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Abstract

Background There is no conclusive evidence from evidence-based medicine that clarifies whether the efficacy and
safety of lateral lumbar interbody fusion (LLIF) differ significantly with or without auxiliary posterior fixation. This study
embarks on a comprehensive comparative meta-analysis, delving into both domestic and international research
landscapes, to scrutinize the efficacy of stand-alone LLIF versus LLIF coupled with auxiliary posterior fixation in the
treatment of degenerative lumbar diseases.

Methods In this meta-analysis, we searched Pubmed, Embase, and Cochrane databases from inception to December
2023.This study includes research comparing LLIF combined with auxiliary posterior fixation versus stand-alone

LLIF in the treatment of lumbar degenerative disease. and we excluded studies without full-text or for which data
extraction was not possible; studies using animal studies; reviews and systematic reviews. Review manager 5.3
software was used to analyze the data.

Results Twelve literatures are included in this study, all of which are cohort studies. The sample sizes varied between
30 and 132, totaling 781 patients, of which 440 belonged to the group with posterior fixation, and 224 to the stand-
alone group. Findings revealed a significantly higher fusion rate when LLIF was combined with auxiliary posterior
fixation compared to stand-alone LLIF. Additionally, postoperative disc height and restoration in segmental lordosis
of LLIF combined with auxiliary posterior fixation were all significantly higher than that of stand-alone LLIF. However,
postoperative VAS score for LLIF combined with auxiliary posterior fixation is significantly higher than that for stand-
alone LLIF. There were no significant differences in the restoration of lumbar lordosis, the ODI and incidence of
adverse events.

Conclusions In summary, compared to standalone LLIF, the combination of LLIF with auxiliary posterior fixation
exhibits a higher postoperative fusion rate. Additionally, both postoperative disc height and restoration of segmental
lordosis are significantly greater. Although the occurrence of adverse reactions is consistent between the two surgical
approaches, the LLIF combined with auxiliary posterior fixation approach demonstrates a lower reoperation rate.
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Introduction

Degenerative conditions affecting the lumbar spine
stand out as some of the most prevalent issues in spinal
health. These conditions give rise to symptoms includ-
ing persistent lower back pain, radiating discomfort
down the legs, and constraints on mobility. The reper-
cussions extend beyond mere physical discomfort, sig-
nificantly influencing the overall quality of life for those
affected [1]. Lumbar interbody fusion techniques repre-
sent widely employed surgical methods for addressing
degenerative conditions of the lumbar spine [2]. Lateral
lumbar interbody fusion (LLIF) is an evolving surgi-
cal technique designed to access the lumbar spine from
the side. This approach involves navigating through or
avoiding the extensive muscles of the lower back, and
it is employed for the treatment of degenerative lumbar
spine conditions. LLIF includes a variety of variations,
such as extreme lateral interbody fusion (XLIF), oblique
lateral interbody fusion (OLIF), crenel lateral interbody
fusion (CLIF), direct lateral interbody fusion (DLIF),
and lateral-anterior lumbar interbody fusion (LaLIF),
among other methods [3-5]. In contrast to traditional
surgical approaches, LLIF not only facilitates the place-
ment of more substantial interbody fusion devices but
also serves to safeguard the integrity of back muscles,
ligaments, and surrounding structures. This innova-
tive technique significantly diminishes the risk of major
vascular injuries. Consequently, LLIF is rapidly gaining
prominence as a preferred method for addressing degen-
erative lumbar diseases, owing to its enhanced safety
profile and superior protection of anatomical structures
[3, 6]. LLIF is frequently complemented by the addi-
tion of lateral instrumentation applied through the same
transpsoas approach or posterior percutaneous pedicle
screw fixation administered through a distinct posterior
approach. The incorporation of supplementary instru-
mentation of either type is commonly undertaken with
the aim of mitigating the risks associated with graft sub-
sidence, pseudarthrosis, and the need for reoperation [7].
However, to date, there is no conclusive evidence from
evidence-based medicine that clarifies whether the effi-
cacy and safety of LLIF differ significantly with or with-
out auxiliary posterior fixation. This study embarks on a
comprehensive comparative meta-analysis, delving into
both domestic and international research landscapes,
to scrutinize the efficacy and safety of stand-alone LLIF
versus LLIF coupled with auxiliary posterior fixation in
the treatment of degenerative lumbar diseases. The over-
arching objective is to distill invaluable insights that can

significantly shape and guide clinical decision-making,
offering a nuanced perspective to navigate the complexi-
ties of treating degenerative lumbar conditions.

