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– nonpyogenic spondylodiskitis 319
– pyogenic spondylodiskitis
–– clinical features 318
–– differential diagnosis 319
–– laboratory and radiographic

findings 318
–– pathogenesis and etiology 318
–– treatment 319
– pyogenic spondylodiskitis 318
Infectious disorders 318
Inflammatory arthritic conditions of

the spine
– ankylosing spondylitis
–– cervical osteotomy 483
–– lumbar osteotomy 485
–– technique 484
–– techniques 486
– ankylosing spondylitis 482
– rheumatoid arthritis
–– clinical diagnosis 473
–– clinical outcomes 482
–– indications for surgery 474
–– pathophysiology 473
–– radiographic evaluation 474
–– surgical techniques 476
– rheumatoid arthritis 473
Inflammatory arthritic conditions of

the spine 473
Inflammatory disorders
– cervical spine involvement 317
– thoracic and lumbar spine

involvement 317

Inflammatory disorders 317
Instantaneous axis of rotation (IAR) 7,

75, 76, 79
Instrumented spine, mechanics of
– elastic zone 86
– flexibility 85, 86
– load sharing/transfer 84
– neutral zone 86
– spinal fusion, biomechanics of 86
– yield point magnitude effect on rod

insertion 85
Instrumented spine, mechanics of 84
Interbody cage material/technology

548
Interbody fusion
– end plate preparation 547
– lumbar interbody fusion techniques

546
– supplementation with, for high-

grade spondylolisthesis (HGS) 681
Interbody fusion 545
Interbody fusion techniques,

comparison of 548
Intercalary kyphosis 793
Intervertebral disk 78
Intraoperative considerations
– blood loss, resuscitation, and

transfusion strategies 719
– monitoring and lines 718
– neuromonitoring 719
– positioning 718
Intraoperative considerations 718
Intraoperative neurophysiologic

monitoring 391
Intrasacral rod fixationm lateral masses

for, L5–S1 disk space 40
Intrasacral rod fixationm lateral masses

for 40
Intrathecal baclofen (ITB) 220
Intrathoracic meningocele 289
ITB, see Intrathecal baclofen (ITB)
IVDs, see Intervertebral disks (IVDs)

J
Jarcho–Levin syndrome 313
Junctional kyphosis, or degenerative

failure 806

K
Kniest’s dysplasia 310
Kyphoscoliosis 296
Kyphosis
– anterior approach and anterior

instrumentation, kyphogenic nature
of 82

– asymmetric growth of spine 83
– biomechanical analysis of anterior

correction and instrumentation for
thoracic curves 82

– finite element analysis (FEA) 83,
84

– force application 83, 84
– instrumented spine, mechanics of
–– biomechanics of spinal fusion 86
–– elastic zone 86
–– flexibility 85, 86
–– load sharing/transfer 84
–– neutral zone 86
–– yield point magnitude effect on rod

insertion 85

– instrumented spine, mechanics of
84

Kyphosis 81, 82, 296
Kyphotic deformities in the adult
– degenerative kyphosis 455
– kyphotic deformities of cervical

spine
–– corrective techniques 456
–– normative values 455
–– regional pathologies 455
– kyphotic deformities of cervical

spine 455
– kyphotic deformities of the

thoracolumbar spine
–– corrective techniques 457
–– normative values 456
– kyphotic deformities of the

thoracolumbar spine 456
– perioperative management of the

deformity patient
–– adjuncts to surgery 462
–– complication avoidance and

management 462
–– intraoperative blood loss 462
–– preoperative assessment 461
– perioperative management of the

deformity patient 461
Kyphotic deformities in the adult 455
Kyphotic deformities of cervical spine
– corrective techniques
–– anterior cervical diskectomy and

fusion versus corpectomy 456
–– osteotomies 456
– corrective techniques 456
– normative values
–– cervical lordosis and C2 sagittal

vertical axis 455
–– cervicothoracic junction,

parameters of 455
–– chin–brow vertical angle 455
– normative values 455
– regional pathologies
–– ankylosing spondylitis 455
–– fixed versus reducible deformities

456
–– postlaminectomy kyphosis 455
– regional pathologies 455
Kyphotic deformities of cervical spine

455
Kyphotic deformities of thoracolumbar

spine
– corrective techniques 457
– deformity correction, goals of 457
– iliac fixation
–– S2 alar–iliac screws 461
–– traditional iliac screws 461
– iliac fixation 461
– interbody techniques
–– anterior lumbar interbody fusion

457
–– LLIF and its variants 458
–– posterior and transforaminal

lumbar interbody fusion 457
– interbody techniques 457
– normative values
–– lumbar lordosis and sagittal

balance 456
–– spinopelvic parameters 456
– normative values 456
– osteotomies
–– described by Smith-Petersen, Ponte,

and others 461
–– pedicle subtraction osteotomy 461

–– vertebral column resection 461
– osteotomies 459
Kyphotic deformities of thoracolumbar

spine 456
Kyphotic deformity, surgical treatment

of 428
Kyphotic spinal deformities,

pathomechanics of 272

L
Lamina and spinous processes 17, 19
Lamina, surgical anatomy of 27
Langerhans cell histiocytosis 324
Larsen’s syndrome 312
Last substantially touched vertebra

(LSTV) 383
Latex allergy 206, 769
LESI, see Lumbar epidural steroid

injection (LESI)
Less commonmuscular dystrophies
– Congenital Muscular dystrophy 222
– Emery–Dreifuss dystrophy 221
– Facioscapulohumeral muscular

dystrophy 222
– Limb–Girdle dystrophy 222
Less commonmuscular dystrophies

221
Leukemia 325
LEV, see Lower end vertebra (LEV)
Ligament flavum 32
Ligaments 9
Limb–Girdle dystrophy 222
Lisch’s nodules 288
LIV, see Lower instrumented vertebra

