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Original Article

Risk of new vertebral compression fractures and serious adverse 
effects after vertebroplasty: a systematic, critical review and 
meta-analysis of randomized controlled trials
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Background: Osteoporotic vertebral fractures (OVFs) significantly impact morbidity, mortality, 
functionality, and quality of life. Vertebroplasty, a widely utilized treatment for OVFs, has its efficacy and 
safety debated due to varying outcomes reported across clinical trials and meta-analyses. This study aims to 
critically review and conduct a meta-analysis of randomized controlled trials (RCTs) focusing on the safety of 
vertebroplasty, specifically its association with serious adverse effects and the development of new vertebral 
fractures, while exploring potential confounders.
Methods: We conducted a systematic review and meta-analysis by searching PubMed, Web of Science, 
and EMBASE. The search was updated to February 23, 2024. We included published RCTs comparing 
vertebroplasty to conservative treatment (CT) or placebo/active control, focusing on new fractures and 
serious adverse effects. The primary outcomes were “incidence of new fractures” and “serious adverse 
effects”. We applied the Dersimonian-Laird method with a random effects model to estimate risk ratios (RRs) 
of the primary outcomes, using the I2 statistic to assess heterogeneity among studies. Sensitivity analyses 
were conducted when significant heterogeneity was detected. Subgroup analyses were performed based on 
the characteristics of the control groups, risk of bias based on The Cochrane Risk of Bias Tool 2, time from 
fracture onset, and multicentric versus single-center trials.
Results: In total, 14 RCTs encompassing 1,413 patients were analyzed. High and unclear risk of bias were 
observed in 15 and 25 items, respectively. No significant difference was observed in the incidence of new 
vertebral fractures between vertebroplasty and the control groups [RR =1.05, 95% confidence interval (CI): 
0.71–1.56; I2=55%; P<0.01]. However, vertebroplasty was associated with a significantly lower incidence 
of serious adverse effects (RR =0.53, 95% CI: 0.31–0.91; I2=0%; P=0.93). Subgroup analyses revealed no 
significant differences based on control types, risk of bias, or number of institutions involved. Notably, early 
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Introduction

Osteoporosis is the most prevalent metabolic disease 
worldwide (1). The main clinical consequence of this 
pathology is an increased risk of fragility fractures (2). 
Osteoporotic vertebral fractures (OVFs) are the most 
common type of osteoporotic fractures. Approximately 
20–25% of white men and women over the age of 50 years  
exhibit a prevalent vertebral fracture (3). Although not 
all OVFs are clinically significant, the majority entail 
substantial morbidity in terms of pain, functionality, and 
quality of life, as well as a significant increase in mortality (3).  
Their detection directly leads to the diagnosis of 
osteoporosis and the subsequent initiation of treatment, 
which should initially be conservative, encompassing 
physical measures and pharmacological management (4).

Vertebroplasty is a technique widely used in clinical 
practice for the treatment of OVFs. Despite its widespread 
use, there is controversy over its efficacy and safety, 
stemming from contradictory outcomes in different clinical 
trials and meta-analyses (5-7). Generally considered safe, 
this technique is not without potential complications and 
serious adverse effects, such as nerve root compression 
due to cement leakage (8) or pulmonary embolism (9).  
Moreover, it is crucial to consider serious adverse effects 
with a less direct association with the procedure, such 
as deep vein thrombosis (DVT) or infections (10). 
Another clinically relevant aspect related to the safety of 
vertebroplasty is the incidence of new fractures. There are 
significant controversies regarding the safety and efficacy 
of vertebroplasty in this context, as some studies (11)  
have found an increased risk of new OVFs following 
vertebroplasty, while findings from other studies did not 
support such risk (12).

Although various meta-analyses on the efficacy and 

safety of vertebroplasty exist, few have specifically addressed 
these variables. Most of these meta-analyses include 
retrospective clinical studies with potential methodological 
biases that may be influenced by various confounding 
factors, limiting their generalizability (13,14). On the other 
hand, meta-analyses based on randomized clinical trials 
(RCTs) show contradictions (6,15,16). Factors such as 
methodological quality, characteristics of the control group, 
or time from fracture onset to treatment initiation have 
been proposed as potential confounders that could explain 
such discrepancies. In addition, other variables such as the 
number of institutions participating in the trials have not 
been explored in this setting. The recent publication of 
the VERTOS V clinical trial (17) could contribute to the 
quantitative synthesis of the available evidence to establish 
the efficacy and safety of vertebroplasty.

