variations of
Brachial Plexus; Brachial Plexus Injuries; Brachial Plexus
Block / 726

Arm and Cubital Fossa. Bicipital Myotatic Reflex; Biceps
Tendinitis; Dislocation of Tendon of Long Head of Biceps
Brachii; Rupture of Tendon of Long Head of Biceps
Brachii; Interruption of Blood Flow in Brachial Artery;
Fracture of Humeral Shaft; Injury to Musculocutaneous
Nerve; Injury to Radial Nerve in Arm; Venipuncture in
Cubital Fossa; Variation of Veins in Cubital Fossa / 741

Forearm. Elbow Tendinitis or Lateral Epicondylitis; Mallet
or Baseball Finger; Fracture of Olecranon; Synovial Cyst of
Wrist; High Division of Brachial Artery; Superficial Ulnar



xxii

List of Clinical Blue Boxes

Artery; Measuring Pulse Rate; Variations in Origin of
Radial Artery; Median Nerve Injury; Pronator Syndrome;
Communications Between Median and Ulnar Nerves;
Injury of Ulnar Nerve at Elbow and in Forearm; Cubital
Tunnel Syndrome; Injury of Radial Nerve in Forearm
(Superficial or Deep Branches) / 766

Hand. Dupuytren Contracture of Palmar Fascia;

Hand Infections; Tenosynovitis; Laceration of Palmar
Arches; Ischemia of Digits (Fingers); Lesions of Median
Nerve; Ulnar Canal Syndrome; Handlebar Neuropathy;
Radial Nerve Injury in Arm and Hand Disability;
Dermatoglyphics; Palmar Wounds and Surgical
Incisions / 789

Joints of Upper Limb. Dislocation of Sternoclavicular
Joint; Ankylosis of Sternoclavicular Joint; Dislocation of
Acromioclavicular Joint; Calcific Supraspinatus Tendinitis;
Rotator Cuff Injuries; Dislocation of Glenohumeral Joint;
Axillary Nerve Injury; Glenoid Labrum Tears; Adhesive
Capsulitis of Glenohumeral Joint; Bursitis of Elbow;
Avulsion of Medial Epicondyle; Ulnar Collateral Ligament
Reconstruction; Dislocation of Elbow Joint; Subluxation
and Dislocation of Radial Head; Wrist Fractures and
Dislocations; Bull Rider’s Thumb; Skier’s Thumb / 813

Cranium. Head Injuries; Headaches and Facial Pain; Injury
to Superciliary Arches; Malar Flush; Fractures of Maxillae
and Associated Bones; Fractures of Mandible; Resorption
of Alveolar Bone; Fractures of Calvaria; Surgical Access

to Cranial Cavity: Bone Flaps; Development of Cranium;
Age Changes in Face; Obliteration of Cranial Sutures;

Age Changes in Cranium; Craniosynostosis and Cranial
Malformations / 837

Face and Scalp. Facial Lacerations and Incisions; Scalp
Injuries; Scalp Wounds; Scalp Infections; Sebaceous
Cysts; Cephalhematoma; Flaring of Nostrils; Paralysis of
Facial Muscles; Infra-Orbital Nerve Block; Mental and
Incisive Nerve Blocks; Buccal Nerve Block; Trigeminal
Neuralgia; Lesions of Trigeminal Nerve; Herpes Zoster
Infection of Trigeminal Ganglion; Testing Sensory Function
of CN V; Injuries to Facial Nerve; Compression of Facial
Artery; Pulses of Arteries of Face and Scalp; Stenosis of
Internal Carotid Artery; Scalp Lacerations; Squamous Cell
Carcinoma of Lip / 860

Cranial Cavity and Meninges. Fracture of Pterion;
Thrombophlebitis of Facial Vein; Blunt Trauma to Head;
Tentorial Herniation; Bulging of Diaphragma Sellae;
Occlusion of Cerebral Veins and Dural Venous Sinuses;
Metastasis of Tumor Cells to Dural Venous Sinuses; Fractures
of Cranial Base; Dural Origin of Headaches; Leptomeningitis;
Head Injuries and Intracranial Hemorrhage / 874