(LIV)
LL, see Lumbar lordosis (LL)
Load sharing/transfer 84
Local antibiotic/antiseptic

administration. 761
Loeys–Dietz syndrome 304
Lordoscoliosis 297, 298
Low back pain 153
Low-grade spondylolisthesis, adults

with, clinical presentation 656
Low-grade spondylolisthesis, adults

with 656
Low-lying conus 206
Lower instrumented vertebra (LIV)

382, 383
LSTV, see Last substantially touched

vertebra (LSTV)
Lumbar anterior instrumentation and

pedicle screw, anatomic dangers of
27

Lumbar epidural steroid injection
(LESI) 535

Lumbar facets
– spinous processes 29
– transverse processes 29
Lumbar facets 28
Lumbar interbody fusion techniques

546
Lumbar lordosis (LL), and sagittal

balance 456
Lumbar lordosis (LL) 114
Lumbar nerve roots 59
Lumbar pathology 63
Lumbar physeal fractures 332
Lumbar spine
– dangers of pedicle screw fixation in

27
– lamina, surgical anatomy of 27
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– minimally invasive spine surgery 32
– neuronavigation, anatomic nuance

in 32
– pars interarticularis, anatomy of 29
– pedicle 25
– spinal canal and foramina 31
– zygapophyseal joints/lumbar facets
–– spinous processes 29
–– transverse processes 29
– zygapophyseal joints/lumbar facets

28
Lumbar spine 23, 560
Lumbar vertebra
– and its typical Napoleon hat shape

24
– general description of 23
Lumbar vertebra 24
Lumbar vertebral body 9, 23
Lumbopelvic parameters 643
Lumbosacral orthoses 767
Lumbosacral pelvis neuroanatomy 30
Lumbosacral spine 31
Lysis of epidural adhesions 536
Lytic acquired spondylolisthesis, pain

generators in 656

M
Macroscopic neuroanatomy of spine
– blood supply to spinal cord 55
– brain stem anatomy 48
– brain stem pathology 49
– cervical nerve roots 58
– cross-sectional anatomy of spinal

cord 50
– dermatomes, development of 58,

60–61
– gross anatomy of spinal cord 50
– lumbar nerve roots 59
– myotomes, development of 58, 60
– nerve roots 57
– pathology of spinal cord 55
– sacral nerve roots 59
– sclerotomes, development of 58, 60
– thoracic nerve roots 59
Macroscopic neuroanatomy of spine

48
Magerl pedicle screw technique 26
Magnetic resonance imaging
– adult deformity patient, evaluation

of 145
– for congenital spine deformity 126
– for revision surgery 607
Malignant bone tumors involving the

spine 324
Management of spinal deformity
– cerebral palsy, treatment options

264
– cerebral palsy 263
– Duchenne’s muscular dystrophy,

scoliosis treatment 266
– Duchenne’s muscular dystrophy

266
– myelodysplasia (myelomeningocele)
–– kyphosis treatment 265
–– scoliosis treatment 265
– myelodysplasia

(myelomeningocele) 264
– spinal muscular atrophy 267
Management of spinal deformity 263
Marchetti–Bartolozzi classification

641
Marfan’s syndrome 133, 303

Mechanical behavior of spine
– forces
–– application of 74
–– coupling 75
–– instantaneous axis of rotation

(IAR) 75, 76
– forces 73
– implant mechanics 75
– moment of inertia 77, 78
Mechanical behavior of spine 71
MEPs, seeMotor evoked potentials

(MEPs)
Metaphyseal chondrodysplasia 312
Metastatic disease, management of
– diagnostic testing
–– biopsy 180
–– imaging 178
– diagnostic testing 178
– history and physical examination

177
– pathophysiology 177
– treatment
–– medical therapy 181
–– new advances 183
–– radiation therapy 182
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–– surgical management 182
–– thoracic and lumbar spine 183
– treatment 181
Metastatic disease, management of

177
Metastatic spine tumors in children

325
Metastatic tumors 505
Metatropic dysplasia 310
Microscopic neuroanatomy of spine

47
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Minimally invasive sacral anatomy 45
Minimally invasive spine surgery

(MISS) 32
Minimally invasive surgery (MIS)
– circumferential MIS constructs 594
– hybrid constructs 594
– stand-alone MIS constructs 594
MION, seeMultimodal intraoperative

neuromonitoring (MION)
MIS, seeMinimally invasive surgery

(MIS)
MISS, seeMinimally invasive spine

surgery (MISS)
MMC, seeMyelomeningocele (MMC)
MMK, see Maximummeasured

kyphosis (MMK)
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–– C7 559
– subaxial cervical spine 559
– thoracic spine
–– hooks 560
–– pedicle screws 560
–– wires 559
– thoracic spine 559
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Modified Bohlman procedure 646
Moment of inertia 77, 78
Monosegmental fusion, reduction

with 648
MRI, seeMagnetic resonance imaging

(MRI)

MRSA, seemethicillin-resistant
Staphylococcal species (MRSA)

MSCC, seeMetastatic spinal cord
compression (MSCC)

MSSA, seemethicillin-susceptible
Staphylococcal species (MSSA)

Mucopolysaccharidosis 313
Multilayered spinal neuraxis, anatomic

rendering of 52
Muscle innervation and reflexes 61
Muscular dystrophies
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– Duchenne muscular dystrophy and
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–– pathophysiology and medical

considerations 221
–– treatment with steroids 221
– Duchenne muscular dystrophy and
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– future areas of study 222
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–– Congenital Muscular dystrophy

222
–– Emery–Dreifuss dystrophy 221
–– Facioscapulohumeral muscular

dystrophy 222
–– Limb–Girdle dystrophy 222
– less commonmuscular dystrophies

221
Muscular dystrophies 220
Myelodysplasia (myelomeningocele)
– kyphosis treatment 265
– scoliosis treatment 265
Myelodysplasia (myelomeningocele)

