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Preface

Human anatomy is the foundation upon which  
the education of our medical, dental, and allied 
health science students is built. However, today’s 
biomedical science curriculum must cover an 
ever-increasing body of scientiic knowledge, often 
in fewer hours, as competing disciplines and new 
technologies emerge. Many of these same tech-
nologies, especially those in the imaging science 
ields, have made understanding the anatomy even 
more important and have moved our discipline 
irmly into the realm of clinical medicine. It is fair 
to say that competent clinicians and allied health 
professionals can no longer simply view their ana-
tomical training in isolation from the clinical 
implications related to that anatomy.

In this context, I am proud to introduce the 
fourth edition of Netter’s Clinical Anatomy. Gen-
erations of students have used Dr. Frank H. Netter’s 
elegant anatomical illustrations to learn anatomy, 
and this book combines his beautiful anatomi-
cal and embryological renderings with numer-
ous clinical illustrations to help students bridge 
the gap between normal anatomy and its clinical 
application across each region of the human body.

his fourth edition provides succinct text, key 
bulleted points, and ample summary tables, which 
ofer students a concise textbook description of 
normal human anatomy, as well as a quick refer-
ence and review guide for clinical practitioners. 
Additionally, 215 Clinical Focus boxes represent-
ing some of the more commonly encountered 
clinical conditions seen in medical practice are 
integrated within the textbook. hese clinical cor-
relations are drawn from a wide variety of medical 
ields including emergency medicine, radiology, 
orthopedics, and surgery, but also include relevant 
clinical anatomy related to the ields of cardiol-
ogy, endocrinology, infectious diseases, neurology, 
oncology, reproductive biology, and urology. By 
design, the text and clinical correlations are not 
exhaustive but are meant to help students focus 
on the essential elements of anatomy and begin 

to appreciate some of the clinical manifestations 
related to that anatomy. Other features of this 
edition include:

• An introductory chapter designed to orient 
students to the body’s organ systems

• A set of end-of-chapter clinically oriented 
multiple choice review questions to help 
reinforce student learning of key concepts

• Basic embryology of each system that pro-
vides a contextual framework for human 
postnatal anatomy and several common 
congenital defects

• Online access with additional Clinical Focus 
boxes

My intent in writing this updated fourth edition 
of Netter’s Clinical Anatomy was to provide a 
concise and focused introduction to clinical 
anatomy as a viable alternative to the more com-
prehensive anatomy textbooks, which few stu-
dents read and often ind diicult to navigate 
when looking for essential anatomical details. 
Moreover, this textbook serves as an excellent 
essential review text for students beginning their 
clinical clerkships or elective programs, and as a 
reference text that clinicians will ind useful for 
review and patient education.

he text is by no means comprehensive but 
does provide the essential anatomy needed by the 
generalist physician-in-training that is commonly 
encountered in the irst year of medical school. I 
have intentionally focused on the anatomy that 
a irst-year student might be expected to grasp 
and carry forward into his or her clerkship train-
ing, especially in this day and age when anatomy 
courses are often streamlined and dissection exer-
cises abbreviated. hose students, who by choice, 
choose to enter specialties where advanced ana-
tomical training is required (e.g., surgical spe-
cialties, radiology, physical therapy, etc.) may 
encounter a need for additional anatomical exper-
tise that will be provided by their graduate medical 
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or allied health education. By meeting the needs 
of the beginning student and providing ample 
detail for subsequent review or handy reference, 
my hope is that Netter’s Clinical Anatomy will be 
the anatomy textbook of choice that will actually 
be read and used by students throughout their 
undergraduate medical or allied health careers.

I hope that you, the health science student-
in-training or the physician-in-practice, will 
ind Netter’s Clinical Anatomy the valuable link 
you’ve searched for to enhance your understand-
ing of clinical anatomy as only Frank Netter can  
present it.

JOHN T. HANSEN, PHD



 xi

chapter 1 Introduction to the Human Body 1

chapter 2 Back 51

chapter 3 Thorax 93

chapter 4 Abdomen 157

chapter 5 Pelvis and Perineum 233

chapter 6 Lower Limb 291

chapter 7 Upper Limb 367

chapter 8 Head and Neck 437

 Index 557

Contents



xii

Clinical Focus Boxes

chapter 1 Introduction to the Human Body

1-1 Psoriasis, 5

1-2 Burns, 6

1-3 Langer’s Lines, 6

1-4 Fractures, 12

1-5 Degenerative Joint Disease, 13

1-6 Atherogenesis, 19

1-7 Asthma, 23

1-8 Potential Spaces, 38

Available Online

1-9 Myasthenia Gravis

chapter 2 Back

2-1 Scoliosis, 53

2-2 Cervical Fractures, 55

2-3 Osteoarthritis, 57

2-4 Osteoporosis, 60

2-5 Spondylolysis and Spondylolisthesis, 61

2-6 Intervertebral Disc Herniation, 61

2-7 Back Pain Associated with the Zygapophysial (Facet) Joints, 63

2-8 Low Back Pain, 64

2-9 Whiplash Injury, 66

2-10 Herpes Zoster, 77

2-11 Lumbar Puncture and Epidural Anesthesia, 79

2-12 Spina Bifida, 85

Available Online

2-13 Myofascial Pain

2-14 Acute Spinal Syndromes

chapter 3 Thorax

3-1 Thoracic Cage Injuries, 98

3-2 Fibrocystic Breast Disease, 102



Clinical Focus Boxes xiii  

3-3 Breast Cancer, 103

3-4 Partial Mastectomy, 104

3-5 Modified Radical Mastectomy, 105

3-6 Chest Tube Thoracostomy, 109

3-7 Idiopathic Pulmonary Fibrosis, 111

3-8 Pulmonary Embolism, 112

3-9 Lung Cancer, 113

3-10 Chronic Obstructive Pulmonary Disease, 114

3-11 Cardiac Tamponade, 117

3-12 Dominant Coronary Circulation, 118

3-13 Angina Pectoris (the Referred Pain of Myocardial Ischemia), 122

3-14 Coronary Bypass, 122

3-15 Coronary Angiogenesis, 123

3-16 Myocardial Infarction, 125

3-17 Cardiac Auscultation, 126

3-18 Valvular Heart Disease, 127

3-19 Cardiac Pacemakers, 129

3-20 Cardiac Defibrillators, 130

3-21 Mediastinal Masses, 135

3-22 Ventricular Septal Defect, 144

3-23 Atrial Septal Defect, 145

3-24 Patent Ductus Arteriosus, 146

3-25 Repair of Tetralogy of Fallot, 147

Available Online

3-26 Hemothorax

3-27 Chronic Cough

3-28 Pneumonia

3-29 Cardiovascular Disease (Elderly and Women)

