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Abstract

outcomes.

(WMD =-87.83; 95% Cl: -160.70 to -14.96; P =0.02).

achieve less blood loss than bilateral fixation.

Background: A few studies focused on unilateral or bilateral pedicle screw (PS) fixation of minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF) to treat lumbar degenerative diseases have been published. There
is still debate over whether one method is superior to another. A systematic review and meta-analysis of randomized
controlled trials (RCT) was performed to compare the efficacy of the two methods.

Methods: We searched the established electronic literature databases of MEDLINE, EMBASE, Web of Science and the

Cochrane Central Register of Controlled Trials databases for RCTs comparing the unilateral with bilateral pedicle screw
fixation of MIS-TLIF. Pooled mean differences (MD) and odds ratios (OR) and with 95% Cls were calculated for the

Results: Three RCTs were identified and analyzed. The results showed that there is no significant difference
between the two methods in terms of postoperative VAS-BP score (WMD =-0.09; 95% Cl: -0.69 to 0.51; P =0.78),
ODI (WMD, -0.09; 95% (I -5.85 to 5.67; P =0.98), fusion rate (OR = 2.99; 95% CI 0.55 to 16.38; P=0.21) or complication
rate (OR=1.61, 95% Cl: 049 to 5.37; P =0.43). Unilateral pedicle screw fixation was associated with less blood loss

Conclusions: The existing evidence indicate that no superiority exists between the two fixation methods of MIS-TLIF in
terms of functional outcome, fusion rate and complication rate, in spite of that unilateral pedicle screw fixation can
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Background

Recently, with the progression of modern instrumenta-
tions, the minimally invasive transforaminal lumbar inter-
body fusion (MIS-TLIF) procedure was adopted in clinical
to treat the lumbar degenerative diseases. This minimally
invasive approach can be performed using several tech-
niques including a mini-open, endoscopic, or percutan-
eous. For example, the Sextant system (Medtronic, USA)
uses a minimally invasive tubular retractor system where
the pedicle screws are percutaneously inserted. The

* Correspondence: wlliangwang@sina.com
Department of Orthopedic Surgery, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College, 1
Shuaifuyuan Hutong, Beijing 100730, China

( BioMVed Central

minimally invasive surgery causes lesser soft tissue dis-
section and allows for early recovery and rehabilitation
of the patient. It could lead to less surgical time, blood
loss and postoperative pain [1]. Many researches and
systematic reviews have indicated that MIS-TLIF is a
secure and efficient surgical method and achieve excel-
lent clinical results [2-4].

Generally, bilateral pedicle screw (PS) fixation for MIS-
TLIF is accepted as standard procedure, which provides
rigid fixation and biomechanical and clinical advantages
[5]. However, some studies have shown that greater
number of implants and rigid fixation can cause more
clinically adverse effects, including reducing fusion rate
and adjacent segment degeneration [6,7]. So, unilateral
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pedicle screw fixation was put forward to improve these
clinical adverse effects. Recent technological advances
in spinal instrumentation have promoted the use of
unilateral pedicle screw fixation procedure in the MIS-
TLIF [8].

Although previous clinical trails reported that unilat-
eral pedicle screw fixation for open or mini-open TLIF
acquired similar clinical and fusion results as those of
bilateral fixation [9-11]. The effectiveness of unilateral
fixation in MIS-TLIF still remains controversial. Thus,
the goal of this study is to evaluate the effectiveness of
unilateral pedicle screw fixation of MIS-TLIF compared
with bilateral fixation and to demonstrate which method
is better for treating patients with lumbar degenerative
diseases.

Methods

The study was conducted following the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) [12].