Brain. Cerebral Injuries; Cisternal Puncture;
Hydrocephalus; Leakage of Cerebrospinal Fluid;
Anastomoses of Cerebral Arteries and Cerebral Embolism;
Variations of Cerebral Arterial Circle; Strokes; Brain
Infarction; Transient Ischemic Attacks / 885

Orbital Region, Orbit, and Eyeball. Fractures of

Orbit; Orbital Tumors; Injury to Nerves Supplying
Eyelids; Inflammation of Palpebral Glands; Hyperemia
of Conjunctiva; Subconjunctival Hemorrhages;
Development of Retina; Retinal Detachment; Pupillary
Light Reflex; Uveitis; Ophthalmoscopy; Papilledema;
Presbyopia and Cataracts; Coloboma of Iris; Glaucoma;
Hemorrhage into Anterior Chamber; Artificial Eye;
Corneal Reflex; Corneal Abrasions and Lacerations;
Corneal Ulcers and Transplants; Horner Syndrome;
Paralysis of Extraocular Muscles/Palsies of Orbital
Nerves; Blockage of Central Artery of Retina; Blockage of
Central Vein of Retina / 909

Parotid and Temporal Regions, Infratemporal Fossa, and
Temporomandibular Joint. Parotidectomy; Infection of
Parotid Gland; Abscess in Parotid Gland; Sialography of
Parotid Duct; Blockage of Parotid Duct; Accessory Parotid
Gland; Mandibular Nerve Block; Inferior Alveolar Nerve
Block; Dislocation of TMJ; Arthritis of TMJ / 926

Oral Region. Cleft Lip; Cyanosis of Lips; Large Labial
Frenulum; Gingivitis; Dental Caries, Pulpitis, and

Tooth Abscesses; Supernumerary Teeth (Hyperdontia);
Extraction of Teeth; Dental Implants; Nasopalatine Block;
Greater Palatine Block; Cleft Palate; Gag Reflex; Paralysis
of Genioglossus; Injury to Hypoglossal Nerve; Sublingual
Absorption of Drugs; Lingual Carcinoma; Frenectomy;
Excision of Submandibular Gland and Removal of a
Calculus; Sialography of Submandibular Ducts / 946

Pterygopalatine Fossa. Transantral Approach to
Pterygopalatine Fossa / 954

The Nose. Nasal Fractures; Deviation of Nasal Septum;
Rhinitis; Epistaxis; Sinusitis; Infection of Ethmoidal Cells;
Infection of Maxillary Sinuses; Relationship of Teeth to
Maxillary Sinus; Transillumination of Sinuses / 963

Ear. External Ear Injury; Otoscopic Examination; Acute
Otitis Externa; Otitis Media; Perforation of Tympanic
Membrane; Mastoiditis; Blockage of Pharyngotympanic
Tube; Paralysis of Stapedius; Motion Sickness; Dizziness
and Hearing Loss; Méniére Syndrome; High Tone
Deafness; Otic Barotrauma / 977

Bones of Neck. Cervical Pain; Injuries of Cervical Vertebral
Column; Fracture of Hyoid Bone / 985

Cervical Fascia. Paralysis of Platysma; Spread of Infections
in Neck / 988

Superficial Structures of Neck: Cervical Regions.
Congenital Torticollis; Spasmodic Torticollis; Subclavian
Vein Puncture; Right Cardiac Catheterization; Prominence
of External Jugular Vein; Severance of External Jugular
Vein; Lesions of Spinal Accessory Nerve (CN XI);
Severance of Phrenic Nerve, Phrenic Nerve Block, and
Phrenic Nerve Crush; Nerve Blocks in Lateral Cervical
Region; Injury to Suprascapular Nerve; Ligation of
External Carotid Artery; Surgical Dissection of Carotid



Triangle; Carotid Occlusion and Endarterectomy; Carotid
Pulse; Carotid Sinus Hypersensitivity; Role of Carotid
Bodies; Internal Jugular Pulse; Internal Jugular Vein
Puncture / 1007

Deep Structures of Neck. Cervicothoracic Ganglion Block;
Lesion of Cervical Sympathetic Trunk / 1017