3-30 Saphenous Vein Graft Disease

3-31 Infective Endocarditis

3-32 Mitral Valve Prolapse

3-33 Ventricular Tachycardia

3-34 Chylothorax

3-35 Coarctation of the Aorta

chapter 4 Abdomen

4-1 Abdominal Wall Hernias, 164

4-2 Inguinal Hernias, 169

4-3 Hydrocele and Varicocele, 170

4-4 Acute Appendicitis, 175

4-5 Gastroesophageal Reflux Disease (GERD), 177

4-6 Hiatal Hernia, 178

4-7 Peptic Ulcer Disease, 179

4-8 Bariatric Surgery, 180



xiv Clinical Focus Boxes

4-9 Crohn Disease, 181

4-10 Ulcerative Colitis, 182

4-11 Diverticulosis, 183

4-12 Colorectal Cancer, 184

4-13 Volvulus, 185

4-14 Intussusception, 187

4-15 Gallstones (Cholelithiasis), 188

4-16 Pancreatic Cancer, 190

4-17 Rupture of the Spleen, 191

4-18 Cirrhosis of the Liver, 197

4-19 Portal Hypertension, 198

4-20 Renal Stones (Calculi), 206

4-21 Obstructive Uropathy, 207

4-22 Malignant Tumors of the Kidney, 208

4-23 Surgical Management of Abdominal Aortic Aneurysm, 210

4-24 Congenital Megacolon, 217

4-25 Meckel’s Diverticulum, 220

4-26 Congenital Malrotation of the Colon, 222

4-27 Pheochromocytoma, 223

4-28 Renal Fusion, 224

Available Online

4-29 Acute Abdomen: Visceral Etiology

4-30 Irritable Bowel Syndrome

4-31 Acute Pyelonephritis

4-32 Causes and Consequences of Portal Hypertension

chapter 5 Pelvis and Perineum

5-1 Pelvic Fractures, 235

5-2 Urinary Tract Infections, 241

5-3 Stress Incontinence in Women, 244

5-4 Uterine Prolapse, 245

5-5 Cervical Carcinoma, 245

5-6 Uterine Leiomyomas (Fibroids), 246

5-7 Endometriosis, 246

5-8 Uterine Endometrial Carcinoma, 247

5-9 Chronic Pelvic Inflammatory Disease, 247

5-10 Dysfunctional Uterine Bleeding, 248

5-11 Ectopic Pregnancy, 249

5-12 Assisted Reproduction, 249

5-13 Ovarian Cancer, 250

5-14 Vasectomy, 253

5-15 Testicular Cancer, 254

5-16 Hydrocele and Varicocele, 254

5-17 Transurethral Resection of the Prostate, 255



Clinical Focus Boxes xv  

5-18 Prostatic Carcinoma, 256

5-19 Hemorrhoids, 269

5-20 Episiotomy, 270

5-21 Sexually Transmitted Diseases, 271

5-22 Urethral Trauma in the Male, 275

5-23 Urine Extravasation in the Male, 275

5-24 Erectile Dysfunction, 276

5-25 Hypospadias and Epispadias, 280

5-26 Uterine Anomalies, 281

5-27 Male Circumcision (Newborn), 282

Available Online

5-28 Ovarian Tumors

chapter 6 Lower Limb

6-1 Deep Venous Thrombosis, 293

6-2 Developmental Dislocation of the Hip, 296

6-3 Pelvic Fractures, 297

6-4 Intracapsular Femoral Neck Fracture, 298

6-5 Pressure (Decubitus) Ulcers, 302

6-6 Iliotibial Tract (Band) Syndrome, 303

6-7 Fractures of the Shaft and Distal Femur, 304

6-8 Thigh Muscle Injuries, 307

6-9 Diagnosis of Hip, Buttock, and Back Pain, 309

6-10 Revascularization of the Lower Limb, 311

6-11 Femoral Pulse and Vascular Access, 312

6-12 Multiple Myeloma, 318

6-13 Tibial Fractures, 319

6-14 Deep Tendon Reflexes, 319

6-15 Patellar Injuries, 320

6-16 Rupture of the Anterior Cruciate Ligament, 320

6-17 Sprains of the Knee Ligaments, 321

6-18 Tears of the Meniscus, 321

6-19 Osgood-Schlatter Lesion, 322

6-20 Osteoarthritis of the Knee, 322

6-21 Septic Bursitis and Arthritis, 323

6-22 Shin Splints, 325

6-23 Osteosarcoma of the Tibia, 325

6-24 Genu Varum and Valgum, 330

6-25 Exertional Compartment Syndromes, 330

6-26 Achilles Tendinitis and Bursitis, 331

6-27 Footdrop, 336

6-28 Ankle Sprains, 336

6-29 Ankle Fractures, 337

6-30 Rotational Fractures, 339



xvi Clinical Focus Boxes

6-31 Fractures of the Calcaneus, 340

6-32 Congenital Clubfoot, 343

6-33 Metatarsal and Phalangeal Injuries, 344

6-34 Plantar Fasciitis, 345

6-35 Deformities of the Toes, 345

6-36 Fractures of the Talar Neck, 346

6-37 Common Foot Infections, 347

6-38 Diabetic Foot Lesions, 348

6-39 Arterial Occlusive Disease, 349

6-40 Gout, 349

Available Online

6-41 Healing of Fractures

chapter 7 Upper Limb

7-1 Glenohumeral Dislocations, 370

7-2 Fracture of the Proximal Humerus, 371

7-3 Clavicular Fractures, 372

7-4 Rotator Cuff Injury, 376

7-5 Shoulder Tendinitis and Bursitis, 377

7-6 Brachial Plexopathy, 380

7-7 Axillary Lipoma, 383

7-8 Deep Tendon Reflexes, 389

7-9 Fractures of the Humerus, 389

7-10 Biceps Brachii Rupture, 392

7-11 Elbow Dislocation, 393

7-12 Fracture of the Radial Head and Neck, 397

7-13 Biomechanics of Forearm Radial Fractures, 399

7-14 Fracture of the Ulna Shaft, 404

7-15 Distal Radial (Colles’) Fracture, 404

7-16 Median Nerve Compression and Carpal Tunnel Syndrome, 409

7-17 Fracture of the Scaphoid, 410

7-18 Allen’s Test, 410

7-19 De Quervain Tenosynovitis, 411

7-20 Proximal Interphalangeal Joint Dislocations, 412

7-21 Finger Injuries, 413

7-22 Radial Nerve Compression, 419

7-23 Proximal Median Nerve Compression, 422

7-24 Ulnar Tunnel Syndrome, 423

7-25 Clinical Evaluation of Compression Neuropathy, 424

7-26 Ulnar Nerve Compression in Cubital Tunnel, 425

Available Online

7-27 Trigger Finger

7-28 Rheumatoid Arthritis

7-29 Central Venous Access



Clinical Focus Boxes xvii  

chapter 8 Head and Neck

8-1 Skull Fractures, 441

8-2 Zygomatic Fractures, 441

8-3 Midface Fractures, 442

8-4 Hydrocephalus, 448

8-5 Meningitis, 449

8-6 Subarachnoid Hemorrhage, 451

8-7 Epidural Hematomas, 453

8-8 Subdural Hematomas, 454

8-9 Transient Ischemic Attack, 454

8-10 Stroke, 455

8-11 Carotid–Cavernous Sinus Fistula, 456

8-12 Collateral Circulation After Internal Carotid Artery Occlusion, 456

8-13 Vascular (Multiinfarct) Dementia, 457

8-14 Brain Tumors, 458

8-15 Metastatic Brain Tumors, 459

8-16 Trigeminal Neuralgia, 464

8-17 Herpes Zoster (Shingles), 464

8-18 Facial Nerve (Bell’s) Palsy, 465

8-19 Tetanus, 466

8-20 Orbital Blow-Out Fracture, 469

8-21 Clinical Testing of the Extraocular Muscles, 471

8-22 Horner’s Syndrome, 472

8-23 Eyelid Infections and Conjunctival Disorders, 477

8-24 Papilledema, 477

8-25 Diabetic Retinopathy, 478

8-26 Glaucoma, 479

8-27 Ocular Refractive Disorders, 480

8-28 Cataract, 481

8-29 Pupillary Light Reflex, 482

8-30 Acute Otitis Externa and Otitis Media, 486

8-31 Weber and Rinne Tests, 488

8-32 Cochlear Implant, 488

8-33 Vertigo, 489

8-34 Removal of an Acoustic Neuroma, 490

8-35 Mandibular Dislocation, 491

8-36 Mandibular Fractures, 493

8-37 Rhinosinusitis, 495

8-38 Nosebleed, 500

8-39 Common Oral Lesions, 507

8-40 Cancer of the Oral Cavity, 508

8-41 Hyperthyroidism with Diffuse Goiter (Graves’ Disease), 517

8-42 Primary Hypothyroidism, 518

