
Background: Osteoporotic vertebral compression fractures (OVCFs) are the most common 
osteoporotic fractures. Pain is the main symptom. Percutaneous vertebroplasty (PVP) is a 
therapeutic procedure performed to reduce pain in vertebral compression fractures. Numerous 
case series and several small, non-blinded, non-randomized controlled studies have suggested 
that vertebroplasty is an effective means of relieving pain from osteoporotic fractures. However, 
a recent pooled analysis from 2 multicenter randomized controlled trials concluded that the 
improvement in pain afforded by PVP was similar to placebo.

Objective: To compare the amount of pain reduction measured using the visual analog scale 
when OVCF is treated with vertebroplasty or conservatively, and assess the clinical utility of PVP.

Design: A meta-analysis and systematic review of randomized controlled trials was performed 
comparing pain reduction following vertebroplasty and conservative treatment.

Limitations: There were few data sources from which to extract abstracted data or published 
studies. There were only 5 randomized controlled trials that met our criteria. The conservative 
treatments used as comparators in these trials were different.

Methods: A search of MEDLINE from January 1980 to July 2012 using PubMed, the Cochrane 
Database of Systematic Reviews and Controlled Trials, CINAHL, and EMBASE. Relevant reports 
were examined by 2 independent reviewers and the references from these reports were searched 
for additional trials, using the criteria established in the QUOROM statement.

Results: Pooled results from 5 randomized controlled trials are shown. There was no difference 
in pain relief in the PVP group at 2 weeks and one month when compared with the conservatively 
managed group. Pain relief in the PVP group was greater than that of the conservative group at 
3 months, 6 months, and 12 months. However, after subgroup analysis, pain scores were similar 
between the PVP group and the sham injection group from 2 weeks to 6 months. Compared 
with non-operative therapy, PVP reduced pain at all times studied.

Conclusion: PVP has some value for relieving pain; however, the possibility of a placebo 
effect should be considered. PVP has gained acceptance as a complementary treatment when 
conservative management has failed before its benefits have been fully understood. More large 
scale, double blinded, controlled trials are necessary in order to quantify the pain relief afforded 
by PVP more precisely.

Key words: Vertebroplasty, osteoporosis, vertebral compression fracture, randomized 
controlled trials, systemic review, meta-analysis

Pain Physician 2013; 16:455-464

Meta-Analysis

Comparing Pain Reduction Following 
Vertebroplasty and Conservative Treatment for 
Osteoporotic Vertebral Compression Fractures: A 
Meta-Analysis of Randomized Controlled Trials

From: 1Department of Orthopedic 
Surgery, Suzhou Hospital of 

Traditional Chinese Medicine, 
Suzhou, Jiangsu 215009, China

2Institute of Spine, Shanghai 
University of Traditional Chinese 

Medicine, Shanghai 200032, China

Drs Liu, Li, Yu, Qian and Jiang, 
Department of Orthopedic 

Surgery, Suzhou Hospital of 
Traditional Chinese Medicine, 

Suzhou, Jiangsu 215009, China
Drs Li, Tang, Cui, Yao and Wang, 

Institute of Spine, Shanghai 
University of Traditional Chinese 

Medicine, Shanghai 200032, China

Address Correspondence: 
Hong Jiang, MD, PhD

Chairman & Professor, Department 
of Orthopedic Surgery,

Suzhou Hospital of Traditional 
Chinese Medicine, 

889 Wuzhongxi Road, Suzhou, 
Jiangsu 215009, China 

E-mail: doctorhong@yeah.net

Disclaimer: Jintao Liu and Xiaofeng 
Li contributed equally to this 

article. This study was supported by 
the Natural Science Fundation of 

China (81102604).

Conflict of interest: Each author 
certifies that he or she, or a 

member of his or her immediate 
family, has no commercial 

association, (i.e., consultancies, 
stock ownership, equity interest, 
patent/licensing arrangements, 

etc.) that might post a conflict of 
interest in connection with the 

submitted manuscript.

Manuscript received: 12-07-2012
Revised manuscript received:

01-20-2013  
Accepted for publication:

02-08-2013 

Free full manuscript:
www.painphysicianjournal.com

Jintao Liu, MD, PhD1, Xiaofeng Li, MD, PhD2, Dezhi Tang, MD, PhD2, Xuejun Cui, MD, PhD2, 
Xiaochun Li, MD1, Min Yao, MD2, Penfei Yu, MD1, Xiang Qian, MD1, 
Yongjun Wang, MD, PhD2, and Hong Jiang MD, PhD1 

www.painphysicianjournal.com

Pain Physician 2013; 16:455-464 • ISSN 1533-3159



Pain Physician: September/October 2013; 16:455-464

456  www.painphysicianjournal.com

erized search of MEDLINE using PubMed, the Cochrane 
Database of Systematic reviews, the Cochrane Central 
Register of Controlled Trials, CINAHL, and EMBASE to 
find relevant articles published between January 1980 
and July 2012. The search terms used were “vertebro-
plasty AND compression fracture AND randomized 
control trial.”

