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Abstract: Background: Transforaminal lumbar interbody fusion (TLIF) is one of the surgical options used for the treat-
ment of lumbar degenerative disease. However, it still remains unknown whether TLIF with unilateral pedicle screw 
(PS) fixation is superior to that with bilateral PS fixation. This meta-analysis was performed to compare the relative 
benefits and risks of unilateral and bilateral PS fixation in TLIF for the treatment of lumbar degenerative disease. 
Methods: Medline, Embase, and the Cochrane Central Register of Controlled Trials databases were searched to 
identify relevant randomized controlled trials (RCTs). All data were analyzed by Review Manager 5.3 software. A ran-
dom effect model was used for heterogeneous data; otherwise, a fixed effect model was used. Results: Eleven ran-
domized and one quasi-randomized controlled trials were retrieved in the meta-analysis. Overall, there were signifi-
cant differences between the two groups for operative time and blood loss. No significant differences were detected 
regarding fusion rate, total complication rate, dura tear, superficial wound infection, screw-related complications, 
reoperation rate, visual analog scale (VAS), Oswestry Disability Index (ODI), Japanese Orthopedic Association (JOA), 
the Short Form (36) Health Survey (SF-36) scores, and hospital stay. Conclusions: This meta-analysis showed that 
unilateral fixation group was superior to bilateral fixation group regarding operative time and blood loss. However, 
the results of fusion rate, total complication rate, specific complications, reoperation rate, functional outcomes and 
hospital stay were similar in the two groups. Therefore, the results of this study indicate that unilateral PS fixation in 
TLIF is a good alternative to bilateral PS fixation for the treatment of lumbar degenerative disease.

Keywords: Transforaminal lumbar interbody fusion, unilateral, bilateral, pedicle screw fixation, lumbar degenera-
tive disease, meta-analysis

Introduction

Transforaminal lumbar interbody fusion (TLIF), 
initially described by Harms and Jeszenszky in 
the early 1990s [1], is increasingly popular as a 
surgical option to treat various lumbar degen-
erative diseases. It has the advantages of 
reducing the risk of excessive neural tissue 
retraction and epidural fibrosis when compared 
with a wider posterior lumbar interbody fusion 
(PLIF) approach [2, 3], as well as avoiding the 
potential complications associated with anteri-
or lumbar interbody fusion (ALIF), such as iatro-
genic damage to the great vessels or presacral 
sympathetic plexus [4, 5]. Generally, TLIF sup-
plemented with bilateral pedicle screw (PS) fix-

ation is a widely accepted method [6-12]. It pro-
vides stable environment of the fused segment 
for further interbody fusion and many studies 
have shown excellent clinical outcomes [6-10]. 
However, some studies have reported increased 
stiffness of bilateral fixation results in unde-
sired adverse effects, including adjacent seg-
ment degeneration [13, 14] and implant-associ-
ated osteoporosis [15, 16]. Moreover, bilateral 
fixation carries the disadvantages of destruc-
tion of the contralateral elements, elevation in 
blood loss, operative time, and costs of 
implants. To reduce these adverse effects, 
many authors have advocated unilateral PS fix-
ation and they have reported favorable clinical 
outcomes [17-21]. It remains unknown whether 
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unilateral or bilateral PS fixation with TLIF is 
more effective in the treatment of lumbar 
degenerative disease. Therefore, we performed 
a meta-analysis of the available literature to 
gain a better understanding of comparative 
effectiveness of unilateral and bilateral PS fixa-
tion in TLIF for lumbar degenerative disease.

Methods 

Search strategy

The study was conducted following the Preferr- 
ed Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) [22]. Medline (1946 
to present), Embase (1974 to present), and the 
Cochrane Central Register of Controlled Trials 
databases were searched through April 2016 
using combinations of such key terms as ‘uni-
lateral’, ‘transforaminal lumbar interbody 
fusion’, ‘posterior lumbar interbody fusion’, 
‘TLIF’, and ‘PLIF’ with the Boolean operators 
‘AND’, ‘NOT’, and ‘OR’. No linguistic restriction 
was imposed on the search as recommended 
by the Cochrane Back Review Group editorial 
board. The reference lists of selected articles 
and relevant reviews were also reviewed to 
identify studies not identified in the original 
search. Two investigators independently review- 
ed all subjects, abstracts, and the full text of 
articles that were potentially eligible based on 
abstract review. The eligible studies were then 
selected based on the eligibility criteria. 
Inconsistencies between investigators’ data 
were resolved through discussion until a con-
sensus was reached. 

Inclusion and exclusion criteria

The following inclusion criteria were applied: (1) 
Randomized controlled trials (RCTs) or quasi-
RCTs; (2) Subjects who had undergone transfo-
raminal lumbar interbody fusion for lumbar 
degenerative disease; (3) The different inter-
ventions were unilateral and bilateral PS fixa-
tion; (4) At least one desirable outcome should 
be reported. Articles were excluded if they had 
any of following characteristics: (1) Subjects 
suffering from spinal trauma, tumor, deformi-
ties or systematic disorders, such as infectious 
disease, metabolic pathology, severe osteopo-
rosis, and symptomatic vascular disease; (2) 
Subjects in unilateral PS fixation group were 
implanted with contralateral facet screw, inter-
spinous process plate or other related implants 

simultaneously; (3) Studies in which unilateral 
group performed MIS-TLIF approach while bilat-
eral group used open TLIF approach; (4) 
Biomechanical study, cadaveric study, com-
ment, and case report; (5) Repeated studies.

Quality assessment

The methodological quality of all articles that 
met the eligibility criteria were assessed inde-
pendently by two reviewers using a 12-item 
scale recommended by the Cochrane Back 
Review Group [23]. For each criterion, the 
reviewer’s rating was categorized as “yes”, “no”, 
or “unsure”. The studies were rated as having 
“low risk of bias” if at least 6 of the 12 criteria 
were met without serious flaws. Otherwise, the 
studies were rated as having “high risk of bias”.

Data extraction

The data extracted included the following item- 
s: (1) Basic characteristics: study country, study 
year, study design, included diseases, enrolled 
and followed number, follow-up duration; (2) 
Baseline characteristics: mean age, gender 
proportion, mean height and weight, BMI, dura-
tion of symptoms, preoperative pain and func-
tional scores; (3) Surgical information: surgical 
approach, fused level and level numbers, and 
graft use; (4) Primary outcomes: fusion rate, 
complication rate and reoperation rate; (5) 
Secondary outcomes including visual analog 
scale (VAS), Oswestry Disability Index (ODI), 
Japanese Orthopedic Association (JOA), and 
the Short Form (36) Health Survey (SF-36) 
scores; (6) Other outcomes: operative time, 
blood loss, hospital stay. The data were inde-
pendently extracted by two reviewers and any 
discrepancies between the reviewers were dis-
cussed and resolved by consensus.

