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ABSTRACT
AIM: To compare the incidences of cement leakage between unilateral and bilateral percutaneous vertebral augmentation (PVA) in
the treatment of osteoporosis vertebral compression fractures, a meta-analysis was performed.
MATERIAL and METHODS: Pertinent studies were identified by a search of the PubMed, Embase, and Web of Science databases
up to December 2020. The risk ratio (RR) or weighted mean difference (WMD) was applied to combine the results, and a randomeffects or a fixed-effects model was used to pool the results depending on the heterogeneity among studies. Publication bias was
estimated using Egger’s regression asymmetry test.
RESULTS: A total of 16 trials (including 9 RCTs and 7 cohort studies) met the inclusion criteria and were included in this metaanalysis. The incidences of cement leakage were similar between the bilateral PVA and unilateral PVA groups (RR=0.80, 95%CI:
0.57, 1.11; p=0.182) but unilateral PVA required less cement volume (WMD=−1.34 ml, 95%CI: −1.87, −0.81; p<0.001). Subgroup
analysis revealed that the incidence of cement leakage was significantly lower in the unilateral PKP group than in the bilateral PKP
group (RR=0.65, 95%CI: 0.44, 0.97; p=0.034).
CONCLUSION: The incidences of cement leakage were similar between unilateral and bilateral PVA, but unilateral PVA required less
cement. More large-scale studies are needed to verify our findings.
KEYWORDS: Percutaneous vertebral augmentation, Cement leakage, Meta-analysis, Vertebral compression fractures
ABBREVIATIONS: PVA: Percutaneous vertebral augmentation, OVCFs: Osteoporosis vertebral compression fractures, RR: Risk
ratio, WMD: Weighted mean difference, PVP: percutaneous vertebroplasty, PKP: Percutaneous kyphoplasty
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INTRODUCTION

O

steoporosis is a systemic disorder characterized by
low bone mass, altered bone microarchitecture, and
an increased risk of fragility fracture (4). Osteoporosis
vertebral compression fractures (OVCFs) are the most
common fragility fractures associated with the disorder and
affect 25% of postmenopausal women and >200 million
individuals worldwide (23). Substantial pain and deformity can
result from OVCFs and lead to disabilities and poor quality of
life (29).
Current conservative treatments of OVCFs include analgesics,
external braces, and physical therapy, but some patients
experience severe pain after treatment and may show
progressive collapse of the vertebral body and kyphosis with
or without neurological deficit (12,30). Percutaneous vertebral
augmentation (PVA) methods have been developed to treat
OVCF patients and provide better pain relief, functional
recovery, and health-related quality of life than provided by
conservative or sham treatments (2,27). Moreover, compared
with non-surgical treatment, PVA can reduce the risk of
mortality in Medicare beneficiaries (18,19).
Among the PVA methods, percutaneous vertebroplasty (PVP)
and percutaneous kyphoplasty (PKP) are the most commonly
used modalities for the treatment of OVCFs. Although PVA is
effective for pain relief, it is also associated with complications,
including cement leakage, soft-tissue damage, and nerve
injury (26,34). Cement leakage during the high-pressure
injection is one of the most common complications of PVA.
In the standard technique for PVA, a bilateral approach is
traditionally used (21,33). Subsequently, a unilateral approach
associated with lower operating and radiation exposure times
as well as a reduced risk of cement leakage and complications
has been advocated (8). Several studies have compared the
difference in cement leakage between unilateral and bilateral
PVA, but the results have been inconclusive. Therefore, the
study aim was to conduct a meta-analysis to determine the
differences in cement leakage and cement dosage between
unilateral and bilateral PVA.

