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PICA, 351
radiographic imaging, 228f, 229–230, 231f
VA vascular anatomy and, 221–222, 222f, 222t,  

223f, 224t
angioplasty

intracranial, 384–385
posterior fossa atherosclerotic disease, 381–384,  

382f, 383f
primary, 380–381, 381f

anomalies
axis-associated, 67–68, 67f
congenital

atlas, 63–67, 96–98
axis, 98–101
CVJ, 3
occipital, 93–96

dens, 98–100, 99f
occipital bone-associated, 63, 65f, 66f
segmentation, 98
vascular anatomy, radiological evaluation of, 72, 75f

anterior inferior cerebellar artery (AICA), 221
anterior longitudinal ligament, 15
anterior operative approaches, foramen magnum region, 

30f, 31
anterosuperior approaches, 264
antitumor necrosis factor (anti-TNF), 105
aplasia

atlas, 98
anterior arch, 97–98, 97f

of dens, 7, 7f
arterial anatomy, AVM, 202–203, 202f
arterial relationships, foramen magnum region, 19f, 22f, 

25–27, 26f
arteries

AICA, 221
basilar, 86, 86f

vascular anatomy, 222–227, 224f, 226f, 227f,  
228f

OA, 388
PCA, 388
PICA, 84, 221, 388

aneurysms, 351
SCA, 388

bypass, posterior fossa, 396–399, 398f
STA, 388
VA, 84–86, 85f, 388

branches, 84–86, 85f
dissections, 193–199, 196f, 352–353
management, lateral mass plate and screw technique, 

517, 518t
origin stenting, 198–199, 199f
posterolateral approach, upper cervical spine,  

367–369, 370f, 371f
stenting, 196–199, 199f
vascular anatomy, 221–222, 222f, 222t,  

223f, 224t

A
abciximab, 197, 384
accessory nerves, 21–25
ACCS. See acute central cord syndrome
achondroplasia, 139
acoustic neuromas, neuroendoscopy, 333–334
acute central cord syndrome (ACCS), 80
AICA. See anterior inferior cerebellar artery
alar ligament failure, 56
allograft banking, spinal fusion, 437
allograft bone, spinal fusion, 437
allograft techniques, 449–450
anatomical considerations

for intramedullary lesions, 181–183, 182f
for neuroendoscopy, 332
posterior circulation, 84

anatomy
arterial, 202–203, 202f
AVM, 202–203, 202f
bone, 431–435, 432f, 433f
Chiari I malformation, 170–171, 170f, 171f
foramen magnum, 154
osseous, radiological evaluation

atlantoaxial joint and, 69–71, 70f, 71f, 72f, 73f
atlas and, 63–67
axis and, 67–68, 67f
basilar invagination and, 68, 68f
occipital bone and, 63, 65f, 66f
occipitoatlantal joint and, 68–69, 69f
platybasia and, 68, 68f

primary extramedullary tumors, 154
spinal fusion and bone, 431–435, 432f, 433f
surgical

atlantoaxial joint fixation, 516
jugular foramen, 403

vascular
anomalies, radiological evaluation of, 72, 75f
basilar artery, 222–227, 224f, 226f, 227f, 228f
normal, 71–72, 74f
pathology, radiological evaluation and, 72–77, 75f, 76f
radiological evaluation, 71–77, 74f, 75f, 76f
of VAs, 221–222, 222f, 222t, 223f, 224t

venous, 202f, 203
anesthesiology

open-door maxillotomy, 296
transoral surgery, 291–292

anesthetic considerations, bypass options, 389–390
anesthetic technique, transoral–translabiomandibular 

 approach, 305
aneurysms

Barrow Neurological Institute experience with, 232–234, 
233f, 233t

basilar artery vascular anatomy and, 222–227, 224f,  
226f, 227f, 228f

clinical features, 227
endovascular approach, 230, 232f
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Note: Page numbers followed by f and t indicate material in figures and tables, respectively.
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lesion types, 381
medical management, 378, 379f
natural history, 378, 379f

atlantoaxial fusion, 98
atlantoaxial joint

basilar invagination, 520–523, 522f
craniovertebral realignment for group A, 523, 524f
craniovertebral realignment for group A,  

with syringomyelia, 523, 524f
foramen magnum decompression for group B,  

523–525
mobile, 523
treatment of, 525

dislocation, 514–516, 514f, 515f
fixed, 519, 521f
irreducible, 519, 521f
vertical, 523

manipulation, 514–527
RA and, treatment of, 525
radiological evaluation, 69–71, 70f, 71f, 72f, 73f

atlantoaxial joint fixation, 514–527
lateral mass plate and screw technique

contraindications for, 516
double insurance fixation, 518, 518f
indications for, 516
joint-jamming technique and, 518–519, 519f
occipitocervical fixation, 517
operative technique for, 516–517, 517f
relevant surgical anatomy and, 516
translaminar C2 screws for, 518
trans-spinolaminal screws and, 518
trans-spinous process for, 518
vertebral artery management for, 517, 518t

atlantoaxial screw fixation, posterior
clinical pearls, 501
contraindications, 493
indications, 493
patient positioning, 493–494, 494f
preoperative evaluation, 493, 493f
preparation, 493–494, 494f
transarticular screw fixation and, 494–501, 494f, 495f, 

496f
atlanto-occipital calcifications, 95
atlanto-occipital joints, 15, 17f
atlanto-occipital membranes, 15–16
atlas

anterior arch
aplasia of, 97–98, 97f
hypoplasia of, 97–98, 97f

aplasia, 98
assimilation, 6, 6f, 96–97
atlantoaxial fusion, 98
congenital anomalies, 63–67

aplasia of, 98
aplasia of anterior arch, 97–98, 97f
atlantoaxial fusion, 98
hypoplasia of, 98
hypoplasia of anterior arch, 97–98, 97f
segmentation, 98

foramen magnum region, 13, 15f
fractures

biomechanical effects of, 57f, 58
combination axis fractures and, 130–131, 131f, 132f
isolated, 124–125, 126f, 127f

hypoplasia, 97–98, 97f, 98
injuries associated with, 63–67

arteriovenous (AV) fistulae, 76
extradural, pathophysiology of, 203, 203f, 204f
intradural dorsal, 203f, 204, 205f, 206f
intradural ventral, 203f, 206

arteriovenous malformations (AVMs)
anatomy, 202–203, 202f
AV fistulae

extradural, pathophysiology of, 203, 203f, 204f
intradural dorsal, 203f, 204, 205f, 206f
intradural ventral, 203f, 206

extradural–intradural, 203f, 206, 207f
glomus, 201
intramedullary, 203f, 206, 208f
juvenile, 201
pathophysiology, 203–206
posterior fossa, 201–217

classification of, 213–214
clinical presentation of, 206–208, 215
diagnostic evaluation of, 209–210, 209f, 211f, 212f, 

215–216
endovascular management of, 212f, 217
natural history of, 206–208, 215
pathophysiology of, 214–215, 214f
radiosurgery for, 217
surgical management of, 216
surgical treatment outcome of, 216–217
treatment of, 216

spinal
classification of, 201
clinical presentation of, 206–208, 215
diagnostic evaluation of, 209–210, 209f, 211f, 212f, 

215–216
endovascular management of, 211–213
management of, 210–213
natural history of, 206–208, 215
pathophysiology of, 214–215, 214f
radiosurgery for, 217
surgical management of, 213
surgical treatment outcome of, 216–217

type I, 201
type II, 201
type III, 201
venous anatomy and, 202f, 203

arthritis
degenerative, 525–527, 526f
RA

atlantoaxial dislocation with, treatment of, 525
basilar invagination with, treatment of, 525
changing pattern of, 105
CVJ and, 58, 58f
epidemiology, 104
neck, 104–113, 104f

articulations, foramen magnum region, 13–16, 17f
aspirin, 197

WASID trial, 193, 378, 385
astrocytomas, 184–185
atherosclerotic disease, 77
atherosclerotic disease, posterior fossa

endovascular management
angioplasty and, 381–384, 382f, 383f
endovascular therapy and, 380
future directions of, 384
intracranial angioplasty for, 384–385
primary angioplasty and, 380–381, 381f
stenting and, 381–384, 382f, 383f
stent placement for, 384–385
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capsular ligament failure, 57
cervical orthoses comparisons and, 60–61, 61f
coupled motion and, 54
flexibility testing and, 52–53
internal fixation devices and, 58–60
load-deformation responses and, 53–54, 54f, 54t
measuring spinal motion and, 52, 52f
mechanics of injury, 56, 57f
RA and, 58, 58f
transoral odontoidectomy and, effects of, 57
transverse ligament failure and, 56
vertical distraction injuries and, 58

flexibility testing, 52–53
odontoid screws, 58–59

fixation of, 488–491, 490f, 491f
screw fixation, 467–468, 468f
spinal fusion, 434

bone
adaptation, 434–435
anatomy, 431–435, 432f, 433f
biochemistry, 431–433
development, 434
growth, 433–434, 433t, 434t
marrow, 439
remodeling, 134–135
repair physiology, 435–436, 435t

bone grafts
allograft techniques, 449–450
autogenous, spinal fusion, 436–440
autologous, surgical techniques of, 443–450
biomechanics, spinal fusion and, 434
calvarial, 449, 449f
ceramics, spinal fusion, 437–438
complications, 450
fibula, 446–449, 447f
harvesting, 443–450
iliac crest

anterior, 443, 443f, 444f
posterior, 443–446, 445f, 446f

rib, 446, 447f
spinal fusion

allograft, 437
autogenous, 436–440
biomechanics of, 434
bone marrow, 439
bone morphogenic protein, 438–439
ceramics, 437–438
demineralized bone matrix and, 437
electromagnetic stimulation, 439–440
gene therapy, 439
methylmethacrylate, 439
stem cells, 439
techniques of, 443–450
vascularized, 436–437

surgical preparation, 450
vascularized, 436–437

bone metabolism disorders, 134–139
calcium metabolism and related hormones, 135
Paget disease of bone, 137–138, 138f

bone morphogenic protein, spinal fusion, 438–439
bone screws

cancellous, 464–466, 465f
cortical, 464–466, 465f

bone softening diseases, 134–139
bone remodeling, 134–135
osteogenesis imperfecta, 136–137, 136f, 137f

bony exposure, far-lateral approach, 353–354, 353f

radiological evaluation, 63–67
segmentation anomalies, 98
vertebra, development of, 4