264
Myelography
– for congenital spine deformity 127
– for revision surgery 606
Methicillin-resistant Staphylococcal

species (MRSA) 170
Methicillin-susceptible Staphylococcal

species (MSSA) 170
Myelomeningocele (MMC) 209
Myotomes, development of 58, 60

N
NAAs, see Neural axis abnormalities

(NAAs)
Natural history of spinal deformities

289
Nerve roots
– pathologic entities affecting
–– cervical pathology 62
–– lumbar pathology 63
–– thoracic pathology 63
– pathologic entities affecting 62
Nerve roots 13, 20, 57
Neural arch formation 66
Neural segment in relation to vertebral

body and neural foraminal level 52
Neuroanatomy of spine
– macroscopic neuroanatomy
–– blood supply to spinal cord 55
–– brain stem anatomy 48
–– brain stem pathology 49
–– cervical nerve roots 58
–– cross-sectional anatomy of spinal

cord 50
–– dermatomes, development of 58,

60–61
–– gross anatomy of spinal cord 50
–– lumbar nerve roots 59

–– myotomes, development of 58, 60
–– nerve roots 57
–– pathology of spinal cord 55
–– sacral nerve roots 59
–– sclerotomes, development of 58,

60
–– thoracic nerve roots 59
– macroscopic neuroanatomy 48
– microscopic neuroanatomy 47
– nerve roots, pathologic entities

affecting
–– cervical pathology 62
–– lumbar pathology 63
–– thoracic pathology 63
– nerve roots, pathologic entities

affecting 62
Neuroanatomy of spine 47
Neuroarthropathy, spinal
– diagnosis 164
– etiology
–– congenital 163
–– infectious 163
–– metabolic 163
–– miscellaneous 164
–– neoplastic 164
–– neuromuscular 163
–– traumatic 163
– etiology 163
– incidence 163
– pathogenesis 164
– treatment 164
Neuroarthropathy, spinal 163
Neurocentral synchondroses 67
Neurofibromas
– cutaneous neurofibroma 288
– plexiform neurofibroma 288
Neurofibromas 288
Neurofibromatosis
– clinical features
–– axillary and inguinal freckling 288
–– Café au Lait spots 288
–– Lisch’s nodules 288
–– neurofibromas 288
–– optic glioma 288
– clinical features 288
– dystrophic curves, treatment of 293
– growth sparing instrumentation,

role of
–– growing rods 294
–– neurological deficits 297
–– VEPTR (vertical expandable

prosthetic titanium rib) 296, 373
–– vertebral column dislocation 297
– growth sparing instrumentation,

role of 294
– pediatric neurofibromatosis type 1

(NF1) 287
– plexiform neurofibroma, medical

management of
–– bone mineral density 289
–– cognitive problems and behavioral

difficulties 289
–– pigmented nevi 288
–– verrucous hyperplasia 288
– plexiform neurofibroma, medical

management of 288
– spinal deformities
–– cervical spine 290
–– natural history 289
–– soft-tissue lesions 289
–– thoracic and lumbar spinal

deformities 291
– spinal deformities 289
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–– clinical diagnosis criteria 287
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Neurofibromatosis I 306
Neurofibromatosis type 1 (NF1)
– common findings in 287
– diagnostic criteria of 287
– dystrophic features in 289
Neurogenic shock, spinal shock and

190
Neurologic complications
– pathogenesis 775
– preoperative evaluation 777
– surgical planning and execution,

techniques 779
– surgical planning and execution

778
Neurologic complications 775
Neurologic examination, for congenital
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Neurological assessment 191
Neuromonitoring
– case example 740
– controversy 740
– definition of terms 737
– history of 737
– intraoperative situations 739
– preoperative considerations 738
– special considerations 739
Neuromonitoring 709, 737
Neuromuscular and syndromic spinal
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– discussion with the patient and the

parents 140
– history 135
– imaging 140
– physical examination 135
– preoperative evaluation 136
– rehabilitation 140
Neuromuscular and syndromic spinal

deformity patients 135
Neuromuscular scoliosis
– bracing for 346
– functional problems 259
– intraoperative considerations 263
– natural history 259
– preoperative considerations
–– anterior spinal instrumentation

263
–– anterior spinal release and fusion

263
–– pelvic and sacral fixation 263
–– posterior instrumentation and

fusion 262
– preoperative considerations 261
– spinal deformity, management of
–– cerebral palsy 263
–– Duchenne’s muscular dystrophy

266
–– myelodysplasia

(myelomeningocele) 264
–– spinal muscular atrophy 267
– spinal deformity, management of

263
– treatment principles
–– nonoperative: observation and

bracing 260
–– operative: growth sparing spinal

instrumentation 260
–– operative: spinal fusion 261
– treatment principles 260

Neuromuscular scoliosis 259, 261
Neuronavigation, anatomic nuance in

32
Neuronavigation 45
Neurons 48
Neutral vertebra (NV) 383
Neutral zone 86
NF1, see Neurofibromatosis type 1

(NF1)
Nondystrophic scoliosis 291
Nonpyogenic spondylodiskitis
– clinical features 319
– laboratory and radiographic

findings 319
– pathogenesis and etiology 319
– treatment 319
Nonpyogenic spondylodiskitis 319
NSAIDs, see Nonsteroidal anti-

inflammatory drugs (NSAIDs)
Nutritional concerns
– history and physical examination

693
– laboratory testing 693
– perioperative management 694
– preoperative management 694
Nutritional concerns 693
NV, see Neutral vertebra (NV)

