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Abstract

Purpose To compare the short- and long-term clinical
outcomes, operation times, restoration rate, dosage of
polymethylmeth-acrylate (PMMA) injected, complications
and X-rays exposure frequency between unilateral and
bilateral kyphoplasty approaches for the treatment of
OVCF.

Study design Systematic review and meta-analysis.
Methods Randomized or non-randomized controlled tri-
als published up to April 2015 that compared the unilateral
and bilateral PKP for the treatment of OVCF were acquired
by a comprehensive search in the Cochrane Controlled
Trial Register, PubMed, MEDLINE, EMBASE, Web of
Science, OVID. Exclusion criteria were patients with
neoplastic etiology (metastasis or myeloma), infection,
neural compression syndrome, invasive and degenerative
disease, traumatic fracture, re-operation, neurological def-
icits, significant scoliosis and spinal stenosis. The main end
points included: operation times, the short- and long-term
postoperative Visual Analogue Scale (VAS) scores, the
short-term postoperative Oswestry Disability Index (ODI),
restoration rate, dosage of PMMA injected, cement leak-
age, X-ray exposure frequency and postoperative adjacent-
level fractures.

Results A total of 8 studies involving 428 patients were
included in the meta-analysis. The mean operative time
was shorter in the unilateral groups compared with the
bilateral groups [P < 0.05, weighted mean difference
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(WMD) —19.74 (—30.56, —8.92)]. There was no signifi-
cant difference in the short-term postoperative VAS scores
[P > 0.05, WMD 0.03 (—0.34, 0.40)], the long-term
postoperative VAS scores between them [P > 0.05, WMD
0.01 (—0.42, 0.45)] and the short-term postoperative ODI
[P > 0.05, WMD —0.33 (—2.36, 1.69)] between the two
groups. The unilateral approaches required significantly
less dosage of PMMA than the bipedicular approaches did
[P < 0.05, WMD —1.56 (—1.59, —1.16)]. The restoration
rate in the bilateral groups was higher than the unilateral
groups [P < 0.05, WMD —7.82 (—12.23, —3.41)]. There
was no significant difference in the risk ratio of cement
leakage [P > 0.05, RR 0.86 (0.36, 2.06)] and postoperative
adjacent-level fractures [P > 0.05, RR 0.91 (0.25, 3.26)]
between the two methods. The mean X-ray exposure fre-
quency in the unilateral groups was greater than the bilat-
eral groups [P < 0.05, WMD —5.69 (—10.67, —0.70)].
Conclusions A definitive verdict could not be reached
regarding which approach is better for the treatment of
OVCF. Although unilateral PKP was associated with
shorter operative time, less X- ray exposure frequency and
dosage of PMMA than bilateral PKP. There was no
apparent difference in the short- and long-term clinical
outcomes and complications between them. However,
bilateral PKP approaches were higher than unilateral PKP
in term of the restoration rate. But on account of lack of
some high-quality evidence, we hold that amounts of high-
quality randomized controlled trials should be required and
more complications should be analysed to resolve which
surgical approach is better for the treatment of OVCF in the
future.
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Introduction

The traditional treatment for OVCF consists of conserva-
tive management, including bed rest, analgesia, and brace
and physical therapy after symptomatic relief. Unfortu-
nately, due to long-term in bed, it is easier result in patients
with bone demineralization and worsening the condition.
Except for that, for patients who are unable to tolerate
progressive deformity and debilitating pain of some frac-
tures, procedures such as percutaneous kyphoplasty (PKP)
should be considered. PKP was first performed in 1999,
and has been widely regarded as a minimally invasive
technique for OVCEF that uses a balloon tamp inserted into
the vertebral body by a transpedicular approach, followed
by fixation of the fracture fragments with PMMA bone
cement [1, 2]. PKP can increase bone strength and reduce
the pain caused by OVCF and restore the height of the
vertebral bodies. Many literatures have reported that PKP
can reduce immediate pain compared with conservative
treatments and that can improve function, disability and
quality of life more effectively than nonsurgical therapy
without increasing the risk of additional vertebral fractures
[3-6]. In addition, PKP for OVCF can be divided into
unilateral and bilateral PKP approaches. Traditional bilat-
eral PKP approaches were regarded as safe and effective.
Nevertheless, unilateral PKP approaches were accepted
attribute to surgical time, safety, and less expense [7, 8].