Data analysis

The analysis was carried out using Review 
Manager 5.3 software (Cochrane Collaboration, 
Oxford, UK). For dichotomous variables, the 
relative risk (RR) and 95% confidence intervals 
(CIs) were calculated. For continuous variables, 
the weighted mean differences (WMD) and 
95% CIs were calculated. The level of signifi-
cance was set at P<0.05. Standard errors, P 
values for differences in means, and interquar-
tile ranges were transformed into standard 
deviation (SD), where necessary, according to 
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the method described by Cochrane Handbook 
for Systematic Reviews of Interventions. Hetero- 
geneity was evaluated using I2 statistics. An I2 

value<25% was considered to be homoge-
neous, between 25 and 50% to be of low het-
erogeneity, between 50 and 75% to be of mod-
erate heterogeneity, and above 75% to be of 
high heterogeneity. A fixed effects model was 
used if there was no evidence of heterogeneity 
(I2 value<25%) between studies. If there was 
evidence of heterogeneity (I2 value ≥25%), a 
random effects model was used. 

Results

Literature search

The details of literature search and selection 
are discussed in the Figure 1. A total of 534 
articles were identified through three electronic 
database searches. After removal of duplicate 
and irrelevant articles by title and abstract 
review, 19 potential articles were retrieved for 
further full-text assessment. Among them, 7 
articles were excluded because of not meeting 
the eligibility criteria [24-30]. Finally, 11 RCTs 
and 1 quasi-RCT involving 797 patients were 
included in the meta-analysis [31-42]. The 
details of demographic and clinical characteris-
tics of patients are shown in Tables 1 and 2. No 

four studies [37, 38, 40, 42] at the last follow-
up assessment. Among them, nine studies [32, 
33, 35-38, 40-42] had more than 24 months 
follow-up duration. Overall, there was no signifi-
cant difference between the two groups (RR = 
0.97; 95% CI: 0.94, 1.01; P=0.12; Figure 3). No 
heterogeneity was detected between these 
studies (I2=0%; P=0.71). Sensitivity analysis 
with the removal of the study [34] of 12-month 
follow-up also revealed a similar trend (P=0.11). 
Ten studies [32-39, 41, 42] reported the com-
plication data. The overall rate of total compli-
cations was similar between the unilateral 
(11.2%) and bilateral (10.2%) groups (RR=1.12; 
95% CI: 0.74, 1.70; P=0.59; Figure 4). No statis-
tical heterogeneity was detected among these 
studies (I2=0%; P=0.68).As for specific compli-
cations, the data of dura tear, superficial wound 
infection, and screw-related complications 
were extracted. There were no significant differ-
ences between the two groups regarding dura 
tear (RR=0.86; 95% CI: 0.36, 2.06; P=0.73; 
Figure 5) [32, 33, 36-38, 42], superficial wound 
infection (RR=0.87;95% CI: 0.36, 2.11; P=0.75; 
Figure 5) [33, 34, 36, 38, 41, 42], and screw-
related complications (RR=0.91; 95% CI: 0.27, 
3.09; P=0.89; Figure 5) [33, 36-38]. No statis-
tical heterogeneity was detected in these data. 
As for reoperation rate, our analysis showed 
there was no significant difference without sig-

Figure 1. Study search and selection.

significant differences between 
the two groups were found in the 
baseline characteristics among 
these included studies (Table 3). 
For the unilateral group, the mean 
age ranged from 53.39 to 67 
years, compared to 53.2 to 66.1 
years for the bilateral group. The 
proportion of female patients 
ranged from 42.4% to 75% and 
28.6% to 70% for unilateral and 
bilateral groups, respectively. 

Quality assessment

The methodological quality of all 
included studies was presented in 
Figure 2. All thirteen studies were 
rated as having “low risk of bias”. 

Primary outcomes: fusion rate, 
complication rate, and reopera-
tion rate

The fusion rate data was available 
in ten studies [32-38, 40-42]. No 
nonunion case was reported in 
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Table 1. Characteristics of all included studies 

Articles Country Year Mean Age 
(Years)

Gender (% 
Female)

Followed / En-
rolled Patients

Follow-up 
(Months)

Surgical 
Approach Fused Levels

Unilat-
eral

Bilat-
eral

Unilat-
eral

Bilat-
eral

Unilat-
eral

Bilat-
eral

Unilat-
eral

Bilat-
eral Unilateral Bilateral

Feng et al. China 2011 53.75 53.2 0.6 0.5 20/20 20/20 3 TLIF 1 level: L3-4: 1, L4-5: 11, L5-S1: 8 1 level: L3-4: 2, L4-5: 12, L5-S1: 6

Aoki et al. Japan 2012 66.2 65.6 0.68 0.52 24/25 23/25 31 31.2 TLIF 1 level: L3-4: 4, L4-5: 21 1 level: L3-4: 5, L4-5: 20

Xue et al. China 2012 57.1 58.2 0.541 0.581 37/37 43/43 25.3 TLIF 1 level: L3-4: 2, L4-5: 14, L5-S1: 13, 1 level: L3-4: 4, L4-5: 15, L5-S1: 12

2 levels: L3-5: 3, L4-S1: 5 2 levels: L3-5: 5, L4-S1: 7

Dahdaleh et al. USA 2013 62.2 57.3 0.75 0.7 16/20 20/21 12.4 11.4 MIS-TLIF 1 level: L3-4: 1, L4-5: 12, L5-S1: 7 1 level: L3-4: 1, L4-5: 12, L5-S1: 3

Choi et al. South Korea 2013 53.39 56.22 0.538 0.667 26/26 27/28 27.52 28.85 MIS-TLIF 1 level: L4-5: 20, L5-S1: 6 1 level: L3-4: 2, L4-5: 18, L5-S1: 7

Zhang et al. China 2013 59.4 55.7 0.424 0.286 33/33 35/35 25.6 TLIF 2 levels: L2-4: 1, L3-5: 12, L4-S1: 20 2 levels: L2-4: 2, L3-5: 10, L4-S1: 23

Shen et al. China 2013 57.3 58.9 0.452 0.529 31/31 34/34 26.6 MIS-TLIF 1 level: L4-5: 15, L5-S1: 16 1 level: L4-5: 15, L5-S1: 19

