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Fusion rate and complications

of oblique lumbar interbody
fusion and transforaminal lumbar
interbody fusion in the treatment
of lumbar degenerative diseases:
a meta-analysis

Xun Xiao, Heng Duan, Xin Pan and Hua Zhao*

Department of Orthopedics, Qilu Hospital of Shandong University, Cheeloo College of Medicine,
Shandong University, Jinan, China

Background: There currently exists some controversy about the efficacy of
oblique lumbar interbody fusion (OLIF) and transforaminal lumbar interbody
fusion (TLIF) in the treatment of lumbar degenerative diseases.

Aim: This study compares the application effects of OLIF and TLIF in lumbar
degenerative diseases by reviewing the literature and using meta-analysis.
Methods: We included randomized controlled trials and cohort studies
comparing TLIF and OLIF in the treatment of lumbar degenerative diseases.
We searched for words such as “intervertebral disc degeneration,” “spinal
fusion,” and “lumbar vertebrae” in the PubMed, Embase, and Cochrane Library
databases. The search date was set from the establishment date of the
database to October 2023. Two authors independently conducted document
screening, data abstraction, and qualitative assessment. A meta-analysis was
performed and adapted to RevMan5.3 software. The odds ratio (OR), weighted
mean difference (WMD), and 95% Cl were calculated by adopting a fixed-
effect model (FEM) or a random-effect model (REM).

Results: A total of 18 cohort studies were included with 1,550 patients, of whom
806 patients underwent TLIF (TLIF group) and 744 patients underwent OLIF
(OLIF group). There were no significant differences found in the fusion rate
[OR =158 (0.95, 2.64), P=0.08], complication rate [OR=1.25 (0.93, 1.68),
P =0.14], and visual analog scale for back pain (VAS-BP) [WMD = 0.00 (-0.13,
0.14), P=0.96] between the two groups. Compared with the TLIF group, the
OLIF group had a lower Oswestry disability index (ODI) [WMD = -0.62 (-1.03,
—-0.20), P=0.003], a higher foramen height (FH) [WMD =2.03 (1.42, 2.46),
P <0.001], a higher disc height (DH) [WMD =1.69 (1.17, 2.22), P<0.001], and a
shorter length of stay (LOS) [WMD = —-1.80 (-2.55, —1.05), P< 0.001].
Conclusion: In the treatment of lumbar degenerative diseases, compared with
TLIF, OLIF has more advantages in terms of improving the lumbar function,
restoring the FH and DH, and shortening the LOS. Both methods have
comparable fusion rates, complication rates, and lumbar pain improvements.
Due to the small amount of research and unclear assessment of the risk of bias,
high-quality, large-sample randomized controlled studies are required to prove it.
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Introduction

Lumbar degenerative diseases, including lumbar degenerative
spondylolisthesis, lumbar spinal stenosis, and degenerative
scoliosis, involve the pathophysiological process of the natural
aging and degeneration of the lumbar intervertebral disc and the
paravertebral tissue (1). These diseases are the main cause of low
back pain and leg pain in middle-aged and elderly people and
can cause nerve injury in severe cases (2). With the aging of the
global population, the incidence of lumbar degenerative diseases
has been gradually increasing (3), placing a heavy burden on
families and society. Conservative treatment is the first treatment
of choice for lumbar degenerative diseases. If long-term
conservative treatment is not effective, surgical treatment is
needed. Lumbar interbody fusion is one of the most commonly
used and effective methods of treating lumbar degenerative
diseases. All kinds of surgical methods have their advantages and
disadvantages. Therefore, the clinical treatment should be based
on the patient’s lesion characteristics, individual anatomical
characteristics, and economic status. The surgical indications
must be strictly grasped, and the best surgical method must be
chosen to obtain the greatest effect. Transforaminal lumbar
interbody fusion (TLIF) is widely used in clinical practice, while
oblique lumbar interbody fusion (OLIF) is gradually becoming
favorable as a new operation and has a good therapeutic effect.
In recent years, an increasing number of studies have been
conducted to compare the efficacies of TLIF and OLIF in the
treatment of lumbar degenerative diseases, but there is still a lack
of consistent conclusions. This study conducted a meta-analysis
of this content to provide a reference for the selection of clinical
surgical methods.

