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Abstract

BACKGROUND

Whether it’s better to adopt unilateral pedicle screw (UPS) fixation or to use
bilateral pedicle screw (BPS) one for lumbar degenerative diseases is still contro-
versially undetermined.

AIM
To make a comparison between UPS and BPS fixation as to how they work effica-
ciously and safely in patients suffering from lumbar degenerative diseases.

METHODS

We have searched a lot in the databases through 2020 with index terms such as
“unilateral pedicle screw fixation” and “bilateral pedicle screw fixation.” Only
randomized controlled trials and some prospective cohort studies could be found,
yielding 15 studies. The intervention was unilateral pedicle screw fixation;
Primarily We’ve got outcomes of complications and fusion rates. Secondarily,
we’ve achieved outcomes regarding total blood loss, operative time, as well as
length of stay. Softwares were installed and utilized for subgroup analysis,
analyzing forest plots, sensitivity, heterogeneity, forest plots, publication bias, and
risk of bias.

RESULTS

Fifteen previous cases of study including 992 participants have been involved in
our meta-analysis. UPS had slightly lower effects on fusion rate [relative risk (RR)
=0.949, 95%CI: 0.910 to 0.990, P = 0.015], which contributed mostly to this meta-
analysis, and similar complication rates (RR = 1.140, 95%CI: 0.792 to 1.640, P =
0.481), A visual analog scale [standard mean difference (SMD) = 0.178, 95%CI: -
0.021 to 0.378, P = 0.080], and A Oswestry disability index (SMD = -0.254, 95%ClI: -
0.820 to 0.329, P = 0.402). In contrast, an obvious difference has been observed in
A Japanese Orthopedic Association (JOA) score (SMD = 0.305, 95%CI: 0.046 to
0.563, P = 0.021), total blood loss (SMD = -1.586, 95%ClI: -2.182 to -0.990, P = 0.000),
operation time (SMD = -2.831, 95%CI: -3.753 to -1.909, P = 0.000), and length of
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hospital stay (SMD = -0.614, 95%CI: -1.050 to -0.179, P = 0.006).

CONCLUSION

Bilateral fixation is more effective than unilateral fixation regarding fusion rate after lumbar
interbody fusion. However, JOA, operation time, total blood loss, as well as length of stay were
improved for unilateral fixation.

Key Words: Unilateral pedicle screw fixation; Bilateral pedicle screw fixation; Meta-analysis; Spinal fusion
surgery; Discectomy; Lumbar interbody fusion

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This literature is not strongly conclusive regarding whether bilateral pedicle screw (BPS) fixation
or unilateral pedicle screw (UPS) one is more efficacious and safe for patients with lumbar degenerative
diseases. While BPS has been considered standard, it has been associated with excessive rigidity and
clinically adverse effects clinically, for example, device-related osteoporosis, adjacent segment
degeneration, and a higher risk of other complications. This was the first large scale meta-analysis
comparing UPS and BPS. We found UPS to have a slightly more poor fusion rate, but significantly
improved prognosis regarding several clinical outcomes, possibly associated with minimal invasion.

Citation: Sun L, Tian AX, Ma JX, Ma XL. Successful outcomes of unilateral vs bilateral pedicle screw fixation for
lumbar interbody fusion: A meta-analysis with evidence grading. World J Clin Cases 2022; 10(36): 13337-13348
URL: https://www.wjgnet.com/2307-8960/full/v10/i36/13337.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i36.13337

INTRODUCTION

Lumbar interbody fusion (LIF) or spinal fusion surgery was independently proposed by Hibbs et al[1] in
1911. To date, this surgical procedure has been used to treat spinal disorders including degenerative
vertebral disease, trauma, infection, and tumors for more than a century. The main procedures include
discectomy, endplate preparation, bone grafting, cage insertion, pedicle screw placement, or standalone.
Patient expectations and the increasing demand for shorter hospital stays have led to more innovative
surgical techniques. There are five major surgical approaches: posterior LIF, anterior LIF, lateral LIF,
transforaminal LIF, and oblique LIF or anterior to the psoas. The choice of surgical approach is often
determined by surgeon preference and patient factors, as there has been no clear or strong evidence
regarding which approach is superior[2-5]. The most common internal fixation method for fusion is
posterior pedicle screw fixation, and bilateral pedicle screw (BPS) fixation is considered a standard
procedure. However, excessive rigidity is suspected to result in clinically adverse effects, such as
adjacent segment degeneration, device-related osteoporosis, and a higher risk of other complications[6].
While there is plenty of research exploring two pedicle screw fixations, most studies were limited by
their retrospective nature, lack of a comparison group, or inadequate follow-up[7,8]. Previous meta-
analyses also included the limitations of not including all prospective studies and incorporating many
retrospective studies, and the results may be biased[8,9]. We retrieved all the literature about unilateral
and BPS fixation after lumbar fusion in recent years and included the latest randomized controlled trials
(RCTs) and prospective cohort studies. The results were meta-analyzed to provide a reference for future
clinical work.

