Vertebral Augmentation

The Comprehensive Guide to Vertebroplasty, Kyphoplasty, and Implant Augmentation

Douglas P. Beall, MD

Chief of Services

The Spine Fracture Institute at Summit Medical Center Oklahoma
Oklahoma City, Oklahoma, USA

Associate Editors:
Allan L. Brook

M. R. Chambers
Joshua A. Hirsch
Alexios Kelekis
Yong-Chul Kim
Scott Kreiner
Kieran Murphy

524 illustrations

Thieme _
New York = Stuttgart « Delhi « Rio de Janeiro



Contents

1.1
1.2
1.3

1.31
1.3.2
1.33
1.34
1.3.5

1.4

2.1
2.2
2.3

2.3.1
2.3.2
233

2.4
2.5
2.5.1

3.1
3.2

3.3

4.1

VIdOS .. o Xiii
Preface . . xiv
QoM DU OIS . . e XV
History and Introduction to Vertebral Augmentation..........................oooinnee. 1
M.R. Chambers
Introduction . ........... ... Ll 1 1.5 Risks and Complications .................. 7
Mechanisms of PainRelief................. 1 1.6 Clinical Applications and Evidence ......... 7
Procedures...................ooiiiiian, 2 161 Osteoporosis. .. ... 7
Vertebroplasty . ........o.ovvvereninennn.. o 162 Trauma..........ccoooiiiiiiiiiiiinianan, 9
Kyphoplasty . ...t 2 1.6.3 Edoqe_DlisiiseECancer. Metastases, and 10
Radiofrequency Kyphoplasty.............. 2 164 L u tlphe yg (I)In;,a. N b ) 1 H e o 1
Percutaneous Radiofrequency Ablation .... 2 1‘ E. 5 Oanger ans T er;e ral Histiocytosis ...
Vertebral Augmentation with Implants .... 3 o steogenesis Imperfecta.................. 1
Indications and Contraindications .. ....... 4 1.7 ConClUSION. ..o ie i ennneeeannnns 11
Vertebral Compression Fractures .................... i 15
Amanda Schnell, Sarah Morgan, fames Mooney, D. Mitchell Seif, john W. Amburgy, and M.R. Chambers
Introduction..........ooviiiiiiiiiiiin.., 15 2,52  Pathologic Vertebral Fractures due
. . . toNeoplasia .......oooiiiiiiiiiiiinan.. 26
P ntat d Diagnosis ............... .
resentation and Dlagnosis 15 2.5.3 Traumatic Vertebral Fractures............. 26
Epidemiolegy............cooviiiiiinin.. 15
d oy 2.6 Public Health and Economic Impact........ 27
OSLEOPOTOSIS . o1 vv vt ienan e ennens 15 .
CanceI:o 18 2.6.1 OSteOPOTOSIS. .o vvir e niarnnnsnaannas 27
Trauma. """"""""""""""""" 19 262  Cancer............o, 27
"""""""""""""""""" 263 TraUMa....oveereerevrnrnrnrnensinsnenss. 27
Vertebral Fracture Classification Systems... 20 264  Cost-Effectiveness. .............veeevee... 28
Treatment.........coooiviiiiiinanniinn L Conclusion. . ............................. 29
Osteoporotic Vertebral Compression
Fractures ..o 25
Preprocedure Assessment Prior to Vertebral Augmentation ............................... 32

Scott Kreiner and Grace Maloney

Introduction. ..., 32 34 General Indications, Contraindications, and

Anatomy, Radiologic Imaging, Procedure Complications ................. 33

Identification, and Interpretation of 3.5 Equipment and Room Setup. .............. 34
Vertebral CDI‘I‘IPI‘ESSIBI'I Fractures.......... 32 3.6 Procedure ............................... 35
Preprocedure Assessment................. 32 3.7 Postprocedure Mansgement............... 36
Physical Examination Findings in Patients with Vertebral Compression Fractures ....... 37

Scott Kreiner

Introduction................. ...l 37 4.2 Presentation of Vertebral Compression
Fractures ..........cooovviiiniinananninnns 37



