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ABSTRACT
No aspect of neurointerventional practice has been 
associated with as longstanding contention and debate 
as to its effectiveness as has vertebroplasty (vP). Four 
blinded randomized controlled trials published since 
2009 have demonstrated conflicting results regarding 
a conferred benefit in pain reduction and functional 
improvement for patients who undergo vP for 
osteoporotic vertebral compression fractures. Significant 
heterogeneity exists between each of these trials, 
which has resulted in difficulty for interventionalists 
and surgeons to translate the trial findings into routine 
clinical practice. in addition, patients and their families 
are ever more enlightened and enabled via the internet 
and social media to review both medical literature and 
websites. without the proper background and context, 
their decisions may be lacking appropriate and necessary 
scientific discussion. This review article summarizes the 
randomized controlled trial data to date, with particular 
focus on the aforementioned four blinded studies. we 
will also evaluate the profound impact of the decrease 
in vertebral augmentation utilization on short- and long- 
term patient morbidity and mortality using available 
national and administrative datasets from both within 
the USA and internationally. we also consider future trial 
design to help evaluate this procedure and determine its 
role in modern neurointerventional practice.

InTRoduCTIon
Vertebral compression fractures (VCFs) affect more 
than 700 000 individuals in the USA every year and 
are most often secondary to osteoporosis or low 
bone mass.1 2 The medical cost of this type of frac-
ture has been estimated at $1.2 billion dollars (US) 
annually and this figure is projected to grow. Most 
studies evaluating treatment strategies for VCFs 
have focused on pain as the predominant symptom 
and post- treatment outcome measure. However, 
both asymptomatic and symptomatic fractures have 
long- term serious consequences in terms of compro-
mising an individual’s activities of daily living, inde-
pendence, and leading to higher rates of mortality. 
These fractures, and the secondary anatomical 
deformity that ensues, have profound biomechan-
ical, physiologic and psychological consequences 
including venous thrombosis and pulmonary embo-
lism secondary to prolonged immobility, as well as 
further loss of bone and muscle mass, social isola-
tion, and depression.3 4

Percutaneous vertebroplasty (VP) was first 
described in the treatment of an aggressive cervical 
vertebral hemangioma over 30 years ago in 1987 
by Galibert et al.5 In 1989, a landmark paper was 
published by Lapras et al in which the authors 
described their experiences with VP in the treat-
ment of osteoporotic fractures and osteolysis 
related to vertebral hemangiomas.6 The decade 
following these two publications witnessed further 
expansion of their technique and the introduction 
of additional devices including balloon kyphoplasty 
(BKP), which was developed as a tool intended for 
fracture reduction and vertebral height restoration.7 
More recently, innovation has resulted in the avail-
ability of vertebral body implant- based technology 
(instrumented kyphoplasty), biologic cements, and 
radiofrequency ablative technologies, permitting 
the treatment of a wider array of patients with more 
complex presentations including osteoporotic, trau-
matic, and neoplastic lesions.8–10

At the time of writing, more than 4000 articles 
have been published on VP alone. Despite this, 
debate and some controversy exist as to the effec-
tiveness of VP with respect to pain and functional 
status when compared with non- surgical manage-
ment (NSM), specifically in the osteoporotic popu-
lation. Indeed, interventional societies have created 
and published evidence- based guidelines that are 
supportive of VP and vertebral augmentation (VA) 
in order to help their members adhere to best prac-
tices in the provision of these procedures.11–13 This 
paper will review the current evidence in terms 
of available randomized controlled trial (RCT) 
data and summarize the published population and 
national administrative datasets with respect to 
short- and long- term morbidity and mortality risk 
in the VCF patient population.