The aim of this work is to conduct a critical review and 
meta-analysis of the available evidence based on RCTs 
regarding the safety of vertebroplasty in terms of serious 
adverse effects and the development of metachronous 
vertebral fractures, exploring potential confounders and 
their significance in this scenario. We present this article 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-396/rc).

Methods

Eligibility criteria

The design of the meta-analysis and the selection 
criteria were based on the PICO search strategy. The 
population was formed by patients with OVF susceptible 
of vertebroplasty or conservative treatment (CT); the 

vertebroplasty (within 6 weeks of symptom onset) showed a protective effect against new vertebral fractures 
(RR =0.60, 95% CI: 0.38–0.92; I2=0%; P=0.53). The sensitivity analysis showed that one study influenced the 
observed heterogeneity but did not significantly modify the pooled estimate.
Conclusions: Vertebroplasty is not associated with an increased risk of developing new vertebral fractures 
and may reduce the risk of serious adverse effects compared to placebo or CT. Early intervention post-
fracture appears beneficial. However, the limited number and quality of RCTs call for further high-quality 
studies.
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intervention was vertebroplasty; the comparators were CT 
or placebo/active control; and the primary outcomes were 
incidence of new fractures and serious adverse effects. The 
PRISMA (18) guidelines were followed in the design and 
writing of the study.

Accordingly, the inclusion criteria were the following: 
published RCTs on vertebroplasty versus CT or placebo/
active control for OVFs which included quantitative results 
on at least one of the primary outcomes on both arms. The 
exclusion criteria were studies with non-OVFs, editorials, 
letters, abstracts, or conference proceedings.

Information sources and search strategy

Two authors (A.J.L.R.B. and P.M.J.G.) searched the 
PubMed, Web of Science, and EMBASE databases. 
Different search strategies were carried out and a 
final consistent equation was constructed as follows: 
“Vertebroplasty AND osteopor* AND (“conservative 
treatment” OR “placebo”) (Appendices 1-3). To increase the 
sensitivity of the search, references of all fully-read articles 
were also examined. No date or language restrictions were 
established. The search was updated to February 23, 2024.

All titles and abstracts of interest were screened and those 
which did not meet the eligibility criteria were excluded. 
Subsequently, the screened studies were fully read to assess 
whether they met all eligibility criteria. Figure 1 shows the 
flow diagram of the study.

Measured variables

The primary outcomes were the following:
(I)	 Development of new vertebral fractures on follow-

up. The total number of adjacent or remote 
vertebral fractures reported in each RCT was 
obtained.

(II)	 Serious adverse effects on follow-up. These were 
defined as any event reported as such by the study 
authors or requiring medical hospitalization. 
Of note, complications not requiring additional 
measures such as non-symptomatic cement leaks 
were excluded.

Subgroup analyses

When significant heterogeneity (I2>40%) was present, we 
performed subgroup analyses for the following variables:

(I)	 Type of comparator used in the control group 

(placebo/active control vs. CT).
(II)	 Risk of bias according to the Risk of Bias Tool  

v. 2 (19) (see below). Studies were dichotomized 
into low vs. unclear/high-risk of bias. To be 
classified in the latter category, at least two items 
had to be classified as high-risk of bias, or at least 3 
as unclear risk of bias items.

(III)	 Time from fracture onset to intervention. Studies 
were dichotomized into trials with OVFs ≤6 and 
>6 weeks before treatment initiation. This cut-off 
was chosen based on previous studies which found 
different outcomes between PVP and control 
groups for this time point (see discussion) (6).

(IV)	 Number of institutions involved in the RCT (single 
vs. multicentric).

Data extraction

Two authors (A.J.L.R.B. and P.M.J.G.) independently 
extracted the data from the selected articles and the 
senior author (F.R.S.) reviewed the data and solved any 
discrepancies. If there were several publications on the same 
RCT that met these criteria, those with data covering the 
longest follow-up period were selected. All data were stored 
using a spreadsheet designed for such purpose.