Materials and methods
Inclusion and exclusion criteria
Inclusion criteria

1) Subjects: Patients diagnosed with lumbar
degenerative disease.

2) Intervention measure: LLIF combined with auxiliary
posterior fixation.

3) Control: Stand-alone LLIF.

4) Outcome indicators: Fusion rate, postoperative disc
height, restoration of segmental lordosis, restoration
of lumbar lordosis, postoperative VAS score,
postoperative Oswestry Disability Index (ODI),
reoperation rate and incidence of adverse events.

5) Study design: Randomized controlled trial (RCT) and
cohort study.

Exclusion criteria

Duplicate publications; Studies with unavailable full texts
or where data extraction was not feasible; Animal studies;
Reviews and systematic reviews.

Search strategy

For this meta-analysis, we conducted searches in
PubMed, Embase and the Cochrane Library databases
from their inception until December 2023. The search
terms used were: “lateral lumbar interbody fusion”
“extreme lateral interbody fusion” “direct lateral inter-
body fusion” “oblique lateral interbody fusion” “cre-
nel lateral interbody fusion” “lateral-anterior lumbar
interbody fusion” AND “stand-alone” AND “fixation”
“instrumentation”.

Literature screening and data extraction

Two researchers were responsible for information
retrieval, screening, and data extraction. Any questions
or discrepancies were resolved through consultation with
a third researcher. The collected information included the
following: author, year of publication, study type, sample
size, number of levels treated, age, sex, BMI, follow-up
duration, and outcome indicators.

Literature quality assessment

Two researchers independently conducted literature
quality evaluations using the Newcastle-Ottawa Scale
(NOS) for cohort study [8]. The Newcastle-Ottawa Scale
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(NOS) includes four items (4 points) for “Research Sub-
ject Selection” one item (2 points) for “Comparability
between Groups,” and three items (3 points) for “Out-
come Measurement” resulting in a total score of 9 points.
A score of 27 is considered high-quality literature, while
a score of <7 is classified as lower-quality literature. In
cases of disagreement, a consensus is reached through
discussion or consultation with a third party. The meta-
analysis was conducted in accordance with the relevant
items of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [9].

Data synthesis and statistical analysis

Data were analyzed using Review Manager 5.3. The I” sta-
tistic was employed to assess heterogeneity among stud-
ies. If the heterogeneity test yielded P>0.1 and I’<50%,
homogeneity was indicated, and the studies were ana-
lyzed together using a fixed-effects model. Conversely,
if P<0.1 and I>>50%, significant heterogeneity was indi-
cated; in such cases, sensitivity analysis was conducted
to identify the source of the difference. A random-effects
model was used for effect pooling in this meta-analysis.
Publication bias was assessed using funnel plots.

Results

Literature search results

A total of 126 articles were collected for this study. After
excluding duplicate studies, 65 studies were included
in this study. A total of 48 articles were identified after
reading their titles and abstracts. Finally, 12 studies were
included in the meta-analysis (Fig. 1).

Baseline characteristics and quality assessment of the
included studies

Twelve literatures are included in this study, all of which
are cohort studies. Four of the patients were from the
USA, three from Australia, and the rest from China. The
sample sizes varied between 30 and 132, totaling 781
patients, of which 440 belonged to the group with pos-
terior fixation, and 224 to the stand-alone group. The age
of patients in the with posterior fixation group ranged
from 50.2 to 67.2, while in the stand-alone group, it
ranged from 51.8 to 67.0. The follow-up duration ranged
from 11.5 to 24 months. The NOS scores used for qual-
ity assessment were all >7 and met the requirements
(Tables 1 and 2).

