
Index

Note: Page numbers in italic indicate Glossary entries

abdominal aortic aneurysm, low back
pain 202, 204

abdominal reflexes 51

absorbable spinal implants 251

achondroplasia 23

activity, post-operative 263

acute disseminated encephalomyelitis
(ADEM) 17–18

acute transverse myelitis 17

Adamkiewicz, great radicular
artery of 13–14, 273

adjacent segment degeneration 241,
243, 273

adrenomyeloneuropathy 19

Adson test 38–39, 169

AIDS 17

airway problems following cervical
spine surgery 152–153

allodynia 31, 273

allograft 147–150, 273

American Society of Anesthesiologists
(ASA) classification of physical
status 257, 258

American Spinal Injury Association
(ASIA) impairment scale 15

amyotrophic lateral sclerosis (ALS),
distinction from cervical
spondylotic myelopathy 145

analgesia, post-operative 262–263

anatomy see spinal anatomy

angiography of the spine, MRI
technique 94

ankylosing spondylitis 22, 51, 63, 76,
223–224

annular repair 273
new technology 250

anterior cervical decompression and
fusion (ACDF) 243

anterior cervical osteophytes 167

anterior longitudinal ligament 5–7

anterolisthesis 214

Aquarelle Hydrogel Nucleus 247

arachnoid cysts 25, 56

arachnoid mater 8–9, 10

Arnold Chiari malformation
see Chiari malformation

arteriovenous fistula (thoracic),
distinction from lumbar spinal
stenosis 178

arteriovenous malformation
190–191, 192

artificial disks 176, 274
artificial cervical disk surgery 42
complications following surgery
125

surgery 86–87
see also disk arthroplasty

astrocytoma 162–163

atherosclerosis, spinal cord infarction 19

atlas (first cervical vertebra)
anatomy 7, 8
pathophysiology 22

autograft 147–150, 273

autoimmune diseases 18

Axia-LIF 246

axis (second cervical vertebra)
anatomy 7, 8
pathophysiology 22

Baastrup disease 23, 273

Babinski sign 36, 37, 42, 66

bacterial infections of the spine
15–16

bacterial vertebral osteomyelitis
15–16

Beevor sign 51

Behçet disease 18

bent spine syndrome (camptocormia)
64, 273

Bertolotti syndrome 24, 273

beta-blockers 258–259

BioDisc 247

biological vertebral augmentation
251–252

biopsy of the spinal cord and/or nerve
root 106

biopsy of the spine 106, 198–199

bleeding
at the surgical site 261–262
into and around the spinal

cord 19

blindness, post-operative
complication 207, 262

block vertebra 24–25

blood tests 105

blood typing and crossmatching
(pre-operative) 260

bone densitometry 105

bone density measurement, surgical
diagnosis and planning 142

bone grafting
cervical spine surgery 147–151
donor-site pain and morbidity
150, 275

donor site reconstruction 175–176
metallic bone graft substitutes
250–251

pseudarthrosis risk factors 150, 176
synthetic interbody devices
150–151

bone growth stimulators 224–225, 273

bone morphogenetic proteins (BMP)
148, 150–151, 225–227, 273

bone pathophysiology 9, 22–23

bony spurring 9, 22

bowstring sign 68
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brachial plexus lesion, distinction
from cervical radiculopathy 41,
145–146

brain stem auditory evoked potentials
(BAEPs) 101–102

Brown–Séquard syndrome 172, 273

cage 273

caisson disease 19

camptocormia (bent spine syndrome)
64, 273

cancers, paraneoplastic myelopathy 18

carpal tunnel syndrome 37, 41, 144–145

cauda equina 4–5, 6, 9, 273
vascular supply 13–14

cauda equina syndrome 55, 63, 75–76,
273–274

differential diagnosis 75, 76
indications for surgery 109, 111
presentation 75
signs and symptoms 75
treatment 75–76

cavernous malformations 191–192

Cell Saver system 260

central cord syndrome 15, 172, 274

central nucleectomy procedures
230–231

central pain 31

cerebrospinal fluid (CSF)
examination 105–106
leak (spine surgery complication)
152, 180, 205, 207

cervical artificial disks 176, 243–246

cervical collars 174

cervical disk herniation with
radiculopathy and/or myelopathy
154–157

cervical level examination
clinical assessment 144, 145
compression tests 38
dermatomes of the upper body
35, 37

diagnostic pitfalls 144–147
effects of neck traction 37–38
epidemiology of neck pain 3
fractures in the elderly 146–147
general examination 36
localization of pain 34, 35
neck pain 3, 45–48
neurologic examination 35, 36–37,
144, 145

odontoid fractures in the elderly
146–147

patient history 33–34, 35
range of motion 37
special examinations and
maneuvers 37–39

surgical evaluation 144, 145

cervical myelopathy 42–45
cord lesion level not corresponding
to sensory level 146

diagnosis 146
differential diagnosis 43–44
false localizing level 146
indications for surgery 109, 110
investigation 44–45
presentation 36, 42–43
signs and symptoms 36, 42–43
spondylotic myelopathy 36, 42–43
treatment 43, 45

cervical orthoses 173–174
cervical collars 174
cervicothoracic orthosis (CTO) 174
compliance issues 174
driving restrictions 174
Halo vest 173–174
Minerva vest 174
sterno-occipital mandibular
immobilizer (SOMI) 174

trends in the use of cervical
orthoses 174

cervical radiculopathy 39–42
artificial cervical disk surgery 42
causes 39
cervical spondylosis 35, 39–40
compression mechanism 39
definition of radiculopathy 39
diagnostic pitfalls 145–146
differential diagnosis 40, 41
indications for surgery 109, 110
investigation 40, 41
natural history 39
presentation 39
red flag warning signs 40, 42
signs and symptoms 35, 39–40
treatment 40

cervical spine clinical issues
artificial disks (disk arthroplasty
systems) 176, 243–246

cervical orthoses 173–174
clearing the cervical spine
170–171, 274

donor site reconstruction
(bone graft) 175–176

fixed vs. dynamic cervical plates 176
new surgical procedures 176
new technology 176