Risk of bias and publication bias

The Cochrane Risk of Bias Tool v. 2 (ROB2) (19) was used 
to systematically assess the existence of potential biases. 
For each RCT, two authors (L.B.C. and B.M.C.) classified 
the risk of bias as low, intermediate, or high. In case of 
discrepancy, the senior author (F.R.S.) was consulted to 
reach consensus. The publication bias was analyzed by 
means of funnel plots and Egger’s test.

Statistical analysis

We applied the Dersimonian-Laird method with a random 
effects model to estimate risk ratios (RRs) for the primary 
outcomes due to the anticipated heterogeneity among 
studies and to ensure a robust estimation of the overall 
effect size. We applied the I2 statistic to assess heterogeneity 
among studies  with non-relevant,  moderate,  and 
considerable cut-off values set at I2<40%, 40%≤I2≤75%, and 
I2>75%, respectively (20). Sensitivity analyses were carried 
out in the cases of significant heterogeneity (I2>40%) by 
consecutive elimination of each study in order to estimate 

https://cdn.amegroups.cn/static/public/QIMS-24-396-Supplementary.pdf
https://link.springer.com/article/10.1007/s00330-021-08018-1#Fig1
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its contribution to the pooled estimates. To visually display 
the results, forest plots were generated, showing the effect 
sizes and 95% confidence intervals (CIs) for individual 
studies as well as the overall pooled estimate.

Two-tailed tests were performed with significant values 
set at P<0.05. All statistical analyses were carried out with 
software R (version 4.3.2 for Windows) (21) using the ‘meta’ 
package (22).

Results

Baseline characteristics of patients

A total of 14 RCTs were included in the meta-analysis 
(11,12,17,23-33). These RCTs encompassed data from  
1,413 patients, of which 711 were in the vertebroplasty 
group and 702 in the control group (312 and 390 in the 

placebo/active control and CT groups, respectively). The 
RCT with a lowest sample size included 40 patients (27) and 
the largest one included 202 patients (24). Of the 14 RCTs, 
8 compared vertebroplasty versus CT (24-30,33) and 6 
compared vertebroplasty versus placebo (11,12,17,23,31,32). 
Table 1  summarizes the baseline characteristics of 
participants in each study.

Incidence of new vertebral fractures

A total of 13 RCTs reported outcomes on the incidence 
of new vertebral fractures on follow-up, including 595 
patients in the experimental group and 579 patients in the 
control group. No significant between-group differences 
were observed (RR, 1.05; 95% CI: 0.71–1.56) and the 
heterogeneity was moderate (I2=55%; P<0.01). Figure 2 
shows the forest plot of this analysis.

Figure 1 Flow diagram of the meta-analysis. RCT, randomized control trial; OVF, osteoporotic vertebral fracture.
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Serious adverse effects

A total of 6 RCTs reported outcomes on serious adverse 
effects on follow-up, including 305 patients in the 
experimental group and 295 patients in the control group. 

Significant between-group differences were observed 

favoring the vertebroplasty group (RR, 0.53; 95% CI: 

0.31–0.91) and the heterogeneity was null (I2=0%; P=0.93). 

Figure 3 shows the forest plot of this analysis.

Table 1 Baseline characteristics of patients in each study included in the meta-analysis

Authors (year) Group N Age (years)* M/F ratio OVF duration** F-U
New fractures, 

N (%)
Adverse  

effects, N (%)

Blasco et al. (2012) (26) VP 64 71.3 (10.0) 17/47 140.3 (96.1) 12 29 (45.3) –

CT 61 75.3 (8.5) 11/50 143.1 (130.3) 12 8 (13.1) –

Buchbinder et al.  
(2009) (11)

VP 38 74.2 (14) 7/31 9 W (IQR, 3.8–13) 24 17 (44.7) 2 (5.3)

Placebo 40 78.9 (9.5) 9/31 9.5 W (IQR, 3–17) 24 10 (25) 2 (5.0)

Carli et al. (2023) (17) VP 40 69 (10.0) 13/27 >3 mo 1 7 (17.5) 0 (0)

Placebo 40 71 (10.0) 13/27 >3 mo 1 6 (15.0) 1 (2.5)