Viscera of Neck. Thyroid Ima Artery; Thyroglossal

Duct Cysts; Aberrant Thyroid Gland; Accessory Thyroid
Glandular Tissue; Pyramidal Lobe of Thyroid Gland;
Enlargement of Thyroid Gland; Thyroidectomy; Injury to
Recurrent Laryngeal Nerves; Inadvertent Removal

of Parathyroid Glands; Fractures of Laryngeal Skeleton;
Laryngoscopy; Valsalva Maneuver; Aspiration of Foreign
Bodies and Heimlich Maneuver; Tracheostomy; Injury
to Laryngeal Nerves; Superior Laryngeal Nerve Block;
Cancer of Larynx; Age Changes in Larynx; Foreign
Bodies in Laryngopharynx; Sinus Tract from Piriform
Fossa; Tonsillectomy; Adenoiditis; Branchial Fistula;
Branchial Sinuses and Cysts; Esophageal Injuries;

List of Clinical Blue Boxes xxiii

Tracheo-Esophageal Fistula; Esophageal Cancer; Zones of
Penetrating Neck Trauma / 1040

Lymphatics in Neck. Radical Neck Dissections / 1052

Summary of Cranial Nerves

Cranial Nerves. Cranial Nerve Injuries. Olfactory Nerve.
Anosmia-Loss of Smell; Olfactory Hallucinations. Optic
Nerve. Demyelinating Diseases and Optic Nerves; Optic
Neuritis; Visual Field Defects. Oculomotor Nerve. Injury to
Oculomotor Nerve; Compression of Oculomotor Nerve;
Aneurysm of Posterior Cerebral or Superior Cerebellar Artery.
Trochlear Nerve. Trigeminal Nerve. Injury to Trigeminal
Nerve; Dental Anesthesia. Abducent Nerve. Facial Nerve.
Vestibulocochlear Nerve. Injuries to Vestibulocochlear

Nerve; Deafness; Acoustic Neuroma; Trauma and Vertigo.
Glossopharyngeal Nerve. Lesions of Glossopharyngeal Nerve;
Glossopharyngeal Neuralgia. Vagus Nerve. Spinal Accessory
Nerve. Hypoglossal Nerve / 1078
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APPROACHES TO STUDYING
ANATOMY

Anatomy is the setting (structure) in which the events (func-
tions) of life occur. This book deals mainly with functional
human gross anatomy—the examination of structures of the
human that can be seen without a microscope. The three
main approaches to studying anatomy are regional, systemic,
and clinical (or applied), reflecting the body’s organization
and the priorities and purposes for studying it.

Regional Anatomy

Regional anatomy (topographical anatomy) considers the
organization of the human body as major parts or segments
(Fig. I.1): a main body, consisting of the head, neck, and trunk
(subdivided into thorax, abdomen, back, and pelvis/perineum),
and paired upper limbs and lower limbs. All the major parts may
be further subdivided into areas and regions. Regional anat-
omy is the method of studying the body’s structure by focusing
attention on a specific part (e.g., the head), area (the face), or
region (the orbital or eye region); examining the arrangement
and relationships of the various systemic structures (muscles,
nerves, arteries, etc.) within it; and then usually continuing to
study adjacent regions in an ordered sequence. Outside of this
Introduction, the regional approach is followed in this book,
with each chapter addressing the anatomy of a major part of
the body. This is the approach usually followed in anatomy
courses that have a laboratory component involving dissection.
When studying anatomy by this approach, it is important to
routinely put the regional anatomy into the context of that of
adjacent regions, parts, and of the body as a whole.

Regional anatomy also recognizes the body’s organization
by layers: skin, subcutaneous tissue, and deep fascia cov-
ering the deeper structures of muscles, skeleton, and cavi-
ties, which contain viscera (internal organs). Many of these
deeper structures are partially evident beneath the body’s

Computed Tomography / 67
Ultrasonography / 67
Magnetic Resonance Imaging / 68

Nuclear Medicine Imaging / 70

outer covering and may be studied and examined in living
individuals via surface anatomy.

Surface anatomy is an essential part of the study of
regional anatomy. It is specifically addressed in this book in
“surface anatomy sections” (orange background) that provide
knowledge of what lies under the skin and what structures
are perceptible to touch (palpable) in the living body at rest
and in action. We can learn much by observing the exter-
nal form and surface of the body and by observing or feel-
ing the superficial aspects of structures beneath its surface.
The aim of this method is to visualize (recall distinct mental
images of) structures that confer contour to the surface or
are palpable beneath it and, in clinical practice, to distinguish
any unusual or abnormal findings. In short, surface anatomy
requires a thorough understanding of the anatomy of the
structures beneath the surface. In people with stab wounds,
for example, a physician must be able to visualize the deep
structures that may be injured. Knowledge of surface anat-
omy can also decrease the need to memorize facts because
the body is always available to observe and palpate.

