
Background: Kyphoplasty has been proven to be an efficient method to relieve patient suffering from 
osteoporotic vertebral compression fractures (OVCFs). Because of its technological superiority, unilateral 
kyphoplasty consumes less operative time and bone cement than traditional bilateral kyphoplasty. 
However, there is controversy about which method is most efficient in the treatment of OVCFs. Thus, an 
overall analysis should be performed to shed light on the facts corroborating both procedures.

Objective: To evaluate the safety and efficacy of unipedicular kyphoplasty versus bipedicular kyphoplasty 
in treating OVCFs.

Study Design: Inclusion criteria were randomized controlled trials focusing on comparing unilateral 
versus bilateral balloon kyphoplasty in treatment of OVCFs. The exclusion criteria contained infection, 
neoplastic etiology, traumatic fracture, neural compression, neurological deficit, spinal stenosis, previous 
surgery at the involved vertebral body, long-term use of steroids, and kyphoplasty with other invasive 
or semi-invasive intervention treatment. Retrospective studies, reviews, technology introductions, and 
biochemical trials were also excluded.

Settings: The PubMed MEDLINE, Cochrane Library, Web of Science, and EMBASE were systematic 
searched. Only randomized controlled trials published up to June 2015 comparing unilateral kyphoplasty 
with bilateral kyphoplasty in treatment of OVCFs were identified.

Methods: Two researchers independently screeded the works for inclusion and data extraction. The 
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system was used to 
assess the methodological quality and evidence synthesis.

Results: Six articles with 563 patients were enrolled in this study. Results showed that the unilateral 
approach required less surgical time (MD, -23.19; 95% CI, [-27.08, -19.31]; P < 0.00001) and cement 
consumption (MD, -2.07; 95% CI, [-2.23, -1.91]; P < 0.00001), as well as a reduced cement leakage ratio 
(RR, 0.59; 95% CI, [0.35, 0.99]; P < 0.05) and improved short-term general health (MD, 1.48; 95% CI, 
[0.02, 2.93], P < 0.05). No significant difference was found in the visual analog scale score (short-term and 
long-term), Oswestry Disability Index score (mid-term and long-term) kyphotic angle reduction, restoration 
rate of anterior vertebral height, vertebral height loss rate, postoperative adjacent-level fractures, or in other 
assessments of 36-Item Short Form Health Survey parameters (short-term and long-term).

Limitations: Only 6 studies were included, so that the sample size was still relatively small and 
publication bias could not be revealed in this study. Observation time of some data was inconsistent. All 
of these problems could influence the reliability of the results. 

Conclusion: Both unilateral kyphoplasty and bilateral kyphoplasty are safe and effective treatments for 
OVCFs. However, when operative time, cement volume, cement leakage, short-term general health, radiation 
dose, and hospitalization costs are taken into consideration, unilateral kyphoplasty may be the better choice. 
Yet, more high-quality RCTs with long-term follow-up are still required to make the final conclusion.

Key words: Kyphoplasty, unilateral approach, bilateral approach, osteoporotic vertebral compression 
fractures, meta-analysis
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Collaboration (17) to carry out this meta-analysis. The 
PubMed MEDLINE, Cochrane Library, Web of Science, 
and EMBASE were searched for RCTs published up to 
June 2015. Key terms used for database research were 
unilateral, unipedicular, bilateral, bipedicular, and ky-
phoplasty. The references of full-text articles were also 
searched manually to avoid omitted studies. The restric-
tion of publication language was selected as English. 

Studies were included if the study was a RCT focusing 
on comparing unilateral versus bilateral balloon kypho-
plasty in treatment of OVCFs. One of the following results 
should have been reported: operative time, cement vol-
ume, visual analog scale (VAS) score, Oswestry Disability 
Index (ODI) score, kyphotic angle reduction, restoration 
rate of anterior vertebral height, vertebral height loss 
rate, cement leakage, postoperative adjacent-level 
fractures, or 36-Item Short Form Health Survey (SF-36) 
subscale scores. The exclusion criteria contained infection, 
neoplastic etiology, traumatic fracture, neural compres-
sion, neurological deficit, spinal stenosis, previous surgery 
at the involved vertebral body, long-term use of steroids, 
and PKP with other invasive or semi-invasive intervention-
al treatment(s). Retrospective studies, reviews, technology 
introductions, and biochemical trials were also excluded.

