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Every Long Journey Begins with a First Step
Confucius

This book is dedicated to my children—
David Mayo, Corey, Jennifer, and Reid—
all of whom are sick of hearing me invoke the above quote ...
but have nevertheless steadfastly followed its timeless wisdom
in their daily lives!
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“l knew it was too good to be true ... some things never change!”

(From Kaplan EL, Mhoon D, Kaplan SP, Angelos P. Radiation-induced
thyroid cancer: The Chicago experience. Surgery 146:979, 2009.)

While it’s true that I hadn’t quite finished medical school
when Wilhelm Roentgen took an x-ray of his wife’s hand,
there is no doubt in my mind that this simple act forever
changed the way medicine would be practiced. (Rumor has
it he was actually trying to find a way to make her wedding

ring disappear rather than diagnosis anything, as he was in
love with his much younger and sexier x-ray tech!) Be that
as it may, from that point on, physicians have constantly
been looking for a way to make the diagnosis without actu-
ally examining the patient. X-ray gave way to fluoroscopy,
which gave way to computerized tomography, which gave
way to ultrasound, which gave way to magnetic resonance
imaging, which has recently given way to PET scanning.
Each modality’s initial promise of an easier way to make the
diagnosis always seemed to fall short of the mark. Yet hope
springs eternal in the human breast, and many hope that
rather than medical imaging, it will be the human genome
that finally releases the medical profession from actually
having to examine the patient!

In our perennial search for a less up close and personal
way to come up with what's wrong with the patient, we
must constantly be reminded that “some things never
change” ... and one of those things is the amazing clinical
utility of the properly taken history and properly performed
physical examination. Yes, we actually have to touch the
patient. Yes, we actually have to exert some effort. However,
can you think of anything that has a hlgher yield for the
patient and physician alike? I certainly can't.

In reviewing the Prefaces for the first and second editions
of this text, I was struck by the spot-on accuracy of the
musing of the great baseball player Yogi Berra when he said,

“It’s like déja vu all over again!” Put another way, when all
else fails ... EXAMINE THE PATIENT!

Steven D. Waldman
Summer 2015

vii



Section 1: The Cervical Spine

1

Functional Anatomy of the Bony

Cervical Spine 2
2 Functional Anatomy of the
Cervical Intervertebral Disc 5
3 Nomenclature of the Diseased
Cervical Disc 7
4 Painful Conditions Emanating from
the Cervical Spine 13
5 Visual Inspection of the Cervical Spine 14
6 Palpation of the Cervical Spine 15
7 Physical Examination of the Cervical
Spine Range of Motion 17
8 The Cervical Dermatomes 19
9 The C5 Neurologic Level 20
10 The C6 Neurologic Level 23
11 The C7 Neurologic Level 25
12 The C8 Neurologic Level 27
13 The Spurling Test for Cervical
Radiculopathy Secondary to Herniated
Disc or Cervical Spondylosis 29
14 The Axial Loading Test for Cervical
Discogenic Disease 30
15 The Hoffmann Test for Cervical
Myelopathy 31
16 The Sharp Purser Test for Atlantoaxial
Joint Instability 32
Section 2: The Shoulder
17 Functional Anatomy of the
Shoulder Joint 36
18 Visual Inspection of the Shoulder 39
19 Palpation of the Shoulder 40
20 External Rotation of the Shoulder 41
21 Internal Rotation of the Shoulder 42
22 Crossed-Arm Adduction of
the Shoulder 43
23 Abduction of the Shoulder 44
24 Painful Conditions of the Shoulder 45

25
26
27

28

29

30

31

32

33

34

35

36

37

38

39

40

41
42

43

a4

45

46

Shoulder Instability Syndromes

The Anterior Drawer Test

The Shift and Load Test for Shoulder
Instability

The Apprehension Test for Anterior
Shoulder Instability

The Jobe Relocation Test for Anterior
Shoulder Instability

The Andrews Anterior Apprehension
Test for Anterior Shoulder Instability
The Posterior Drawer Test for Posterior
Shoulder Instability