Vi

Contents

43
4.4

5.1
5.2
5.3
5.4
5.5

6.1
6.2
6.3
6.3.1
6.4
6.5
6.6
6.6.1

7.1
7.2

7.21
7.2.2

7.3

7.3.1
7.3.2
7.3.3
7.3.4

8.1
8.2
8.3

8.3.1
832

RiskFactors.............coooiiiiiiiiinns 38 45 Observational Findings Suggesting
REAFIAQS . ... .ovevveeeeeeeeiiiinnns 38 Compression Fracture .............ooooo. 39
Medical Pain Management in Patients with Vertebral Compression Fractures ........... 41
Yaung Hoon Kim and Yong-Chul Kim
Introduction................ccciiiiininnn 41 5.6 Calcitonin ............cooviiiiiriirinnnss 43
Nonsteroidal Anti-Inflammatory Drugs. .. .. 41 5.7 Transdermal Lidocaine. ................... 43
Acetaminophen.............cooevviiinen. 42 5.8 Bisphosphonate. ..................... ... 43
Opioid Analgesics ................ooietn 43 59 Anticonvulsants. ... 43
Muscle Relaxants......................... 43 510 Conclusion................cooiiiiii 44
Approaches to the Vertebral Body ..ot 46
D. Mitchell Self, james Mooney, john W. Amburgy, and M.R. Chambers
Introduction...........ccvivinninnrnnnn. 46 6.6.2  Transpedicular Approach ................. 50
T 45 663  Extrapedicular and Parapedicular

Approaches .......cooviiviiiniiiiiiinnnns 51
ANatomy ............oiiiiiii 46 664  Extrapedicular Modified Inferior End
Planning the Trajectory ................... 47 Plate Access....... e e REREE 52
Bilateral Unilateral A B 6.6.5  Parapedicular Approach .................. 52

ateral versus Unilateral Approach ....... 48  gg4 Parapedicular Approach to the

Imaging and Equipment .................. 49 Vertebral Body .........ccvvvienninninnnn, 53
A 49 6.6.7  Approaches to the Cervical Spine.......... 55
Potential Risks and Management 6.7 Vertebral Body Biopsy . ................... 56
of Complications ..........cvviiiinnnnn.. 50 6.8 Conclusion. . .....voviiiiiiieiianenans 56

Properties of Bone Cements and Vertebral Fill Materials: Implications for

Clinical Use in Image-Guided Therapy and Vertebral Augmentation....................... 58
David Nussbaum, Adam Thakore, and Kieran Murphy
Introduction............covviiiiinnnnnn. 58 7.4 MixingMethod .......................... 62
Bone Cement Types...................c..s 58 7.5 Antibiotics. ... 62
Polymer Chemistry....................... 39 7.6 PainRelief............................... 63
PMMA-Based Bone Cements .............. 60 2.7 Bone Adherence 63
Cement Properties ....................... 60 438 Bone Formation and Other New
Liquid-to-Powder Ratio................... 60 Developments ......................c0 63
[nitiator-to-Activator Ratio................ 61 979 The Future. ... 64
Radiopacifiers....................oooiaLL. 62 o
Polymethy! Methacrylate Bead Size........ 62 710 Conclusion............oooeviiiiiiinii. 64
7.1 Pearls .........cociiiiiiiiiiae, 64
Vertebroplasty ... ... 66

Nicole 5. Carter, Hong Kuan Kok, julian Maingard, Hamed Asadi,

Joshua A. Hirsch, and Ronil V. Chandra

Introduction................ccovvnvnenn.. 66
Anatomic Features ....................... 66
TheProcedure ........................... 67
Procedure Materials...................... 67

Sedation and Anesthetic Preparation....... 67

Lee-Anne Slater, Thabele Leslie-Mazwi,

833
8.34

8.3.5
8.3.6
8.3.7

Positioning ............coovivuiiiinnn.... 67
Antibiotic Prophylaxis and Skin

Preparation...........oovvvuvienuninnn... 67
Needle Placement ........................ 68
Image Guidance.......................... 68