RAndomIzed ConTRolled TRIAl dATA
As of September 2019, 14 RCTs have been published 
examining the role of VA in treating osteoporotic 
compression fractures.14–27 A separate prospective 
RCT is available as a published abstract only.28

Trial methodology/design differs significantly 
between each, if not all, of the published RCTs in 
terms of patient selection, specifics of the interven-
tion applied to the experimental and control arms, 
the primary and secondary endpoints, the presence 
or absence of blinding in outcome evaluation, and 
the incorporation of clinical follow- up. As a conse-
quence, conflicting results have arisen from this 
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Table 1 Summary of randomized controlled studies performed to date investigating the role of vertebroplasty and kyphoplasty in the treatment of 
acute, subacute, and chronic osteoporotic vertebral compression fractures (OVCF)

Study name/
lead author

Year 
published

no of 
patients 
screened

no of 
eligible 
patients

no of patients 
enrolled

Interventions 
performed Blinded

Fracture 
age

Primary 
outcome 
reached

Secondary 
outcome 
reached

Clinical 
follow- up 
performed

VERTOS
Voormolen et 
al14

2007 NR NR 34 Vertebroplasty vs 
NSM

No 1.5–6 
months

No Yes Yes

FREE
Wardlaw et al15

2009 1269 614 300 (49%) Kyphoplasty vs 
NSM

No <3 months Yes Yes Yes

INVEST
Kallmes et al16

2009 1813 431 131 (30%) Vertebroplasty vs 
sham procedure

Yes <12 months No No No

Buchbinder 
et al17

2009 468 219 78 (36%) Vertebroplasty vs 
sham procedure

Yes <12 months No No No

Rousing et al18 2010 NR NR 49 Vertebroplasty vs 
NSM

No <8 weeks No Yes Yes

VERTOS II
Klazen et al19

2010 934 421 202 (47%) Vertebroplasty vs 
NSM

No <6 weeks Yes Yes Yes

Farrokhi et al20 2011 105 82 82 (100%) Vertebroplasty vs 
NSM

No 4–52 weeks Yes Yes Yes

Blasco et al21 2012 219 125 125 (100%) Vertebroplasty vs 
NSM

No <12 months No No Yes

Chen et al22 2014 NR NR 96 Vertebroplasty vs 
NSM

No >3 months Yes Yes Yes

Leali et al23 2016 NR NR 385 Vertebroplasty vs 
NSM

No <6 weeks No Yes Yes

Yang et al24 2016 NR 158 135 (85%) Vertebroplasty vs 
NSM

No <3 weeks Yes Yes Yes

Wang et al25 2016 384 313 217 (69%) Vertebroplasty 
vs image- guided 
facet joint 
injection

No <8 weeks No Yes Yes

VOPE*
Hansen et al28

2016 NR NR 46 Vertebroplasty vs 
sham procedure

No NR Yes Yes Yes

VAPOUR
Clark et al26

2016 302 154 120 (78%) Vertebroplasty vs 
sham procedure

Yes <6 weeks Yes Yes Yes

VERTOS IV
Firanescu et al27

2018 1280 336 180 (54%) Vertebroplasty vs 
sham procedure

Yes <9 weeks No Yes Yes

*VOPE study has been presented as an abstract and is unpublished in peer review at this stage.
NR, not reported; NSM, non- surgical management.

pool of studies with regard to pain and functional outcomes. 
Of the 15 trials, four were designed as prospective, randomized, 
double- blind controlled trials and they will be reviewed in more 
detail below. The remaining studies are summarized in table 1.

PRoSPeCTIve, RAndomIzed, BlInded ouTCome 
ConTRolled TRIAlS
Investigational Vertebroplasty Safety and Efficacy Trial (INVEST) 
(2009)
The INVEST trial was published in 2009.16 This prospective, 
multicenter, double- blind RCT compared VP to a sham proce-
dure where VP was simulated. Inclusion criteria were age ≥50 
years, moderate to severe pain (Numeric Rating Scale (NRS) 
≥3/10), fracture age <12 months, age, and symptomatic nature 
of fracture confirmed with physical examination and imaging 
(MRI or plain radiographs). Of 1813 patients screened, 431 
were found eligible and of these, 131 were enrolled (30%); 68 
patients (52%) were randomized to VP and 63 (48%) to the 
simulated/sham procedure. Average baseline fracture age in the 
VP and sham arms was 16 and 20 weeks, respectively. Patients 
randomized to the sham procedure underwent periosteal 

infiltration of bupivacaine, manual palpation to reproduce bone 
access, and mixing of polymethylmethacrylate (PMMA).

