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ABSTRACT
Pathological vertebral fractures (PVFs) occur commonly due to osteoporosis or a metastatic lesion to 
the spine, and present with acute back pain and loss of independent ambulation.  Appropriate clinical 
assessment and radiographic evaluation are required to ensure optimal patient selection for a percu-
taneous vertebral augmentation procedure (PVA). This review explores the pathogenesis of PVFs and 
the efficacy of PVA in improving pain-related outcomes as well as health-related quality of life scores 
in both osteoporotic and metastatic PVFs. 
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Introduction
Pathological fractures result from an underlying bone disorder leading to weakening of the 
bone and rendering it readily vulnerable to break, usually without a significant history of 
trauma or with only a low-force fall or mild trauma. The spine is most commonly affected, 
with osteoporosis (OP) and spine tumors being the most common etiologies for pathological 
vertebral fractures (PVFs).1 United States epidemiological data reveals that about 10 million 
people are affected by osteoporosis making it the most prevalent bone disease and resulting 
in 1.5 million fractures annually; the lifetime risk of OP-related PVFs is up to 50% in women 
and 20% for men.2 An estimate of the projected total medical cost for hospitalization and 
rehabilitation for osteoporosis in Europe in 2012 was 77 billion euros, an increase of 36 bil-
lion euros annually from 2000.3


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Etiology of pathological fractures 
The risk of PVF in osteoporosis 
increases 2-fold for each standard 
deviation reduction from the normal 
bone mineral density.4 Menopause is 
considered a significant risk factor for 
OP-related fractures; advanced age 
and lifestyle factors (e.g. low dietary 
calcium intake) have also been impli-
cated in increasing the risk for OP-
related PVFs.5 In addition, secondary 
OP related to medical factors such 
as chronic corticosteroid use, rheu-
matoid arthritis, hyperthyroidism, 
alcohol abuse and hypogonadism in 
males, results in PVFs in up to 30% of 
women and 55% of men.6,7 

The other common etiology of 
PVFs is bone metastasis leading to 

lytic destruction of the bone and ver-
tebral body collapse with resulting 
mechanical back pain.1 The incidence 
of metastatic vertebral compression 
fractures (VCFs) is estimated to reach 
24% (multiple myeloma), 14% (breast), 
6% (prostate) and 8% (lung).8

Clinical assessment 
PVFs most commonly affect the lower 
thoracic and upper lumbar spine.9 
Patients with PVFs often present 
with acute localized back pain, with 
pain producing a significant negative 
impact on their health-related quality 
of life (HRQoL) and ambulatory sta-
tus.10 The clinical history and exami-
nation often suggests and/or requires 
exclusion of ‘’red flag’’ features in 

contemporary clinical guidelines 
(Table 1).11 The prolonged use of 
corticosteroids, age greater than 
70 and the lack of significant 
trauma were the most important 
factors in predicting PVFs in a 
primary care setting.12 

The most detrimental results 
of PVFs (in cases with severe ver-
tebral body collapse and involve-
ment of multiple spinal segments) 
are the disturbance of the spinal 
sagittal balance with kyphotic 
deformity and compression of 
the neural elements.13 Such cases 
require surgical correction to 
restore normal sagittal balance 
and decompress the neural ele-
ments. This surgery has high 
complication rates due to the 
bone quality and the frequently 
associated poor general medical 



Table 1: ‘’Red flag’’ features for assessment of 
patients with non-specific back pain 

History

Malignancy 

Unexplained weight loss

Recent fever, chills or recent history of an infection 

Immunosuppression 

Pain at rest or nocturnal pain

History of trauma or fall 

Recent history of bladder or bowl dysfunction 

Physical examination 

Progressive neurologic deficit in the lower extremity 

Saddle anesthesia

Anal sphincter weakness

Fever
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condition. A number of parameters 
determine the sagittal balance of the 
spine, a crucial determination when 
considering surgical treatment. The 
sagittal vertical axis (SVA) is the hori-
zontal distance between the spine and 
a plumb line drawn from the center 
of the C7 vertebral body to the poste-
rior superior corner of S1 (Figure 1). 
An SVA greater than 5 cm indicates 
an abnormal positive sagittal bal-
ance which has been associated with 
increased disability and less favorable 
HRQoL scores.14 