Needle Insertion



Contents

8.3.8
8.3.9
8.3.10

8.4
8.5

9.1
9.2
9.3

9.4
9.5
9.6

10

10.1

10.1.1
10.1.2
10.1.3
10.1.4
10.1.5
10.1.6

11

1.
1.2

11.2.1
11.2.2
11.2.3

11.3
1.4
11.5

12

1241
12.2
12.3
12.4

Fill Materials........oooviviiiiiininnnn, 69 8.5.1 Initial Postprocedure Care................. 71
Cement Injection...............ooit 70 8.5.2  Discharge and Follow-Up ................. 71
Volume of Cement Injected ............. e 70 g g Conclusion. ..o 71
Considerations in Cervical Vertebroplasty.. 71 8.7 KeY POINES « v eeeeeeeeeeeaeeeaaen 72
PostprocedureCare .................c00vs 71
Sacroplasty: Management of Sacral Insufficiency Fractures ...................ooiiivnnnn. 73
Kieran Murphy
Introduction...................iiiae 73  9.6.1  Conservative Treatment................... 75
Fractures of the Sacrum: Anatomy......... 73 96.2 Osseous Augmentation ... 76
sacral Insufﬁciency Fractures: Causes 9.7 Technlques .............................. 76
and Natural History ...................... 74 971  Short-Axis Technique.............ccveu.. 77
History and Examination.................. 74 972  Long-Axis Technique . e 78
. 973 Lateral Approach Technique............... 78
Imaging ......covvviiiiiiiiiiiiiinnineaa, 74
9.8 OUutcomes ... ...t iinannnns 79
Treatment .................. it 75
Cervical and Posterior Arch Augmentation ..., 82
Luigi Manfre, Nicole 5. Carter, Joshua A. Hirsch, and Ronil V. Chandra
Cervical Augmentation ................... 82 1017 Conclusion.........c..oiviriiiiiiiiiiiinns 84
Introduction .........ooeieiiiiiiiiaa.. 82 102 Posterior Arch Augmentation ............. 85
Historical Perspective..................... 82 1021 INtroduction ..........oevereiiiriiin 85
Image Guidance. ...............o.ooeeenen 82 10.2.2 Pediculoplasty ..ottt 85
Procedural Approaches ................... 83 1023 Laminoplasty and Spinoplasty ............ 85
Prevention of Infection ................... B4 1024 KeyPOINES «ovvvveeeeeeeeeneeaeienennns, 86
ComplicationsS. . ....oveveivreinnnnnennnnns 84
Balloon Kyphoplasty...........ooiiiiiii 88
James Mooney, fohn W. Amburgy, D. Mitchell Self, Leah |. Schoel, and M.R. Chambers
Introduction.........cvvviviiiiiiiiiinnns 88 11.5.1 Bilateral versus Unilateral Approach ....... 93
Materials ........ e e 88 116 Risksand Benefits........................ 94
Bone Access Tools ......oovvvniuiiniinn.n. 89 11.7  Importance of Sagittal Balance Restoration
Balloons Tamps and Inflation Devices...... 89 and Kyphosis Correction.................. 94
BoneCement ..............oovvieninnnns 89 118 Adjacent Fractures ....................... 95
Diagnosis and Preoperative Preparation.... 89 119 Postoperative Care . ...................... 96
Indications and Contraindications ......... 90 1110 CONCIUSION. « oo v oo e 96
Procedure ..........ovveeneiininennnnnnn. 90
Vertebral Augmentation with Implants....................... 99
Dimitrios K. Filippiadis, Stefano Marcia, and Alexios Kelekis
Introduction .........oovviiiiiniiiieians 99 125 Advantages and Disadvantages of
Vertebral implants ....................... 102
Thelmplants...........oooiiiiiiniiinns 99 P
6  PostprocedureCare ...............cc0nnn. 102
TheProcedures ...............cccovnnnnn. 101 12.6 Postprocedure Care
Bilateral versus Unilateral Approach ....... 102

vii



vili

Contents

13 Radiation Exposure and Protection: A Conversation Beyond the Inverse
Square Law, Thermoluminescent Dosimeters, and Lead Aprons.......................... 104
Kieran Murphy, Susannah Ryan, Marie-Constance Lacasse, Adam Thakore, and Danyal Khan
13.1 Introduction............ocoiiiiiiiiint, 104 13.3  Radiation Dose to the Operator and Patient
During Vertebroplasty[Kyphoplasty .. ..... 105