Primary outcome measures of average pain intensity at 
1 month and change in the modified Rolland Morris Disability 
(RMD) questionnaire at 1 month were not reached (NRS, 
p=0.19; RMD, p=0.49). The secondary outcome measure of 
clinically meaningful improvement of pain at 1 month (>30% 
reduction from baseline) was also not reached (64% VP vs 48% 
sham procedure, p=0.06). Of interest, had INVEST enrolled 
to its original target (subsequently revised lower due to slow 
enrollment) with the same percentage of positive responders, 
this secondary outcome of clinically meaningful improvement in 
pain would have favored VA with p<0.05.

At 3 months, 51% of patients in the sham arm had crossed 
over to VP. Concerns have been raised regarding the applica-
bility of INVEST to clinical practice due to this high crossover 
rate and the fact that 60% of fractures were aged >3 months. 
Further concerns included the underpowered nature of the study 
enrolling 131 out of the intended 250 patients, the absence of 
mandated MR or nuclear medicine bone scan evaluation for 
fracture acuity/symptomatology, slow enrollment (three patients/
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center/year), a low baseline pain score of 3/10, and the potential 
of the sham procedure representing an active treatment. Also, of 
note, patients with workers' compensation claims were included 
in the investigational cohorts.29

Randomized trial of vertebroplasty for painful osteoporotic fractures 
(2009)
A second prospective, multicenter, double- blind RCT comparing 
VP to sham procedure by Buchbinder et al was published in the 
same edition of the NEJM as INVEST in 2009.17 Of 468 patients 
screened, 219 were found eligible and, of these, 78 were enrolled 
(36%). Thirty- eight patients (49%) were randomized to VP and 
40 (51%) to the simulated/sham procedure. Inclusion criteria 
were back pain, MRI- confirmed vertebral fracture (denoted by 
fracture line and/or marrow edema), and fracture age of up to 
12 months. The sham procedure involved periosteal docking of 
a 13- gauge bone needle at the pedicle, gentle tapping of the bone 
needle with a hammer, manipulation of the image intensifier, 
and mixing of PMMA to aid in simulation of the procedure. 
Average fracture age was 9 and 9.5 weeks in the VP and sham 
arms, respectively. Neither the primary outcome measure (NRS 
score for overall pain over the course of the previous week at 3 
months) nor the secondary outcome measures (pain, disability 
and quality of life) were significant at designated time points.

As with INVEST, Buchbinder’s trial enrolled patients with 
acute, subacute, and chronic fractures with the majority of 
lesions being between 3 and 6 months of age. Clinical outcomes 
were evaluated with mailed questionnaires and physical exam-
ination was not mandated. Similar to the INVEST trial, concerns 
have been raised regarding the applicability of the Buchbinder 
trial due to low enrollment, with 67% of cases being performed 
at one site by one physician, the absence of traditional collec-
tion of patient reported outcomes, an assessment of overall pain 
rather than back pain related to the fracture, and the low volume 
of cement injected per vertebral level. When cement volumes 
were studied following the release of the 2009 trials, a sepa-
rate analysis concluded that the data “strongly indicates that 
the treatment arm includes patients who were not treated in a 
reasonably effective manner”.30

Criticisms have also been raised regarding the method 
employed to calculate the difference in pain between the VP and 
sham groups and the underpowered trial design. The primary 
variable reported in the Buchbinder trial was the difference in 
mean pain scores between the groups rather than the difference 
in clinically relevant response rate. With the trial designed as it 
was, for a 1- point difference to be demonstrated between groups, 
120 patients would have been required in each arm rather than 
the 35 and 38 patients that were enrolled.