AV fistula. See arteriovenous fistulae
AVMs. See arteriovenous malformations
axes of rotation, 55, 55f, 56f
axis

anomalies associated with, 67–68, 67f
congenital anomalies

anomalies of dens, 98–100, 99f
KFS, 100–101, 101f

foramen magnum region, 13, 15f
fractures

combination atlas fractures and, 130–131, 131f, 132f
isolated, 125–130

helical, of motion, 55, 55f, 56f
injuries associated with, 67–68, 67f
isolated fractures

C2 fractures, miscellaneous, 129–130
Hangman’s fractures, 127–129, 130f
odontoid fractures, 125–127

occipital bone connected to, 16, 17f
radiological evaluation, 67–68, 67f

B
Barrow Neurological Institute, 232–234, 233f, 233t
basilar artery, 86, 86f

branches, 86, 86f
vascular anatomy, 222–227, 224f, 226f, 227f, 228f

basilar impression, 9, 9f, 134
osteogenesis imperfecta-associated, 136–137

basilar invagination, 93–94, 93f, 134
atlantoaxial joint, 520–523, 522f

craniovertebral realignment for group A, 523, 524f
foramen magnum decompression for group B,  

523–525
mobile, 523
treatment of, 525

Chiari I malformation-associated, 175–177, 177f, 178f
craniovertebral realignment for group A, 523
foramen magnum decompression for group B,  

523–525
mobile, 523
occipital congenital anomalies, 93–94, 93f
RA, 525
radiological evaluation, 68, 68f
symptoms, 94
syringomyelia with, 523
treatment, 94

basiocciput, 95
Bell’s cruciate paralysis, 80–81, 81f
benign primary tumors, 144–145
bevacizumab, 252
bifrontal craniotomy, 321
bilateral transverse fissures basiocciput, 95
biomechanics

atlas fractures, 57f, 58
bone graft, 434
C0-C1 fixation, 59–60, 60f
C1-C2 fixation, 59, 59f
cervical orthoses comparisons, 60–61, 61f
CVJ

alar ligament failure and, 56
alterations in, 56–58, 57f, 58f
atlas fractures and, 57f, 58
axes of rotation and, 55, 55f, 56f

atlas (continued)
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cavernous malformations
cervicomedullary junction

diagnosis of, 237–239, 238f, 238t, 239f
epidemiology of, 237, 237t
management of, 243–247, 244f, 245f
natural history of, 240–243, 241t, 242f
pathology, 236, 236f
presentation of, 239–240, 240t
radiosurgery for, 246–247, 247f
surgical considerations for, 244–246, 245f, 246t

epidemiology, 237, 237t
pathology, 236, 236f

CCS. See central cord syndrome
central cord syndrome (CCS)

acute, 80
neuropathological mechanisms, 80

ceramics, spinal fusion, 437–438
cerebellar arteries, 25

AICA, 221
PICA, 84, 221, 388

aneurysms, 351
posteroinferior, 25
SCA, 388

bypass, posterior fossa, 396–399, 398f
cerebellomedullary fissure, 21
cerebellum, 20
cerebrospinal fluid (CSF), 288. See also spinal fluid
cervical orthoses, biomechanical comparisons of, 60–61, 61f
cervical spine

high, intramedullary lesions of
anatomical considerations for, 181–183, 182f
clinical presentation of, 183
diagnostic evaluation of, 184–185, 184f, 184t, 185f
management of, 181–191
pathology of, 183
postoperative management of, 187–190
surgical complications of, 190–191
surgical treatment of, 185–187, 188f, 190f

nerve roots, 25
upper

midline pathology of, transoral approaches to, 290–302
posterolateral approach to, 367–373

x-rays, neck RA, 106–107, 106f, 107f
cervicomedullary junction

cavernous malformations
diagnosis of, 237–239, 238f, 238t, 239f
epidemiology of, 237, 237t
management of, 243–247, 244f, 245f
natural history of, 240–243, 241t, 242f
pathology of, 236, 236f
presentation of, 239–240, 240t
radiosurgery for, 246–247, 247f
surgical considerations for, 244–246, 245f, 246t

compression, 7, 8f
intramedullary lesions

anatomical considerations for, 181–183, 182f
clinical presentation of, 183
diagnostic evaluation of, 184–185, 184f, 184t, 185f
management of, 181–191
pathology of, 183
postoperative management of, 187–190
surgical complications of, 190–191
surgical treatment of, 185–187, 188f, 190f

Chiari I malformation, 9, 86–88, 87f
anatomy, 170–171, 170f, 171f
basilar invagination associated with, 175–177, 177f, 178f
clinical syndromes, 171–172

bypass
extracranial carotid–vertebral, 393–395, 395f
OA–PICA, 399f, 400
PICA–PICA, 400, 401f
SCA, 396–399, 398f
STA–PCA, 396–399, 398f

bypass options, posterior fossa
anesthetic considerations and, 389–390
direct techniques for, 400–401
extracranial, 390–396
extracranial carotid–vertebral bypass, 393–395, 394f
flow augmentation and, 388
flow measurement and, 390
flow replacement and, 389
general considerations for, 389–390
indications for, 388–389
intracranial, 396–401
OA–PICA bypass, 399–400, 399f
osteophyte decompression and, 395–396, 396f
PICA–PICA, 400, 401f
postoperative management for, 390
preoperative assessment and, 389
preoperative considerations and, 389–390
SCA, 396–399, 398f
STA–PCA, 396–399, 398f
VCT, 390–393, 391f

C
C0-C1 fixation, 59–60, 60f
C1-C2

dislocations, 122, 124f
fixation

biomechanics, 59, 59f
of neck RA, 109–110, 109f, 110f

screw-rod fixation, transarticular screw fixation,  
497–501, 499f, 500f

C1-C2 transarticular screws
fixation, CT-based guidance of, 473–475, 476f
occipitocervical fixation, 505–506
placement, neuronavigation and, 272

C1 lateral mass screws, CT-based guidance and, 475–476, 
477f

C2 crossed translaminar screws, CT-based guidance for, 
477–478

C2 fractures, miscellaneous, 129–130
C2 pars interarticularis screws, CT-based guidance for, 476
C2 pedicle screws

CT-based guidance and, 476, 478f
occipitocervical fixation, 506–508, 508f

cables, spinal
braided, 454, 454f, 454t
Danek, 454–457, 455f, 456f, 457f, 457t
fixation

general principles, 453–463
operative techniques, 458–461

Sof’wire, 457–458, 458f
calcifications, atlanto-occipital, 95
calcium metabolism, 135
calvarial grafts, 449, 449f
cancellous bone screws, 464–466, 465f
cannulated screws, 467, 468f

for odontoid screw fixation, 488, 489f
transarticular screw fixation, 497

capsular ligament failure, 57
carmustine, malignant primary tumor, 143
carotid arteries, 25
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occipital congenital anomalies
basilar invagination, 93–94, 93f
occipital condylar hypoplasia, 96, 96f
platybasia, 93–94, 93f
vertebralization of occiput, 94–96, 95f, 96f

unique conditions, 101–103, 102f
cortical bone screws, 464–466, 465f
cortical plasticity, lesioning and, 82
corticospinal tract (CST)

hand function and, 82–83
lesioning of, in primates, 81–82, 82f
neuropathological mechanisms, 81
somatotopical organization of, evidence against, 81–83

coupled motion, CVJ, 54
cranial nerves

accessory nerves, 21–25
deficits, from compressive lesions, 83–84, 84t
foramen magnum region and, 21–25
glossopharyngeal nerves, 21
rootlets, 21
vagus nerves, 21

cranial procedures, neuronavigation in
craniotomy and, 269
incision planning and, 268–269
lesion resection and, 269–270, 269f, 270f, 272f

craniotomy
bifrontal, 321
far-lateral approach, 353–354, 353f
neuronavigation in, 269

craniovertebral instability, 514–527
craniovertebral junction (CVJ)

abnormalities, 9, 10f
alar ligament failure, 56
biomechanics

alar ligament failure and, 56
alterations in, 56–58, 57f, 58f
atlas fractures and, 57f, 58
axes of rotation and, 55, 55f, 56f
capsular ligament failure, 57
cervical orthoses comparisons and, 60–61, 61f
coupled motion and, 54
flexibility testing and, 52–53
internal fixation devices and, 58–60
load-deformation responses and, 53–54, 54f
measuring spinal motion and, 52, 52f
mechanics of injury, 56, 57f
RA and, 58, 58f
transoral odontoidectomy and, effects of, 57
transverse ligament failure and, 56
vertical distraction injuries and, 58

capsular ligament failure, 57
congenital anomalies, 3, 10t
degenerative arthritis, facetal distraction treatment, 

525–527, 526f
development, 3–9, 4t

disorders of, 10t
implications of, 5–9

disease, neurological findings of, 80–88
disorders

acquired, 10t
classification of, 3–10, 9, 10t
developmental, 10t

embryology, 3–9, 4t
implications of, 5–9

injury
neuropathological mechanisms of, 80–88
trauma and, 80–82, 80t

conditions associated with, 171
management, 170–174
neuroendoscopy, 335
pathophysiology, 170–171, 170f, 171f
surgical principles, 172–174, 172f, 173f, 174f
with syringomyelia, management of, 174–175, 176f