Literature search

Relevant randomized controlled trials (RCTs) were
identified by searching MEDLINE, EMBASE, Web of
Science and the Cochrane Central Register of Con-
trolled Trials databases. Retrieval time was from the
time when databases were built to Dec 2013. We used
the following search terms in different combinations as
MeSH (Medical Subject Heading) terms and as text
words: lumbar degenerative disease, lumbar degenerative
disorder, transforaminal lumbar interbody fusion (TLIF),
unilateral and bilateral pedicle screw. No linguistic restric-
tion was imposed on the search as recommended by the
Cochrane Back Review Group editorial board [13]. To
identify other relevant studies, we manually scanned refer-
ence lists from identified trials and review articles. Two
investigators independently reviewed all subjects, ab-
stracts, and the full text of articles that were potentially
eligible based on abstract review. The eligible trials were
then selected according to the study eligibility criteria.

Table 1 Modified Jadad score with eight items
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Study eligibility criteria

We systematically reviewed published studies according
to the following criteria: (1) randomized, controlled tri-
als; (2) subjects who had undergone one-level MIS-TLIF
for lumbar degenerative disorders; (3) the interventions
were unilateral and bilateral pedicle screw fixation; (4)
the study reported at least one desirable outcome. All
potential studies selected by the search strategy were in-
dependently reviewed by two investigators for inclusion
into the final analysis. Inconsistencies were resolved
through discussion until a consensus was reached.

Data extraction

Two reviewers independently extracted data using a stan-
dardized form. Data were collected based on following cat-
egories where available. (1) Basic characteristics, including
publication year, study design, age, sex, enrolled number,
follow-up time and vertebral level treated. (2) Primary out-
come is functional outcomes, including visual analgesic
score for back pain (VAS-BP) score and Oswestry Dis-
ability Index (ODI). (4) Secondary outcomes, consisting
of fusion rate, complication rate and estimated blood loss.
Any disagreement between the reviewers was resolved by
discussion.

Methodological quality assessment

The study methodological assessment was conducted using
the modified Jadad scale [14]. This is an eight item scale
designed to assess randomization, blinding, withdrawals
and dropouts, inclusion and exclusion criteria, adverse
effects and statistical analysis (Table 1). The score for each
article could range from 0 (lowest quality) to 8 (highest
quality). Scores of 4-8 denote good to excellent quality and
0-3 poor to low quality. Critical appraisal was conducted
by one viewer and was verified by another.

Statistical analysis

Continuous variable (VAS-BP, ODI, estimated blood loss)
was analyzed using the weighted mean differences (WMD)
with its 95% confidence interval (CI), whereas dichotomous

Items assessed Choi [15] Xiaolong [16] Dahdaleh [17]
Was the study described as randomized? Yes Yes Yes

Was the method of randomization appropriate? Not described Yes Not described
Was the study described as blinded? No No No

Was the method of blinding appropriate?

Was there a description of withdrawals and dropouts?

Was there a clear description of the inclusion/exclusion criteria?
Was the method used to assess adverse effects described?

Was the method of statistical analysis described?

Scores

Not described Not described Not described

Yes No Yes
Yes Yes Yes
Yes Yes Yes
Yes Yes Yes

5 5 5
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Records identified through
database searching
MEDLINE, EMBASE, World of Science
and the Cochrane Central Register of
Controlled Trials databases
(n=340)

No additional records identified
through other sources

Records excluded after title
> and abstract screening
(n=33)

Records screened
(n=37)

A 4

Full-text articles excluded
> (n=1), with reason of
retrospective study

Full-text articles
assessed for eligibility
(n=4)

A

Studies included in
qualitative synthesis

n=3)

A

Studies included in
quantitative synthesis
(meta-analysis)

(n=3)

Figure 1 Flow chart of eligibility selection.

data (fusion rate, complication rate) were analyzed using
the odd ratio (OR) measure and its 95% CI. Moreover, het-
erogeneity across trials was evaluated with I” statistic, which
defined as I*>50%. If heterogeneity existed, a random-
effect model was used to assess the overall estimate. Other-
wise, a fixed-effect model was chosen. All tests were
two-tailed and a P value less than 0.05 was regarded as
significant in this meta-analysis. Then data were checked
and entered into the Review Manager (Version 5.1.
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2011) database for further analysis.