Meta-analysis results

Efficacy

Fusion rate Seven articles investigated the fusion rates
between LLIF combined with auxiliary posterior fixa-
tion and stand-alone LLIF. Due to the presence of signifi-
cant heterogeneity (I°=46.0%, P=0.08), a random-effects
model was utilized for the meta-analysis. The findings
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revealed a significantly higher fusion rate in cases where
LLIF was combined with auxiliary posterior fixation com-
pared to stand-alone LLIF (OR=2.41, 95% CIL: 1.06 to
7.99, P=0.04) (Fig. 2; Table 3). The evidence levels for the
results are shown in Table 4.

Postoperative disc height Five articles investigated
the postoperative disc height between LLIF combined
with auxiliary posterior fixation and stand-alone LLIF.
As no significant heterogeneity was observed (I*=43.0%,
P=0.13), a fixed-effect model was employed for the meta-
analysis. The pooled results show that the postoperative
disc height of LLIF combined with auxiliary posterior
fixation is significantly higher than that of standalone
LLIF (MD =1.02, 95%CI: 0.71 to 1.32, P<0.00001) (Fig. 3;
Table 3). The evidence levels for the results are shown in
Table 4.

Restoration of segmental lordosis Five articles exam-
ined the restoration in segmental lordosis from preop-
erative to the last follow-up. Due to significant hetero-
geneity (I’=58.0%, P=0.05), a random-effects model was
utilized for the meta-analysis. The pooled results dem-
onstrated a statistically significant higher improvement
in segmental lordosis in cases where LLIF was combined
with auxiliary posterior fixation compared to stand-alone
LLIF (MD=2.14, 95% CI: 0.53 to 3.75, P=0.009) (Fig. 4;
Table 3). The evidence levels for the results are shown in
Table 4.

Restoration of lumbar lordosis Five articles examined
the restoration in lumbar lordosis from preoperative to
the last follow-up. As no significant heterogeneity was
observed (I’=37.0%, P=0.18), a fixed-effects model was
employed for the meta-analysis. The combined results
indicated no statistically significant difference in the res-
toration of lumbar lordosis between cases where LLIF
was combined with auxiliary posterior fixation and stand-
alone LLIF (MD=1.61, 95% CIL -0.12 to 3.33, P=0.07)
(Fig. 5; Table 3). The evidence levels for the results are
shown in Table 4.

Postoperative ODI Four articles investigated the post-
operative ODI between LLIF combined with auxiliary
posterior fixation and stand-alone LLIF. Due to signifi-
cant heterogeneity (I*>=67.0%, P=0.03), a random-effects
model was employed for the meta-analysis. The results
showed that there was no significant difference between
LLIF combined with auxiliary posterior fixation and
stand-alone LLIF in postoperative ODI (SMD=-0.12,
95%ClI: -0.62 to 0.37, P=0.62) (Fig. 6; Table 3). The evi-
dence levels for the results are shown in Table 4.
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126 of records identified
through database searching
(Pubmed=58, Embase=63,
Cochrane=5)
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Additional records identified
through other sources (n=0)

Records after removal of
duplicates (n=65)

Screened records (n=65)

—— P Excluded records (n=24)

Full-text articles evaluated |
for eligibility (n=48)

Excluded records (n=36)
-Inconsistent with research
b content (n=27)

-There is no data to extract (n=9)

Studies included in
qualitative synthesis (n=12)

Studies included in
quantitative synthesis
(Meta-analysis)
(n=12)

Fig. 1 Flow diagram for selection of studies
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Table 2 Quality assessment of the included studies
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Author Year Research Subject Selec-  Comparability between Outcome Measurement Total
tion (4 points) Groups (2 points) (3 points) NOS
Score
Sharma et al. [10] 2011 3 2 2 7
Malham et al. [11] 2012 4 2 2 8
Alimi et al. [12] 2014 4 2 2 8
Aichmair et al. [13] 2017 3 2 2 7
Malham et al. [14] 2017 4 2 2 8
Parker et al. [15] 2017 3 1 3 7
Chenetal. [16] 2019 4 2 3 9
Heetal. [17] 2020 4 2 2 8
Lietal [18] 2021 3 2 2 7
Chengetal. [19] 2021 4 2 2 8
Nuss et al. [20] 2022 4 2 3 9
Wang et al. [21] 2022 3 2 2 8
With instrumentation  Stand-alone 0Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl  Year M-H, Random, 95% CI