Furthermore, PVFs may have a 
negative impact on pulmonary func-
tion and exacerbate existing respi-
ratory disorders such as chronic 
obstructive pulmonary disease; a 
decrease in the volume of the intra-
thoracic cage secondary to multiple 
thoracic vertebral collapses has been 
associated with respiratory compro-
mise and a decline in the forced vital 
capacity.15 Severe kyphosis can pro-
duce early satiety contributing to poor 
nutrition.

Radiographic workup 
According to the WHO criteria for 
measuring bone mineral density 
(BMD), a dual-energy X-ray absorp-
tiometry (DXA) reading with T score 
less than -2.5 is considered evi-
dence of OP.11,16 Approximately 50% 
of patients with PVFs have a T score 
less than -2.5 with a further 40% of 
patients having T scores between -1 
and -2.5 (indicative of osteopenia - 
reduced bone mass of lesser severity 
than osteoporosis).17,18 

Given their low cost and rapid 
accessibility, plain X-rays of the tho-
racic and lumbar spine may have a 
place in the initial detection of PVFs, 
however plain X-rays have low sen-
sitivity and specificity for detecting 
OP-related PVFs. The correct diag-
nosis may be made in only 25% of 
patients.19 Standing lateral plain-film 
X-rays are a prerequisite for assessing 
global sagittal balance, especially in 
cases with kyphotic deformity. Com-
puted topography (CT) is considered 



Figure 1: Sagittal vertical axis 
(SVA) <  5 cm is indicative of a 
neutral sagittal balance

SVA<50mm
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the gold standard imaging modality 
for detecting PVFs with an accuracy 
of 97-100%.20-23 CT imaging is rapid 
and enables radiographic assessment 
of the severity and angle of vertebral 
body collapse, detects any spinal canal 
compromise, and permits character-
ization of the fracture. 

Bone scintigraphy may help to 
determine whether a fracture is old or 
still “active”.43 However, nuclear medi-
cine scans, such as positron emission 
tomography using fluorine-18 deoxy-
glucose (FDG-PET), may be more 
helpful in distinguishing between 
benign and malignant fractures. 
Increased uptake of FDG at the frac-
ture site has been associated with an 
underlying malignancy.24 

Magnetic resonance imaging 
(MRI) plays an important role not 
only in discriminating between benign 
PVFs (osteoporotic) and malignant 
PVFs (underlying metastatic disease), 
but also in predicting normal heal-
ing of OP-related fractures, which is 
important in selecting patients for 
percutaneous vertebral augmentation 
procedures.25 One large prospective 
study of 350 patients with OP-related 
fractures found a non-union rate of 
13.5% at 6 months of follow-up.26 
This study found both a confined 
high intensity area and a diffuse low 
intensity area on a T2-weighted MRI 
image were significant predictors of 
non-union. Other sequences, such as 
short tau inversion recovery (STIR), 
reflect differences between normal 
and abnormal bone marrow. High 
signal intensity on STIR images also 

suggests incomplete fracture healing. 
The absence of this finding eliminates 
the potential benefit from cement aug-
mentation. We feel that MRI STIR is 
more useful than bone scintigraphy 
since the former can better resolve 
which level in a series of contiguous 
fractures may respond to treatment. 
MRI STIR also visualizes the neural 
elements. As the utility of MRI imag-
ing lies primarily with surgical deci-
sion making, and not screening, it is 
probably most appropriately ordered 
at the specialist level, for those 
patients considered good surgical can-
didates. 