Chiari II malformation, 9, 88
management, 177–180, 179f

Chiari malformations, 6, 7f, 86–88
congenital malformations, 101–103, 102f
management, 170–180

childhood growth of posterior fossa, 9
chondrosarcomas

foramen magnum, 157, 159f
SRS, 256–257, 257f

chordomas, 256–257, 257f
circulation

disorders, 335
posterior, 84

circumferential cribriform plate osteotomy, 321
clivus, 13, 304, 304f
clopidogrel, 197, 384, 385, 389
cobalt-60. See Gamma Knife
combination atlas–axis fractures, 130–131, 131f, 132f
combined approaches

far-lateral, 354–360, 355f
closure and, 360

intradural–extradural, jugular foramen, 407–409, 408f
presigmoid, 43, 46f
transfacial, 327, 329f

compression
of cervicomedullary junction, 7, 8f
of CVJ, 280
of ventral foramen magnum, 288

compressive lesions, cranial nerve deficits from, 83–84, 84t
computed tomography (CT), 107. See also CT-based 

 guidance
congenital anomalies

atlas, 63–67
aplasia of, 98
aplasia of anterior arch, 97–98, 97f
assimilation of, 96–97
atlantoaxial fusion, 98
hypoplasia of, 98
hypoplasia of anterior arch, 97–98, 97f
segmentation, 98

axis
anomalies of dens, 98–100, 99f
KFS, 100–101, 101f

CVJ, 3
occipital, 93–96

basilar invagination, 93–94, 93f
platybasia, 93–94, 93f

congenital malformations
anomalies of atlas and, 96–98

aplasia of, 98
aplasia of anterior arch, 97–98, 97f
atlantoaxial fusion, 98
hypoplasia of, 98
hypoplasia of anterior arch, 97–98, 97f
segmentation, 98

anomalies of axis and
anomalies of dens, 98–100, 99f
KFS, 100–101, 101f

Chiari malformation, 101–103, 102f
Down syndrome, 101–103, 102f

Chiari I malformation (continued)
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dissections
initial, 367, 368f, 369f
intracranial approach, 320, 320f
intradural, 354, 354f
soft tissue, 352, 352f
temporal bone, 362, 363f, 364f, 365f
transnasomaxillary approach, 323

to CVJ, 323
transpalatal approach, 325–326
VA, 196f, 352–353

extradural, 194–195
intracranial stenting and, 197–198, 197f, 198f
intradural, 195–196, 195f, 196f
management of, 193–199
origin stenting and, 198–199, 199f
stenting and, 195–196

DMARDs. See disease-modifying antirheumatic drugs
dorsal respiratory group, 181
double insurance fixation, 518, 518f
Down syndrome (trisomy 21), 101–103, 102f, 134, 138–139
doxorubicin, 144
DRR. See digitally reconstructed radiograph
drug-eluting stents (DESs), 194
dura, foramen magnum region, 25–26
dural venous sinuses, 27–29, 27f

E
EC-IC bypass. See extracranial-intracranial bypass
electromagnetic stimulation, spinal fusion, 439–440
electromyography (EMG), 365
embryogenesis, 4
embryology

CVJ, 3–9, 4t
implications of, 5–9

nervous system, 3–4
spinal, 3–4

EMG. See electromyography
endonasal approaches, extended, 340–346, 340f, 341f
endoscopic approach, transnasal, 299–302, 301f, 302f
endoscopic third ventriculostomy (ETV), 334–335
endoscopy, risk of, 333
endovascular approach, 230, 232f
endovascular management

posterior fossa atherosclerotic disease
angioplasty and, 381–384, 382f, 383f
endovascular therapy and, 380
future directions of, 384
intracranial angioplasty for, 384–385
primary angioplasty and, 380–381, 381f
stenting and, 381–384, 382f, 383f
stent placement for, 384–385

of posterior fossa AVMs, 212f, 217
of spinal AVMs, 211–213

ependymomas, 184
epidermoid tumors, neuroendoscopy for, 333–334
eptifibatide, 384
etoposide, 144
ETV. See endoscopic third ventriculostomy
extended bilateral facial translocation, 307, 308f
extended endonasal approaches, 340–346, 340f, 341f

fusion considerations for, 345, 347f
multilayer closure for, 345
patient selection for, 340–342, 341t
surgical technique for, 342–345, 344f, 346f

extended frontal approach, foramen magnum region, 37, 39f
extended maxillotomy, 31, 36

load-deformation responses of, 53–54, 53f, 54f
midline pathology of, transoral approaches to, 290–302
radiological evaluation, 64f

osseous anatomy and, 63–71
vascular anatomy and, 71–77

surgical–physiological approach to, 9
transverse ligament failure, 56
tuberculosis, treatment of, 525
tumors

neurological presentation of, 83, 83f
proton beam radiation, 258–259
vascular, 77

vascular compromise, neurological syndromes due to, 
84–86

craniovertebral realignment, 523, 524f
cruciform ligament, 15
CSF. See cerebrospinal fluid
CST. See corticospinal tract
CT. See computed tomography
CT-based guidance, surgical technique

C1 lateral mass screws and, 475–476, 477f
C2 crossed translaminar screws and, 477–478
C2 pars interarticularis screws and, 476
C2 pedicle screws and, 476, 478f
transoral surgery and, 478, 479f

CT-based image guidance
for CVJ fixation, 470–479
surgical technique, 472–478, 473f, 474f

C1-C2 transarticular screw fixation and, 473–475, 
476f

registration accuracy and, 473
CVJ. See craniovertebral junction
CyberKnife SRS system, 251, 253
cyclophosphamide, 143, 144
cyclosporine, 105

D
dactinomycin, 144
Danek cables, 454–457, 455f, 456f, 457f, 457t
decompression

foramen magnum, 523–525
osteophyte, 395–396, 396f
transoral, 277

demineralized bone matrix, spinal fusion, 437
dens

anomalies, 98–100, 99f
aplasia of, 7, 7f
hypoplasia of, 7, 7f

dentate ligament, spinal cord and, 18
DESs. See drug-eluting stents
development

atlas vertebra, 4
bone, 434
CVJ, 3–9, 4t

disorders of, 10t
implications of, 5–9

sclerotome, 4, 4t
digitally reconstructed radiograph (DRR), 251
disease-modifying antirheumatic drugs (DMARDs), 105
dislocations

atlantoaxial joint, 514–516, 514f, 515f
fixed, 519, 521f
irreducible, 519, 521f
vertical, 523

C1-C2, rotatory, 122, 124f
occipitoatlantal, 116–120, 116t, 117f, 118t, 119f
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C1-C2
biomechanics, 59, 59f
of neck RA, 109–110, 109f, 110f
transarticular screw, CT-based guidance of, 473–475, 

476f
CT-based guidance, 470–479
double insurance, 518, 518f
occipitocervical, 503–512
odontoid screw, 481–491
posterior atlantoaxial screw, 493–501
posterior occipitocervical, 111, 111f
spinal cable

general principles, 453–463
operative techniques, 458–461

transarticular screw, operative technique of, 494–501, 
494f, 495f, 496f

flexibility testing, 52–53
flow

augmentation, posterior fossa, 388
measurement, posterior fossa, 390
replacement, posterior fossa, 389

FMD. See fibromuscular dysplasia
foramen magnum

anatomy, 154
chondrosarcomas, 157, 159f
decompression, 523–525
meningiomas, 155–156
schwannomas, 157, 158f
ventral, compression of, 288

foramen magnum region
arterial relationships in, 19f, 22f, 25–27, 26f
articular relationships in, 13–16, 17f
atlas and, 13, 15f
axis and, 13, 15f
cerebellum and, 20
dura around, 25–26
dural venous sinuses in, 27–29, 27f
extradural veins in, 27–29, 27f
herniations, 29–30
intradural veins in, 27–29, 27f
ligamentous relationships in, 13–16, 17f
neural relationships in, 16–25, 19f, 21f

cranial nerves and, 21–25
spinal nerve roots and, 25

occipital bone and, 13
osseous relationships in, 13, 14f
surgical approaches to, 13, 30–50, 30f

anterior operative approaches and, 30f, 31
extended frontal approach and, 37, 39f
lateral, 41, 50
posterior approaches and, 39–41, 42f, 50
posterior transtemporal approach and, 49–50, 49f
presigmoid approach and, 43, 46f
selection of operative approach and, 50–51
subtemporal anterior transpetrosal approach and, 

43–46, 47f, 50–51
subtemporal preauricular infratemporal fossa approach 

and, 47–49, 48f
transcervical approach and, 36, 37f
transcochlear approaches and, 43, 45f
transcranial–transbasal approach and, 36, 38f
translabyrinthine approach and, 43, 45f, 50
transmaxillary approach and, 31–36, 34f
transoral approaches and, 31, 32f
transsphenoidal approach and, 39, 40f

tonsils and, 20–21
tumors, 30
venous relationships in, 27–29, 27f

extended retrolabyrinthine approach, 363–364
extracranial approaches, 317–320

to CVJ
informed consent and, 322
patient positioning and, 323
preoperative workup and, 322
transmaxillary approach and, 325
transnasomaxillary approach and, 323–325
transpalatal approach and, 325–326

extracranial bypass options, posterior fossa, 390–396
extracranial carotid–vertebral bypass, posterior fossa

bypass and, 393–395, 394f
exposure and, 393, 394f
positioning for, 393, 394f

extracranial-intracranial (EC-IC) bypass, 388
extradural–intradural AVM, 203f, 206, 207f
extradural tumor, 370–371
extramedullary tumors, primary

anatomy, 154, 155f
clinical presentation, 157–158
epidemiology, 155, 156f, 157f
history, 154–155
operative procedure: transcondylar approach, 162–166, 

164f, 165f, 166f, 167f
operative techniques, 160
postoperative care, 166–167
preoperative considerations, 162
preoperative evaluation, 160–161, 161f
results, 167–168