As a result of these two highly controversial NEJM trials, 
profound and lasting changes have been noted in the utilization 
of VA both in the USA and internationally. In the USA, utiliza-
tion of VA reduced by 32% between 2004 and 2014.31 In other 
countries such as Australia and the Netherlands, VA utilization 
was essentially halted.

Vertebroplasty for Acute Painful Osteoporotic Compression Fractures 
(VAPOUR) (2016)
The Vertebroplasty for Acute Painful Osteoporotic Compression 
Fractures (VAPOUR) trial was published in 2016 in the Lancet.26 
This prospective, double- blind RCT was designed to specifically 
address the role of VP in patients with acute vertebral compres-
sion fractures associated with severe pain, thus differing from 
both the INVEST and Buchbinder trials.32 33 The sham procedure 

was similar to that of INVEST, aside from substitution of perios-
teal local anesthesia infiltration with subcutaneous infiltration. 
The VAPOUR authors considered periosteal local anesthesia at 
the dorsal pedicle an active treatment with significant potential 
for both medial branch and sinuvertebral nerve blockade.34 35 
Olfactory simulation was also absent in VAPOUR as the cement 
kit used did not emit a characteristic PMMA odor.

Of 302 patients screened, 154 were found eligible and, of 
these, 120 were enrolled (78%). Sixty- one patients (51%) were 
randomized to VP and 59 (49%) to the simulated/sham proce-
dure. All fractures were <6 weeks of age with average baseline 
of 2.8 and 2.4 weeks for VP and sham groups, respectively. All 
patients had severe pain at baseline as indicated by NRS >7 
(mean 8.6). MRI or bone scan evidence of fracture acuity was 
required.

The primary outcome measure of the percentage of patients 
with NRS pain score <4 over the past 24 hours at 14 days post 
treatment was significantly in favor of VP (44% VP vs 21% 
sham; p=0.011). This effect was durable at each time point to 
6 months. Secondary outcome measures of mean reduction in 
NRS scores, mean reduction in RDQ, QUALEFFO, and EQ- 5D 
scores significantly favored the VP arm (p<0.05). Reduction in 
analgesic use also favored the VP arm (p<0.05). The incidence 
of new fractures was similar between the two arms. Fifty- seven 
percent of patients enrolled were hospital inpatients. The poten-
tial for outcome bias in VAPOUR has been raised with 85% of 
patients enrolled by one of the four included sites.

Hospital length of stay data from VAPOUR
Median hospital length of stay was reduced by 5.5 days in the 
VP group in the VAPOUR trial. Of note, the attending physicians 
were masked as to the procedure, so that discharge decisions 
were based on clinical improvement rather than treatment allo-
cation. Shorter inpatient hospital stays and lower readmission 
rates for patients treated with VA have been described previ-
ously.36 37

Vertebroplasty vs Sham Procedure for Painful Osteoporotic Vertebral 
Compression Fractures (VERTOS IV) (2018)
The Vertebroplasty vs Sham Procedure for Painful Osteopo-
rotic Vertebral Compression Fractures (VERTOS IV) trial was 
published in the BMJ in 2018. This prospective, double- blind 
RCT intended to evaluate pain relief in acute fractures <6 
weeks of age. However, at 6 months after initiating recruitment, 
a protocol amendment was initiated and fracture age inclusion 
criteria extended to 9 weeks secondary to slow enrollment. 
Further inclusion criteria included the presence of back pain 
with VAS of ≥5 and marrow edema on MRI.