A recent systematic review indicated that the unilateral
approach should be considered, because unilateral required
less cement to be injected and had a lower risk of cement
leakage than bilateral approach did [2]. However, some
studies have reported that no clinically important differ-
ences were found between the unilateral and bilateral PKP
[9, 10]. At present, no standards or guidelines exist for the
treatment of OVCEF. Therefore, an evidence base was
needed to help surgeons make clinical decisions and
choose optimal treatments. Generally, bilateral PKP is
thought to be more stable as more cement is injected in our
clinical work. We performed the meta-analysis to compare
the unilateral and bilateral PKP for patients with OVCF in
terms of the short- and long-term clinical outcomes,
operation times, restoration rate, dosage of PMMA injec-
ted, complications and X-rays exposure frequency.

Materials and methods
Search strategy and study selection

We searched for studies published up to April 2015 that
compared the unilateral and bilateral PKP approaches for
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OVCF. The databases included the Cochrane Controlled
Trial Register, PubMed, MEDLINE, EMBASE, Web of
Science, OVID with no language restriction. The following
search terms were used: osteoporosis, osteoporosis verte-
bral compression fractures, OVCF, unilateral kyphoplasty,
unipedicular approach, single-balloon kyphoplasty, one-
ballon kyphoplasty, double-balloon kyphoplasty, bilateral
kyphoplasty, bipedicular approach, two-ballon kypho-
plasty. Searches were performed by at least 2 authors
independently in an unblinded standardized manner.
Accuracy was confirmed by a statistician. All searches
were combined to obtain an unified search strategy. A third
author and consensus resolved any disagreements between
reviewers. Reference lists of all included studies were
scanned to identify additional potentially relevant studies.
Two reviewers independently screened the titles and
abstracts of identified papers, and full text copies of all
potentially relevant studies were obtained.

Inclusion criteria

Studies were included in the analysis if the following
inclusion criteria were met: (1) study design: randomized
or non-randomized controlled study; (2) study population:
participants were patients with OVCFs; (3) purpose of
interventions: to compare clinical outcome differences
between unilateral and bilateral kyphoplasties; (4) outcome
measurements: the study reported at least one of the fol-
lowing outcomes: operation time, cement dosage, VAS,
ODI, restoration rate, cement leakage, X-ray exposure
frequency and postoperative adjacent-level fractures.
Studies that did not meet the above criteria were excluded
from selection.

Data extraction

Data were extracted independently by two authors,
without blinding to the title and author affiliation. Rel-
evant information was extracted from studies, included:
(1) the title; (2) authors; (3) year of publication; (4)
sample size; (5) gender; (6) type of intervention; (7)
surgical approach; (8) duration of the follow-up; (9) the
short- and long-term clinical outcomes as reflected in the
VAS scores and Oswestry Disability Index; (10) cement
dosage; (11) operation times; (12) X-rays exposure fre-
quency; (13) incidence of adjacent vertebral fracture and
(14) bone cement leakage; (15) restoration rate. “Short-
term” was defined as within 4 weeks; “long-term” was
defined as at least 6 months. The outcomes between
4 weeks and 6 months were not analyzed in our meta-
analysis.
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Data analysis

All the meta-analyses were performed with the Review
Manager software (RevMan Version 5.3 Cochrane Collab-
oration). Heterogeneity was tested using Chi square test and
quantified by calculating I statistic, for which P < 0.1 and
I? > 50 % was considered to be statistically significant. For
the pooled effects, weighted mean difference (WMD) or
standard mean difference (SMD) was calculated for con-
tinuous variables according to the consistency of measure-
ment units, and relative ratio (RR) was calculated for
dichotomous variables. Continuous outcomes are presented
as mean differences and 95 % confidence intervals (CI),
whereas dichotomous outcomes are presented as relative risk
and 95 % CI. P < 0.05 was considered statistically signifi-
cant. Random-effects or fixed-effects models were used
depending on the heterogeneity of the studies included.

Results

The selection process of relevant studies is summarized in
Fig. 1. From the included databases, 1015 references were
obtained. Because of duplicates, irrelevant studies, case

1015 records identified through

electronic and manual searching

reports, not comparative studies and review, 985 references
were excluded by screening the titles and abstracts. The
remaining 30 reports underwent a detailed and compre-
hensive evaluation. Finally, eight studies were included in
this meta-analysis [11-18]. Table 1 summarizes the basic
characteristics of included studies.