Management 
Management of PVFs depends on the 
underlying etiology. In OP-related 
fractures, weight-bearing exercises, 
smoking cessation, calcium supplemen-
tation and bisphosphonates have been 
recommended for the medical treat-
ment of osteoporosis to improve BMD 
and reduce the risk of pathological 
fractures.44 This article addresses the 
clinical role of percutaneous vertebral 
augmentation (PVA) in a select group 
of patients. Advancements in surgical 
techniques and spinal instrumentation 
have resulted in more effective treat-
ment options for PVFs regardless of the 
underlying etiology. Surgical decom-
pression and spinal instrumentation 
are reserved for pathological fractures 
associated with significant compres-
sion of the neural elements (e.g. due 
to a burst vertebral fracture with a 
retropulsed fragment), significant spi-
nal deformity and some case of tumor 


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related fractures. Otherwise, especially 
in the context of OP-related fractures, 
conservative management with analge-
sics, limited bed rest and rehabilitation, 
remain the optimum management. 
Bracing lacks strong evidence and its 
clinical benefit for symptomatic relief 
is questioned.45 Surgical intervention 
in OP-related fractures (in the form 
of PVA) is only considered in patients 
with intractable back pain adjacent 

to the fracture level, despite at least 6 
weeks of conservative treatment.46 The 
other common indication for PVA in 
pathological fractures includes osteo-
lytic neoplastic involvement of the ver-
tebral body with intractable back pain, 
failing conservative treatment and in 
the absence of tumor encroaching into 
the spinal canal. 

The remainder of this review is 
limited to the clinical utility of PVA in 
the treatment of PVF caused by osteo-
porosis or an osseous spinal tumor, in 
the absence of spinal instability and 
neurological compromise. 

Percutaneous vertebral 
augmentation (PVA): vertebroplasty 
and kyphoplasty
PVA, or cement augmentation, refers 
to two surgical procedures; verte-
broplasty and kyphoplasty. Histori-
cally, vertebroplasty was utilized in 
the treatment of painful vertebral 
body hemangiomas and was shown 
to reduce associated pain scores.27,28 
Subsequently, it has been employed 
in cases of benign and malignant 
vertebral fractures. Vertebroplasty is 
intended to increase the stability and 
strength of the affected vertebral body 
while kyphoplasty was developed with 
the added goal of increasing the height 
of the collapsed vertebral body.29 Our 
approach is to evaluate patients after 
they demonstrate persistent pain for 6 
weeks, as many patients will experi-
ence significant improvement in their 
pain during this time. This timeline 
can be reduced with metastatic dis-
ease and intractable pain.



Figure 2: Instruments used in balloon-
kyphoplasty

Demonstrating pedicle access needle (A), cement mixer (B), 
contrast injection devices with a pressure monitor (C), bone biopsy 
kit (D) and cement introducer (E).
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Technical aspects 
The technique is described in detail 
by Eichholz et al.29 Briefly, vertebro-
plasty can be performed under local 
or general anesthetic with the patient 
positioned prone. Fluoroscopy is 
used to confirm the index level, and 
a needle is advanced through the 
pedicle to reach the vertebral body 
(Figure 2). Using lateral X-ray views, 
the needle is advanced to the anterior 
half of the vertebral body and into the 
medial third in the AP views. Injec-
tion material may vary. We use poly-
methylmethacrylate (PMMA), a mix of 
methylmethacrylate polymer (powder 
form) with liquid methylmethacrylate 
monomer. The resulting compound 
transforms from liquid to a solid state. 

Kyphoplasty uses a balloon cath-
eter inserted into the vertebral body 
through a cannulated needle (Figure 

2 and 3). Under X-ray control contrast 
medium is injected, slowly inflating 
the balloon and expanding the col-
lapsed vertebral body. AP and lateral 
views visualize the expanding balloon 
and avoid over-inflation which could 
violate the endplates or posterior cor-
tical wall. The PMMA is then injected 
into the vertebral body. This is usually 
at a lower pressure than with verte-
broplasty. 

