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Background: Many studies have reported the advantages of anterior lumbar interbody fusion (ALIF), but
the technique is associated with many complications involving nerve injury. This meta-analysis compared
the outcome indicators associated with 2 fusion methods, namely, ALIF and posterolateral fusion (PLF).
The clinical efficacy of ALIF was explored to provide evidence-based data for the determination of surgical
methods for treating orthopedic spondylolisthesis.

Methods: Relevant literatures were retrieved from the CBMdisc, CNKI, PubMed, EBSCO, MEDLINE,
Science Direct, and Cochrane databases. Keywords in Chinese and English included spondylolisthesis,
spine, surgical treatment, ALIF, and PLF. Data including the visual analogue scale (VAS) score, the Oswestry
Disability Index (ODI), time of operation, and fusion rate were collated. According to Cochrane manual, Rev
Man 5.3 software was used for analysis.

Results: A total of 6 articles were included in this meta-analysis. There were significant differences in
intraoperative blood loss [Z=3.34; mean difference (MD) =-142.54; 95% confidence interval (CI): -226.17
to -58.92; P=0.0008] and operation time (Z=5.45; MD =-54.31; 95% CI: -73.83 to -34.79; P<0.00001)
between patients in the ALIF group and patients in the PLF group. Significant differences were observed in
VAS score (Z=3.55; MD =-1.04; 95% CI: -1.62 to -0.47; P=0.0004) nor ODI score (Z=3.07; MD =-6.33;
95% CI: -10.37 to -2.28; P=0.002) between the ALIF group and the PLF group. Interestingly, there was a
significant difference in the hospitalization time between the 2 groups (Z=2.39; MD=-1.48; 95% CI: -2.70
to -0.27; P=0.02). Bone fusion rate was no significantly different between patients in the ALIF group and
patients in the PLF group [Z=0.43; odds ratio (OR) =0.42; 95% CI: 0.01 to 21.82; P=0.66].

Discussion: The results of this meta-analysis confirmed that ALIF can effectively improve the degree of

spondylolisthesis, provide superior structural stability, and ensure surgical efficacy.
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Introduction

Spondylolisthesis refers to the pathological process
characterized by the forward or backward displacement
of the lower vertebral body (1). The condition occurs in
the posterior tethered structure, where the position of
vertebral arch collapses, steps and setback surfaces appear,
and the spine leaves the normal position with fore-and-after
displacement. Spondylolisthesis is divided into 5 degrees.
A degree I slippage is between 1-24% of the anterior and
posterior diameter of the lower vertebral body, degree 11
is between 5-49%, degree III is between 50-74%, and
degree IV is 75-99%. Complete displacement is classified
as degree V where slippage exceeds 100%. Degrees I and 11
are defined as mild spondylolisthesis, degrees III and IV are
severe spondylolisthesis, and degree V is lumbar prolapse
(2-4). At present, the recommended treatment for severe
spondylolisthesis is 360° perivertebral fusion surgery, which
greatly increases the bone graft fusion rate and reduces the
failure rate of the operation.

Anterior lumbar interbody fusion (ALIF) was first
proposed and applied clinically by Burns in the 1990s.
Compared with posterior lumbar interbody fusion, ALIF
can completely remove the diseased intervertebral disc, place
a larger interbody fusion cage, increase the bone grafting
area and improve the fusion rate. In terms of biology, it is
beneficial to restore lordosis, keep intact posterior structure
and enhance the stability of spine (5). On the premise of
not destroying the lumbar posterior lamina, protect the
integrity of the lumbar posterior tension structure; ALIF
does not interfere with the nerve structure in spinal canal,
and can reduce bleeding and the incidence of complications.
In addition, patients recover quickly after operation, and
they can get out of bed in advance to improve their quality
of life (6-8). However, ALIF can not directly decompress
the nerve root, but indirectly decompress the nerve root
by restoring the intervertebral height. The operation is
difficult, the technical requirements are high, and it is easy
to hurt important blood vessels and nerves in pelvic area
and lower abdominal nerve (9).

Theoretically, ALIF has advantages in clinical effect,
reconstruction of spinal stability, correction of lordosis
angle, restoration of dislocation balance, and fusion
rate of bone graft, etc. However, at present, there is no
systematic evaluation of the clinical effect of ALIF in
treating spondylolisthesis in China for clinical reference.
The innovation of this study lies in using the method of
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meta-analysis, and comparing the outcome indexes of ALIF
and posterolateral fusion (PLF), in order to explore the
clinical efficacy of ALIF and provide evidence-based basis
for the determination of surgical methods of orthopedic
spondylolisthesis. We present the following article in
accordance with the PRISMA reporting checklist (available
at hteps://dx.doi.org/10.21037/apm-21-3330).