pain management in SCI 172–173
prophylactic surgery 174–175
pseudarthrosis risk factors 150, 176
spinal cord injury (SCI) 171–173
stability/instability of the cervical
spine 161–162, 163, 169–170

tandem cervical and lumbar
stenosis 175, 278

cervical spine disorders
cervical myelopathy 42–45
cervical radiculopathy 39–42
dropped head syndrome 33, 36
fractures in the elderly 146–147
localization of pain 34, 35
neck pain 3, 45–48
odontoid fractures in the elderly
146–147

cervical spine surgery
approaches 147, 148, 149
bone graft considerations 147–151
indications 147
prophylactic surgery 174–175

cervical spine surgical complications
151–154

airway complications 152–153
complications related to positioning
153

CSF leak 152
delayed complications 154
dysphagia 152–153
esophageal injury 153
hoarseness 152–153
infection 153–154
neurologic deterioration 151
post-operative kyphosis (swan neck
deformity) 154

swallowing complications 152–153
vascular injury 151–152
wrong level surgery 153

cervical spine surgical disorders
anterior cervical osteophytes 167
C1–C2 facet arthropathy 167, 168
C1 (atlas) fracture (Jefferson
fracture) 161

C2 (axis) fractures 161
cervical disk herniation with
radiculopathy and/or myelopathy
154–157

cervical epidural hematoma
167, 168

cervical spine trauma/fractures
160–162, 163

cervical spondylotic myelopathy
157–159

cervical stenosis with deformity
159–160
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cervical spine surgical disorders
(cont.)

dysphagia secondary to anterior
cervical osteophytes 167

Hangman’s fracture (traumatic
spondylolisthesis of the axis) 161

hydromyelia 165, 166
intradural tumor 162–163, 164
occipitocervical injury 161
odontoid fractures 161
ossification of the posterior
longitudinal ligament (OPLL) 160

rheumatoid disease of the cervical
spine 166

spinal metastatic disease 165
subaxial (C3–C7) injuries
161–162, 163

syringomyelia 165–166
thoracic outlet syndrome 167–169

cervical spondylotic myelopathy
42–44, 157–159

approaches to treatment 157–159
diagnostic pitfalls 144–145
natural history 157–159
rating scales 157, 158

cervical stenosis with deformity 159–160

cervical vertebrae
anatomy 7, 8, 9
joint inflammation (skull–C1 and
C1–C2) 22

cervicothoracic orthosis (CTO) 174

Chaddock sign 36, 37, 42

Charcot joints 29

Charité disk 86, 125, 241–242

chemonucleolysis 230–231, 274

chemotherapy,myelopathy caused by 19

Chiari malformation 24, 29–30, 165,
166, 274

circumferential fusion 274

claudication
distinction between neurogenic and
vascular 62, 202–203, 211

neurogenic 62–63, 211
vascular 61–62

clearing the cervical spine 170–171, 274

Coflex device 239

Cognitive-behavioral therapy 85

compensation and disability issues
related to low back pain 227

complex regional pain syndrome
(CRPS) 41, 274

congenital abnormalities of the spine
23–25, 25–30

conus medullaris 9, 274
tumors 221

conus medullaris syndrome 55

copper deficiency 18

corpectomy 274

CSF see cerebrospinal fluid

CT, plain CT of the spine 95–96

CT myelography 94–95
complementary use with MRI
139, 140

contrast materials 94, 95
helpful aspects 94
less helpful aspects 94
main uses 94
procedure 94
risks 95
surgical diagnosis and planning
138–139

curves in the vertebral column 3

cysticercosis 17

cytomegalovirus infection 16, 17

decompression sickness 19

decompressive laminectomy 212–214

deep venous thrombosis (DVT)
259–260

degenerative joint disease of the
hip 202

degenerative spondylolisthesis 215

dens (odontoid process) 7, 8

dermatomal distribution of pain 31

dermatomes 274
lumbosacral 64, 65
thoracic level 49, 50, 51
upper body (cervical) 35, 37

Devic disease (neuromyelitis optica)
17, 18

diabetic radiculopathy (radiculoplexus
neuropathy) 51, 54

diagnosis of spine-related problems 1
potential mistakes 269–271

diagnostic testing
appropriate use of tests 89
potential mistakes 268–269
risk of providing misleading
information 89, 90

utility of different types
of test 89, 90

diagnostic tests
ability to detect abnormalities
89, 90

biopsy of the spinal cord and/or
nerve root 106

biopsy of the spine 106
blood tests 105
bone densitometry 105
brain stem auditory evoked
potentials (BAEPs) 101–102

cerebrospinal fluid (CSF)
examination 105–106

CT myelography 94–95
discography 102–103
electromyography (EMG) 97–101
facet joint interventions 104–105
see also diagnostic/therapeutic
injections

helpful injections 103–105
imaging studies 89–97
magnetic resonance imaging (MRI)
89–94

motor evoked potentials (MEPs)
101

myelography 94–95
nerve conduction studies
97, 99–101

nerve root biopsy 106
neurophysiologic testing 97–101
noninvasive lower limb arterial
testing 105

physiologic testing 97–102
plain CT of the spine 95–96
plain X-rays 96
provocative and beneficial testing
102–105

radionuclide imaging 96–97
somatosensory evoked potentials
(SSEPs) 101

spinal angiography 97
spinal cord biopsy 106
spine biopsy 106
thermography 102
urine and urologic tests 106
visual evoked potentials (VEPs)
101–102

diagnostic/therapeutic injections
103–105

DIAM (device for intervertebral
assisted motion) 239

discectomy 274
endoscopic 231
see also microdiscectomy

discogenic back pain 217–218

discography 83, 102–103
helpful aspects 102–103
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procedure 102, 103
risks 103
surgical diagnosis and planning
140–142, 143

disk anatomy 5, 7

disk arthroplasty (artificial spinal
disk) 241–246, 274

cervical artificial disk 176, 243–246
lumbar artificial disk 241–243
see also artificial disks