Title and abstract related to the eligibility criteria 
were screened independently by 2 reviewers (H.S. and 
P.L.). Full text of the primarily screened literature was 
read to make the final inclusion. All reviewers followed 
the unified search strategy. Disagreements were re-
solved by discussion.

Data Extraction 
Data extraction was performed by 2 authors (H.S. 

and P.L.). Relevant data included patient characteristics 
(e.g., age, gender), duration of follow-up, intervention, 
and outcomes. The primary outcome measures were 
VAS score, cement leakage, postoperative adjacent-
level fractures, restoration rate of anterior vertebral 
height, and kyphotic angle reduction, while secondary 
outcomes included operative time, cement volume, 
ODI score, vertebral height loss rate, and SF-36 subscale 
scores. Short-term follow-up was defined as within 4 
weeks, mid-term follow-up was defined as 4 weeks to 
6 months, and long-term was defined as more than 6 
months. We extracted data from graphs or calculated 
data with the guidance of the Cochrane Handbook for 
Systematic Reviews of Interventions 5.1.0 (18) when 
the conventional formats of data were not available in 
the articles. Discrepancies about data extraction were 
resolved by discussion among the first 3 authors. 

In recent years, osteoporotic fractures have attracted 
more and more attention around the world. Type 
of metabolic bone disease is usually caused by a low 

level of bone mass and primary resorption of horizontal 
trabecula which increases the risk of fracture (1). Lower 
thoracic and lumbar vertebrae are the most common 
occurring sites of osteoporotic vertebral compression 
fractures (OVCFs) in the spine (2). It is reported that 
approximately 8% of women over 50 years old and 27% 
of women over 80 years old suffer from OVCFs (3). After 
diagnosis, patients are primarily treated conservatively 
with bed rest, braces, analgesics, and physical therapy. 
Although 2/3 of these patients improve (4), those who 
still suffer from pain after 4 weeks of conservative 
therapy, should consider vertebroplasty or kyphoplasty.

Percutaneous vertebroplasty (PVP) and percutane-
ous balloon kyphoplasty (PKP) are both forms of widely 
used, minimally invasive spine surgical techniques. Both 
share similar effectiveness in pain relief. Although PKP 
is superior in reducing the cement leakage rate and ky-
photic angle, it requires a longer operational time and 
has a higher performance cost (5-9). Traditionally PKP 
was performed with a bipedicular approach using 2 bal-
loon tamps (10). Recently, a unipedicular, single balloon 
tamp technique has become popular. This technique 
is thought to be comparable to the bipedicular ap-
proach in its ability to recover vertebral body strength 
and stiffness (11). A unipedicular approach however, 
requires less operating room time and requires less ce-
ment volume (12). 

Several meta-analyses have evaluated clinical out-
comes of the 2 kyphoplasty techniques (13-15). However, 
these studies include relatively small sample sizes and 
some methodological and statistical errors. What’s more, 
a new randomized controlled trial (RCT) with 309 pa-
tients was published in 2014 (4), the sample size of which 
was almost equivalent to the total number of patients 
in RCTs published before. Some important information 
may be provided if this study is enrolled into analysis. So 
we consider that it is necessary to conduct a new meta-
analysis over these studies to make a relatively more 
credible and overall assessment about unilateral kypho-
plasty versus bilateral kyphoplasty in treating OVCFs.