Proposed mechanism of action of 
PVA
Some post-mortem studies show 
that cement injection into the verte-
bral body achieves restoration of its 
strength and provides mechanical 
stabilisation of the collapsed vertebral 
body.30 It has been postulated that 
pain relief is caused by thermal abla-
tion of the nerve endings due to the 



Figure 3: Balloon-kyphoplasty via a transpedicular approach

Pedicle access needles are inserted on each side (A), with balloon catheters inserted into the fractured vertebral 
body and inflated with contrast that can be visualized through fluoroscopy (B). Following balloon deflation, cement 
is injected with serial X-rays to ensure no breach of the dorsal wall of the vertebral body and leakage of cement (C).  

C
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high temperature of the cement poly-
merisation.30

Efficacy of PVA 
The literature has been supportive 
of vertebroplasty, showing signifi-
cant immediate alleviation of back 
pain after the procedure.31 However, 
randomized controlled trials (RCTs), 
including a Dutch double-blinded RCT 
of 180 patients comparing vertebro-
plasty to a sham intervention, have 
failed to demonstrate a significant 
clinical benefit.32 The Dutch study 
compared two groups who underwent 
the same procedure except in the con-
trol group no cement was injected. 
There was a significant improvement 
in the visual analogue scale (VAS) 
scores in both groups at all follow-up 
points, demonstrating a strong pla-
cebo response. More importantly, 
there was no significant difference 
in VAS scores between the vertebro-
plasty group and placebo during the 
12-month follow-up. There were limi-
tations. The study had a selection bias, 
evidenced by 156 patients declining 
participation in the sham procedure 
group and may not be applicable to 

treatment with balloon kyphoplasty or 
for malignant PVFs. Furthermore, the 
enrolment window was earlier (less 
than 5 weeks) than what is typically 
used in standard practice (less than 6 
weeks) and it may be that patients in 
both groups that would have improved 
without the procedure. The generaliz-
ability of the study is problematic. A 
Cochrane review published in 2018 
rigorously assessing the pooled RCT 
results suggested that vertebroplasty 
did not confer any important clinical 
benefit in terms of pain relief, dis-
ability reduction, quality of life or 
treatment success.33 However, there 
is considerable heterogeneity across 
the studies reviewed, particularly 
with regard to symptom duration. The 
VERTOS V study is still recruiting and 
is investigating the benefit of vertebro-
plasty compared to sham in patients 
over 50 years of age with symptoms 
lasting longer than 12 weeks. This 
cohort may be more representative of 
the treatment patterns in Canada.

Balloon-kyphoplasty has been 
attracting attention as it offers the 
additional advantage of deformity cor-
rection.34,35 Meirhaeghe et al.,36 con-



•	 Pathological vertebral fractures occur commonly due to 
osteoporosis and metastatic disease to the spine.

•	 Percutaneous vertebral augmentation procedures consist 
of vertebroplasty or balloon-kyphoplasty with the goals 
of increasing the strength of fractured vertebral body and 

restoring its height in order to alleviate back pain and 
increase ambulation.

•	 Balloon-kyphoplasty has been shown to improve back 
pain associated with PVFs and health-related quality of life 
scores.

SUMMARY OF KEY POINTS
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ducted a randomized trial of adults 
with one to three vertebral compres-
sion fractures receiving either balloon-
kyphoplasty (n=149) or non-surgical 
management (n=151) within three 
months of pain onset. The study found 
significant improvement in the quality 
of life for patients in the kyphoplasty 
group at 1 and 24 months (P<0.001). 
There was also a significant functional 
improvement in the kyphoplasty 
group, presumably because of the bal-
loon expansion of the vertebral body, 
with better correction of the kyphotic 
angles, 3.130 to 0.820 P = 0.003.37 