Results

Selected studies and characteristics

The details of literature search and selection are dis-
played in the Figure 1. We identified 340 potentially

Table 2 Characteristics of included studies

relevant citations from the initial literature search. After
independent review the titles and abstracts of all poten-
tial articles, three randomized controlled trials (RCTs)
comparing unilateral pedicle screw fixation with bilateral
fixation for MIS-TLIF [15-17] were finally identified. All
selected studies were in English and all were published
in 2013. All three RCT performed their MIS-TLIF with
the assistance of Sextant system (Medtronic, USA). The
study carried out by Un Yong Choi et al. [15] did not
provide data on the Standard Deviation (SD) of constant
score. The detailed characteristics of these studies are
demonstrated in Tables 2 and 3.

Methodological quality assessment
The scores of three RCTs [15-17] are shown in Table 1,
indicating that all studies achieved high quality by the

Study Number of patients (Female/male) Age in years vertebral level treated  Mean follow-up time (month)
Unilateral PS Bilateral PS Unilateral PS  Bilateral PS Unilateral PS Bilateral PS

Choi [15] 26(14/12) 27(18/9) 5339+£1431 5622+1262 L3-S1,0ne-level 27.52+330 28.85+4.37

Xiaolong [16] 31(14/17) 34(18/16) 573117 589+10.1 L4-S1,0ne-level 26.6 (18-36)

Dahdaleh [17] 16(4/12) 20(6/14) 622+13.1 573£11.2 L3-S1,0ne-level 114£6.1 12472
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Table 3 Preoperative VAS-BP score and ODI of included studies

Study Preoperative VAS-BP score Preoperative ODI

Unilateral PS Bilateral PS Unilateral PS Bilateral PS
Choi [15] 76 7.7 27.8 279
Xiaolong [16] 68+16 72+21 5756+19.12 5158+ 1638
Dahdaleh [17] 57+26 57+25 374+92 392+12

current rating system. The three RCTs all scored 5, but
the main problem reflected in all studies was the nonuse
of blinding method, which might bring about a certain
degree of detection bias. Only one trail [16] reported the
randomization method, which used randomization of
computer-generated number list.

Meta-analysis results

Functional outcomes

All the three RCTs applied the indexes to evaluate the
functional outcomes of unilateral and bilateral pedicle
screw fixation for MIS-TLIF. The indexes include VAS-
BP score and ODI. However, only two studies [16,17]
provide the mean and SD of the outcome. Statistical
analysis was feasible after standardization pooling for
comparing functional outcome. Improvement in func-
tional status postoperatively was identified for both in-
terventions, but there was no significant difference
between the two intervention groups. For the postoper-
ative VAS-BP score, the pooled analysis showed no
difference (WMD =-0.09; 95% CI: -0.69 to 0.51; P =0.78;
fixed effect model) with no heterogeneity (P =0.40, % = 0%)
between the two groups (Figure 2). In addition, postop-
erative functional performance was also assessed using
the ODI questionnaire. Analysis indicated no difference
(WMD, -0.09; 95% CI -5.85 to 5.67; P =0.98; fixed effect
model) with no heterogeneity (P =0.40, I* = 0%) between
the two groups (Figure 3).

Estimated blood loss

Two RCTs [15,17] reported the estimated blood loss for
both unilateral and bilateral fixation of MIS-TLIF proced-
ure. Our pooled results showed that there is significantly
less estimated blood loss for the unilateral fixation
group than bilateral fixation counterparts (WMD = -87.83;

95% CI: -160.70 to -14.96; P =0.02; random effect model)
with the heterogeneity of I> = 57%, P =0.13 (Figure 4).

Fusion rate

All the three RCTs reported the fusion rate in regards to
their latest follow-up. Fusion was assessed with the use of
dynamic flexion-extension radiographs and CT scan. The
fusion rate was 93.15% (68/73) in the unilateral fixation
group and 97.53% (79/81) in the bilateral fixation group.
Although the fusion rate was higher in bilateral group, but
there was no significant difference between the two groups
(OR=299; 95% CI 0.55 to 16.38; P=0.21; fixed effect
model) with no heterogeneity (P = 0.48, 2= 0%) (Figure 5).

