MEDICAL META-ANALYSIS

SCIENCE

. e-ISSN 1643-3750
MON TOR © Med Sci Monit, 2015; 21: 782-790
DOI: 10.12659/MSM.892593

e otnvone Unilateral versus Bilateral Pedicle Screw Fixation
publihed zoeste for Degenerative Lumbar Diseases: A Meta-
Analysis of 10 Randomized Controlled Trials

Authors’ Contribution: A Xianzhou Li Department of Spine Surgery, Jining No.1 People’s Hospital, Shandong Academy of
Study Design A D Chaoliang Lv Medical Sciences, Jining, Shangdong, China

Data Collection B N
Statistical Analysis C DE TlngZhen Yan
Data Interpretation D
Manuscript Preparation E
Literature Search F
Funds Collection G

Corresponding Author: Xianzhou Li, e-mail: xzhouljn@163.com
Source of support: Self financing

Background: The common and effective treatment for degenerative lumbar diseases is lumbar spinal fusion. Controversy
still exists on the choice for instrumentation with spinal fusion procedures. Therefore, we conducted this me-
ta-analysis exclusively of RCTs to compare the clinical outcomes of patients receiving bilateral versus unilater-
al pedicle screw fixation (PSF).

Material/Methods: After systematic review of published and unpublished literature, a meta-analysis was conducted to compare
the 2 treatment strategies. The methodological quality of the literature was assessed using the PEDro critical
appraisal tool.

Results: Data synthesis showed less blood loss (P<0.001) and shorter operative time (P<0.001) in patients receiving uni-
lateral PSF compared to bilateral PSF. However, there was no significant difference in fusion rates and func-
tional outcomes between the 2 groups.

Conclusions: The meta-analysis indicated no significant difference in fusion rates and functional outcomes between the 2
treatment procedures, but unilateral PS fixation reduced blood loss and operative time.
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Background

Lumbar spinal fusion is a common and effective surgical proce-
dure for the treatment of degenerative lumbar diseases (DLD),
such as spondylolisthesis, lumbar spinal canal stenosis asso-
ciated with deformities, or discogenic pain identified by pro-
vocative discography [1-3]. The goal of lumbar fusion surgery
is to regain a solid arthrodesis of spinal segments while re-
storing disk height, immobilizing the unstable segment, and
restoring load bearing to anterior structures [4-7]. Generally,
pedicle screw fixation (PSF) can effectively improve bone fu-
sion rate and correct lumbar alignment [8].

Although spinal fusion with pedicle screws is widely performed,
there is controversial about the need for instrumentation with
spinal fusion procedures. Traditionally, bilateral PSF is consid-
ered as a widely accepted method for the treatment of a va-
riety of spinal diseases [9]. This standard procedure provides
both biomechanical and clinical advantages [10,11]. However,
due to the excessive rigidity of bilateral PSF, this instrumenta-
tion is suspected to cause the reduction of bone mineral con-
tent and degeneration of adjacent segments [12]. Aiming to de-
crease the rigidity of internal fixation, the unilateral construct
seems to be more attractive because it avoids soft tissue dis-
ruption of the contralateral side, may take less time, and can
be associated with lower implant costs [13-16]. The effective-
ness of unilateral fixation as compared to bilateral fixation in
lumbar fusion has been frequently investigated in previous
studies [15,17-19]. Biomechanical studies have shown that
unilateral fixation provided less rotational stability and stiff-
ness than bilateral pedicle screw fixation [10]. However, pre-
vious studies involving clinical outcomes have showed good
and similar functional results and fusion rates between the 2
methods after spinal fusion [17,20,21].

An increasing number of studies have compared the clinical ef-
fects of the 2 procedures for the management of DLD. However,
it is still uncertain whether unilateral screw fixation is more
effective than bilateral screw fixation. Hence, the purpose of
this meta-analysis was to critically assess the clinical effects
of the 2 techniques for the treatment of DLD in randomized
controlled trials (RCTs).