There is a growing body of evi-
dence supporting balloon kyphoplasty 
in the treatment of metastatic PVFs.38 
The Cancer Patient Fracture Evalu-
ation (CAFE) study randomized 129 
patients with metastasis secondary to 
multiple myeloma, lung, breast and 
prostate cancers into two groups, non-
surgical treatment versus balloon-
kyphoplasty. Balloon-kyphoplasty 
was associated with significant reduc-
tion in disability scores, analgesic 
use and bed-rest days, with signifi-

cant increase in physical activity and 
HRQoL scores.39 Further technical 
developments in kyphoplasty have 
integrated the procedure with radio-
frequency ablation of the metastatic 
lesion, treating fracture-associated 
pain as well as providing local control 
of the metastatic lesion.40,41

Potential complications
Although uncommon, a number of 
adverse events can occur during or 
after PVA, in about 34 out of 1000 
patients. These include spinal cord or 
thecal sac compression secondary to 
extension of the cement outside the 
vertebral body, cement pulmonary 
embolism, osteomyelitis, rib fractures 
associated with improper patient posi-
tioning and new adjacent vertebral 
body fractures.42 The incidence of new 
symptomatic vertebral fractures is 
estimated at 95 per 1000.33 

Summary
PVFs are frequently caused by 
osteoporosis and metastatic lesions 
leading to loss of vertebral body struc-
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Appropriate consideration of ‘’red flag’’ features in the clinical history and neurologic examination of a patient with back 
pain is crucial in screening for a potential sinister underlying etiology (i.e. malignant pathological vertebral fractures with 

spinal cord compression, infection, etc.). 

MRI imaging (STIR) may provide useful information in deciding if the fracture has already healed. 

Loss of the integrity of the dorsal wall of the fractured vertebral body increases the risk of leakage of the injected cement 
into the spinal canal, potentially causing spinal cord compression.
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tural support, resulting in pain and 
kyphotic deformity. These fractures 
represent an evolving medical bur-
den with a significant impact on the 
quality of life and ambulatory status 
of affected individuals. An appropri-
ate trial of conservative treatment 
for at least 6 weeks, as well as clini-
cal assessment to rule out Red Flags 
and radiographic imaging particularly 
MRI STIR are required to ensure 
proper patient selection for percuta-
neous vertebral augmentation proce-
dures. Vertebral cement augmentation 
improves strength/stability and can 
be achieved via vertebroplasty or 
kyphoplasty. Kyphoplasty differs from 
vertebroplasty through the use of a 
balloon to expand the vertebral body 
regaining lost height and achieving 
some correction of the sagittal bal-
ance. Kyphoplasty has been shown 
to improve outcome measures in 
both the osteoporotic and oncological 
patient populations and is our proce-
dure of choice for cement augmenta-
tion procedures. Patient selection is 
key to in ensure maximum clinical 
benefit with minimum risk for poten-
tial harmful complications associated 
with the procedure. 

References
1.	 Lad SP, Patil CG, Lad EM, Boakye M. Trends in patho-

logical vertebral fractures in the United States: 1993 to 
2004. J Neurosurg Spine 2007; 7(3): 305-310. 

2.	 Johnell O, Kanis J. Epidemiology of osteoporotic frac-
tures. Osteoporos Int 2005; 16(Suppl 2): S3-S7. 

3.	 Hernlund E, Svedbom A, Ivergård M, Compston J, 
Cooper C, Stenmark J, McCloskey EV, Jönsson B, Kanis 
JA. Osteoporosis in the European Union: medical man-
agement, epidemiology and economic burden. Arch 
Osteoporos 2013; 8(1‐2): 136. 

4.	 Marshall D, Johnell O, Wedel H. Meta-analysis of how 

well measures of bone mineral density predict occur-
rence of osteoporotic fractures. BMJ 1996; 312(7041): 
1254-1259.

