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Preface

Nearly 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
areflection 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 sixth edition has been thor-
oughly 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 sixth edition places clinical emphasis on anatomy that is
important in physical diagnosis for primary care, interpretation
of diagnostic imaging, and understanding 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 fea-
tures updated.

Clinical correlations. Popularly known as “blue boxes,”
the clinical information sections have grown, and many of
them are now 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. A new feature in the fifth
edition, frequent “bottom line” boxes summarize the pre-
ceding 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 context.
A more realistic approach to the musculoskeletal system
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 contrac-
tion that is typically the sole focus in anatomy texts. This per-
spective is important to most health professionals, including
the growing number of physical and occupational therapy
students using this book.

Surface anatomy and medicalimaging. Surface anat-
omy and medical imaging, formerly presented separately, are
now integrated into the chapter, presented at the time each
region is being discussed, clearly demonstrating anatomy’s
relationship to physical examination and diagnosis. Both nat-
ural views of unobstructed surface anatomy and illustrations
superimposing anatomical structures on surface anatomy
photographs are components of each regional chapter. Med-
ical images, focusing on normal anatomy, include plain and
contrast radiographic, MRI, CT, and ultrasonography stud-
ies, often with correlative line art as well as explanatory text,
to help prepare future professionals who need to be familiar
with diagnostic images.

Case studies, accompanied by clinico-anatomical
problems and USMLE-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 comprehensive means of self-
testing and review.

Extensive art program. The extensive art program
initiated in the fourth edition has been extended and revised.
An effort has been made to ensure that all the anatomy pre-
sented and covered in the text is also illustrated. The text
and illustrations have been developed to work together for
optimum pedagogical effect, aiding the learning process and
markedly reducing the amount of searching required to find
structures. The great majority of the clinical conditions are
now supported by photographs and/or color illustrations;
multipart illustrations often combine dissections, line art,
and medical images; most tables appear in color and are illus-
trated to aid the student’s understanding of the structures
described.

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. The roots and derivations of terms are provided
to help students understand meaning and increase reten-
tion. Eponyms, although not endorsed by the IFAA, appear
in parentheses in this edition—for example, sternal angle

vii



viii Preface

(angle of Louis)—to assist students who will hear eponymous
terms during their clinical studies.

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 science
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 unjustified
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 specif-
ically emphasized the need for a systemic description of
the nervous system and the peripheral autonomic nervous
system (ANS) in particular.

¢ 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. Almost all illustrations have
been completely relabeled, moving the viewpoint out of
the legend and next to each part of every illustration.
Labels have been placed to minimize the distance between
label and object, with leader lines running the most direct
course possible.

ADDITIONAL FEATURES
FOR THE SIXTH EDITION

e Many new full-color illustrations, including many multi-
part illustrations combining dissections, line art, and

medical images such as CTs and MRIs have been added
to this edition.

e Blue boxes are classified to indicate the type of clinical
information covered:

Anatomical variations icon. These blue boxes
-~ - N . N
‘ ' feature anatomical variations that may be encoun-
tered in the dissection lab or in practice, emphasiz-
ing the clinical importance of awareness of such variations.

\ Life cycle icon. These blue boxes emphasize pre-
(§§ natal developmental factors that affect postnatal

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

Trauma icon. The effect of traumatic events—

such as fractures of bones or dislocations of joints—

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

#». Diagnostic procedures icon. Anatomical fea-
@ tures and observations that play a role in physical

diagnosis are targeted in these blue boxes.

®. Surgical procedures icon. These blue boxes
@ address such topics as the anatomical basis of
surgical procedures, such as the planning of inci-

sions, and the anatomical basis of regional anesthesia.

Pathology icon. The effect of disease on normal
anatomy, such as cancer of the breast, and anatom-
ical 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 anatomical
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. Italic type
indicates anatomical terms important to the topic and
region of study or labeled in an illustration that is being
referenced.

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

e Instructor’s resources and supplemental materials, includ-
ing images exportable for Power Point presentation, are
available through http://thePoint.Iww.com.