disk extrusion 21–22, 274

disk herniation 21–22
intravertebral 21–22
lumbar radiculopathy 65, 70–71

disk migration 26, 274

disk nucleus replacement
246–247, 277

disk pathophysiology 20–22

disk protrusion 21–22, 274

disk sequestration 26, 275

disk space infection 15–16

disk transplantation 248

donor-site pain (bone graft) 125,
150, 275

donor site reconstruction (bone graft)
175–176

double crush syndrome 275

dropped head syndrome 33, 36, 275

dual-energy X-ray absorptiometry
(DXA) 105, 142

dura mater 8–9, 10

dural arteriovenous fistula (DAVF)
56–57, 192

DVT (deep venous thrombosis)
259–260

Dynamic Soft Stabilization System 250

dynamic stabilization surgery
249–250, 275

Dynesys 249–250

dysphagia
following cervical spine surgery
152–153

secondary to anterior cervical
osteophytes 167

dysplastic spondylolisthesis 215

dysraphism, spinal 204

echinococcosis 17

electromyography (EMG) 97–101
characteristic changes of
denervation 99

helpful aspects 100
how it works 97–99
less helpful aspects 100–101
nerve conduction studies
97, 99–101

procedure 100
risks 101

embolism, spinal cord infarction 19

endoscopic discectomy 231

enterovirus infections 16–17

ependymoma 162–163, 164, 220–221

epidemiology of spine pain 2–3
cervical level (neck pain) 3
lumbar level (low back pain) 3
thoracic level 3

epidural hematoma, cervical
spine 167, 168

epidural space 8–9

esophageal injury, cervical spine
surgery complication 153

examination of the patient, potential
mistakes 266–267 see also cervical
level examination; lumbar level

examination; thoracic level
examination

exercise therapy 85

extramedullary hematopoiesis 57

extreme lateral interbody fusion
(X-LIF) 246

extrusion of intervertebral disks
21–22, 274

FABER test 68–69

facet arthropathy, C1–C2 167, 168

facet bone dowel 247–248, 275

facet joint (zygapophyseal joint) 279
anatomy 5, 7
pathophysiology 22

facet joint interventions 104–105
helpful aspects 105
procedure 104–105
risks 105
see also diagnostic/therapeutic
injections

facet replacement 250

failed back surgery syndrome
224, 233–234, 275

fibromyalgia 30

fibrositis 30

finger flexor reflex 37

FLEXUS Interspinous Spacer 239

folic acid deficiency 18

Food and Drug Administration
(FDA), approval of new medical
devices 255–256

foraminotomy 275

fractures
cervical spine 146–147,
160–162, 163

lumbar spine 211, 218
thoracic spine 179, 192–193

fungal myelopathies 17

fusion 86, 275
bone growth stimulators 224–225
minimally invasive procedures
232–233

fusion disease (adjacent segment
degeneration) 241, 243, 273

gadolinium contrast agent for MRI
90–91, 92, 136

complications 136–137

gene therapy for disk disorders 248–249

gibbus 16

Graf ligament 250

great vessel injury, during lumbar
spine surgery 205

gunshot wounds 193–195

hair patches (hypertrichosis) 202, 204

Halo vest 173–174

Hangman’s fracture (traumatic
spondylolisthesis of the axis) 161

hematomyelia 19

hemostasis during surgery 261–262

hereditary myelopathies 19

hereditary spastic paraparesis 19

herniation of intervertebral
disks 21–22

heroin use, and acute myelitis 19

herpes simplex virus infections 16, 17

herpes zoster (shingles) 16, 17
viral radiculopathy 203

hip joint disease, distinction from
lumbar spine stenosis 202
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HIV infection 17

hoarseness following cervical spine
surgery 152–153

Hoffmann sign 36, 37, 42–43

homograft see allograft

human T-lymphocyte virus
(HTLV-I and II) infections 17

hybrid construct 275

hybrid techniques of spinal
stabilization 251

hydrocephalus 29–30

hydromyelia 29–30, 165, 166

hypertrichosis 202, 204

iatrogenic spondylolisthesis 215

ICLOSE Surgical Mesh System 250

image guidance 252–254, 275

imaging studies 89–97 see also surgical
diagnosis and planning

indeterminate bony lesions (thoracic
spine) 199–200

infection
lumbar spinal infections 222–223
spine surgery complication
153–154, 180, 205

inflammatory bowel disease 22

informed consent 260–261

injections, diagnostic/therapeutic uses
103–105

instability of the spine see stability/
instability of the spine

instrumentation 275

interbody fusion, lumbar 130, 275

interdisciplinary pain rehabilitation
programs 85, 87, 131–132

internal disk disruption 130, 275

interspinous implant devices
237–239

intervertebral disk
see pathophysiology of the spine;
intervertebral disk

intervertebral (neural) foramen
5, 7, 275

intra-arterial embolization, lumbar
spine surgery complication
205–207

intracranial hypotension, causes
197–198

intradiscal electrothermal therapy
(IDET) 86, 236–237, 275

intradural pathology, distinction from
lumbar radiculopathy 203, 205

intradural tumor
cervical spine 162–163, 164
lumbar spine 220–221
thoracic spine 189

intramedullary tumor, differential
diagnosis 178–179

intra-operative management of the
patient 261–262

intra-operative MRI 138

intraspinal lipoma 24

intrathecal drug delivery systems
(pain pumps) 87, 132,
234–236, 275

intravertebral disk herniations 21–22

ischemic leg pain following lumbar
spine surgery 205–207

IsoBar 250

isthmic spondylolisthesis 215

Japanese Orthopedic Association
(mJOA) functional score 157, 158

Jefferson fracture (C1 (atlas)
fracture) 161

Jehovah’s Witnesses, informed
consent process 260–261

joint pathophysiology 9, 22–23

joints of Luschka 7, 9

Kernig sign 67, 68

Klippel–Feil syndrome 24–25, 275

konzo 18–19

kyphoplasty 86, 182–183, 184,
185, 186–187, 187–188,
189, 276

kyphosis 27, 28, 195, 196–197, 276

kyphosis (swan neck deformity)
following cervical spine
surgery 154

lag screw effect 151, 276

laminectomy 276
cervical 158, 159

laminoplasty 276
cervical 158–159

Lasègue sign 67, 68

lateral listhesis 214

lateral mass fixation 276

lathyrism 18–19

leg pain following lumbar spine
surgery 205–207

leukodystrophies (hereditary) 19

Lhermitte sign 33, 36, 38, 43,
144, 276

ligamenta flava 5–7

ligaments of the spine
anatomy 5–7
pathophysiology 22, 30

ligamentum nuchae 5–7

liver cirrhosis, and myelopathy 19

longitudinally extensive transverse
myelitis (LETM) 17

low back pain (acute and chronic)
81–87

abdominal aortic aneurysm 202, 204
compensation and disability
issues 227

costs of 1
differential diagnosis 82
epidemiology 3
indications for surgery 109, 112
investigation 70, 82–83
prevalence 1
red flag warning signs 70, 82–83
treatment 83–87
see also lumbar level problems