Physical examination is the clinical application of sur-
face anatomy. Palpation is a clinical technique, used with
observation and listening for examining the body. Pal-
pation of arterial pulses, for instance, is part of a physical
examination. Students of many of the health sciences will
learn to use instruments to facilitate examination of the body
(such as an ophthalmoscope for observation of features of
the eyeballs) and to listen to functioning parts of the body
(a stethoscope to auscultate the heart and lungs).

Regional study of deep structures and abnormalities in
a living person is now also possible by means of radiographic
and sectional imaging and endoscopy. Radiographic and
sectional imaging (radiographic anatomy) provides useful
information about normal structures in living individuals, dem-
onstrating the effect of muscle tone, body fluids and pressures,
and gravity that cadaveric study does not. Diagnostic radiology
reveals the effects of trauma, pathology, and aging on normal
structures. In this book, most radiographic and many sectional



Major parts of the body

—= Lower limb
== Upper limb

=== Back
— Abdomen
=== Pelvis/perineum

Anterior view Posterior view

Regions of lower limb

1 = Gluteal region

2 = Anterior thigh region
3 = Posterior thigh region
4 = Anterior knee region
5 = Posterior knee region

6 = Anterior leg region
7 = Posterior leg region
8 = Anterior talocrural (ankle) region
9 = Posterior talocrural region
10 = Foot region

FIGURE I.1. Major parts of the body and regions of the lower limb.
Anatomy is described relative to the anatomical position illustrated here.

images are integrated into the chapters where appropriate.
The medical imaging sections at the end of each chapter pro-
vide an introduction to the techniques of radiographic and sec-
tional imaging and include series of sectional images that apply
to the chapter. Endoscopic techniques (using a insertable flex-
ible fiber optic device to examine internal structures, such as
the interior of the stomach) also demonstrate living anatomy.
The detailed and thorough learning of the three-dimensional
anatomy of deep structures and their relationships is best
accomplished initially by dissection. In clinical practice, sur-
face anatomy, radiographic and sectional images, endoscopy,
and your experience from studying anatomy will combine to
provide you with knowledge of your patient’s anatomy.

The computer is a useful adjunct in teaching regional anat-
omy because it facilitates learning by allowing interactivity
and manipulation of two- and three-dimensional graphic
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models. Prosections, carefully prepared dissections for
the demonstration of anatomical structures, are also useful.
However, learning is most efficient and retention is highest
when didactic study is combined with the experience of first-
hand dissection—that is, learning by doing. During dissec-
tion you observe, palpate, move, and sequentially reveal parts
of the body. In 1770, Dr. William Hunter, a distinguished
Scottish anatomist and obstetrician, stated: “Dissection alone
teaches us where we may cut or inspect the living body with
freedom and dispatch.”

Systemic Anatomy

Systemic anatomy is the study of the body’s organ systems
that work together to carry out complex functions. The basic
systems and the field of study or treatment of each (in paren-
theses) are:

* The integumentary system (dermatology) consists of the
skin (L. integumentum, a covering) and its appendages—
hairs, nails, and sweat glands, for example—and the sub-
cutaneous tissue just beneath it. The skin, an extensive
sensory organ, forms the body’s outer, protective covering
and container.

* The skeletal system (osteology) consists of bones and
cartilage; it provides our basic shape and support for the
body and is what the muscular system acts on to produce
movement. It also protects vital organs such as the heart,
lungs, and pelvic organs.

* The articular system (arthrology) consists of joints and
their associated ligaments, connecting the bony parts of
the skeletal system and providing the sites at which move-
ments occur.

* The muscular system (myology) consists of skeletal mus-
cles that act (contract) to move or position parts of the
body (e.g., the bones that articulate at joints), or smooth
and cardiac muscle that propels, expels, or controls the
flow of fluids and contained substance.