Methods

Search Strategy and Study Selection
We followed the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) reporting 
guidelines (16) and the recommendations of Cochrane 
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Data Analysis
All the meta-analyses were performed by Review 

Manager Software (RevMan Version 5.3, The Cochrane 
Collaboration, Copenhagen, Denmark). Mean differ-
ence (MD) and 95% confidence intervals (CI) were used 
to assess continuous outcomes while risk ratios (RR) 
were used for dichotomous outcomes. The level of 
significance was set at P < 0.05. It was also considered 
as statistically significant if ‘0’ were not included in the 
95% CI of MD or ‘1’ were not included in the 95% CI 
of RR. The Q test and I2 statistic were used to evaluate 
heterogeneity. If P > 0.1 and I2 < 50%, which indicated 
homogeneity, then a fixed effect model was used. How-
ever, a random effects model was used when P ≤ 0.1 or 
I2 ≥ 50%. The source of heterogeneity was investigated 
by a sensitivity analysis. Some parameters such as radia-
tion dose and hospitalization costs were only reported 
in a single study so that they were unsuitable for meta-
analysis and we will discuss them later in this text.

Assessment of Methodological Quality and 
Evidence Synthesis

Two authors (H.S. and P.L.) independently assessed 
the risk of bias of the included studies based on the 
Cochrane Handbook for Systematic Reviews of Interven-

tions 5.1.0 (18) with the application of the “Cochrane 
collaboration’s tool for assessing the risk of bias.” Evi-
dence grade of outcome was evaluated in accordance 
with the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) (19). Any 
disagreement was resolved by discussing with a third 
reviewer (Y.L.). 

Results

Search Results
A total of 234 titles and abstracts were found 

through the primary search. After excluding duplicate 
and irrelevant studies, 38 studies were assessed for eli-
gibility and the full text read. Among them, the follow-
ing 32 articles were excluded: 9 biomechanical studies 
(11,20-27), 5 technology-introductive articles (28-32), 
5 review articles (13-15,33,34), 2 retrospective stud-
ies (12,35), 8 studies that did not include comparison 
between unilateral approach and bilateral approach 
(2,36-42), and 3 articles in which the injuries were not 
osteoporotic vertebral compression fracture (43-45). 
Of the 38 studies, only 6 studies were included in our 
meta-analysis (4,46-50) (Fig. 1). 

A total of 562 patients (289 unilateral kyphoplasty 

Fig. 1. Flow chart of  study selection process.
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and 273 bilateral kypho-
plasty) with mean age of 
71.16 years old were enrolled 
in this meta-analysis. Among 
them, 106 were men and 
456 were women. The mean 
follow-up was 14.24 months. 
Detailed characteristics of 
included studies are summa-
rized (Table 1). Preoperative 
clinical data (T value and 
VAS score) of 2 the groups 
revealed no significant differ-
ence (Table 2).

Quality Assessment
Assessment of risk bias 

in the 6 studies is shown in 
Fig. 2. All of these studies 
were described as being 
randomized. Only one study 
(4) described an adequate se-
quence generation. None of 
the included studies reported 
allocation concealment, 
blinding of performance, or 
outcome assessors. The study 
of Rebolledo et al (50) con-
tained a high rate of lost to 
follow-up and thus possessed 
a high risk of attrition bias.

Operative Time and 
Cement Volume

Details of intraoperative 
measurements have been 
summarized (Table 2). Five 
studies reported operative 
time (4,46-48,50), and the 
pooled result indicated that 
unilateral kyphoplasty pos-
sessed shorter operative 
times (MD, -23.19; 95% CI, 
[-27.08, -19.31]; P < 0.00001; I2 
= 77%, random effect model 
was used) (Fig. 3). The sensi-
tivity analysis showed that 
the trial reported by Yan et al 
(4) contributed to the hetero-
geneity. After rejecting their 
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study, no significant difference was found. Cement consumption in the 
unilateral approach was less than that in the bilateral approach (MD, 
-2.07; 95% CI, [-2.23, -1.91]; P < 0.00001) according to the analysis of 5 
studies (4,47-50) (Fig. 4).

Short-term and Long-term VAS Scores
Unilateral groups and bilateral groups revealed little difference 

in VAS scores at short-term follow-up in 4 studies (MD, -0.12; 95% CI, 
[-0.33, 0.09]; P = 0.28; I2 = 55%, random effect model was used) (Fig. 5) 
(4,46,48,49). Sensitivity analysis revealed that the heterogeneity could be 
attributed to the study of Chung et al (49), and no difference was found 
when this study was rejected. Long-term analysis of 5 studies (4,47-50) 

Fig. 2. Methodological quality and risk of  bias assessment of  included studies.
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show a similar result (MD, -0.05; 95% CI, [-0.23, 0.14], P 
= 0.62) (Fig. 6). 