lower extremity circulation,
noninvasive testing 105

lumbar and lumbosacral orthoses 224

lumbar artificial disk 241–243

lumbar discectomy
see microdiscectomy

lumbar disk herniation 208–210
microdiscectomy 208, 210, 211
recurrent disk herniation
207–208

SPORT study (Part I) 208–209

lumbar disk herniation (minimally
invasive procedures) 230–232

central nucleectomy procedures
230–231

chemonucleolysis 230–231
current status of procedures 232
endoscopic discectomy 231
microdiscectomy using a tubular
retractor 232

thermal disk decompression
231–232
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lumbar fusion 86
new techniques 246

lumbar level examination
bowstring sign 68
clinical assessment 202, 203, 204
diagnostic pitfalls 202–204
differential diagnosis 202, 203, 204
FABER test 68–69
general examination 63–64
hair patches (hypertrichosis)
202, 204

lumbosacral dermatomes 64, 65
neurologic examination 64–66, 202,
203, 204

nonorganic pain syndromes
69–70, 204

Patrick test 68–69
psychological diagnosis 69–70, 204
reverse straight leg raising (SLR)
tests 68, 69

sequestered disk herniation 21,
203–204, 206

special examinations 66–70
spinal dysraphism 204
spinal examination 66–67
straight leg raising (SLR) tests
67–68

surgical indications 204
testing reflexes 66
Waddell signs for nonorganic
pathology 69–70, 204

lumbar level problems
ankylosing spondylitis 63
camptocormia (bent spine
syndrome) 64

cauda equina syndrome 63, 75–76
lumbar radiculopathy 69–75
lumbar spinal stenosis 76–81,
210–214

meralgia paresthetica 63, 73
osteoporosis 63
patient history 61–63
pseudoclaudication 61–62
psychologic factors 63
regional variations in diagnostic
testing 61

regional variations in treatment 61
sciatica 63
socioeconomic factors 63
vascular claudication 61–62
see also low back pain

lumbar radiculopathy 69–75
differential diagnosis 71, 72, 73
disk herniation 65, 70–71
distinction from intradural
pathology 203, 205

effects of herpes zoster
(shingles) 203

indications for surgery 109, 111
investigation 71–73, 74
red flag warning signs 70
treatment 73–75

lumbar spinal stenosis 76–81, 210–214
decompressive laminectomy
212–214

differential diagnosis 62, 78, 79, 178
distinction from hip joint
disease 202

distinction from thoracic cord
lesion 203, 205

indications for surgery 109, 111
investigation 78–79, 80
neurogenic claudication 62, 211
role of fusion 212–214
surgical evaluation 211–212
treatment 79–81

lumbar spine clinical issues
bone growth stimulators for spinal
fusion 224–225

bone morphogenetic proteins
(BMP) 225–227

compensation and disability issues
related to low back pain 227

emerging technology 227
lumbar and lumbosacral
orthoses 224

new surgical techniques 227

lumbar spine surgery
approaches 204–205
evaluation 202, 203
indications 204

lumbar spine surgical complications
205–208

blindness 207
complications related to
positioning 207

CSF leak 205, 207
great vessel injury 205
infection 205
intra-arterial embolization 205–207
late, or delayed, complications
207–208

leg pain caused by ischemia 205–207
neurologic injury 205
peripheral nerve injuries 207
recurrent disk herniation 207–208
risk factors 208
sexual dysfunction 207
vascular complications 205–207

lumbar spine surgical disorders
ankylosing spondylitis 223–224

discogenic back pain 217–218
evaluation of fracture stability
218, 219

failed back syndrome 224
fractures 218
intradural tumor 220–221
lumbar disk herniation 208–210
lumbar synovial cyst 214
metastatic disease 220
osteoporotic vertebral compression
fracture 219

sacral insufficiency fracture
219–220

spinal infection 222–223
spondylolisthesis 214–217
tethered cord syndrome 222
trauma 218, 219
see also lumbar spinal stenosis

lumbar synovial cyst 214

lumbarization of the first sacral
vertebra 24

Lyme disease 16

magnetic resonance imaging (MRI)
89–94

3-T (Tesla) MRI 137
complementary use with CT
139, 140

complications of gadolinium
contrast agents 92–93, 136–137

gadolinium contrast agents
90–91, 92, 136–137

helpful aspects 91, 92
how it works 89–90
interpretation of MRI 138
intra-operative MRI 138
less helpful aspects 91–92
MR angiography of the
spine 94

MR myelography 94
MR neurography 94
new developments for spinal
disorders 137–138

paramagnetic contrast agents
90–91, 92, 136–137

procedure 90–91
pulse sequences for spinal
disorders 136

risks 92–93
safety issues and contraindications
134–136, 136–137

surgical diagnosis and planning
134–138

T1 and T2-weighting 90
upright MRI 92, 137–138

medial branch 12, 276
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medical devices
assessment of new devices and
procedures 254–255

FDA approval 255–256
see also new technology

medical management of the patient
intra-operative management
261–262

post-operative management
262–263

pre-operative medical evaluation
257–261

membranes (meninges) of the spinal
cord and nerves 8–9, 10

meningeal diverticulum with CSF leak
(thoracic spine) 197–198

meningioma 162–163, 220–221

meralgia paresthetica 63, 73, 276

metallic bone graft substitutes
250–251

metastatic disease of the spine
165, 188–189, 220

microdiscectomy 208, 210, 211, 276
amount of tissue to be removed
209–210

complications 208
long-term spine health 210
SPORT study (Part I) 208–209
surgical approach 208
surgical results 208
technique 210, 211
using a tubular retractor 232

migration of disk extrusions 21–22

Minerva vest orthosis 174

minimally invasive procedures
for lumbar disk herniation 230–232
interspinous implant devices
237–239

intradiscal electrothermal therapy
(IDET) 236–237

intrathecal drug delivery systems
234–236

spinal cord stimulation 233–234
spinal fusion techniques 232–233
thoracoscopic sympathectomy 237
vertebral augmentation
procedures 233