Quality and risk of bias assessment of the studies

The major baseline characteristics of participants in each
study were similar. Cochrane review criteria [19] was used
to assess the quality of each article included in the analysis
(Table 2). Two authors independently using an unblinded
standardized method to evaluate the quality and risk of bias
of included studies. A third author was required if a con-
sensus was not reached. Studies achieving a Cochrane
score of 9 or higher were considered as high quality, 6-8
were considered as moderate quality, and studies scoring
less than 6 were rated as having a “a high risk of bias”. In
the studies, two studies scored 8 points, four studies scored
7 points and one study scored 6 points. ALL of them were
of a moderate quality. However, one study scored 5 points
and has a high risk of bias (Table 3). Disagreement was
resolved by discussion among the authors.

985 references were excluded by screening the titles,
—f——| abstracts, duplicates, irrelevant studies, case reports, not

comparative studies and review

30 full-text articles were included

22 full-text articles excluded with reasons

!

8 full-text articles considered

8 studies included in meta-analysis

Fig. 1 The flow chart shows the article selection process we performed
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Table 1 Characteristics of studies included in our meta-analysis

Study Country Number of patients Sex (M/F) number Mean age (years) Follow up (months)
U B U B U B U B
Chen et al. [11] China 33 25 0/33 0/25 67.73 68.52 0.5 0.5
Song et al. [12] Korea 15 30 6/9 10/20 63.60 69.57 3 3
Chen et al. [13]. China 27 23 0/27 0/23 68.37 69.43 24 24
Chung et al. [14] Korea 24 28 2/22 1/27 66.8 68.9 17.8 16.6
Wang et al. [15] China 31 31 13/18 17/14 68.3 69.2 >12 >12
Wang et al. [16] China 280 40 11/17 16/24 68.0 69.6 17.7 18.7
Chen L et al. [17] China 24 25 4/20 4/21 70.4 72.4 >24 >24
Rebolledo et al. [18] USA 23 21 4/19 2/19 78.7 79.3 >12 >12

U unilateral, B bilateral, M male, F female

Clinical outcome
Operative time

Operative time obtained in six studies involving 331
patients (166 in the unilateral surgery groups and 165 in the
bilateral surgery groups) was analyzed. The mean operative
time in the unilateral surgery groups was shorter than the
bilateral surgery groups [P < 0.05, WMD —19.74
(—30.56, —8.92); Fig. 2].

VAS and Oswestry disability index

The short-term postoperative VAS scores obtained in six
studies with a total of 334 patients (155 in the unilateral
surgery groups and 179 in the bilateral surgery groups) was
analyzed. There was no significant difference in the short-
term postoperative VAS scores between the two groups
[P > 0.05, WMD 0.03 (—0.34,0.40); Fig. 3]. The short-term
postoperative VAS scores obtained in six studies involving
325 patients (157 in the unilateral surgery approaches and
168 in the bilateral surgery approaches) was analyzed. There
was no significant difference in the long-term postoperative
VAS scores between them [P > 0.05, WMD 0.01 (—0.42,
0.45); Fig. 4]. The short-term postoperative ODI obtained in
two studies embracing 103 patients (48 in the unilateral PKP
groups and 55 in the bilateral PKP groups) was analyzed.
There was also no significant difference in the short-term
postoperative ODI between the unilateral surgery groups and
the bilateral surgery groups [P > 0.05, WMD —0.33 (—2.36,
1.69); Fig. 5].

Restoration rate
Restoration rate obtained in two studies with a total of 108

patients (60 in the unilateral surgery groups and 48 in the
bilateral surgery groups) was analyzed. In the included
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studies, Chen et al. [11] reported that the average per-
centage of RR was 25.84 £ 13.79 % in unilateral groups,
and 32.32 £ 10.33 % in bilateral groups. From the
research of Chen et al. [13], the RR in unilateral method
and in bilateral approach was 24.97 4+ 13.97 and
34.16 + 8.31 % 24 months after surgery. The restoration
rate in the bilateral surgery groups was higher than the
unilateral surgery groups [P < 0.05, WMD —-7.82
(—12.23, —3.41); Fig. 6]. The restoration rate (RR) was
calculated after surgery: (restored vertebral height-initial
fracture height)/adjacent normal vertebral height.

Cement dosage

Cement dosage obtained in six studies involving 325
patients (157 in the unilateral surgery groups and 168 in the
bilateral surgery groups) was analyzed. The unilateral
approach required significantly less dosage of PMMA than
the bipedicular approach did [P < 0.05, WMD —1.56
(—1.59, —1.16); Fig. 7].