13.2  Gene Mutation and Radiation Effects
on DNA Leading to the Development

ofCancer........covvvviiniiiiiiiiiiian 104
14 Appropriateness Criteria for Vertebral Augmentation ..........................oooo 107
Alexios Kelekis and Dimitrios K. Filippiadis
14.1 Introduction.............oovvenanns e 107 143 Appropriateness Criteria.................. 109
14.2 Indications, Guidelines, and
Recommendations ....................... 107
15 Literature Analysis of Vertebral Augmentation......................iiiiiiinn. 113
Nicole 5. Carter, Hong Kuan Kok, julian Maingard, Hamed Asadi, Lee-Anne Slater, Thabele Leslie-Mazwi, foshua A, Hirsch,
and Ronil V. Chandre
15.1 Introduction....................o el 113 154  EvidenceforSafety....................... 117
15.2 EarlyData ..........cociiiiiiiiiiininnnes 113 154.1 Overall Complications .................... 117
15.3 Evidence for EFICacy. ..................... 113 1542 Cementleakage............c............. 117
15.4.3 Subsequent Fractures.................. ... 118
15.3.1 Vertebroplasty............coovviivenn.s 113 .
15.3.2 Kyphﬂplasty ........................... 116 15.5 Mortallty Benefit........ ParaEsEsERE s R a0 118
15.3.3  Vertebroplasty Compared with 156  Conclusion.............cooiiiiennennnnns 119
Kyphoplasty . ....covvviiii i, 117 .
1534  The Kiva SYStem. . ....vveveeenennnnnnn., 117 137 KeyPoIntS..e 119
16 Cost-Effectiveness of Vertebral Augmentation ............................cooiiiiiiin., 122
Andrew Brook, Gregory Parnes, David Kramer, Steven M. Henick, Allan L. Brook, and Derrick D. Wagoner
16.1 Introduction.................ciiiiiin. 122 16.2 Cost-Effectiveness........................ 123
17 Additional and Adjacent Level Fractures after Vertebral Augmentation ................. 126
Scott Kreiner
171 Introduction....................oiiel 126 17.3 Possible Influences of Vertebral
17.2 Risk Factors for Additional or Augmentation Technique ................. 126
Adjacent-Level Fractures.................. 126
18 Predisposing Factors to Vertebral Fractures ........................................... 130
Olivier Clerk-Lamalice
18.1 Introduction............................. 130 18.2.2 Pathologic Fractures...................... 131
18.2 Current Information Based on Recent 18.2.3  Fractures Secondary to Infection. .......... 132
Literature and State-of-the-Art Practice.... 130 18.24 Traumatic Fractures ...................... 133
18.2.1  OStEOPOIOSIS. ...\ vvureerneeennnannnn... 130 183 KeyPoints....................... 134



Contents

19

19.
19.2
19.3

19.3.1

20

20.1
20.2

20.21
20.2.2

21

21.1

22

22.1
22.2

23

23.1
23.2
233

23.4

24

24.1
24.2
24.3

Bracing for Spinal Fractures..................ooi i 135

Aaron L. Cross and Andrew L. Sherman

Introduction ..............coiiiinan... 135 19.3.2 Types of Thoracolumbar Braces............ 136

Cervical Fracture Bracing ................. 135 1933 Conn{epts on the USf{ of the TLSO Braces.... 137
) 19.3.4 Bracing for Traumatic Burst Fractures of

Lumbar and Thoracic Compression the Lumbar and Thoracic Spine............ 139

FractureBracing ......................... 136

] 19.4  Osteoporotic Lumbar and Thoracic
Introduction............oooiiiiiiiiii 136 FRactUreS .. ..ot e e e 139

Amount of Cement or Vertebral Fill Material for Optimal Treatment and Pain Relief.... 141
Kieran Murphy and Susannah Ryan