Complication rate

The three RCTs presented the number of case suffering
from complications. The complication rate was 9.59%
(7/73) in the unilateral fixation group and 6.13% (5/81)
in the bilateral fixation group. The pooled data revealed
that there was no significant difference in the complica-
tion rate (OR =1.61, 95% CI: 0.49 to 5.37; P =0.43; fixed
effect model) with no heterogeneity (P =0.96, > = 0%),
which reflects the primary harm outcome (Figure 6).

Discussion
To our knowledge, this is the first quantitative compara-
tive meta-analysis study comparing unilateral and bilateral
pedicle screw fixation of MIS-TLIF for the treatment of
lumbar degenerative diseases. Ultimately, three RCTs in
the literatures were included in our systematic review.
In order to assess the efficacy of the two methods, we
extracted relative data as much as possible and pooled the
outcome whenever possible.

Among various spinal fusion techniques, TLIF has be-
come a popular and established technique since it could

Test for overall effect: Z = 0.28 (P = 0.78)

Unilateral PS Bliateral PS Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Ci IV, Fixed, 95% Cl
Dahdaleh 2013 26 24 16 21 241 20 16.2% 0.50[-0.99, 1.99] o
Xiaolong S 2013 2 13 31 22 14 34 83.8% -0.20(-0.86,0.46) ——
Total (95% Cl) 47 54 100.0% -0.09 [-0.69, 0.51] ’
Heterogeneity: Chiz = 0.71, df = 1 (P = 0.40); I = 0% ;2 = 3 g :

Figure 2 Forest plot: weighted mean difference (WMD) in postoperative VAS-BP score and 95% Cl for unilateral versus bilateral pedicle
screw fixation of MIS-TLIF. No significant difference was found between the two groups.

Favours Unilateral PS Favours Bilateral PS
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Unilateral PS Bliateral PS

Dahdaleh 2013
Xiaolong S 2013

222 173 16 179 187
21.38 11.33 31 22.84 1565

Total (95% Cl) 47
Heterogeneity: Chi* = 0.70, df = 1 (P = 0.40); 1= 0%
Test for overall effect: Z = 0.03 (P = 0.98)

—Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% CI
20 23.9% 4.30[-7.49, 16.09] =
34 76.1% -1.46[-8.06,5.14]

54 100.0% -0.09 [-5.85, 5.67]

Figure 3 Forest plot: weighted mean difference (WMD) in postoperative ODI and 95% Cl for unilateral versus bilateral pedicle screw
fixation of MIS-TLIF. No significant difference was found between the two groups.

Mean Difference
IV, Fixed, 95% Cl

Mean Difference

_.._

S

0 5 0 5 10
Favours Unilateral PS Favours Bilateral PS

reduce the amount of thecal sac and nerve root retrac-
tion through the lateral approach to the disc space
[18-20]. Although the open TLIF procedure preserves
the major portion of the posterior ligament complex
with minimal compromise of spinal stability, it also
needs to dissect and retract paraspinal muscle, which
could cause muscle denervation, atrophy and conse-
quently postoperative low back pain [21]. Then, with the
advent of modern image guidance and sophisticated
instrumentations, the MIS-TLIF was introduced by Foley
et al. for the first time in 2002 [22]. Since then, it has
become an increasing popular technique and has been
proven advantageous to traditional open surgery in terms
of damage upon spinal soft tissues [20,23,24].