Methods
Literature search

The CBMdisc, CNKI, PubMed, EBSCO, MEDLINE,
Science Direct, and Cochrane databases were search for
relevant literatures relating to randomized controlled trials
(RCTS) published from the establishment of the database to
June 20, 2021.

The object search words for both English and Chinese
databases were spondylolisthesis, spine, surgical treatment,
ALIF, PLF. The keywords related to the observation indexes
were visual analysis scale score, Oswestry Disability Index
(OD]), time of operation, and fusion rate. A combination of
subject words and free words was used for multiple searches
to obtain references that can be included, and the search
engine was used to identify each literature. Relevant experts
and researchers in the field were contacted to obtain data
regarding the latest research progress. The Rev Man 5.3
software provided by the Cochrane Collaboration Network
was used to evaluate the quality of the literature.

Literature inclusion and exclusion criteria

Studies which were prospective RCTs involving orthopedic
spondylolisthesis patients undergoing ALIF or PLF were
included.

Individual cases, non-research literature, non-RCTs,
duplicate publications, and papers with missing data or
where there was no original data, were excluded from this
meta-analysis.

Clinical efficacy evaluation index

The clinical evaluation indexes including the visual analogue
scale (VAS), the ODI, and treatment score, the incidence of
complications, the operation time, the amount of surgical
bleeding, hospitalization time, postoperative bone graft
fusion rate, and follow-up time, were collated and analyzed.
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Data extraction

Two researchers used a unified Microsoft Excel (Microsoft,
the United States) spreadsheet to independently conduct
literature screening and data extraction. Any disagreements
were resolved through discussion. The main extracted data
included the following: (I) basic information related to the
publication such as title, name of the first author, published
journal, and year of publication; (II) basic characteristics
of the patients including gender, age, and number of cases;
(IIT) specific operation of intervention measures and follow-
up time; and (IV) clinical efficacy evaluation indicators
including the VAS, the ODI, and treatment score,
complication rate, operative time, operative blood loss,
hospitalization time, postoperative fusion rate of bone graft,
and follow-up time.

Literature quality evaluation and bias risk assessment

Two researchers repeatedly evaluated the bias risk of
the literature included in the study in strict accordance
with the evaluation criteria of RCTs. Any disagreements
were resolved through discussion. The evaluation criteria
included the following: random sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcomes, incomplete outcome
data, selective reporting, and other bias. If the included
literature fully satisfies the quality evaluation criteria, the
risk of bias is low and the literature is considered grade A.
If one or more quality evaluation criteria is only partially
satisfied, there is likely moderate bias in the literature and
it is considered a grade B literature. If one or more quality
evaluation criteria are not satisfied at all, the risk of bias in
the study is high and it is recorded as a grade C literature.

Statistical analysis

Statistical analysis was performed using Stata SE 15.0
software. Odds ratio (OR) was used for counting data, and
mean difference (MD) was used for measurement data. The
bias risk assessment chart in the Rev Man 5.3 software was
used to evaluate the risk bias of the references. After sorting
and screening the data, the Rev Man 5.3 software was used
to draw the charts. Each effect was expressed by 95% CI.
A P value >0.01 and I’<50% indicated little heterogeneity
among the included studies and the fixed effects model
was used for meta-analysis. A P value <0.01 and I’>50%
indicated large heterogeneity among the included studies
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and the random effects model was used for meta-analysis.

Sensitivity analysis

The random effects model and the fixed effects model
were used to compare the results, and the reliability of the
combined results was analyzed according to the consistency
of the data. Funnel plots were used to determine the
presence of publication bias.

Results
Basic characteristics of the included literature

A total of 85 documents were retrieved from the database
searches and 41 articles were obtained by searching the
register. There were 21 duplicate publications and 17
unqualified papers which were excluded. After 9 papers were
eliminated for other reasons, 79 papers were screened. A total
of 13 articles were excluded, including 6 reviews, 4 studies with
incomplete data indicators, and 3 studies where the subjects
did not have spondylolisthesis. Finally, 6 articles (10-15) were
obtained for meta-analysis. The flow chart in Figure I shows
the literature retrieval process. The quality evaluation showed
that 3 articles (50%) were classified as grade A, 2 articles
(33.33%) were grade B, and 1 article (16.67%) was grade C.
All 6 included literatures were small sample studies, with
sample sizes ranging from 40 to 2,061 cases. There was
a total of 2,349 patients. All 6 articles reported the VAS,
ODI, and treatment score, incidence of complications,
operation time, amount of surgical bleeding, hospitalization
time, postoperative bone graft fusion rate, and follow-up
time. Table 1 shows the basic characteristics of the included

literatures.