Of 1280 patients screened, 336 were found eligible and, of 
these, 180 were enrolled (54%). A total of 176 patients were 
randomized, 90 (51%) of which were allocated to VP and 86 
(49%) to the simulated/sham procedure. One- year follow- up 
data were available on 156/176 (89%) patients. Both VP and 
sham arm patients received local anesthesia and sedation where 
appropriate. Bilateral stab incisions were performed at the verte-
bral level in both groups and bone needles were either advanced 
using a standard transpedicular approach or docked at the 
pedicle depending on randomization to VP or sham. In both 
groups, PMMA was prepared in close proximity to the patient 
and, in the sham arm, cement delivery was simulated using olfac-
tory, physical, and verbal cues.

The primary outcome measure of mean reduction of VAS score 
was statistically significant in the VP and sham procedure groups 
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Table 2 Summary characteristics and outcomes of the published prospective multicenter sham procedure RCTs on vertebroplasty for osteoporotic 
fractures

InveST Buchbinder trial vAPouR veRToS Iv

Total enrollment (n) 131 78 120 180

NRS pain score inclusion threshold ≥3 None ≥7 ≥5

No (%) with severe pain 61 (47%) NRS ≥8/10 38 (49%) NRS ≥8/10 120 (100%) NRS ≥7/10 NR

Fracture age (weeks) threshold <52 <52 <6 <9

Mean (SD) fracture age (weeks) 22.5 (16.3) 11.7 (11.1) 3 (2) 5.6

No (%) fractures <6 weeks 26 (20%) 31 (40%) 120 (100%) 146 (81%)

Advanced imaging (MRI/SPECT- CT) 
required

No Yes Yes Yes

Hospitalized patients 0 NR 57% No

Mean (SD) PMMA volume (mL) NR 2.8 (1.2) 7.5 (2.8) 5.11 (1.81)

Primary endpoint Mean NRS pain at 1 month Mean NRS pain at 3 months Percent NRS pain <4/10 at 2 weeks Mean VAS reduction at 1 day, 
1 week, 1, 3, 6, 12 months

Primary outcome No difference No difference Vertebroplasty superior No difference

NR, not reported; NRS, Numeric Rating Scale; PMMA, polymethylmethacrylate.

at all follow- up points when compared with baseline. However, 
no significant difference was demonstrated between the two 
arms at any time point. Secondary outcome measures of reduc-
tion in RDQ or QUALEFFO scores were also non- significant 
between each group. Importantly, significant differences were 
identified in the number of patients with residual VAS >5 at 12 
months in favor of VP (20% VP vs 41% sham, p=0.005).

Both the VERTOS IV and the VAPOUR trials demonstrated 
lasting vertebral body height preservation in the VP popula-
tion and, conversely, significant ongoing vertebral body height 
loss and deformity in those subjects randomized to the sham 
treatment. Spinal deformity with the consequent altered spinal 
dynamics and global spinal imbalance have been described previ-
ously to contribute to the increased morbidity and mortality in 
the VCF population.38

Critics of VERTOS IV highlight concerns with patient selec-
tion, citing a selection bias for those with less severe pain 
syndromes in spite of its use of a minimum VAS scale score of 5. 
In VERTOS IV, despite all subjects reporting moderate to severe 
pain (VAS >5/10), approximately one- third required strong 
opiates.

In comparing the four prospective randomized blinded sham- 
controlled trials, there is significant heterogeneity in inclusion 
criteria, treatment procedures, and outcomes measured. These 
are summarized in table 2. All trials focused on the outcome of 
pain, while all had variable inclusion criteria ranging from mild 
(NRS ≥3) in INVEST to severe (NRS ≥7) in VAPOUR. Time 
from fracture to inclusion ranged from a mean of 3 weeks in 
VAPOUR to a mean of 22 weeks in INVEST. Cement volume 
injected during the procedure ranged from 2.8 mL in the Buch-
binder trial to 7.5 mL in VAPOUR. Notably, VAPOUR is the only 
RCT which is overwhelmingly positive. Important differences 
in these observed outcomes might relate to 100% of included 
patients being within 6 weeks of fracture onset, the hospital-
ized cohort comprising the majority of the participants, the high 
baseline pain rating, and the volume of cement used per level.