As for the MIS-TLIF procedure, the need for unilateral
or bilateral pedicle screw fixation is a controversial topic.
Several studies showed that the unilateral fixation for TLIF
acquires good outcomes, including open and minimally
invasive procedures [1,9]. According to the original tech-
nique, transforaminal approach should be unilateral,
preserving contralateral laminae and articular facets.
It requires unilateral total facetetomy and may cause
iatrogenic instability. The unilateral pedicle screw fix-
ation for the MIS-TLIF may cause insufficiently stable
construct and result in a higher incidence of instrumen-
tation failure and nonunion. Previous biomechanical
studies showed that unilateral fixation after TLIF pro-
vided less rotational stability and stiffness than bilateral
pedicle screw fixation [25-27]. Despite data suggesting
the inferiority of unilateral pedicle screw fixation after
TLIF in biomechanical studies, some studies reported
that unilateral pedicle screw fixation for TLIF acquired
similar clinical and fusion results as those of bilateral

fixation [9-11]. However, these trials used a conven-
tional pedicle screw system or mini-open TLIF instead
of a percutaneous pedicle screw and MIS-TLIF proced-
ure. Recently, some articles were published to compare
the unilateral with bilateral fixation of MIS-TLIF. So,
the present meta-analysis of randomized controlled
trials was designed to evaluate whether one method is
superior to another one.

In the systematic review, we took the outcome of
postoperative VAS-BP score and ODI for functional
assessment. Because one trial only provided the mean
score, only two RCTs were included in the meta-analysis
of clinical efficacy. As for VAS-BP score, overall outcome
showed that there was no significant difference across
these two interventions. A similar trend was also found
when assessing for ODL. The meta-analysis reveals that
unilateral pedicle screw fixation for MIS-TLIF can acquire
equal clinical functional improvement as the bilateral
fixation.

The main function of the pedicle screw fixation is to
stabilize the spine and promote fusion, so the fusion rate
is the most important outcome to consider. The meta-
analysis found that unilateral pedicle screw fixation of
MIS-TLIF was associated with a lower fusion rate than
bilateral fixation counterparts with OR of 0.33, but there
is no significant difference. Prior research found that
unilateral pedicle screw fixation could reduce the fusion
rate due to the less rotational stability and stiffness [28].
As for traditional mini-open TLIF procedure, Suk [29]
and Xue [11] both reported the relative lower fusion rate
of unilateral fixation than bilateral group. However, a
meta-analysis of unilateral versus bilateral pedicle screw
fixation for lumbar interbody fusion revealed that both

Unilateral PS

Bliateral PS
D .

Mean Difference Mean Difference

d (1 ., miean d yviear d A' Random 0 RANGOIm
Choi 2013 9269 11995 26 23204 21563 27 34.2% -130.35[-232.84,-4586] — &
Dahdaleh 2013 95 42 16 156 68 20 658% -61.00[-97.22, -24.78] ——
Total (95% CI) 42 47 100.0% -87.83 [-160.70, -14.96] e o
the 2 = - Chi2 = = - .12 = 570 t t T + +
Heterogeneity: Tau? = 1760.90; Chi? = 2.35, df = 1 (P = 0.13); I = 57% 200 100 0 100 200

Test for overall effect: Z=2.36 (P = 0.02) Favours Unilateral PS Favours Bilateral PS

Figure 4 Forest plot: weighted mean difference (WMD) in estimated blood loss and 95% CI for unilateral versus bilateral pedicle screw
fixation of MIS-TLIF. Lower blood loss in the unilateral group was observed in this forest plot.
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Unilateral PS

Bliateral PS

Choi 2013 22 26 26 27  49.9%
Dahdaleh 2013 15 16 19 20 50.1%
Xiaolong S 2013 31 31 34 34

Total (95% Cl) 73 81 100.0%
Total events 68 79

Heterogeneity: Chi* = 0.51, df = 1 (P = 0.48); = 0%
Test for overall effect: Z=1.26 (P = 0.21)

significant difference was found between the two groups.

Odds Ratio (Non-event)
T 0

Figure 5 Forest plot: odds ratio (OR) in fusion rate and 95% ClI for unilateral versus bilateral pedicle screw fixation of MIS-TLIF. No

Odds Ratio (Non-event)
i 0,

4.73 [0.49, 45.47]
1.27 [0.07, 21.97]
Not estimable

2.99 [0.55, 16.38]
001 01 1 10 100
Favours Unilateral PS Favours Bilateral PS

unilateral and bilateral fixation could achieve satisfactory
fusion rate with no statistical differences [30].