8-43 Manifestations of Primary Hyperparathyroidism, 519

8-44 Emergency Airway: Cricothyrotomy, 526



xviii Clinical Focus Boxes

8-45 Manifestations of Hoarseness, 526

8-46 Nerve Lesions (CN X and CN XII), 539

8-47 Craniosynostosis, 547

8-48 Congenital Anomalies of the Oral Cavity, 547

8-49 Pharyngeal Arch and Pouch Anomalies, 548



1

1. TERMINOLOGY

2. SKIN

3. SKELETAL SYSTEM

4. MUSCULAR SYSTEM

5. CARDIOVASCULAR SYSTEM

6. LYMPHATIC SYSTEM

7. RESPIRATORY SYSTEM

8. NERVOUS SYSTEM

9. ENDOCRINE SYSTEM

10. GASTROINTESTINAL SYSTEM

11. URINARY SYSTEM

12. REPRODUCTIVE SYSTEM

13. BODY CAVITIES

14. OVERVIEW OF EARLY 

DEVELOPMENT

15. IMAGING THE INTERNAL 

ANATOMY

CHALLENGE YOURSELF 

QUESTIONS

1 

chapter  

Introduction to the 
Human Body

1. TERMINOLOGY

Anatomical Position

he study of anatomy requires a clinical vocabulary 
that deines position, movements, relationships, and 
planes of reference, as well as the systems of the 
human body. he study of anatomy can be by body 

region or by body organ systems. Generally, 
courses of anatomy in the United States approach 
anatomical study by regions, integrating all applicable 
body systems into the study of a particular region. 
his textbook therefore is arranged regionally, and 
for those studying anatomy for the irst time, this 
initial chapter introduces you to the major body 
systems that you will encounter in your study of 
anatomy. You will ind it extremely helpful to refer 
back to this introduction as you encounter various 
body systems in your study of regional anatomy.

By convention, anatomical descriptions of the 
human body are based on a person in the anatomi-

cal position (Fig. 1.1), as follows:

• Standing erect and facing forward

• Arms hanging at the sides with palms facing 
forward

• Legs placed together with feet facing forward

Terms of Relationship and Body Planes

Anatomical descriptions often are referenced to 
one or more of three distinct body planes (Fig. 1.2 
and Table 1.1), as follows:

• Sagittal plane: a vertical plane that divides the 
body into equal right and left halves (median 
or midsagittal plane) or a plane parallel to the 
median sagittal plane (parasagittal) that divides 
the body into unequal right and left portions.

• Frontal (coronal) plane: a vertical plane that 
divides the body into anterior and posterior 
portions (equal or unequal); this plane is at right 
angles to the median sagittal plane.

• Transverse (axial) plane: a horizontal plane 
that divides the body into superior and inferior 
portions (equal or unequal) and is at right angles 
to both the median sagittal and the frontal planes 
(sometimes called cross sections).
Key terms of relationship used in anatomy and 

the clinic are summarized in Table 1.1. A structure 
or feature closer to the front of the body is con-
sidered anterior (ventral), and one closer to the 
back is termed posterior (dorsal). he terms medial 
and lateral are used to distinguish a structure or 
feature in relationship to the midline; the nose is 
medial to the ear, and in anatomical position, the 
nose also is anterior to the ear. Sometimes these 
terms of relationship are used in combination (e.g., 
superomedial, meaning closer to the head and nearer 
the median sagittal plane).

Movements

Body movements usually occur at the joints where 
two or more bones or cartilages articulate with 
one another. Muscles act on joints to accomplish 
these movements and may be described as 
follows: “he biceps muscle lexes the forearm 
at the elbow.” Fig. 1.3 summarizes the terms of  
movement.

Anatomical Variability

he human body is remarkably complex and 
remarkably consistent anatomically, but normal 
variations do exist, often related to size, gender, 
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TABLE 1.1 General Terms of Anatomical Relationship

TERM DEFINITION

Anterior (ventral) Near the front
Posterior (dorsal) Near the back
Superior (cranial) Upward, or near the head
Inferior (caudal) Downward, or near the feet
Medial Toward the midline or median 

plane
Lateral Farther from the midline or 

median plane
Proximal Near a reference point
Distal Away from a reference point
Superficial Closer to the surface
Deep Farther from the surface

TERM DEFINITION

Median plane Divides body into equal right 
and left parts

Midsagittal plane Median plane
Sagittal plane Divides body into unequal 

right and left parts
Frontal (coronal) 

plane
Divides body into equal 

or unequal anterior and 
posterior parts

Transverse plane Divides body into equal or 
unequal superior and inferior 
parts (cross sections)

Adduction

Adduction Medial
rotation

Lateral
rotation

Medial
rotation

Lateral
rotation

Abduction
Elevation

Depression

Flexion

Extension

Flexion

Extension

Abduction
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Flexion
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Flexion

Extension

Flexion
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Flexion

Extension
Circumduction

Eversion Inversion

Retrusion Protrusion

Dorsiflexion

Plantarflexion

FIGURE 1.3 Terms of Movement. 
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age, number, shape, and attachment. Variations are 
particularly common in the following structures:

• Bones: the ine features of bones (processes, 
spines, articular surfaces) may be variable 
depending on the forces working on a bone.

• Muscles: they vary with size and ine details of 
their attachments (it is better to learn their 
actions and general attachments rather than 
focus on detailed exceptions).

• Organs: the size and shape of some organs will 
vary depending on their normal physiology or 
pathophysiologic changes that have occurred 
previously.

• Arteries: they are surprisingly consistent, although 
some variation is seen in the branching patterns, 
especially in the lower neck (subclavian branches) 
and in the pelvis (internal iliac branches).

• Veins: they are consistent, although variations, 
especially in size and number of veins, can 
occur and often can be traced to their complex 
embryologic development; veins generally are more 
numerous than arteries, larger, and more variable.

2. SKIN

he skin is the largest organ in the body, accounting 
for about 15% to 20% of the total body mass, and 
has the following functions:

• Protection: against mechanical abrasion and in 
immune responses, as well as prevention of 
dehydration.