X-Stop interspinous decompression
237–239

minimally invasive spinal surgery 276
cost 230
evaluation criteria 229–230
patient criteria 229

philosophy 229–230
terminology 229

mistakes made in patient care 266
diagnosis and treatment 269–271
diagnostic testing 268–269
examination of the patient 265
influence of patient and provider
biases 267–268

interactions with the patient and
family 271–272

patient–doctor interactions
271–272

taking a patient history 265

mixed connective tissue disease 18

Modic changes on MRI 22, 276

motor evoked potentials (MEPs) 101
helpful aspects 101
procedure 101
risks 101

movement, range of the vertebral
column 7–8

MRI see magnetic resonance imaging

multiple sclerosis (MS) 17, 18

muscles which affect the spine 13
pathophysiology 30

mycobacterial (TB) osteomyelitis 16

myelography 94–95
contrast materials 94, 95
helpful aspects 94
less helpful aspects 94
main uses of CT myelography 94
MRI technique 94
procedure 94
risks 95

myelopathy 276 see also cervical
myelopathy; pathophysiology
of the spine; thoracic myelopathy

myofascial pain 30, 31

myotomal distribution of pain 31

myotome 276

Naffziger test 38

neck (cervical level) pain 45–48
differential diagnosis 46
indications for surgery 109, 110
investigation 46–47
prevalence 45–46
red flag warning signs 46
treatment 47–48
see also cervical level examination

nephrogenic fibrosing dermopathy
(NFD) 92–93, 136–137, 276

nephrogenic systemic fibrosis (NSF)
92–93, 136–137, 276

nerve conduction studies 97, 99–101

nerve root 277–278

nerve root biopsy 106

nerve root sleeve diverticula 25

neural (intervertebral) foramen
5, 7, 275

neurogenic claudication 211
distinction from vascular
claudication 62, 202–203, 211

neurography, MRI technique 94

neurologic deterioration following
cervical spine surgery 151

neurologic examination
cervical level 35, 36–37
lumbar level 64–66, 202,
203, 204

thoracic level 50–51

neurologic injury, lumbar spine
surgery complication 205

neuromyelitis optica (NMO) 17, 18

neuropathic pain 31–32, 276

neurophysiologic testing 97–101

new procedures
assessment of new devices and
procedures 254–255

disk transplantation 248
dynamic stabilization 249–250
hybrid techniques of spinal
stabilization 251

lumbar fusion techniques 246

new technology
absorbable spinal implants 251
annular repair technology 250
assessment of new devices and
procedures 254–255

biological vertebral augmentation
251–252

disk arthroplasty (artificial spinal
disk) 241–246

dynamic stabilization devices
249–250

facet bone dowels 247–248
facet replacement 250
FDA approval of new devices
255–256

gene therapy for disk disorders
248–249

government regulation of new
devices 255–256

image guidance 252–254
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metallic bone graft substitutes
250–251

nucleus replacement 246–247
spinal stereotactic surgery 252–254

Newcleus device 247

nociceptive pain 31–32, 276

noninstrumented fusion 276

nonorganic pain syndromes 69–70, 204

Norian SRS 252

notalgia paresthetica 53, 276–277

nucleus replacement 246–247, 277

Nurick disability scale 157

odontoid fractures 161
in the elderly 146–147

odontoid process (dens) 7, 8

OptiMesh System 252

orthoses 277
cervical 173–174
lumbar and lumbosacral 224

ossification of the posterior
longitudinal ligament (OPLL) 160

osteogenesis imperfecta 23

osteopenia 23
bone density measurement 142

osteophytes 277
anterior cervical 167

osteoporosis 23, 63, 181
bone density measurement 105, 142
primary 181
sacral insufficiency fracture
219–220

secondary 181
see also vertebral compression
fracture

Paget disease 23

pain
central pain 31
cervical (neck) pain 3, 45–48
diagnosis 12, 30–32
epidemiology of spine pain 2–3
myofascial pain 31
nonorganic pain syndromes 63,
69–70, 204

psychogenic pain 31
psychological factors in back pain
63, 69–70, 204

thoracic spine pain 57–60
transmission by spinal nerves
12, 30–32

see also low back pain

pain diagram 34

pain localization, cervical level 34, 35

pain management
in SCI 172–173
interdisciplinary pain rehabilitation
programs 85, 87, 131–132

pain-sensitive tissues within
the spine 30

paraneoplastic myelopathy 18

parasitic infections of the spinal
cord 17

pathologic spondylolisthesis 215

pathophysiology of the spine
acquired abnormalities of the
spine 25–30

ASIA impairment scale 15
bacterial infections 15–16
bleeding into and around the spinal
cord 19

bones and joints 9, 22–23
central cord syndrome 15
congenital abnormalities of the
spine 23–25, 25–30

extrinsic and secondary
conditions 14–19

fungal myelopathies 17
hereditary myelopathies 19
inflammatory demyelinating
myelopathies 17–18

intervertebral disks 20–22
intrinsic, primary conditions of the
spine 19–30

ligaments 22
metabolic myelopathies 18
noninfectious inflammatory
myelopathies 17–18

nutritional deficiency
myelopathies 18

pain diagnosis 12, 30–32
parasitic infections of the spinal
cord 17

spinal cord infarction 19
spinal shock 15
spondylosis 20
toxic myelopathies 18–19
traumatic spinal injuries 14–15
tumors (primary and metastatic)
19, 20

vascular disorders 19
viral infections 16–17

patient and provider biases, influence
on patient care 267–268

patient care mistakes 266
diagnosis and treatment 269–271

diagnostic testing 268–269
examination of the patient 265
influence of patient and provider
biases 267–268