Chen et al. (2010) (27) VP 18 77.5 (0.8) 4/14 <6 W 3 1 (5.6) –

CT 22 76.3 (0.5) 6/16 <6 W 3 0 (0) –

Chen et al. (2014) (28) VP 46 64.6 (9.1) 14/32 7.1 (3.0) 12 4 (8.7) –

CT 47 66.5 (9.1) 13/30 6.8 (2.5) 12 7 (14.9) –

Chen et al. (2015) (33) VP 42 67 (8.4) 18/24 – 34.7 4 (9.5) 4 (9.5)

CT 42 66.1 (8.7) 19/23 – 34.7 3 (7.1) 8 (17.0)

Clark et al. (2016) (31) VP 61 80 (7.0) 13/48 2.8 W (1.6) 6 3 (4.9) 2

Placebo 59 81 (7.0) 19/40 2.4 W (1.4) 6 7 (11.9) 2

Farrokhi et al. (2011) (30) VP 40 72 (59–90) 10/30 27 W (4–50) 36 1 (2.5) –

CT 42 74 (55–87) 12/30 30 W (6–54) 36 6 (14.3) –

Firanescu et al. (2018) (12) VP 90 74.7 (10.7) 23/67 43 (29–52) 12 31 (34.4) –

Placebo 86 76.9 (8.1) 20/66 36 (24–51) 12 28 (3.3) –

Hansen et al. (2016) (32) VP 22 70.6 (54–90) 4/18 74.7 (4.6) 12 4 (18.2) –

Placebo 24 69.3 (53–84) 2/22 76.1 (4.4) 12 5 (20.8) –

Kallmes et al. (2009) (23) VP 68 73.4 (9.4) 15/53 16 W (IQR, 10–36) 1 – 1 (1.5)

Placebo 63 74.3 (9.6) 17/46 20 W (IQR, 8–38) 1 – 1 (1.6)

Klazen et al. (2010) (24) VP 101 75.2 (9.8) 31/70 29.3 (17.1) 12 18 (17.8) –

CT 101 75.4 (8.4) 31/70 26.8 (16.0) 12 30 (29.7) –

Rousing et al. (2009) (25) VP 25 80 (65–96) 6/19 8.4 (3.7–13) 12 3 (12.0) –

CT 24 80 (71–93) 3/21 6.7 (2.1–11.4) 12 1 (4.2) –

Yang et al. (2016) (29) VP 56 77.1 (6.0) 20/36 5.5 (3.9) 12 5 (8.9) 9 (16.1)

CT 51 76.2 (5.6) 18/33 5.6 (3.8) 12 4 (7.8) 18 (35.3)

*, data are expressed as mean (standard deviation) or as mean (range), as provided in the original study; **, in days if not otherwise 
specified (i.e., weeks or months). M, male; F, female; OVF, osteoporotic vertebral fracture; F-U, maximum length of follow-up in months; 
VP, vertebroplasty; CT, conservative treatment; W, weeks; IQR, interquartile range; mo, months. 
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Figure 2 Forest plot for the comparison of the risk of new incident vertebral fractures following vertebroplasty versus placebo/active control 
or conservative treatment. RR, relative risk; CI, confidence interval.

Figure 3 Forest plot for the comparison of the risk of serious adverse effects following vertebroplasty versus placebo/active control or 
conservative treatment. RR, relative risk; CI, confidence interval.

Subgroup analyses

Subgroup analyses were conducted for the primary outcome 
“incidence of new vertebral fractures”, but not for the 
other primary outcome due to the low number of RCTs 
(n=6). Forest plot analysis for each subgroup revealed the 
following results:

(I)	 Subgroup analysis based on the characteristics of 
the control group (CT vs. placebo/active control, 
Figure 4): 
(i)	 Vertebroplasty versus CT: eight RCTs with 

379 patients in the experimental group and 
366 patients in the control group reported 
outcomes for this comparator. The results 

showed no  s igni f i cant  between-group 
differences (RR, 1.07; 95% CI: 0.50–2.31) 
and the heterogeneity was moderate (I2=69%; 
P<0.01).

(ii)	 Vertebroplasty versus placebo: five RCTs with 
216 patients in the experimental group and 
213 patients in the control group reported 
outcomes in  for  this  comparator.  The 
results showed no significant between-group 
differences (RR, 1.13; 95% CI: 0.85–1.50) 
and the heterogeneity was not statistically 
significant (I2=0%; P=0.90).