Sharma et al. 2011 70 71 12 16 12.3%  23.33 [2.40, 227.04] 2011 >

Malham et al. 2012 12 13 10 13 11.4% 3.60 [0.32, 40.23] 2012

Parker et al. 2017 77 78 46 54 13.5% 13.39[1.62, 110.53] 2017 >

Chen et al. 2019 52 60 29 34 22.4% 1.12 [0.34, 3.74] 2019 —_—

He et al. 2020 41 41 30 32 81%  6.80[0.32, 146.87] 2020

Li et al. 2021 36 41 43 48  21.1% 0.84 [0.22, 3.12] 2021 —_——

Wang et al. 2022 16 17 23 25 11.0% 1.39[0.12, 16.68] 2022

Total (95% CI) 321 222 100.0% 2.91 [1.06, 7.99] e

Total events 304 193

Heterogeneity: Tau? = 0.81; Chi’ = 11.18, df = 6 (P = 0.08); I = 46% ¢0‘01 0?1 + 100’

Test for overall effect: Z = 2.07 (P = 0.04)

10
Favours [With instrumentation] Favours [Stand-alone]

Fig. 2 Compare the fusion rates between LLIF combined with auxiliary posterior fixation and stand-alone LLIF

Table 3 Summary of meta-analysis results with effect size interpretation

Outcome Effect Size (OR/ 95% Confidence P-value Interpretation
MD) Interval

Fusion Rate OR=241 1.06 to 7.99 0.04 LLIF with posterior fixation significantly increases fusion rate
compared to stand-alone LLIF

Postoperative Disc MD=1.02 0.71t01.32 <0.00001 LLIF with posterior fixation results in a significantly higher post-

Height operative disc height compared to stand-alone LLIF.

Restoration of Segmen- MD=2.14 0.53t03.75 0.009 LLIF with posterior fixation significantly improves segmental

tal Lordosis lordosis restoration compared to stand-alone LLIF.

Restoration of Lumbar ~ MD=1.61 -0.12t0 333 0.07 No statistically significant difference in lumbar lordosis restora-

Lordosis tion between the two groups.

Postoperative ODI SMD=-0.12 -0.621t0 0.37 062 No significant difference in postoperative Oswestry Disability
Index between LLIF with posterior fixation and stand-alone LLIF.

Postoperative VAS Score  MD=0.80 0.58t0 1.02 <0.00001 LLIF with posterior fixation significantly increases postoperative
VAS score compared to stand-alone LLIF, indicating more pain.

Reoperation Rate OR=033 0.15t0 0.75 0.008 LLIF with posterior fixation significantly reduces the reoperation
rate compared to stand-alone LLIF.

Incidence of Adverse OR=0.74 047to1.15 0.18 No significant difference in the incidence of adverse events

Events

between LLIF with posterior fixation and stand-alone LLIF.

Postoperative VAS score Seven articles investigated
the postoperative VAS score between LLIF combined
with auxiliary posterior fixation and stand-alone LLIF.
As no significant heterogeneity was observed (I*=40.0%,
P=0.14), a fixed-effects model was employed for the
meta-analysis. The comprehensive results indicate that
the postoperative VAS score for LLIF combined with aux-

iliary posterior fixation is significantly higher than that
for stand-alone LLIF (MD=0.80, 95%CI: 0.58 to 1.02,
P<0.00001) (Fig. 7; Table 3). The evidence levels for the
results are shown in Table 4.