Quality Assessment
Articles which met the selection criteria were as-

sessed the quality using Review Manager (RevMan) 
software and the bias was determined using the Co-
chrane Risk of Bias table. The Cochrane Risk of Bias 
table includes 7 bias: random sequence generation 
(selection bias), allocation concealment (selection bias), 
blinding of participants and personnel (performance 
bias), blinding of outcome assessment (detection bias), 
incomplete outcome data (attrition bias), selective re-
porting (reporting bias), and other bias. Articles which 
were in accordance with 3 or more bias had high qual-
ity (13,14). We finally selected these articles with high 
quality for the meta-analysis.

Analysis Technique
Data analysis wasconducted using RevMan Version 

5.0.2 software provided by the Cochrane Collaboration. 
All analyses were carried out on an intention-to-treat 
basis; that is, all patients randomly assigned to a treat-
ment group were included in the analyses according to 
the assigned treatment, irrespective of whether they 
received the treatment or were excluded from analysis 
by the investigators. For categorical variables, weighted 
risk ratios and their 95% confidence intervals (CI) were 
calculated using RevMan 5.0.2 software according to 
the Peto method. Results were tested for heterogeneity 
at a significance level of P < 0.05 according to the meth-
ods outlined. A fixed effects model was used if there 
was no evidence of heterogeneity between studies; if 
there was evidence of heterogeneity, a random effects 
model was used for the meta-analysis.

For trials reporting change from baseline values 
(15), the mean and standard deviation (SD) of final 
values was obtained by using the following formula 
(16), the correlation between baseline and final values 
(r baseline, final) was assumed to be 0.5: SD2

change = SD2
baseline + 

SD2
final -2r baseline, final SDbaseline SDfinal.

Results

The literature search initially yielded 1,766 rel-
evant trials from PubMed, the Cochrane Database of 

Osteoporotic vertebral compression fractures 
(OVCF) are a common cause of pain and 
disability and are associated with increased 

mortality (1). Patients with vertebral fractures can 
present with severe back pain lasting for weeks or 
months. Until recently, the mainstays of treatment were 
conservative: bed rest, analgesia, immobilization, and 
then physical therapy (2). Vertebroplasty, a procedure 
in which bone cement is injected percutaneously into 
the fractured vertebral body, was developed as an 
alternative option for the treatment of pain (3-5). 
Percutaneous vertebroplasty (PVP) is generally seen 
as a safe and effective procedure for painful OVCF (6-
9). However, there is a body of opinion that the long-
term analgesic effect of PVP for the treatment of acute 
and subacute fractures is not superior to conservative 
treatment, and that PVP should be only be offered to 
patients after conservative treatment has failed (10-12). 
The benefits compared with conservative treatment 
have not been evaluated until now.

The aim of this study was to compare the analgesic 
effects of PVP with conservative treatment of OVCF 
in a meta-analysis of randomized controlled trials. To 
achieve the aim we performed this systematic review. 
We searched a large quantity of relevant references 
and selected several publications in accordance with 
our requirements. Then we utilized the RevMan Ver-
sion 5.0.2 software (The Cochrane Collaboration, Eng-
land) to assess the risk of bias and finally determined 5 
references for the meta-analysis. The subgroup analysis 
at various follow-up times was also performed. 

Methods

Selection Criteria
All peer reviewed randomized controlled trials 

published in English up to July 2012 that compared 
vertebroplasty with conservative or sham treatments 
for OVCF and used the visual analog scale (VAS) as 
an objective measure of pain were identified and re-
viewed. Although there are many measures of pain, 
such as VAS, Numeric Rating Scale (NRS), McGill Pain 
Questionnaire (MPQ), Chronic Pain Grade Scale (CPGS), 
et al, most of publications use the VAS as an objective 
measure of pain. In order to unify the selection criteria, 
we chose the VAS as an objective measure of pain in 
this study.

Search Strategy
Two independent reviewers conducted a comput-
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Systematic reviews, the Cochrane Central Register of 
Controlled Trials, CINAHL, and EMBASE. Searching the 
inclusion criteria in title and abstract, we achieved 10 
articles (3,12,15,17-23), and selected 6 articles by exclud-
ing 4 articles, among them, 3 articles were nonrandom-
ized controlled trials (21-23) and one article was about 
percutaneous kyphoplasty (20).