Mid-term and Long-term ODI Scores
Two studies reported mid-term ODI scores (47,50). 

Results of analysis revealed that there was no signifi-
cant difference between the unilateral approach and 
the bilateral approach (MD, -1.68; 95% CI, [-3.90, 0.55]; 
P = 0.14) (Fig. 7). The pooled result from long-term 
follow-up from 2 studies present similar results (47,50) 
(MD, -0.88; 95% CI, [-3.55, 1.80]; P = 0.52) (Fig. 8).

Radiographic Assessments
Both the postoperative kyphosis angle reduction 

and the restoration rate of anterior vertebral height 
have been analyzed. Four studies reported postopera-
tive kyphosis angle reduction (4,48-50), and the analysis 
revealed no statistic difference between the 2 groups 
(MD, -0.24; 95% CI, [-4.51, 4.02]; P = 0.91; I2 = 93%, 
random effect model was used). Sensitivity analysis 
showed that the statistical result could not be materi-
ally altered by eliminating any study. When it came to 
the restoration rate of anterior vertebral height data, 

Fig. 3. Forest plot of  operative time.

Fig. 4. Forest plot of  cement volume.

Fig. 5. Forest plot of  short-term VAS scores.



Fig. 6. Forest plot of  long-term VAS scores.

Fig. 7. Forest plot of  mid-term ODI scores.

Fig. 8. Forest plot of  long-term ODI scores.
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which were available in 4 studies (4,46,48,50), there was 
also little difference between unilateral and bilateral 
kyphoplasty (MD, 2.35; 95% CI, [-6.65, 11.35]; P = 0.61; 
I2 = 88%, random effect model was used). Sensitivity 
analysis exhibited that the study of Chen et al (46) was 
the main cause of heterogeneity. The two kinds of 
kyphoplasty were also comparable in vertebral height 
loss rate which was reported by Chen (47) and Chung 
et al (49) (MD, 2.08; 95% CI, [-0.39, 4.54], P = 0.10; I2 = 
68%, random effect model was used) (Table 3). As only 
2 studies were included, the sensitivity analysis could 
not be conducted.

3.7 Postoperative Complications
Cement leakage and adjacent-level fractures were 

the 2 major kinds of postoperative complications re-
ported in these studies. Among them, analysis of cement 

leakage during long-term follow-up reported in 5 out 
of the 6 studies (4,46,48-50) demonstrated that the uni-
lateral approach possessed a relatively low leakage ratio 
(RR, 0.59; 95% CI, [0.35, 0.99]; P < 0.05) (Fig. 9). Three 
studies with a total of 416 patients were followed up 
for postoperative adjacent-level fractures (4,47,48). Re-
sults showed no statistical difference between the 2 ap-
proaches (RR, 0.80; 95% CI, [0.32, 2.00]; P = 0.63) (Fig. 10).

3.8 SF-36 Subscale Scores
Two studies used the SF-36 subscale scores to as-

sess the quality of life (4,48). A total of 8 dimensionality 
concepts were incorporated into the analysis, including 
physical function (PF), role limitations due to physical 
health (RP), bodily pain (BP), general health (GH), vi-
tality (VT), social function (SF), role limitations due to 
emotional problems (RE), and mental health (MH). The 



Fig. 9. Forest plot of  cement leakage.

Fig. 10. Forest plot of  postoperative adjacent-level fractures.

Table 3. Results of  radiographic assessment

Assessment items
Number of  

included studies
Number of  patients

MD 95% CI P value
Unilateral bilateral

Kyphotic angle reduction 4 229 225 -0.24 [-4.52, 4.02] 0.91

Restoration rate of anterior vertebral height 4 238 222 2.35 [-6.65, 11.35] 0.61

Vertebral height loss rate 2 51 51 2.08 [-0.39, 4.54] 0.10
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pooled results showed that the unilateral approach was 
superior in short-term general health (MD, 1.48; 95% 
CI, [0.02, 2.93], P < 0.05). There were no significant dif-
ferences between the 2 groups in other assessments of 
SF-36 parameters (Table 4). The sensitivity analysis of 
short-term and long-term role on physical health could 
not be conducted because of the limited number of 
studies.