In addition, Choi reported that postoperative scoliotic
change occurred highly in unilateral than bilateral group
(23.1% versus 3.7%) [15]. During the unilateral pedicle
screw fixation of MIS-TLIF, unilateral compression force
may cause spinal asymmetric and postoperative scoliotic
change. In their research, the patients with scoliosis did not
have clinical symptoms. In Shen’s study [16], there were no
significant differences between the two groups in relation
to lumbar scoliosis angle and segmental scoliosis angle.

As for the complication, the three RCTs all reported
the details. The meta-analysis revealed that there is no
significant difference between the two fixation groups. In
addition, the previous mentioned meta-analysis showed
that the two methods had no significant difference in the
complication rate [30]. For complications related the
fusion surgery, hardware related complications often cause
serious effects. In unilateral PS group of MIS-TLIE, one
patient suffered from root irritation due to the violation of
pedicle cortex by screw. Two patients experienced cage
migration and one underwent reoperation. For bilateral PS
fixation, one patient suffered from malposition of pedicle
screw and reoperation. One patient underwent revision
surgery due to upper segment disc herniation. In addition,
some minor complications were reported, including super-
ficial wound infection, urinary tract infection and dural
tear, which were all treated conservatively.

In addition, we did the meta-analysis of estimated
blood loss for the two fixation methods. The unilateral
pedicle screw fixation of MIS-TLIF had significantly less
blood loss than bilateral fixation group. The unilateral
fixation usually combines with unilateral decompression,
which has less damage in the surrounding tissue and
uses less pedicle screws. So, the blood loss is significantly
superior to bilateral procedure.

There are several potential limitations in this meta-
analysis. Firstly, one prominent drawback pertinent to
this study is that only three RCTs with 154 subjects were
included in this meta-analysis. The results of pooled
analysis might therefore be accompanied with bias. Sec-
ondly, only few functional and radiological outcome
measures were examined in the present study. More
parameters, including objective and subjective mea-
sures, should be recorded to evaluate the clinical and
radiological efficacy. Thirdly, the included studies were
short or medium-term research. Whether both surgical
methods can provide equal efficacy in long-term follow-up
remain unknown. Long-term follow-up efficacy of the two
methods should be evaluated.

Conclusions

In conclusion, our meta-analysis indicates that unilateral
pedicle screw fixation of MIS-TLIF acquired similar
functional efficacy as bilateral fixation. In addition, there
is no significant difference of interbody fusion rate and

Unilateral PS Bliateral PS
Choi 2013 2 26 1 27 21.4%
Dahdaleh 2013 1 16 1 20 19.7%
Xiaolong S 2013 4 31 3 34 58.9%
Total (95% CI) 73 81 100.0%
Total events 7 5

Heterogeneity: Chi2 = 0.09, df = 2 (P = 0.96); I = 0%
Test for overall effect: Z = 0.78 (P = 0.43)

No significant difference was found between the two groups.

Figure 6 Forest plot: odds ratio (OR) in complication rate and 95% Cl for unilateral versus bilateral pedicle screw fixation of MIS-TLIF.

Odds Ratio Odds Ratio
. T o | T
2.17 [0.18, 25.46) =
1.27 [0.07, 21.97] =
1.53[0.31, 7.46) —
1.61 [0.49, 5.37] =i
005 0.2 1 5 20

Favours Unilateral PS Favours Bilateral PS
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complication rate between the two methods. The uni-
lateral pedicle screw fixation leads to less blood loss
than bilateral fixation. Considering the limitations of
included studies, only a limited recommendation can
be made based on current data. And large samples, well
designed randomized controlled clinical trials that in-
corporates the evaluation of clinical and radiological
outcomes are required to assess the two fixation proce-
dures in the future.
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