ComPlICATIon RISk AS eSTImATed FRom The 14 RCTS
Complications associated with VP/BKP were reported in 10 of 
the described 15 RCTs. Of the 1098 patients treated with VP, 
16 procedure- related complications were reported (1.5%). Of 
these, two (0.18%) were considered serious adverse events. One 

patient assigned to the VP group of the Buchbinder study was 
unable to receive prophylactic antibiotics owing to multiple drug 
allergies. Following VP, an adjacent level new fracture and subse-
quent osteomyelitis developed.17 In VAPOUR, a patient suffered 
respiratory arrest following initiation of sedation and was resus-
citated successfully, undergoing the procedure 2 days later. No 
procedure- related deaths were reported in the 15 included trials. 
Of note, there were two serious adverse events in the sham treat-
ment arm of VAPOUR with both patients developing spinal cord 
compression due to interval collapse and retropulsion of the 
fracture a few weeks after enrollment. One patient underwent 
spinal decompression with resolution of the neurological deficit. 
The other patient was not considered a surgical candidate and 
became paraplegic. Given the extensive safety analysis of VP/
BKP, it is reasonable to conclude that it is very safe.

SuBSequenT FRACTuRe RISk And FuRTheR heIghT loSS 
FollowIng kYPhoPlASTY And veRTeBRoPlASTY
Adjacent or remote level vertebral fractures are commonly 
encountered in patient follow- up after VA.39 Until recently, 
opinion has been divided as to whether VA increased a patient’s 
risk of subsequent adjacent level fractures or whether this 
phenomenon is primarily a function of underlying metabolic 
bone disease and altered mechanical stressors due to spinal 
deformity. Some authors have suggested that VA is protective 
and may reduce the rate of adjacent fractures through sagittal 
balance restoration/maintenance and by conserving physiologic 
mechanical loading of the vertebral endplates.40 41

A prospective study by Yi et al with 290 consecutive patients 
showed no statistically significant difference in the rate of VCFs 
between the VA and NSM groups, but additional VCFs occurred 
sooner in the VA group than in the NSM group.42 This may 
explain the tendency to assume that more fractures happen in 
the VA group than in the NSM group because they happen in 
closer time proximity to the incident fracture. A recent meta- 
analysis from 2017 comprising 1328 patients also found no 
increased risk for adjacent or remote level vertebral body frac-
ture following augmentation using VP or BKP when compared 
with NSM.43 A review of the 15 RCTs discussed in this paper 
show two studies in which a statistically significant difference 
was seen in the rate of adjacent vertebral fractures in follow- up 
between the VA and control groups, one favoring VA and the 
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Table 3 Rate of subsequent vertebral compression fractures (VCFs) reported from the randomized controlled studies performed to date 
investigating the role of vertebroplasty and kyphoplasty in the treatment of acute, subacute, and chronic VCF

Study name/lead 
author Year published

no of patients 
enrolled (% of 
total eligible for 
enrollment)

Subsequent fracture 
rate in treatment 
arm (%)

Subsequent fracture 
rate in control arm 
(%)

Statistical significance 
reached

Follow- up period 
(weeks)