Gu et al. China 2015 64.5 66.1 0.514 0.462 35/35 39/39 32.1 31.7 MIS-TLIF 2 levels: L3-5: 15, L4-S1: 20 2 levels: L3-5: 16, L4-S1: 23

Duncan et al. USA 2012 53.5 55.7 0.565 0.642 46/57 56/59 25.1 TLIF NA NA

Dong et al. China 2014 54 56.6 0.7 0.684 20/20 19/19 36 MIS-TLIF 1 level: L4-5: 13, L5-S1: 7 1 level: L4-5: 14, L5-S1: 5

Lin et al. China 2013 67 65.5 0.442 0.476 43/43 42/42 26 MIS-TLIF 1 level: L3-4: 9, L4-5: 18, L5-S1: 16 1 level: L3-4: 9, L4-5: 19, L5-S1: 14

Xie et al. China 2012 56.2 55 0.571 0.538 56/56 52/52 36-48 TLIF 1 level: L3-4: 10, L4-5: 20, L5-S1: 12 1 level: L3-4: 10, L4-5: 18, L5-S1: 12

2 levels: L3-5: 6, L4-S1: 8 2 levels: L3-5: 5, L4-S1: 7
MIS-TLIF: minimally invasive approach for transforaminal lumbar interbody fusion. NA: not available.
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Table 2. The included diseases, outcomes, and definition of fusion
Articles Included diseases Significant outcomes Insignificant outcomes Definition of fusion
Feng et al. LSS NA Operative time, Blood loss

NA
LS (Grade I or II) Hospital stay, JOA

Aoki et al. LS (Grade I or II) Operative time, Blood loss Fusion rate, Total complications The presence of continuous trabecular bone formation through or outside 
the cages,<3° movement radiolucent on lateral flexion and extension 
radiographs, and the absence of lines around more than 50 % of the 
implant

VAS-BP, VAS-LP Dura tear, JOA, Reoperation rate

Xue et al. LSS, LS, LDH NA Fusion rate, Total complications, Dura tear, Screw-related 
complications

Continuous osseous trabeculations bridging the graft- transverse 
interface or stable fusion of the segment with between standards<4 mm 
of translation or<10° of angular motion adjacent end plates on lateral 
flexion-extension radiographs

RLDH, DLBP Superficial wound infection, VAS, ODI, Reoperation rate

Dahdaleh et al. LS (Grade I or II) Blood loss Fusion rate, Total complications, Superficial wound infection Absence of angulation on dynamic flexion-extension radiographs, evi-
dence of bridging bone, and absence of hardware lucency or migrationVAS, ODI

Choi et al. LSS, LS, LDH Operative time, Blood loss Fusion rate, Total complications, Reoperation rate The Bridwell system is composed of the following categories and grades: 
fused with remodeling and trabeculae present (Grade I); graft intact, not 
fully remodeled and incorporated, but no lucency present (Grade II); graft 
intact, potential lucency present at top and bottom of graft (Grade III); 
and fusion absent with collapse/resorption of the graft (Grade IV) 

 RLDH

Zhang et al. LSS, LS, SDDD Operative time, Blood loss Fusion rate, Total complications, Screw-related complications Bone bridging the disk space without lucency and<4° of angular motion 
on flexion-extension views between the fused segmentsFBS Dura tear, Superficial wound infection, VAS, ODI, SF-36, 

Hospital stay

Shen et al. LDH, LSS, DLBP Operative time, Blood loss Fusion rate, Total complications, Dura tear An absence of radiolucent lines covering>50% of either implant, transla-
tion of ≤3 mm and angulation<5° on flexion-extension bone radiographs, 
and continuous trabecular growth connecting the vertebral bodies on CT 
scan cut

Hospital stay  Screw-related complications, VAS, ODI, Reoperation rate

Gu et al. LSS, LS Operative time, Blood loss Fusion rate, Total complications, Dura tear, Screw-related 
complications

Formation of trabecular bony bridges between contiguous vertebral bod-
ies at the instrumented levels

Superficial wound infection, VAS, ODI, Hospital stay

Duncan et al. LSS, LS, LDH NA Total complications NA

Dong et al. LS (Grade I or II) Operative time, Blood loss Fusion rate, Hospital stay Formation of continuous trabecular bone observed in and around the 
fusion cage, or lumbar dynamic images showing<5° of intervertebral 
movement at the fused segmentSDDD

Lin et al. LSS, LS, LDH Operative time, Blood loss Fusion rate, Total complications, Superficial wound infection, 
VAS, ODI

At least 3 of 4 criteria achieved: bony bridging, bony continuity between 
endplates, trabecular structure in the anterior bone bridge, and lack of 
radiolucent lines around implants. 

Xie et al. LSS, RLDH, SDDD Operative time, Blood loss Total complications, Dura tear, JOA, Superficial wound infec-
tion, SF-36

Radiographic evidence existed of bone bridging the disk space without 
lucency and the motion between the fused segments motion was<4° on 
flexion and extension views. >4° of motion or the presence of translation 
was considered a failure of fusion. 

Hospital stay

LSS: lumbar spinal stenosis. LS: lumbar spondylolisthesis. LDH: lumbar disc herniation. RLDH: recurrent lumbar disc herniation. SDDD: symptomatic degenerative disc disease. DLBP: discogenic low back pain. FBS: failed back surgery. NA: 
not available.
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Table 3. Comparison of baseline characteristics between unilateralgroup and bilateral group

Articles Mean age Gender Follow-up time Fused level Preoperative diagnosis Preoperative VAS Preoperative functional scores 
(ODI, JOA, or SF-36 scores) BMI Mean 

height
Mean 
weight

Duration of 
symptoms

Feng et al. * * * * * * * NA NA NA NA

Aoki et al. * * * * NA * * NA NA NA NA

Xue et al. * * NA * * * * NA NA NA NA

Dahdaleh et al. * * * * NA * * * NA NA NA

Choi et al. * * * * NA * * NA NA NA NA

Zhang et al. * * NA * * * * NA NA NA *

Shen et al. * * NA * * * * NA * * NA

Gu et al. * * * * * * * * NA NA *

Duncan et al. * * NA NA NA NA NA NA NA NA NA

Dong et al. * * NA * * NA NA NA NA NA NA

Lin et al. * * NA * * * * NA NA NA NA

Xie et al. * * NA * * * * NA NA NA NA
VAS: Visual analog score. ODI: Oswestry Disability Index. JOA: Japanese Orthopedic Association. SF-36: the Short Form (36) Health Survey. BMI: Body Mass Index. *: Statistically insignificant (P>0.05). NA: not available.