█

MATERIAL AND METHODS

Literature Search
The meta-analysis of current relevant literature was performed
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (32). A
comprehensive systematic search of several major electronic databases (e.g., PubMed, Embase, and Web of Science)
was conducted before December 2020 and used the following search terms: osteoporotic vertebral compression fractures, OVCFs, vertebral compression fracture, percutaneous
vertebroplasty, PVP, percutaneous kyphoplasty, PKP, cement
leakage, cement extravasation, unilateral, unipedicular, bilateral, and bipedicular. There was no restriction of language or
publication status. Additional relevant articles were obtained
by searching the reference lists of the included articles, and
the corresponding author was contacted when the necessary
data was not reported. This meta-analysis included previous-
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ly published studies, and no human subjects were involved;
therefore, no ethics approval was required.
Inclusion Criteria and Study Selection
The inclusion criteria were as follows: 1) study design:
randomized controlled trials (RCTs), cohort, case-control, or
comparative studies; 2) population: patients diagnosed with
OVCFs; 3) intervention: unilateral PVA; 4) control: bilateral
PVA; 5) outcomes: cement leakage or cement volume.
Data Extraction
Two independent investigators used a standard tool to extract
the following data from each study: first author’s name, year of
publication, country, study design, operative methods, number
of study patients, baseline patient characteristics (age, sex,
race, and number of vertebrae), and outcomes (incidence of
cement leakage and cement volume). Disagreements between
the investigators were resolved by discussion or decided by a
third investigator when necessary.
Quality Assessment of the Included Studies
The method recommended by the Cochrane Collaboration
was used to evaluate the risk of bias in each RCT (22) and
consisted of the following items: random-sequence generation, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, allocation concealment, selective reporting, and other bias (22). An RCT was
considered to be at low risk of bias if all of these key domains
were met and considered to be at a high risk of bias if one or
more of these key domains were not met; if one or more were
unclear, the RCT was classified as having an unclear risk of
bias.
The modified Newcastle–Ottawa Scale (NOS) was used
to assess the quality of non-RCTs (46). To evaluate study
quality, this method comprises three items: patient selection,
comparability of the kidney stone group and control group,
and outcome assessment (46). The studies were scored from
0 to 9 points, and any study with a total of >5 points was
considered to be of high quality (46).
Statistical Analysis
STATA software version 12.0 (Stata Corporation, College
Station, TX, USA) was used to perform the meta-analysis.
Before the data were synthesized, the Q chi-square test (16)
was used to assess the heterogeneity of the studies, with
significant heterogeneity indicated by a P-value of <0.10. A
random-effects model (DerSimonian–Laird method) (17) was
used in the case of significant heterogeneity, otherwise, a
fixed-effects model (Mantel–Haenszel method) (31) was used.
The pooled estimates from all studies and high-quality articles
were calculated and compared to investigate the potential
bias introduced by the heterogeneous quality of the included
studies. If there was a significant difference in the estimates,
outputs derived from the high-quality articles were presented.
A subgroup analysis based on the study design and procedure
was also performed.
The incidence of cement leakage was expressed as a risk
ratio (RR) with 95% confidence intervals (95% CI), and cement
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volume was calculated by the weighted mean difference
(WMD) with 95% CI. The assessment of publication bias was
evaluated using the Egger (20) and Begger (6) tests. p-values
of <0.05 were considered to be indicative of statistical
significance except where otherwise specified.
█

RESULTS

Identification of Eligible Studies
The study selection flow diagram is shown in Figure 1.
The initial search yielded 786 publications, of which 418
duplicates were excluded. After the title/abstract review, 346
were excluded leaving 22 for full-text information review, of
which 6 were excluded because 3 were single-arm trials and 3
did not provide the outcome of our interest. Finally, 16 studies
(9-11,13,15,38,42-45,47-49,51,53,54) were included in this
meta-analysis.
Characteristics of Eligible Studies
The main characteristics of the included studies published
between 2008 and 2020 are presented in Table I. Most studies

were conducted in China (9,10,13,42,44,45,47-49,51,53,54)
except for one in the USA (38) and one in South Korea (15). Of
the 16 studies, 7 were a cohort design (11,15,42,43,45,47,54),
and the other 9 were RCTs (9,10,13,38,44,48,49,51,53). The
total number of included patients was 1568 (range: 39–309),
of which 763 underwent unilateral PVA and 805 underwent
bilateral PVA. The clinical characteristics were well balanced
for sex, age, fracture location, preoperative Oswestry Disability
Index, and visual analog scale. Six of the included studies
used PVP as the surgical method (9,44,47,51,53,54), and the
other 10 used PKP (10,11,13,15,38,42,43,45,48,49,53).
Quality Assessment
The seven cohort studies were of high quality (Table I) and
the details of the bias risk for the nine RCTs are summarized
in Figure 2. Among these studies, only one was regarded as
having a low risk of bias (44), two had a high risk of bias (13,53),
and six had an unclear risk of bias (9,10,38,48,49,51). The two
RCTs had a high risk of bias because they did not report the
cement volume. All of the studies claimed randomization, but
only four trials reported the methods for random-sequence
generation or allocation concealment (9,10,44,51); one trial