Methods
Eligibility criteria

The inclusion criteria are as follows: (1) study type: randomized
controlled trials or cohort studies; (2) subjects: patients who are
clinically diagnosed with lumbar degenerative diseases, including
lumbar degenerative spondylolisthesis, lumbar spinal stenosis,
and degenerative scoliosis, regardless of age, gender, and race; (3)
intervention measures: surgical methods, namely, TLIF and
OLIF, with study participants assigned to the TLIF group
and the OLIF group, without limiting the surgical segment
and fixation method; and (4) outcome indicators: fusion rate and
complication rate. The literature included in the meta-analysis
must include a main outcome indicator. The exclusion criteria
follows: (1) study; (2) a
combination of two or more types of surgery in the same

are as non-clinical controlled
treatment; (3) literature mainly in the form of personal
experience, expert opinions, and animal experiments; (4) kinds of
literature from which the full text cannot be obtained or the data
cannot be extracted; (5) repetitively published literature; and (6)
review, systematic review, and meta-analysis.
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Information sources

PubMed, Embase, and Cochrane Library databases were
systematically retrieved. The search date was set from the
establishment date of the database to October 2023. We collected
research literature on TLIF and OLIF in the treatment of lumbar
degenerative diseases and traced relevant references to supplement.

Search strategy

In the abovementioned database, the system searches for
words, such as “intervertebral disc degeneration,” “spinal fusion,”
and “lumbar vertebrae,” adopts the search strategy of combining
subject words with free words, and adjusts the search strategy
according to the database. Taking PubMed as an example, the
strategy  was  ((((“Intervertebral  Disc
Degeneration” [Mesh]) OR  (((((((Intervertebral ~ Disk
Degeneration [Title/Abstract]) OR (Disk Degeneration [Title/
Abstract])) OR (Disk Degradation [Title/Abstract])) OR
(Degenerative Disc  Disease [Title/Abstract])) OR (Disc
Degradation [Title/Abstract])) OR (Degenerative Intervertebral
Disc [Title/Abstract])) OR (Degenerative Intervertebral Disk
[Title/Abstract]))) AND  ((“Spinal Fusion” [Mesh]) OR
(((((Spinal Fusions [Title/Abstract]) OR (Spondylodesis [Title/
Abstract])) OR  (Spondylodeses [Title/Abstract]))  OR
(Spondylosyndesis  [Title/Abstract])) OR  (Spondylosyndeses
[Title/Abstract])))) AND ((“Lumbar Vertebrae” [Mesh]) OR
(Vertebrae, Lumbar [Title/Abstract]))) AND ((((Transforaminal
lumbar interbody fusion [Title/Abstract]) OR (TLIF [Title/
Abstract])) OR (Oblique lumbar interbody fusion [Title/
Abstract])) OR (OLIF [Title/Abstract])).

specific  retrieval

Selection process

Two authors separately screened the literature. First, the title
and the abstract of the literature were preliminarily browsed.
After excluding unrelated literature, the full text of the abstract
was further read according to the inclusion and exclusion criteria
to determine whether it was included. After the screening
completion, cross-checking was performed. Any objection must
be resolved through a third-party consultation.

Data collection process

Two authors independently extracted data according to a
unified data extraction table. These included (1) common data:
title, senior author, publication date, and research type; (2)
research content: baseline data, intervention measures, grouping,
outcome indicators, and outcome measurement data of the
subjects; and (3) research characteristics: design scheme, inclusion
and exclusion criteria, and measures to prevent bias. After the
data extraction was completed, cross-checking was performed.
Objections were resolved through a third-party consultation.
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Data items

The fusion rate and the complication rate were the primary
outcome indicators. The visual analog scale for back pain (VAS-
BP), Oswestry disability index (ODI), foramen height (FH), disc
height (DH), and length of stay (LOS) were the secondary
outcome indicators. This study mainly selected the last follow-up
data for combined analysis.

Study risk of bias assessment

Two authors independently used the Newcastle-Ottawa scale
(NOS) to evaluate the quality of the included literature. The
NOS was evaluated using three modules, namely, the selection
(four items), comparability (one item), and exposure/outcome
(three items) modules totaling to eight items. The score was
based on the semiquantitative principle of the star system, with
the highest score being two stars. The remaining items had the
highest score of one star, which was equivalent to one score. The
full score was nine scores, and a total score of >6 scores
represents high-quality literature. After the quality evaluation was
completed, cross-checking was performed. Objections were

resolved through a third-party consultation.