Feng et al. Aoki et al. Xue et al. Dahdaleh et al. Choi et al. Zhang et al. Shen et al. Gu et al. Duncan et al. Dong et al. Lin et 
al.

Xie et 
al.

Adequate randomization Yes Yes Yes Unsure Unsure Yes Yes No Yes Yes Unsure Yes

Allocation concealment Unsure Unsure Unsure Unsure Unsure Unsure Unsure Unsure Unsure Yes Unsure Unsure

Blinding of patients No No No No No No No No No No No No

Blinding of care providers No No No No No No No No No No No No

Blinding of outcome assessors Unsure Unsure No Unsure Unsure Unsure Unsure Unsure Unsure Unsure Unsure Yes

Acceptable drop-out rate Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Intention-to-treatment analysis Yes No Yes No No Yes Yes Yes No Yes Yes Yes

Free of selective reporting Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes

Similar baseline Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Avoided or similar co-interventions Yes No Yes Yes Yes Yes Yes Yes Yes No No Yes

Acceptable compliance Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Similar timing of outcome assessment Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Total scores 8 6 8 6 6 8 8 7 6 8 6 9

Figure 2. Methodological quality assessment of all included studies.



 Unilateral versus bilateral PS fixation in TLIF

17119	 Int J Clin Exp Med 2016;9(9):17113-17127

nificant heterogeneity (RR=0.83; 95% CI: 0.21, 
3.23; P=0.78; I2=0%, P=0.70; Figure 6) [32, 33, 
35, 37]. 

Secondary outcomes: VAS, ODI, JOA, and SF-
36

Seven studies [32-34, 36-38, 41] reported VAS 
for back pain (VAS-BP) with adequate mean 
and corresponding SD. There was no significant 
difference between the two groups (WMD=0.03; 
95% CI: -0.19, 0.24; P=0.81; Figure 7). VAS for 
leg pain (VAS-LP) was available in four studies 
[32, 34, 36, 38]. Pooled analysis revealed no 
significant difference (WMD=0.43; 95% CI: 
-0.26, 1.12; P=0.22; Figure 7). JOA scores were 
reported in three studies that performed open 
TLIF [31, 32, 42]. Overall, there was no signifi-
cant difference with moderate heterogeneity 
(WMD=0.17; 95% CI: -0.73, 1.07; P=0.71; 
I2=59%; P=0.09; Figure 7). Six studies [33, 34, 
36-38, 41] reported ODI values. There was no 

significant difference between the two groups 
(WMD=0.03; 95% CI: -0.36, 0.42; P=0.89) with 
no heterogeneity (I2=0%; P=0.43; Figure 8). In 
addition, two studies [36, 42] reported the 
SF-36 scores. Pooled analysis showed no sig-
nificant differences in physical function score 
(WMD=0.70; 95% CI: -3.19, 4.59; P=0.72; 
Figure 8), mental health score (WMD=1.12; 
95% CI: -3.41, 5.64; P=0.63; Figure 8), and 
general health score (WMD=-0.62; 95% CI: 
-4.58, 3.35; P=0.76; Figure 8). No heterogeneity 
was detected among these data.

Other outcomes: operative time, blood loss, 
and hospital stay

Ten studies [31-37, 39-41] reported operative 
time. Pooled estimate revealed that unilateral 
group achieved significantly shorter operative 
time than bilateral group (WMD=-39.72; 95% 
CI: -58.12, -21.31; P<0.0001). The analysis of 
heterogeneity showed high heterogeneity 

Figure 3. The forest plot for fusion rate.

Figure 4. The forest plot for total complication rate.
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(I2=94%; P<0.00001; Figure 9). Eleven studies 
[31-38, 40-42] reported blood loss. Pooled 
analysis revealed significantly reduced blood 
loss in unilateral group with high heterogeneity. 
(WMD=-133.38; 95% CI: -206.26, -60.50; 
P=0.0003; I2=96%; P<0.00001; Figure 10). 
Data regarding hospital stay were available in 
eight studies [31, 33, 34, 36-38, 40, 42]. 
Pooled estimate showed no significant differ-
ence between the two groups with high hetero-
geneity (WMD=-1.74; 95% CI: -3.90, 0.41; 
P=0.11; I2=94%; P<0.00001; Figure 11).

Subgroup analysis and publication bias

We performed subgroup analysis on patients 
that underwent MIS-TLIF or patients with only 
1-level lumbar degenerative disease. The re- 
sults were shown on Table 4. We utilized funnel 
plots to assess the possibility of publication 
bias. The funnel plot showed a fairly symmetri-
cal distribution of the studies that reported 
total complication rate (Figure 12). All studies 
lied within the 95%CI and were distributed 
evenly about the vertical, implying minimal pub-
lication bias. 

Figure 5. The forest plots for the rate of specific complications.

Figure 6. The forest plot for reoperation rate.
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Figure 7. The forest plots for VAS and JOA. VAS-BP: visual analog score for back pain; VAS-LP: visual analog score for 
leg pain; JOA: Japanese Orthopedic Association.

Figure 8. The forest plots for ODI and SF-36. ODI: Oswestry Disability Index; SF-36: the Short Form (36) Health 
Survey scores.
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Discussion

Transforaminal lumbar interbody fusion (TLIF) 
is increasingly popular as a surgical option to 
treat various degenerative lumbar diseases. 
However, it remains unknown whether TLIF with 
unilateral pedicle screw fixation is superior to 
that with bilateral pedicle screw fixation for the 
treatment of lumbar degenerative disease. Our 
meta-analysis pooled data from 11RCTs [31-
37, 39-42] and 1 quasi-RCT [38] and found that 
unilateral group was associated with less blood 
loss and shorter operative time compared to 
bilateral group. However, there were no signifi-
cant differences between the two groups 

regarding the fusion rate, complication rate, 
reoperation rate, pain (VAS) or functional (ODI, 
JOA, SF-36) outcomes, and hospital stay.

Internal fixation is employed to provide stable 
environment in the fused segments and pro-
mote further interbody fusion. Numerous previ-
ous biochemical studies have demonstrated 
that unilateral PS fixation provides less stability 
than bilateral PS fixation [43-49]. Through a 
finite element study, Ambati DV, et al [43] found 
unilateral PS fixation resulted in increased seg-
mental motion as compared to bilateral fixa-
tion, especially in lateral bending and axial rota-
tion. Slucky AV, et al [45] found unilateral con-

Figure 9. The forest plot for operative time.

Figure 10. The forest plot for blood loss.