MATERIALS AND METHODS

Literature search

We retrieved relevant studies using “Unilateral Pedicle Screw fixation,” “lumbar interbody fusion,”
“lumbar degenerative diseases” along with “Bilateral Pedicle Screw fixation,” as key words with
Boolean operators “AND” or “OR” in electronic databases, namely, EMBASE, the Cochrane Library and
PubMed as of January 2020. While only prospective cohort studies and RCTs carried out upon human
subjects were kept for further use. For presenting the flowchart of the trial selection, Figure 1 has been
worked out. PRISMA guidelines, Cochrane Handbook and GRADE system are adopted as well for
assessing qualities from involved study so as for convincing that the data herein presented were not
only reliable but verifiable as well[10-12].
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Figure 1 Flow diagram of study searching and selection process.

Selection criteria

The PICOS (Population, Intervention, Comparison, Outcome, and Study design) outline was used for
including studies in the review. Inclusion criteria: (1) RCTs or prospective cohort studies; (2) The study
population was patients with BPS fixation or UPS one after lumbar interbody fusion; (3) The
intervention was UPS fixation, UPS fixation was also adopted for comparison; and (4) The primary
outcomes were fusion rate and complications such as screw loosening, cage migration, infection, psoas,
and neural symptoms. The secondary outcomes included changes in the following: Visual Analog Scale
(VAS) score, Oswestry Disability Index (ODI) score, Japanese Orthopedic Association (JOA) score,
operation time, total blood loss, as well as in-hospital duration. Exclusion criteria were: (1) No report on
fusion rate or complication rate; (2) Study on recurrent lumbar diseases or revision surgeries; and (3)
Repeated studies.

Data extraction

Two independent researchers searched the papers independently using the same search strategy, and a
third researcher resolved any disagreement. Two reviewers collected the obtainable data from the
involved studies independently, and any disagreement between the two reviewers was resolved by a
third reviewer. Relevant data consist of names of the authors, dates of publication, types of intervention,
ages, sample sizes, outcomes, follow-up duration, and types of reference. we obtained the outcome data,
or estimated statistics via the data provided either in tables or in figures if we could not obtain the data
directly from the statements of the articles. We present the baseline characteristics of the involved trials
in Table 1.

Risk of bias assessment

The methodological qualities and foundation of the involved studies were assessed in accordance with
the Cochrane Handbook for Systematic Reviews of Interventions. Based on the included literature, the
two researchers evaluated adequate sequence generation, allocation concealment, binding, selective
reporting, and other bias as being at high, low, or unclear risks of bias. If there were any inconsistency,
the third researcher would be consulted to deal with it (Figures 2 and 3).
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Table 1 Characteristics of included randomized controlled trial

Number of Age (yr, mean *
. Gender (M/F ! Follow-up (mo i
0 i ) (MIF) sD) p(mo) Type o.f Surgical Reference
operation segments type
UPS BPS UPS BPS UPS BPS UPS  BPS

Gu et al[13], 2015 35 39 17/18 21/18 645+ 661+ 321+ 317+  MITLIF 2 Prospective
8.0 71 7.5 8.0 cohort

Shen et al[14],2014 31 34 17/14 16/18 573+ 589+ 266+ 266+  MI-TLIF 1 RCT
11.7 10.1 45 45

Zhang et al[15], 2014 33 35 14/19 10/25 594+ 557+ 256+ 256+  TLIF 2 RCT
10.2 11.6 45 45

Dong et al[16], 2014 20 19 6/14 6/13 540+ 566+ 24 24 PLIF 1 RCT
12.3 14.7

Chen et al[17],2014 15 15 10/5 8/7 431+ 449+ 152+ 152+  MITLIF NG RCT
5.8 6.5 3.25 3.25

Gologorsky et al[18], 40 40 19/21 21/19 41.6 46.9 52+6.5 52+6.5 TLIF Tlor2 Prospective