VERTOS
Voormolen et al14

2007 34 11 0 No 2

FREE
Wardlaw et al15

2009 300 (49%) 33*
47.5*

25*
44.1*

No
No

52
104

INVEST
Kallmes et al16

2009 131 (30%) NR NR NR NR

Buchbinder et al17 2009 78 (36%) 7.9 10 No 26

Rousing et al18 2010 49 12 16.7 No 52

VERTOS II
Klazen et al19

2010 202 (47%) 16.5 24.7 No 52

Farrokhi et al20 2011 82 (100%) 2.6 15.4 Yes 104

Blasco et al21 2012 125 (100%) 27 13 Yes 52

Chen et al22 2014 96 NR NR NR NR

Leali et al23 2016 385 1.8 0 No 26

Yang et al24 2016 135 (85%) 8.9 7.8 No 52

Wang et al25 2016 217 (69%) 13 10 No 52

VOPE
Hansen et al28

2016 46 NR NR NR NR

VAPOUR
Clark et al26

2016 120 (78%) 6 4 No 26

VERTOS IV
Firanescu et al27

2018 180 (54%) 39% 37% No 52

*New or worsening radiographic vertebral fractures in follow- up.
NR, not reported.

other NSM (table 3). In addition, VP and BKP may be protective 
against further height loss of a fractured vertebra. In VERTOS 
4, the risk of further height loss was almost 10 times higher 
after the sham procedure compared with VA treatment. As with 
procedural safety, it is also reasonable to conclude that VA does 
not affect subsequent fracture risk.

PoPulATIon And ClAImS-BASed dATA wITh ReSPeCT To 
ShoRT- And long-TeRm moRBIdITY And moRTAlITY RISk 
FollowIng vCF
Clinically apparent and asymptomatic VCFs or deformities 
are associated with an increased risk of death.44 45 The excess 
mortality risk from VCF has been estimated to range between 
2% and 42% at 12 months.46 Numerous national registry and 
insurance datasets from various countries have been analyzed 
in an attempt to clarify the short- and long- term morbidity 
and mortality risk in patients with VCFs who have undergone 
either NSM or VA.47–52 One analysis of 858 978 patients with 
new VCF from the US Medicare dataset collected between 2005 
and 2008 found a significant adjusted survival benefit at up to 4 
years follow- up for patients who underwent VA compared with 
those who received NSM (60.8% vs 50.0%; p<0.001).47 The 
same study found a survival advantage for BKP over VP that 
remained significant (62.8% vs 57.3%; p<0.001). In a separate 
analysis published in 2013, the 2006 Medicare provider anal-
ysis and review database was used to identify 68 752 patients 
with VCFs.48 These patients were then separated into those 
who underwent NSM (55.6%), VP (11.2%), and BKP (33.2%). 
Estimated 3- year survival rates were 42.3%, 49.7%, and 59.9% 

for NSM, VP, and BKP groups, respectively. Adjusted risk 
of mortality was 20% lower in the group that received BKP 
compared with the VP group (HR=0.8, 95% CI 0.77 to 0.84). 
The authors noted that patients who received VA had a shorter 
hospital stay and less pneumonia and fewer decubitus ulcers in 
the 6- month postoperative period.

In Germany, claims data from a major health insurance fund 
between 2006 and 2010 were analyzed and mortality risk differ-
ences between patients with VCF who underwent VA compared 
with those who were managed with NSM were determined.49 
Of 3607 patients identified with VCFs, 598 underwent inter-
vention with VA. The authors found individuals from the VA 
cohort were 43% less likely to die than the NSM cohort in the 
5- year study period (HR=0.57; p<0.001). Patients who under-
went BKP showed a non- significant higher 60- month adjusted 
survival rate (66.7%) compared with those who received VP 
(58.7%) (p=0.68).

Subsequent population- based studies employed propensity 
score matching to avoid treatment selection bias by accounting 
for the covariates that may predict a patient receiving specific 
treatment over another. Edidin et al identified 1 038 956 
patients with new VCFs from the US Medicare dataset between 
2005 and 2009 and compared mortality outcomes for those 
patients who underwent VA (BKP 141 343; VP 75 364) and 
NSM.50 Patients who underwent NSM for VCFs had a 25% 
higher adjusted mortality risk than those who underwent VP 
(p<0.001) and a 55% higher adjusted mortality risk than those 
who had BKP (p<0.001). When propensity matched, the NSM 
group had a significantly higher adjusted risk of pneumonia, 
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acute myocardial infarction, deep venous thrombosis, and 
urinary tract infections.