Material and Methods

Eligibility criteria

Studies were included in this review only if they were prospec-
tive randomized trials comparing the clinical effects of bilat-
eral and unilateral screw fixation for the management of DLD.
Quasi-randomized studies (nonrandom treatment allocation)
were excluded. Inclusion criteria were: (1) the study compared
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the clinical and/or radiological outcomes of lumbar fusion with
unilateral versus bilateral PSF, (2) a minimum of 12-month fol-
low-up, and (3) 1 or more outcomes of interest postoperative-
ly. Exclusion criteria were: (1) non-English language articles, (2)
technique papers, (3) patients with spinal deformities, trau-
mas, or spinal tumors, (4) involved previous lumbar surgery,
(5) only described unilateral or bilateral screw fixation, (6) in-
volved patients with another disease, such as severe osteopo-
rosis, active infection, metabolic disease, or symptomatic vas-
cular disease, and (7) letters, case reports, reviews, or repeated
studies. If more than 1 study by the same author was included,
the absence of overlap of data was carefully assessed by com-
paring the patient demographics or by contacting the author
if these data were not provided. If an article provided data on
multiple variations of a technique, the data were combined.
All studies considered eligible were retrieved, and the final de-
cision on inclusion was based on the full article.

Search technique

We performed a thorough search of Medline, EMBASE, Cochrane
Library, and PubMed for English-language articles published
from January 1969 to July 2014. The search was conducted
with the use of the following search terms: (1) “degenerative
lumbar diseases (DLD),” (2) “lumbar spinal fusion,” (3) “pedi-
cle screw,” (4) “unilateral,” and (5) “bilateral.”

The bibliographies of retrieved articles, books, and expert opin-
ion review articles were manually searched and reviewed. The
potentially relevant articles were identified and reviewed for
inclusion/exclusion criteria. Eligibility requirements were the
same for abstracts and full articles. Only studies that met the
inclusion criteria were considered for the final analysis. We
independently reviewed the titles to identify articles that po-
tentially met the eligibility criteria. These abstracts or articles
were then collected and reviewed to determine whether they
were appropriate for inclusion.

Data extraction and evaluation of methodological quality

Data was extracted by 2 independent reviewers. The extract-
ed information included: (i) the first author, country, published
year, and study type; (i) the number and characteristics of
subjects; (iii) surgical information, including surgical segment
and levels, instrumentation, and graft type; and (iv) the clini-
cal outcomes. The 2 reviewers reached agreement on select-
ed articles and extracted information and if they disagreed, a
third reviewer was invited to resolve the differences. Any dis-
crepancies were resolved by discussion. The methodological
quality of each study was assessed using the Physiotherapy
Evidence Database (PEDro) scale [22]. To minimize selection
bias, 2 investigators rated each study independently and sub-
sequently assigned a score based on the PEDro scale.
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Records identified through
database searching (n=1242)

Figure 1. Flow diagram of study selection.
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v — duplicates
—not English articles

The titles and abstracts screened
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v

[ I Records excluded: n=848

Full-text articles assessed for
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— 4 reviews
[ — 5 case reports
—10in vitro studies
Studies included in meta-analysis — 17 non-R(Ts

(n=10)

Full-text articles excluded (n=38)

— 2 less than 1 year follow-up RCTs

Table 1. Characteristics of the included studies.

s lesi M W) Gender
Study ample size ean agely Type of Spinal
References Country . .
design operation segment
Fernandez- . 60.8 61.4 15/ 16/ 1-segment
2 T 4 42 if i . .
Fairen [14] 007 Spain  RC 0 (50-70) (51-70) 27 24 CagGAutograft o o ents °%7 356
- 18/ 17/ TLIF, saber lumbar, 1-segment
X 1 2012 h T 4 o AT .148.1 ! 4 i 1.2 25.
22 115 0 SHEIEC Po SHALNE BRI 25 20 |I/F cage, autograft 2-segments 3 >3
. 12/ 8/  TLIF, capstone
Aoki [16] 2012 Japan  RCT 25 25 65.6+8.8 66.2+8.3 IR e 1-segment 31.0
55.7 53.5 20/ 20/ TLIF, PEEK cage,
Duncan [20] 2012  USA RCT 56 46 (26-82) (18-77) 36 26 autograft/allograft 1-segment  28.9 25.1
. 55.0 56.2 24/ 24/  TLIF, capstone 1-segment,
gieliel Al G LR 2 %6 (34-68) (34-66) 28 32 cage, autograft  2-segments >36
. South 56.22 9/ 12/  TLIF, capstone
Choi [21] 2013 Korea RCT 27 26 1126 53.39+14.3 IR 1-segment 27.5
Zhang [22] 2013 China RCT 35 33 557+11.6 5945102 O/ 4/ TURcapstone — ent 25.6
25 19 cage, autograft
. 65.5 67 20/ 19/ Mis-TLIF, capstone
Lin [8] 2013 China  RCT 42 43 (58-76) (57-74) 22 24 - 1-segment 26
. 6/ 6/ TLIF, capstone
Dong [23] 2014 China RCT 19 20 56.6+14.7 54.0+12.3 13 14 cageautograft 1-segment 36
Shen [24] 2014 China RCT 34 31 589+10.157.3¢117 o/ 17/ TURcapstone (it 266
18 14 cage, autograft

Uni — unilateral; Bi — bilateral; TLIF — transforaminal lumbar interbody fusion.