2014

Lin et al[19], 2013 43 42 19/24 20/22 67 65.5 26+35 26+35 MI-TLIF 1 RCT

Duncan et al[20], 46 56 20/26 20/36 535+  557+14 251 25.1 TLIF lor2 RCT

2013 14.75

Dahdaleh et al[21], 16 20 6/10 20/36 622+ 573+ 114+ 124+  MITLIF 1 RCT

2013 13.1 11.2 6.1 7.2

Choi et al[22], 2013 26 27 12/14 9/18 5339+ 5622+ 2752+ 2885+ MI-TLIF NG RCT
14.31 12.62 33 437

Xie et al[23], 2012 56 52 32/24 28/24 562+8 55+85 36+3 36+3  PLIF lor2 RCT

Aoki et al[24],2012 25 25 8/17 12/13 662+ 656+ 31+ 312+  TLIF 1 RCT
83 8.8 3.25 45

Xue et al[25],2012 37 43 17/20 18/25 571+ 582+ 253+ 253+  TLIF lor2 RCT
8.1 7.6 35 35

Feng et al[26],2011 20 20 12/8 10/10 53.75 53.2 24 24 TLIF 1 RCT

Fernandez-Fairenet 40 42 15/24 15/27 60.8 6142+ 36 36 PLIF lor2 RCT

al[27], 2007 533 547

F: Female M: Male; MI-TLIF: Minimally invasive transforaminal lumbar interbody fusion; TLIF: Transforaminal lumbar interbody fusion; PLIF: Posterior

lumbar interbody fusion; RCT: Randomized controlled trial.
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otner bias MR |
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I [ Low risk of bias [Junctear risk of bias B High risk of bias |
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Figure 2 Risk of bias graph.

Grading quality of evidence

The GRADE software has been used to conduct evaluation on the convincing level of evidence and
strength of recommendations for the involved outcomes. Initially, RCTs were considered to have high
confidence, and cohort studies low confidence as for the estimate of effect. Factors which may have
decreased the level of confidence level included inconsistency, limitations, imprecision, indirectness, as
well as publication bias. Factors that may have raised confidence level consisted of plausible
confounding, large effect and dose-response. We present the results of GRADE analysis in Table 2.
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Table 2 The GRADE evidence quality for each outcome

Decrease quality of evidence Increase quality of evidence

No of . i

tudi Design , , .. Publication Large Plausible  Does-  Quality Importance

studies Limitations Inconsistency Indirectness Imprecision . .

bias effect confounding response

Fusion rate RCT No No No No Unlikely No No No High Critical
(++++)

Complications RCT No No No Serious Very likely ~ No No No Very low Critical
(+-)

-A VAS RCT No Serious No No Likely No No No Low (++- Important
)

A ODI RCT No Serious No No Likely No No No Low (++- Important
)

A JOA RCT No Serious No No Unlikely No No No Moderate Important
(+++-)

Total blood RCT No Serious No No Very likely ~ No No No Very low Important

loss (+--)

Operation RCT No Serious No No Unlikely No No No Moderate Important

time (+++-)

Length of RCT No Serious No No Very likely  No No No Very low Important

hospital stay (+-)

High quality: Further research is very unlikely to change our confidence in the estimate of effect; Moderate quality: Further research is likely to have an important
impact on our confidence in the estimate of effect and may change the estimate; Low quality: Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the estimate; Very low quality: We are very uncertain about the estimate. VAS: Visual analog scale; ODI:
Oswestry disability index; JOA: Japanese Orthopedic Association; RCT: Randomized controlled trial.

Statistical analysis

Meta-analyses have been conducted using RevMan 5.3 software and STATA 13.1. The Standard Mean
Difference (SMD) has been applied to make assessment of consecutive outcomes, with 95% Confidence
Interval (CI). Relative Risk (RR) with 95%CI was adopted to make assessments of the dichotomous
outcomes. The inverse variance, Mantel-Haenszel, and DerSimonian-Laird approaches have been
applied to make combination of separated statistics. The results have been considered statistically
important at P values < 0.05.

Investigation of heterogeneity and publication bias

Heterogeneity out of studies has undergone evaluation via I* values and and considered high if I > 50%
or low if I < 50%, respectively. An fixed-effects model was adopted when I> > 50%, whereas an effect
model of random type was used when I* < 50%. Subgroup analyses and sensitivity analysis ones have
been conducted to figure out the heterogeneity source, while I> 2 50%. Stata13.1 adopted for evaluation
of the publication bias.