Cement leakage

The risk ratio for cement leakage obtained in five studies
embracing 284 patients (139 in the unilateral surgery
groups and 145 in the bilateral surgery groups) was ana-
lyzed. There was no statistically significant difference in
the risk ratio of cement leakage between the unilateral
approaches and the bilateral approaches [P > 0.05, RR
0.86 (0.36, 2.06); Fig. 8].

Postoperative adjacent-level fractures

The risk ratio for postoperative adjacent-level fractures
obtained in two studies with a total of 99 patients (51 in the
unilateral surgery groups and 48 in the bilateral surgery
groups) was analyzed. There was no statistically significant
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Table 2 Cochrane review criteria analysis

A 1. Was the method of randomization adequate? A random (unpredictable) assignment sequence. Examples of adequate
methods are coin toss (for studies with 2 groups), rolling a dice (for studies
with 2 or more groups), drawing of balls of different colors, drawing of
ballots with the study group labels from a dark bag, computer-generated
random sequence, pre-ordered sealed envelopes, sequentially-ordered vials,
telephone call to a central office, and pre-ordered list of treatment
assignments. Examples of inadequate methods are alternation, birth date,
social insurance security number, date in which they are invited to
participate in the study, and hospital registration number

B 2. Was the treatment allocation concealed? Assignment generated by an independent person not responsible for
determining the eligibility of the patients. This person has no information
about the persons included in the trial and has no influence on the
assignment sequence or on the decision about eligibility of the patient

C Was knowledge of the allocated interventions adequately prevented during the study?

3. Was the patient blinded to the intervention?  This item should be scored “yes” if the index and control groups are
indistinguishable for the patients or if the success of blinding was tested
among the patients and it was successful

4. Was the care provider blinded to the This item should be scored “yes” if the index and control groups are
intervention? indistinguishable for the care providers or if the success of blinding was
tested among the care providers and it was successful

5. Was the outcome assessor blinded to the Adequacy of blinding should be assessed for the primary outcomes. This item
intervention? should be scored “yes” if the success of blinding was tested among the
outcome assessors and it was successful or:

for patient-reported outcomes in which the patient is the outcome assessor
(e.g., pain, disability): the blinding procedure is adequate for outcome
assessors if participant blinding is scored “yes”

for outcome criteria assessed during scheduled visit and that supposes a
contact between participants and outcome assessors (e.g., clinical
examination): the blinding procedure is adequate if patients are blinded, and
the treatment or adverse effects of the treatment cannot be noticed during
clinical examination

for outcome criteria that do not suppose a contact with participants (e.g.,
radiography, magnetic resonance imaging): the blinding procedure is
adequate if the treatment or adverse effects of the treatment cannot be
noticed when assessing the main outcome

for outcome criteria that are clinical or therapeutic events that will be
determined by the interaction between patients and care providers (e.g., co-
interventions, hospitalization length, treatment failure), in which the care
provider is the outcome assessor: the blinding procedure is adequate for
outcome assessors if item “4” (caregivers) is scored “yes”

for outcome criteria that are assessed from data of the medical forms: the
blinding procedures adequate if the treatment or adverse effects of the
treatment cannot be noticed on the extracted data

D Were incomplete outcome data adequately addressed?

6. Was the drop-out rate described and The number of participants who were included in the study but did not
acceptable? complete the observation period or were not included in the analysis must be
described and reasons given. If the percentage of withdrawals and drop-outs
does not exceed 20 % for short-term follow-up and 30 % for long-term
follow-up and does not lead to substantial bias a “yes” is scored

7. Were all randomized participants analyzed in ~ All randomized patients are reported/analyzed in the group they were
the group to which they were allocated? allocated to by randomization for the most important moments of effect
measurement (minus missing values) irrespective of noncompliance and co-
interventions

E 8. Are reports of the study free of suggestion of In order to receive a “yes”, the review author determines if all the results from
selective outcome reporting? all prespecified outcomes have been adequately reported in the published
report of the trial. This information is either obtained by comparing the
protocol and the report, or in the absence of the protocol, assessing that the
published report includes enough information to make this judgment

Yes/no/
unsure

Yes/no/
unsure

Yes/no/
unsure

Yes/no/
unsure

Yes/no/
unsure

Yes/no/
unsure

Yes/no/
unsure

Yes/no/
unsure
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Table 2 continued