O
Occipital condyles
– and skull base 5
– fractures 520
Occipito-atlantoaxial fixation 558
Occiput 10
Odontoid fractures 329, 520
Open anterior spinal surgery in adult

spinal deformities
– anterior surgical approach 564
– neurologic decompression 568
– principles of anterior reconstruction

and instrumentation 570
– stability of anterior constructs 569
– structural deficiencies addressed by

anterior approach 565
– vascular concerns 571
Open anterior spinal surgery in adult

spinal deformities 563
Operative blood loss, management of
– adjunct equipment and surgical

technique 711
– controlled hypotension 711
– tranexamic acid use 710
Operative blood loss, management of

710
Operative planning 218
Optic glioma 288
Osseous spinal column, central nervous

system and 51
Ossification 67
Osteoblastoma, treatment of 323
Osteoblastoma 323
Osteochondroma 324
Osteogenesis imperfecta 305
Osteogenic sarcoma 325
Osteoid osteoma, treatment of 322
Osteoid osteoma 322
Osteomyelitis, nonoperative treatment

of 172
Osteopenic fractures 770
Osteoporosis
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deformity patients 700

– medical evaluation 697
– osteoporosis, definition of 697
– preoperative considerations 699
– prevention and medical

optimization
–– bisphosphonates 698
–– calcitonin 699
–– estrogen replacement/

modification 698
–– human monoclonal antibodies 699
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hormone 699
–– vitamins and minerals 698
– prevention and medical

optimization 698
– risk factors 697
– screening and laboratory

assessment 697
– surgical considerations 699
Osteoporosis 697
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– described by Smith-Petersen, Ponte,

and others 461
– pedicle subtraction osteotomy 461
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Osteotomies 456, 459
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– neuromonitoring 709
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– posterior column osteotomy 709
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Osteotomy planning 708
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Pain generation in spinal deformity

533
Paralytic poliomyelitis 196
Pars interarticularis, anatomy of 29
Partial reduction plus fusion, for high-

grade spondylolisthesis 678
Pathology of spinal cord 55
Pathophysiology 154
Pathophysiology of pain generation in

spinal deformity 533
Patient-reported outcomes,

relationship with 117
Patient-specific era 117
PCO, see Posterior column osteotomy

(PCO)
PCP pathway, see Planar cell polarity

(PCP) pathway
Pediatric patient with spinal deformity
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– syndromic and neuromuscular

scoliosis
–– cerebral palsy 133
–– congenital scoliosis 124, 133
–– Duchenne’s muscular dystrophy

133
–– Marfan’s syndrome 133
–– neurofibromatosis 133
– syndromic and neuromuscular

scoliosis 132
Pediatric patient with spinal

deformity 131
Pediatric spine surgery, anesthetic

considerations for 720
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–– atlanto-occipital injuries 328
–– atlantoaxial rotatory subluxation

329
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(Hangman’s fracture) 330
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– imaging 327
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trauma
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–– burst fractures 331
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–– fractures from child abuse 332
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process fractures 331
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trauma 331
Pediatric spine trauma 327
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treatment for
– advanced imaging 644
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– clinical presentation 642
– diagnostic imaging 642
– gaines procedure 648
– high-grade spondylolisthesis 646
– high-grade spondylolisthesis,

controversy of the role of reduction
in 649
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– low-grade spondylolisthesis 645
– lumbopelvic parameters 643
– modified bohlman procedure 646
– reduction with monosegmental

fusion 648
– repair techniques 645
– slip angle 643
– slip percentage 642
– spinal deformity study group

classification 644
– trans-sacral interbody fusion with

fibular dowel allograft 647
– treatment overview 645
Pediatric spondylolisthesis, surgical

treatment for 641
Pedicle screw fixation in lumbar spine

27
Pedicle screw, anatomic dangers of 27
Pedicle subtraction osteotomy
– case example of pedicle subtraction

osteotomy 407
– history, indications, and outcomes

404
– surgical techniques 406
Pedicle subtraction osteotomy 404,

407, 461, 709
Pedicles 16, 19
Pelvic incidence (PI) 113, 450
Pelvic parameters
– evolution of PT and SS across PI

spectrum 114
– pelvic incidence (PI) 113
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Pelvic parameters 113, 113
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Perioperative blood loss in spine
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– intraoperative
–– blood salvage 733
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bleeding 732
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– postoperative
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–– physical spinal examination 530
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– medical management of
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–– pigmented nevi 288
–– verrucous hyperplasia 288
– medical management of 288
Plexiform neurofibroma 288
PLIF, see Posterior lumbar interbody

fusion (PLIF)
PMMA, see Polymethyl methacrylate

(PMMA)
Poliomyelitis, paralytic 196
Posterior column osteotomy (PCO)

– case example of posterior column
osteotomy 404

– history, indications, and outcomes
403

– surgical techniques 403
Posterior column osteotomy (PCO)

397, 403, 404, 406, 709
Posterior concave thoracoplasty,

operative procedures 424
Posterior concave thoracoplasty 424
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– complications
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424
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557
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558
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adult spinal deformity 557
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– historical perspective 542
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– anteroposterior approach 429
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428
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429
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prevention of 429
– radiographic evaluation 427
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–– posterior approach 429
Postlaminectomy kyphosis 427, 455
Postoperative considerations 218
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761
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252
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Pressure ulcers 769
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325
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Primary spine neoplasms 321
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727
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– background 797
– classification 799
– epidemiology, clinical presentation

799
– epidemiology 797
– risk factors
–– instrumentation, level of 800
–– magnitude of correction 800
–– patient factors 801
–– surgical approach 800
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– risk factors 799
– treatment 801
Proximal junctional kyphosis 100,

787, 797
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– adolescent population 611
– adult population 611
Pseudarthrosis 610
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Pseudomonas aeruginosa 170
PSIS, see Posterosuperior iliac spine

(PSIS)
Psoriatic arthritis 159
PT, see Pelvic tilt (PT)
Pulmonary, sleep apnea 718