Risk bias evaluation

The risk bias assessment of the included literatures was
performed using the Rev Man 5.3 software and Figures 2 and 3
show the evaluation chart and the summary chart,
respectively. Among the 6 RCTs, 3 articles described
allocation concealment in detail, 1 study described the
correct random allocation method, and 2 publications did
not use blinding methods.

Meta-analysis of intraoperative bleeding

The amount of intraoperative bleeding was analyzed in 4
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Figure 1 A flow chart showing the literature retrieval process.

Table 1 Basic characteristics of the included literature

Author Published year Cases Group ALIF (cases) Group PLF (cases)  Outcome indicators Follow-up time (ALIF/PLF, month)
Kim 1999 40 20 20 f 3.6/2.3

Lee 2020 53 25 28 a,b,c,de 73.6+2.3/54.6+3.5
Norheim 2021 2,061 570 1,491 f -

Ohtori 2011 46 22 24 a,b,c,d e 24

Suk 2001 56 21 35 a,b,cefg 34.8/38.5

Swan 2006 93 47 46 a,b,c,d e 24

a, intraoperative blood loss; b, operation time; c, visual analogue scale score; d, Oswestry Disability Index score; e, hospitalization time; f,

bone graft fusion rate; g, complications. ALIF, anterior lumbar interbody fusion; PLF, posterolateral fusion.
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Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Figure 2 Risk bias evaluation of the included literature.
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Figure 3 A summary of the risk bias evaluation for the included

literature.

RCT5, all of which used continuous variables to describe
the data. There was a total of 115 patients in the ALIF
group and 133 patients in the PLF group. There was
heterogeneity among the studies [x’=274.27; degrees of
freedom (df) =3; I’'=99%>50%]. The horizontal line of the
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95% CI of all studies is to the left of the invalid vertical line.
The random effects model showed that intraoperative blood
loss was significantly different between patients treated
with ALIF and those treated with PLF [Z=3.34; mean
difference (MD) =-142.54; 95% CI: -226.17 to -58.92;
P=0.0008; Figure 4]. Funnel chart shows that the circle and
midline of the study are basically symmetrical, and one or
two documents are deleted arbitrarily, and the combined
effect is almost unchanged, which shows that the research
accuracy is high and there is no bias in publication (Figure 5).

Meta-analysis of operation time

A total of 4 literatures reported the operation time using
continuous variables, including 115 ALIF cases and 133
PLF cases. There was heterogeneity among the studies
((’=21.73; df =3; I’'=86%>50%; P<0.0001) and the random
effects model revealed that there was a significant difference
in the operation time between the ALIF group and the PLF
group (Z=5.45; MD =-54.31; 95% CI: -73.83 to -34.79;
P<0.00001; Figure 6). Funnel chart shows that the circle
and midline of the study are basically symmetrical, and one
or two documents are deleted arbitrarily, and the combined
effect is almost unchanged, which shows that the research
accuracy is high and there is no bias in publication (Figure 7).

Meta-analysis of the VAS score

A total of 4 publications reported the VAS score using
continuous variables, including 115 patients in the
ALIF group and 133 patients in the PLF group. There
was heterogeneity among the studies (x’=27.10; df =3;
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ALIF PLF Mean Difference Mean Difference
| Mean L_Weigh! IV, Random, 95% ClI IV, Random, 95% Cl

Lee 2020 281.1 375 25 486 79.5 28 24.4% -204.90 [-237.81,-171.99] -

Ohtori2011 200 28 22 321 35 24 251% -121.00[-139.25,-102.75] =

Suk2001 724 21 21 9255 42 35 252% -201.50[-218.06, -184.94] =

Swan2006 310 31 47 355 25 46 25.3% -45.00 [-56.43, -33.57] "

Total (95% Cl) 115 133 100.0% -142.54 [-226.17, -58.92] -

Heterogeneity: Tau? = 7165.02; Chi? = 274.27, df = 3 (P < 0.00001); 1> = 99%
Test for overall effect: Z = 3.34 (P = 0.0008)
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Figure 4 A forest diagram using the random effects model to analyze the amount of intraoperative bleeding.
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Figure 5 A funnel plot examining the amount of intraoperative

bleeding.