F
facetal distraction treatment, CVJ degenerative arthritis, 

525–527, 526f
facet wiring, 461, 461f
far-lateral approach, 265

combined approaches, 354–360, 355f
closure and, 360

indications, 351
operative techniques

bony exposure and, 353–354, 353f
craniotomy and, 353–354, 353f
incision and, 352, 352f
intradural dissection and, 354, 354f
patient positioning and, 351, 351f, 352f, 360
soft tissue dissection and, 352, 352f
VA dissection and, 352–353

transcochlear approach and, 357–360, 359f, 361t
transcondylar, 350–351
translabyrinthine approach and, 355–357
transpetrosal approach and, 355–356, 356f, 357f
variations, 350–360

fibromuscular dysplasia (FMD), 76–77
fibula grafts, 446–449, 447f
fissures

bilateral transverse, basiocciput, 95
cerebellomedullary, 21
unilateral transverse, basiocciput, 95

fistulae
AV, 76

extradural, 203, 203f, 204f
intradural dorsal, 203f, 204, 205f, 206f
intradural ventral, 203f, 206

palatal, 330
fixation. See also specific types of fixation

atlantoaxial joint, 514–527
lateral mass plate and screw technique for, 516–519

atlantoaxial screw, posterior, 493–501
C0-C1, 59–60, 60f
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H
Hajdu-Cheney syndrome, 137
hand function, CST and, 82–83
Hangman’s fractures, 127–129, 130f
helical axis of motion, 55, 55f, 56f
hemangioblastomas, 185
hemifacial spasm, neuroendoscopy, 336
heparin, 389
herniations, foramen magnum region, 29–30
high cervical spine, intramedullary lesions

anatomical considerations for, 181–183, 182f
clinical presentation of, 183
diagnostic evaluation of, 184–185, 184f, 184t, 185f
management of, 181–191
pathology of, 183
postoperative management of, 187–190
surgical complications of, 190–191
surgical treatment of, 185–187, 188f, 190f

hypoplasia
atlas, 98

anterior arch, 97–98, 97f
of dens, 7, 7f
occipital condylar, 96, 96f
odontoid, 67–68

I
ICAD. See intracranial atherosclerotic disease
ifosfamide, 144
iliac crest

anterior, 443, 443f, 444f
bone grafts, 443–446, 443f, 444f
posterior, 443–446, 445f, 446f

image-guided spinal navigation
CT-based, 470–479

for CVJ fixation, 470–479
surgical technique, 472–478, 473f, 474f

navigation probe, 471, 471f
reference points for, 471–472, 472f
registration techniques, 472
workstation, 471, 471f

image-guided surgery, neuronavigation, 266f, 267f
C1-C2 transarticular screw placement and, 272
in cranial procedures, 268–269, 268–270, 269f, 270f, 272f
dangers, 275
instrumentation and, 267
Iso-C system, 267, 267f
odontoid screw placement and, 272
in spinal procedures, 270–272, 273f
StealthStation, 266–267, 266f
stereotactic, 266–275

IMRT. See intensity modulated radiation therapy
inferior cerebellum, infarcts, 85
informed consent

extracranial approach, 322
intracranial approach, 317

Infuse, 438
initial dissection, 367, 368f, 369f
injuries

atlas-associated, 63–67
axis-associated, 67–68, 67f
ligamentous

isolated, 116–122
transverse, 120–122, 120f, 121f, 122f

mechanics of, 56, 57f
neuropathological mechanisms of CVJ

Chiari malformations and, 86–88
cranial nerve deficits from compressive lesions, 83–84

fractionated proton radiation, 259
fractures

atlas
biomechanical effects of, 57f, 58
combination axis fractures and, 130–131, 131f, 132f
isolated, 124–125, 126f, 127f

axis
combination atlas fractures and, 130–131, 131f, 132f
isolated, 125–130

C2, miscellaneous, 129–130
Hangman’s, 127–129, 130f
healing, 435–436, 435t
isolated

atlas, 124–125, 126f, 127f
axis, 125–130
combination atlas–axis fractures, 130–131,  

131f, 132f
traumatic, 116t, 122–131, 125t

Jefferson, 67
odontoid, 125–127

frontal approach, extended, 37, 39f
fusion, spinal

allograft banking, 437
allograft bone, 437
atlantoaxial, 98
biology, 431–440
biomechanics, 434
bone adaptation, 434–435
bone anatomy and, 431–435, 432f, 433f
bone biochemistry, 431–433
bone development, 434
bone grafts

allograft, 437
allograft banking, 437
autogenous, 436–440
biomechanics of, 434
bone marrow, 439
bone morphogenic protein, 438–439
ceramics, 437–438
demineralized bone matrix and, 437
electromagnetic stimulation, 439–440
gene therapy, 439
harvesting, 443–450
methylmethacrylate, 439
stem cells, 439
techniques of, 443–450
vascularized, 436–437

bone growth factors and, 433–434, 433t, 434t
bone morphogenic protein, 438–439
bone repair physiology and, 435–436, 435t
extended endonasal approaches and, 345, 347f
fracture healing and, 435–436, 435t
histology and, 431–435, 432f, 433f
radiographic assessment, 450–451
site, surgical preparation, 450
stem cell, 439

FxSRS, 257–258

G
Gamma Knife (cobalt-60), 250–253
Gateway Balloon, 385
gene therapy, spinal fusion, 439
genetic conditions affecting CVJ

achondroplasia, 139
Down syndrome as, 138–139
Marfan syndrome, 139

glossopharyngeal nerves, 21
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of high cervical spine
anatomical considerations for, 181–183, 182f
clinical presentation of, 183
diagnostic evaluation of, 184–185, 184f, 184t, 185f
management of, 181–191
pathology of, 183
postoperative management of, 187–190
surgical complications of, 190–191
surgical treatment of, 185–187, 188f, 190f

Iso-C system, 267, 267f, 270
isolated fractures

atlas, 124–125, 126f, 127f
axis

C2 fractures, miscellaneous, 129–130
Hangman’s fractures, 127–129, 130f
odontoid fractures, 125–127

combination atlas–axis fractures, 130–131, 131f, 132f
traumatic, 116t, 122–131, 125t

isolated ligamentous injuries
occipitoatlantal dislocations, 116–120, 116t, 117f, 

118t, 119f
rotatory C1-C2 dislocations, 122, 124f
transverse ligament injuries, 120–122, 120f, 121f, 122f

J
joint-jamming technique, 518–519, 519f
jugular foramen

approaches, 403–409
diagnostic evaluation, 403–405, 405f
surgical anatomy, 403
surgical approaches, 406–409

complications of, 409
primary intradural approach and, 406–407, 407f

surgical technique, 405–406
juvenile AVMs, 201

K
Klippel-Feil syndrome (KFS), 100–101, 101f

L
lag screws, 466–467, 466f

for odontoid screw fixation, 488, 490f
lateral approaches

to CVJ, 265
extreme, 41, 44f
to foramen magnum region, 41

selection of, 50
lateral mass plate and screw, atlantoaxial fixation,  

516–519
lateral mass screws, occipitocervical fixation,  

506–508, 508f
leflunomide, 105
LeFort I osteotomy, 31
lesioning

cortical plasticity following experimental, 82
CST, in primates, 81–82, 82f
spinal plasticity following experimental, 82
subcortical spinal motor tracts and, 82–83

lesions
atherosclerotic disease, posterior fossa, 381
compressive, cranial nerve deficits from, 83–84, 84t
CVJ

neoplasms and, 255–258, 255f, 256f, 257f
radiosurgical management, 250–259

lesioning alternative primate subcortical spinal motor 
tracts and, 82–83

neurological presentation of tumors and, 83, 83f
neurological syndromes due to vascular compromise 

and, 84–86
syrinxes and, 86–88
trauma and, 80–82, 80t

occipital bone-associated, 63, 65f, 66f
transverse ligament, 120–122, 120f, 121f, 122f
traumatic

CVJ, 80–82, 80t
isolated fractures, 116t, 122–131, 125t
isolated ligamentous injuries, 116–122
nonoperative treatment failure and, 131–132

vertical distraction, 58
instantaneous center of rotation, CVJ and, 55, 55f, 56f
instrumentation

neuronavigation for, 267, 270
transoral approach, to CVJ, 282, 282f
transoral–translabiomandibular approach, 308–310, 

310f
intensity modulated radiation therapy (IMRT), 250
internal fixation devices. See also fixation

biomechanics, 58–60
C0-C1 fixation, 59–60, 60f
C1-C2 fixation, 59, 59f
odontoid screws, 58–59

intracranial angioplasty, posterior fossa atherosclerotic 
 disease, 384–385

intracranial approaches, 314, 317f, 318f
bifrontal craniotomy and, 321
circumferential cribriform plate osteotomy and, 321
dissection and, 320, 320f
incision and, 320
informed consent and, 317
osteotomies and, 321
patient positioning and, 317
preoperative workup for, 317
reconstruction and, 321–322, 322f, 323f, 324f
technique for, 317–322

intracranial atherosclerotic disease (ICAD), 385
stroke prevention and, 378

intracranial bypass options, posterior fossa, 396–401,  
397f

intracranial stenting, 197–198, 197f, 198f
intradural approach, primary, 406–407, 407f
intradural dissection

far-lateral approach, 354, 354f
VA, 195–196, 195f, 196f

intradural exposure, transpetrosal approach and, 366
intradural–extradural approach, 407–409, 408f
intradural tumor, posterolateral approach, 369–370, 

372f, 373f
intradural veins, foramen magnum region, 27–29, 27f
intramedullary AVMs, 203f, 206, 208f
intramedullary lesions

anatomical considerations, 181–183, 182f
of cervicomedullary junction

anatomical considerations for, 181–183, 182f
clinical presentation of, 183
diagnostic evaluation of, 184–185, 184f, 184t, 185f
management of, 181–191
pathology of, 183
postoperative management of, 187–190
surgical complications of, 190–191
surgical treatment of, 185–187, 188f, 190f

injuries (continued)
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SRS for, 253–258, 254f
vascular, SRS for, 258, 258f

posterior fossa atherosclerotic disease types, 381
resection, neuronavigation in, 269–270, 269f,  

270f, 272f
SSLYVIA, 381
types, 381

ligamentous injuries, isolated
occipitoatlantal dislocations, 116–120, 116t, 117f, 