The Jerk Test for Posterior Shoulder
Instability

The Posterior Clunk Test for Posterior
Shoulder Instability

The Sulcus Sign Test for Inferior
Glenohumeral Instability

The Crank Test for Injury of the Labrum
of the Glenohumeral Joint

An Overview of Shoulder Impingement
Syndromes

The Neer Test for Shoulder
Impingement Syndromes

The Hawkins Test for Shoulder
Impingement Syndromes

The Gerber Subcoracoid

Impingement Test

The Zaslav Rotation Resistance Test for
Shoulder Impingement

Bicipital Tendinitis

The Speed Test for Bicipital

Tendinitis

The Yergason Test for Bicipital
Tendinitis

The Snap Test for Subluxing Biceps
Tendon Syndrome

The Gerber Lift-Off Test for Rupture of
the Subscapularis Muscle

The Gerber Belly Press Test for
Subscapularis Weakness

47
52

53

54

55

57

58

59

60

61

62

64

68

69

70

71
72

75

76

77

79

80



47 The Internal Rotation Lag Sign for

Rupture of the Subscapularis Tendon 81
48 The Snapping Scapula Test 82
49 The Ludington Test for Ruptured Long

Tendon of the Biceps 84
50 The Squeeze Test for Distal Rupture of

the Biceps Tendon 86
51 Clinical Correlates: Diseases of the

Rotator Cuff 87
52 The Drop Arm Test for Complete

Rotator Cuff Tear 93
53 The External Rotation Lag Sign for

Rupture of the Supraspinatus or

Infraspinatus Tendon 94
54 The Dawbarn Sign for Supraspinatus

Tendinitis 95
55 The Empty Can Test for Supraspinatus

Tendinitis 97
56 The Jobe Supraspinatus Test 100
57 The Midarc Abduction Test for

Infraspinatus Tendinitis 101
58 The External Rotation Stress Test for

Impairment of the Infraspinatus and

Teres Minor Muscles 103
59 The Drop Arm Test for Subdeltoid

Bursitis 104
60 The Adduction Release Test for

Subcoracoid Bursitis 105
61 The Adduction Stress Test for

Acromioclavicular Joint Dysfunction 107
62 The Chin Adduction Test for

Acromioclavicular Joint Dysfunction 110
63 The Paxino Test for Acromioclavicular

Joint Dysfunction 111
64 The Sergeant’s Chevron Test for

Axillary Nerve Deficits 112
65 The Adson Maneuver for Thoracic

Outlet Syndrome 113
66 The Costoclavicular Test for Thoracic

Outlet Syndrome 115
67 The Hyperabduction Test for Thoracic

Outlet Syndrome 116

Section 3: The Elbow

68 Functional Anatomy of the Elbow Joint 118
69 Visual Inspection of the Elbow 122
70 Palpation of the Elbow 124
71 Flexion and Extension of the Elbow 126
72 Supination and Pronation of the Elbow 127
73 The Valgus Stress Flexion Test for

Medial Ligamentous Incompetence 128

74 The Varus Stress Flexion Test for

Lateral Ligamentous Incompetence 129
75 The Lateral Pivot-Shift Test for

Posterolateral Insufficiency 130
76 The Froment Paper Sign for Ulnar

Nerve Entrapment at the Elbow 131
77 The Jeanne Sign for Ulnar Nerve

Entrapment at the Elbow 132
78 The Wartenberg Sign for Ulnar Nerve

Entrapment at the Elbow 133
79 The Little Finger Adduction Test for

Ulnar Nerve Entrapment at the Elbow 134
80 The Valgus Extension Overload Test for

Olecranon Impingement 135
81 The Compression Test for Lateral

Antebrachial Cutaneous Nerve

Entrapment Syndrome 136
82 The Snap Sign for Snapping Triceps

Syndrome 138
83 The Creaking Tendon Sign for Triceps

Tendinitis 139
84 The Ballottement Test for Olecranon

Bursitis 140
85 The Tennis Elbow Test 142
86 The Maudsley Test for Lateral

Epicondylitis 144
87 The Chair Lift Test for Lateral

Epicondylitis 145
88 The Golfer’s EIbow Test 146
89 The Polk Test to Differentiate Lateral

and Medial Epicondylitis 147
90 The Brachialis Jump Test for

Climber’s Elbow 149

Section 4: The Forearm

91 The Compression Test for Radial

Tunnel Syndrome 152
92 The Forced Pronation Test for

Pronator Syndrome 154
93 The Pinch Test for Anterior

Interosseous Syndrome 155
94 The Creaking Tendon Test for

Intersection Syndrome 156

Section 5: The Wrist and Hand

95 Functional Anatomy of the Wrist 158
96 Visual Inspection of the Wrist

and Hand 160
97 Palpation of the Wrist and Hand 161
98 Extension of the Wrist and Hand 162