Quality of the Evidence and Publication Bias
We used the GRADE system to assess quality of out-

comes in this study. Operative time and cement volume 
showed high quality of evidence while postoperative 
adjacent-level fractures revealed moderate quality of 
evidence. The evidence for long-term VAS score, short-
term and long-term ODI scores, and cement leakage 
was low. When assessing the results of short-term VAS 

score, kyphotic angle reduction, restoration rate of an-
terior vertebral height, and vertebral height loss rate, 
the evidence was very low. As to SF-36, the evidence 
was low for each result except for short-term and long-
term role physical, the qualities of which were further 
downgraded to very low because of the inconsistent 
results (Table 5). 

The publication bias and funnel plots were not reli-
able due to the limited number of studies (51).

Discussion

Osteoporosis is mainly caused by the imbalance 
between bone formation and resorption, which can sig-
nificantly influence quality of life. The ideal treatment 
for OVCFs should possess characteristics of minimal in-
vasion, short operative time, and lasting improvement 
of symptoms and kyphotic deformity (52). Compared 
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with PVP, bilateral PKP has similar clinical outcomes 
but requires a longer operative time and higher hospi-
talization expenses, which have been proven by many 
meta-analyses (5-9). 

In recent years, unipedicular kyphoplasty has been 
performed and may improve the aforementioned 
deficiencies. Chen et al (21) found that unipedicular 
kyphoplasty could construct biomechanical balance 
by distributing cement uniformly. With proper needle 
tip positioning, the cement should cross the midline 
of the affected vertebra. Results of cadaveric studies 
have shown that mechanically sufficient structural sup-
port can be achieved using a unilateral approach with 
proper technique and even distribution of the cement 
(11).

However, when it came to the question of whether 
unilateral kyphoplasty was as efficient as bilateral ky-
phoplasty or the question of which technique was bet-
ter, there seemed to be no definitive answer which lead 
us to perform this meta-analysis. 

A unilateral technique has several operative advan-
tages. Since only one needle is placed and because the 
puncture point begins in a more lateral position com-
pared to a bilateral approach, risks such as spinal cord 
injury, pedicle and facet joint fracture, and spinal epi-
dural hematoma are reduced. The results of our study 
also revealed that compared with a bilateral approach, 
a unilateral approach significantly decreases operative 
time and cement usage. These findings were consistent 
since each of the included studies demonstrated the 
same results (4,46-50). Accordingly, radiation exposure 
and costs should also be reduced (38). Yan et al (4) 
found that the radiation to each patient in the unilater-
al group was 50% of the dose received by the bilateral 
group. It was also estimated that if 5% of OVCFs were 
treated by unilateral kyphoplasty instead of bilateral 
kyphoplasty in the United States, the annual savings 
would be $32 million dollars (11).

Results of pain relief measured by VAS score re-
vealed no significant difference between the 2 groups 
in either short-term or long-term follow-up. ODI score 
is another important clinical effectiveness assessment. 
We extracted the data of ODI score from the graphs 
in the study of Rebolledo et al (50) for the application 
of meta-analysis and found that the pooled outcome 
analysis revealed no statistically significant differences 
between the 2 approaches regardless of mid- or long-
term follow-up. 

In radiographic outcomes assessment, kyphotic 
angle reduction revealed no obviously difference 
between the unilateral approach and the bilateral Ta
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Table 5. Quality of  the evidence

Outcomes No. of  
Participants 
(studies) 
Follow up

Quality of  the evidence 
(GRADE)

Relative 
effect 
(95% CI)

Anticipated absolute 
effects

Operative time 
operation time

510 (5 studies) HIGH1,2,3 
due to risk of bias, large effect

MD 23.19 lower 
(27.08 to 19.31 lower)

Cement volume 
volume of cement used in surgery

503 (5 studies) HIGH1,2,3 
due to risk of bias, large effect

MD 2.07 lower 
(2.23 to 1.91 lower)