Reoperation rate Six articles reported reoperation rate
between LLIF combined with auxiliary posterior fixa-
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Table 4 GRADE assessment of the summary results

Outcome Study Design Risk of Consistency  Precision Indirectness Publica- Overall
Bias tion Bias Quality
Fusion Rate (1>=46%, P=0.08) Cohort Studies  Low Moderate High Low No Bias ~ Moderate
Postoperative Disc Height (>=43%, P=0.13) Cohort Studies  Low High High Low NoBias  High
Restoration of Segmental Lordosis (P=58%, P=005) Cohort Studies Low Moderate Moderate  Low No Bias Moderate
Restoration of Lumbar Lordosis (>=37%, P=0.18) Cohort Studies  Low High Moderate  Low No Bias ~ Moderate
Postoperative ODI (1>=67%, P=0.03) Cohort Studies Low Moderate Moderate  Low No Bias Moderate
Postoperative VAS Score (>=40%, P=0.14) Cohort Studies ~ Low High High Low No Bias  High
Reoperation Rate (’=23%, P=0.26) Cohort Studies  Low High High Low No Bias  High
Incidence of Adverse Events (>=0%, P=0.60) Cohort Studies Low High High Low No Bias High
With instrumentation Stand-alone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Malham et al. 2017 5.6 1.3 19 52 1.2 21 15.1% 0.40[-0.38,1.18] 2017 i
Chen et al. 2019 7.8 1.9 49 6.9 04 27 29.8% 0.90[0.35, 1.45] 2019
He et al. 2020 9.9 1.2 41 83 16 32 206% 1.60[0.93,2.27] 2020
Cheng et al. 2021 8.9 12 41 7.8 14 54 332% 1.10[0.58, 1.62] 2021
Li et al. 2021 12.6 4.3 15 13.2 56 48  1.3% -0.60[-3.29,2.09] 2021
Total (95% CI) 165 182 100.0% 1.02[0.71, 1.32]

Heterogeneity: Chi? = 7.02, df = 4 (P = 0.13); I* = 43%
Test for overall effect: Z = 6.60 (P < 0.00001)

~100 -50 0 50 100
Favours [With instrumentation] Favours [Stand-alone]

Fig. 3 Compare the postoperative disc height between LLIF combined with auxiliary posterior fixation and stand-alone LLIF

With instrumentation Stand-alone Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total ight IV, Rand 95% Cl _Year v, d 95% CI
Malham et al. 2017 2.9 2 19 1.5 24 21 28.7% 1.40[-0.03, 2.83] 2017 T
Aichmair et al. 2017 -0.9 7.9 20 -45 6.1 31 11.0% 3.60[-0.47,7.67] 2017 t“
Chen et al. 2019 1.55 7.94 49 1.59 3.62 27 18.8% -0.04[-2.65,2.57] 2019 »
Li et al. 2021 5.2 4.5 41 09 4.7 54 24.7% 4.30 [2.44, 6.16] 2021 -
Cheng et al. 2021 3.9 0.5 15 2.2 10.2 48 16.8% 1.70[-1.20, 4.60] 2021 o
Total (95% CI) 144 181 100.0% 2.14 [0.53, 3.75]

Heterogeneity: Tau? = 1.83; Chi® = 9.46, df = 4 (P = 0.05); I = 58%
Test for overall effect: Z = 2.60 (P = 0.009)

T +

~100 -50 0 50 100
Favours [With instrumentation] Favours [Stand-alone]

Fig. 4 Compare the restoration of segmental lordosis between LLIF combined with auxiliary posterior fixation and stand-alone LLIF

With instrumentation Stand-alone Mean Difference Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI _Year IV, Fixed, 95% CI
Alimi et al. 2014 2.5 11.4 81 63 73 9 10.3% -3.80([-9.18, 1.58] 2014 -]
Aichmair et al. 2017 0 7.9 20 -38 7.7 31 15.4% 3.80([-0.60, 8.20] 2017 -
Chen et al. 2019 4.97 9.42 49 2,57 4.13 27 31.7% 2.40 [-0.66, 5.46] 2019 -
Cheng et al. 2021 2.8 15.8 15 6.11 14.03 48 3.7% -3.31[-12.24, 5.62] 2021 =
Lietal. 2021 3.7 8.21 41 1.7 436 54 38.8% 2.00[-0.77,4.77] 2021 4
Total (95% CI) 206 169 100.0% 1.61[-0.12,3.33] ¢

itv: Chi2 = - = R = + + + J
Heterogeneity: Chi* = 6.34, df = 4 (P = 0.18); I = 37% -100 -50 0 50 100