929
100
101
102

103

104

105

106

107

108
109

110

111

112

113

114

115

116

117

118

119

120

121

122

123
124
125

126

Flexion of the Wrist and Hand
Adduction of the Wrist and Hand
Abduction of the Wrist and Hand

Painful Conditions of the Wrist
and Hand

The Wristwatch Test for Cheiralgia
Paresthetica

The Finkelstein Test for de Quervain
Tenosynovitis ;

The Allen Test for Patency of the Radial

and Ulnar Arteries at the Wrist
The Watson Stress Test for Arthritis of

163
164
165

166

167

169

171

the Carpometacarpal Joint of the Thumb 173

The Ulnar Click Test for Ulnar
Impaction Syndrome

Carpal Tunnel Syndrome

The Tinel Sign for Carpal Tunnel
Syndrome

The Phalen Test for Carpal Tunnel
Syndrome

The Opponens Weakness Test for
Carpal Tunnel Syndrome

The Opponens Pinch Test for Carpal
Tunnel Syndrome

The Two-Point Discrimination Test for
Carpal Tunnel Syndrome

The Dowart Hotdog Sign for Carpal
Tunnel Syndrome

The Spread Sign for Ulnar Tunnel
Syndrome

Flexion/Extension Test for Ganglion
Cysts of the Wrist

The Hunchback Carpal Sign for
Carpal Boss

The Tuck Sign for Extensor
Tenosynovitis of the Wrist

The Palmar Band Sign for Dupuytren
Contracture

The Allen Test for Patency of the
Digital Arteries of the Fingers

The Catching Tendon Sign for Trigger
Finger Syndrome

The Sausage Finger Sign for Psoriatic
Arthritis

The Swan Neck Deformity Sign

The Boutonniére Deformity Sign

The Heberden Node Sign for

Osteoarthritis of the Distal
Interphalangeal Joints

The Bouchard Node Sign for
Osteoarthritis of the Proximal
Interphalangeal Joints

174
175

178

179

180

181

182

183

184

186

187

189

190

191

192

194
195
196

197

198

127 The Ice Water Test for Glomus Tumor of

the Finger 199
Section 6: The Chest Wall, Thorax,
and Thoracic Spine
128 The Winged Scapula Sign for

Entrapment of the Long Thoracic

Nerve of Bell 202
129 The Suprascapular Notch Sign for

Suprascapular Nerve Entrapment

Syndrome 203
130 The Shoulder Retraction Test for

Costosternal Syndrome 205
131 The Swollen Costosternal Joint Sign for

Tietze Syndrome 206
132 The Shrug Test for Sternoclavicular

Joint Dysfunction 207
133 The Hooking Maneuver Test for

Slipping Rib Syndrome 209
134 The Flexion Test for Acute Thoracic

Vertebral Compression Fracture 210
Section 7: The Lumbar Spine
135 Functional Anatomy of the

Lumbar Spine 214
136 An Overview of the Nomenclature of

the Diseased Lumbar Disc 216
137 An Overview of Painful Conditions

Emanating from the Lumbar Spine 221
138 Visual Inspection of the Lumbar Spine 222
139 Palpation of the Lumbar Spine 223
140 Range of Motion of the Lumbar Spine 224
141 The Schober Test for Lumbar