Outcome measurement

The fusion rate, screw complications, and postoperative func-
tional outcomes were used as the primary outcomes in pa-
tients managed with lumbar fusion. The secondary outcomes
under investigation included operative time, blood loss, and
duration of hospital stay. Fusion was assessed by the X-ray
films and computed tomography at the end of the follow-
up period. The included screw complications were screw

loosening, screw malposition, and screw breakage. Functional
outcomes were included Japanese Orthopedic Association
(JOA) score, visual analog scale (VAS), and Oswestry disabil-
ity index (ODI).

Statistical analysis

All statistical analyses were performed using Review Manager
5.2. Analysis of the treatment effect was performed when no
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Table 2. PEDro critical appraisal score.
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Total score

Fernandez-Fairen et al.

2007 [14] vy vy vy N
Xue et al. 2012 [15] NCOY Y YN
okietal2012(16] NCOY oY vy N
Duncanetal20120200 Y Y Y N N
Xieetal 201212] Yy Y vy v N
Choietal2013021] Yy Y N v N
hangetal201322] Y Y Y Y N
linetal2013[8] NCOoY oY vy N
Dongetal 2014[23] Yy Y vy v N
CShenetal2014[24] Yy Y vy v N

N N Y N Y Y 7
""" NN Y N Y Yy e
""" NN Y N Y Yy e
””” NN Y ON YN s
””” Ny oY oN Y Y s
””” NN YN Y Y e
""" NN Y N Y Yy
""" NN Y N Y Yy e
””” NN YN Y Yy
””” NN YN Y Yy T

A — eligibility criteria; B — random allocation; C — concealed allocation; D — baseline comparability; E — blind subject; F — blind clinician;
G - blind assessor; H — adequate follow-up; | — intention-to treat analysis; ) — between-group analysis; K — point estimates and

variability; Y — yes; N - no.
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Figure 2. Asymmetry for the contour funnel plot of screw
complications.

substantial differences in study populations, interventions, or
outcome measurements were observed. The chi-squared sta-
tistic and the |2 statistic were used to assess heterogeneity.
Studies with an I? statistic of >50% were considered to repre-
sent substantial heterogeneity.

A fixed-effects model was initially employed in the analysis,
unless significant heterogeneity was observed; a random-ef-
fects model analysis was used to account for the extra uncer-
tainty due to heterogeneity. For continuous outcomes with the
same measurement scale, means were computed with 95%

confidence intervals (Cls). However, for continuous outcomes
with different measurement scales, standardized mean differ-
ence (MD) was calculated. The dichotomous outcomes are pre-
sented as odds ratio (RR) with 95% Cls. A P value lower than
0.05 or a 95% ClI that did not contain unity was considered
statistically significant. Outcomes were summarized and ex-
pressed using a forest plot. Publication bias was assessed us-
ing a funnel plot of the most frequently reported outcome, and
funnel plot asymmetry was tested with Peters’ method [23].

Results

Search results

Through initial electronic database searches, a total of 1242
relevant titles were identified. The flow diagram of the study
search process is presented in Figure 1. Finally, 10 RCTs
[9,13,15,17,18,24-28] were identified as meeting the eligi-
bility criteria. Table 1 shows the characteristics of the includ-
ed studies. The mean PEDro score of the 10 trials was 6.5
(SD=0.81), and detailed results are summarized in Table 2.
Blinded subjects, blinded clinicians, and intention-to-treat
analysis were not used in any of the RCTs. Only 1 study [13]
used the blind assessor method. One RCT [24] did not report
the point estimates or variability. There was no statistical-
ly significant asymmetry for the contour funnel plot of screw
complications (Figure 2).
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Table 3. The results of pooled analysis.