Test for overall effect: Z = 1.83 (P = 0.07) Favours [With instrumentation] Favours [Stand-alone]

Fig. 5 Compare the restoration of lumbar lordosis between LLIF combined with auxiliary posterior fixation and stand-alone LLIF

With instrumentation Stand-alone Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, d 95% Cl _Year 1V, Rand: 95% CI
Malham et al. 2017 37.9 24.4 19 313 225 21 23.7% 0.28 [-0.35, 0.90] 2017 Il
He et al. 2020 14.4 2.1 41 146 1.8 32 28.7% -0.10[-0.56,0.36] 2020 i
Cheng et al. 2021 16.87 7.52 15 14.96 9.15 48  25.0% 0.21 [-0.37, 0.80] 2021 i
Wang et al. 2022 5.41 3.14 17 87 36 23 22.6% -0.94[-1.61,-0.28] 2022 L
Total (95% CI) 92 124 100.0% -0.12 [-0.62, 0.37]

~100 -50 0 50 100
Favours [With instrumentation] Favours [Stand-alone]

Heterogeneity: Tau? = 0.16; Chi* = 8.74, df = 3 (P = 0.03); I’ = 66%
Test for overall effect: Z = 0.49 (P = 0.62)

Fig. 6 Compare the postoperative ODI between LLIF combined with auxiliary posterior fixation and stand-alone LLIF
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With instrumentation Stand-alone

Mean Difference
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Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Aichmair et al. 2017 4.6 3.9 20 25 27 30 1.3% 2.10[0.14, 4.06] 2017
Malham et al. 2017 4.3 3.9 19 2.5 39 21 0.8% 1.80 [-0.62, 4.22] 2017
Chen et al. 2019 2.75 1.46 49 2.15 1.28 27 12.1% 0.60 [-0.03, 1.23] 2019 |
He et al. 2020 2.2 0.5 41 1.2 0.7 32 58.9% 1.00[0.71, 1.29] 2020 i
Cheng et al. 2021 1.88 1.32 15 1.56 1.12 48 8.9% 0.32 [-0.42, 1.06] 2021 |
Wang et al. 2022 1.06 0.9 17 0.65 0.71 23  18.1% 0.41([-0.11, 0.93] 2022
Total (95% CI) 161 181 100.0% 0.80 [0.58, 1.02] ‘
Heterogeneity: Chi? = 8.40, df = 5 (P = 0.14); I = 40% F + T + 1
AT -100 -50 0 50 100
Test for overall effect: Z = 7.17 (P < 0.00001) Favours [With instrumentation] Favours [Stand-alone]
Fig. 7 Compare the postoperative VAS score between LLIF combined with auxiliary posterior fixation and stand-alone LLIF
With instrumentation  Stand-alone 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
Aichmair et al. 2017 3 21 8 31 24.4% 0.48 [0.11, 2.07] 2017 —1
Malham et al. 2017 2 19 0 21 1.8% 6.14[0.28, 136.53] 2017 4
Chen et al. 2019 0 49 2 27 14.0% 0.10 [0.00, 2.23] 2019 ¢
Cheng et al. 2021 1) 41 8 54 29.7% 0.14 [0.02, 1.20] 2021 =
Li et al. 2021 0 15 2 48 5.3% 0.60[0.03, 13.19] 2021
Nuss et al. 2022 0 30 4 17 24.7% 0.05 [0.00, 0.98] 2022 ¢ bl
Total (95% CI) 175 198 100.0% 0.33 [0.15, 0.75] B =
Total events 6 24
Heterogeneity: Chi? = 6.50, df = 5 (P = 0.26); I = 23% k + 4 |
T 0.01 0.1 10 100
Test for overall effect: Z = 2.65 (P = 0.008) Favours [With instrumentation] Favours [Stand-alone]
Fig. 8 Compare the reoperation rate between LLIF combined with auxiliary posterior fixation and stand-alone LLIF
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Fig. 9 Compare the incidence of adverse events between LLIF combined with auxiliary posterior fixation and stand-alone LLIF