118t, 119f
rotatory C1-C2 dislocations, 122, 124f
transverse ligament injuries, 120–122, 120f, 121f, 122f

ligaments
dentate, 18
failure, 56–57
foramen magnum region and, 13–16, 17f
longitudinal

anterior, 15
posterior, 15, 17f

transverse
failure, 56
injuries, 120–122, 120f, 121f, 122f

linear accelerator (LINAC) based systems, 250, 252–253
load-deformation responses, 53–54, 53f, 54f
lomustine, 143
longitudinal ligaments

anterior, 15
posterior, 15, 17f

M
magnetic resonance angiography (MRA), 405
magnetic resonance imaging (MRI), 107
malignant primary tumors, 143–144
malocclusions, 329
mandibular split, 306–307, 307f
mandibulotomy, 298–299, 299f
manipulation, atlantoaxial joint, 514–527
Marfan syndrome, 139
maxillotomy

extended, 26
open-door, 296–299

anesthesiology, 296
preoperative assessment, 296
surgical procedure, 296–298, 297f

mechanics of injury, 56, 57f
median occipital condyle, 7, 8f
medulla

lower, spinal cord and, 18–19
spinal cord and, 16–18
surface of, 18–20

medullary syndrome, medial, 85–86
melphalan, 143
meningiomas

foramen magnum, 155–156
SRS, 256, 256f

MEPs. See motor evoked potentials
metabolic conditions affecting CVJ, 138–139

Morquio disease, 139
metabolic disorders, bone, 134–139

calcium metabolism and related hormones, 135
Paget disease of bone, 137–138, 138f

metabolism, calcium, 135
metastatic neoplasms, primary, 141–152

diagnosis, 141–142
biopsy and, 142
imaging and, 142

laboratory studies and, 142
presentation and, 141–142

incidence and prevalence, 141
management, 145–149

surgical approach and technique, 145–149, 146f, 147f, 
148f, 149f, 150f

tumor classification, 143–145
benign primary tumors, 144–145
malignant primary tumors, 143–144
metastatic tumors, 143

metastatic tumors, 143
methylmethacrylate, 439
midface degloving transmaxillary approach and, 299, 300f
midfacial split, transoral–translabiomandibular approach 

and, 306–307, 308f
midline pathology, transoral approaches, 290–302

mandibulotomy and, 298–299
midface degloving transmaxillary approach and, 

299, 300f
open-door maxillotomy and, 296–299
transnasal endoscopic approach, 299–302, 301f, 302f

midline suboccipital approach, 424–427, 425f, 426f
minimally invasive approaches, 264
minocycline, 105
Morquio disease, 139
motion

coupled, 54
helical axis, 55, 55f, 56f
spinal

coupled, 54
CVJ and measuring, 52, 52f
helical axis of, 55, 55f, 56f
rotations, 52
translations, 52

motor evoked potentials (MEPs), 292, 389
MRA. See magnetic resonance angiography
MRI. See magnetic resonance imaging
muscular relationships, suboccipital approaches and,  

411–415, 412f, 413f, 414f

N 
nasolacrimal duct disruption, 329–330
neck RA, 104f

C1-C2 fixation of, 109–110, 109f, 110f
clinical assessment of, 106, 106t
CT scan, 107
etiology of, 104
evaluation of, 105–106
MRI, 107
natural history of, 105
operations for, 108–111
pathology of, 104–105
posterior occipitocervical fixation for, 111, 111f
radiological assessment: cervical x-rays, 106–107,  

106f, 107f
subaxial spine operations and, 108–109, 109f
surgical decision making for, 107–108, 108t
surgical results of, 111–113
transoral surgery for, 111

neoplasms
primary metastatic/osseous, 141–152

diagnosis, 141–142
incidence and prevalence, 141
management, 145–149
tumor classification, 143–145

SRS for, 255–258, 255f, 256f, 257f
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nitinol stent system, 382–383, 382f
noncannulated screws

for odontoid screw fixation, 488
transarticular screw fixation, 497, 498f

non–self-tapping screws, 464, 465f
Novalis system, 251
nutritional deficiencies, 136

O
OA. See occipital artery
OA–PICA bypass, posterior fossa

bypass and, 399f, 400
exposure and, 399–400, 399f
positioning and, 399–400, 399f

occipital artery (OA), 388
occipital bone

anomalies associated with, 63, 65f, 66f
axis connected to, 16, 17f
foramen magnum region and, 13
injuries associated with, 63, 65f, 66f
radiological evaluation, 63, 65f, 66f

occipital condyle, 13
hypoplasia, 96, 96f
median, 7, 8f

occipital congenital anomalies
basilar invagination, 93–94, 93f
occipital condylar hypoplasia, 96, 96f
platybasia, 93–94, 93f
vertebralization of the occiput, 94–96, 95f, 96f

occipital sclerotome, 4, 5t
occipital vertebrae, 6, 6f, 94–96, 95f, 96f

manifestations of, 7, 8f
occipital wiring, 461
occipitoatlantal joint

dislocations, 116–120, 116t, 117f, 118t, 119f
radiological evaluation, 68–69, 69f

occipitoatlantal transarticular screws, occipitocervical 
 fixation, 511, 512f

occipitocervical fixation
C1-C2 transarticular screws, 505–506
C2 pedicle screws, 506–508, 508f
contraindications, 503
indications, 503
lateral mass plate and screw technique, atlantoaxial joint 

fixation, 517
lateral mass screws, 506–508, 508f
occipitoatlantal transarticular screws, 511, 512f
occipitocervical wiring techniques, 508, 509f
operative exposure, 503–504
positioning, 503
posterior, for neck RA, 111, 111f
preparation, 503
screw-plate constructs, 504, 504f
screw-rod constructs, 504–505, 506f, 507f
threaded Steinmann pin, 508–511, 510f, 511f

occipitocervical wiring techniques, occipitocervical 
 fixation, 508, 509f

occiput, vertebralization of, 94–96, 95f, 96f
odontoidectomy, transoral, 280

CVJ, 57, 282–285, 283f, 284f, 285f, 286f
odontoid fractures, 125–127
odontoid process, 4

hypoplasia, 67–68
odontoid screw fixation

biomechanics, 488–491, 490f, 491f
contraindications, 482, 482t

nerves
accessory, 21–25
cranial

accessory nerves, 21–25
deficits, from compressive lesions, 83–84, 84t
foramen magnum region and, 21–25
glossopharyngeal nerves, 21
rootlets, 21
vagus nerves, 21

glossopharyngeal, 21
roots, 25
vagus, 21

nervous system, embryology and, 3–4
neural relationships, foramen magnum region, 16–25, 19f, 21f

cranial nerves and, 21–25
spinal nerve roots and, 25

neural tube process, 3–4
neuroendoscopy

acoustic neuromas, 333
anatomical considerations, 332
applications, 333–336
basics, 332
Chiari I malformation, 335
complications, avoiding, 333
epidermoid tumor, 333–334
ETV, 334–335
hemifacial spasm, 336
pineal approaches, 336, 337f, 338f
posterior, 332–339
spinal fluid

circulation disorder, 335
dynamics, disorders, 334–335

terminology, 332
trigeminal neuralgia, 335–336
tumor, 333–334, 334f

neurological presentation, 83, 83f
neurological syndromes, 84–86
neurological findings, CVJ disease, 80–88
neuromas, acoustic, 333–334
neuronavigation, 266f, 267f

C1-C2 transarticular screw placement and, 272
in cranial procedures

craniotomy and, 269
incision planning and, 268–269
lesion resection and, 269–270, 269f, 270f, 272f

dangers, 275
instrumentation and, 267
Iso-C system, 267, 267f
odontoid screw placement and, 272
in spinal procedures, 270–272, 273f
StealthStation, 266–267, 266f
stereotactic, 266–275

neuropathological mechanisms
Bell’s cruciate paralysis, 80–81, 81f
CCS, 81
CST, 81
of CVJ injury

Chiari malformations and, 86–88
cranial nerve deficits from compressive lesions, 

83–84
lesioning alternative primate subcortical spinal motor 

tracts and, 82–83
neurological presentation of tumors and, 83, 83f
neurological syndromes due to vascular compromise 

and, 84–86
syrinxes and, 86–88
trauma and, 80–82, 80t
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osteitis deformans, 137–138
osteogenesis imperfecta, 136–137, 136f, 137f
osteomalacia, 135–136
osteophyte decompression, posterior fossa, 395–396, 396f
osteoporosis circumscripta, 138
osteotomies

circumferential cribriform plate, 321
intracranial approach to CVJ, 321
LeFort I, 31
transmaxillary approach to the CVJ, 325
transnasomaxillary approach to the CVJ, 323f, 324
transpalatal approach to CVJ, 326

P
Paget disease of bone, 137–138, 138f
palatal fistulae, 330
paramedian approach, 427
parathyroid hormone (PTH), 135
patient positioning. See also positioning

extracranial approach, 323
far-lateral approach, 351, 351f, 352f, 360
intracranial approach, 317
odontoid screw fixation, 482–483, 483f
posterior atlantoaxial screw fixation, 493–494, 494f
transoral–translabiomandibular approach, 305
transpetrosal approach, 362

PCA. See posterior cerebral artery
PCOAs. See posterior communicating arteries
percutaneous transluminal angioplasty (PTA), 193
petrosectomy, 265
PICA. See posterior inferior cerebellar artery
PICA–PICA bypass, posterior fossa, 400, 401f
pineal approaches, neuroendoscopy, 336, 337f, 338f
platybasia, 93–94, 93f, 134

radiological evaluation, 68, 68f
positioning

extracranial carotid–vertebral bypass, posterior fossa, 
393, 394f

OA–PICA bypass, posterior fossa, 399–400, 399f
occipitocervical fixation, 503
osteophyte decompression, posterior fossa, 395, 396f
PICA–PICA bypass, posterior fossa, 400, 401f
posterolateral approach, upper cervical spine, 367, 

368f, 369f
STA–PCA bypass, posterior fossa, 396–397, 398f
transoral approach, 281, 282f
transoral surgery, 292–293, 292f, 293f
VCT, posterior fossa and, 390–393, 392f

posterior approaches
to CVJ, 265
to foramen magnum region, 39–41, 42f

selection of, 50
hockey stick incision, 39–41

posterior atlantoaxial screw fixation
clinical pearls, 501
contraindications, 493
indications, 493
patient positioning, 493–494, 494f
preoperative evaluation, 493, 493f
preparation, 493–494, 494f
transarticular screw fixation and, 494–501, 494f, 495f, 