Odds ratio effect/mean difference (95%Cl)

Outcome

Random effects
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Heterogeneity

Fixed effects

Screw

0.62 [0.33,1.20] 0.16 0 0.96

0.88 [0.52, 1.48] 0.62 0 0.74

JOA score [12,16,23] 0.52 [0.23, 0.81] 0.0004 54% 0.12
VASscore  [815162224] 002 [-036,040) 093  63% 003
oot Bis22-240 008 [-054,039] 075 o om
Hospitalstay [12141522-24]  -256  [-692,18] 025 9% <0001
Operativetime  [12,14-1621-24] 4593 [-4095,-41%0] 0001 97% <0001
Bloodloss | [1214-1621-24] -13946 [-20527,-7364] 0001 98% <0001

Results of pooled analysis

Of the 10 included RCTs, 731 patients in total were enrolled.
Three hundred fifty-six patients were treated using unilateral
PSF techniques, and 375 patients were treated using bilateral
PSF techniques. There were no differences between the groups
of patients within each of 10 studies in terms of sample size,
sex, mean age, and mean duration of follow-up. Detailed re-
sults of the pooled analysis are presented in Table 3.

Primary outcomes

Eight [9,15,17,18,25-28] of the 10 RCTs assessed the postop-
erative fusion rate of patients (Figure 3A). There was no sig-
nificant heterogeneity among these trials (/>=0%, P=0.96), and
the fixed-effects model was used to pool the results. Meta-
analysis showed that the fusion rate of patients with unilat-
eral PSF was not significantly different than that of patients
with bilateral PSF (OR=0.62, 95% Cl: 0.33 to 1.20, P=0.16).

As 1 of the study’s functional outcome, analysis showed a
statistically significant difference between the 2 treatment
strategies in respect to JOA score [13,18,27] (MD=0.52, 95%
Cl: 0.23 t0 0.81, P=0.0004) (Figure 3C). Due to significant het-
erogeneity (/’=54%, P=0.12), the random-effects model was
used to pool the results.

With respect to screw complications rates, VAS score, and ODI,
we found no significant difference between the 2 techniques
(P=0.62, P=0.93, and P=0.75, respectively) (Figure 3).

Length of hospitalization, operation time, and blood loss

Six studies [13,15,17,26-28] included data on hospital stay
(Figure 4). The pooled mean difference in hospital stay between

the 2 groups was —2.56. The test of heterogeneity found signif-
icant differences across the included studies (P<0.001, 1’=99%).
The data on hospital stay between the 2 groups had no sta-
tistical significance at final follow-up (95% Cl: -6.92 to 1.80,
P=0.25; Figure 4A). With respect to operative time for the 2
procedures (Figure 4B), a statistically significant difference
was found between the 2 treatment groups (P<0.001, Table 3),
with significant heterogeneity. After combining the data from
8 of the 10 included RCTs [9,13,15,17,18,25-28], significant-
ly less blood loss was observed in the unilateral screw fixa-
tion group compared to patients who received lumbar fusion
surgery with bilateral screw fixation (MD=-139.46, 95% ClI:
—-205.27 to 73.64, P<0.001) (Figure 4C), with a high degree of
heterogeneity across the studies (P<0.001, 2=98%)

Discussion

In this meta-analysis, we summarized findings in the clinical
literature on the outcomes of bilateral and unilateral screw
fixation for the management of DLD. In this study, unilater-
al PSF reduced blood loss and operative time. This study also
demonstrated a higher JOA score in patients whose lumbar
fusion surgery used unilateral PSF.