Effect measures

The weighted mean difference (WMD) and the odds ratio (OR)
served as the effect analysis statistics for the quantitative data and
qualitative data, respectively. The 95% confidence interval (95% CI)
of each effect was provided.

Synthesis methods

We used a fixed-effect model (FEM) or a random-effect
model (REM) for the pooled data, and statistical heterogeneity
between the aggregated data was evaluated by adopting the I’
statistics. If P> 0.1, I <50% indicates that the heterogeneity is
acceptable, and the FEM can be applied to the meta-analysis. If
P<0.1, I*>50% indicates a significant heterogeneity, and the
REM can be applied to the meta-analysis after excluding the
non-clinical sources of heterogeneity. The statistical analysis
results of the combined effect size were represented by forest
plots. All tests were two-tailed, and P <0.05 was considered
statistically significant.

Reporting bias assessment

If there is heterogeneity, its source is first analyzed from both
the methodological and clinical aspects. A subgroup analysis is
then performed on factors that may lead to heterogeneity, such
as study area, age, and internal fixation method, or a sensitivity
analysis is performed. A funnel plot was used to check for
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publication bias. An asymmetric funnel plot suggested that there
might be bias.

Results
Study selection

A total of 676 articles were retrieved. Non-randomized
controlled trials and non-observational studies were excluded
using automated tools (n=388), and duplicate studies were
removed (n=241). After the preliminary screening, 47 studies
were obtained, and significantly unrelated studies were excluded
(n=17). After further obtaining the abstracts and full texts of 30
studies, 12 studies were excluded because 9 studies had no
relevant indicators, and 3 studies did not meet the criteria for
patient inclusion. Finally, 18 studies (4-21) were included in the
meta-analysis. The screening process is displayed in Figure 1.

Study characteristics

All selected studies were published between 2018 and 2023.
Twelve studies were from China; three were from South Korea;
two were from Japan; and one was from Thailand. The included
studies were conducted comparatively to evaluate the efficacy of
TLIF and OLIF in the treatment of lumbar degenerative diseases.
The sample size of each group ranged from 25 to 79 cases. Most
of the studies listed the age and gender of the subjects. Eleven
studies used minimally invasive transforaminal lumbar interbody
fusion (MIS-TLIF), and all studies used OLIF. The included
studies described at least two outcome indicators and at most six
outcome indicators. The characteristics of the included studies

are summarized in Table 1.

Risk of bias in the studies

The included studies were cohort studies, of which 17 were
retrospective and 1 was prospective. The NOS scores of 16
studies were >6 points, which indicated a high research quality.
The remaining two studies had an NOS score of only five points,
which indicated that the research quality was moderate mainly
because they did not correct for important confounding factors,
such as age and gender, as shown in Table 2.

Results of the syntheses

Fusion rates were reported in 11 studies (4, 5, 7, 8, 10, 12, 14,
15,17, 18, 21), and a total of 948 patients, of whom 466 belonged to
the OLIF group and 482 belonged to the TLIF group. The
heterogeneity between the studies was not significant (I>=0%,
P =0.44); thus, the FEM was used for the combined analysis. The
results showed that the fusion rate of the two groups was similar
[OR =1.58 (0.95, 2.64), P=0.08], as shown in Figure 2.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
s Records removed before screening:
= . .
8 Records identified from*: Records marked as ineligible by
= Databases (n =676 ) > automation tools (n = 388)
c Registers (n =0 ) Duplicate records removed (n=241)
=2
— v
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(n=47) | Clearly uncorrelated (n=17)
v
% Reports sought for .| Reports not retrieved
s retrieval | (n=30)
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S No correlation index (n=9)
eligibility - . _
(n=30) Irrelevant patients(n = 3)
S v
.§ Studies included in
= review
gl | n=18)
FIGURE 1
PRISMA flowchart.

TABLE 1 Basic information of the literature included in the study.