* The nervous system (neurology) consists of the central
nervous system (brain and spinal cord) and the peripheral
nervous system (nerves and ganglia, together with their
motor and sensory endings). The nervous system con-
trols and coordinates the functions of the organ systems,
enabling the body’s responses to and activities within its
environment. The sense organs, including the olfactory
organ (sense of smell), eye or visual system (ophthal-
mology), ear (sense of hearing and balance—otology), and
gustatory organ (sense of taste), are often considered with
the nervous system in systemic anatomy.

* The circulatory system (angiology) consists of the
cardiovascular and lymphatic systems, which function in
parallel to transport the body’s fluids.

* The cardiovascular system (cardiology) consists of the
heart and blood vessels that propel and conduct blood
through the body, delivering oxygen, nutrients, and hor-
mones to cells and removing their waste products.
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e The lymphatic system is a network of lymphatic vessels
that withdraws excess tissue fluid (lymph) from the body’s
interstitial (intercellular) fluid compartment, filters it
through lymph nodes, and returns it to the bloodstream.

* The alimentary or digestive system (gastroenterology)
consists of the digestive tract from the mouth to the anus,
with all its associated organs and glands that function in
ingestion, mastication (chewing), deglutition (swallow-
ing), digestion, and absorption of food and the elimination
of the solid waste (feces) remaining after the nutrients
have been absorbed.

* The respiratory system (pulmonology) consists of the air
passages and lungs that supply oxygen to the blood for cel-
lular respiration and eliminate carbon dioxide from it. The
diaphragm and larynx control the flow of air through the
system, which may also produce tone in the larynx that is
further modified by the tongue, teeth, and lips into speech.

* The urinary system (urology) consists of the kidneys,
ureters, urinary bladder, and urethra, which filter blood
and subsequently produce, transport, store, and intermit-
tently excrete urine (liquid waste).

* The genital (reproductive) system (gynecology for
females; andrology for males) consists of the gonads (ova-
ries and testes) that produce oocytes (eggs) and sperms,
the ducts that transport them, and the genitalia that
enable their union. After conception, the female repro-
ductive tract nourishes and delivers the fetus.

* The endocrine system (endocrinology) consists of
specialized structures that secrete hormones, including
discrete ductless endocrine glands (such as the thyroid
gland), isolated and clustered cells of the gut and blood
vessel walls, and specialized nerve endings. Hormones
are organic molecules that are carried by the circulatory
system to distant effector cells in all parts of the body.
The influence of the endocrine system is thus as broadly
distributed as that of the nervous system. Hormones influ-
ence metabolism and other processes, such as the men-
strual cycle, pregnancy, and parturition (childbirth).

None of the systems functions in isolation. The passive skel-
etal and articular systems and the active muscular system col-
lectively constitute a supersystem, the locomotor system or
apparatus (orthopedics), because they must work together
to produce locomotion of the body. Although the structures
directly responsible for locomotion are the muscles, bones,
joints, and ligaments of the limbs, other systems are indi-
rectly involved as well. The brain and nerves of the nervous
system stimulate them to act; the arteries and veins of the cir-
culatory system supply oxygen and nutrients to and remove
waste from these structures; and the sensory organs (espe-
cially vision and equilibrium) play important roles in direct-
ing their activities in a gravitational environment.

In this Introduction, an overview of several systems sig-
nificant to all parts and regions of the body will be provided
before Chapters 1 through 8 cover regional anatomy in detail.
Chapter 9 also presents systemic anatomy in reviewing the
cranial nerves.

Clinical Anatomy

Clinical anatomy (applied anatomy) emphasizes aspects of
bodily structure and function important in the practice of
medicine, dentistry, and the allied health sciences. It incor-
porates the regional and systemic approaches to studying
anatomy and stresses clinical application.

Clinical anatomy often involves inverting or reversing the
thought process typically followed when studying regional
or systemic anatomy. For example, instead of thinking, “The
action of this muscle is to . . . ,” clinical anatomy asks, “How
would the absence of this muscle’s activity be manifest?”
Instead of noting, “The . . . nerve provides innervation to this
area of skin,” clinical anatomy asks, “Numbness in this area
indicates a lesion of which nerve?”