Pulmonary 717
Pulmonary development and spinal

growth considerations 361
Pulmonary function evaluation, for

congenital spine deformity 127
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– clinical features 318
– differential diagnosis 319
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findings 318
– pathogenesis and etiology 318
– treatment 319
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–– clinical presentation 170
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–– diagnostic testing 170
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–– imaging 170
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173
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treatment of 172
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–– surgical approaches 172
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–– surgical treatment 172
– treatment 171
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R
RA, see Rheumatoid arthritis (RA)
Radiation therapy, for metastatic

disease 182
Radiofrequency lumbar facet

rhizotomy (RFA) 535
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injury without 330
Radiographic measurements in spinal
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information 106
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Radiographic outcome 117
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Reactive arthritis 158
Recombinant human parathyroid

hormone 699
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Reflexes 191
Regional anatomy of the spine 15
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–– early-onset scoliosis 608
– children and preadolescents 607
– common conditions treated by
–– Crankshaft phenomenon 613
–– early malalignment 612
–– instrumentation failure 612
–– junctional failure 613
–– persistent or recurrent back and leg

pain 612
–– pseudarthrosis 610
–– wound infection 611
– common conditions treated by 610
– complications 613
– de novo degenerative scoliosis/

previous sagittal plane deformity
608

– degenerative scoliosis with
adolescent idiopathic scoliosis/
idiopathic scoliosis 608

– diagnosis 607
– initial assessment
–– history 605
–– patient-reported clinical outcomes

607
–– physical examination 606
–– radiographic evaluation, imaging

studies 606

– initial assessment 605
– patient selection 614
– treatment approach
–– principles in treatment 608
–– revision surgery 609
– treatment approach 608
Revision surgery 605
RFA, see Radiofrequency lumbar facet

rhizotomy (RFA)
Rheumatoid arthritis (RA)
– clinical diagnosis 473
– clinical outcomes, perioperative

management 482
– clinical outcomes 482
– indications for surgery 474
– pathophysiology 473
– radiographic evaluation 474
– Ranawat classification of myelopathy

in 475
– surgical techniques
–– atlantoaxial (C1–C2) Instability

476
–– C1–C2 segmental instrumentation

478
–– occipital cervical fusion 479
–– odontoid resection 480
–– posterior cervical fusion technique

481
–– technique of lateral mass fixation

481
–– technique of occipitocervical

plating 479
–– transarticular C1–C2 Screws 476
–– treatment of subaxial subluxation

481
– surgical techniques 476
Rheumatoid arthritis (RA) 159, 473
Rib resection
– anterior thoracoplasty
–– complications 425
–– operative procedures 425
– anterior thoracoplasty 425
– methods of surgical techniques for

thoracoplasty 421
– posterior concave thoracoplasty,

operative procedures 424
– posterior concave thoracoplasty

424
– posterior convex thoracoplasty
–– complications 423
–– contraindication 422
–– expected outcomes 424
–– indication 421
–– operative procedure 422
–– operative time 423
– posterior convex thoracoplasty

421
Rib resection 421
Rigid spinal sagittal deformity, surgical

strategies in correcting 98
Riley–Day syndrome 212, 308
Rod derotation 355, 356, 395
Rod reduction 356
Rotatory olisthesis 450
Roussouly classification 96
Roy-Camille technique 26

S
S2 alar–iliac screws 461
Sacral fractures 332
Sacral nerve roots 59
Sacral slope (SS) 114, 450

Sacropelvic fixation
– indications for 576
– technology and modern techniques

in 580
Sacropelvic fixation in spinal deformity
– anatomy
–– sacropelvic fixation, indications for

576
–– sacropelvic fixation, technology and

modern techniques in 580
–– sacropelvic unit, techniques and

zones of fixation in 576
– anatomy 575
– complications and clinical failures

583
– problem 575
Sacropelvic fixation in spinal

deformity 575
Sacropelvic unit, techniques and zones

of fixation in 576
Sacrum
– anatomical relationships relevant to

L5–S1 surgery 41
– anatomy for fixation 40
– descriptive anatomy of 35
– for bony fusion and spinal

instrumentation, L5–S1 facets 37
– for bony fusion and spinal

instrumentation 37
– iliac bone harvesting and iliac

instrumentation, dangers of 44
– iliac bones for instrumentation 43
– iliac crest, strength of 43
– ilium
–– descriptive anatomy of 41
–– for bone graft harvesting 42
– intrasacral rod fixationm lateral

masses for, L5–S1 disk space 40
– intrasacral rod fixationm lateral

masses for 40
– neuronavigation and minimally

invasive sacral anatomy 45
– S1 pedicle 39
– S2 pedicle 39
– S3 pedicle 39
Sacrum 35
Sagittal balance, mechanisms of
– degenerative spinal evolution 96
– faulty surgical strategy, complication

of 100
– pelvic sagittal parameters 91
– plinth of 91
– proximal junctional kyphosis 100
– rigid spinal sagittal deformity,

surgical strategies in correcting 98
– spinal balance parameters 94
– spinal sagittal parameters 92
– spinal shapes in the normal

population 95
Sagittal balance, mechanisms of 91
Sagittal plane malalignment, evaluation

of the patient with
– clinical 806
– history 806
– key radiographic parameters 806
Sagittal plane malalignment, evaluation

of the patient with 806
Sagittal plane, control in 80
Sagittal profile, addressing 81
Sagittal vertical axis (SVA) 94, 115,

116, 450
Scheuermann’s kyphosis
– anatomy 271

– anterior and combined surgical
approaches 279

– clinical and radiographic findings,
natural history 274

– complications 284
– differential diagnosis 276
– etiology and pathogenesis 274
– kyphotic spinal deformities,

pathomechanics of 272
– nonoperative treatment 277
– normal sagittal alignment 271
– operative treatment 277
– radiographic findings 275
– surgical outcomes 282
Scheuermann’s kyphosis 271, 273,