interactions with patient and family
271–272

patient–doctor interactions
271–272

taking a patient history 265

patient–doctor interactions, potential
problems 271–272

patient examination see cervical level
examination; lumbar level
examination; thoracic level
examination

patient history
cervical level complaints
33–34, 35

potential mistakes 265
thoracic level problems 49–50

patient medical management
(intra-operative) 261–262

hemostasis 261–262
surgical site bleeding 261–262
threshold for transfusion 262
transfusion 262

patient medical management
(post-operative) 262–263

activity 263
post-operative analgesia 262–263
rehabilitation 263
return to work after surgery 263

patient medical management
(pre-operative evaluation)
257–261

beta-blocker therapy 258–259
blood products and intra-operative
transfusion 260

blood typing and crossmatching
260

DVT/pulmonary embolism
prophylaxis 259

DVT/pulmonary embolism
treatment 259–260

informed consent 260–261
management of anti-coagulant
and anti-platelet medications
257–258

physical status classification
257, 258

prophylactic antibiotics 259

Patrick test 68–69

PDN-SOLO device 247

pedicle screw 277
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pelvic/abdominal pathology,
distinction from lumbar spine
disorders 202, 204

penetrating injuries, thoracic spine
193–195

PercuDyn system 239

perineural (Tarlov) cysts 25, 277

peripheral nerve injury, lumbar spine
surgery complication 207

pernicious anemia 18

PET (positron emission
tomography) 96

Phalen sign 37

pia mater 8–9, 10

piriformis syndrome 71, 73, 277

plain CT of the spine 95–96
comparison with MRI 95
helpful aspects 95–96
procedure 95
risks 96

plain film radiography, surgical
diagnosis and planning
140, 141

plain X-rays 96
helpful aspects 96
procedure 96
risks 96

plates
anterior 277
fixed versus dynamic 176
posterior 277

PMMA (polymethylmethacrylate)
deposition 182–183, 184
see also vertebral augmentation
techniques

poliovirus infection 16–17

positioning during cervical spine
surgery 153

post-operative kyphosis (swan neck
deformity) 154

post-operative management of the
patient 262–263

posterior longitudinal ligament 5–7

pre-operative medical evaluation
257–261

Prestige ST Cervical Disc System
243–244, 245

primary spinal subarachnoid
hemorrhage 19

ProDisc-L 242–243

prophylactic surgery, cervical spine
174–175

prosthetic disk nucleus (PDN) 247

Prosthetic Intervertebral Nucleus 247

protrusion of intervertebral
disks 21–22

provocative and beneficial
testing 102–105

provocative discography
see discography

pseudarthrosis 277
risk factors 150, 176

pseudoclaudication 61–62

pseudomeningocele 277

psoriasis 22

psychogenic pain 31

psychological factors in back pain
63, 69–70, 204

psychosocial risk factors for poor
surgical outcome 119, 120,
121–122

pulmonary embolism (PE) 259–260

quantitative computed tomography
(QCT) 105

radiation therapy, myelopathy caused
by 19

radicular arteries 13–14

radiculopathy 277 see also cervical
radiculopathy; lumbar
radiculopathy; thoracic
radiculopathy

radionuclide bone scanning, surgical
diagnosis and planning 139–140

radionuclide imaging 96–97
helpful aspects 97, 99
how it works 96
less helpful aspects 97
PET 96
procedure 96
radioisotopes 96
SPECT 96

recurrent meningeal (sinuvertebral)
nerves 12–13, 277

transmission of pain 12, 30

referral for spine surgery see spine
surgery referral

referred pain 31, 277

reflexes, lumbar level examination 66

rehabilitation, post-operative 263

Reiter syndrome 22

retrolisthesis 214

reverse straight leg raising (SLR)
tests 68, 69

rheumatoid arthritis 22

rheumatoid disease of the cervical
spine 166

rib articulations 4, 5

rod 277

sacralization of the fifth lumbar
vertebra 24

sacroiliac joints, pathophysiology 22

sarcoidosis 18

Scheuermann disease (vertebral
osteochondritis) 23, 49, 58,
196–197

schistosomiasis 17

Schmorl nodes 21–22, 58

schwannoma 162–163, 220–221

sciatica 63, 277
epidemiology 3
see also lumbar radiculopathy

sclerotomal distribution of pain 31

sclerotome 277

scoliosis 27, 28, 195–196, 277

Secure-P Disc see Triumph
Lumbar Disc

selective nerve root block, surgical
diagnosis and planning
142–143

sequestered disk herniation 21–22,
203–204, 206

sexual dysfunction, lumbar spine
surgery complication 207

sham trials 255, 277

shingles (herpes zoster) 16, 17, 51

shoulder disorder, distinction from
cervical radiculopathy 41, 145

sinuvertebral (recurrent meningeal)
nerves 12–13, 277

transmission of pain 12, 30

Sjögren syndrome 18

smokers, bone grafting issues 150

socioeconomic factors in lower
back pain 63
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somatosensory evoked potentials
(SSEPs) 101

helpful aspects 101
procedure 101
risks 101

SPECT (single photon emission
computed tomography) 96

spina bifida occulta 24

spinal anatomy 3–14
articulation of the ribs 4, 5
atlas (first cervical vertebra) 7, 8
axis (second cervical vertebra) 7, 8
cauda equina 4–5, 6, 9
cervical vertebrae 7, 8, 9
curves in the vertebral column 3
dens (odontoid process) 7, 8
disks 5, 7
facet joints (zygapophyseal
joints) 5, 7

intervertebral disks 5, 7
intervertebral foramina
(neural foramina) 5, 7

ligaments 5–7
location of the spinal cord 4–5, 6
membranes (meninges) of the
spinal cord and nerves 8–9, 10

muscles which influence the
spine 13

numbers and types of vertebrae 3, 4
odontoid process (dens) 7, 8
range of movement of the vertebral
column 7–8

spinal cord anatomy 8–11
spinal nerves 11–13
spinous processes (on vertebrae)
5, 7

transverse processes
(on vertebrae) 5

vascular supply of the spinal cord
and cauda equina 13–14

vertebral anatomy 4–5, 6, 7
vertebral column 3–9
vertebral (spinal) canal 4–5, 6
vertebral (spinal) foramen 4–5, 6