Short-term VAS score 
VAS. Scale from: 1 to 10

468 (4 studies) 
2 - 4 weeks

VERY LOW1,2,4,5 
due to risk of bias, inconsistency, 
imprecision

MD 0.12 lower 
(0.33 lower to 0.09 higher)

Long-term VAS score 
VAS. Scale from: 1 to 10

489 (5 studies) 
12 - 35.2 months

LOW1,2,5 
due to risk of bias, imprecision

MD 0.05 lower 
(0.23 lower to 0.14 higher)

Kyphotic angle reduction 
postoperative kyphotic angle 
reduction. Scale from: 1 to 180

441 (4 studies) 
0 - 12 months

VERY LOW1,2,4,5,6 
due to risk of bias, inconsistency, 
imprecision

MD 0.24 lower 
(4.51 lower to 4.02 higher)

Restoration rate of anterior height 
postoprative restoration rate of 
anterior height. Scale from: 0 to 
100%

447 (3 studies) 
0 - 12 months

VERY LOW1,2,4,5,6 
due to risk of bias, inconsistency, 
imprecision

MD 2.35 higher 
(6.65 lower to 11.35 higher)

Vertebral height loss rate 
(each time point vertebral height - 
restored vertebral height) / restored 
vertebral height

102 (2 studies) VERY LOW1,2,4,7 
due to risk of bias, inconsistency, 
imprecision

MD 2.08 higher 
(0.39 lower to 4.54 higher)

Mid-term ODI score 
ODI. Scale from: 0 to 50

86 (2 studies) 
3 - 6 months

LOW1,2,7 
due to risk of bias, imprecision

MD 1.68 lower 
(3.90 lower to 0.55 higher)

Long-term ODI score 
ODI. Scale from: 0 to 50

79 (2 studies) 
12 - 24 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.88 lower 
(3.35 lower to 1.80 higher)

Cement leakage 
X-ray

512 (5 studies) 
12 - 35.2 months

LOW1,2,4 
due to risk of bias, inconsistency

RR 0.59  
(0.35 to 
0.99)

54 fewer per 1000 
(from 1 fewer to 86 fewer)

Postoperative adjacent-level 
fractures 
X-ray

416 (3 studies) 
12 - 35.2 months

MODERATE1,2 
due to risk of bias

RR 0.80  
(0.32 to 2)

9 fewer per 1000 
(from 30 fewer to 45 more)

Short-term PF
Short-term physical function

358 (2 studies)
0 – 1 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.39 higher 
(1.99 lower to 2.76 higher)

Long-term RF
Long-term physical function

358 (2 studies)
12 – 35.2 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.06 higher 
(2.37 lower to 2.49 higher)

Short-term RP
Short-term role physical

358 (2 studies)
0 – 1 months

VERY LOW1,2,4,7 
due to risk of bias, inconsistency, 
imprecision

MD 0.00 
(6.11 lower to 6.11 higher)

Long-term RP
Long-term role physical

358 (2 studies)
12 – 35.2 months

VERY LOW1,2,4,7 
due to risk of bias, inconsistency, 
imprecision

MD 2.36 higher 
(2.87 lower to 7.60 higher)

Short-term BP
Short-term bodily pain

358 (2 studies)
0 – 1 months

LOW1,2,7 
due to risk of bias, imprecision

MD 1.25 lower 
(3.44 lower to 0.95 higher)

Long-term BP
Long-term bodily pain

358 (2 studies)
12 – 35.2 months

LOW1,2,7 
due to risk of bias, imprecision

MD 2.02 lower 
(4.26 lower to 0.22 higher)

Short-term GH
Short-term general health

358 (2 studies)
0 – 1 months

LOW1,2,7 
due to risk of bias, imprecision

MD 1.48 higher 
(0.02 higher to 2.93 higher)

Long-term GH
Long-term general health

358 (2 studies)
12 – 35.2 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.21 lower 
(1.94 lower to 1.53 higher)