Figure 1: Eligibility of studies for inclusion in metaanalysis.
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Table I: Baseline Characteristics of Patients in the Trials Included in the Meta-Analysis

Study
Zhang et al. 2015 (51)
Zhong et al. 2019 (54)
Chen et al. 2014 (9)
Chen et al. 2011 (13)
Wan et al. 2020 (42)
Rebolledo et al. 2013 (38)
Wang et al. 2012 (43)
Wang et al. 2019 (44)
Chen et al. 2010 (10)
Yan et al. 2014 (49)
Yan et al. 2016 (48)
Zhang et al. 2015 (53)
Xu et al. 2018 (47)
Chung et al. 2008 (15)
Wang et al. 2015 (43)
Chen et al. 2011 (11)

Country

Study
design

Treatment
regimen

No. of
patients

Male/
Female

Age
(mean ±SD, y)

NOS
score

China

RCT

Unilateral PVP

24

5/19

71.7 ± 7.5

NA

Bilateral PVP

28

8/18

72.1 ± 6.0

Unilateral PVP

29

3/26

70.7 ± 7.5

Bilateral PVP

75

12/63

73.8 ± 8.2

Unilateral PVP

20

NR

69.43 ± 6.25

Bilateral PVP

19

NR

68.66 ± 8.76

Unilateral PKP

24

4/20

70.4 (52-91)

Bilateral PKP

25

4/21

72.4 (54-87)

Unilateral PKP

70

28/42

70.25 ± 7.10

Bilateral PKP

68

22/46

69.82 ± 8.20

Unilateral PKP

23

4/19

78.7 ± 7.8

Bilateral PKP

21

2/19

79.3 ± 6.5

Unilateral PKP

31

13/18

68.3 (59-78)

Bilateral PKP

31

17/14

69.2 (62-79)

Unilateral PVP

151

36/115

68.5 ± 5.23

Bilateral PVP

140

31/119

69.4 ± 4.35

Unilateral PKP

33

0/33

67.73 ± 7.05

Bilateral PKP

25

0/25

68.52 ± 7.26

Unilateral PKP

158

46/112

71.9 ± 4.2

Bilateral PKP

151

43/108

71.1 ± 3.7

Unilateral PKP

55

NR

68.8 (55-74)

Bilateral PKP

53

NR

68.8 (55-74)

Unilateral PVP

36

0/36

70.0 ± 2.9

Bilateral PVP

32

0/32

70.7 ± 2.5

Unilateral PVP

30

9/21

73.9 ± 10.2

Bilateral PVP

46

6/20

76.4 ± 10.8

Unilateral PKP

24

2/22

66.8 (57-80)

Bilateral PKP

28

1/27

68.9 (57-83)

Unilateral PKP

28

11/17

68 ± 7.7

Bilateral PKP

40

16/24

69.6 ± 9.4

Unilateral PKP

27

0/27

68.37 ± 7.64

Bilateral PKP

23

0/23

69.43 ± 6.22

China
China
China
China
USA
China
China
China
China
China
China
China
South Korea
China
China