496f
posterior cerebral artery (PCA), 388. See also STA–PCA 

 bypass
posterior circulation, 84
posterior communicating arteries (PCOAs), 389

indications, 481–482, 481f, 481t, 482f
postoperative care, 488
preoperative radiographic evaluation, 482
surgical procedure

exposure and, 483–485, 485f
operating room and, 482–483, 483f
patient positioning and, 482–483, 483f
screw insertion techniques and, 485–486, 486f, 487f

types of screws for, 486–488
cannulated screw systems and, 488, 489f
lag screw fixation and, 488, 490f
noncannulated screws and, 488

odontoid screws
biomechanics, 58–59
placement, neuronavigation and, 272

open-door maxillotomy, 296–299
anesthesiology, 296
preoperative assessment, 296
surgical procedure, 296–298, 297f

operative techniques
extramedullary tumors, transcondylar approach,  

162–166, 164f, 165f, 166f, 167f
far-lateral approach, 351–354
lateral mass plate and screw technique, atlantoaxial joint 

fixation, 516–517, 517f
posterolateral approach, to upper cervical spine,  

367–371
for primary extramedullary tumors, 160
spinal cable fixation, 458–461
spinal wire fixation

facet wiring and, 461, 461f
occipital wiring and, 461
spinous process wiring and, 458–461, 459f
sublaminar wiring and, 461, 462f

transarticular screw fixation, 494–501, 494f, 495f, 496f
C1-C2 screw-rod fixation and, 497–501, 499f, 500f
cannulated screws for, 497
noncannulated screws, 497, 498f
percutaneous drilling and, 497
screw insertion/selection and, 497

transoral approach, 281–287, 281f
orthoses, cervical, 60–61, 61f
os odontoideum, 7
osseous anatomy, radiological evaluation

atlantoaxial joint and, 69–71, 70f, 71f, 72f, 73f
atlas and, 63–67
axis and, 67–68, 67f
basilar invagination and, 68, 68f
occipital bone and, 63, 65f, 66f
occipitoatlantal joint and, 68–69, 69f
platybasia and, 68, 68f

osseous neoplasms, primary, 141–152
diagnosis

biopsy and, 142
imaging and, 142
laboratory studies and, 142
presentation and, 141–142

incidence and prevalence, 141
management, surgical approach and technique, 145–149, 

146f, 147f, 148f, 149f, 150f
tumor classification

benign primary tumors, 144–145
malignant primary tumors, 143–144
metastatic tumors, 143

osseous relationships, suboccipital approaches and,  
411–415, 412f, 413f, 414f

osseous structures, foramen magnum region, 13, 14f
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presigmoid approach, 43, 46f
primary angioplasty, posterior fossa atherosclerotic  disease, 

380–381, 381f
primary extramedullary tumors

anatomy, 154, 155f
clinical presentation, 157–158
epidemiology, 155, 156f, 157f
history, 154–155
operative procedure: transcondylar approach, 162–166, 

164f, 165f, 166f, 167f
operative techniques, 160
postoperative care, 166–167
preoperative considerations, 162
preoperative evaluation, 160–161, 161f
results, 167–168

primary intradural approach, jugular foramen, 406–407, 
407f

primary metastatic/osseous neoplasms, 141–152
diagnosis

biopsy and, 142
imaging and, 142
laboratory studies and, 142
presentation and, 141–142

incidence and prevalence, 141
management, surgical approach and technique, 145–149, 

146f, 147f, 148f, 149f, 150f
tumor classification

benign primary tumors, 144–145
malignant primary tumors, 143–144
metastatic tumors, 143

primary tumors
benign, 144–145
malignant, 143–144

proton beam radiation
CVJ tumor, 258–259
fractionated, 259

PTA. See percutaneous transluminal angioplasty
PTH. See parathyroid hormone

Q
quantitative MRA (QMRA), 388

R
RA. See rheumatoid arthritis
radiation

fractionated proton, 259
IMRT, 250
proton beam, 258–259

radiographic assessment, spinal fusion, 450–451
radiographic evaluation, preoperative, 482
radiographic imaging

of aneurysms, 228f, 229–230, 231f
DRR, 251

radiological evaluation
atlantoaxial joint, 69–71, 70f, 71f, 72f, 73f
atlas, 63–67
axis, 67–68, 67f
basilar invagination, 68, 68f
CVJ, 64f

osseous anatomy and, 63–71
vascular anatomy and, 71–77

jugular foramen, 403–405, 405f
occipital bone, 63, 65f, 66f
occipitoatlantal joint, 68–69, 69f

posterior fossa, 5
AVMs, 201–217

classification of, 213–214
clinical presentation of, 206–208, 215
diagnostic evaluation of, 209–210, 209f, 211f, 212f, 

215–216
endovascular management of, 212f, 217
natural history of, 215
pathophysiology of, 214–215, 214f
radiosurgery for, 217
surgical management of, 216
surgical treatment outcome of, 216–217
treatment of, 216

bypass options
anesthetic considerations and, 389–390
direct techniques for, 400–401
extracranial, 390–396
extracranial carotid–vertebral bypass, 393–395, 394f
flow augmentation and, 388
flow measurement and, 390
flow replacement and, 389
general considerations for, 389–390
indications for, 388–389
intracranial, 396–401
OA–PICA bypass, 399–400, 399f
osteophyte decompression and, 395–396, 396f
PICA–PICA, 400, 401f
postoperative management for, 390
preoperative assessment and, 389
preoperative considerations and, 389–390
SCA, 396–399, 398f
STA–PCA, 396–399, 398f
VCT, 390–393, 391f

childhood growth of, 9
posterior fossa atherosclerotic disease

endovascular management
angioplasty and, 381–384, 382f, 383f
endovascular therapy and, 380
future directions of, 384
intracranial angioplasty for, 384–385
lesion types, 381
medical management, 378, 379f
natural history, 378, 379f
primary angioplasty and, 380–381, 381f
stenting and, 381–384, 382f, 383f
stent placement for, 384–385

lesion types, 381
medical management, 378, 379f
natural history, 378, 379f

posterior inferior cerebellar artery (PICA), 84, 221, 388. 
See also OA–PICA bypass

aneurysms, 351
posterior longitudinal ligaments, 15, 17f
posterior neuroendoscopic applications, 332–339
posterior occipitocervical fixation, 111, 111f
posterior transtemporal approach, 49–50, 49f
posterolateral approach, upper cervical spine

discussion of, 372–373, 374f, 375f, 376f
extradural tumor and, 370–371
initial dissection and, 367, 368f, 369f
intradural tumor and, 369–370, 372f, 373f
operative technique for, 367–371
positioning and, 367, 368f, 369f
VA identification and, 367–369, 370f, 371f

preoperative radiographic evaluation, odontoid screw 
 fixation, 482
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osseous anatomy
atlantoaxial joint and, 69–71, 70f, 71f, 72f, 73f
atlas and, 63–67
axis and, 67–68, 67f
basilar invagination and, 68, 68f
occipital bone and, 63, 65f, 66f
occipitoatlantal joint and, 68–69, 69f

platybasia, 68, 68f
vascular anatomy

anomalies and, 72, 75f
normal, 71–72, 74f
pathology and, 72–77, 75f, 76f

radiosurgery. See also stereotactic radiosurgery
for AVMs, 217
cavernous malformations of cervicomedullary junction, 

246–247, 247f
CVJ lesion, 250–259
general principles, 250–253, 252f, 253t
goal of, 252
historical aspects of, 250–253, 252f, 253t
stages of, 251

radiotherapy, 250
realignment, craniovertebral, 523, 524f
reconstruction

defect
transnasomaxillary approach to the CVJ, 324
transpalatal approaches to the CVJ, 326

intracranial approaches to CVJ and, 321–322, 322f, 
323f, 324f

restenosis, 194
retrolabyrinthine approach, extended, 363–364
retrosigmoid approaches, 415–424, 415f, 417f, 418f, 423f, 424f

external surgical landmarks and, 411–415, 412f, 413f, 414f
muscular relationships and, 411–415, 412f, 413f, 414f
osseous relationships and, 411–415, 412f, 413f, 414f
sigmoid sinuses and, 411–415, 412f, 413f, 414f
transverse sinuses and, 411–415, 412f, 413f, 414f

rheumatoid arthritis (RA)
atlantoaxial dislocation with, treatment of, 525
basilar invagination with, treatment of, 525
changing pattern of, 105
CVJ and, 58, 58f
epidemiology, 104
neck, 104f

C1-C2 fixation of, 109–110, 109f, 110f
clinical assessment of, 106, 106t
CT scans, 107
etiology of, 104
evaluation of, 105–106
MRI, 107
natural history of, 105
operations for, 108–111
pathology of, 104–105
posterior occipitocervical fixation for, 111, 111f
radiological assessment: cervical x-rays, 106–107, 

106f, 107f
subaxial spine operations and, 108–109, 109f
surgical decision making for, 107–108, 108t
surgical results of, 111–113
transoral surgery for, 111

rib grafts, 446, 447f
rotation

axes, 55, 55f, 56f
instantaneous center of, 55, 55f, 56f
spinal motion, 52

rotatory C1-C2 dislocations, 122, 124f

S
SAH. See subarachnoid hemorrhage
SAMMPRIS, 385
SCA. See superior cerebellar artery
schwannomas, foramen magnum, 157, 158f
sclerotome

development, 4, 4t
occipital, 4, 5t
spinal, 4

screw fixation
biomechanics, 467–468, 468f
odontoid

biomechanics, 488–491, 490f, 491f
contraindications, 482, 482t
indications, 481–482, 481f, 481t, 482f
postoperative care, 488
preoperative radiographic evaluation, 482
surgical procedure, 482–486
types of screws for, 486–488

posterior atlantoaxial
clinical pearls, 501
contraindications, 493
indications, 493
patient positioning, 493–494, 494f
preoperative evaluation, 493, 493f
preparation, 493–494, 494f
transarticular screw fixation and, 494–501, 494f, 

495f, 496f
spinal

biomechanical principles, 467–468, 468f
general principles, 464–469
vertebral screw types and, 464–467

transarticular, operative technique of, 494–501, 494f, 
495f, 496f

C1-C2 screw-rod fixation and, 497–501, 499f, 500f
cannulated screws for, 497
noncannulated screws, 497, 498f
percutaneous drilling and, 497
screw insertion/selection and, 497

screw-plate constructs, occipitocervical fixation, 504, 504f
screw-rod constructs, occipitocervical fixation, 504–505, 