spinal angiography (transfemoral
selective angiography) 97

MRI technique 94

spinal arteries 13–14

spinal biopsy 106, 199–200

spinal cord
areas of enlargement 9
biopsy 106, 178–179, 198–199
bleeding into and around 19
cervical enlargement 9
conus medullaris (termination) 9

detailed anatomy 9–11
location of 4–5, 6
lumbar enlargement 9
membranes (meninges) 8–9, 10
vascular supply 13–14

spinal cord infarction 13–14,
19, 56–57

spinal cord injury (SCI) 171–173
thoracic spine surgery
complication 180

spinal cord injury without
radiographic abnormality
(SCIWORA) 172

spinal cord stimulation 87, 132,
233–234, 277

spinal deformity 195–197

spinal epidural abscess 16

spinal foramen and canal 4–5, 6,
278–279

spinal implants, absorbable types 251

spinal manipulation 85

spinal nerves and nerve roots 11–13,
277–278

transmission of pain 12, 30–32

spinal shock 15

spinal stenosis 25–26, 278
cervical stenosis with deformity
159–160

tandem cervical and lumbar
stenosis 175

see also lumbar spinal stenosis

spinal stereotactic surgery 252–254

spine-related problems
costs of 1
difficulty of diagnosis 1
prevalence 1
range of providers of treatment 1–2
range of treatment options 1–2
scope of the problems 1–2

spine surgery failure investigation
approach to the patient with
persistent or new symptoms
130–131

diagnostic imaging studies
126–128, 129

hints on diagnosing the cause 130
laboratory studies 126–128
patient history 126
physical examination 126
treatment of the patient with
persistent or new symptoms
131–132

usual causes of failed low back
surgery 130

spine surgery failures
complications directly related to
surgery 122–123

complications indirectly related to
surgery 122

complications related to artificial
disk placement 125

failure rate for spine surgery 118
incomplete surgery 121–122
intra-operative errors 121–122
new disease 124
persistent symptoms
post-operatively 118–122

pre-operative errors 118–121
psychosocial risk factors for poor
outcome 119, 120, 121–122

range of possible causes 118, 119
unrealistic expectations of the
patient 121

worsening after encroachment
surgery (decompression) 124

worsening of original disease
123–124

worsening after spinal fusion
124–125

worsening after surgery 122–126
wrong diagnosis 119–120,
121–122

wrong level selected for surgery 121
wrong operation 120
wrong operation performed at
surgery 121

wrong patient for surgery
118–119, 120

wrong time to perform the
operation 120

spine surgery patient
intra-operative management
261–262

post-operative management
262–263

pre-operative medical evaluation
257–261

spine surgery referral
cauda equina syndrome 109, 111
cervical myelopathy 109, 110
cervical radiculopathy 109, 110
list of questions for you and the
surgeon 116–117

low back pain alone 109, 112
lumbar radiculopathy 109, 111
lumbar spinal stenosis 109, 111
neck pain alone 109, 110
nonspondylotic conditions at any
spinal level 109
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spine surgery referral (cont.)
second opinions 117
specific indications 109, 110,
111, 112

surgeon selection 109–117
thoracic myelopathy 109, 110
thoracic radiculopathy 109, 110
thoracic spine pain 109, 111
to whom to refer your patients
109–117

when to refer your patients
108–109

spinocerebellar ataxias (inherited) 19

spinous processes on vertebrae 5, 7
Baastrup disease 23, 273

spondyloarthropathy 22, 278

spondylolisthesis 26–27, 214–217, 278
categories 215
causes 214
clinical findings 215–216
definition 214
degenerative spondylolisthesis 215
dysplastic spondylolisthesis 215
grading 215
iatrogenic spondylolisthesis 215
imaging 216
isthmic spondylolisthesis 215
pathologic spondylolisthesis 215
SPORT study (Part II) 216–217
traumatic spondylolisthesis 215
treatment 216

spondylolysis 26–27, 278

spondylosis 20, 278
cervical 35, 36, 39–40, 42–43
epidemiology of spine pain 2–3
thoracic 55

spondylotic thoracic radiculopathy 51

SPORT study
Part I (lumbar disk herniation)
208–209

Part II (degenerative
spondylolisthesis) 216–217

Spurling sign 38, 144

Stabilimax NZ 250

stability/instability of the spine 278
cervical spine 161–162, 163,
169–170

“hybrid” techniques of spinal
stabilization 251

lumbar spine fractures 218, 219

standing full torso radiographs
140, 141

stereotactic spinal surgery 278

sterno-occipital mandibular
immobilizer (SOMI) 174

straight leg raising (SLR) tests 67–68

superficial siderosis of the CNS 19

surgeon selection (spine surgery
referral) 109–117

criteria for selecting a spine surgeon
112–113

employer input 115
information about the surgeon
112–114

kind of surgeon to choose 112
list of questions for you and the
surgeon 116–117

patient/family input 115
personality issues 114–115
practice setting evaluation 115–116
second opinions 117
surgeon’s outcomes 114
surgeon’s practice setting 115
third party payer input 115
your experience with a surgeon 114

surgical diagnosis and planning
bone density measurement 142
complementary roles of MRI and
CT 139, 140