5.	 Dontas IA, Yiannakopoulos CK. Risk factors and preven-
tion of osteoporosis-related fractures. J Musculoskelet 
Neuronal Interact 2007; 7(3): 268-272. 

6.	 Baillie SP, Davison CE, Johnson FJ, Francis RM. Patho-
genesis of vertebral crush fractures in men. Age Age-
ing 1992; 21(2): 139-141.

7.	 Caplan GA, Scane AC, Francis RM. Pathogenesis of 
vertebral crush fractures in women. J R Soc Med 1994; 
87(4): 200-202. 

8.	 Saad F, Lipton A, Cook R, Chen YM, Smith M, Coleman 
R. Pathologic fractures correlate with reduced survival 
in patients with malignant bone disease. Cancer 2007; 
110(8): 1860-1867. 

9.	 Cooper C. Epidemiology and public health impact of 
osteoporosis. Baillieres Clin Rheumatol 1993; 7(3): 459-
477. 

10.	 Felder-Puig R, Piso B, Guba B, Gartlehner G. [Kypho-
plasty and vertebroplasty for the management of 
osteoporotic vertebral compression fractures: a sys-
tematic review]. Orthopade 2009; 38(7): 606-615. 

11.	 Kanis JA. Assessment of fracture risk and its application 
to screening for postmenopausal osteoporosis: synop-
sis of a WHO report. WHO Study Group. Osteoporos Int 
1994; 4(6): 368-381. 

12.	 Henschke N, Maher CG, Refshauge KM, Herbert RD, 
Cumming RG, Bleasel J, York J, Das A, McAuley JH. Prev-
alence of and screening for serious spinal pathology in 
patients presenting to primary care settings with acute 
low back pain. Arthritis Rheum 2009; 60(10): 3072-3080.

13.	 Nguyen HV, Ludwig S, Gelb D. Osteoporotic vertebral 
burst fractures with neurologic compromise. J Spinal 
Disord Tech 2003; 16(1): 10-19.

14.	 Schwab FJ, Blondel B, Bess S, Hostin R, Shaffrey CI, 
Smith JS, Boachie-Adjei O, Burton DC, Akbarnia BA, 
Mundis GM, Ames CP, Kebaish K, Hart RA, Farcy JP, 
Lafage V. Radiographical spinopelvic parameters and 
disability in the setting of adult spinal deformity: a 
prospective multicenter analysis. Spine (Phila Pa 1976) 
2013; 38(13): E803-812.

15.	 Schlaich C, Minne HW, Bruckner T, Wagner G, Gebest 
HJ, Grunze M, Ziegler R, Leidig-Bruckner G. Reduced 
pulmonary function in patients with spinal osteopo-
rotic fractures. Osteoporos Int 1998; 8(3): 261-267. 

16.	 World Health Organization. Assessment of fracture risk 
and its application to screening for postmenopausal 
osteoporosis : report of a WHO study group [meeting 
held in Rome from 22 to 25 June 1992]. World Health 
Organ Tech Rep Ser 1994; 843: 1-129.

17.	 Selby PL, Davies M, Adams JE. Do men and women 
fracture bones at similar bone densities? Osteoporos 
Int 2000; 11(2): 153-157. 

18.	 Scane AC, Francis RM, Sutcliffe AM, Francis MJ, Rawlings 
DJ, Chapple CL. Case-control study of the pathogen-
esis and sequelae of symptomatic vertebral fractures in 
men. Osteoporos Int 1999; 9(1): 91-97. 

19.	 Ito Z, Harada A, Matsui Y, Takemura M, Wakao N, Suzuki 
T, Nihashi T, Kawatsu S, Shimokata H, Ishiguro N. Can 





30  Journal of Current Clinical Care Volume 10, Issue 1, 2020

Percutaneous Vertebral Augmentation for the Treatment of Pathological Fractures of the Spine

you diagnose for vertebral fracture correctly by plain 
X-ray?. Osteoporos Int 2006; 17(11): 1584-1591. 