tion and stand-alone LLIF. As no significant heteroge-
neity was observed (I°=23.0%, P=0.26), a fixed-effects
model was employed for the meta-analysis. The pooleded
results show that the reoperation rate of LLIF combined
with auxiliary posterior fixation is significantly lower than
that of stand-alone LLIF (OR=0.33, 95%CI: 0.15 to 0.75,
P=0.008) (Fig. 8; Table 3). The evidence levels for the
results are shown in Table 4.

Safety: incidence of adverse events

Eight articles reported the incidence of adverse events
between LLIF combined with auxiliary posterior fixa-
tion and stand-alone LLIF. As no significant heterogene-
ity was observed (I*=0.0%, P=0.60), a fixed-effects model
was employed for the meta-analysis. The pooled results
showed The results showed that there was no significant
difference between LLIF combined with auxiliary poste-
rior fixation and stand-alone LLIF in incidence of adverse
events (OR=0.74, 95% CI: 0.47 to 1.15, P=0.18) (Fig. 9;

Table 3). The evidence levels for the results are shown in
Table 4.

Sensitivity analysis

We performed a sensitivity analysis to exclude each trial
individually, and then performed a combined analysis
of the remaining trials. It was found that no study had a
great influence on the results, suggesting that the results
of this study are reliable and stable.

Publication bias

The funnel plots generated in this study were presented
in the supplementary material. The plots demonstrated a
generally symmetrical shape, indicating that there was no
significant publication bias in this study (Figures S1-8).

Discussion

Due to its minimal disruption to paraspinal muscles,
LLIF has garnered escalating attention and applica-
tion in the management of diverse degenerative lumbar
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conditions [22]. This surgical approach, characterized by
its reduced impact on surrounding musculature, has wit-
nessed a growing adoption as a preferred intervention for
addressing an array of degenerative issues affecting the
lumbar spine [23-25]. As of now, evidence-based medi-
cine has not provided definitive conclusions on whether
the efficacy and safety of LLIF exhibit significant dif-
ferences with or without the incorporation of auxiliary
posterior fixation. This study encompasses a total of 12
pertinent literature sources, involving 781 patients, and
scrutinizes the efficacy and safety of stand-alone LLIF in
comparison to LLIF complemented with auxiliary pos-
terior fixation for the treatment of degenerative lumbar
diseases. The objective is to offer guiding insights for
clinical treatment strategies.

Firstly, the study’s consolidated findings revealed a sig-
nificantly higher fusion rate when LLIF was combined
with auxiliary posterior fixation compared to stand-alone
LLIF. Some studies suggest that additional posterior fixa-
tion can effectively restrict the movement of the surgical
segment, thereby ensuring a higher fusion rate [26]. This
underscores the potential benefits of incorporating auxil-
iary posterior fixation in the surgical approach for degen-
erative lumbar diseases. The significance lies in providing
clinicians with valuable guidance to make informed deci-
sions, maximizing the success of vertebral fusion. Look-
ing ahead, future research may delve into larger-scale
clinical studies to further validate the fusion efficacy
of LLIF with auxiliary posterior fixation. Additionally,
exploring long-term postoperative outcomes, patient
quality of life, and comprehensive indicators will con-
tribute to a more nuanced assessment of the benefits of
these surgical approaches. Personalized treatment strate-
gies for specific patient groups also present an intriguing
avenue for future exploration.