Figure 11. The forest plot for hospital stay.
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Table 4. Subgroup analyses of patients that underwent MIS-TLIF and patients with 1-level lumbar degenerative disease
Outcomes No. Studies No. Patients Statistical method Effect estimate P X2 I2 (%)
Fusion rate

    MIS TLIF 6 352 Risk Ratio (M-H, Fixed, 95% CI) 0.98 (0.93, 1.02) 0.29 3.13 0%

    1-level 6 325 Risk Ratio (M-H, Fixed, 95% CI) 0.96 (0.91, 1.02) 0.16 3.82 0%

Total complication rate

    MIS TLIF 5 313 Risk Ratio (M-H, Fixed, 95% CI) 1.00 (0.46, 2.19) 1 1.37 0%

    1-level 5 286 Risk Ratio (M-H, Fixed, 95% CI) 0.87 (0.39, 1.92) 0.72 2.44 0%

Dura tear

    MIS TLIF 2 139 Risk Ratio (M-H, Fixed, 95% CI) 1.48 (0.34, 6.36) 0.6 0.19 0%

    1-level 2 112 Risk Ratio (M-H, Fixed, 95% CI) 0.74 (0.15, 3.52) 0.7 1.61 0%

Superficial wound infection

    MIS TLIF 3 195 Risk Ratio (M-H, Fixed, 95% CI) 0.61 (0.13, 2.83) 0.53 0.18 0%

    1-level 2 121 Risk Ratio (M-H, Fixed, 95% CI) 0.65 (0.09, 4.93) 0.68 0.17 0%

Screw-related complications

    MIS TLIF 2 139 Risk Ratio (M-H, Fixed, 95% CI) 0.37 (0.04, 3.45) 0.38 0 0%

    1-level 1 65 Risk Ratio (M-H, Fixed, 95% CI) 0.36 (0.02, 8.63) 0.53 NA NA

Reoperation rate

    MIS TLIF 2 118 Risk Ratio (M-H, Fixed, 95% CI) 0.64 (0.09, 4.72) 0.66 0.24 0%

    1-level 3 165 Risk Ratio (M-H, Fixed, 95% CI) 0.51 (0.10, 2.73) 0.44 0.39 0%

VAS-BP

    MIS TLIF 4 260 Mean Difference (IV, Fixed, 95% CI) -0.01 (-0.21, 0.18) 0.9 2.91 0%

    1-level 4 233 Mean Difference (IV, Random, 95% CI) 0.17 (-0.48, 0.82) 0.61 7.6 61%

VAS-LP

    MIS TLIF 2 110 Mean Difference (IV, Fixed, 95% CI) 0.21 (-0.06, 0.47) 0.13 0.09 0%

    1-level 2 83 Mean Difference (IV, Random, 95% CI) 1.53 (-0.32, 3.39) 0.11 2.26 56%

ODI

    MIS TLIF 4 260 Mean Difference (IV, Fixed, 95% CI) 0.31 (-0.21, 0.83) 0.25 1.47 0%

    1-level 3 186 Mean Difference (IV, Fixed, 95% CI) 0.68 (-0.35, 1.71) 0.2 0.8 0%

Operative time

    MIS TLIF 5 316 Mean Difference (IV, Random, 95% CI) -29.86 (-44.22, -15.51) <0.0001 28.76 86%

    1-level 6 314 Mean Difference (IV, Random, 95% CI) -28.89 (-44.36, -13.43) 0.0003 39.18 87%

Blood loss

    MIS TLIF 6 352 Mean Difference (IV, Random, 95% CI) -88.87 (-124.62, -53.13) <0.00001 14.72 66%

    1-level 7 350 Mean Difference (IV, Random, 95% CI) -92.01 (-131.56, -52.47) <0.00001 18.92 68%

Hospital stay

    MIS TLIF 4 214 Mean Difference (IV, Random, 95% CI) -0.49 (-2.64, 1.66) 0.65 32.81 91%

    1-level 4 180 Mean Difference (IV, Random, 95% CI) -0.40 (-2.64, 1.83) 0.72 32.94 91%
M-H: Mantel-Haenszel. MIS TLIF: minimally invasive approach for transforaminal lumbar interbody fusion. VAS-BP: visual analog score for back pain. VAS-LP: visual analog score for leg pain. ODI: Oswestry Disability Index. CI: confidence 
interval. NA: not available.
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structs could only provide 50% the stiffness of 
bilateral constructs and produce off-axis move-
ment, which could be detrimental to stability. 
Luo B, et al [46] found that in all movement 
directions, unilateral fixation achieved larger 
range of motion after short- and long-term load-
ing compared to bilateral fixation. Theoretically, 
deceased construct stiffness and increased 
segmental motion in unilateral fixation might 
negatively impose on the fusion rate. However, 
our analysis found there was no significant dif-
ference (unilateral: 94.4%, bilateral: 97.0%; 
P=0.12). A possible explanation for this is uni-
lateral fixation reserves the intact contralateral 
elements, which may be a contributor for spinal 
stability. Hu et al. reported no significant differ-
ence regarding rate of non-union between the 
two groups [50]. However, they only included 
seven studies. Our finding was also in agree-
ment with some biomechanical studies [51-
53], which demonstrated unilateral PS fixation 
could provide enough stability for interbody 
fusion. 

Our meta-analysis found no superiority existed 
between the two groups in terms of total com-
plication rate, which suggested unilateral group 
was as safe as bilateral group. However, this 
finding was inconsistent with results from many 
previous studies where unilateral fixation pro-
vided insufficient stability to prevent cage 
migration in some patients [39, 54]. Moreover, 
We collected the specific complications data 
(dura tear, superficial wound infection, and 
screw-related complications) among the includ-
ed studies. This meta-analysis found that there 
were no significant differences regarding these 

ative time and caused less blood loss [35, 36]. 
Moreover, our analysis found there was no sig-
nificant difference regarding hospital stay 
between the two groups. We observed high het-
erogeneity in these outcomes. It might be relat-
ed to the differences of the proficiency of the 
surgeons. The potentially different criteria for 
defining these outcomes among these studies 
might also lead to this level of heterogeneity. In 
addition, we took VAS, ODI, JOA, and SF-36 to 
assess the clinical functional outcomes. In our 
meta-analysis, both unilateral and bilateral fixa-
tions achieved significantly improved functional 
results. In this regard, unilateral fixation was as 
effective as bilateral fixation for the treatment 
of lumbar degenerative disease.

We also performed subgroup analysis on 
patients that underwent MIS-TLIF approach. 
There were six studies that performed MIS-TLIF 
approach, including 352 patients. Subgroup 
analysis showed the similar trends. Similar to 
our results, Wang et al. reported that unilateral 
fixation with MIS-TLIF approach had less blood 
loss compared to bilateral fixation, and no sig-
nificant differences were detected in functional 
outcomes, fusion rate and complication rate 
[55]. However, their study was underpowered 
by the fact that only three studies were 
included.