20.	 Crim JR, Moore K, Brodke D. Clearance of the cervical 
spine in multitrauma patients: the role of advanced 
imaging. Semin Ultrasound CT MR 2001; 22: 283–305.

21.	 Griffen MM, Frykberg ER, Kerwin AJ, Schinco MA, Tepas 
JJ, Rowe K, Abboud J. Radiographic clearance of blunt 
cervical spine injury: plain radiograph or computed 
tomography scan? J Trauma 2003; 55: 222–226.

22.	 Antevil JL, Sise MJ, Sack DI, Kidder B, Hopper A, Brown 
CV. Spiral computed tomography for the initial evalua-
tion of spine trauma: a new standard of care? J Trauma 
2006; 61: 382–387.

23.	 Blackmore CC, Mann FA, Wilson AJ. Helical CT in the 
primary trauma evaluation of the cervical spine: an 
evidence- based approach. Skeletal Radiol 2000; 29: 
632–639.

24.	 Schmitz A, Risse JH, Textor J, Zander D, Biersack HJ, 
Schmitt O, Palmedo H. FDG-PET findings of vertebral 
compression fractures in osteoporosis: preliminary 
results. Osteoporos Int 2002; 13(9): 755-761. 

25.	 Jung HS, Jee WH, McCauley TR, Ha KY, Choi KH. Dis-
crimination of metastatic from acute osteoporotic 
compression spinal fractures with MR imaging. Radio-
graphics 2003; 23(1): 179-187. 

26.	 Tsujio T, Nakamura H, Terai H, Hoshino M, Namikawa 
T, Matsumura A, Kato M, Suzuki A, Takayama K, Fuku-
shima W, Kondo K, Hirota Y, Takaoka K. Characteristic 
radiographic or magnetic resonance images of fresh 
osteoporotic vertebral fractures predicting potential 
risk for nonunion: a prospective multicenter study. 
Spine (Phila Pa 1976) 2011; 36(15): 1229-1235. 

27.	 Galibert P, Deramond H, Rosat P, Gars D. Preliminary 
note on the treatment of vertebral angioma by percu-
taneous acrylic vertebroplasty [Note preliminaire sur le 
traitement des angiomes vertebraux par vertebroplas-
tie acrylique percutanee.]. Neuro‐Chirurgie 1987; 33(2): 
166‐168.

28.	 Acosta FL Jr, Dowd CF, Chin C, Tihan T, Ames CP, Wein-
stein PR. Current treatment strategies and outcomes 
in the management of symptomatic vertebral heman-
giomas. Neurosurgery 2006; 58(2): 287-925; discussion 
287-295. 

29.	 Eichholz KM, O’Toole JE, Christie SD, Fessler RG. Verte-
broplasty and Kyphoplasty. Neurosurg Clin N Am 2006; 
17(4): 507-518.

30.	 Belkoff S, Mathis JM, Jasper LE, Deramond H. The biome-
chanics of vertebroplasty: The effect of cement volume 
on mechanical behavior. Spine 2001; 26(14): 1537‐1541.

31.	 Hochmuth K, Proschek D, Schwarz W, Mack M, Kurth 
AA, Vogl TJ. Percutaneous vertebroplasty in the ther-
apy of osteoporotic vertebral compression fractures: a 
critical review. Eur Radiol 2006; 16(5): 998‐1004. 

32.	 Firanescu CE, de Vries J, Lodder P, Venmans A, Schoe-
maker MC, Smeets AJ, Donga E, Juttmann JR, Klazen 
CAH, Elgersma OEH, Jansen FH, Tielbeek AV, Boukrab 
I, Schonenberg K, van Rooij WJJ, Hirsch JA, Lohle PNM. 
Vertebroplasty versus sham procedure for painful 
acute osteoporotic vertebral compression fractures 
(VERTOS IV): randomised sham controlled clinical trial. 
BMJ 2018; 361: k1551. 