• Temperature regulation: largely through 
vasodilation, vasoconstriction, fat storage, or 
activation of sweat glands.

• Sensations: to touch by specialized mecha-
noreceptors such as pacinian and Meissner’s 
corpuscles; to pain by nociceptors; and to 
temperature by thermoreceptors.

• Endocrine regulation: by secretion of hormones, 
cytokines, and growth factors, and by synthesis 
and storage of vitamin D.

• Exocrine secretions: by secretion of sweat and 
oily sebum from sebaceous glands.
he skin consists of two layers (Fig. 1.4):

• Epidermis: is the outer protective layer consist-
ing of a keratinized stratiied squamous epithe-
lium derived from the embryonic ectoderm.

• Dermis: is the dense connective tissue layer that 
gives skin most of its thickness and support, and 
is derived from the embryonic mesoderm.
Fascia is a connective tissue sheet that may 

contain variable amounts of fat. It can interconnect 
structures, provide a conduit for vessels and nerves 
(termed neurovascular bundles), and provide a 
sheath around structures (e.g., muscles) that permits 
them to slide over one another easily. Supericial 
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FIGURE 1.4 Layers of the Skin. 
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fascia is attached to and lies just beneath the dermis 
of the skin and can vary in thickness and density; 
it acts as a cushion, contains variable amounts of 
fat, and allows the skin to glide over its surface. 
Deep fascia usually consists of a dense connec-
tive tissue, is attached to the deep surface of the 
supericial fascia, and often ensheathes muscles 
and divides them into functional groupings. Exten-
sions of the deep fascia encasing muscles also may 
course inward and attach to the skeleton, dividing 
groups of muscles with intermuscular septa. 
Common injuries to the skin include abrasions, 
cuts (lacerations), and burns. Burns are classiied  
as follows:

• First-degree: burn damage that is limited to 
the supericial layers of the epidermis; termed 
a superficial burn, clinically it causes erythema 
(redness of the skin).

• Second-degree: burn damage that includes all 
of the epidermis and extends into the supericial 
dermis; termed a partial-thickness burn, it causes 
blisters but spares the hair follicles and sweat 
glands.

• hird-degree: burn damage that includes all 
the epidermis and dermis and may even involve 
the subcutaneous tissue and underlying deep 
fascia and muscle; termed a full-thickness burn, 
it causes charring.

3. SKELETAL SYSTEM

Descriptive Regions

he human skeleton is divided into two descriptive 
regions (Fig. 1.5):

• Axial skeleton: includes the bones of the skull, 
vertebral column (spine), ribs, and sternum, 
which form the “axis” or central line of the body 
(80 bones).

• Appendicular skeleton: includes the bones of 
the limbs, including the pectoral and pelvic 
girdles, which attach the limbs to the body’s axis 
(134 bones).

Shapes and Function of Bones

he skeleton is composed of a living, dynamic, rigid 
connective tissue that forms the bones and cartilages. 

Clinical Focus 1-1 

Psoriasis

Psoriasis is a chronic inflammatory skin disorder that affects approximately 1% to 3% of the population (women 

and men equally). It is characterized by defined red plaques capped with a surface scale of desquamated 

epidermis. Although the pathogenesis is unknown, psoriasis seems to involve a genetic predisposition.

Typical appearance
of cutaneous lesions
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Knee
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Surface “silver” scale
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Munro
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Persistence of nuclei stratum corneum (parakeratosis)

Increased mitotic activity indicative
of high cell turnover rate

Dilation and tortuosity
of papillary vessels

Edema and
inflammation
of dermis Increased number

of Langerhans cells

Nail
pits

Transverse
ridges

Onycholysis
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Clinical Focus 1-2 

Burns

Burns to the skin are classified into three degrees of severity based on the depth of the burn:
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Clinical Focus 1-3 

Langer’s Lines

Collagen in the skin creates tension lines called Langer’s lines. Surgeons sometimes use these lines to make 

skin incisions; other times, they may use the natural skin folds. The resulting incision wounds tend to gape 

less when the incision is parallel to Langer’s lines, resulting in a smaller scar after healing. However, skin fold 

incisions also may conceal the scar following healing of the incision.
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Generally, humans have about 214 bones, although 
this number varies, particularly in the number of 
small sesamoid bones that may be present. (Many 
resources claim we have only 206 bones, but they 
have ignored the 8 sesamoid bones of the hands 
and feet.) Cartilage is attached to some bones, 
especially where lexibility is important, or covers 
the surfaces of bones at points of articulation. About 
99% of the body’s calcium is stored in bone, and 
many bones possess a central cavity that contains 
bone marrow—a collection of hemopoietic (blood-
forming) cells. Most of the bones can be classiied 
into one of the following ive shapes (Fig. 1.6):

• Long.

• Short.

• Flat.

• Irregular.

• Sesamoid.
he functions of the skeletal system include:

• Support.

• Protection of vital organs.

• A mechanism, along with muscles, for 
movement.

• Storage of calcium and other salts, growth 
factors, and cytokines.

• A source of blood cells.

Axial skeleton (80)

Skull (22)
Cranium (8)
Face (14)
Associated 
bones (7)
Auditory 
ossicles (6)
Hyoid (1)

Sternum (1)

Ribs (24)

Vertebrae (24)

Sacrum (1)

Coccyx (1)

Skull and associated bones (29)

Thoracic cage (25)

Vertebral column (26)

Appendicular skeleton (134)

Clavicle (2)

Scapula (2)

Humerus (2)

Radius (2)

Ulna (2)

Femur (2)

Patella (2)

Tibia (2)

Fibula (2)

Tarsal bones (14)

Metatarsal bones (10)

Phalanges (28)

Sesamoids (4)

Pectoral girdle (4)

Upper limbs (64)

Lower limbs (64)

Pelvic girdle (2)

Carpela 
bones (16)

Metacarpal 
bones (10)

Phalanges 
(proximal, 
middle, 
distal) (28)

Sesamoids (4)

Coxal bone 
(hip bone) (2)

FIGURE 1.5 Axial and Appendicular Regions of Skeleton. 
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here are two types of bone:

• Compact: is a relatively solid mass of bone, 
commonly seen as a supericial layer of bone, 
that provides strength.

• Spongy (trabecular or cancellous): is a less dense 
trabeculated network of bone spicules making 
up the substance of most bones and surrounding 
an inner marrow cavity.
Long bones also are divided into the following 

descriptive regions (Fig. 1.7):

• Epiphysis: the ends of long bones, which develop 
from secondary ossiication centers.

• Epiphysial plate: the site of growth in length; 
it contains cartilage in actively growing bones.

• Metaphysis: the site where the bone’s shaft joins 
the epiphysis and epiphysial plate.

• Diaphysis: the shaft of a long bone, which 
represents the primary ossiication center and 
the site where growth in width occurs.
As a living, dynamic tissue, bone receives a rich 

blood supply from:

• Nutrient arteries: usually one or several larger 
arteries that pass through the diaphysis and 
supply the compact and spongy bone, as well 
as the bone marrow.

• Metaphysial and epiphysial arteries: usually arise 
from articular branches supplying the joint.