(II)	 Subgroup analysis based on the risk of bias of each 
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RCT (unclear-high risk vs. low-risk, Figure 5): 
(i)	 Unclear-high risk of bias: six RCTs with  

250 patients in the experimental group and  
242 patients in the control group were classified 
in this category and reported outcomes for 
this variable. The results showed no significant 
between-group differences (RR, 1.61; 95% 
CI: 0.78–3.34) and the heterogeneity was not 
statistically significant, although with a trend 
toward significance (I2=42%; P=0.13).

(ii)	 Low risk of bias: seven RCTs with 345 patients 
in the experimental group and 337 patients 
in the control group were classified in this 
category and reported outcomes for this 
variable. The results showed no significant 
between-group differences (RR, 0.86; 95% CI: 
0.57–1.30) and the heterogeneity was moderate 
with a trend toward significance (I2=51%; 
P=0.06).

(III)	 Subgroup analysis based on the time from fracture 
onset (>6 vs. ≤6 weeks, Figure 6): 
(i)	 Delayed intervention (>6 weeks): ten RCTs 

with 407 patients in the experimental group 
and 400 patients in the control group were 
classified in this category. The results showed 
no significant between-group differences (RR, 
1.28; 95% CI: 0.84–1.93) and the heterogeneity 
was not statistically significant, although with a 
trend toward significance (I2=44%; P=0.07).

(ii)	 Early intervention (≤6 weeks): three RCTs with 
188 patients in the experimental group and  
179 patients in the control group were 
classified in this category. The results showed 
significant between-group differences favoring 
the experimental group (RR, 0.60; 95% CI: 
0.38–0.92) and the heterogeneity was not 
statistically significant (I2=0%; P=0.53).

(IV)	 Subgroup analysis based on the number of 
institutions involved (single vs. multicentric, Figure 7):
(i)	 Single-center studies :  nine RCTs with  

350 patients in the experimental group and  
345 patients in the control group were 
classified in this category. The results showed 
no significant between-group differences (RR, 

Figure 4 Subgroup analysis. Forest plot for the comparison of the risk of new incident vertebral fractures according to the characteristics of 
the control group (placebo/active control vs. conservative treatment). RR, relative risk; CI, confidence interval.
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Figure 5 Subgroup analysis. Forest plot for the comparison of the risk of new incident vertebral fractures according to the risk of bias of 
each RCT (unclear/high risk of bias vs. low risk of bias). RR, relative risk; CI, confidence interval; RCT, randomized controlled trial.

Figure 6 Subgroup analysis. Forest plot for the comparison of the risk of new incident vertebral fractures according to the time from 
fracture onset to treatment administration (>6 vs. ≤6 weeks). RR, relative risk; CI, confidence interval.
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1.23; 95% CI: 0.67–2.23) and the heterogeneity 
was not statistically significant, although with a 
trend toward significance (I2=45%; P=0.07).

(ii)	 Mul t icentr ic  s tud ies :  four  RCTs wi th  
595 patients in the experimental group 
and 579 patients in the control group were 
classified in this category. The results showed 
significant between-group differences favoring 
the experimental group (RR, 0.88; 95% CI: 
0.53–1.46) and the heterogeneity was moderate 
(I2=67%; P=0.03).

Risk of bias and publication bias

High risk of bias was judged in different trials, specifically 
performance bias (n=6), detection bias (n=6), attrition bias 
(n=2), and other bias (n=1). In addition, several RCTs were 
judged to have an unclear risk of bias due to insufficient 
information on obtaining the sequence of randomization 
(n=2), allocation concealment (n=5), performance bias (n=1), 
attrition (n=7), reporting bias (n=9), or other bias (n=1). The 
remainder were judged to have low risk of bias. Figure 8  

summarizes the assessment of the risk of bias in the RCTs 
included in the meta-analysis.

Regarding publication bias, the shape of the funnel plot 
for the studies involved in the primary outcome ‘‘incidence 
of new fractures” indicated no significant biases (Figure 9),  
which was supported by the results of the Egger’s test 
(t=0.14; P=0.898). No publication bias analysis was 
performed for the primary outcome ‘adverse effects’ due to 
the low number of studies involved.