Spine Flexion 226
142 The Kemp Test for Lumbar Facet

Joint Pain 227
143 The Lumbar Dermatomes 228
144 The L4 Neurologic Level 230
145 The L5 Neurologic Level 232
146 The S1 Neurologic Level 233
147 The Lasegue Straight Leg Raising Test

for Lumbar Root Irritation 235
148 The Sitting Straight Leg Raising Test

for Lumbar Root Irritation 236
149 The Naffziger Jugular Compression Test

for an Equivocal Lasegue Straight Leg

Raising Test 237
150 The Flip Test for Lumbar Nerve Root

Irritation 238
151 The Buckling Knee Test for Lumbar

Nerve Root Irritation 239



152

153

154

155

156
157

158

159

160

The Spurling Test for Lumbar Nerve
Root Irritation

The Bragard Test for Lumbar Nerve
Root Irritation

The Ely Test for Lumbar Nerve Root
Irritation

The Fajersztajn Test for Lumbar Nerve
Root Irritation

The Stoop Test for Spinal Stenosis
The Babinski Sign for Diseases of

the Corticospinal System

The Chaddock Sign for Diseases of
the Corticospinal System

The Oppenheim Sign for Diseases of
the Corticospinal System

The Gordon Reflex for Diseases of
the Corticospinal System

240

241

242

243
244

245

246

247

248

Section 8: The Abdominal Wall and Pelvis

161 The Sit-Up Sign for Anterior Cutaneous

Nerve Entrapment Syndrome 250
162 The Waddling Gait Sign for Osteitis

Pubis Syndrome 252
163 The Yeoman Test for Sacroiliac Joint Pain 254
164 The Van Durson Standing Flexion Test

for Sacroiliac Joint Pain 255
165 The Piedallu Seated Flexion Test for

Sacroiliac Joint Pain 256
166 The Stork Test for Sacroiliac Joint

Dysfunction 257
167 The Gaenslen Test for Sacroiliac Joint

Dysfunction 258
168 The Numb Medial Thigh Sign for

Obturator Nerve Entrapment

Syndrome 260
169 The Novice Skier Sign for llioinguinal

Nerve Entrapment Syndrome 262
170 The Femoral Stretch Test 264
171 The Burning Lateral Thigh Sign for

Meralgia Paresthetica 265
Section 9: The Hip
172 Functional Anatomy of the Hip 268
173 Visual Inspection of the Hip Joint 271
174 Palpation of the Hip 272
175 Flexion of the Hip 273
176 Extension of the Hip 274
177 Abduction of the Hip 275
178 Adduction of the Hip 276
179 Internal Rotation of the Hip 277

180 External Rotation of the Hip 278
181 Painful Conditions of the Hip 279
182 The Thomas Test for Flexion Deformity

of the Hip 280
183 The Trendelenburg Test for Weak Hip

Abductors 281
184 The Hopalong Cassidy Sign for

Antalgic Gait 283
185 The Patrick/FABER Test for Hip

Pathology 285
186 The Waldman Knee Squeeze Test for

Adductor Tendinitis 286
187 The Resisted Hip Extension Test for

Ischial Bursitis 288
188 The Resisted Hip Abduction Test

for Gluteal Bursitis 289
189 The Resisted Hip Adduction Test for

lliopsoas Bursitis 290
190 The Piriformis Test for Piriformis

Syndrome 291
191 The Resisted Abduction Release Test for

Trochanteric Bursitis Pain 292
192 The Fulcrum Test for Stress Fractures of

the Femoral Shaft 294
193 The Ober Test for lliotibial Band

Contracture 296
194 The Snap Sign for Snapping Hip

Syndrome 297
Section 10: The Knee
195 Functional Anatomy of the Knee 300
196 Visual Inspection of the Knee 303
197 Palpation of the Knee 304
198 Flexion of the Knee 305
199 Extension of the Knee 306
200 Rotation of the Knee 307
201 An Overview of Painful Conditions of

the Knee 308
202 The Bulge Sign for Small Joint

Effusions 309
203 The Ballottement Test for Large Joint

Effusions 310
204 The Valgus Stress Test for Medial

Collateral Ligament Integrity 312
205 The Varus Stress Test for Lateral

Collateral Ligament Integrity 313
206 The Anterior Drawer Test for Anterior

Cruciate Ligament Integrity 314
207 The Flexion-Rotation Anterior Drawer

Test for Anterior Cruciate Ligament

Instability 315



208

209

210

211

212

213

214

215

216

217

218

219
220

221
222
223

224

225
226

227

228

The Lachman Test for Anterior Cruciate
Ligament Integrity

The Posterior Drawer Test for Posterior
Cruciate Ligament Integrity

The Hughston External Rotation-
Recurvatum Test for Posterior Cruciate
Ligament Instability