• Periosteal arteries: numerous small arteries  
from adjacent vessels that supply the compact 
bone.

Markings on the Bones

Various surface features of bones (ridges, grooves, 
and bumps) result from the tension placed on them 
by the attachment of tendons, ligaments, and fascia, 
as well as by neurovascular bundles or other 
structures that pass along the bone. Descriptively, 
these features include the following:

• Condyle: a rounded articular surface covered 
with articular (hyaline) cartilage.

• Crest: a ridge (narrow or wide) of bone.

• Epicondyle: a prominent ridge or eminence 
superior to a condyle.

• Facet: a lat, smooth articular surface, usually 
covered with articular (hyaline) cartilage.

• Fissure: a very narrow “slitlike” opening in  
a bone.

• Foramen: a round or oval “hole” in the bone 
for passage of another structure (nerve or vessel).

• Fossa: a “cuplike” depression in the bone, usually 
for articulation with another bone.

• Groove: a furrow in the bone.

• Line: a ine linear ridge of bone, but less promi-
nent than a crest.

• Malleolus: a rounded eminence.

• Meatus: a passageway or canal in a bone.

• Process: a bony prominence that may be sharp 
or blunt.

• Protuberance: a protruding eminence on an 
otherwise smooth surface.

• Ramus: a thin part of a bone that joins a thicker 
process of the same bone.

• Spine: a sharp process projecting from a bone.

• Trochanter: large, blunt process for muscle 
tendon or ligament attachment.

• Tubercle: a small, elevated process.

• Tuberosity: a large, rounded eminence that may 
be coarse or rough.

Bone Development

Bones develop in one of the following two ways:

• Intramembranous formation: most lat bones 
develop in this way by direct calcium deposition 
into a mesenchymal (primitive mesoderm) 
precursor or model of the bone.

• Endochondral formation: most long and 
irregularly shaped bones develop by calcium 
deposition into a cartilaginous model of the bone 
that provides a scafold for the future bone.
he following sequence of events deines endo-

chondral bone formation (Fig. 1.7, A-F):

• Formation of a thin collar of bone around a 
hyaline cartilage model.

Long bone
(humerus)

Flat bone
(parietal)

Irregular bone
(vertebra)

Sesamoid bone
(patella)

Short bones
(carpals)

FIGURE 1.6 Bone Classiication Based on Shape. 
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• Cavitation of the primary ossiication center and 
invasion of vessels, nerves, lymphatics, red 
marrow elements, and osteoblasts.

• Formation of spongy (cancellous) endochondral 
bone on calciied spicules.

• Diaphysis elongation, formation of the central 
marrow cavity, and appearance of the secondary 
ossiication centers in the epiphyses.

• Long bone growth during childhood.

• Epiphysial fusion occurring from puberty into 
maturity (early to mid-20s).

Types of Joints

Joints are the sites of union or articulation of two 
or more bones or cartilages, and are classiied into 
one of the following three types (Fig. 1.8):

• Fibrous (synarthroses): bones joined by ibrous 
connective tissue.

• Cartilaginous (amphiarthroses): bones joined 
by cartilage, or by cartilage and ibrous tissue.

• Synovial (diarthroses): in this most common 
type of joint, the bones are joined by a joint 
cavity illed with a small amount of synovial luid 

and surrounded by a capsule; the bony articular 
surfaces are covered with hyaline cartilage.
Fibrous joints include sutures (lat bones of 

the skull), syndesmoses (two bones connected by 
a ibrous membrane), and gomphoses (teeth itting 
into ibrous tissue-lined sockets).

Cartilaginous joints include primary (syn-
chondrosis) joints between surfaces lined by hyaline 
cartilage (epiphysial plate connecting the diaphysis 
with the epiphysis), and secondary (symphysis) 
joints between hyaline-lined articular surfaces and 
an intervening ibrocartilaginous disc. Primary joints 
allow for growth and some bending, whereas 
secondary joints allow for strength and some 
lexibility.

Synovial joints generally allow for considerable 
movement and are classiied according to their 
shape and the type of movement that they permit 
(uniaxial, biaxial, or multiaxial movement) (Fig. 
1.9), as follows:

• Hinge (ginglymus): are uniaxial joints for lexion 
and extension.

• Pivot (trochoid): are uniaxial joints for rotation.

Articular
cartilage
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growth in
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by periosteal
bone formation

Metaphysis
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Articular
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growth cartilage
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on spicules
of degenerating
calcified cartilage

Proximal
epiphysial
growth
plate

Sites of
growth
in length
of bone

Distal
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growth plate

Proliferating
growth cartilage

A. At 8 weeks
B. At 9 weeks

C. At 10 weeks  

D. At birth
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Perichondrium
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hyaline cartilage
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cartilage
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mesenchymal cells,
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Cancellous endochondral
bone laid down on spicules
of calcified cartilage

Primordial marrow cavities

Calcified
cartilage

Epiphysial
(secondary)
ossification
center

Outer part
of periosteal
bone transforming
into compact bone

Central marrow
cavity

Epiphysial
ossification
centers 
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FIGURE 1.7 Growth and Ossiication of Long Bones (Midfrontal Sections). 
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• Saddle: are biaxial joints for lexion, extension, 
abduction, adduction, and circumduction.

• Condyloid (ellipsoid; sometimes classiied sepa-
rately): are biaxial joints for lexion, extension, 
abduction, adduction, and circumduction.

• Plane (gliding): are joints that only allow simple 
gliding movements.

• Ball-and-socket (spheroid): are multiaxial joints 
for lexion, extension, abduction, adduction, 
mediolateral rotation, and circumduction.

4. MUSCULAR SYSTEM

Muscle cells (ibers) produce contractions (shorten-
ings in length) that result in movement, maintenance 
of posture, changes in shape, or the propulsion of 
luids through hollow tissues or organs. here are 
three diferent types of muscle:

• Skeletal: striated muscle ibers that are attached 
to bone and are responsible for movements of 
the skeleton (sometimes simplistically referred 
to as voluntary muscle).

• Cardiac: striated muscle ibers that make up 
the walls of the heart and proximal portions of 
the great veins where they enter the heart.

• Smooth: nonstriated muscle ibers that line 
various organ systems (gastrointestinal, urogeni-
tal, respiratory), attach to hair follicles, and line 
the walls of most blood vessels (sometimes 
simplistically referred to as involuntary muscle).
Skeletal muscle is divided into fascicles 

(bundles), which are composed of muscle ibers 
(muscle cells) (Fig. 1.10). he muscle iber cells 
contain longitudinally oriented myoibrils that run 
the full length of the cell. Each myoibril is composed 
of many myoilaments, which are composed of 
individual myosin (thick ilaments) and actin (thin 
ilaments) that slide over one another during muscle 
contraction.

Skeletal muscle moves bones at their joints and 
possesses an origin (the muscle’s ixed or proximal 
attachment) and an insertion (the muscle’s movable 
or distal attachment). In a few instances, the muscle’s 
origin moves more than its insertion. At the gross 
level, anatomists classify muscle on the basis of its 
shape:

• Flat: muscle that has parallel ibers, usually in 
a broad lat sheet with a broad tendon of attach-
ment called an aponeurosis.

• Quadrate: muscle that has a four-sided appearance.