Sensitivity analyses

The sensitivity analysis for the primary outcome ‘incidence 
of new fractures’ showed that subtraction of the results 
of the study by Blasco et al. (2012) led to significantly 
decreased heterogeneity in the short-term (I2 decreased 
from 54% to 26.1%), but no significant change in the 
pooled estimate was observed (RR, 0.919; 95% CI: 
0.672–1.257). The rest of studies showed no significant 
modifications in I2 values. No significant changes in the 
sensitivity analysis were observed for primary outcome 
“adverse effects” (I2=0%) (Appendix 4).

Figure 7 Subgroup analysis. Forest plot for the comparison of the risk of new incident vertebral fractures according to the number of 
institutions involved (single-center vs. multicentric). RR, relative risk; CI, confidence interval.
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Discussion

Our meta-analysis included 14 studies encompassing over 
1,400 patients, being the largest meta-analysis of RCTs on 
the safety of vertebroplasty to date. We found no statistically 

significant differences in the development of new incident 
OVFs between vertebroplasty and CT or placebo (13 RCTs,  
1,179 patients). In addition, early (<6 weeks) vertebroplasty 
was shown to be associated with a lower risk of developing 
new incident OVFs. Other potential confounders (i.e., 
control group, risk of bias, number of institutions 
participating in the study) did not significantly modify this 
outcome. Moreover, a significantly lower risk of serious 
adverse effects was observed in vertebroplasty compared 
to CT/placebo. However, the limited number of studies 
(6 RCTs with 600 patients) precluded subgroup analyses 
for this outcome. Finally, we found a moderate-to-low 
quality of most RCTs, and no signs of publication bias were 
identified. 

Previous studies have reported discordant results 
r egard ing  the  inc idence  o f  new f r ac ture s  a f t e r 
vertebroplasty. The RCTs by Buchbinder et al. (11) and 
Farrokhi et al. (30) found that vertebroplasty is a risk 

Figure 8 Risk of bias of the studies included in the meta-analysis.

Figure 9 Funnel plot of the studies reporting data on the primary 
outcome “incidence of new vertebral fractures”.

0.0

0.5

1.0

1.5

S
ta

nd
ar

d 
er

ro
r

0.05	 0.10	 0.20	 0.05	 1.00	 2.00	 5.00	 10.00	 20.00
Risk ratio

0%	 25%	 50%	 75%	 100%

Low risk of bias	 Unclear risk of bias	 High risk of bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): all outcomes

Blinding of outcome assessment (detection bias): all outcomes

Incomplete outcome data (attrition bias): all outcomes

Selective reporting (reporting bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): all outcomes

Blinding of outcome assessment (detection bias): all outcomes

Incomplete outcome data (attrition bias): all outcomes

Selective reporting (reporting bias)

Other bias

B
lasco et al. (2012)

B
uchbinder et al. (2009)

C
arli et al. (2023)

C
hen et al. (2010)

C
hen et al. (2014)

C
hen et al. (2015)

C
lark et al. (2016)

Farrokhi et al. (2011)

Firanescu et al. (2018)

H
ansen et al. (2016)

K
allm

es et al. (2009)

K
lazen et al. (2016)

R
ousing et al. (2009)

Yang et al. (2016)



Láinez Ramos-Bossini et al. Vertebroplasty in osteoporotic fractures: a meta-analysis7858

© AME Publishing Company.   Quant Imaging Med Surg 2024;14(11):7848-7861 | https://dx.doi.org/10.21037/qims-24-396

factor for this outcome, which was supported by a recent 
meta-analysis by Qiu et al. (34). However, other meta-
analyses have found that vertebroplasty is not associated 
with an increased risk for new OVFs. For instance, the 
Cochrane meta-analysis by Buchbinder et al. (15) found 
that, although a slightly higher number of new incident 
OVFs were observed in patients treated with vertebroplasty, 
this difference was not statistically significant. This is in 
agreement with other studies, including several RCTs 
and meta-analyses (12,29,35-37). Our results showed that 
vertebroplasty is not associated with a higher risk of new 
incident vertebral fractures, and a potential confounder 
explaining discrepancies in previous results might lie in the 
time interval between fracture onset and treatment. 