Lumbar spinal fusion is recognized as an effective treatment
for DLD [29-31]. Since Cloward et al. [32] first introduced the
method 50 years ago, lumbar fusion has been widely used to
treat spinal disorders. Stable fusion helps to improve the re-
sults of surgical treatment. It is generally accepted that essen-
tial PSF, to maintain the initial stability of the segment, is the
basis of successful interbody fusion. However, there is con-
troversy regarding the choice between unilateral or bilateral
PSF in lumbar fusion.
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Unilateral Bilateral Risk ratio Risk ratio A
Study or subgroup Events  Total Events  Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Aoki 2012 21 25 22 25 15.1% 0.7210.14,3.59] ]
Choi 2013 22 26 26 27 16.9% 0.21[0.02, 2.03] —
Dong 2014 17 20 17 19 11.2% 0.67[0.10,4.41] s
Ferndndez-Fairen 2007 36 40 39 iy} 16.4% 0.69[0.14,3.31] ——
Lin 2013 40 Y] 39 'y} 8.0% 1.5410.24,9.71] D —
Shen 2014 30 31 34 34 6.6% 0.29[0.01,7.51] _—
Xue 2012 34 37 41 ;3 13.2% 0.5510.09, 3.50] [
Zhang 2013 30 33 33 35 12.5% 0.61[0.09, 3.88] S N
Total (95% (1) 254 267 100.0% 0.63[0.33,1.20] ‘
Total events 230 251
Heterogeneity: Chi’=2.07, df=7 (P=0.96); ’=0% , , . ,
Test for overall effect: 7=1.42 (P=0.16) 0.001 01 1 10 1000
Unilateral Bilateral
Unilateral Bilateral Risk ratio Risk ratio B
Study or subgroup Events  Total Events  Total Weight M-H, fixed, 95% Cl M-H, fixed, 95% (I
Aoki 2012 2 25 1 25 3.1% 2.09[0.18, 28.61]
Choi 2013 2 26 1 27 3.0% 2.1710.18, 25.46]
Dong 2014 0 20 0 19 Not estimable
Duncan 2012 n 46 16 56 37.7% 0.79[0.32,1.92] ——
Fernandez-Fairen 2007 0 40 3 42 11.3% 0.1410.01,2.79] < =
Lin 2013 1 Zy) 2 Iy} 6.5% 0.4910.04, 5.59] -
Shen 2014 4 31 3 34 8.3% 1.53[0.31,7.46] -t
Xie 2012 4 56 5 52 16.1% 0.72[0.18, 2.85] R S
Xue 2012 3 37 1 ;3 2.8% 3.7110.09, 2.93]
Zhang 2013 2 33 4 35 12.2% 0.50(0.09, 2,93]
Total (95% (1) 356 375 100.0% 0.88[0.52, 1.48] ‘
Total events 29 36
Heterogeneity: Chi’=5.16, df=8 (P=0.74); ’=0% ) ) ) .
Test for overall effect: 7=0.50 (P=0.62) 0.02 01 1 10 50
Unilateral Bilateral
Unilateral Bilateral Mean difference Mean difference C
Study or subgroup Mean ~ SD  Total Mean  SD  Total  Weight IV, random, 95% CI IV, random, 95% (I
Aoki 2012 2.8 07 25 26 08 25 47.6% 0.20[-0.22, 0.62] =
Dong 2014 2805 063 20 2726 074 19 44.2% 0.79[0.36,1.22] L
Xie 2012 26.1 19 5 252 32 52 8.2% 0.90[—0.10, 1.90] |
Total (95% Cl) 101 96 100.0% 0.52[0.23,0.81] ’
Heterogeneity: Tauw’=0.00; Chi’=4.32, df=2 (P=0.12); P=54% R ' b !
Test for overall effect: Z=3.53 (P=0.0004) Unilateral Bilateral
Unilateral Bilateral Mean difference Mean difference D
Study or subgroup Mean SD  Total Mean SD  Total Weight IV, random, 95% CI IV, random, 95% Cl
Aoki 2012 3.7 33025 13 2125 5.3% 2.40[0.87,3.93] 4
Lin 2013 3.1 016 42 33 11 & 28.5% —0.20[-0.54,0.14] —=r
Shen 2014 2 13 31 22 14 34 17.5% -0.20[-0.86, 0.46] ——
Xue 2012 2.1 08 37 21 03 43 30.8% 0.00[-0.27,0.27]
Zhang 2013 1.9 14 33 2 13 35 17.9% —0.10[-0.74, 0.54]
Total (95% Cl) 168 179 100.0% 0.52[-0.36, 0.40]
Heterogeneity: Tau’=0.10; Chi?=10.92, df=4 (P=0.03); *=63% } . } } }
Test for overall effect: 7=0.08 (P=0.93) -2 -l 0 1 2
Unilateral Bilateral
Unilateral Bilateral Mean difference Mean difference
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Unilateral Bilateral Mean difference Mean difference E
Study or subgroup Mean SD  Total Mean SD  Total Weight 1V, fixed, 95% Cl 1V, fixed, 95%
Dong 2014 2.52 126 20 252 193 19 20.2% 0.00[-1.03,1.03] i
Lin 2013 15.67 23 42 1498 26 42 19.3% 0.69[-0.36, 1.74] T
Shen 2014 2138 1433 31 2284 1565 34 0.4% -1.46[-8.75,5.83] ¢ >
Xue 2012 15.4 17 37 158 09 43 57.3% -0.40[-1.01,0.21] B
Zhang 2013 18.8 32 33 179 76 35 2.8% 0.90 [-1.84, 3.64]
Total (95% Cl) 163 173 100.0%  —0.08[-0.54,0.39]