F  Other sources of potential bias
9. Were the groups similar at baseline regarding In order to receive a “yes”, the review author determines if all the results  Yes/no/
the most important prognostic indicators? from all prespecified outcomes have been adequately reported in the unsure
published report of the trial. This information is either obtained by
comparing the protocol and the report, or in the absence of the protocol,
assessing that the published report includes enough information to make his
judgment
10. Were co-interventions avoided or similar? This item should be scored “yes” if there were no co-interventions or they  Yes/no/
were similar between the index and control groups unsure
11. Was the compliance acceptable in all groups? The reviewer determines if the compliance with the interventions is Yes/no/
acceptable, based on the reported intensity, duration, number, and unsure
frequency of sessions for both the index intervention and control
intervention(s). For example, physiotherapy treatment is usually
administered over several sessions; therefore, it is necessary to assess how
many sessions each patient attended. For single-session interventions (e.g.,
surgery), this item is irrelevant
12. Was the timing of the outcome assessment  Timing of outcome assessment should be identical for all intervention groups Yes/no/
similar in all groups? and for all important outcome assessments unsure
Table 3 Quality and risk of bias assessment of included studies by the Cochrane review criteria
Study Chen Song Chen Chung Wang Wang Chen Rebolledo
etal. [11] etal.[12] etal.[13] etal [14] etal [15] etal [16] etal. [17] etal. [18]
Randomization adequate U U U N U U N U
Concealed treatment allocation N N N N N N U N
Patient blinded N N N N N N N N
Care provider blinded N N N N N N N N
Outcome assess blinded N N Y N N Y Y N
Drop-out rate described Y Y Y N Y Y N N
All randomized participants analyzed in the Y Y Y Y Y Y Y Y
group
Reports of the study free of suggestion of Y Y Y Y Y Y Y Y
selective outcome reporting
Groups similar at base line regarding most Y Y Y Y Y Y Y Y
important prognostic indicators
Co-interventions avoided or similar Y Y Y Y Y Y Y Y
Compliance acceptable in all group Y Y Y U Y Y Y Y
Time of outcome assessment in all groups Y Y Y Y Y Y Y Y
similar
Score 712 7/12 8/12 5/12 7/12 8/12 7/12 6/12
Level of quality or risk of bias Moderate Moderate Moderate Risk of Moderate Moderate Moderate Moderate

bias

difference in the risk ratio of postoperative adjacent-level
fractures between the two approaches [P > 0.05, RR 0.91
(0.25, 3.26); Fig. 9].

X-ray exposure frequency
X-ray exposure frequency obtained in two studies involv-

ing 130 patients (59 in the unilateral surgery groups and 71
in the bilateral surgery groups) was analyzed. Patients were
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exposed to X-rays 37 £ 12 times in the unilateral PKP
group and 65 £ 19 times in the bilateral PKP group in
study of Wang et al. [15]. However, Wang et al. [16]
indicated that the X-ray exposure frequency was 64 £ 11
times in unilateral surgery groups, and 55 £ 16 times in
bilateral surgery groups. The mean X-ray exposure fre-
quency in the unilateral PKP approaches was greater than
the bilateral PKP approaches [P < 0.05, WMD —5.69
(—10.67, —0.70); Fig. 10].
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Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen etal 2010[11] 3384 402 33 5939 534 25 186% -25.55[-28.05,-23.05) -
Chenetal 2011[13] 3412 6.27 27 57.33 843 23 18.3% -23.21[-27.39,-19.03] ==
ChenLetal 2011[17) 87 34 24 120 26 25 12.8% -33.00[-50.00,-16.00) _—
Rebolledo etal 2013[18) 476 7.8 23 714 215 21 16.3% -23.80[-33.53,-14.07) —_
Wang et al 2012[15] 45 16 k| 68 24 31 161% -23.00[-33.15,-12.85) ——
Wang et al 2015(16] 55 13 28 49 9 40 17.9% 6.00[0.44,11.56) [
Total (95% ClI) 166 165 100.0% -19.74 [-30.56, -8.92] >
Heterogeneity: Tau®*=162.22, Chi*=106.52, df= 5 (P < 0.00001), F= 95% '_1 00 -5;0 0 5'0 100‘

Testfor overall effect: Z=3.58 (P = 0.0003)

Unilateral Bilateral BalloonKyphoplasty

Fig. 2 Forest plot of the mean operative time between the unilateral surgery groups and the bilateral surgery groups

Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% ClI
Chen etal 2010[11) 282 1.3 33 276 088 25 42.0% 0.06[-0.50,062)
ChenLetal 2011[17) 27 1.9 24 23 25 25 8.7% 040[-0.84,1.64)
Chung et al 2008[14) 21 0 24 1.7 0 28 Not estimable
Song et al 2009[12) 2.8 1.082 15 28 1.75 30 19.3% 0.00[-0.83,0.83)
Wang et al 2012[15) 23 0 31 24 0 31 Not estimable
Wang et al 2015[16] 2.3 15 28 24 12 40 30.0% -010[-0.77,0.57)
Total (95% CI) 155 179 100.0% 0.03 [-0.34, 0.40]

Heterogeneity: Chi*=0.50, df=3{(P=0.92); F=0%

Test for overall effect: Z=0.16 (P =0.87)

-100 -50 0 50 100
Favours Unilateral Favours Bilateral

Fig. 3 Forest plot of the short-term postoperative VAS scores between the unilateral surgery groups and the bilateral surgery groups

Unilateral Bilateral Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chenetal 2011[13) 282 1.31 27 276 088 23 51.5% 0.06[-0.55 067) o
ChenLetal 2011[17) 31 22 24 27 22 25 127% 0.40[-0.83,1.63]
Chung et al 2008(14] 19 0 24 1.8 0 28 Not estimable
Rebolledo etal 2013[18] 3.375 585 23 325 587 21 1.6% 0.13[-3.34,3.59) T
Wang et al 2012[15] 19 0 K}l 21 0 N Not estimable
VWang et al 2015[16) 19 18 28 21 11 40 34.3% -0.20[-0.95,60.55) o
Total (95% CI) 157 168 100.0% 0.01[-0.42,0.45]

e AiE - - E= , t t i
Heterogeneity: Chi*=0.72, df=3 (P=0.87), F=0% 100 50 0 20 100

Test for overall effect: Z=0.07 (P = 0.95)

Favours Unilateral Favours Bilateral

Fig. 4 Forest plot of the long-term VAS postoperative scores between the unilateral surgery groups and the bilateral surgery groups

Unilateral

Study or Subgroup Mean SD Total
Chenetal 2010[11] 19.85 6.45 33
Song et al 2009[12] 208 524 15

Total (95% ClI) 48
Heterogeneity: Chi*=1.45, df=1 (P=0.23), F=31%

Test for overall effect Z=0.32 (P=0.75)

Bilateral Mean Difference Mean Difference
Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
21.32 419 25 546% -1.47[-4.22,1.28)

19.77 3.98 30 454% 1.03[1.98,4.04]
55 100.0% -0.33[-2.36, 1.69]

-100 -50 0 50 100
Favours Unilateral Favours Bilateral

Fig. 5 Forest plot of the short-term postoperative ODI between the unilateral surgery groups and the bilateral surgery groups

Discussion

Unilateral and bilateral kyphoplasties have been reported
for the treatment of OVCF. However, due to lack of
comprehensive studies comparing the clinical outcomes of

both surgical kyphoplasty approaches, the optimum of
surgical strategy for OVCF remains controversial.
Recently, Chen et al. [2] reported that the unilateral
kyphoplasty approach should be considered as an option
for the treatment of osteoporosis vertebral compression