Short-term VT
Short-term vitality

358 (2 studies)
0 – 1 months

LOW1,2,7 
due to risk of bias, imprecision

MD 2.23 lower 
(4.51 lower to 0.05 higher)
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approach following random effects model analysis. 
Analysis of restoration rate of the anterior vertebral 
height shared the same result, which was consistent 
with outcomes of some in vitro studies (11,21). It 
should be noted that Yan et al (4) evaluated the afore-
mentioned 2 parameters at 12 months postoperatively 
rather than in the immediate postoperative period. 
Their results indicated that kyphotic angle reduction 
and restoration rate of the anterior vertebral height 
in the unilateral group was superior to the bilateral 
group in long-term follow-up. The unipedicular ap-
proach was also comparable to the bipedicular ap-
proach in vertebral height loss rate.

 Postoperative complications are primarily cement 
leakage and adjacent-level fracture. Our meta-analysis 
revealed that unilateral kyphoplasty had reduced ce-
ment leakage, which differed from the results reported 
in previous meta-analyses (13,14,33). Our conclusions 
were the result of a newly included article with a larger 
sample size that demonstrated a lower rate of cement 
leakage, and they attributed this result to the more lat-
eral puncture point and the larger extraversion angle of 
the unilateral technique so that the bone cement was 
mainly distributed in the anterior and middle of the 
vertebral body (4). The cause for the findings may also 
be due to the greater number of punctures and resul-
tant increase in cement usage in the bipedicular group 

Table 5 (cont.). Quality of  the evidence

Outcomes No. of  
Participants 
(studies) 
Follow up

Quality of  the evidence 
(GRADE)

Relative 
effect 
(95% CI)

Anticipated absolute 
effects

Long-term VT
Long-term vitality

358 (2 studies)
12 – 35.2 months

LOW1,2,7 
due to risk of bias, imprecision

MD 1.32 higher 
(1.17 lower to 3.80 higher)

Short-term SF
Short-term social function

358 (2 studies)
0 – 1 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.86 lower 
(3.85 lower to 2.13 higher)

Long-term SF
Long-term social function

358 (2 studies)
12 – 35.2 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.92 lower 
(3.97 lower to 2.13 higher)

Short-term RE
Short-term role emotional

358 (2 studies)
0 – 1 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.01 lower 
(3.25 lower to 3.22 higher)

Long-term RE
Long-term role emotional

358 (2 studies)
12 – 35.2 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.46 lower 
(3.71 lower to 2.80 higher)

Short-term MH
Short-term mental health

358 (2 studies)
0 – 1 months

LOW1,2,7 
due to risk of bias, imprecision

MD 0.18 higher 
(2.24 lower to 2.60 higher)

Long-term MH
Long-term mental health

358 (2 studies)
12 – 35.2 months

LOW1,2,7 
due to risk of bias, imprecision

MD 1.33 lower 
(3.61 lower to 0.95 higher)

1 No details of randomization; 2 No concealment; 3 Effect is really stable; 4 Result is inconsistent; 5 Indirect data; 6 Inconsistent follow-up time 
point; 7 Limited sample size.

CI: Confidence interval; RR: Risk ratio; MD: Mean difference.

(15). However, in previous RCTs and meta-analysis, the 
sample size might be too small to reveal this result (13-
15,33,46,48-50). Contrarily, our meta-analysis revealed 
no significant difference between the unipedicular and 
bipedicular groups in pooled outcome analysis of post-
operative adjacent-level fractures. 

SF-36 is one of the most widely used principal stan-
dards to measure the outcome of patients with spinal 
disorders. Results of this analysis showed that unilateral 
kyphoplasty and bilateral kyphoplasty are comparable 
in most dimensionality concepts of SF-36 subscale scores 
in both short-term and long-term follow-up with the 
important exception that the unilateral approach was 
superior in short-term general health.

Limitations
There are some limitations to this study. Since only 

6 studies with 563 patients were included, the sample 
size was still relatively small. As a result, some result val-
ues may lack power. The small number of studies also 
limits evaluation for publication bias. The quality of the 
included studies and GRADE of outcomes were unsatis-
factory. There were inconsistencies in the observation 
time for some of the data which may have a negative 
influence on the reliability of important results. Confi-
dent outcomes will require a greater number of high 
quality RCTs. 
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