A recent analysis of the inpatient/outpatient Medicare claims 
dataset between 2005 and 2014 sought to determine if a known 
downturn in the use of VA in 2009 following the publication 
of INVEST and Buchbinder’s RCTs was associated with a shift 
in mortality risk for patients with new VCFs.51 They identified 
2 129 769 patients over the period with newly diagnosed VCFs. 
Rates of VA in VCF patients rose from 20% to 24% between 
2005 and 2009. This rate of intervention fell to 14% in the 5 
years following to 2014. The propensity- adjusted mortality risk 
for patients with VCF was 4% greater in the 2010–2014 period 
compared with the 2005–2009 period. The authors identified a 
19% lower propensity- adjusted 10- year mortality risk for BKP 
versus NSM (p<0.001) and a 7% lower propensity- adjusted 
10- year mortality risk for VP versus NSM (p<0.001).

Critics of these studies have cited underlying patient frailty 
as a confounding variable that may add bias and artificially 
strengthen an association between fracture and mortality 
resulting in false positive associations. The FORMEN cohort 
study from 2017 sought to evaluate the association between 
fractures and mortality in an elderly population while adjusting 
for the pre- fracture frailty levels of the included subjects. The 
authors found that incident fractures, especially osteoporotic 
VCFs, were associated with an increased risk of death even after 
adjusting for pre- fracture frailty status.53

ConSIdeRATIonS RegARdIng SuBSequenT TRIAl deSIgn
Ethical consideration should be given to any trial type including 
a sham or non- treatment arm, given the significantly increased 
risk of morbidity and mortality in patients who do not undergo 
VA for painful VCFs. A short- term crossover design with an 
intention to treat analysis or a relatively limited follow- up time 
period may suffice to alleviate these concerns. Inconsistencies in 
trial design between the available RCTs to date should be settled, 
and a unified approach for appropriate patient selection, effec-
tive interventional technique, and rigorous and reliable statis-
tical method should be employed. Patient- specific (ie, pain and 
disability/function scales), anatomical (kyphosis correction), and 
health economic outcome measures should be sought.

RevIew lImITATIonS
This review has limitations. RCTs that enrolled <50 patients, 
those that were not blinded, and those that compared VA to 
NSM were not elaborated on outside the provided tables, nor 
did we review the data for third- generation VA systems such as 
the Kiva VCF treatment system, vertebral body stenting (VBS), 
or SpineJack. It should be noted that prominent studies that 
fulfil these criteria— namely, the FREE trial, VERTOS II, the 
KAST trial, and the recently published SAKOS trial—all showed 
significant benefit for BKP and instrumented VA in the manage-
ment of VCFs.9 15 19 41

ConCluSIon
Debate has surrounded the role of VA in the treatment of oste-
oporotic VCFs since the publication of two randomized studies 
in 2009 showing no superiority of the intervention over a sham 
procedure. Widespread concern has been raised regarding the 
design and execution of these studies and hence their applica-
bility to daily practice. Regardless, these studies have shaped 
referring patterns in the USA and markedly influenced public 
healthcare policy and funding in other countries, severely 
limiting the availability of this valuable treatment to large at- risk 

patient populations. While the RCT data are conflicting, there 
are patients with acute fractures causing significant pain and 
disability who can derive benefit with respect to improvement in 
pain outcomes, reduction in narcotic usage, and reduced length 
of hospital stay. A further consistency throughout the literature 
is the excellent safety profile of VA and a confirmation that VA 
does not increase the risk of adjacent or remote VCF. What 
might also be considered are numerous positive RCTs comparing 
VA to NSM as the control arm, which arguably more closely 
reflect clinical practice, in addition to the well- described survival 
and morbidity benefit for patients who receive VA compared 
with NSM.
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