Regarding the development of adverse effects, previous 
meta-analyses have analyzed complications such as 
cement leaks (13). However, in most cases cement leaks 
are asymptomatic (38), thus our meta-analysis focused 
on serious adverse effects, which may affect the quality 
of life and increase mortality risk. The meta-analysis by 
Buchbinder et al. (15) found a lower number of serious 
adverse effects in patients treated with vertebroplasty 
compared to placebo/CT, but these differences did not 
reach statistical significance. On the basis of this conclusion, 
the Second ASBMR Task Force Report concluded that 
there is limited evidence to determine the risk of serious 
adverse effects (39). Conversely, our results clearly suggest 
that vertebroplasty is associated with a lower number of 
serious adverse effects compared to placebo or CT. We 
hypothesize that this may be explained by a faster patient 
recovery (i.e., lower pain and improved functionality). This 
leads to decreased hospitalization time and its associated 
morbidity, as well as faster patient mobilization, reducing 
complications such as DVT. One drawback of our findings 
is the low number of serious adverse effects reported across 
RCTs and the laxity to consider them as serious or not.

In relation to subgroup analyses, we found no significant 
differences in the incidence of new OVFs according to the 
type of control group (placebo vs. CT), risk of bias (unclear/
high risk vs. low risk) or number of institutions involved 
(single vs. multicentric) (7). Interestingly, we found that 
the subgroup analysis based on the time from fracture 
onset revealed that when vertebroplasty was performed 
in the first 6 weeks, the experimental group showed a 
significantly lower risk of developing new vertebral fractures 
compared to placebo or CT. This finding suggests a time-
dependent protective effect. Notably, early treatment 
with vertebroplasty has also been associated with better 

outcomes in terms of pain, functionality and quality of 
life (7,40,41), which reinforces the importance of patient 
selection according to fracture evolution. We hypothesize 
that vertebroplasty contributes to faster healing and fixing 
the fracture site, improving segmental stability and thus 
decreasing the risk of metachronous fractures, especially in 
adjacent levels. 

Notably, there is no consensus on the cut-off point 
to define an ‘early’ OVF for treatment administration in 
the current literature. The VAPOUR trial used a 6-week 
cut-off to recruit patients for early vertebroplasty. This 
decision was grounded on clinical observations from early 
case series and on the histological changes proven in 
vertebral bone biopsies harvested from patients at the time 
of vertebroplasty (42). Similarly, the VERTOS 2 trial (24)  
and the RCT by Yang et al. (29) showed clear efficacy 
benefits favoring vertebroplasty performed before 6 weeks. 
Previous meta-analyses have also found differential benefits 
of vertebroplasty in terms of efficacy using this cut-off (6).  
Overall, this seemed sufficient rationale to establish this 
cut-off point in our meta-analysis. However, there are 
discrepancies with other RCTs and reviews. For instance, 
the cut-off to consider an OVF as ‘chronic’ in VERTOS 
V was 3 months, while subgroup analyses of the VAPOUR 
trial showed that improved benefits in efficacy could be 
obtained in patients treated before 3 weeks (43). Future 
studies should further investigate this issue to set the 
optimal moment for vertebroplasty treatment.

The main strengths of this meta-analysis are the specific 
inclusion of RCTs, which reduces potential biases compared 
to other trial modalities and study designs, providing 
reliable evidence, and the number of trials analyzed, which 
makes up the largest meta-analysis of RCTs comparing 
the incidence of vertebral fractures and serious adverse 
effects in vertebroplasty versus CT or placebo. Among the 
limitations of the study, it is worth noting the low number 
of studies evaluating the outcome “serious adverse effects” 
and the lack of homogeneity regarding its definition among 
RCTs, the need for establishing an optimal cut-off to define 
‘early’ OVFs, the significant heterogeneity for the outcome 
“incidence of new fractures”, and the moderate-to-low 
quality evidence of several of the included RCTs. Finally, 
the role of potential confounders such as the type of OVF 
or the degree of vertebral collapse (44) was not addressed 
and should be explored in future RCTs and meta-analyses.

Conclusions

This meta-analysis found that vertebroplasty is not 
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associated with a higher risk of developing new vertebral 
fractures and is a protective factor against serious adverse 
effects compared to placebo or CT. In addition, the 
application of vertebroplasty during the first 6 weeks after 
symptoms onset is associated with a lower risk of developing 
new vertebral fractures, which reinforces the importance 
of early treatment application. However, there are some 
limitations regarding the number and quality of RCTs that 
need to be overcome in future studies.
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