I’'=89%>50%; P<0.00001) and the random effects model
showed that there was significant difference in VAS
scores between the ALIF group and the PLF group
(Z=3.55; MD =-1.04; 95% CI: -1.62 to ~0.47; P=0.0004;
Figure 8). Funnel chart shows that the circle and midline
of the study are basically symmetrical, and one or two
documents are deleted arbitrarily, and the combined
effect is almost unchanged, which shows that the research
accuracy is high and there is no bias in publication
(Figure 9).

Meta-analysis of ODI score

The ODI scores were analyzed in 3 literatures, including
94 patients in the ALIF group and 98 patients in the
PLF group. There was heterogeneity among the studies
(x’=11.02; df =2; I’=82%; P=0.004) and the random effects
model demonstrated that there was significant difference
in the ODI score between the ALIF group and the PLF
group (Z=3.07; MD =-6.33; 95% CI: -10.37 to -2.28;
P=0.002; Figure 10). Funnel chart shows that the circle and
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midline of the study are basically symmetrical, and one or
two documents are deleted arbitrarily, and the combined
effect is almost unchanged, which shows that the research
accuracy is high and there is no bias in publication
(Figure 11).

Meta-analysis of bospitalization time

Improvements in the hospitalization time was reported
in 3 literatures as dichotomous variables. There was
heterogeneity among the study groups (x’=61.28; df =2;
I’'=97%; P<0.00001) and the random effects model showed
that there was a significant difference in the hospitalization
time between the ALIF group and the PLF group [Z=2.39;
MD =-1.48, 95% CI: -2.70 to -0.27; P=0.02; Figure 12].
Funnel chart shows that the circle and midline of the
study are basically symmetrical, and one or two documents
are deleted arbitrarily, and the combined effect is almost
unchanged, which shows that the research accuracy is high
and there is no bias in publication (Figure 13).

Meta-analysis of bone graft fusion rate

A total of 3 literatures analyzed the bone graft fusion rate
using binary variables, including 2102 ALIF patients and
625 PLF patients. There was heterogeneity among the
publications (x’=20.80; df =2; ’=90%; P<0.0001) and the
random effects model revealed that there was no significant
difference in the bone fusion rate between patients in the
ALIF group and patients in the PLF group (2=0.43; OR
-0.42; 95% CI: 0.01 to 21.82; P=0.66; Figure 14). Funnel
chart shows that the circle and midline of the study are
basically symmetrical, and one or two documents are
deleted arbitrarily, and the combined effect is almost
unchanged, which shows that the research accuracy is high
and there is no bias in publication (Figure I5).
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ALIF PLF
Study or Subgroup Mean SD Total Mean SD Total Weight
Lee 2020 2404 226 25 313.6 17 28 27.5%
Ohtori2011 150 20 22 185 28 24 26.0%
Suk2001 2021 23 21 247 25 35 26.5%
Swan2006 178 73 47 244 49 46  20.0%
Total (95% CI) 115 133 100.0%

Mean Difference
1V. Random. 95% CI

Mean Difference
1V. Random. 95% CI
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Heterogeneity: Tau? = 330.57; Chi? = 21.73, df = 3 (P < 0.0001); I> = 86%
Test for overall effect: Z = 5.45 (P < 0.00001)
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Figure 6 A forest plot using the random effect model to examine operation time.
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Figure 7 A funnel plot examining operation time.
ALIF PLF
Study or Subgroup Mean SD Total Mean SD Total Weight
Lee 2020 22 04 25 3.8 05 28 27.6%
Ohtori2011 1.2 05 22 2.7 0.6 24 26.7%
Suk2001 7.33 0.9 21 8 1.2 35 22.9%
Swan2006 22 16 47 24 11 46 22.8%
Total (95% CI) 115 133 100.0%
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Figure 8 A forest diagram of the VAS score. VAS, visual analogue scale.