The Quadriceps Active Test for
Posterior Cruciate Ligament Integrity

The Pivot Shift Test for Anterolateral
Rotary Instability

The Reverse Pivot Shift Test of Jakob
for Posterolateral Instability

The Tibial External Rotation Test for
Injury to the Posterolateral Corner

The Perkins Test for Patellofemoral
Pain Syndrome

The Patellar Grind Test for
Patellofemoral Pain Syndrome

The Fairbanks Apprehension Test for
Lateral Patellar Subluxation

The Patellar Tilt Test for Lateral
Retinacular Dysfunction

The McMurray Test for Torn Meniscus

The Apley Grinding Test for
Meniscal Tear

The Squat Test for Meniscal Tear
The Thessaly Test for Meniscal Tear

The Twist Test for Semimembranosus
Insertion Syndrome

The Knee Extension Test for Quadriceps
Expansion Syndrome

Bursitis of the Knee

The Creaking Tendon Sign for
Hamstring Tendinitis

The Nobel Compression Test for
lliotibial Band Syndrome

The Bump Sign for Baker Cyst of
the Knee

316

317

318

319

320

321

322

323

324

325

326
327

328
329
330

332

334
336

340

341

342

Section 11: The Ankle and Foot

229 Functional Anatomy of the Ankle
and Foot

230 Visual Inspection of the Ankle
and Foot

231 Palpation of the Ankle and Foot
232 The Wave Test for Ankle Joint Effusion

233 The Anterior Drawer Test for Anterior
Talofibular Ligament Insufficiency

234 The Inversion Test for Anterior
Talofibular Ligament Insufficiency

235 The Eversion Test for Deltoid Ligament
Insufficiency

236 The Squeeze Test for Syndesmosis
Ankle Strain

237 The External Rotation Test for
Syndesmosis Ankle Strain

238 The Tinel Sign for Anterior Tarsal
Tunnel Syndrome

239 The Tinel Sign for Posterior Tarsal
Tunnel Syndrome

240 The Creak Sign for Achilles Tendinitis

241 The Toe Raise Test for Achilles Tendon
Rupture

242 The Thompson Squeeze Test for
Achilles Tendon Rupture

243 The Matles Test for Achilles Tendon
Rupture

244 The Calcaneal Jump Sign for Plantar

Fasciitis
245 The Windlass Test for Plantar
Fasciitis
246 The Mulder Sign for Morton Neuroma

Index

346

348
350
352

353

355

357

360

361

362

364
367

369

371

372

373

375
376

378



Video Contents

Chapter 9
Chapter 10
Chapter 11
Chapter 12
Chapter 13

Chapter 26
Chapter 31
Chapter 37

Chapter 42
Chapter 43

Chapter 45
Chapter 46
Chapter 47
Chapter 52
Chapter 53
Chapter 56
Chapter 58
Chapter 60
Chapter 62
Chapter 65
Chapter 67
Chapter 78

Chapter 79

Xiv

The C5 Neurologic Level

The C6 Neurologic Level

The C7 Neurologic Level

The C8 Neurologic Level

The Spurling Test for Cervical
Radiculopathy Secondary to Herniated
Disc or Cervical Spondylosis

The Anterior Drawer Test

The Posterior Drawer Test for Posterior
Shoulder Instability

The Neer Test for Shoulder Impingement
Syndromes

The Speed Test for Bicipital Tendinitis
The Yergason Test for Bicipital
Tendinitis

The Gerber Lift-Off Test for Rupture of
the Subscapularis Muscle

The Gerber Belly Press Test for
Subscapularis Weakness

The Internal Rotation Lag Sign for Rupture

of the Subscapularis Tendon

The Drop Arm Test for Complete Rotator
Cuff Tear

The External Rotation Lag Sign for
Rupture of the Supraspinatus or
Infraspinatus Tendons

The Jobe Supraspinatus Test

The External Rotation Stress Test for
Impairment of the Infraspinatus and Teres
Minor Muscles