Coronal
suture

Head
of femur

Intervertebral disc

Body of vertebra

Synovial
membrane

Fibrous
capsule

Joint cavity

Articular
cartilage

Femur

Epiphysial
plate

Suture

Compact bone

Ulna

Radius

Interosseous
membrane

Diploë

Compact bone

Fibrous

Syndesmosis

Primary cartilaginous Secondary cartilaginous

Synovial joint

FIGURE 1.8 Types of Joints. 
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Humerus

A. Hinge B. Pivot

C. Saddle D. Condyloid

E. Ball-and-socket F. Plane

Metacarpal of the
thumb’s saddle joint

Femur

Tibia of
the knee’s
condyloid
joint

Trapezium

Clavicle

Acetabulum

Acromion

Acromioclavicular plane joint at 
the shoulder: plane joint between 
the acromion of the scapula and 
clavicle

Femur of the hip’s
ball-and-socket joint:

acetabulum of the
pelvis forms the

“socket” of this joint

Dens

Atlas

Axis of the
atlantoaxial
pivot joint

Ulna of
the elbow’s
hinge joint

FIGURE 1.9 Types of Synovial Joints. 
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Clinical Focus 1-4 

Fractures

Fractures are classified as either closed (the skin is intact) or open (the skin is perforated; often referred to 

as a compound fracture). Additionally, the fracture may be classified with respect to its anatomical appearance 

(e.g., transverse, spiral).

In children

Transverse
fracture

Oblique
fracture Spiral

fracture Comminuted
fracture

Segmental
fracture

Impacted
fracture

Avulsion (greater
tuberosity of
humerus avulsed
by supraspinatus m.)

Compression fracture

Pathologic fracture
(tumor or bone
disease)

Greenstick
fracture

Torus (buckle)
fracture

Closed
fracture
with
hematoma

Open
fracture
with
bleeding

Intraarticular
fracture with
hemarthrosis
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• Circular: muscle that forms sphincters that close 
of tubes or openings.

• Fusiform: muscle that has a wide center and 
tapered ends.

• Pennate: muscle that has a feathered appearance 
(unipennate, bipennate, or multipennate forms).
Muscle contraction shortens the muscle. Gener-

ally, skeletal muscle contracts in one of three ways:

• Reflexive: involuntary or through automatic 
contraction; seen in the diaphragm during 
respiration or in the relex contraction elicited by 
tapping a muscle’s tendon with a relex hammer.

• Tonic: maintains “muscle tone,” a slight contrac-
tion that may not cause movement but allows 

the muscle to maintain irmness necessary for 
stability of a joint and important in maintaining 
posture.

• Phasic: includes two types of contraction; iso-
metric contraction, where no movement occurs 
but the muscle maintains tension to hold a 
position (stronger than tonic contraction), and 
isotonic contraction, where the muscle shortens 
to produce movement.
Muscle contraction that produces move-

ments can act in several ways, depending on the  
conditions:

• Agonist: the main muscle responsible for a 
speciic movement (the “prime mover”).

Clinical Focus 1-5 

Degenerative Joint Disease

Degenerative joint disease is a catch-all term for osteoarthritis, degenerative arthritis, osteoarthrosis, or 

hypertrophic arthritis; it is characterized by progressive loss of articular cartilage and failure of repair. Osteo-

arthritis can affect any synovial joint but most often involves the foot, knee, hip, spine, and hand. As the 

articular cartilage is lost, the joint space (the space between the two articulating bones) becomes narrowed, 

and the exposed bony surfaces rub against each other, causing significant pain.

Normal joint and articular surface

Architecture of
articular cartilage
and subchondral bone

Early degenerative changes

Surface fibrillation of articular cartilage

Early disruption of
matrix-molecular framework

Superficial fissures

Sclerosis

Sclerosis (thickening)
of subchondral bone,
an early sign of degeneration

Release of fibrillated
cartilage into joint space

Advanced degenerative changes

Fissure penetration to subchondral bone

Enzymatic degradation
of articular cartilage

Pronounced sclerosis
of subchondral bone

End-stage degenerative changes

Exposed articular surface
of subchondral bone

Subchondral sclerosis

Subchondral
cysts

Subchondral
cartilage
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• Platelets.

• White blood cells (WBCs).

• Red blood cells (RBCs).

• Plasma.
Blood is a luid connective tissue that circulates 

through the arteries to reach the body’s tissues and 
then returns to the heart through the veins. When 
blood is “spun down” in a centrifuge tube, the RBCs 
precipitate to the bottom of the tube, where they 
account for about 45% of the blood volume. his 
is called the hematocrit and normally ranges from 
40% to 50% in males and 35% to 45% in females. 
he next layer is a “bufy coat,” which makes up 
slightly less than 1% of the blood volume and 
includes WBCs (leukocytes) and platelets. he 
remaining 55% of the blood volume is the plasma 
and includes water, plasma proteins, clotting factors, 
and various solutes (serum is plasma with the 
clotting factors removed). he functions of blood 
include:

• Transport of dissolved gases, nutrients, metabolic 
waste products, and hormones to and from 
tissues.

• Prevention of luid loss via clotting mechanisms.

• Immune defense.

• Regulation of pH and electrolyte balance.

• hermoregulation through blood vessel constric-
tion and dilation.

Blood Vessels

Blood circulates through the blood vessels (Fig. 
1.12). Arteries carry blood away from the heart, 
and veins carry blood back to the heart. Arteries 
generally have more smooth muscle in their walls 
than veins and are responsible for most of the 
vascular resistance, especially the small muscular 
arteries and arterioles. Alternatively, at any point in 
time, most of the blood resides in the veins (about 
64%) and is returned to the right side of the heart; 
thus veins are the capacitance vessels, capable 
of holding most of the blood, and are far more 
variable and numerous than their corresponding  
arteries.

he major arteries are illustrated in Fig. 1.13. 
At certain points along the pathway of the systemic 
arterial circulation, large and medium-sized arteries 
lie near the body’s surface and can be used to take 
a pulse by compressing the artery against a hard 
underlying structure (usually a bone). he most 
distal pulse from the heart is usually taken over 
the dorsalis pedis artery on the dorsum of the foot 
or by the posterior tibial artery pulse, at the medial 
aspect of the ankle.

Muscle

Nuclei
Satellite cell

Sarcolemma

Sarcoplasm

Myofibril

Myofilaments

Muscle fiber

Endomysium

Muscle
fascicles

Perimysium

Epimysium

Tendon

FIGURE 1.10 Structure of Skeletal Muscle. 

• Antagonist: the muscle that opposes the action 
of the agonist; as an agonist muscle contracts, 
the antagonistic muscle relaxes.

• Fixator: one or more muscles that steady the 
proximal part of a limb when a more distal part 
is being moved.

• Synergist: a muscle that complements (works 
synergistically with) the contraction of the 
agonist, either by assisting with the movement 
generated by the agonist or by reducing unneces-
sary movements that would occur as the agonist 
contracts.