Heterogeneity: Chi>=3.77, df=4 (P=0.44); ’=0%
Test for overall effect: Z=0.32 (P=0.75)

2 -
Unilateral

2

T

Bilateral

Figure 3. (A) Forest plot to assess postoperative fusion rates between the 2 treatment strategies; (B) forest plot to assess screw
complications events between the 2 treatment strategies; (C) forest plot to assess JOA scores between the 2 treatment
strategies; (D) forest plot to assess VAS scores between the 2 treatment strategies; (E) forest plot to assess ODI between the

2 treatment strategies.

Unilateral Bilateral Mean difference Mean difference A
Study or subgroup Mean ~ SD  Total Mean  SD  Total Weight IV, random, 95% Cl 1V, random, 95% CI
Aoki 2012 175 4372 25 2323 4579 25 2.6% —60.80 [-85.62, —35.98] -
Choi 2013 8423 4186 26 13.759 3292 27 4.0% —53.36 [-73.63,-33.09] -
Dong 2014 146.8 14 20 153 138 19 21.3% -9.50[-18.23,-0.77] __’
Fernandez-Fairen 2007 168 37 40 203 35 42 6.7% -35.00[-50.61,-19.39] —
Shen 2014 101.4 27.2 31 1430 225 34 10.9% —41.70 [-53.90, -29.50] =
Xie 2012 1255 2031 56 168 15.59 52 35.1% —42.50 [-49.30,-35.70] -
Xue 2012 136.3 20.1 37 24501 265 43 15.5% —108.80 [-119.03,-98.57] —_—
Zhang 2013 20425 4391 33 243 4178 35 3.9% -38.75[-59.15, -18.65]
¢
Total (95% (1) 268 277 100.0%  —45.93[-49.95,-41.90] — —
Heterogeneity: Tau’=0.00; Chi2=217.69, df=7 (P<0.00001); *=97% -100 =50 0 50 100
Test for overall effect: Z=22.34 (P<0.00001) Unilatera Bilateral
Unilateral Bilateral Mean difference Mean difference B
Study or subgroup Mean SD  Total Mean SD  Total Weight IV, random, 95% CI 1V, random, 95% (I
Aoki 2012 245 136.17 25 3845 1477 25 11.8% —139.50 [-218.25, —60.75]
Choi 2013 92.69 119.95 26 232.04 215.63 27 1.1% —139.35[-232.84, —45.86]
Dong 2014 21313 2239 20 400 28.87 19 14.1% -186.87 [-203.14, -170.60] -
Ferndndez-Fairen 2007 1,060 270 40 1,155 207 42 10.5% -95.00 [~199.50, 9.50] = =
Shen 2014 52,5 39.7 31 1063 538 34 14.0% —53.80 [-76.65, —30.95] -
Xie 2012 435 122.09 56 5615 72.19 52 13.6% —126.50 [-164.02, —88.98] -
Xue 2012 70.8 10.1 37 3242 131 43 14.2% -253.40[-258.49,-248.31] J
Zhang 2013 498  225.15 33 5955 195.61 35 10.7% —97.50[-197.98, 2.98] S S |
Total (95% Cl) 268 277 100.0% —139.46 [-205.27,-73.64]
Heterogeneity: Tau?=7919.59; (hi*=380.92, df=7 (P<0.00001); >=98% + + + +
Test for overall effect: 7=4.15 (P<0.0001) -200 -100 0 100 200
Unilateral Bilateral
Unilateral Bilateral Mean difference Mean difference C
Study or subgroup Mean SD  Total Mean Total Weight IV, random, 95% Cl 1V, random, 95% (I
Dong 2014 15.9 43 20 16.8 55 19 16.5% -0.90 [-4.01,2.21] e
Fernandez-Fairen 2007 3.97 1.01 40 385 054 42 18.0% 0.12[-0.23,0.47] i
Shen 2014 44 15 31 6.6 2.1 34 17.9% -2.20[-3.08,-1.32] -
Xie 2012 9.75 4.27 56 1225 101 52 16.6% -2.50[-5.46, 0.46] —
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Figure 4. (A) Forest plot to assess hospital stay events between the 2 treatment strategies; (B) forest plot to assess operative time
events between the 2 treatment strategies; (C) forest plot to assess blood loss events between the 2 treatment strategies.
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Previous biomechanical studies are negative about the abili-
ty of unilateral fixation to maintain adequate support of the
spine for fusion. In a study by Goel et al. [33], unilateral PSF
reduced the rigidity and diminished the stress arising in the
upper and lower adjacent levels. A study by Kasai et al. [34]
reported that the fixation achieved by unilateral PSF in all di-
rections was not as good as that achieved by bilateral fixation.
However, some authors were satisfied with the use of unilat-
eral PSF. Chen et al. [35] found that unilateral fixation with
cage implantation was a good alternative to maintain the sta-
bility of the lumbar spine. In 1992, Kabins et al. [36] showed a
similar fusion rate in the unilateral screw fixations group com-
pared with the bilateral fixations group.