We welcome Anne M. R. Agur, Ph.D., to the team of authors
for the sixth edition. From the outset, Clinically Oriented
Anatomy has utilized materials from Grant’s Atlas, for which
Anne has had responsibility since 1991. Anne made signifi-
cant contributions to previous 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 new edition.

COMMITMENTTO
EDUCATING STUDENTS

This book is written for health science students, keeping in
mind those who may not have had a previous acquaintance
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 disciplines such as phys-
ical diagnosis, medical rehabilitation, and surgery. We hope

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

etal. and others

F female

Fr. French

G. Greek

ie. that is

inf. inferior
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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
L liter, lumbar
L. Latin
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
V., VV. vein, veins
Vs, versus
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Lower Limbs; Abnormalities of Sensory Function / 540

Anterior and Medial Regions of Thigh. Hip and Thigh
Contusions; Psoas Abscess; Paralysis of Quadriceps;
Chondromalacia Patellae; Patellar Fractures; Abnormal
Ossification of Patella; Patellar Tendox Reflex;
Transplantation of Gracilis; Groin Pull; Injury to Adductor
Longus; Palpation, Compression, and Cannulation of
Femoral Artery; Laceration of Femoral Artery; Potentially
Lethal Misnomer; Saphenous Varix; Location of Femoral
Vein; Cannulation of Femoral Vein; Femoral Hernias;
Replaced or Accessory Obturator Artery / 558

Gluteal and Posterior Thigh Regions. Trochanteric Bursitis;
Ischial Bursitis; Hamstring Injuries; Injury to Superior
Gluteal Nerve; Anesthetic Block of Sciatic Nerve; Injury to
Sciatic Nerve; Intragluteal Injections / 581

Popliteal Fossa and Leg. Popliteal Abscess and Tumor;
Popliteal Pulse; Popliteal Aneurysm and Hemorrhage;
Injury to Tibial Nerve; Containment and Spread of
Compartmental Infections in Leg; Tibialis Anterior Strain
(Shin Splints); Fibularis Muscles and Evolution of Human
Foot; Injury to Common Fibular Nerve and Footdrop;
Deep Fibular Nerve Entrapment; Superficial Fibular
Nerve Entrapment; Fabella in Gastrocnemius; Calcaneal
Tendinitis; Ruptured Cancaneal Tendon; Calcaneal Tendon
Reflex; Absence of Plantarflexion; Gastrocnemius Strain;
Calcaneal Bursitis; Venous Return From Leg; Accessory
Soleus; Posterior Tibial Pulse / 604

Foot. Plantar Fasciitis; Infections of Foot; Contusion of
Extensor Digitorum Brevis; Sural Nerve Grafts; Anesthetic
Block of Superficial Fibular Nerve; Plantar Reflex; Medial
Plantar Nerve Entrapment; Palpation of Dorsalis Pedis
Pulse; Hemorrhaging Wounds of Sole of Foot;
Lymphadenopathy / 624

Joints of Lower Limb. Bipedalism and Congruity of
Articular Surfaces of Hip Joint; Fractures of Femoral Neck;
Surgical Hip Replacement; Necrosis of Femoral Head in
Children; Dislocation of Hip Joint; Genu Valgum and Genu

List of Clinical Blue Boxes xxi

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 Xl);
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
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;
Carpal Tunnel Syndrome; Trauma to 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
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List of Clinical Blue Boxes

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;
Cephalohematoma; 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 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

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: Méniéere 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 Xl); 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 Recess;
Tonsillectomy; Adenoiditis; Branchial Fistula; Branchial
Sinuses and Cysts; Esophageal Injuries; Tracheo-Esophageal
Fistula; Esophageal Cancer; Zones of Penetrating Neck
Trauma / 1040

Lymphatics in Neck. Radical Neck Dissections / 1052

Summary of Cranial Nerves

Cranial Nerves. Olfactory Nerve; Optic Nerve;
Oculomotor Nerve; Trochlear Nerve; Trigeminal Nerve;
Abducent Nerve; Facial Nerve; Vestibulocochlear Nerve;
Glossopharyngeal Nerve; Vagus Nerve; Spinal Accessory
Nerve; Hypoglossal Nerve / 1078
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