506f, 507f
screws

bone
cancellous, 464–466, 465f
cortical, 464–466, 465f

C1-C2 transarticular
fixation, CT-based guidance of, 473–475, 476f
occipitocervical fixation, 505–506
placement, neuronavigation and, 272

C1 lateral mass, CT-based guidance and, 475–476, 477f
C2 crossed translaminar, CT-based guidance for, 477–478
C2 pars interarticularis, CT-based guidance for, 476
C2 pedicle

CT-based guidance and, 476, 478f
occipitocervical fixation, 506–508, 508f

cancellous bone, 464–466, 465f
cannulated, 467, 468f

for odontoid screw fixation, 488, 489f
transarticular screw fixation, 497

cortical bone, 464–466, 465f
lag, 466–467, 466f

for odontoid screw fixation, 488, 490f
lateral mass plate and screw, atlantoaxial fixation, 516–519
lateral mass screws, occipitocervical fixation,  

506–508, 508f
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spinal fusion
allograft banking, 437
allograft bone, 437
atlantoaxial, 98
biology, 431–440
biomechanics, 434
bone adaptation, 434–435
bone anatomy and, 431–435, 432f, 433f
bone biochemistry, 431–433
bone development, 434
bone grafts

allograft, 437
allograft banking, 437
autogenous, 436–440
biomechanics of, 434
bone marrow, 439
bone morphogenic protein, 438–439
ceramics, 437–438
demineralized bone matrix and, 437
electromagnetic stimulation, 439–440
gene therapy, 439
harvesting, 443–450
methylmethacrylate, 439
stem cells, 439
techniques of, 443–450
vascularized, 436–437

bone growth factors and, 433–434, 433t, 434t
bone morphogenic protein, 438–439
bone repair physiology and, 435–436, 435t
extended endonasal approaches and, 345, 347f
fracture healing and, 435–436, 435t
histology and, 431–435, 432f, 433f
radiographic assessment, 450–451
site, surgical preparation, 450
stem cell, 439

spinal motion
coupled, 54
CVJ and measuring, 52, 52f
helical axis of, 55, 55f, 56f
rotations, 52
translations, 52

spinal motor tracts, 82–83
spinal nerve roots, 25
spinal plasticity, lesioning and, 82
spinal procedures, neuronavigation in, 270–272, 273f
spinal screw fixation

biomechanical principles, 467–468, 468f
general principles, 464–469
vertebral screw types and

cancellous bone screws, 464–466, 465f
cannulated screws, 467, 468f
cortical bone screws, 464–466, 465f
lag screws, 466–467, 466f
non–self-tapping, 464, 465f
self-tapping, 464, 465f

spinal wire fixation
application techniques for, 453–454, 453f, 453t, 454f
general principles, 453–463
operative techniques

facet wiring and, 461, 461f
occipital wiring and, 461
spinous process wiring and, 458–461, 459f
sublaminar wiring and, 461, 462f

spinal wire types, 453–454
spinous process wiring, 458–461, 459f
SRS. See stereotactic radiosurgery
SSEPs. See somatosensory evoked potentials

noncannulated
for odontoid screw fixation, 488
transarticular screw fixation, 497, 498f

non–self-tapping, 464, 465f
occipitoatlantal transarticular, occipitocervical fixation, 

511, 512f
odontoid

biomechanics, 58–59
placement, neuronavigation and, 272

self-tapping, 464, 465f
transarticular

C1-C2, 505–506
occipitoatlantal, occipitocervical fixation, 511, 512f

translaminar C2
atlantoaxial joint fixation, 518
crossed, 477–478

trans-spinolaminar, atlantoaxial joint fixation, 518
vertebral, 464–467

components, 464
types, 464–466, 465f

segmentation anomalies, 98
self-tapping screws, 464, 465f
sigmoid sinuses, 411–415, 412f, 413f, 414f
sinuses

dural venous, 27–29, 27f
sigmoid, 411–415, 412f, 413f, 414f
transverse, 411–415, 412f, 413f, 414f

skeletal deformities, 135–136
skull base

growth in, 5
surgical approaches to, 350, 350f
ventral, midline pathology of, 290–302

soft tissue dissection, far-lateral approach, 352, 352f
Sof’wire, 457–458, 458f
somatosensory evoked potentials (SSEPs), 172, 292, 389
somatotopical organization, 81–83
spheno-occipital synchondrosis, 5
spinal AVMs

classification of, 201
clinical presentation of, 206–208, 215
diagnostic evaluation of, 209–210, 209f, 211f, 212f,  

215–216
endovascular management of, 211–213
management of, 210–213
natural history of, 206–208, 215
pathophysiology of, 214–215, 214f
radiosurgery for, 217
surgical management of, 213
surgical treatment outcome of, 216–217

spinal cables
braided, 454, 454f, 454t
Danek, 454–457, 455f, 456f, 457f, 457t
fixation

general principles, 453–463
operative techniques, 458–461

Sof’wire, 457–458, 458f
spinal cord

dentate ligament and, 18
medulla and, 16–18

lower, 18–19
spinal embryology, 3–4
spinal fluid

circulation disorders, neuroendoscopy, 335
dynamics disorders

ETV, 334–335
neuroendoscopy for, 334–335

screws (continued)
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43–46, 47f, 50–51
subtemporal preauricular infratemporal fossa approach 

and, 47–49, 48f
transcervical approach and, 36, 37f
transcochlear approaches and, 43, 45f
transcranial–transbasal approach and, 36, 38f
translabyrinthine approach and, 43, 45f, 50
transmaxillary approach and, 31–36, 34f
transoral approaches and, 31, 32f
transsphenoidal approach and, 39, 40f

to jugular foramen, 406–409
complications of, 409
primary intradural approach and, 406–407, 407f

to primary metastatic/osseous neoplasms, 145–149, 
146f, 147f, 148f, 149f, 150f

to skull base, 350, 350f
transfacial, combined, 327, 329f

surgical procedure
mandibulotomy, 298–299, 299f
odontoid screw fixation

exposure and, 483–485, 485f
operating room and, 482–483, 483f
patient positioning and, 482–483, 483f
screw insertion techniques and, 485–486, 486f, 487f

open-door maxillotomy, 296–298, 297f
transoral surgery

equipment for, 293
outcome of, 294–295, 295f
positioning for, 292–293, 292f, 293f
procedure and, 293–294, 294f
surgical pitfalls of, 295

surgical techniques
CT-based image guidance, 473f, 474f

C1-C2 transarticular screw fixation and, 473–475, 476f
C1 lateral mass screws and, 475–476, 477f
C2 crossed translaminar screws and, 477–478
C2 pars interarticularis screws and, 476
C2 pedicle screws and, 476, 478f
registration accuracy and, 473
transoral surgery and, 478, 479f

extended endonasal approach to CVJ, 342–345, 344f, 346f
jugular foramen, 405–406
transoral–translabiomandibular approach to CVJ, 305–310

synchondrodial growth, 5
syringomyelia

basilar invagination with, craniovertebral realignment for 
group A, 523

Chiari I malformation with, management of, 174–175, 176f
syrinxes, 86

T
temporal bone

dissections, transpetrosal approach, 362, 363f, 364f, 365f
drilling, transpetrosal approach, 363

threaded Steinmann pin, occipitocervical fixation, 508–511, 
510f, 511f

TIAs. See transient ischemic attacks
ticlopidine, 384
tonsils, 20–21
transarticular screw fixation, operative technique of,  

494–501, 494f, 495f, 496f
C1-C2 screw-rod fixation and, 497–501, 499f, 500f
cannulated screws for, 497
noncannulated screws, 497, 498f
percutaneous drilling and, 497
screw insertion/selection and, 497

SSLYVIA. See Stenting of Symptomatic Atherosclerotic 
 Lesions in the Vertebral or Intracranial Arteries

STA. See superficial temporal artery
STA–PCA bypass, posterior fossa

bypass and, 397–399
exposure and, 396–397, 398f
positioning for, 396–397, 398f

StealthStation, 266–267, 266f
camera, 267–268

stem cells, spinal fusion, 439
stenting

DES, 194
intracranial, 197–198, 197f, 198f
nitinol stent system, 382–383, 382f
origin, 198–199, 199f
posterior fossa atherosclerotic disease, 381–384, 382f, 383f
VA, 196–199, 199f

origin, 198–199, 199f
Stenting of Symptomatic Atherosclerotic Lesions in the 

 Vertebral or Intracranial Arteries (SSLYVIA), 381
stent placement, posterior fossa atherosclerotic disease, 

384–385
stereotactic neuronavigation, 266–275
stereotactic radiosurgery (SRS), 250, 252–253

chondrosarcoma, 256–257
chordoma, 256–257, 257f
for CVJ lesions, 253–258, 254f

neoplasms and, 255–258, 255f, 256f, 257f
vascular, 258, 258f

CyberKnife, 251, 253
fractionated, 257–258
meningioma, 256, 256f
neoplasms, CVJ, 255–258, 255f, 256f, 257f

stroke prevention, ICAD and, 378
subarachnoid hemorrhage (SAH), 226–227
subaxial spine, neck RA operations and, 108–109, 109f
subcortical spinal motor tracts, lesioning alternative in 

 primate, 82–83
sublaminar wiring, 461, 462f
suboccipital approach, 265, 411–427

external surgical landmarks and, 411–415, 412f, 
413f, 414f

midline, 424–427, 425f, 426f
suboccipital approaches, 411–415, 412f, 413f, 414f
subtemporal anterior transpetrosal approach to foramen 

magnum region, 43–46, 47f
selection of, 50–51

subtemporal preauricular infratemporal fossa approach to 
foramen magnum region, 47–49, 48f

superficial temporal artery (STA), 388
superior cerebellar artery (SCA), 388

bypass, posterior fossa, 396–399, 398f
surgical anatomy

atlantoaxial joint fixation, 516
jugular foramen, 403

surgical approaches
to CVJ, 263–265, 263f, 264f
to foramen magnum region, 13, 30–50, 30f

anterior operative approaches and, 30f, 31
extended frontal approach and, 37, 39f
lateral, 50
lateral approaches and, 41
posterior approaches and, 39–41, 42f, 50
posterior transtemporal approach and, 49–50, 49f
presigmoid approach and, 43, 46f
selection of operative approach and, 50–51
subtemporal anterior transpetrosal approach and, 
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instrumentation and, 282, 282f
odontoidectomy and, 282–285, 283f, 284f, 285f, 286f
operative technique for, 281–287, 281f
positioning and, 281, 282f
postoperative management of, 285–287, 286f, 297f
surgical results of, 287–288, 287t, 288t

to foramen magnum region, 31, 32f
history of, 290
to midline pathology

of CVJ, 290–302
mandibulotomy and, 298–299
midface degloving transmaxillary approach and, 