Clinical results in patients with treatment of unilateral PSF ver-
sus bilateral PSF were shown in a number of studies. In 2010,
Aoki et al. [37] showed negative results in a unilateral fixation
group in their study. They stated that spine surgeons should
consider the potential for postoperative cage migration and
limitations of unilateral fixation. However, Toyone et al. [38]
demonstrated a lower incidence of adjacent segment degen-
eration in lumbar fusion with unilateral PSF than that in lum-
bar fusion with bilateral PSF during a 5-year follow-up. Many
RCTs comparing unilateral and bilateral fixations have been
reported, but there remains no clear evidence-based standard-
ized treatment protocol.

Our meta-analysis suggests that no significant difference was
detected between the 2 groups in terms of primary outcomes
except for JOA score. There was no statistically significant dif-
ference in fusion rate between the 2 fixation approaches in
our meta-analysis, showing that the effectiveness of unilateral
PSF procedure might be similar to the bilateral PSF procedure.
However, we found a trend toward a higher fusion rate in pa-
tients with lumbar fusion of bilateral PSF. This result showed
that although unilateral instrumentation might provide suffi-
cient stability, the greater stiffness of the bilateral screw led a
higher fusion rate at the final follow-up. Han et al. [39] in their
meta-analysis showed similar results and advised that unilater-
al instrumentation was more suitable for a single-level fusion.

There was no difference between the 2 groups for total com-
plications with no heterogeneity. However, some studies have
reported that unilateral fixation was too unstable to prevent fu-
sion cage migration [24], perhaps due to the inherent symme-
try of the unilateral screw fixation. In addition, this study dem-
onstrated a higher JOA score in patients undergoing unilateral
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PSF lumbar fusion, but a significant heterogeneity across the
studies was found. Furthermore, both groups demonstrated
more excellent outcomes at the final follow-up compared to
the preoperative assessment; therefore demonstrating that
both unilateral and bilateral PSF can maintain the initial sta-
bility of the lumbar spine after intervertebral decompression.

This study demonstrated a relatively lower operative time and
blood loss in the unilateral PSF group with high heterogeneity
across the studies, but there was no significant difference be-
tween the 2 groups in hospital stay time. It may be that both
the medical system and skill of the surgeons have effects on all
of these 3 indexes. Reduced soft tissue dissection favors early
recovery and rehabilitation [40-42]. Although no difference was
shown in hospital stay in this study, some studies have reported
that the hospital stay for unilateral fixation patients was short-
er than that for bilateral fixation patients [26,43,44]. Therefore,
unilateral fixation has a relative advantage in these 3 indexes.

The results of this meta-analysis should be interpreted and
generalized with caution due to several limitations in the stud-
ies. First, although we included 10 RCTs in this meta-analysis,
the sample sizes of these studies might not be large enough
to show significant differences between the 2 groups. Second,
there was no criterion standard outcome with which to com-
pare the postoperative clinical effect across these studies.
Third, blinding of outcome assessors was used in only 1 of the
RCTs included, and none of them reported adequate intention-
to-treat analysis. Thus, detection bias might have been intro-
duced. Finally, the length of follow-up varied between the in-
cluded studies.

Conclusions

Based on this systematic review and meta-analysis, unilateral
fixation has no obvious statistical difference in primary out-
comes compared with bilateral fixation. However, the unilater-
al PSF procedure possessed decreased blood loss and shorter
operative time. Due to the limitations of the available studies,
the findings of this review should be interpreted with caution.
Future well-designed RCTs with a larger number of patients
and longer follow-up durations are needed.
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