Clinical anatomy is exciting to learn because of its role in
solving clinical problems. The clinical correlation boxes (pop-
ularly called “blue boxes,” appearing on a blue background)
throughout this book describe practical applications of anat-
omy. “Case studies,” such as those on the Clinically Oriented
Anatomy website (http:/thePoint.lww.com/COAT7e), are
integral parts of the clinical approach to studying anatomy.

STUDYING ANATOMY

Anatomy is the study of the structure of the human body.
¢ Regional anatomy considers the body as organized into
segments or parts. ¢ Systemic anatomy sees the body as
organized into organ systems. ¢ Surface anatomy provides
information about structures that may be observed or
palpated beneath the skin. ¢ Radiographic, sectional, and
endoscopic anatomy allows appreciation of structures in
living people, as they are affected by muscle tone, body flu-
ids and pressures, and gravity. ¢ Clinical anatomy empha-
sizes application of anatomical knowledge to the practice
of medicine.

ANATOMICOMEDICAL
TERMINOLOGY

Anatomical terminology introduces and makes up a large
part of medical terminology. To be understood, you must
express yourself clearly, using the proper terms in the cor-
rect way. Although you are familiar with common, colloquial
terms for parts and regions of the body, you must learn the
international anatomical terminology (e.g., axillary fossa
instead of armpit and clavicle instead of collarbone) that
enables precise communication among healthcare profes-
sionals and scientists worldwide. Health professionals must
also know the common and colloquial terms people are likely


http://thePoint.lww.com/COA7e

to use when they describe their complaints. Furthermore,
you must be able to use terms people will understand when
explaining their medical problems to them.

The terminology in this book conforms to the new Interna-
tional Anatomical Terminology. Terminologia Anatomica (TA)
and Terminologia Embryologica (TE) list terms both in Latin
and as English equivalents (e.g., the common shoulder muscle
is musculus deltoideus in Latin and deltoid in English). Most
terms in this book are English equivalents. Official terms are
available at www.unifr.ch/ifaa. Unfortunately, the terminology
commonly used in the clinical arena may differ from the offi-
cial terminology. Because this discrepancy may be a source
of confusion, this text clarifies commonly confused terms by
placing the unofficial designations in parentheses when the
terms are first used—for example, pharyngotympanic tube
(auditory tube, eustachian tube) and internal thoracic artery
(internal mammary artery). Eponyms, terms incorporating the
names of people, are not used in the new terminology because
they give no clue about the type or location of the structures
involved. Further, many eponyms are historically inaccurate in
terms of identifying the original person to describe a structure
or assign its function, and do not conform to an international
standard. Notwithstanding, commonly used eponyms appear
in parentheses throughout the book when these terms are first
used—such as sternal angle (angle of Louis)—since you will
surely encounter them in your clinical years. Note that epony-
mous terms do not help to locate the structure in the body.
The Clinically Oriented Anatomy website (http:/thePoint.
Iww.com/COATe) provides a list of eponymous terms.

Structure of terms. Anatomy is a descriptive science and
requires names for the many structures and processes of the
body. Because most terms are derived from Latin and Greek,
medical language may seem difficult at first; however, as you
learn the origin of terms, the words make sense. For example,
the term gaster is Latin for stomach or belly. Consequently,
the esophagogastric junction is the site where the esophagus
connects with the stomach, gastric acid is the digestive juice
secreted by the stomach, and a digastric muscle is a muscle
divided into two bellies.

Many terms provide information about a structure’s
shape, size, location, or function or about the resemblance of
one structure to another. For example, some muscles have
descriptive names to indicate their main characteristics.
The deltoid muscle, which covers the point of the shoulder,
is triangular, like the symbol for delta, the fourth letter of
the Greek alphabet. The suffix -oid means “like”; therefore,
deltoid means like delta. Biceps means two-headed and ¢ri-
ceps means three-headed. Some muscles are named accord-
ing to their shape—the piriformis muscle, for example, is
pear shaped (L. pirum, pear + L. forma, shape or form).
Other muscles are named according to their location. The
temporal muscle is in the temporal region (temple) of the
cranium (skull). In some cases, actions are used to describe
muscles—for example, the levator scapulae elevates the scap-
ula (L. shoulder blade). Anatomical terminology applies logical
reasons for the names of muscles and other parts of the body,
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and if you learn their meanings and think about them as you
read and dissect, it will be easier to remember their names.