@ Springer
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Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chenetal 2010(11] 25.84 13.79 33 3232 1033 25 505% -6.48[-12.69,-0.27) 4
Chenetal 2011(13] 24.97 13.97 27 3416 831 23 495% -9.19[15.46,-2.92) =
Total (95% Cl) 60 48 100.0% -7.82[-12.23,-3.41] L 2
Heterogeneity: Tau?= 0.00; Chi*= 0.36, df=1 (P = 0.55); IF= 0% b f t i
Test for overall effect Z = 3.48 (P = 0.0005) =108 =0 g i 100
Favours Unilateral Favours Bilateral
Fig. 6 Forest plot of the restoration rate between the unilateral surgery groups and the bilateral surgery groups
Unilateral Bilateral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI 1V, Fixed, 95% CI
Chenetal 2011[13] 411 1.25 27 582 197 23 17.9% -1.71[2.64,-0.78] "
ChenLetal 2011[17) 39 0 24 55 0 25 Not estimahle
Chung et al 2008[14] 3.44 0 24 643 0 28 Not estimable
Reholledo et al 2013[18] 4.8 0 23 6.3 0 21 Not estimable
Wang et al 2012[15] 35 1.2 31 7.5 2 31 231% -4.00[-4.82,-3.18] .-
Wang et al 2015([16) 475 1.07 28 531 1.05 40 591% -0.56[-1.07,-0.05) N
Total (95% Cl) 157 168 100.0% -1.56 [-1.95, -1.16] |
Heterogeneity: Chi*= 48.63, df = 2 (P < 0.00001); I*= 96% k y y y
Test for overall effect. Z=7.75 (P < 0.00001) 100 50 . 0 5.0 100
Favours Unilateral Favours Bilateral
Fig. 7 Forest plot of the dosage of PMMA between the unilateral surgery groups and the bilateral surgery groups
Unilateral Bilateral Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Chen et al 2010(11) 2 33 0 25 7.8% 3.82(0.19,76.27]
Chung et al 2008[14) 2 24 0 28 7.8% 5.80(0.29,115.21) >
Rebolledo et al 2013[18] 2 23 7 21 255% 0.26 [0.06,1.12] — &
Wang et al 2012[15) 4 kil 5 31 32.4% 0.80[0.24, 2.70) —
Wang et al 2015[16] 3 28 4 40 26.5% 1.07 [0.26, 4.42) D
Total (95% CI) 139 145 100.0% 0.86 [0.36, 2.06] -
Total events 13 16
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Fig. 8 Forest plot of the risk ratio of cement leakage between the unilateral surgery groups and the bilateral surgery groups
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Fig. 9 Forest plot of the risk ratio of postoperative adjacent-level fractures between the unilateral surgery groups and the bilateral surgery groups

fractures, based on the unilateral kyphoplasty approach
required less cement to be injected and had a lower risk of
cement leakage than bilateral kyphoplasty did. In addition,
incorporative analysis revealed that the unilateral approach
had no advantage over the bipedicular approach in pain
relief at postoperative and the difference in ODI scores was
still not significant between the two approaches. However,
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some included studies of the meta-analysis have a high risk
of bias, and the relevant literature was only searched up to
April 2013. Over the last 2 years, a series of comparative
studies on unilateral or bilateral surgical approaches for the
treatment of OVCF have been published. Therefore, it
remains necessity to verify the above conclusion based on
the latest studies for strong evidence. The purpose of our
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Fig. 10 Forest plot of X-ray exposure frequency between the unilateral surgery groups and the bilateral surgery groups

meta-analysis is to systematically compare surgical
approaches (unilateral PKP or bilateral PKP) for the
treatment of OVCF.

Eight articles from the literature search up to April 2015
were considered to be of adequate methodological quality
and were included in this meta-analysis. Our meta-analysis
results showed that no statistically significant differences
were found in the short- and long-term postoperative VAS
scores, the short-term postoperative ODI and the risk ratio
of postoperative adjacent-level fractures between the two
groups. Compared with the bilateral PKP surgery, the mean
operation time, cement dosage and X-ray exposure fre-
quency were significantly greater. These are similar to the
results reported by others [2]. However, we also suggested
that there was no statistically significant difference in the
risk ratio of cement leakage between them, whereas the
restoration rate in the unilateral PKP groups was lower than
the bilateral PKP groups.

Cement volumes used clinically are 2-3 mL for thoracic
and 3-5 mL for lumbar vertebrae or 2—-10 mL for all levels
[20]. Percent of cement dose (4 %, 1.2 mL on average;
12 %, 3.5 mL on average; and 24 %, 7 mL on average)
were chosen to represent the low, medium, and high ranges
of cement volumes at any levels injected. Graham et al.
[20] found that only the highest cement dose used (24 %
fill, 7 mL on average) had an effect on mechanical stiffness
or strength and these improvements in stiffness and
strength depended significantly on bone density. Fehlings
MG [21] suggested that it is better to use a higher viscosity
and a smaller dosage of bone cement. But Chen et al. [22]
reported that both unipedicular PKP and bipedicular PKP
can significantly increase the stiffness of compression
fractured vertebral bodies. In our meta-analysis, we also
obtained that the unilateral approach required significantly
less dosage of PMMA than the bipedicular approach did,
whereas there was no statistically significant difference in
the risk ratio of postoperative adjacent-level fractures
between the unilateral and bilateral surgery groups. These
results fall in line with Chen [22]. In addition, Lin et al.
[23] also reported that unilateral balloon KP needs less
surgery time and PMMA consumption compared to bilat-
eral balloon KP. For X-ray exposure frequency, Feng et al.
[24] considered that the mean X-ray exposure frequency in