The Adduction Release Test for
Subcoracoid Bursitis

The Chin Adduction Test for
Acromioclavicular Joint Dysfunction

The Adson Maneuver for Thoracic
Outlet Syndrome

The Hyperabduction Test for Thoracic
Outlet Syndrome

The Wartenberg Sign for Ulnar Nerve
Entrapment at the Elbow

The Little Finger Adduction Test for Ulnar
Nerve Entrapment at the Elbow

Chapter 81

Chapter 82

Chapter 85
Chapter 91

Chapter 92
Chapter 104

Chapter 109
Chapter 110

Chapter 111
Chapter 112
Chapter 115
Chapter 121
Chapter 132
Chapter 144
Chapter 145
Chapter 146
Chapter 152
Chapter 154
Chapter 170
Chapter 185
Chapter 187
Chapter 188
Chapter 189

Chapter 203

The Compression Test for Lateral
Antebrachial Cutaneous Nerve
Entrapment Syndrome

The Snap Sign for Snapping Triceps
Syndrome

The Tennis Elbow Test

The Compression Test for Radial Tunnel
Syndrome

The Forced Pronation Test for Pronator
Syndrome

The Finkelstein Test for de Quervain
Tenosynovitis

The Tinel Sign for Carpal Tunnel Syndrome
The Phalen Test for Carpal Tunnel
Syndrome

The Opponens Weakness Test for Carpal
Tunnel Syndrome

The Opponens Pinch Test for Carpal
Tunnel Syndrome

The Spread Sign for Ulnar Tunnel
Syndrome

The Catching Tendon Sign for Trigger
Finger Syndrome

The Shrug Test for Sternoclavicular
Joint Dysfunction

The L4 Neurologic Level

The L5 Neurologic Level

The S1 Neurologic Level

The Spurling Test for Lumbar Nerve
Root Irritation

The Ely Test for Lumbar Nerve

Root Irritation

The Femoral Stretch Test

The Patrick/FABER Test for Hip Pathology
The Resisted Hip Extension Test for
Ischial Bursitis

" The Resisted Hip Abduction Test for

Gluteal Bursitis

The Resisted Hip Adduction Test for
lliopsoas Bursitis

The Ballottement Test for Large Joint
Effusions



‘The Cervical Spine




Functional Anatomy of the Bony

Cervical Spine

THE VERTEBRAE OF THE CERVICAL SPINE

To fully understand the functional anatomy of the cervical
spine and the role its unique characteristics play in the
evolution of the myriad painful conditions that have the
cervical spine as their nidus, one must first recognize that
unlike the thoracic and lumbar spine, whose functional
units are quite similar, the cervical spine must be thought
of as being composed of two distinct and dissimilar func-
tional units. The first type of functional unit consists of the
atlanto-occipital unit and the atlantoaxial units (Figs. 1-1
and 1-2). While these units help to provide structural static
support for the head, they are uniquely adapted to their

Odontoid process of axis

*Figure 1-1 Atlanto-occipital unit.

Normal

A B

Flexion

primary function of facilitating focused movement of the
head to allow the optimal functioning of the eyes, ears,
nose, and throat. The uppermost two functional units are
susceptible to trauma and the inflammatory arthritides as
well as to the degenerative changes that occur as a result of
the aging process.

The second type of functional unit that makes up the
cervical spine is very similar to the functional units of the
thoracic and lumbar spine and serves primarily as a struc-
tural support for the head and secondarily functions to aid
in the positioning of the sense organs located in the head
(Fig. 1-3, A-C). Disruption of this second type of functional
unit, which comprises the lower five cervical vertebrae and

Atlas

Axis

Extension

C

«Figure 1-3 Functional units of the cervical spine in normal (A), flexed (B), and extended

(C) positions.



CHAPTER 1 Functional Anatomy of the Bony Cervical Spine _

their corresponding intervertebral discs, is responsible for
the majority of painful conditions encountered in clinical

practice (see Chapter 15).

THE MOBILITY OF THE CERVICAL SPINE

functional disability or pain; however, in disease, these
movements may result in nerve impingement with its atten-

dant pain and functional disability.