5. CARDIOVASCULAR SYSTEM

he cardiovascular system consists of (1) the heart, 
which pumps blood into the pulmonary circulation 
for gas exchange and into the systemic circulation 
to supply the body tissues; and (2) the vessels that 
carry the blood, including the arteries, arterioles, 
capillaries, venules, and veins. he blood passing 
through the cardiovascular system consists of the 
following formed elements (Fig. 1.11):
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he major veins are illustrated in Fig. 1.14. Veins 
are capacitance vessels because they are distensible 
and numerous and can serve as reservoirs for the 
blood. Because veins carry blood at low pressure 
and often against gravity, larger veins of the limbs 
and lower neck region have numerous valves that 
aid in venous return to the heart (several other 
veins throughout the body may also contain valves). 
Both the presence of valves and the contractions 
of adjacent skeletal muscles help to “pump” the 
venous blood against gravity and toward the heart. 
In most of the body, the veins occur as a supericial 
set of veins in the subcutaneous tissue that connects 
with a deeper set of veins that parallel the arteries. 
Types of veins include:

• Venules: these are very small veins that collect 
blood from the capillary beds.

• Veins: these are small, medium, and large veins 
that contain some smooth muscle in their walls, 
but not as much as their corresponding arteries.

• Portal venous systems: these are veins that 
transport blood between two capillary beds (e.g., 
the hepatic portal system draining the GI tract).

Heart

he heart is a hollow muscular (cardiac muscle) 
organ that is divided into four chambers (Fig. 1.15):

• Right atrium: receives the blood from the 
systemic circulation via the superior and inferior 
venae cavae.

• Right ventricle: receives the blood from the 
right atrium and pumps it into the pulmonary 
circulation via the pulmonary trunk and pul-
monary arteries.

• Left atrium: receives the blood from the lungs 
via pulmonary veins.

• Left ventricle: receives the blood from the left 
atrium and pumps it into the systemic circulation 
via the aorta.
he atria and ventricles are separated by atrio-

ventricular valves (tricuspid on the right side and 
mitral on the left side) that prevent the blood from 
reluxing into the atria when the ventricles contract. 
Likewise, the two major outlow vessels, the pul-
monary trunk from the right ventricle and the 
ascending aorta from the left ventricle, possess the 

Plasma
~55%

Centrifuged
blood sample

Plasma composition

Water

Platelets

Blood clot formation
and tissue repair

Neutrophils (50-70%)

Monocytes (2-8%)
Basophils

(<1%)
Eosinophils

(2-4%)
Lymphocytes

(20-30%)

White blood cells

Red blood cells

Transports organic and
inorganic molecules,
cells, platelets, and heat

92%

Plasma proteins 7%

Other solutes 1%

Plasma proteins

Albumins

Transport lipids, steroid hormones;
major contributors to osmotic
concentration of plasma

60%

Globulins

Transport ions, hormones, lipids;
immune function

35%

Fibrinogen

Essential component of clotting system

4%

Regulatory proteins

Enzymes, hormones, clotting proteins

<1%

Other solutes

Electrolytes

Normal extracellular fluid ion compo-
sition essential for vital cellular 
activities (e.g., Na+, K+, Cl )

Organic nutrients

Used for ATP production, growth, and
maintenance of cells (e.g., fatty acids,
glucose, amino acids)

Organic wastes

Carried to sites of breakdown or
excretion (e.g., urea, bilirubin)

Buffy coat
<1%

Red blood
cells 
~45%

FIGURE 1.11  

Composition of Blood. 


	Front Cover
	Inside Front Cover
	Marketing ads
	Netter's Clinical Anatomy
	Copyright Page
	Dedication
	About the Artists
	About the Author
	Acknowledgments
	Preface
	Table Of Contents
	Clinical Focus Boxes
	1 Introduction to the Human Body
	1. Terminology
	Anatomical Position
	Terms of Relationship and Body Planes
	Movements
	Anatomical Variability

	2. Skin
	3. Skeletal System
	Descriptive Regions
	Shapes and Function of Bones
	Markings on the Bones
	Bone Development
	Types of Joints

	4. Muscular System
	5. Cardiovascular System
	Blood Vessels
	Heart

	6. Lymphatic System
	General Organization
	Lymphatic Drainage
	Immune Response

	7. Respiratory System
	8. Nervous System
	General Organization
	Neurons
	Glia
	Peripheral Nerves
	Meninges
	Cranial Nerves
	Spinal Nerves
	Autonomic Nervous System
	Sympathetic Division
	Parasympathetic Division

	Enteric Nervous System

	9. Endocrine System
	10. Gastrointestinal System
	11. Urinary System
	12. Reproductive System
	Female Reproductive System
	Male Reproductive System

	13. Body Cavities
	14. Overview of Early Development
	Week 1: Fertilization and Implantation
	Week 2: Formation of the Bilaminar Embryonic Disc
	Week 3: Gastrulation
	Embryonic Germ Layer Derivatives

	15. Imaging the Internal Anatomy
	General Introduction
	Plain (Conventional) Radiographs
	Computed Tomography
	Positron Emission Tomography/Computed Tomography
	Magnetic Resonance Imaging
	Ultrasound

	Challenge Yourself Questions
	Answers to Challenge Yourself Questions

	2 Back
	1. Introduction
	2. Surface Anatomy
	3. Vertebral Column
	Typical Vertebra
	Regional Vertebrae
	Cervical Vertebrae
	Thoracic and Lumbar Vertebrae
	Sacrum and Coccyx

	Joints and Ligaments of Craniovertebral Spine
	Joints and Ligaments of Vertebral Arches and Bodies
	Movements of the Spine
	Blood Supply to the Spine

	4. Muscles of the Back
	Extrinsic Back Muscles
	Intrinsic Back Muscles
	Suboccipital Muscles

	5. Spinal Cord
	Typical Spinal Nerve
	Dermatomes
	Spinal Meninges
	Dura Mater
	Arachnoid Mater
	Pia Mater
	Subarachnoid Space and Choroid Plexus

	Blood Supply to Spinal Cord

	6. Embryology
	Development of Myotomes, Dermatomes, and Sclerotomes
	Vertebral Column Development
	Neurulation and Development of the Spinal Cord

	Challenge Yourself Questions
	Answers to Challenge Yourself Questions

	3 Thorax
	1. Introduction
	2. Surface Anatomy
	Key Landmarks
	Planes of Reference

	3. Thoracic Wall
	Thoracic Cage
	Joints of Thoracic Cage
	Muscles of Anterior Thoracic Wall
	Intercostal Vessels and Nerves
	Female Breast

	4. Pleura and Lungs
	Pleural Spaces (Cavities)
	The Lungs
	Respiration
	Trachea and Bronchi

	5. Pericardium and Heart
	The Pericardium
	The Heart
	Coronary Arteries and Cardiac Veins
	Chambers of the Heart
	Cardiac Skeleton and Cardiac Valves
	Conduction System of the Heart
	Autonomic Innervation of the Heart

	6. Mediastinum
	Esophagus and Thoracic Aorta
	Azygos System of Veins
	Arteriovenous Overview
	Arteries of the Thoracic Aorta (Fig. 3.27)
	Veins of the Thorax (Fig. 3.28)

	Thoracic Lymphatics

	7. Embryology
	Respiratory System
	Early Embryonic Vasculature
	Aortic Arches
	Development of Embryonic Heart Tube and Heart Chambers
	Fetal Circulation