The trial assessors selected 6 randomized controlled 
trials for further quality analysis and review (3,12,15,17-
19). However, the study reported by Voormolen et al 
(19) was excluded as patients were allowed to cross over 

from the conservative group to the PVP group after 2 
weeks of treatment and there was deemed to have 
been a high risk of bias. Thus 5 randomized controlled 
trials were used in the meta-analysis. The study selec-
tion process and reasons for exclusion are summarized 
in Fig. 1.

The 5 randomized controlled trials selected rep-
resented a total of 291 patients undergoing vertebro-
plasty and 286 patients managed conservatively. A list 
of the studies accepted for the meta-analysis is provid-
ed in Table 1. When the PVP groups are compared with 

Fig. 1. Literature search methodolgy.

Table 1. Details of  the studies included in the meta-analysis

Study Characteristics

Control Sample size (PVP/Control) Female PVP (Age) Control (Age)

Buchbinder, 2009 placebo 78 (38/40) 62 74.2 ± 14.0 78.9 ± 9.5

Klazen, 2010 OPT 202 (101/101) 140 75.2 ± 9.8 75.4 ± 8.4

Farrokhi, 2011 OMT 82 (40/42) 60 72 (59-90) 74 (55-87)

Kallmes, 2009 placebo 131 (68/63) 99 73.4 ± 9.4 74.3 ± 9.6

Rousing, 2009 CT 50 (26/24) 40 80 (76.9, 83.3) 80 (77.6, 82.6)

PVP: percutaneous vertebroplasty; OPT: optimum pain treatment; OMT: optimal medical therapy; CT: conservative treatment
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the conservative treatment groups; no statistically sig-
nificant differences in age or gender proportion were 
found (Table 1). The pain VAS data reported in each 
study are presented in Table 2.

Two reviewers independently assessed the method-
ological quality of the included trials with Review Man-
ager software, assessing factors such as randomization, 
allocation concealment, whether baseline data were 
similar, blinding, blinding of outcome assessments, and 
selective reporting. The outcome is summarized in Fig. 
2. There was a low risk of selection bias given the use of 
computerized random number generators and opaque 
sealed envelopes in all studies.

There were no differences in pain relief between 
the PVP and the conservative groups at 2 weeks and 
one month (P = 0.14 and 0.08 respectively, Figs. 3-4); 
however, PVP appeared to afford greater long-term 
pain relief at 2-3 months, 6 months, and 12 months (P < 
0.0001, Figs. 5-7). A degree of heterogeneity was noted 
among the pain scores reported at different times. In a 
subgroup analysis, we divided the conservative group 
into a sham injection group (15,18) and a non-operative 

group (3,12,17). We found no difference in pain scores 
between the PVP and the sham injection groups at 2 
weeks, one month, 3 months, or 6 months (P = 0.65, 
0.18, 0.63, and 1, respectively, Figs. 3-6). However, 
compared with non-operative therapy, the reduction in 
pain afforded by PVP was significantly greater than that 
of the non-operative group at 2 weeks, one month, 3 
months, 6 months, and 12 months (P < 0.0001, Figs. 3-7).

discussion

Our meta-analysis showed that there was no dif-
ference in pain relief between the PVP and the conser-
vatively managed groups at 2 weeks and one month. 
Pain relief in the PVP group was superior to that of 
the conservative group at 3 months, 6 months, and 12 
months. Pain scores were similar between the PVP and 
sham injection groups from 2 weeks to 6 months. When 
compared with non-operative therapy, PVP reduced 
pain at all times at which it was measured.

There were differences between the PVP group 
and the conservative group at different time points, 
which may be a consequence of the variety of conserva-

Table 2. Visual analog pain scales (VAS) reported in the studies included in the meta-analysis

Buchbinder 2009 Klazen 2010 Farrokhi 2011 Rousing 2009 Kallmes 2009

PVP Control PVP Control PVP Control PVP Control PVP Control

Preop
VAS 7.4 ± 2.1 7.1 ± 2.3 7.8 ± 1.5 7.5 ± 1.6 8.4 ± 1.6 7.2 ± 1.7 7.5 (6.6, 8.4) 8.8 (8.2, 9.3) 6.9 ± 2.0 7.2 ± 1.8

N 38 40 101 101 40 42 19 17 68 63

1 w
VAS 1.5 ± 2.5 2.1 ± 2.8 3.5 ± 2.5 5.6 ± 2.5 3.3 ± 1.5 6.4 ± 2.1

N 37 37 97 93 40 42

2 w
VAS 4.3 ± 2.9 4.5 ± 2.8

N 68 63

1 m
VAS 2.3 ± 2.6 1.7 ± 3.3 2.5 ± 2.5 4.9 ± 2.6 3.9 ± 2.9 4.6 ± 3.0

N 35 38 96 92 67 61

2 m
VAS 3.2 ± 2.2 6.1 ± 2.1

N 40 42

3 m
VAS 2.6 ± 2.9 1.9 ± 3.3 2.5 ± 2.7 3.9 ± 2.8 1.8 (0.8, 2.8) 2.6 (1.2, 4.0)

N 36 37 92 86 23 17

6 m
VAS 2.4 ± 3.3 2.1 ± 3.3 2.3 ± 2.7 3.9 ± 2.9 2.2 ± 2.1 4.1 ± 1.5

N 35 36 89 81 40 42

12 m
VAS 2.2 ± 2.7 3.8 ± 2.8 2.2 ± 2.1 4.1 ± 1.8

N 86 77 38 39

Notes VAS Change Mean ± SD Mean ± SD Mean ± SD Mean (cl) Mean ± SD
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Fig. 2. Risk of bias assessment of included studies.