Introduction............................. 141 203 Treatment of Degenerative End Plate
ith Osseous Augmentation. ..... 4
What are the Mechanisms of Pain Changes with Osseous Augmentation 14
Relief in Vertebral Augmentation?......... 141 204  Conclusion................ ..ol 145
Mechanical Stability...................... 141 205 [ 1 R 145
Denervation of the Vertebra and the Role of
C Fibers and the Basivertebral Nerve....... 143
Clinical Presentation and the Response to Vertebral Augmentation........................ 147
Alexios Kelekis and Dimitrios K. Filippiadis
Clinical Presentation. ..................... 147 21.2  Response to Vertebral Augmentation...... 148
Effect of Vertebral Augmentation on Morbidity and Mortality.............................. 151
Jae Hun Kim and Yong-Chul Kim
Introduction. ... 151 223 Outcome of Patients with Vertebral
. Fractures Not Treated with Vertebral
Nonsurgical Management vs. Vertebral Augmentation o 152
Augmentation ..............coiiiiiiiiaa 1
Number of Levels Appropriately Treated with Vertebral Augmentation................... 156
Pyung-Bok Lee and Yong-Chul Kim
Introduction................... e 156 23,5 Diagnosis of Painful Vertebral
Compression Fractures ................... 157
Neoplastic Vertebral Fractures............. 156
. 236  Safety of Treating Multiple Vertebral
Risk Factors for Vertebral Compression Compression Fractures ................... 158
Fractures ........cooiiiiiiiiieiinnannenns 156
23,7 Conclusion............coooiiiiiiinnnnnn, 160
Number of Levels to Treat with onclusion
Vertebral Augmentation.................. 156
Pain after Vertebral Augmentation.................ooiiiiiiiiiiiii 162
Scott Kreiner
Introduction. ... 162 24.4  Facet-MediatedPain...................... 166
Complications from Procedure ............ 162 245  Sagittalimbalance ....................... 166
Recurrent Fracture ....................... 164

ix



Contents

25

25.1
25.2
25.3

26

26.1
26.2

26.3

27

27.1
27.2
213

27.31
27.3.2

28

28.1
28.2
28.3

29

29.1
29.2

29.2.1
29.2.2
29.2.3
29.24

30

30.1

Postural Fatigue SYNArome ...

QOlivier Clerk-Lamalice

Introduction . ......oovvi e 168
Clinical Presentation...................... 168
Pathophysiolegy ......................... 168

Physical Therapy after Vertebral Augmentation

Murray Echt, Andrew 1. Gitkind, and Aflan L. Brook

25.4
25.5

Treatment . ........ciiiriiiiieiirnrans

KeyPoints............cccoiiienniiiinnns

...........................................

Intreduction ..........covvvunn. . 170 26.4 Rehabilitation as Part of

Rehabilitation as Part of Routine PostinterventionalCare...................
Anti-OsteoporosisCare................... 170  26.5 Conclusion. ........ooviiiviiininennens
Rehabilitation after Osteoporotic

Vertebral Compression Fractures.......... 171

Sham vs. Vertebral Augmentation ...
Laxmaiah Manchikanti and joshua A. Hirsch

Introduction ............coviiiiiiiinnnne. 174 27.4 Evidence Based on the Control and

Current Concepts of Controls in Trials .. .. .. 174 the Conduct of the Study ..o
Sham vs. Vertebroplasty.................. 175 27.5 Conflicting Opinions. .....................
Similarities and Differences of Controls .... 175 26 Discussion....ovovnvreiaeininiinnia,
Sham vs. Vertebral Augmentation ......... 176 27.7 Conclusion. ........coviieivieirennnnns
Treatment of Chronic Vertebral Compression Fractures.....................coovvviivnnnn..
Alexios Kelekis and Dimitrios K. Filippiadis

Introduction.......... ...l 182 28B4  Sequela of Chronic Fractures ..............
Preoperative Evaluation................... 182 285  The Treatment of Chronic VCFs............
Vertebral Osteonecrosis .................. 183 286 Conclusion..........cooviiiiirnrinnnnns,

Treatment of Neoplastic Vertebral Compression Fractures

Kyung-Hoon Kim

Introduction............coovviinnnnn.... 186
Diagnosis...........ccooiviiiiiiinnnnnnn. 186
History . oov e aneens 186
Physical Examination..................... 186
Imaging Diagnosis..........coovivunnnnn, 187
Valuable Scoring Systems for Evaluation

of the Patients with Metastatic Bone

Lesions. ..o, e 187

Vertebral Augmentation in Instrumented Spinal Fusions

29.3

29.3.1
29.3.2
29.3.3

29.4

294.1
294.2

29.5

.................................

Treatment

-------------------------------

Thoracic and Lumbar Vertebrae ...........
Sacrum.............
Cervical vertebrae

........................

Controversies. ...........coovivvnnnnnn..