608
Scheuermann’s kyphosis

Scheuermann’s kyphosis, posterior
correction 277

Schwab osteotomy classification 808
SCI, see Spinal cord injury (SCI)
Scintigraphy 180
Sclerotomes, development of 58, 60
Scoliosis, risk factors for developing

220
Scoliosis 218, 220
Scoliosis progression in the immature
– adolescent 247
– infantile 245
– juvenile 246
– maturity assessment
–– curve patterns 248
–– sex 248
– maturity assessment 247
Scoliosis progression in the immature

245
Scoliosis-specific exercise for adult

spinal deformity, current trends
531

Scoliosis-specific exercise for adult
spinal deformity 531

Scoliosis-specific exercises 348
Scoliotic lumbar vertebra 27
SDR, see Selective dorsal rhizotomy

(SDR)
SED, see Spondyloepiphyseal dysplasia

congenita (SED)
Segmental derotation 357, 357
Selective fusion 383
Selective thoracic fusion (STF) 383
Sleep apnea 718
SMA, see Spinal muscular atrophy

(SMA)
Smith-Petersen and pedicle subtraction
– adult thoracolumbar deformity

(ASD) 621
– cervical deformity 623
– complications 624
– historical perspective 619
– indications 620
– pediatric spinal deformity 623
Smith-Petersen and pedicle

subtraction 619
Soft lumbar and lumbosacral orthoses

767
Soft-tissue lesions
– dumbbell lesions 289
– intrathoracic meningocele 289
– thoracic tumors 289
Soft-tissue lesions 289
SOMI, see Sterno-occipito-mandibular

immobilizer (SOMI)
Somite 59
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Spina bifida occulta 206
Spinal anatomy and anchor placement

391
Spinal balance parameters 94
Spinal canal and foramina, anatomic

nuance in neuronavigation and
minimally invasive spine surgery
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Spinal canal and foramina 31
Spinal column, neoplasms of
– common tumor types
–– benign primary tumors 508
–– malignant primary tumors 510
–– metastatic tumors 511
– common tumor types 508
– diagnosis
–– imaging techniques 502
–– symptoms 502
– diagnosis 502
– epidemiology 501
– presentation 502
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of 504
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–– metastatic tumors 505
–– primary tumors 507
– spinal tumors, surgical treatment

for 504
Spinal column, neoplasms of 501
Spinal cord injury (SCI)
– American Spinal Injury Association

(ASIA) grades for 189
– and classification 187
– contractures 770
– heterotopic ossification 770
– latex allergy 769
– osteopenic fractures 770
– pharmacologic treatment of 518
– rehabilitation 769
– spasticity 769
– spinal deformities 770
– syndromes 188
– upper limb considerations 770
– without radiographic abnormality

330
Spinal cord injury (SCI) 768
Spinal cord injury (SCI) Spinal cord

injury (SCI), pressure ulcers 769
Spinal deformity correction
– correction maneuvers
–– cantilever correction 357, 357
–– en bloc derotation 358, 358
–– segmental derotation 357, 357
–– translational loads 355
–– vertical loads 355
– correction maneuvers 355
– spinal instrumentation 354
– spinal motion and coupling 353
Spinal deformity correction 353
Spinal deformity study group

classification 644
Spinal deformity surgery, avoiding

neurologic deficits in
– incidence and risk factors 743
– intraoperative neuromonitoring
–– electromyography 747
–– motor evoked potentials 746
–– somatosensory evoked potentials

746
–– Stagnara wakeup test 747
– intraoperative neuromonitoring

746

– managing IOMN changes and
complications

–– checklist 748
–– steroid protocol 749
– managing IOMN changes and

complications 748
– neurologic complications,

mechanisms of
–– deformity correction 744
–– instrumentation 744
–– patient positioning 744
–– spinal cord ischemia 744
– neurologic complications,

mechanisms of 743
– postoperative management of

neurologic complications 749
– preoperative evaluation and

planning
–– communication 745
–– history and physical examination

745
–– imaging studies 745
– preoperative evaluation and

planning 745
Spinal deformity surgery, avoiding

neurologic deficits in 743
Spinal deformity surgery, structural

complications in
– distal junctional kyphosis 793
– intercalary kyphosis 793
– proximal junctional failure 789
– proximal junctional kyphosis 787
Spinal deformity surgery, structural

complications in 787
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– genetic and environmental etiology

203
– latex allergy 206
– myelomeningocele 209
– spina bifida occulta 206
– split cord malformation 208
– tethered cord syndrome 205
– tight filum/low-lying conus 206
Spinal dysraphisms 203
Spinal fusion
– biology and healing of 541
– biomechanics of 86
– bone graft
–– allograft 551
–– autogenous growth factors 552
–– autograft 549
–– autograft morbidity 550
–– biological graft factors 549
–– bone marrow aspirate 552
–– bone morphogenetic proteins 552
–– demineralized bone matrix 551
–– preparation of allograft 551
–– synthetic bone graft substitutes

552
–– vascularized rib grafts 550
– bone graft 549
– interbody cage material/technology

548
– interbody fusion
–– end plate preparation 547
–– lumbar interbody fusion

techniques 546
– interbody fusion 545
– interbody fusion techniques,

comparison of 548

– posterolateral fusion and interbody
fusion, comparison of 547

– posterolateral spinal fusion
–– historical perspective 542
–– role of decortication in

posterolateral fusion 543
–– role of instrumentation 545
–– technique 542
– posterolateral spinal fusion 542
Spinal fusion 541
Spinal inflammatory arthritides
– ankylosing spondylitis 157
– psoriatic arthritis 159
– reactive arthritis 158
– rheumatoid arthritis (RA) 159
Spinal inflammatory arthritides 157
Spinal injections
– diagnostic spinal injection

procedures 534
– pathophysiology of pain generation

in spinal deformity 533
– procedures specific to spinal

deformity surgery
–– lumbar epidural steroid injection

(LESI) 535
–– lysis of epidural adhesions 536
–– radiofrequency lumbar facet

rhizotomy (RFA) 535
– procedures specific to spinal

deformity surgery 535
– spinal injection procedures specific

to spinal deformity surgery:
diagnostic role 536

– therapeutic versus diagnostic role
533

Spinal injections 533
Spinal instability 172
Spinal instrumentation 354
Spinal motion and coupling 353
Spinal muscular atrophy (SMA) 195,