Age (X, years) Gender BMI Operation type Outcome
(male: (&, kg/m?)
female)
T (0]

Lin et al. (4) 25 25 64.0 64.0 8:17 8:17 25.3 24.12 MIS-TLIF OLIF D@D
Mun et al. (5) 74 74 66.4 64.1 24:50 20:54 NA NA TLIF OLIF DODEDE®®
Sheng et al. (6) 55 38 60.62 65.29 25:30 8:30 NA NA MIS-TLIF OLIF @D
Du et al. (7) 37 28 52.8 53.6 23:14 16:12 22.5 22.8 TLIF OLIF [0®)]
Han et al. (8) 33 28 53.6 50.4 15:18 12:16 24.1 24.9 MIS-TLIF OLIF D@@@®O®®
Li et al. (9) 35 28 59.3 57.5 8:27 7:21 NA NA TLIF OLIF 2@0@DeO®D
Kotani et al. (10) 38 33 64.7 63.1 25:13 15:18 23.2 22.7 MIS-TLIF OLIF [0®)]
Takaoka et al. (11) 79 66 71.0 66 27:12 28:38 NA NA TLIF OLIF @O
Zhu et al. (12) 62 68 61.1 60.2 33:29 36:32 23.9 23.2 MIS-TLIF OLIF D@Q@@®OH®®
Gao et al. (13) 60 53 59.23 58.42 28:32 23:30 24.67 23.74 MIS-TLIF OLIF @@
Yingsakmongkol et al. (14) 30 30 67.1 63.0 6:24 8:22 NA NA MIS-TLIF OLIF OEOED
Yoon et al. (15) 58 60 66.3 66.0 19:39 23:37 24.8 25.0 TLIF OLIF O@e®
Chen et al. (16) 30 28 61.13 63.00 17:13 15:13 2523 25.89 MIS-TLIF OLIF @0@eOE®
He et al. (17) 45 36 48.4 52.1 21:24 9:27 21.0 23.0 MIS-TLIF OLIF [0EO6)
Lietal (18) 39 44 65.1 66.7 19:20 17:27 24.4 22.9 MIS-TLIF OLIF (OB
Liu et al. (19) 35 35 62.86 64.40 14:21 14:21 24.79 24.81 MIS-TLIF OLIF @D
Li et al. (20) 30 30 61.7 62.6 14:16 13:17 NA NA TLIF OLIF 2@
Wu et al. (21) 41 40 61.2 63.1 5:36 10:30 25.9 26.3 TLIF OLIF D@D

T, TLIF group; O, OLIF group; BMI, body mass index; NA, missing value; @, fusion rate; ®, complication rate; ®, visual analog scale for back pain; ®, Oswestry disability
index; ®, foramen height; ®, disc height; and @, length of stay.
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TABLE 2 Quality evaluation of the cohort study.

10.3389/fsurg.2024.1374134

Study Selection Comparability Exposure/outcome Scores
Lin et al. (4) * k% * *k 6
Mun et al. (5) * k% * *k 6
Sheng et al. (6) * kK - *k 5
Du et al. (7) * k% * *k 6
Han et al. (8) * k% * *k 6
Li et al. (9) * k% * * k% 7
Kotani et al. (10) * k% * *k 6
Takaoka et al. (11) *kk * *kk 7
Zhu et al. (12) * Kk - ** 5
Gao et al. (13) * Kk * *% 6
Yingsakmongkol et al. (14) * Kk * % *kk 8
Yoon et al. (15) * Kk * * % 6
Chen et al. (16) * Kk * *% 6
He et al. (17) *k Kk *kk 6
Lietal (18) >k Kk * *% 6
Liu et al. (19) >k Kk * *% 6
Li et al. (20) >k Kk * >k Kk 7
Wu et al. (21) * kK * * kK 7
* stands for one score.
OLIF TLIF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Du X 28 28 36 37 23% 2.34[0.09, 59.69]
Han XG 27 28 29 33  4.0% 3.72[0.39, 35.44] R
He D 36 36 40 45 21% 9.91[0.53, 185.55] 4
Kotani Y 32 33 35 38  4.1% 2.74[0.27, 27.73]
LiJ 42 44 34 39 6.9% 3.09[0.56, 16.92] - - R
Lin GX 25 25 21 25 1.7% 10.67 [0.54, 209.64] 4
Mun HY 60 74 65 74 517%  0.59[0.24, 1.47) —
Wu JY 37 40 36 41 11.2% 1.71[0.38, 7.70] -
Yingsakmongkol W 29 30 28 30 3.9% 2.07[0.18, 24.15]
Yoon J 58 60 57 58 8.1% 0.511[0.04, 5.77] -
Zhu HF 67 68 61 62 3.9% 1.10[0.07, 17.94]
Total (95% Cl) 466 482 100.0% 1.58 [0.95, 2.64] o
Total events 441 442
(T 2 — - - L2 =09 | t f |
e e o o b
Favours [TLIF] Favours [OLIF]
FIGURE 2
Forest plot for the comparison of the fusion rates.