Vertebroplasty versus Kyphoplasty ........
Increased Risk of VCFs after Radiotherapy . .

Conclusion

...............................

...................................

John W. Amburgy, Patrick R. Pritchard, Steven M. Theiss, James Maoney, D. Mitchell Self, and M. R, Chambers

Introduction.............coovvenennnn... 194

30.2

Instrumentation in Spinal Fusion

..........



Contents

30.3
30.4
30.5

30.5.1
30.5.2

31

3.1
31.2

31.2.1
31.2.2
31.2.3

31.24

32

321
32.2
32.3

33

3341
33.2

33.21
33.22
33.23
33.24

34

34.1
34.2
343
34.4

Vertebral Augmentation in Spinal Fusion... 194 30.5.3 Select High-Risk Patients.................. 195

INGICAHIONS. - o oo 195 3054  AdultSpinal Df:formity ................... 196
) 30.55 Method of Delivery....................... 196

Outcomes and Variables .................. 195 3056 Thoracolumbar Burst Fractures. ........... 198

OsteOPOroSiS. ..o v iii e iiiaanenes 195 3057 CeMent........coiiiiiierinnnrnranneinnns 198

Revision Surgery ............ocoovevinnn, 195 306 CONCIUSION. ... veeeeeeeeeeeeeaeeaneenn, 199

Biomechanical Changes after Vertebral Compression Fractures............................ 201

Olivier Clerk-Lamalice

Introduction...................... ... 201  31.2.5 Technical Considerations during

Current Information based on Recent Vertebral Augmentation: Quantity of

Literature and State-of-the-Art Practice .... 201 C?ment to [.nject """"""""""""""" 205

31.2.6 Biomechanics after Vertebral

Physiologic Loads on the Vertebral Body ... 201 Augmentation: Adjacent-Level

Impact of Disk Degeneration on the FSU.... 202 FractureRisk............ccoovieiiiinnn 205

Biomechanical Changes after Vertebral 313 KeyPOINtS . ....ooiiiin i iiiiiie i 205

Compression Fractures. ................... 203
Technical Considerations during Vertebral
Augmentation: Correcting Fracture and
FSU-Related Instability ................... 204

Advanced Principles of Minimally Invasive Vertebral Body Stabilization in

Severe Benign and Malignant Fractures: Stent-Screw Assisted Internal Fixation......... 207
Alessandro Cianfoni and Luigi Lo Barbera
Introduction ...........cooviieieininiinans 207 324  SAIFTechnique................c.coovninnns 210
Osteoporotic Fractures ................... 207 32.4.1 Osteoporotic Fractures.................... 211
Neoplastic Osteolysis. . ................... 209 3242 Neoplastic Osteolysis..................... 212
325 Conclusion. ..............coiiiiiiiiiinn 214
Cementoplasty Outside the Spine.......... ... e, 216
Peter L. Munk, joshua A. Hirsch, Tyler M. Coupal, and Paul I. Mallinson
Introduction.............coooiiiiiiiiinans 216 333 Other Sites. .. .....ovvvrvieeerririnnnnennss 219
AnatomicSites....................o.... 217 334 Complications...................covuvn.. 220
Pelvic Cementoplasty..........coovvinen.. 217 33,5  Concomitant Use of Ablative Techniques ... 220
Technique of Cementoplasty .............. 218 336 Conclusion..............ccoiiiivennnn.., 220
Assessment of Qutcome .................. 218
Acetabulum/PelVis ..............c.coe.. 218 33.7 KeyPoints ...........ccoiiiuiiiininnn, 221
Treatment of Osteoporosis after Vertebral Augmentation.................................. 223
Amanda Schnell, Sarah Morgan, fjohn W. Amburgy, James Mooney, D. Mitchel! Self, and M. R. Chambers
Introduction . ..........ooviiiiiiiiann... 223 345 Dual-Energy X-ray Absorptiometry ........ 225
Etiology and Epidemiology................ 223 346 Vertebral Fracture Assessment .......... .. 225
EconomicBurden...................c.o.. 224 343 Radiographs .............. ...t 225
Presentation and Diagnosis . .............. 224 34.8 Trabecular Bone Score . ................... 226

Xi



	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]
	[Seite 6]
	[Seite 7]
	[Seite 8]