Cohort
RCT
RCT
Cohort
RCT
Cohort
RCT
RCT
RCT
RCT
RCT
Cohort
Cohort
Cohort
Cohort

6
NA
NA
7
NA
7
NA
NA
NA
NA
NA
7
6
7
6

SD: Standard deviation, PVP: Percutaneous vertebroplasty; percutaneous kyphoplasty, RCT: Randomized controlled trial, NA: Not available.
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PVP, the incidences of cement leakage were similar between
the unilateral approach and bilateral approach (RR=0.91, 95%
CI: 0.55, 1.52; p=0.719) (Figure 3). Furthermore, the subgroup
analysis based on study design showed that patients treated
with unilateral PVA had a comparable incidence of cement
leakage for both RCT (RR=0.72, 95% CI: 0.48, 1.09; p=0.123)
and cohort studies (RR=1.04, 95% CI: 0.53, 2.04; p=0.903)
(Figure 4).
Cement dosage
Twelve studies reported cement dosage data. The cement
volumes in the unilateral and bilateral PVA groups were 4.3
± 1.12 ml and 5.65 ± 1.38 ml, respectively. Pooled estimates
demonstrated that the cement dosage was significantly lower
in the unilateral PVA group than in the bilateral PVA group
(WMD = −1.34 ml, 95%CI: −1.87, −0.81; p<0.001) (Figure
5). The subgroup analyses based on surgical type and study
design (Figure 5) also indicated that the unilateral approach
significantly reduced the cement dosage relative to that for
the bilateral approach in both PVP (WMD = −0.86 ml, 95%CI:
−1.53, −0.19; p=0.012) and PKP (WMD = −1.83 ml, 95%CI:
−2.49, −1.17; p<0.001), as well as in both RCT (WMD = −1.59
ml, 95%CI: −2.44, −0.74; p<0.001) and cohort studies (WMD
= −1.15 ml, 95%CI: −1.89, −0.40; p=0.003).
Sensitivity Analysis
The included studies were heterogeneous; therefore, a
random-effects model was used to summarize the data, and
the pooled estimates from all of the high-quality articles were
calculated and compared. The pooled RRs of cement leakage
were not significantly different between the studies (RR=0.97,
95% CI: 0.72, 1.30; p=0.821), which confirmed the robustness
of the analysis.
Publication bias
The Egger’s and Begg’s tests were used to assess publication
bias and showed that there was no publication bias among
the included studies (Egger’s test: t=1.74, p=0.105; Begg’s
test: Z=1.88, p=0.06).
Figure 2: Risk of bias summary.

described the methods of double-blinding (44), and one trial
reported the blinding of outcome assessment (51).
Cement Leakage
Fifteen studies reported cement leakage data, with the
incidence of cement leakage in the unilateral and bilateral
PVA groups of 16.26% and 20.43%, respectively. Pooled
estimates showed that the incidences of cement leakage
were similar between the unilateral PVA bilateral PVA groups
(RR=0.80, 95% CI: 0.57, 1.11; p=0.182) (Figure 3), with nonsignificant heterogeneity across the included studies (I2=
44.4%, p=0.033).
Subgroup analysis based on the surgical type suggested that
the incidence of cement leakage was significantly lower in the
patients who underwent unilateral PKP than bilateral PKP (RR
=0.65, 95% CI: 0.44, 0.97; p=0.034) (Figure 3). For patients with

█

DISCUSSION

Osteoporosis is a prevalent skeletal disorder characterized by
loss of bone density and an increased risk of fractures (4).
PVA is the optimal treatment for OVCF, providing rapid pain
relief and stabilization of the fractured vertebral bodies (3,24)
but is associated with cement leakage, the incidence of which
ranges from 19% to 65% (36). This meta-analysis found that
the incidences of cement leakage in the unilateral and bilateral
PVA approaches were 16.26% and 20.43%, respectively,
but were not significantly different. In addition, the cement
dosage was significantly lower in the unilateral group than in
the bilateral group.
Although most patients with cement leakage are clinically asymptomatic, serious complications can occur and are associated with the cement leakage location. These complications
include canal stenosis (41), spinal cord compression (25),
nerve-root compression (1), cardiopulmonary arrest (7), acute
Turk Neurosurg, 2022 | 5
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Figure 3: Forest plot showing
the subgroup analysis based on
surgical type between unilateral
and bilateral PVA in cement
leakage.

Figure 4: Forest plot showing
the subgroup analysis based on
study design between unilateral
and bilateral PVA in cement
leakage.
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Figure 5: Forest plot
showing the subgroup
analysis based on surgical
type between unilateral
and bilateral PVA in cement
dosage.

kidney injury (3), paradoxical embolism through a patent foramen ovale (39), arterial embolization (50), and cement pulmonary embolism (37). Three factors might affect the cement
flow into and out of the vertebral body, including bone fracture
severity grade, cement properties, and bone-cement volume
(51). Although fracture morphology is impossible to control,
the latter two factors may be manipulated to ultimately reduce
the complication rate.
The viscosity of bone cement used in PVP can affect the
outcome. Increased viscosity improves the circularity of the
cement cloud and reduces the spreading distance (3,5);
therefore, PVP with high-viscosity cement provides several
advantages, especially a decreased cement leakage rate
and improved clinical safety (3). Some studies have reported
that bilateral PVA is superior to unilateral PVA for pain relief
because of the symmetrical distribution of bone cement in the
vertebral body (28). However, the risk of bone-cement leakage
in bilateral PVA is theoretically twice that in unilateral PVA (52).
Moreover, the operative time, X-ray exposure, and medical
costs are also reduced in unilateral PVA (9,40).
Despite numerous studies comparing the safety between
unilateral and bilateral PVA, there is no consensus on whether
or not the bilateral approach reduces the risk of cement
leakage relative to that of the unilateral approach. Recently,
Chen et al. (14) performed a meta-analysis of six RCTs that
compared the incidence of cement leakage between unilateral
and bilateral PVA in treating OVCFs and concluded that the
unilateral approach reduces the incidence of cement leakage