Abbreviations. Abbreviations of terms are used for brev-
ity in medical histories and in this and other books, such as in
tables of muscles, arteries, and nerves. Clinical abbreviations
are used in discussions and descriptions of signs and symptoms.
Learning to use these abbreviations also speeds note taking.
Common anatomical and clinical abbreviations are provided
in this text when the corresponding term is introduced—for
example, temporomandibular joint (TM]). The Clinically Ori-
ented Anatomy website (http:/thePoint.lww.com/COA7e)
provides a list of commonly used anatomical abbreviations.
More extensive lists of common medical abbreviations may
be found in the appendices of comprehensive medical dictio-
naries (e.g., Stedman’s Medical Dictionary, 28th ed.).

Anatomical Position

All anatomical descriptions are expressed in relation to one
consistent position, ensuring that descriptions are not ambig-
uous (Figs. I.1 and 1.2). One must visualize this position in
the mind when describing patients (or cadavers), whether
they are lying on their sides, supine (recumbent, lying on the
back, face upward), or prone (lying on the abdomen, face
downward). The anatomical position refers to the body
position as if the person were standing upright with the:

¢ head, gaze (eyes), and toes directed anteriorly (forward),

e arms adjacent to the sides with the palms facing anteri-
orly, and

e lower limbs close together with the feet parallel.

This position is adopted globally for anatomicomedical
descriptions. By using this position and appropriate terminol-
ogy, you can relate any part of the body precisely to any other
part. It should also be kept in mind, however, that gravity
causes a downward shift of internal organs (viscera) when the
upright position is assumed. Since people are typically exam-
ined in the supine position, it is often necessary to describe
the position of the affected organs when supine, making spe-
cific note of this exception to the anatomical position.

Anatomical Planes

Anatomical descriptions are based on four imaginary planes
(median, sagittal, frontal, and transverse) that intersect the
body in the anatomical position (Fig. I.2):

¢ The median plane (median sagittal plane), the vertical
plane passing longitudinally through the body, divides the
body into right and left halves. The plane defines the mid-
line of the head, neck, and trunk where it intersects the
surface of the body. Midline is often erroneously used as
a synonym for the median plane.

¢ Sagittal planes are vertical planes passing through the
body parallel to the median plane. Parasagittal is com-
monly used but is unnecessary because any plane paral-
lel to and on either side of the median plane is sagittal
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FIGURE I.2. Anatomical planes. The main planes of the body are illustrated.

by definition. However, a plane parallel and near to the
median plane may be referred to as a paramedian plane.
e Frontal (coronal) planes are vertical planes passing
through the body at right angles to the median plane, divid-
ing the body into anterior (front) and posterior (back) parts.
e Transverse planes are horizontal planes passing through
the body at right angles to the median and frontal planes,
dividing the body into superior (upper) and inferior
(lower) parts. Radiologists refer to transverse planes as
transaxial, which is commonly shortened to axial planes.

Since the number of sagittal, frontal, and transverse planes
is unlimited, a reference point (usually a visible or palpable
landmark or vertebral level) is necessary to identify the loca-
tion or level of the plane, such as a “transverse plane through
the umbilicus” (Fig. 1.2C). Sections of the head, neck, and
trunk in precise frontal and transverse planes are symmet-
rical, passing through both the right and left members of
paired structures, allowing some comparison.

The main use of anatomical planes is to describe sections
(Fig. 1.3):

¢ Longitudinal sections run lengthwise or parallel to the
long axis of the body or of any of its parts, and the term
applies regardless of the position of the body. Although
median, sagittal, and frontal planes are the standard (most
commonly used) longitudinal sections, there is a 180°
range of possible longitudinal sections.

¢ Transverse sections, or cross sections, are slices of
the body or its parts that are cut at right angles to the
longitudinal axis of the body or of any of its parts. Because

the long axis of the foot runs horizontally, a transverse sec-
tion of the foot lies in the frontal plane (Fig. I.2C).

e Oblique sections are slices of the body or any of its parts
that are not cut along the previously listed anatomical
planes. In practice, many radiographic images and ana-
tomical sections do not lie precisely in sagittal, frontal, or
transverse planes; often they are slightly oblique.