Complication rates were reported in 15 studies (4, 6-13, 15,
16, 18-21), and a total of 1,261 patients, of whom 604 belonged
to the OLIF group and 657 belonged to the TLIF group. The
heterogeneity between the studies was not significant (I* = 20%,
P=0.23); therefore, the FEM was used for the combined
analysis. The results showed no significant difference in the
complication rates between the two groups [OR=1.25 (0.93,
1.68), P =0.14], as shown in Figure 3.

VAS-BP scores were reported in 11 studies (5, 8, 9, 11, 12,
14, 16-20), and a total of 959 patients, of whom 467 belonged
to the OLIF group and 492 belonged to the TLIF group. The
heterogeneity among the studies was significant (I*=65%,
P=0.002). After excluding the study of Mun, I* decreased from
65 to 8%. However, the source of heterogeneity was not found;
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hence, the REM was used for the combined analysis. The results
showed that the postoperative VAS-BP scores of the two groups
were comparable [WMD =0.00 (—0.13, 0.14), P=0.96], as shown
in Figure 4. After the combined studies were eliminated one by
one by the sensitivity analysis, the P-values were all in the same
direction, suggesting stable results.

The 11 studies (5, 8, 9, 1214, 16-20) that reported the ODI
included 927 patients, of whom 454 belonged to the OLIF group
and 473 belonged to the TLIF group. There was no significant
heterogeneity among the studies (I”=34%, P=0.12); thus, the
FEM was used for the pooled analysis. The results showed that
the ODI in the OLIF group was lower than that in the
TLIF group [WMD =—-0.62 (—1.03, —0.20), P=0.003], as shown
in Figure 5.
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OLIF TLIF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen X 2 28 2 30 2.2% 1.08 [0.14, 8.21] -
Du X 4 28 6 37 5.6% 0.86 [0.22, 3.40] _
Gao QY 5 53 8 60 8.5% 0.68[0.21, 2.21] i
Han XG 7 28 7 33 6.0% 1.24[0.37, 4.09] -
Kotani Y 8 33 5 38 4.4% 2.11[0.62, 7.24] -
LiJ 5 44 3 39 3.5% 1.54 [0.34, 6.90] -
Li RJ 2 28 6 35 6.2% 0.37[0.07, 2.01] - 1
Li SB 3 30 4 30 4.5% 0.72[0.15, 3.54] ]
LinGX 9 25 8 25 6.4% 1.20 [0.37, 3.86] 1
Liu LT 8 35 6 35 5.8% 1.43[0.44, 4.67] T
Sheng SR 3 38 5 55 4.7% 0.86 [0.19, 3.82] T
Takaoka H 22 66 13 79 9.9% 2.54 [1.16, 5.56] -
Wu JY 5 40 11 41 11.9% 0.39[0.12, 1.25] I
Yoon J 14 60 15 58 14.7% 0.87 [0.38, 2.02] -
Zhu HF 20 68 6 62 5.6% 3.89[1.44, 10.47] I
Total (95% CI) 604 657 100.0% 1.25[0.93, 1.68] *
Total events 117 105
Heterogeneity: Chiz = 17.58, df = 14 (P = 0.23); 12 = 20% ‘0 o1 051 1 1‘0 100’
Test for overall effect: Z = 1.49 (P = 0.14) ’ Fav'ours [OLIF] Favours [TLIF]
FIGURE 3
Forest plot for the comparison of the complication rates.