in PVA (RR=0.50, 95% CI:0.35, 0.72; p=0.0002) (14), a finding
in contrast to that of the present meta-analysis.
Our study had the following advantages. First, based on
a previous meta-analysis, we included an additional 10
studies, including 3 RCTs and 7 cohort studies. The sample
size in the present meta-analysis was 1568 versus 491 in the
previous meta-analysis, which enhanced the statistical power
for exploring the differences between the two approaches.
Second, our results were obtained from RCTs and cohort
studies, and the subgroup analysis showed that the study
design did not change the overall estimate, indicating the
reliability and robustness of our results. Moreover, we also
performed sensitivity analysis by pooling the data from highquality studies, and the result was in agreement with the
results synthesized from all of the studies, demonstrating that
the results of this meta-analysis were convincing.
The incidences of cement leakage were similar between
unilateral PVA and bilateral PVA but not in the subgroup of
patients who underwent PKP. Compared with the patients
treated with the bilateral approach, those who underwent
unilateral PKP had a significantly lower incidence of cement
leakage (RR = 0.65, 95% CI: 0.44, 0.97; p=0.034). The finding
of similar incidences of cement leakage between the two
approaches was consistent with the finding from a prospective
study of 382 patients (44) in which the cement leakage rates
were similar between patients who underwent unilateral PKP
(36/151, 23.85%) and patients who underwent bilateral PKP
(33/140, 23.6%), indicating that the bilateral approach did
Turk Neurosurg, 2022 | 7
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not increase the risk of cement leakage. However, in another
prospective RCT, Rebolledo et al. reported that the incidence
of cement leakage was significantly higher for bilateral PKP
than for unilateral PKP (38). In that study, fractured vertebrae
with asymptomatic cement leakage occurred in nine patients,
including two in the unilateral group (2/23, 8.70%) and seven
in the bilateral group (7/21, 33.33%) (38) (p=0.009). The
authors attributed this result to the high rate of patients lost
to follow-up, which was because the kyphoplasty patients did
not return for follow-up unless they developed a complication
or further symptoms (35).
Regarding the cement dosage, our meta-analysis showed
that the cement dosage was significantly lower for unilateral
PVA than for bilateral PVA, and difference remained significant
in all of the subgroup analyses. Wang et al. compared the
outcomes of unilateral and bilateral PKP in 62 patients and
found that the cement volume was much lower in the unilateral
approach (3.5 ± 1.2 ml) than in the unilateral approach (7.5 ±
2.0 ml) (45). Similarly, Chen et al. conducted a prospective
RCT including 39 patients with 44 severe OVCFs and reported
that the average amount of cement injected into one vertebra
was significantly less in the unilateral group (3.17 ± 1.24 ml)
than in the bilateral group (4.36 ± 1.14 ml) (9).
There were several potential limitations in this study. First, this
meta-analysis included nine RCTs and seven cohort studies,
and some of the included studies had relatively small sample
sizes (N<50). Although most of the included studies were
regarded as high quality, the pooled estimate might have
been overestimated since the studies with a small sample size
were more susceptible to overestimating the treatment effect.
Second, gray literature is an important source of information
for review syntheses because there is a greater tendency to
report negative results honestly. Although no gray literature
was searched in this study, the results of the sensitivity analysis
and publication bias reflected the stability of the synthesis;
thus, the synthesized results of 16 trials should be reliable
as a reference for further research. Third, heterogeneity was
identified among the included studies, which is unsurprising
considering the differences in study designs, treatment
regimens, and durations of follow-up across the included
studies. To explore the potential sources of heterogeneity,
we performed a subgroup analysis and a sensitivity analysis,
but neither changed the overall study results, indicating the
reliability and robustness of the results obtained.
█

CONCLUSION

Unilateral PVA was found to have a cement leakage rate
similar to that of bilateral PVA but required less injected
cement. Considering the potential limitations of this metaanalysis, more large-scale, well-designed RCTs are needed to
verify our findings.
█
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