the unilateral PKP approaches was greater than the bilateral
PKP approaches, if only one fracture vertebral body. In
addition, there was no statistically significant difference in
X-ray exposure frequency between them (two doctors
participate in the surgery and inject the bone cement at the
same time) for participators. And for patients, the mean
X-ray exposure frequency in the improved bilateral surgery
groups was even less. To compare with our results, it was
shown that the advantage for unilateral kyphoplasty sur-
gery appears to be more obvious than bilateral kyphoplasty
surgery in operation times, cement dosage and X-ray
exposure frequency. However, we believe that both of
cement dosage and X-ray exposure frequency can be
controlled in the unilateral and bilateral kyphoplasty sur-
gery procedures, such as Feng et al. [24] did. Moreover, we
found that the restoration rate in the bipedicular PKP sur-
gery groups was higher than the unipedicular PKP surgery
groups. The restoration rate is an important measure of
radiographic outcomes after percutaneous kyphoplasty.
Doo et al. [25] reported that the decrease of vertebral body
height damages the surrounding zygapophyseal joint and
narrows the intervertebral foramen leading to the symp-
toms of paravertebral. Therefore, the restoration rate
should be considered as an important evidence to compare
the advantage of which surgical approach is more promi-
nent for the treatment of OVCF.

To evaluate the short- and long-term clinical outcomes,
the short-term and long-term postoperative VAS, the short-
term postoperative ODI was selected for our meta-analysis,
which revealed that there were no significant difference
between the two groups. Similarly, Chen et al. [2] also
suggested that the differences in postoperative VAS and
ODI scores were not significant between the two surgical
approaches. The risk ratio of cement leakage and postop-
erative adjacent-level fractures was analysed to assess the
complications in the article. In spite of Ren et al. [26]
reported that the incidence of new symptomatic VCFs after
PVP was higher in osteoporotic patients with initial mul-
tiple-level fractures. We found that there were no signifi-
cant difference in the risk ratio of cement leakage and
postoperative adjacent-level fractures between the unilat-
eral surgery groups and the bilateral surgery groups. Lin
et al. [23] considered that both unilateral and bilateral
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balloon KP can provide rapid, significant, and sustained
pain relief for patients with osteoporotic VCFs. And there
was no evidence to prove that unilateral balloon KP results
in higher incidence of PMMA leakage than bilateral bal-
loon KP. It seems that both unilateral and bilateral PKP
were safe and effective for curing OVCF. However, based
on literature review, there have been many cases of pul-
monary cement embolism and intercostal neuralgia repor-
ted [27-29]. Thus, these important complications should be
included.

We consider that our result of meta-analysis is influ-
enced by the following reasons: first, the description of
randomization process is not sufficient in most of the
studies. Although aggregate data had larger statistical
power, the included studies still had various types of bias.
Eight of studies have moderate quality and one has a high
risk of bias. It is necessary that amounts of high-quality
randomized controlled trials should be required. Second,
there were only cement leakage and postoperative adja-
cent-level fractures in our analysis. More important com-
plications should also be considered, such as intraoperative
pulmonary cement embolism, intercostal neuralgia and
cerebrospinal fluid leakage. And these complications might
affect the preponderance of the two approaches and could
be included by long-term follow-up. Third, the clinical
outcomes of the included studies were limited, although
data pooling. Thus, our meta-analysis might be limited to
answer some important clinical questions. Studies con-
tained large outcomes are required.

In summary, our meta-analysis confirmed that the
bilateral approach was associated with higher restoration
rate than the unilateral approach in the treatment of OVCF.
There were no significant difference in the short- and long-
term postoperative VAS, the short-term postoperative ODI,
the risk ratio of cement leakage and postoperative adjacent-
level fractures. The mean operation time, cement dosage
and X-ray exposure frequency were significantly greater in
the wunilateral approach compared with the bilateral
kyphoplasty approach.

Conclusions

In conclusion, our meta-analysis suggested that a definitive
verdict could not be reached regarding which surgical
approach is better for OVCF. Although unilateral PKP was
associated with shorter operative time, less X-ray exposure
frequency and dosage of PMMA than bilateral PKP in the
treatment of OVCF. There was no apparent difference in
the short- and long-term clinical outcomes and complica-
tions between the two approaches. However, bilateral PKP
approaches were higher than unilateral PKP approaches in
terms of the restoration rate. But on account of lack of

@ Springer

some high-quality evidence, we consider that more high-
quality randomized controlled trials are required and more
complications should be analysed to resolve which surgical
approach is better for OVCF treatment in the future.
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