OLIF TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen X 0.77 0.46 28 0.96 0.57 30 9.8% -0.19 [-0.46, 0.08] -
Han XG 21 11 28 1.6 1 33 4.7% 0.50 [-0.03, 1.03] -
He D 09 06 36 1.1 03 45 11.2% -0.20 [-0.41, 0.01] ™
LiJ 1.7 14 44 16 13 39 4.1% 0.10 [-0.48, 0.68] -
LiRJ 0.44 0.51 28 0.47 0.52 35 10.0% -0.03 [-0.29, 0.23] T
Li SB 06 05 30 0.66 0.61 30 9.3% -0.06 [-0.34, 0.22] -
Liu LT 1.06 0.76 35 1.17 0.75 35 7.6% -0.11 [-0.46, 0.24] -
Mun HY 29 07 74 24 08 74 10.4% 0.50 [0.26, 0.74] -
Takaoka H 1.9 044 66 1.88 0.48 79 12.9% 0.02 [-0.13, 0.17] T~
Yingsakmongkol W 0.1 0.55 30 0.1 0.55 30 9.4% 0.00 [-0.28, 0.28] T
Zhu HF 1.1 08 68 1.3 06 62 10.4% -0.20 [-0.44, 0.04] ]
Total (95% CI) 467 492 100.0% 0.00 [-0.13, 0.14] ¢
Heterogeneity: Tau? = 0.03; Chi? = 28.45, df = 10 (P = 0.002); I = 65% 2 1 0 1 2
Test for overall effect: Z = 0.05 (P = 0.96) Favours [OLIF] Favours [TLIF]
FIGURE 4
Forest plot for comparison of the VAS-BP scores. VAS-BP, visual analog scale for back pain.

A total of seven studies (5, 9, 14-17, 19) reported FH and
included 598 patients, of whom 291 belonged to the OLIF group
and 307 belonged to the TLIF group. The heterogeneity between
the studies was significantly smaller (I>=50%, P=0.06). After
excluding the study of Yoon, I decreased from 50% to 9%.
However, the source of the heterogeneity was not found; thus,
the REM was used for the merger analysis. The results showed
that the intervertebral FH in the OLIF group was higher than
that in the TLIF group [WMD =2.03 (1.42, 2.46), P<0.001], as
shown in Figure 6. After the combined studies were eliminated
one by one by the sensitivity analysis, the P-values were all in
the same direction, suggesting stable results.
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A total of six studies (5, 8, 9, 12, 16, 21) reported DH and
included 541 patients, of whom 266 belonged to the OLIF group
and 275 belonged to the TLIF group. There was significant
heterogeneity among the studies (I*=60%, P=0.03), and further
analysis showed that the surgery type was the influencing factor
of heterogeneity. The subgroup analysis based on the surgery
type and the pooled analysis using a REM showed that the
DH after OLIF was greater than that after TLIF [WMD =2.19
(1.75, 2.63), P<0.001] and MIS-TLIF [WMD = 1.10 (0.61, 1.59),
P <0.001], as shown in Figure 7.

A total of 11 studies (4, 6, 8, 9, 12-16, 19, 21) reported LOS and
included 897 patients, of whom 433 belonged to the OLIF group
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FIGURE 5

Heterogeneity: Chi? = 15.25, df = 10 (P = 0.12); I1> = 34%
Test for overall effect: Z =2.93 (P = 0.003)

Forest plot for the comparison of the ODI. ODI, Oswestry disability index.

OLIF TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Chen X 17.25 2.73 28 17 191 30 11.4% 0.25[-0.97,1.47] T
Gao QY 8.62 2.79 53 9.17 6.39 60 5.3% -0.55[-2.33,1.23] T
Han XG 223 10 28 261 128 33 0.5% -3.80[-9.53,1.93] I
He D 149 19 36 158 1.5 45 29.4% -0.90[-1.66, -0.14] bl
LiJ 194 12.2 44 176 131 39 06% 1.80[-3.67,7.27] D
Li RJ 17.06 1.29 28 18 1.77 35 29.7% -0.94[-1.70,-0.18] bl
Li SB 23.66 9.78 30 23.93 10.49 30 0.6% -0.27[-5.40, 4.86] - 1
Liu LT 1497 4.64 35 17.66 4.86 35 34% -2.69[-4.92,-0.46] -
Mun HY 146 52 74 131 5.1 74  6.2% 1.50[-0.16, 3.16] I
Yingsakmongkol W 3.06 7.47 30 222 7.9 30 1.1% 0.84[-3.05, 4.73] N
Zhu HF 45 35 68 5.1 3.5 62 11.7% -0.60 [-1.80, 0.60] ™
Total (95% CI) 454 473 100.0% -0.62[-1.03, -0.20] ¢
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FIGURE 6

Heterogeneity: Tau? = 0.33; Chi? = 11.89, df =6 (P = 0.06); I> = 50%
Test for overall effect: Z = 6.51 (P < 0.00001)

Forest plot for the comparison of the FH. FH, foramen height.