RESULTS

Search results

According to the index words, 314 citations were identified from the electronic databases. A total of 130
citations were duplicated, and 143 citations were excluded from the title and abstract, such as irrelevant
articles, reviews, and case reports. Additionally, 26 retrospective studies were excluded from the
analysis. Ultimately, 15 RCTs were included[13-27]. However, the limitation is that not every study
included contains every outcome of interest. We summarized the characteristics of the involved studies
and presented in Table 1.

Primary outcome
The complications and fusion rate of the two internal fixations were the primary outcomes from the
meta-analysis, used for evaluating efficacy and safety.

Fusion rate

Eleven studies assessed the fusion rate of 708 patients followed up for at least 12 mo. Compared with
BPS, UPS had a slightly lower fusion rate (RR = 0.949, 95%CI: 0.910 to 0.990, P = 0.015, Figure 4A). The
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Figure 4 Forest plots of fusion rates and complications. A: Fusion rates; B: Complications.
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age subgroup analysis indicated that the significant difference disappeared in patients aged > 60 years
(RR = 0.975, 95%ClI: 0.914 to 1.041, P = 0.455, Figure 5A). The type of operation subgroup analysis
showed that TLIP significantly reduced the fusion rate of the UPS (SMD = 0.921, 95%CI: 0.857 to 0.988, P

=0.022, Figure 5B).

Complications

Thirteen studies assessed the fusion cage migration rate of 918 patients followed up for at least 12 mo.
No drastic difference has been observed between both internal fixation approaches (RR = 1.140, 95%ClI:
0.792 to 1.640, P = 0.481, Figure 4B).

Secondary outcome

The enhancements in VAS, JOA, and ODI scores were considered subjective. To some extent, operation,
blood loss, as well as in-hospital duration depended upon the surgeon’s proficiency. Therefore, these

outcomes are secondary but essential indicators of prognosis in clinical practice.

Improvement of VAS, ODI and JOA: There was no significant difference in A VAS or A ODI (A VAS,
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Figure 5 Forest plots of subgroup analysis.
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Figure 6 Forest plots of A visual analog scale, A Oswestry disability index, and A Japanese Orthopedic Association. A: A visual analog
scale; B: A Oswestry disability index; C: A Japanese Orthopedic Association.

SMD = 0.178, 95%ClI: -0.021 to 0.378, P = 0.080; A ODI, SMD = -0.254, 95%CI: -0.820 to 0.329, P = 0.402,
Figure 6A and B). However, compared with BPS, UPS significantly improved AJOA (SMD = 0.305,
95%ClI: 0.046 to 0.563, P = 0.021, Figure 6C).

Total blood loss, operation time, as well as in-hospital duration: Compared with BPS, UPS
significantly reduced the total blood loss, operation time, and length of hospital stay (total blood loss,
SMD = -1.586, 95%CI: -2.182 to -0.990, P = 0.000; operation time, SMD = -2.831, 95%CI: -3.753 to -1.909, P

= 0.000; length of hospital stay, SMD = -0.614, 95%CI: -1.050 to -0.179, P = 0.006, Figure 7A-C).

Quality assessment
We present baseline characteristics of the involved trials in Table 1, and results of GRADE analysis are
presented in Table 2. The included studies met the principles of randomized controlled trials with a
high level of evidence (Figures 2 and 3). Given medical ethics and patients” informed consent rights,
these RCTs rarely mention whether to adopt allocation concealment and blind methods, especially
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Figure 7 Forest plots of total blood loss, operation time, and length of hospital stay. A: Total blood loss; B: Operation time; C: Length of hospital

stay.
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single-blind methods. We used the Harbord method and considered that no significant publication bias
has been observed in the fusion rate (P = 0.710, Figure 8A). We conducted a sensitivity analysis with
metatrim and metaninf and considered the included studies to be steady (Figure 8B and C).

DISCUSSION

This study suggested that UPS had a poorer fusion rate but significantly improved prognosis regarding
several clinical outcomes.

However, the choice between unilateral and BPS fixation after lumbar fusion remains controversial.
The BPS provides greater immediate stability, and the UPS significantly decreases the stiffness of the
instrumented segment and surgical trauma. In recent years, many clinical follow-up studies and human
cadaver studies have shown that UPS is as effective as BPS, and that UPS can achieve biomechanical
stability comparable to that of BPS[28-32]. Computer simulation studies, such as finite element studies,
also support UPS[33].