Meta-analysis of the rate of complications

The incidence of complications was analyzed in 2
literatures using binary variable, including 43 cases in the
ALIF group and 59 patients in the PLF group. There
was no heterogeneity among the publications (x’=0.76;
df =1; I’=0%<50%; P=0.38) and the fixed effects model
demonstrated that there was no significant difference in
the rate of complications between patients who underwent
ALIF and patients who underwent PLF (Z=0.92; OR =1.64;
95% CI: 0.57 to 4.72; P=0.36; Figure 16). Funnel chart
shows that the circle and midline of the study are basically
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symmetrical, and one or two documents are deleted
arbitrarily, and the combined effect is almost unchanged,
which shows that the research accuracy is high and there is
no bias in publication (Figure 17).

Discussion

Spondylolisthesis is a common spinal disease in which
displacement of the vertebral body can increase the tension
of the nerve root, cause clinical manifestations such as low

back pain and lower limb radiation pain, and greatly reduce
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Figure 10 A forest map of the ODI score. ODI, Oswestry Disability Index.
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Figure 12 A forest map of the hospitalization time.
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Figure 14 A forest plot analyzing the bone graft fusion rate.
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Figure 15 A funnel plot of the bone graft fusion rate.
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Figure 16 A forest map showing the incidence of complications.

the quality of life of patients (16-18). Surgical treatment
restores the anatomical structure of the spine by fusing the
spondylolisthesis vertebral body with the adjacent vertebral
body, relieves the compression on the nerves, and improves
the clinical symptoms of patients by reconstructing the
stability of the spine (19).

In recent years, with the development of spinal internal
fixation technology, ALIF has contributed significantly to
the treatment of lumbar spondylolisthesis (20-22). This
study conducted a meta-analysis on outcome indicators
including the VAS, the ODI score, time of operation, and
fusion rate. The analysis of intraoperative blood loss showed
that there was significant difference between ALIF group
and PLF group, and the blood loss of ALIF group was lower
than that of PLF group. This shows that ALIF can reduce
the exposure of vascular muscle tissue, and the amount of
blood loss of nerve and blood vessels damaged by removing
font bone and exposing transverse bone is less, and the
ALIF group has obvious advantages. Compared with PLF
group, the operation time of ALIF group was statistically
significant. ALIF group did not need to cut the posterior
longitudinal ligament of the patient's spine, which reduced
the difficulty of surrounding anatomical relationship and
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Figure 17 A funnel plot of the incidence of complications.
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took less time (23). Therefore, the operation time of ALIF
is shorter than that of PLF, which is consistent with the
research results of Spiker er 4/. [2019] (24). There was
no significant difference in VAS score and ODI score
between ALIF group and PLF group. The VAS scores of
patients with two fusion methods decreased significantly,
even if there was no statistical significance, but it also
showed that the two fusion methods achieved good clinical
effect in improving patients’ pain and function. There
was significant difference between ALIF group and PLF
group in the fusion rate of bone graft. ALIF can directly
check the reduction quality of spondylolisthesis through
the posterior median approach under direct vision, bite off
the lamina, ligamentum flavum and part of the posterior
column structure during decompression, and can use less
force to reduce the spine (25-27). PLF did not interfere
with the intervertebral disc and other structures during the
operation, and the reduction effect of spondylolisthesis was
not good (28). In addition, both ALIF and PLF surgical
methods are combined with internal fixation and bone
grafting for spinal fusion, which can obtain satisfactory
spinal stability and satisfy patients' routine early functional
exercise.

Ann Palliat Med 2021;10(12):12607-12617 | https://dx.doi.org/10.21037/apm-21-3330



12616

The quality evaluation showed that 3 articles (50%)
were classified as grade A, 2 articles (33.33%) were grade
B, and 1 article (16.67%) was grade C, indicating that the
high quality of the study is sufficient, the quality of the
included experiments is good, and the reliability is high.
The funnel charts showed that the circles representing the
included studies are basically symmetrical with the midline,
indicating that there is no publication bias, and the final
conclusion is reliable.

Conclusions

This meta-analysis explored the clinical efficacy of ALIF
compared to PLF in the treatment of spondylolisthesis.
The results confirmed that ALIF can effectively improve
the degree of spondylolisthesis, provide superior structural
stability, and ensure surgical effect. This study was
limited by the small number of included literatures, and
future high-quality, large sample, randomized controlled
experiments are warranted to verify these results.
Moreover, the indicators included in the literatures were
not comprehensive. For example, the lack of relevant
data regarding comorbidities and years of illness may lead
to a certain bias in the results. In conclusion, this study
is a supplement to previous studies and has significance
in guiding the clinical treatment of patients with
spondylolisthesis.
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