Anatomists create sections of the body and its parts anatomi-
cally, and clinicians create them by planar imaging technolo-
gies, such as computerized tomography (CT), to describe
and display internal structures.

Terms of Relationship
and Comparison

Various adjectives, arranged as pairs of opposites, describe
the relationship of parts of the body or compare the position
of two structures relative to each other (Fig. I.4). Some of
these terms are specific for comparisons made in the ana-
tomical position, or with reference to the anatomical planes:

Superior refers to a structure that is nearer the vertex,
the topmost point of the cranium (Mediev. L., skull). Cranial
relates to the cranium and is a useful directional term, mean-
ing toward the head or cranium. Inferior refers to a struc-
ture that is situated nearer the sole of the foot. Caudal
(L. cauda, tail) is a useful directional term that means toward
the feet or tail region, represented in humans by the coccyx
(tail bone), the small bone at the inferior (caudal) end of the
vertebral column.
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FIGURE.3. Sections of the limbs. Sections may be obtained by anatomical sectioning or medical imaging techniques.

Posterior (dorsal) denotes the back surface of the body
or nearer to the back. Anterior (ventral) denotes the front
surface of the body. Rostral is often used instead of anterior
when describing parts of the brain; it means toward the ros-
trum (L. for beak); however, in humans it denotes nearer the
anterior part of the head (e.g., the frontal lobe of the brain is
rostral to the cerebellum).

Medial is used to indicate that a structure is nearer to the
median plane of the body. For example, the 5th digit of the hand
(little finger) is medial to the other digits. Conversely, lateral
stipulates that a structure is farther away from the median plane.
The 1st digit of the hand (thumb) is lateral to the other digits.

Dorsum usually refers to the superior aspect of any
part that protrudes anteriorly from the body, such as the
dorsum of the tongue, nose, penis, or foot. It is also used
to describe the posterior surface of the hand, opposite the
palm. Because the term dorsum may refer to both superior
and posterior surfaces in humans, the term is easier to under-
stand if one thinks of a quadripedal plantigrade animal that
walks on its palms and soles, such as a bear. The sole is the
inferior aspect or bottom of the foot, opposite the dorsum,
much of which is in contact with the ground when standing
barefoot. The surface of the hands, the feet, and the digits of
both corresponding to the dorsum is the dorsal surface, the
surface of the hand and fingers corresponding to the palm
is the palmar surface, and the surface of the foot and toes
corresponding to the sole is the plantar surface.

Combined terms describe intermediate positional arrange-
ments: inferomedial means nearer to the feet and median
plane—for example, the anterior parts of the ribs run infero-
medially; superolateral means nearer to the head and far-
ther from the median plane.

Other terms of relationship and comparisons are inde-
pendent of the anatomical position or the anatomical planes,
relating primarily to the body’s surface or its central core:

Superficial, intermediate, and deep describe the posi-
tion of structures relative to the surface of the body or the
relationship of one structure to another underlying or overly-
ing structure.

External means outside of or farther from the center of
an organ or cavity, while internal means inside or closer to
the center, independent of direction.

Proximal and distal are used when contrasting positions
nearer to or farther from the attachment of a limb or the
central aspect of a linear structure, respectively.

Terms of Laterality

Paired structures having right and left members (e.g., the
kidneys) are bilateral, whereas those occurring on one side
only (e.g., the spleen) are unilateral. Designating whether
you are referring specifically to the right or left member of
bilateral structures can be critical, and is a good habit to begin
at the outset of one’s training to become a health professional.
Something occurring on the same side of the body as another
structure is ipsilateral; the right thumb and right great (big)
toe are ipsilateral, for example. Contralateral means occur-
ring on the opposite side of the body relative to another struc-
ture; the right hand is contralateral to the left hand.

Terms of Movement

Various terms describe movements of the limbs and other
parts of the body (Fig. I.5). Most movements are defined
in relationship to the anatomical position, with movements
occurring within, and around axes aligned with, specific ana-
tomical planes. While most movements occur at joints where
two or more bones or cartilages articulate with one another,
several non-skeletal structures exhibit movement (e.g., tongue,
lips, eyelids). Terms of movement may also be considered in
pairs of oppositing movements:
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FIGURE I.4. Terms of relationship and comparison. These terms describe the position of one structure relative to another.
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