There were several limitations in this meta-
analysis that needed to be taken consideration. 
First, all of the RCTs occurred at a single center 
and only twelve small studies with 797 patients 
in total were included. Further multicenter stud-
ies with more patients should be performed. 

Figure 12. The funnel plot for total complication rate.

specific complications. However, 
these results should be inter-
preted cautiously because of the 
relatively small sample size, 
especially screw-related compli-
cations. Therefore, randomized 
controlled trials of large sample 
size are warranted to clarify 
these outcomes.

As for operative time and blood 
loss, this meta-analysis showed 
the significant differences in 
favor of unilateral group. The rea-
son for this might be that unilat-
eral fixation used a less invasive 
approach without causing de- 
struction of the contralateral ele-
ments and thus it took less oper-
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Second, all studies had follow-up duration that 
was less than 48 months. A longer-term follow-
up was necessary to confirm these results. 
Third, among these studies, some baseline 
characteristics were different, such as surgical 
approach and cage use. For instance, six stud-
ies [31-33, 36, 39, 42] performed traditional 
open TLIF and the other six studies [34, 35, 37, 
38, 40, 41] employed MIS-TLIF. Aoki et al. 
implanted one cage in the unilateral group, but 
employed two cages in the bilateral group [32]. 
Dahdaleh et al. added rhBMP as bone fusion 
enhancer [34]. In Duncan’s study, bone mor-
phogenetic protein, allograft or synthetic calci-
um phosphate were applied as a graft material 
[39]. These differences might potentially im- 
pose on the clinical or radiological pooled out-
comes. Finally, theses studies lacked a uniform 
standard definition of interbody fusion, which 
might be susceptible to bias.

Conclusions

In conclusion, this meta-analysis indicates that 
unilateral group is associated with less blood 
loss and shorter operative time. The results of 
fusion rate, complication rate, reoperation rate, 
functional outcomes, and hospital stay are sim-
ilar in the two groups. Based on current litera-
ture, unilateral pedicle screw fixation is a good 
alternative to bilateral pedicle screw fixation in 
TLIF for the treatment of lumbar degenerative 
disease. However, large multicenter random-
ized controlled trials with long-term follow-up 
are warranted to further confirm these out- 
comes.

Acknowledgements

We acknowledge the work is supported by 
China Scholarship Council fund: No. 2013- 
06370115.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yan Hu, Department 
of Thoracic Surgery, Second Xiangya Hospital,  
Central South University, 139 Middle Renmin  
Road, Changsha 410011, Hunan, China. Tel: (86)-
73185295204; Fax: (86)-73185295604; E-mail:  
samuel_yan_hu@126.com 

References

[1]	 Harms JG, Jeszenszky D. The unilateral trans-
foraminal approach for posterior lumbar inter-

body fusion. Oper Orthop Traumatol 1998; 10: 
90-102.

[2]	 Fleege C, Rickert M, Rauschmann M. The PLIF 
and TLIF techniques. Indication, technique, ad-
vantages, and disadvantages. Orthopade 
2015; 44: 114-23.

[3]	 Cole CD, McCall TD, Schmidt MH, Dailey AT. 
Comparison of low back fusion techniques: 
transforaminal lumbar interbody fusion (TLIF) 
or posterior lumbar interbody fusion (PLIF) ap-
proaches. Curr Rev Musculoskelet Med 2009; 
2: 118-26.

[4]	 Quraishi NA, Konig M, Booker SJ, Shafafy M, 
Boszczyk BM, Grevitt MP, Mehdian H, Webb JK. 
Access related complications in anterior lum-
bar surgery performed by spinal surgeons. Eur 
Spine J 2013; 22 Suppl 1: S16-20.

[5]	 Guérin P, Obeid I, Bourghli A, Masquefa T, Luc 
S, Gille O, Pointillart V, Vital JM. The lumbosa-
cral plexus: anatomic considerations for mini-
mally invasive retroperitoneal transpsoas ap-
proach. Surg Radiol Anat 2012; 34: 151-7.

[6]	 Potter BK, Freedman BA, Verwiebe EG, Hall JM, 
Polly DW Jr, Kuklo TR. Transforaminal lumbar 
interbody fusion: clinical and radiological re-
sults and complications in 100 consecutive 
patients. J Spinal Disord Tech 2005; 18: 337-
46.

[7]	 Hackenberg L, Halm H, Bullmann V, Vieth V, 
Schneider M, Liljenqvist U. Transforaminal 
lumbar interbody fusion: a safe technique with 
satisfactory three to five year results. Eur Spine 
J 2005; 14: 551-8.

[8]	 Salehi SA,Tawk R, Ganju A, LaMarca F, Liu JC, 
Ondra SL. Transforaminal lumbar interbody fu-
sion: surgical technique and results in 24 pa-
tients. Neurosurgery 2004; 54: 368-74; dis-
cussion 374.

[9]	 Lauber S, Schulte TL, Liljenqvist U, Halm H, 
Hackenberg L. Clinical and radiologic 2-4-year 
results of transforaminal lumbar interbody fu-
sion in degenerative and isthmic spondylolis-
thesis grades 1 and 2. Spine (Phila Pa 1976) 
2006; 31: 1693-8.

[10]	 Houten JK, Post NH, Dryer JW, Errico TJ. Clinical 
and radiographically/neuroimaging document-
ed outcome in transforaminal lumbar inter-
body fusion. Neurosurg Focus 2006; 20: E8.

[11]	 Xiao YX, Chen QX, Li FC. Unilateral transforami-
nal lumbar interbody fusion: a review of the 
technique, indications and graft materials. J 
Int Med Res 2009; 37: 908-17.

[12]	 Sim HB, Murovic JA, Cho BY, Lim TJ, Park J. 
Biomechanical comparison of single-level pos-
terior versus transforaminal lumbar interbody 
fusions with bilateral pedicle screw fixation: 
segmental stability and the effects on adja-
cent motion segments. J Neurosurg Spine 
2010; 12: 700-8.

[13]	 Park P, Garton HJ, Gala VC, Hoff JT, Mcgillicuddy 
JE. Adjacent segment disease after lumbar or 

mailto:samuel_yan_hu@126.com


 Unilateral versus bilateral PS fixation in TLIF

17126	 Int J Clin Exp Med 2016;9(9):17113-17127

lumbosacral fusion: review of the literature. 
Spine (Phila Pa 1976) 2004; 29: 1938-44.