CT myelography 138–139, 140
discography 140–142, 143
magnetic resonance imaging (MRI)
134–138, 139, 140

plain film radiography 140, 141
radionuclide bone scanning
139–140

selective nerve root block
142–143

standing full torso radiographs
140, 141

swallowing problems following
cervical spine surgery 152–153

swan neck deformity 278
post-operative kyphosis 154

synthetic interbody devices 150–151

syphilis 16

syringobulbia 165

syringomyelia 29–30, 278
cervical spine 165–166

syringosubarachnoid shunt 278

syrinx see syringomyelia

systemic autoimmune diseases 18

systemic lupus erythematosus 18

tandem (cervical and lumbar) stenosis
175, 278

Tarlov cysts 25, 277

tethered cord syndrome 24, 222, 278

thermal disk decompression 231–232

thermography 102

thoracic cord lesion
distinction from intramedullary
tumor 178–179

distinction from lumbar spinal
stenosis 178, 203, 205

thoracic disk herniation 189–190, 191

thoracic intradural tumor, distinction
from lumbar spinal stenosis 178

thoracic level examination
clinical assessment 178, 179
dermatomes 49, 50, 51
diagnostic pitfalls 178–179
differential diagnosis 178, 179
general examination 50
neurologic examination 50–51
patient history 49–50
red flag warning signs 49
special examinations 51
spinal cord biopsy 178–179
surgical evaluation 178, 179
upper thoracic fracture
diagnosis 179

thoracic myelopathy 55–57
arachnoid cysts 56
conus medullaris versus cauda
equina syndrome 55

differential diagnosis 55–57
dural arteriovenous fistulas
(DAVF) 56–57

extramedullary hematopoiesis 57
indications for surgery 109, 110
investigation 56, 57
spinal cord infarction 56–57
thoracic spondylosis 55
treatment 57

thoracic outlet syndrome 41, 167–169

thoracic radiculopathy 51–55
differential diagnosis 52–53
indications for surgery 109, 110
investigation 52–54
spondylotic radiculopathy 51
treatment 54–55

thoracic spine clinical issues
indeterminate bony lesions 199–200
spinal cord biopsy 198–199
vertebral bone biopsy 199–200

thoracic spine pain 57–60
differential diagnosis 52–53, 58
epidemiology 3
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indications for surgery 109, 111
investigation 58–59
red flag warning signs 58–59
treatment 59–60

thoracic spine surgery complications
CSF leak 180
infection 180
spinal cord injury 180
wrong level surgery 181

thoracic spine surgery, indications
and approaches 179–180

thoracic spine surgical disorders
acute fracture 192–193
arteriovenous malformation
190–191, 192

causes of intracranial hypotension
197–198

cavernous malformations 191–192
dural arteriovenous fistula 192
intradural tumor 189
kyphosis 195, 196–197
meningeal diverticulum with CSF
leak 197–198

penetrating injuries 193–195
Scheuermann kyphosis 196–197
scoliosis 195–196
spinal deformity 195–197
spinal metastatic disease 188–189
spinal trauma 192–195
thoracic disk herniation
189–190, 191

vascular lesions of the spinal cord
190–192

vertebral compression fracture
181–188

thoracic spine trauma 192–195
acute fracture 192–193
gunshot wounds 193–195
penetrating injuries 193–195

thoracoscopic sympathectomy 237

three-column model of the spine
218, 219

Tinel sign 37, 67

total disk replacement
see disk arthroplasty

toxoplasmosis 17

transfusion during surgery 262

transverse myelitis 17

transverse processes (on vertebrae) 5

traumatic spinal injuries 14–15
lumbar spine disorders 218, 219
thoracic spine 192–195

traumatic spondylolisthesis 215

treatment decisions, potential
mistakes 269–271

treatment options for spine-related
problems 1–2

Trendelenburg sign 66

Triumph Lumbar Disc 243

Trömner sign 37, 42–43

tropical spastic paraparesis 17

tuberculous vertebral osteomyelitis 16

tubular retractor systems for spinal
procedures 232

tumors (primary and metastatic)
19, 20

Uhthoff phenomenon 33–34,
49–50, 278

ultrasound, bone density
measurement 105

uncinate process (uncovertebral joint)
7, 9, 278

upright MRI 92, 137–138

urine and urologic tests 106

vaccination, post-vaccinal
myelitis 17

varicella-zoster virus (VZV)
infection 16, 17

vascular claudication 61–62
distinction from neurogenic
claudication 202–203, 211

vascular complications of lumbar
spine surgery 205–207

vascular disorders 19

vascular injury, cervical spine surgery
complication 151–152

vascular lesions of the spinal cord
(thoracic spine) 190–192

vascular supply of the spinal cord and
cauda equina 13–14

vertebrae
congenital fusion of two or
more 24–25

lumbarization of the first sacral
vertebra 24

numbers and types of 3, 4
sacralization of the fifth lumbar
vertebra 24

spinous processes 5, 7
transverse processes 5

variation in number of 24

vertebral anatomy 4–5, 6, 7

vertebral augmentation
techniques 182–183, 184,
185, 186–188, 189

minimally invasive procedures 233
spinal metastatic disease
management 189

use of biological substances
251–252

vertebral bone biopsy 199–200

vertebral column, anatomy 3–9

vertebral compression fracture
181–188

acute traumatic fractures 187
conventional treatment 182
future directions in vertebral
augmentation 187–188

high thoracic region 186–187
incidence 181
kyphoplasty 182–183, 184, 185,
186–188, 189

new fracture development
185–186, 187

osteolytic tumor risk factor 182
osteoporosis risk factor 181
osteoporotic compression
fractures 219

patient evaluation 181–182
percutaneous vertebral
augmentation techniques
182–183, 184, 185, 186–188, 189

risk factors 181, 182
spinal metastatic disease 189
treatment complications 185
treatment outcomes 185
vertebral augmentation techniques
182–183, 184, 185, 186–188, 189,
233, 251–252

vertebroplasty 182–183, 185,
186–188, 189

young patients 187

vertebral hemangioma 27–29, 58

vertebral osteomyelitis
bacterial 15–16
tuberculous (mycobacterial) 16

vertebral (spinal) foramen and canal
4–5, 6, 278–279

vertebrectomy 274

vertebroplasty 86, 182–183, 185,
186–188, 189, 279

viral infections of the spine
16–17
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viral radiculopathy (herpes zoster,
shingles) 203

visual evoked potentials (VEPs)
101–102

vitamin B12 (cobalamin) deficiency 18

vitamin E deficiency 18

Waddell signs for nonorganic
pathology 69–70, 204

Wallis device 239

warfarin (Coumadin) 257–258

West Nile virus infection 17

work, recovery time after surgery
263

wrong level surgery
cervical spine 153
thoracic spine 181

XCLOSE Tissue Repair System 250

X-LIF (extreme lateral interbody
fusion) 246

X-rays see plain X-rays

X-Stop interspinous decompression
237–239, 279

zygapophyseal joint 279;
see also facet joint
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