In addition, the results of present study found that
postoperative disc height and restoration in segmental
lordosis of LLIF combined with auxiliary posterior fixa-
tion were all significantly higher than that of stand-alone
LLIF. The observed increase in postoperative disc height
suggests that the combined approach contributes to bet-
ter maintenance and restoration of intervertebral space.
This is crucial for spinal stability and may positively
impact overall spinal alignment. Improved disc height
is often associated with enhanced load-bearing capacity
and reduced risk of adjacent segment degeneration. Fur-
thermore, the notable increase in restoration of segmen-
tal lordosis in the LLIF combined with auxiliary posterior
fixation group indicates a more successful correction of
the lumbar spine curvature compared to stand-alone
LLIF. Proper lordotic alignment is essential for maintain-
ing biomechanical efficiency and preventing abnormal
loading on adjacent structures.
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The ODI is a commonly used tool to assess the impact
of lumbar spine disorders on patients’ daily life functions.
Originally designed by a group of orthopedic surgeons
in the United Kingdom, this index evaluates the extent
of lumbar pain and spinal functional impairments in
patients [27]. In the context of this study, the lack of a sig-
nificant difference in postoperative ODI scores suggests
that both LLIF approaches, with and without auxiliary
posterior fixation, resulted in comparable functional out-
comes. Several factors may contribute to the absence of a
significant difference in ODI scores. It’s possible that the
LLIF technique itself, even when performed as a stand-
alone procedure, provides substantial improvements in
functionality and quality of life. Additionally, the inclu-
sion of auxiliary posterior fixation may not have had a
discernible impact on functional outcomes as measured
by the ODI in the postoperative period. While the ODI
is a valuable indicator of functional status, it is crucial
to consider that other factors, such as pain levels, radio-
graphic parameters, and patient-reported outcomes, con-
tribute to the overall assessment of surgical success [28].
The absence of a significant difference in ODI scores does
not necessarily imply uniformity in all aspects of postop-
erative recovery.

Importantly, the comprehensive results indicate that
the postoperative VAS score for LLIF combined with
auxiliary posterior fixation is significantly higher than
that for stand-alone LLIF, suggesting a potentially greater
level of discomfort or pain experienced by patients in this
group compared to those who underwent stand-alone
LLIF. Several factors may contribute to the observed dif-
ference in postoperative VAS scores. The inclusion of
auxiliary posterior fixation may result in additional sur-
gical trauma or discomfort for patients. The use of pos-
terior fixation involves the placement of screws or other
hardware, which could contribute to increased pain lev-
els in the postoperative period. Additionally, the biome-
chanical changes introduced by the combination of LLIF
and posterior fixation might affect the overall load dis-
tribution and stress on adjacent structures, potentially
influencing pain perception.

Furthermore, The pooled results indicate a noteworthy
finding, demonstrating a significantly lower reoperation
rate associated with the combination of LLIF and aux-
iliary posterior fixation compared to stand-alone LLIFE.
This observation suggests potential advantages in terms
of long-term surgical success and the need for subse-
quent interventions. A lower reoperation rate is a crucial
metric in evaluating the overall effectiveness and durabil-
ity of a surgical approach. In the context of lumbar inter-
body fusion, a reduced reoperation rate signifies a more
sustainable and successful outcome. This could be attrib-
uted to the additional stability provided by auxiliary pos-
terior fixation, which may contribute to improved fusion
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and decreased risk of complications requiring further
surgical intervention.

This study has encountered several limitations: (1) The
scarcity of research addressing the impact of additional
posterior fixation on the efficacy of LLIF for degenera-
tive lumbar diseases resulted in a limited pool of articles,
especially those concentrating on specific LLIF tech-
niques. (2) The absence of comprehensive information
on pre-existing patient comorbidities across most stud-
ies introduces a potential confounding factor that might
affect the precision of our study outcomes. (3) The con-
strained number of available studies posed challenges in
conducting subgroup analyses stratified by distinct types
of patient diseases. (4) The lack of protocol registration
for this study may reduce its credibility and transparency.

Conclusion

In summary, compared to standalone LLIF, the combina-
tion of LLIF with auxiliary posterior fixation exhibits a
higher postoperative fusion rate. Additionally, both post-
operative disc height and restoration of segmental lordo-
sis are significantly greater. Although the occurrence of
adverse reactions is consistent between the two surgical
approaches, the LLIF combined with auxiliary posterior
fixation approach demonstrates a lower reoperation rate.
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