[14]	 Lee Cs, Hwang CJ, Lee SW, Ahn YJ, Kim YT, Lee 
DH, Lee MY. Risk factors for adjacent segment 
disease after lumbar fusion. Euro Spine J 
2009; 18:1637-1643.

[15]	 McAfee PC, Farey ID, Sutterlin CE, Gurr KR, 
Warden KE, Cunningham BW. 1989 Volvo 
Award in basic science. Device- related osteo-
porosis with spinal instrumentation. Spine 
(Phila Pa 1976) 1989; 14: 919-26.

[16]	 McAfee PC, Farey ID, Sutterlin CE, Gurr KR, 
Warden KE, Cunningham BW. The effect of spi-
nal implant rigidity on vertebral bone density. A 
canine model. Spine (Phila Pa 1976) 1991; 16 
Suppl: S190-7.

[17]	 Rapan S, Jovanovic S, Gulan G. Transforaminal 
lumbar interbody fusion (TLIF) and unilateral 
transpedicular fixation. Coll Antropol 2010; 34: 
531-4.

[18]	 Beringer WF, Mobasser JP. Unilateral pedicle 
screw instrumentation for minimally invasive 
transforaminal lumbar interbody fusion. 
Neurosurg Focus 2006; 20: E4.

[19]	 Hua YJ, Wang RY, Guo ZH, Zhu LM, Lu JY. 
[Treatment of lumbar instability with transfo-
raminal lumbar interbody fusion (with single 
cage) combined with unilateral pedicle screw 
fixation]. Zhongguo Gu Shang 2014; 27: 722-
5.

[20]	 Lowe TG, Tahernia AD, O’Brien MF, Smith DA. 
Unilateral transforaminal posterior lumbar in-
terbody fusion (TLIF): indications, technique, 
and 2-year results. J Spinal Disord Tech 2002; 
15: 31-8.

[21]	 Liang Y, Shi W, Jiang C, Chen Z, Liu F, Feng Z, 
Jiang X. Clinical outcomes and sagittal align-
ment of single-level unilateral instrumented 
transforaminal lumbar interbody fusion with a 
4 to 5-year follow-up. Eur Spine J 2015; 24: 
2560-6.

[22]	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, 
Gøtzsche PC, Ioannidis JP, Kleijnen J, Moher D. 
The PRISMA statement for reporting systemat-
ic reviews and meta-analyses of studies that 
evaluate health care interventions: explana-
tion and elaboration. PLoS Med 2009; 6: 
e1000100.

[23]	 Furlan AD, Malmivaara A, Chou R, Maher CG, 
Deyo RA, Schoene M, Bronfort G, van Tulder 
MW; Editorial Board of the Cochrane Back, 
Neck Group. 2015 Updated Method Guideline 
for Systematic Reviews in the Cochrane Back 
and Neck Group. Spine (Phila Pa 1976) 2015; 
40: 1660-73.

[24]	 Yang X, Wang H, Zhao Q, Xu H, Liu P, Jin Y. A 
comparison of unilateral and bilateral pedicle 
screw fixation combined with transforaminal 
lumbar interbody fusion for lumbar degenera-
tive diseases. Chin Med J (Engl) 2014; 127: 
3592-6.

[25]	 Villavicencio AT, Serxner BJ, Mason A, Nelson 
EL, Rajpal S, Faes N, Burneikiene S. Unilateral 
and bilateral pedicle screw fixation in transfo-
raminal lumbar interbody fusion: radiographic 
and clinical analysis. World Neurosurg 2015; 
83: 553-9.

[26]	 Sonmez E, Coven I, Sahinturk F, Yilmaz C, 
Caner H. Unilateral percutaneous pedicle 
screw instrumentation with minimally invasive 
TLIF for the treatment of recurrent lumbar disk 
disease: 2 years follow-up. Turk Neurosurg 
2013; 23: 372-8.

[27]	 Rivet DJ, Jeck D, Brennan J, Epstein A, 
Lauryssen C. Clinical outcomes and complica-
tions associated with pedicle screw fixation-
augmented lumbar interbody fusion. J Neuro-  
surg Spine 2004; 1: 261-6.

[28]	 Gologorsky Y, Skovrlj B, Steinberger J, Moore 
M, Arginteanu M, Moore F, Steinberger A. 
Increased incidence of pseudarthrosis after 
unilateral instrumented transforaminal lumbar 
interbody fusion in patients with lumbar spon-
dylosis: Clinical article. J Neurosurg Spine 
2014; 21: 601-7.

[29]	 Shen X, Wang L, Zhang H, Gu X, Gu G, He S. 
Radiographic Analysis of One-level Minimally 
Invasive Transforaminal Lumbar Interbody 
Fusion (MI-TLIF) With Unilateral Pedicle Screw 
Fixation for Lumbar Degenerative Diseases. 
Clin Spine Surg 2016; 29: E1-8.

[30]	 Chen X, Wu C, Lin H, Zhang G, Li R. Short-term 
effect of unilateral pedicle screw fixed interver-
tebral fusion in treatment of degenerative disc 
disease via MAST QUADRANT minimally inva-
sive system. Cell Biochem Biophys 2014; 70: 
195-9.

[31]	 Feng ZZ, Cao YW, Jiang C, Jiang XX. Short-term 
outcome of bilateral decompression via a uni-
lateral paramedian approach for transforami-
nal lumbar interbody fusion with unilateral 
pedicle screw fixation. Orthopedics 2011; 34: 
364.

[32]	 Aoki Y, Yamagata M, Ikeda Y, Nakajima F, 
Ohtori S, Takahashi K. A prospective random-
ized controlled study comparing transforami-
nal lumbar interbody fusion techniques for de-
generative spondylolisthesis: unilateral pedi-
cle screw and 1 cage versus bilateral pedicle 
screws and 2 cages. J Neurosurg Spine 2012; 
17: 153-159.

[33]	 Xue H, Tu Y, Cai M. Comparison of unilateral 
versus bilateral instrumented transforaminal 
lumbar interbody fusion in degenerative lum-
bar diseases. Spine J 2012; 12: 209-215.

[34]	 Dahdaleh NS, Nixon AT, Lawton CD, Wong AP, 
Smith ZA, Fessler RG. Outcome following uni-
lateral versus bilateral instrumentation in pa-
tients undergoing minimally invasive transfo-
raminal lumbar interbody fusion: a single-cen-
ter randomized prospective study. Neurosurg 
Focus 2013; 35: E13.