	Challenge Yourself Questions
	Chapter 3: Thorax

	4 Abdomen
	1. Introduction
	2. Surface Anatomy
	Key Landmarks
	Surface Topography

	3. Anterolateral Abdominal Wall
	Layers
	Muscles
	Rectus Sheath
	Innervation and Blood Supply

	4. Inguinal Region
	Inguinal Canal

	5. Abdominal Viscera
	Peritoneal Cavity
	Abdominal Esophagus and Stomach
	Small Intestine
	Large Intestine
	Liver
	Gallbladder
	Pancreas
	Spleen
	Arterial Supply to the Abdominal Viscera
	Venous Drainage
	Lymphatics
	Innervation

	6. Posterior Abdominal Wall and Viscera
	Posterior Abdominal Wall
	Fascia and Muscles
	Kidneys and Adrenal (Suprarenal) Glands
	Abdominal Vessels
	Arteries of the Abdominal Aorta
	Veins of the Abdomen (Caval System)
	Hepatic Portal System of Veins
	Lymphatic Drainage
	Innervation

	7. Embryology
	Summary of Gut Development
	Liver, Gallbladder, and Pancreas Development
	Urinary System Development
	Adrenal (Suprarenal) Gland Development

	Challenge Yourself Questions
	Answers to Challenge Yourself Questions

	5 Pelvis and Perineum
	1. Introduction
	2. Surface Anatomy
	3. Musculoskeletal Elements
	Bony Pelvic Girdle
	Muscles of the Pelvis

	4. Viscera
	Distal Gastrointestinal Tract
	Pelvic Fascia
	Distal Urinary Tract
	Female Pelvic Reproductive Viscera
	Male Pelvic Reproductive Viscera
	Pelvic Peritoneum

	5. Blood Supply
	Overview of Pelvic and Perineal Arteries

	6. Lymphatics
	7. Innervation
	8. Female Perineum
	Anal Triangle (Both Genders)
	Urogenital Triangle

	9. Male Perineum
	10. Embryology
	Development of the Reproductive Organs
	Development of the External Genitalia

	Challenge Yourself Questions
	Answers to Challenge Yourself Questions

	6 Lower Limb
	1. Introduction
	2. Surface Anatomy
	3. Hip
	Bones and Joints of the Pelvic Girdle and Hip
	Nerve Plexuses
	Access to the Lower Limb

	4. Gluteal Region
	Muscles
	Neurovascular Structures

	5. Thigh
	Bones
	Anterior Compartment Thigh Muscles, Vessels, and Nerves
	Medial Compartment Thigh Muscles, Vessels, and Nerves
	Posterior Compartment Thigh Muscles, Vessels, and Nerves
	Femoral Triangle
	Femoral Artery
	Thigh in Cross Section

	6. Leg
	Bones
	Knee Joint
	Popliteal Fossa
	Posterior Compartment Leg Muscles, Vessels, and Nerves
	Anterior Compartment Leg Muscles, Vessels, and Nerves
	Lateral Compartment Leg Muscles, Vessels, and Nerves
	Leg in Cross Section

	7. Ankle and Foot
	Bones and Joints
	Muscles, Vessels, and Nerves of the Dorsum of the Foot
	Muscles, Vessels, and Nerves of the Sole of the Foot

	8. Lower Limb Muscle Summary and Gait
	Gait

	9. Lower Limb Artery and Vein Summary
	Arteries of the Lower Limb
	Veins of the Lower Limb

	10. Lower Limb Nerve Summary
	Femoral Nerve
	Obturator Nerve
	Sciatic Nerve
	Tibial Nerve
	Fibular Nerve
	Dermatomes

	11. Embryology
	Challenge Yourself Questions
	Answers to Challenge Yourself Questions

	7 Upper Limb
	1. Introduction
	2. Surface Anatomy
	3. Shoulder
	Bones and Joints of Pectoral Girdle and Shoulder
	Muscles

	4. Axilla
	Axillary Vessels
	Brachial Plexus
	Axillary Lymph Nodes

	5. Arm
	Anterior Compartment Arm Muscles, Vessels, and Nerves
	Posterior Compartment Arm Muscles, Vessels, and Nerves
	Arm in Cross Section

	6. Forearm
	Bones and Elbow Joint
	Anterior Compartment Forearm Muscles, Vessels, and Nerves
	Posterior Compartment Forearm Muscles, Vessels, and Nerves
	Forearm in Cross Section

	7. Wrist and Hand
	Bones and Joints
	Carpal Tunnel and the Extensor Compartments
	Intrinsic Hand Muscles
	Palmar Spaces and Tendon Sheaths

	8. Upper Limb Muscle Summary
	9. Upper Limb Artery and Vein Summary
	Arteries of the Upper Limb
	Veins of the Upper Limb

	10. Upper Limb Nerve Summary
	Shoulder Region
	Radial Nerve in the Arm and Forearm
	Median Nerve in Forearm and Hand
	Ulnar Nerve in Forearm and Hand

	11. Embryology
	Appendicular Skeleton
	Neuromuscular Development
	Limb Bud Rotation and Dermatomes

	Challenge Yourself Questions
	Answers to Challenge Yourself Questions

	8 Head and Neck
	1. Introduction
	2. Surface Anatomy
	3. Skull
	Cranial Fossae

	4. Brain
	Meninges
	Dural Venous Sinuses
	Subarachnoid Space
	Gross Anatomy of the Brain
	Blood Supply to the Brain
	Cranial Nerves

	5. Scalp and Face
	Layers of the Scalp
	Muscles of Facial Expression

	6. Orbit and Eye
	Bony Orbit
	Eyelids and Lacrimal Apparatus
	Muscles
	Nerves in the Orbit
	Eyeball (Globe)
	Retina
	Accommodation of the Lens
	Blood Supply to the Orbit and Eye

	7. Ear
	External Ear
	Middle Ear
	Internal Ear

	8. Temporal Region
	Muscles of Mastication
	Parotid Gland
	Infratemporal Fossa
	Vascular Supply

	9. Paranasal Sinuses and Nasal Cavity
	Paranasal Sinuses
	External Nose
	Nasal Cavities
	Blood Supply and Innervation

	10. Oral Cavity
	Muscles
	Salivary Glands
	Palate
	Teeth and Gums (Gingivae)

	11. Neck
	Muscles
	Cervical Plexus
	Blood Supply
	Thyroid and Parathyroid Glands
	Prevertebral Muscles

	12. Pharynx
	13. Larynx
	14. Head and Neck Vascular and Lymphatic Summary
	15. Head and Neck Arteriovenous Summary
	Arteries of the Head and Neck (see Fig. 8.65)
	Veins of the Head and Neck

	16. Cranial Nerve Summary
	Autonomic Innervation
	Cranial Nerves
	Oculomotor, Trochlear, and Abducens Nerves
	Trigeminal Nerve
	Facial Nerve
	Glossopharyngeal Nerve
	Vagus Nerve


	17. Embryology
	Brain Development
	Cranial Nerve Development
	Pharyngeal Arch and Pouch Development
	Facial and Palatal Development
	Salivary Gland and Tooth Development

	Challenge Yourself Questions
	Answers to Challenge Yourself Questions

	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z