299, 300f
open-door maxillotomy and, 296–299
transnasal endoscopic approach, 299–302, 301f, 302f
of upper cervical spine, 290–302
of ventral skull base, 290–302

transoral decompression, 277
transoral odontoidectomy, 280

CVJ, 57, 282–285, 283f, 284f, 285f, 286f
transoral reduction with traction, 279–280
transoral surgery, 290–291, 290t, 291f

anesthesiology, 291–292
contraindication, 291
CT-based guidance for, 478, 479f
indication, 291
for neck RA, 111
positioning, 292–293, 292f, 293f
preoperative assessment, 291–292
standard, 291–295
surgical procedure

equipment for, 293
outcome of, 294–295, 295f
positioning for, 292–293, 292f, 293f
procedure and, 293–294, 294f
surgical pitfalls of, 295

transoral–translabiomandibular approach, 264,  
304–313

additional considerations for, 312t, 313
anesthetic technique for, 305
closure techniques for, 307–308, 309f
complications of, 311–313
draping and, 305
extended bilateral facial translocation and, 307, 308f
instrumentation, 308–310, 310f
mandibular split and, 306–307, 307f
midfacial split and, 307, 308f
patient positioning for, 305
patient selection for, 305
postoperative management of, 310–311
preoperative planning for, 305
skin incisions for, 305–306
soft palate splitting and, 306, 306f
specialized instrumentation for, 308–310, 310f
surgical technique for, 305–310

transoral–transmaxillary approaches, 264
transpalatal approaches, 264, 314–317, 319f

defect reconstruction and, 326
dissection and, 325–326
incision and, 325–326

transpetrosal approach, 362t
closure and, 366
extended retrolabyrinthine approach, 363–364
far-lateral approach and, 355–356, 356f, 357f
intradural exposure and, 366
patient positioning for, 362

transarticular screws
C1-C2, 505–506
occipitoatlantal, occipitocervical fixation, 511, 512f

transcervical approach, foramen magnum region, 36, 37f
transcochlear approach, 357–360, 359f, 361t

to foramen magnum region, 43, 45f
transpetrosal approach and, 365–366

transcondylar approach
to extramedullary tumors, 162–166, 164f, 165f, 

166f, 167f
extreme lateral, 350–351
far-lateral, 350–351

transcranial–transbasal approach, foramen magnum 
 region, 36, 38f

transfacial approaches, 304, 304f
advantages, 304
case illustrations, 326–327, 326f, 327f, 328f
classification, 314–317, 315f, 315t
clinical pearls, 327–329
combined surgical approaches, 327, 329f
complications, avoiding, 329–330
to CVJ, 264, 314–330

extracranial, 317–320, 322–326
intracranial, 314, 317–322, 317f, 318f
technique for, 317–326

disadvantages, 304
discussion of, 327–330
extracranial, 317–320
intracranial, 314, 317f, 318f

technique for, 317–322
transfrontal nasal, 314
transmaxillary, 314, 319f
transnasomaxillary, 314, 319f
transpalatal, 314–317, 319f

transfrontal nasal approach, 314, 316f
transfrontal-nasal-orbital approach, 326–327, 326f

to CVJ, 264
transient ischemic attacks (TIAs), 193, 378
translabyrinthine approach

far-lateral approach and, 355–357
to foramen magnum region, 43, 45f

selection of, 50
transpetrosal approach and, 364–365

translaminar C2 screws
atlantoaxial joint fixation, 518
crossed, 477–478

translations, 52
transmaxillary approach, 314, 319f

to CVJ, 325
extended maxillotomy, 31, 36
to foramen magnum region, 31–36, 34f
LeFort I osteotomy, 31

transnasal endoscopic approach, 299–302, 301f, 302f
transnasomaxillary approach, 314, 319f

to CVJ
defect reconstruction and, 324
dissection and, 323
incision and, 323
osteotomies and, 324
plate preregistration and, 323–324
reassembly and, 324–325

transoral approaches
contraindications, 280–281
to CVJ, 264

general considerations for, 277–281, 277f, 278f, 
279f, 280f
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skin incision, 363
subtemporal anterior, to foramen magnum region, 

43–46, 47f
selection of, 50–51

temporal bone dissections and, 362, 363f, 364f, 365f
temporal bone drilling, 363
transcochlear approach and, 365–366
translabyrinthine approach and, 364–365

transsphenoidal approach, foramen magnum region,  
39, 40f

trans-spinolaminar screws, atlantoaxial joint fixation, 518
trans-spinous process, atlantoaxial joint fixation, 518
transverse ligament

failure, 56
injuries, 120–122, 120f, 121f, 122f

transverse myelitis, 183
transverse sinuses, 411–415, 412f, 413f, 414f
traumatic injuries

CVJ, 80–82, 80t
isolated fractures, 116t, 122–131, 125t

atlas, 124–125, 126f, 127f
axis, 125–130
combination atlas–axis fractures, 130–131, 131f, 132f

isolated ligamentous injuries
occipitoatlantal dislocations, 116–120, 116t, 117f, 

118t, 119f
rotatory C1-C2 dislocations, 122, 124f
transverse ligament injuries, 120–122, 120f, 121f, 122f

nonoperative treatment failure and, 131–132
trigeminal neuralgia, neuroendoscopy, 335–336
trisomy 21. See Down syndrome
tuberculosis, 525
tumors

acoustic neuroma, neuroendoscopy for, 333–334
benign primary, 144–145
classification

benign primary tumors, 144–145
malignant primary tumors, 143–144
metastatic tumors, 143

CVJ
neurological presentation of, 83, 83f
proton beam radiation, 258–259
vascular, 77

epidermoid, neuroendoscopy for, 333–334
extradural, 370–371
foramen magnum region, 30
intradural, 369–370, 372f, 373f
malignant primary, 143–144
metastatic, 143
neuroendoscopy, 333–334, 334f
neurological presentation, 83, 83f
primary

benign, 144–145
malignant, 143–144

primary extramedullary, 154–168
anatomy, 154, 155f
clinical presentation, 157–158
epidemiology, 155, 156f, 157f
history, 154–155
operative procedure: transcondylar approach,  

162–166, 164f, 165f, 166f, 167f
operative techniques, 160
postoperative care, 166–167
preoperative considerations, 162
preoperative evaluation, 160–161, 161f
results, 167–168

upper cervical spine, 369–370, 370–371, 372f, 373f
vascular, 77

U
unilateral transverse fissures of the basiocciput, 95
upper cervical spine

midline pathology of, transoral approaches to,  
290–302

posterolateral approach
discussion of, 372–373, 374f, 375f, 376f
extradural tumor and, 370–371
initial dissection and, 367, 368f, 369f
intradural tumor and, 369–370, 372f, 373f
operative technique for, 367–371
positioning and, 367, 368f, 369f
VA identification and, 367–369, 370f, 371f

vertebral bodies, 304, 304f

V
VA. See vertebral artery
vagus nerves, 21
vascular anatomy

anomalies, radiological evaluation of, 72, 75f
basilar artery, 222–227, 224f, 226f, 227f, 228f
normal, 71–72, 74f
pathology, 72–77, 75f, 76f
radiological evaluation

anomalies and, 72, 75f
normal, 71–72, 74f
pathology and, 72–77, 75f, 76f

of VAs, 221–222, 222f, 222t, 223f, 224t
vascular compromise, neurological syndromes due to CVJ, 

84–86
vascular insufficiency, management, 193–199

intracranial stenting and, 197–198, 197f, 198f
VA stenting, 196–199, 199f

origin, 198–199, 199f
vascular lesions, CVJ, 258, 258f
vascular occlusive syndromes, 84
vascular tumors, 77
VCT. See vertebral–carotid transposition
velopharyngeal insufficiency, 330
venous anatomy, AVM, 202f, 203
venous relationships, foramen magnum region,  

27–29, 27f
ventral foramen magnum, compression of, 288
ventral respiratory group, 181
ventral skull base, midline pathology of, 290–302
vertebral artery (VA), 388

branches, 84–86, 85f
dissections

extradural, 194–195
far-lateral approach and, 352–353
intracranial stenting and, 197–198, 197f, 198f
intradural, 195–196, 195f, 196f
management of, 193–199
VA origin stenting and, 198–199, 199f
VA stenting and, 195–196

management, lateral mass plate and screw technique, 
517, 518t

origin stenting, 198–199, 199f
posterolateral approach, upper cervical spine, 367–369, 

370f, 371f
stenting, 196–199, 199f
vascular anatomy, 221–222, 222f, 222t, 223f, 224t
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W
warfarin, 389
Warfarin versus Aspirin for Symptomatic Intracranial 

 Disease (WASID) trial, 193, 378, 385
Wingspan study, 382–383
Wingspan system, 197, 197f, 385
wiring

facet, 461, 461f
occipital, 461
occipitocervical, 508, 509f
spinous process, 458–461, 459f
sublaminar, 461, 462f

X
x-rays, cervical spine, 106–107, 106f, 107f

vertebral–carotid transposition (VCT), 390–393, 391f, 392f
vertebralization of occiput, 94–96, 95f, 96f
vertebral screws

components, 464
types

cancellous bone screws, 464–466, 465f
cannulated screws, 467, 468f
cortical bone screws, 464–466, 465f
lag screws, 466–467, 466f
non–self-tapping, 464, 465f
self-tapping, 464, 465f

vertebrobasilar insufficiency, 193
vertical distraction injuries, 58
vincristine, 144
vitamin D, 135
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