THE CERVICAL VERTEBRAL CANAL

The cervical spine has the greatest range of motion of the
entire spinal column and allows movement in all planes. Its
greatest movement occurs from the atlanto-occipital joint
to the third cervical vertebra. Movement of the cervical
spine occurs as a synchronized effort of the entire cervical
spine and its associated musculature, with the upper two
cervical segments providing the greatest contribution to
rotation, flexion, extension, and lateral bending. During
flexion of the cervical spine, the spinal canal is lengthened,
the intervertebral foramina become larger, and the anterior
portion of the intervertebral disc becomes compressed (Fig.
1-3, B). During extension of the cervical spine, the spinal
canal becomes shortened, the intervertebral foramina
become smaller, and the posterior portion of the anterior
disc becomes compressed (Fig. 1-3, C). With lateral bending
or rotation, the contralateral intervertebral foramina become
larger, while the ipsilateral intervertebral foramina become
smaller. In health, none of these changes in size results in

The bony cervical vertebral canal serves as a protective
conduit for the spinal cord and as an exit point of the
cervical nerve roots. Owing to the bulging of the cervical
neuromeres as well as the other fibers that must traverse
the cervical vertebral canal to reach the lower portions of
the body, the cervical spinal cord occupies a significantly
greater proportion of the space available in the spinal
canal relative to the space occupied by the thoracic and
lumbar spinal cord. This decreased space results in less
shock-absorbing effect of the spinal fluid during trauma
and also results in compression of the cervical spinal
cord with attendant myelopathy when bone or interverte-
bral disc compromises the spinal canal (Fig. 1-4). Such
encroachment of the cervical cord by degenerative changes
or disc herniation can occur over a period of time, and
the resultant loss of neurologic function due to myelopa-
thy can be subtle; as a result, a delay in diagnosis is not

uncommon.

*Figure 1-4 Cervical spondylosis. Sagittal T1-weighted spin echo (A) and sagittal T2-weighted fast spin
echo (B) magnetic resonance images of the cervical spine demonstrate disc degeneration at essentially
every cervical level, in addition to loss of disc space height and, in B, diminished signal intensity. Severe
central canal stenosis is related to both anterior disc herniation with osteophytes and posterior ligamen-
tous hypertrophy at most of the cervical levels. A focal area of high signal intensity within the cord at the
C5-C6 level reflects posttraumatic myelomalacia. (From Resnick D, Kransdorf MJ, editors: Bone and joint

imaging, ed 3, Philadelphia, 2005, Saunders, p 147.)
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The cervical vertebral canal is funnel-shaped, with its
largest diameter at the atlantoaxial space and progressing
to its narrowest point at the C5-C6 interspace. It is not
surprising that this narrow point serves as the nidus of many
painful conditions of the cervical spine. The shape of the
cervical vertebral canal in humans is triangular but is subject
to much anatomic variability among patients. Those patients
with a more trifoil shape generally are more susceptible to
cervical radiculopathy in the face of any pathologic process
that narrows the cervical vertebral canal or negatively affects
the normal range of motion of the cervical spine.

THE CERVICAL NERVES AND
THEIR RELATION TO
THE CERVICAL VERTEBRAE

The cervical nerve roots are each composed of fibers from
a dorsal root that carries primarily sensory information and
a ventral root that carries primarily motor information. As
the dorsal and ventral contributions to the cervical nerve
roots move away from the cervical spinal cord, they coalesce
into a single anatomic structure that becomes the individual
cervical nerve roots. As these coalescing nerve fibers pass
through the intervertebral foramen, they give off small
branches, with the anterior portion of the nerve providing
innervation to the anterior pseudo-joint of Luschka and the
annulus of the disc and the posterior portion of the nerve
providing innervation to the zygapophyseal joints of each
adjacent vertebra between which the nerve root is exiting.
These nerve fibers are thought to carry pain impulses from
these anatomic structures, and this notion of the interver-
tebral disc and zygapophyseal joint as distinct pain genera-
tors diverges from the more conventional view of the
compressed spinal nerve root as the sole source of pain
emanating from the cervical spine. As the nerve fibers exit
the intervertebral foramen, they fully coalesce into a single
nerve root and travel forward and downward into the pro-
tective gutter made up of the transverse process of the
vertebral body to provide innervation to the head, neck, and
upper extremities (Fig. 1-5).

C3 nerve root
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c7 C8 nerve root

sFigure 1-5 Positon of cervical nerves relative to cervical
vertebrae.