However, there are some objections to this approach. Kasai reported that UPS offers only uneven
fixation in a human cadaver study, whereas BPS may allow excellent fixation in all directions[34].
Schleicher performed stiffness testing in fresh-frozen human cadaveric lumbar spine motion segments
and concluded that BPS offers significantly more stability than UPS in the majority of test modes[35].
Many studies have found no significant difference in only one- or two-level interbody fusion[36]. Our
study shows that there is a slightly lower fusion rate in UPS, even with short-segment fixation, which is
different from those reported previously[37,38]. In terms of the rate of fusion cage migration, previous
studies have found that UPS generates more cage migration than BPS[39]. After synthesizing the newly
published studies, our evidence shows no difference in the rate of fusion cage migration between UPS
and BPS. In terms of Improvement of VAS, ODI and JOA, there was no difference between UPS and
BPS, which was consistent with the conclusion of previous studies[39]. In terms of total blood loss,
operation time, and the length of hospital stay, UPS was lower than BPS, which was consistent with the
actual clinical situation. Unilateral PS fixation avoided contralateral exposure and reduced trauma.
Therefore, UPS fixation can not only shorten the operation time and reduce surgical trauma, but also
reduce the recovery time[40]. GRADE is one of the widely adopted approaches in industries of public
health and medicine to make assessment of the evidence’s outcome-specific certainty through systemat-
ically conducted reviews[41]. Our results show that the level of evidence is high. Therefore, we believe
that this is the main contribution of the present meta-analysis. Although UPS has many advantages, BPS
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Figure 8 Publication bias, metatrim, and metaninf of fusion rate. A: Publication bias; B: Metatrim; C: Metaninf.
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is much preferred, assuming there isn’t sufficient stability, such as during long segment fixation.
However, current data only provide weak support, if any, favoring BPS over UPS for clinical
improvement in fusion rates.

Within aging populations, there is a significant increase in lumbar degenerative diseases (LDD),
resulting in great pain and reduced quality of life for patients[42]. Early increase of fusion rate and relief
of pain, so that patients can move early, can effectively reduce venous thrombosis, pulmonary infection,
pressure sores, and other complications[7,43]. Shortening hospital stay and reducing nosocomial
infections are particularly important for the recovery of elderly patients[44]. Thus, it is urgently
demanded to explore feasible, secure, and effective treatments for LDD.

Our study also has some limitations. First, all studies were single-center studies with small sizes of
samples, which could possibly bring about selection bias. Second, none of the RCTs included in this
study used blinding methods. Because of the type of intervention, blinding could not be performed to
prevent the placebo effect or observer bias, resulting in low quality of the methodology. Third, different
studies had different follow-up times, and the follow-up time of some studies was short. Finally,
differences in diagnostic criteria, inclusion and exclusion criteria and details of treatment resulted in
heterogeneity in the meta-analysis. Although subgroup and sensitivity analyses have been conducted,
confounding statistical outcomes resulted from heterogeneity cannot be excluded to a complete extent.

CONCLUSION

According to our meta-analysis, UPS had a slightly poorer fusion rate but significantly improved
prognosis regarding many important clinical outcomes, possibly associated with minimal invasion. To
clarify whether UPS has the same reliability and effectiveness as BPS, longer follow-up and more clinical
trials, especially RCTs, are required to provide stronger evidence regarding this observation. Further
multicenter studies with more patients are required to obtain more reliable results.
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ARTICLE HIGHLIGHTS

Research background
The use of unilateral pedicle screw (UPS) or bilateral pedicle screw (BPS) fixation for lumbar
degenerative diseases remains controversial.

Research motivation
To provide objective evidence for the selection of UPS or BPS fixation for lumbar degenerative diseases.

Research objectives
To compare the efficacy and safety of UPS and BPS fixation in patients with lumbar degenerative
diseases.

Research methods
We used meta-analysis to systematically review the current evidence.

Research results

UPS had slightly lower effects on fusion rate, which was the main contribution of this meta-analysis,
and similar complication rates, A visual analog scale, and A Oswestry disability index. In contrast,
there was a significant difference in A Japanese Orthopedic Association (JOA) score, total blood loss,
operation time, and length of hospital stay.

Research conclusions

Unilateral fixation is less effective than bilateral fixation regarding fusion rate after lumbar interbody
fusion. However, JOA, total blood loss, operation time, and length of stay were improved for unilateral
fixation.

Research perspectives

To clarify whether UPS has the same reliability and effectiveness as BPS, longer follow-up and more
clinical trials, especially RCTs, are required to provide stronger evidence regarding this observation.
Further multicenter studies with more patients are required to obtain more reliable results.
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