267
Spinal nerve, anatomy 58
Spinal orthotics 766
Spinal osteomyelitis, adjunct therapies

for 496
Spinal osteotomies
– adult thoracolumbar deformity 621
– cervical deformity 623
– complications 624
– historical perspective 619
– indications 620
– pediatric spinal deformity 623
Spinal osteotomies 428, 619
Spinal sagittal parameters 92
Spinal shock
– and neurogenic shock 190
– stages of 190
Spinal trauma and neurological injury
– neurological assessment 191
– reflexes, surgical options 192
– reflexes 191
– spinal cord injury and classification

187
– spinal cord injury syndromes 188
– spinal shock and neurogenic shock

190
Spinal trauma and neurological injury

187
Spinal tumors
– staging/classification of 504
– surgical treatment for
–– metastatic tumors 505
–– primary tumors 507

– surgical treatment for 504
Spine growth and deformity

correction 377
Spinopelvic alignment, for revision

surgery 606
Spinopelvic balance 441
Spinopelvic mismatch 116
Spinopelvic parameters
– correction associated with

improvement in disability
–– age-specific parameters 118
–– age-specific parameters 118
–– patient-specific era 117
–– radiographic outcome 117
– correction associated with

improvement in disability 117
– deformity parameters
–– spinopelvic mismatch (PI-LL) 116
–– T1 pelvic angle (TPA) 117, 117
– deformity parameters 116
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–– sagittal vertical axis (SVA) 115, 116
–– T1 spinopelvic inclination (T1SPi)

115
– global alignment 115
– patient-reported outcomes,

relationship with 117
– pelvic parameters
–– evolution of PT and SS across PI

spectrum 114
–– pelvic incidence (PI) 113
–– pelvic tilt (PT) 114
–– sacral slope (SS) 114
– pelvic parameters 113, 113
– regional curvatures
–– cervical curvature 115
–– lumbar lordosis (LL) 114
–– thoracic kyphosis (TK) 115
– regional curvatures 114
Spinopelvic parameters 113, 456
Spinous processes, in the thoracic

spine 17
Spinous processes 29
Split cord malformation 208
Spondyloepiphyseal dysplasia

congenita (SED) 311
Spondylolisthesis in adult low-grade

spondylolisthesis
– anterior lumbar interbody fusion for

spondylolisthesis 668
– classifications 655
– complications 672
– in situ posterior spinal fusion with

instrumentation 663
– low-grade spondylolisthesis, adults

with, clinical presentation 656
– low-grade spondylolisthesis, adults

with 656
– low-grade spondylolisthesis: some

special situations 671
– lytic acquired spondylolisthesis, pain

generators in 656
– minimally invasive surgery 671
– neural syndromes
–– diagnostic evaluation 657
–– natural history 659
–– nonoperative treatment 659
–– when to abandon nonoperative

care 660
– neural syndromes 657
– operative management 660
– posterior stabilization with

transdiskal screws 670
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– postoperative care 665
– spondylolisthesis reduction with
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technique 665

– surgical planning 662
– transforaminal lumbar interbody

fusion 668
Spondylolisthesis in adult low-grade

spondylolisthesis 655
Spondylolisthesis, pediatric
– advanced imaging 644
– classification 634, 641
– clinical presentation 642
– diagnostic imaging 642
– etiology 633
– Gaines procedure 648
– high-grade spondylolisthesis,

controversy of the role of reduction
in 649
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fibular dowel allograft 647
– treatment overview 645
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Spondylolysis in the pediatric patient
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– etiology 633
– imaging 637
– natural history 638
Spondylolysis in the pediatric patient

633
SS, see Sacral slope (SS)
SSEPs, see Somatosensory evoked

potentials (SSEPs)
SSV, see Sagittal stable vertebra (SSV)
Stable vertebra (SV) 383
Stable zone 383
Staging procedures
– background 587
– combined procedure: same day

versus staged 589
– complications 591
– indications
–– curve magnitude 588
–– implant cost 588
–– patient biology 588
–– primary versus revision surgery

588
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– indications 587
– patient evaluation 587
– radiographic assessment 587
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posterior 591
– special circumstances
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hemodynamic instability 591
–– neuromuscular scoliosis in
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– special circumstances 591
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Staging procedures 587
Stagnara wakeup test, unobtainable

spinal cord monitoring 748
Stagnara wakeup test 747
Stand-alone MIS constructs 594
STF, see Selective thoracic fusion (STF)
Stickler’s syndrome 313
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–– case example of 407
–– history, indications, and outcomes

404
–– surgical techniques 406
– pedicle subtraction osteotomy 404,

407
– posterior column osteotomy (PCO)
–– case example of 404
–– history, indications, and outcomes

403
–– surgical techniques 403
– posterior column osteotomy (PCO)

397, 403, 404, 406
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resection 410
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409
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403
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– C3–C6 559
– C7 559
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the setting of 522
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– metastatic disease, management of
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Subaxial cervical spine 559
Subaxial cervical spine cross section

60
Subaxial cervical spine, anatomy of 9
Subaxial injuries 330
Subaxial spine 11
Subaxial vertebra 8
Subluxation 523
Subluxation/fracture 521
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Surgery 216
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–– decompression of neural elements
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761
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T
T1 pelvic angle (TPA) 117, 117
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T1SPi, see T1 spinopelvic inclination
(T1SPi)