IMPLICATIONS FOR THE CLINICIAN

The bony cervical spine is a truly amazing anatomic struc-
ture in terms of both its structure and its function. The two
uppermost segments of the cervical spine are vitally impor-
tant to a human’s day-to-day safety and survival, but with
the exception of cervicogenic and tension-type headaches,
they are not the source of the majority of painful conditions
involving the cervical spine that are commonly encountered
in clinical practice. However, the lower five segments
provide ample opportunity for the evolution of myriad
common painful complaints, most notably cervical radicu-
lopathy and cervicalgia, including cervical facet syndrome.



Functional Anatomy of the Cervical

Intervertebral Disc

The cervical intervertebral disc has two major functions:
(1) to serve as the major shock-absorbing structure of the
cervical spine and (2) to facilitate the synchronized move-
ment of the cervical spine while at the same time helping
to prevent impingement of the neural structures and vascu-
lature that traverse the cervical spine. Both the shock-
absorbing function and the movement and protective
function of the cervical intervertebral disc are a function
of the disc’s structure as well as the laws of physics that
affect it.

To understand how the cervical intervertebral disc func-
tions in health and becomes dysfunctional in disease, it is
useful to think of the disc as a closed, fluid-filled container.
The outside of the container is made up of a top and a
bottom called the endplates, which are composed of rela-
tively inflexible hyaline cartilage. The sides of the cervical
intervertebral disc are made up of a woven crisscrossing
matrix of fibroelastic fibers that tightly attaches to the top
and bottom endplates. This woven matrix of fibers is called
the annulus, and it completely surrounds the sides of the
disc (Fig. 2-1). The interlaced structure of the annulus
results in an enclosing mesh that is extremely strong yet at
the same time very flexible, which facilitates the compres-
sion of the disc during the wide range of motion of the
cervical spine (Fig. 2-2).

Inside this container of the top and bottom end-
plates and surrounding annulus is water that contains a

Nucleus
pulposus

Annulus
fibrosus

«Figure 2-1 The cervical intervertebral disc can be thought of as a
closed, fluid-filled container.

mucopolysaccharide gel-like substance called the nucleus
pulposus (see Fig. 2-1). The nucleus is incompressible and
transmits any pressure placed on one portion of the disc to
the surrounding nucleus. In health, the water-filled gel
creates a positive intradiscal pressure that forces the adjacent
vertebrae apart and helps to protect the spinal cord and
exiting nerve roots. When the cervical spine moves, the
incompressible nature of the nucleus propulsus maintains a
constant intradiscal pressure, while some fibers of the disc
relax and others contract.

As the cervical intervertebral disc ages, it becomes
less vascular and loses its ability to absorb water into
the disc. This results in a degradation of the disc’s
shock-absorbing and motion-facilitating functions. This
problem is made worse by degeneration of the annulus,
which allows portions of the disc wall to bulge, distort-
ing the ability of the nucleus pulposus to evenly distrib-
ute the forces placed on it through the entire disc. This
exacerbates the disc dysfunction and can contribute to
further disc deterioration, which can ultimately lead
to actual complete disruption of the annulus and extru-
sion of the nucleus as well as render the disc more sus-
ceptible to damage from even minor trauma (Fig. 2-3;
also see Chapter 3). The deterioration of the disc is
responsible for many of the painful conditions that
emanate from the cervical spine that are encountered in
clinical practice (see Chapter 15).

Normal

Compressed Flexion

«Figure 2-2 The cervical intervertebral disc is a strong yet flexible
structure, shown here in the range of motion of the cervical spine.
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*Figure 2-3 Posttraumatic discovertebral injury: lucent annular cleft sign. A, Hyperextension
injury. Lateral radiograph shows a linear collection of gas within the annular fibers of the intervertebral
disc adjacent to the vertebral endplate. The lucent cleft sign (arrow), often seen after hyperextension
injuries, is believed to represent traumatic avulsion of the annulus fibrosus from its attachment to the
anterior cartilaginous endplate. B, Hyperflexion injury. Observe the gas density within the posterior portion
of the C4-C5 disc (arrow) on this lateral radiograph obtained in flexion. This patient was recently involved
in a rear-end impact motor vehicle collision and had severe neck pain. (From Taylor JAM, Hughes
TH, Resnick D: Skeletal imaging: atlas of the spine and extremities, ed 2, St. Louis, 2010, WB
Saunders.)