 Unilateral versus bilateral PS fixation in TLIF

17127	 Int J Clin Exp Med 2016;9(9):17113-17127

[35]	 Choi UY, Park JY, Kim KH, Kuh SU, Chin DK, 
Kim KS, Cho YE. Unilateral versus bilateral per-
cutaneous pedicle screw fixation in minimally 
invasive transforaminal lumbar interbody fu-
sion. Neurosurg Focus 2013; 35: E11.

[36]	 Zhang K, Sun W, Zhao CQ, Li H, Ding W, Xie YZ. 
Unilateral versus bilateral instrumented trans-
foraminal lumbar interbody fusion in two-level 
degenerative lumbar disorders: a prospective 
randomised study. Int Orthop 2014; 38: 111-
6.

[37]	 Shen X, Zhang H, Gu X, Gu G, Zhou X, He S. 
Unilateral versus bilateral pedicle screw instru-
mentation for single-level minimally invasive 
transforaminal lumbar interbody fusion. J Clin 
Neurosci 2014; 21: 1612-6.

[38]	 Gu G, Zhang G, Fan G, He S, Meng X, Gu X, Yan 
N, Guan X. Clinical and radiological outcomes 
of unilateral versus bilateral instrumentation 
in two-level degenerative lumbar diseases. Eur 
Spine J 2015; 24: 1640-8.

[39]	 Duncan JW, Bailey RA. An analysis of fusion 
cage migration in unilateral and bilateral fixa-
tion with transforaminal lumbar interbody fu-
sion. Eur Spine J 2013; 22: 439-45.

[40]	 Dong J, Rong L, Feng F, Liu B, Xu Y, Wang Q, 
Chen R, Xie P. Unilateral pedicle screw fixation 
through a tubular retractor via the Wiltse ap-
proach compared with conventional bilateral 
pedicle screw fixation for single-segment de-
generative lumbar instability: a prospective 
randomized study. J Neurosurg Spine 2014; 
20: 53-9.

[41]	 Lin B, Xu Y, He Y, Zhang B, Lin Q, He M. 
Minimally invasive unilateral pedicle screw fix-
ation and lumbar interbody fusion for the treat-
ment of lumbar degenerative disease. Ortho- 
pedics 2013; 36: e1071-6. 

[42]	 Xie Y, Ma H, Li H, Ding W, Zhao C, Zhang P, 
Zhao J. Comparative study of unilateral and bi-
lateral pedicle screw fixation in posterior lum-
bar interbody fusion. Orthopedics 2012; 35: 
e1517-23. 

[43]	 Ambati DV, Wright EK Jr, Lehman RA Jr, Kang 
DG, Wagner SC, Dmitriev AE. Bilateral pedicle 
screw fixation provides superior biomechanical 
stability in transforaminal lumbar interbody fu-
sion: a finite element study. Spine J 2015; 15: 
1812-22.

[44]	 Chen SH, Lin SC, Tsai WC, Wang CW, Chao SH. 
Biomechanical comparison of unilateral and 
bilateral pedicle screw fixation for transforami-
nal lumbar interbody fusion after decompres-
sive surgery-a finite element analysis. BMC 
Musculoskelet Disord 2012; 13: 72.

[45]	 Slucky AV, Brodke DS, Bachus KN, Droge JA, 
Braun JT. Less invasive posterior fixation meth-
od following transforaminal lumbar interbody 
fusion: a biomechanical analysis. Spine J 
2006; 6: 78-85.

[46]	 Luo B, Yan M, Huang J, Duan W, Huang Z, Chen 
J, Luo Z, Zhu Q, Li M. Biomechanical study of 
unilateral pedicle screw combined with contra-
lateral translaminar facet screw in transforam-
inal lumbarinterbody fusion. Clin Biomech 
(Bristol, Avon) 2015; 30: 657-61.

[47]	 Li J, Xiao H, Zhu Q, Zhou Y, Li C, Liu H, Huang Z, 
Shang J. Novel pedicle screw and plate system 
provides superior stability in unilateral fixation 
for minimally invasive transforaminal lumbar 
interbody fusion: an in vitro biomechanical 
study. PLoS One 2015; 10: e0123134.

[48]	 Sethi A, Muzumdar AM, Ingalhalikar A, Vaidya 
R. Biomechanical analysis of a novel posterior 
construct in a transforaminal lumbar interbody 
fusion model an in vitro study. Spine J 2011; 
11: 863-9.

[49]	 Harris BM, Hilibrand AS, Savas PE, Pellegrino 
A, Vaccaro AR, Siegler S, Albert TJ. Trans- 
foraminal lumbar interbody fusion: the effect 
of various instrumentation techniques on the 
flexibility of the lumbar spine. Spine (Phila Pa 
1976) 2004; 29: E65-70.

[50]	 Hu XQ, Wu XL, Xu C, Zheng XH, Jin YL, Wu LJ, 
Wang XY, Xu HZ, Tian NF. A systematic review 
and meta-analysis of unilateral versus bilateral 
pedicle screw fixation in transforaminal lumbar 
interbody fusion. PLoS One 2014; 9: e87501. 

[51]	 Schleicher P, Beth P, Ottenbacher A, Pflug- 
macher R, Scholz M, Schnake KJ, Haas NP, 
Kandziora F. Biomechanical evaluation of dif-
ferent asymmetrical posterior stabilization 
methods for minimally invasive transforaminal 
lumbar interbody fusion. J Neurosurg Spine 
2008; 9: 363-71.

[52]	 Zhao C, Wang X, Chen C, Kang Y. Finite ele-
ment analysis of minimal invasive transforami-
nal lumbar interbody fusion. Cell Biochem 
Biophys 2014; 70: 609-13.

[53]	 Chen HH, Cheung HH, Wang WK, Li A, Li KC. 
Biomechanic al analysis of unilateral fixation 
with interbody cages. Spine (Phila Pa 1976) 
2005; 30: E92-6.

[54]	 Aoki Y, Yamagata M, Nakajima F, Ikeda Y, 
Shimizu K, Yoshihara M, Iwasaki J, Toyone T, 
Nakagawa K, Nakajima A, Takahashi K, Ohtori 
S. Examining risk factors for posterior migra-
tion of fusion cages following transforaminal 
lumbar interbody fusion: a possible limitation 
of unilateral pedicle screw fixation. J Neurosurg 
Spine 2010; 13: 381-7. 

[55]	 Wang L, Wang Y, Li Z, Yu B, Li Y. Unilateral ver-
sus bilateral pedicle screw fixation of minimal-
ly invasive transforaminal lumbar interbody fu-
sion (MIS-TLIF): a meta-analysis of randomized 
controlled trials. BMC Surg 2014; 14: 87. 