Tarda 311
tcMEPs, see Transcranial motor evoked

potentials (tcMEPs)
Tethered cord 199
Tethered cord syndrome 205
Therapeutic exercise and physical

therapy 765
Thoracic and lumbar spinal deformities
– dystrophic scoliosis 292, 293
– nondystrophic scoliosis 291
Thoracic and lumbar spinal

deformities 291
Thoracic and lumbar spine, metastatic

disease, management of 183
Thoracic and lumbar spine

involvement 317
Thoracic curves 415
Thoracic deformity and pulmonary

function 377
Thoracic fixation 18
Thoracic kyphosis (TK) 115
Thoracic nerve roots 59
Thoracic pathology 63
Thoracic pedicles
– sagittal plane inclination 18
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Thoracic pedicles 17
Thoracic spine
– hooks 560
– pedicle screws 560
– wires 559
Thoracic spine 559
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– descriptive anatomy
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for
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–– pedicles 19
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–– vertebral body 20
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for 17
– regional variations 16
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–– nerve roots 20
–– spinal cord 20
–– vessels 20
– risk, anatomic structures at 20
Thoracic spine, surgical anatomy of 15
Thoracic tumors 289
Thoracic, lumbar, and sacral spine

trauma
– bracing 331
– burst fractures 331
– compression fractures 331
– flexion–distraction injuries 332
– fracture-dislocation injuries 332
– fractures from child abuse 332
– lumbar physeal fractures 332
– sacral fractures 332
– transverse process and spinous

process fractures 331
Thoracic, lumbar, and sacral spine

trauma 331

823from: DeWald, Spinal Deformities (9781626233720) 
© 2024. Thieme. All rights reserved.



Index

Thoracolumbar cord 62
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positioning to choose
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–– patient factors 725
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of 724
–– the type of surgery 726
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727
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727
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Thoracolumbar deformity surgery,

patient positioning for 723
Thoracolumbar spine
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burst fractures 523
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– gun shot wounds 524
– posterior element fractures 523
– subluxation 523
Thoracolumbar spine 522
Thoracolumbar/lumbar curves 418
Thoracolumbosacral orthoses (TLSO)

767
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– types of
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– types of 767
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–– complications 425
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421
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procedures 424
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–– complications 423
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–– expected outcomes 424
–– indication 421
–– operative procedure 422
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Thoracoplasty 421
Tight filum 206
TIVA, see Total intravenous anesthesia

(TIVA)
TK, see Thoracic kyphosis (TK)
TLIF, see Transforaminal interbody

fusion (TLIF)
TLSO, see Thoracolumbosacral orthoses

(TLSO)
TNF inhibitors, see Tumor necrosis

factor (TNF) inhibitors
Torsional stiffness, loss of 79
TPA, see T1 pelvic angle (TPA)
Traditional iliac screws 461
Translational atlantoaxial subluxation

329
Translational loads
– first-class lever correction 357
– in situ rod bending 357
– rod derotation 355
– rod reduction 356
Translational loads 355
Transpsoas lateral lumbar interbody

fusion 598
Transverse process and spinous process

fractures 331
Transverse processes 17, 29
Transvertebral fixation, for high-grade

spondylolisthesis 683
TXA, see Tranexamic acid (TXA)

U
UEV, see Upper end vertebra (UEV)
UIV, see Upper instrumented vertebra

(UIV)
Ultrasonography, for congenital spine

deformity 127
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dislocation 520
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– occipital condyle fractures 520
– odontoid fractures 520
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craniovertebral junction 520
Upper instrumented vertebra (UIV)

382, 383
Upper limb considerations 770

UTS, see Ultimate tensile strength
(UTS)

V
Valve pathologies 717
Vascularized rib grafts 550
Volume-depletion deformities (VDDs)

371
VDDs, see Volume-depletion

deformities (VDDs)
VEPTR, see Vertical expandable

prosthetic titanium rib (VEPTR)
Vertebra: lateral view 24
Vertebral artery 12
Vertebral bodies 16, 20
Vertebral column resection
– case example of vertebral column

resection 410
– history, indications, and outcomes

409
– surgical techniques 409
Vertebral column resection 409, 410,

461, 709
Vertebral growth 67
Vertebral osteomyelitis 170
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– clinical presentation 492
– epidemiology 494
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– radiologic imaging 492
– role of biopsy 494
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therapies for 496
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–– indications for surgery 495
–– nonoperative treatment 494
–– operative treatment 496
– treatment 494
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491
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spondylolisthesis 683
Vertical expandable prosthetic
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– -related complications
–– complication 378
–– hardware migration 377
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–– wound-related problems 377
– -related complications 377
– development 371
– indications 372
– kyphosis and kyphoscoliosis 296
– limitations and future directions

378
– lordoscoliosis 297, 298
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workup, and special considerations
372

– positioning, approach, and critical
anatomy

–– bilateral rib-to-pelvis VEPTR
construct: proximal assembly 375

–– closure 376
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VEPTR use 375
–– VEPTR expansion thoracostomy

374
– positioning, approach, and critical

anatomy 374
– postoperative care considerations

and discharge pathway, VEPTR
interventions 376

– postoperative care considerations
and discharge pathway 376

– surgical techniques and
instrumentation 373

– thoracic anatomy and thoracic
insufficiency syndrome 371

– treatment
–– spine growth and deformity

correction 377
–– thoracic deformity and pulmonary

function 377
– treatment 377
Vertical expandable prosthetic

titanium rib (VEPTR) 296, 296, 371,
373

Vertical loads, compression and
distraction 355

Vertical loads 355
Vessels 20
Vitamins 698

W
Wheelchairs and adaptive seating 768
White matter 53–54
Wilmington brace 345
Wiltse–Newman classification 641

X
X-ray/EOS imaging, for revision

surgery 606

Z
Zindrick morphometric

measurements 28
Zygapophyseal joints/lumbar facets
– spinous processes 29
– transverse processes 29
Zygapophyseal joints/lumbar facets 28
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