33.	 Buchbinder R, Johnston RV, Rischin KJ, Homik J, Jones 
CA, Golmohammadi K, Kallmes DF. Percutaneous 
vertebroplasty for osteoporotic vertebral compression 
fracture. Cochrane Database of Systematic Reviews 
2018, Issue 11. 

34.	 Lee JK, Jeong HW, Joo IH, Ko YI, Kang CN. Percutane-
ous balloon kyphoplasty for the treatment of very 
severe osteoporotic vertebral compression fractures: a 
case-control study. Spine J 2018; 18(6): 962-969. 

35.	 Theodorou DJ, Theodorou SJ, Duncan TD, Garfin SR, 
Wong WH. Percutaneous balloon kyphoplasty for the 
correction of spinal deformity in painful vertebral body 
compression fractures. Clin imaging 2002; 26(1): 1-5.

36.	 Van Meirhaeghe J, Bastian L, Boonen S, Ranstam J, 
Tillman JB, Wardlaw D. A randomized trial of balloon 
kyphoplasty and nonsurgical management for treating 
acute vertebral compression fractures: vertebral body 
kyphosis correction and surgical parameters. Spine 
2013; 38(12): 971-983.

37.	 Evans AJ, Kip KE, Brinjikji W, Layton KF, Jensen ML, 
Gaughen JR, Kallmes DF. Randomized controlled trial of 
vertebroplasty versus kyphoplasty in the treatment of 
vertebral compression fractures. Journal of Neurointer-
ventional Surgery 2016; 8(7): 756-763.

38.	 Astur N, Avanzi O. Balloon Kyphoplasty in the Treat-
ment of Neoplastic Spine Lesions: A Systematic Review. 
Global Spine J. 2019; 9(3): 348-356.

39.	 Berenson J, Pflugmacher R, Jarzem P, Zonder J, Schecht-
man K, Tillman JB, Bastian L, Ashraf T, Vrionis F, Cancer 
Patient Fracture Evaluation (CAFE) Investigators. Balloon 
kyphoplasty versus non-surgical fracture management 
for treatment of painful vertebral body compression frac-
tures in patients with cancer: a multicentre, randomised 
controlled trial. Lancet Oncol 2011; 12(3): 225-235.

40.	 Lee SK, Weiss B, Yanamadala V, Brook A. Percutaneous 
Interventional Management of Spinal Metastasis. In: 
Seminars in Interventional Radiology 2019 Aug (Vol. 36, 
No. 03, pp. 249-254). Thieme Medical Publishers.

41.	 Sayed D, Jacobs D, Sowder T, Haines D, Orr W. Spinal 
Radiofrequency Ablation Combined with Cement 
Augmentation for Painful Spinal Vertebral Metastasis: 
A Single-Center Prospective Study. Pain Physician 2019; 
22(5): E441-E449.

42.	 Leake CB, Brinjikji W, Cloft HJ, Kallmes DF. Trends of 
inpatient spine augmentation: 2001‐2008. AJNR 2011; 
32: 1464‐1468.

43.	 Cook GJ, Hannaford E, See M, Clarke SE, Fogelman I. 
The value of bone scintigraphy in the evaluation of 
osteoporotic patients with back pain. Scan J Rheuma-
tol 2002; 31(4): 245-248.

44.	 Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner 
B, Randall S, Lindsay R. Clinician’s guide to prevention 
and treatment of osteoporosis. Osteoporos Int 2014; 
25(10): 2359-2381.

45.	 Goodwin VA, Hall AJ, Rogers E, Bethel A. Orthotics and 
taping in the management of vertebral fractures in 
people with osteoporosis: a systematic review. BMJ 
Open. 2016; 6(5): e010657.

46.	 Denaro V, Longo UG, Maffulli N, Denaro L. Vertebro-
plasty and kyphoplasty. Clin Cases Min Bone Metab 
2009; 6(2): 125-130.