Fig. 3. The forest plot for pain relief at < 2 weeks.

tive treatments employed in the selected trials. Besides, 
from 3 months to 6 months, the sham injection number 
of the conservative group dropped or even disap-
peared. Pain scores were similar in the PVP and sham 
injection groups from 2 weeks to 6 months. There are 
several possible explanations for this observation. First, 
the local anesthesia provided as part of the sham pro-
cedure might afford a degree of medium- to long-term 
analgesia; local infiltration with bupivacaine may act 
as a nerve block to relieve pain. Second, the relatively 
small sample size of these 2 studies (n = 209) might have 
led to false negative differences between the PVP and 
sham injection groups (15,18). Third, the sham proce-
dure might have a placebo effect. Finally, but the most 
importantly, PVP may also afford analgesia by means of 
a placebo response.

There were many publications which have re-
ported the placebo response (24-29). The present 
evidence illustrated that the placebo effect depended 
on a variety of neurochemical and neurophysiological 
mechanisms, which were measurable and modifiable. 
But the placebo response was inexorably tied to the 
context of treatment. All medical treatments took place 
in a particular context, which included the therapist’s 
attitude, psychosocial factors affecting the therapeutic 
relationship, and the patient’s mindset. Therapeutic 
efficacy at least in part was attributable to the con-
cordance between the proposed treatment and the 
patient’s belief system. It was this fraction of the thera-
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peutic response that was commonly called the placebo 
effect. More formally, the placebo effect was defined 
as that part of the therapeutic response which was not 
attributable to the properties of active ingredients (24). 
Spontaneous improvement and effect of placebo con-
tributed importantly to the observed treatment effect 
in actively treated patients, but the relative importance 
of these factors differed according to clinical condition 
and intervention (29). However, creative experimental 
efforts were still needed to assess rigorously the clinical 

significance of placebo interventions and investigate 
the component elements that may contributed to 
therapeutic benefit (28). 

Conservative treatments are continuously used 
to treat OVCF in clinical practice. Conservative treat-
ments include bed rest, optimum pain treatment, op-
timal medical therapy, and placebo treatment, et al. 
We think that the pain relief in the placebo treatment 
is different from the natural course of pain with OVCF 
to a certain extent. When the placebo treatment is 

Fig. 4. The forest plot for pain relief  at 1 month.

Fig. 5. The forest plot for pain relief  after 2-3 months.
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Fig. 6. The forest plot for pain relief  after more than 6 months.

Fig. 7. The forest plot for pain relief  after more than 12 months.

invasive, the remarkable pain relief could be achieved 
in the short-term. There may be several reasons to 
explain the placebo effect, such as narcotic effects, 
psychological effects, and neural excitatory effects 
(30-32). However, in the long-term, the pain relief 
with the placebo treatment is similar to the natural 
course of pain with OVCF. We will pay close attention 
to this issue in future.

After analysis of the data yielded from the ran-
domized controlled research into PVP, our opinion is 
that PVP can reduce the amount of pain after OVCF, but 
that there may be an element of placebo in this ben-
efit. The trials published in the New England Journal of 
Medicine were well designed (15,18), the implementa-
tion standards foresightedness findings extrapolation is 
high, thus the quality of evidence yielded from these 
reports is high. However, even these studies were rela-
tively small, and larger studies are needed in broader 

patient groups and populations. If these should arrive 
at the same conclusion, it would imply that previous 
positive results are the consequence of inadequately 
designed studies or statistical quirks, and the dispute 
about the utility of PVP would be resolved. 

Although PVP is generally considered to be a safe 
procedure, rare but serious complications may occur. 
The most frequent is cement leak, which may lead to 
spinal cord injury and varying degrees of motor or 
sensory nerve dysfunction (33-35). Other serious com-
plications that have been reported include cement pul-
monary embolism (36,37) and osteomyelitis in a patient 
with established infection (38). Since the value of PVP in 
the management of OVCF is still not clear, conservative 
treatments are still warranted and are generally still em-
ployed before the decision to undertake PVP is made. 
Conservative treatments might be less expensive and 
have fewer and less serious associated complications.
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conclusion 
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