OLIF TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen X 2152 21 28 19.76 1.52 30 17.3% 1.76 [0.81, 2.71] -
He D 16.11 3.8 36 1455 23 45 11.5% 1.56 [0.15, 2.97] T
LiRJ 19.13 2.38 28 17.2 232 35 14.2% 1.93[0.76, 3.10] -
Liu LT 23.87 3.05 35 21.41 295 35 11.5% 2.46 [1.05, 3.87] -
Mun HY 174 24 74 148 28 74 19.0% 2.60 [1.76, 3.44] -
Yingsakmongkol W 20.32 3.25 30 16.95 2.12 30 11.7% 3.37[1.98, 4.76] -
Yoon J 195 3.3 60 188 29 58 14.8% 0.70[-0.42, 1.82] ™
Total (95% CI) 291 307 100.0% 2.03 [1.42, 2.64] ¢
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FIGURE 7

Test for overall effect: Z = 6.29 (P < 0.00001)
Test for subgroup differences: Chi? = 10.58, df = 1 (P = 0.001), I> = 90.5%

Forest plot for the comparison of the DH. DH, disc height.

OLIF TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 OLIF VS TLIF
Li RJ 1245 1.91 28 10.58 1.26 35 16.9% 1.87 [1.05, 2.69] -
Mun HY 146 24 74 125 18 74 19.3% 2.10[1.42, 2.78] -
Wu JY 118 15 40 92 21 41 17.4% 2.60[1.81, 3.39] -
Subtotal (95% Cl) 142 150 53.6% 2.19 [1.75, 2.63] ¢
Heterogeneity: Tau? = 0.00; Chi? = 1.68, df = 2 (P = 0.43); I = 0%
Test for overall effect: Z = 9.79 (P < 0.00001)
1.1.2 OLIF VS MIS-TLIF
Chen X 1229 1.8 28 11.08 1.57 30 16.1% 1.21[0.34, 2.08] -
Han XG 124 3.2 28 112 13 33 10.8% 1.20 [-0.07, 2.47] ™
Zhu HF 4.7 2 68 37 19 62 19.6% 1.00 [0.33, 1.67] -
Subtotal (95% CI) 124 125 46.4% 1.10 [0.61, 1.59] ¢
Heterogeneity: Tau? = 0.00; Chi? = 0.17, df =2 (P = 0.92); I = 0%
Test for overall effect: Z = 4.38 (P < 0.0001)
Total (95% Cl) 266 275 100.0% 1.69 [1.17, 2.22] ¢
Heterogeneity: Tau? = 0.25; Chi2 = 12.42, df = 5 (P = 0.03); I? = 60% - 1 5 5 0 5 1’0
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Heterogeneity: Tau? = 1.23; Chi? = 93.27, df = 10 (P < 0.00001); I = 89%
Test for overall effect: Z =4.71 (P < 0.00001)

FIGURE 8
Forest plot for the comparison of the LOS. LOS, length of stay.

OLIF TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen X 6.1 17 28 9.07 233 30 9.7% -2.97 [-4.01, -1.93] -
Gao QY 12.26 3.49 53 15.07 7.38 60 6.2% -2.81[-4.90, -0.72] -
Han XG 32 18 28 42 25 33 9.5% -1.00 [-2.08, 0.08] ™
LiRJ 7.06 2.51 28 1287 26 35 8.9% -5.81 [-7.08, -4.54] -
Lin GX 8.52 3.32 25 8.12 4.16 25 6.2% 0.40 [-1.69, 2.49] -
Liu LT 6.17 2.29 35 923 47 35 7.3% -3.06 [-4.79, -1.33] T
Sheng SR 521 1.26 38 7.22 1.58 55 11.1% -2.01[-2.59, -1.43] -
Wu JY 49 11 40 55 1.3 41 11.2% -0.60 [-1.12, -0.08] ™
Yingsakmongkol W 3.6 0.62 30 4.33 0.61 30 11.7% -0.73 [-1.04, -0.42] -
Yoon J 129 43 60 132 54 58 7.2% -0.30 [-2.06, 1.46] T
Zhu HF 55 11 68 6.7 2 62 11.1% -1.20 [-1.76, -0.64] -
Total (95% Cl) 433 464 100.0%  -1.80 [-2.55, -1.05] g
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and 464 belonged to the TLIF group. The heterogeneity between
the studies was significant (I*=89%, P<0.001). The one-by-one
elimination method found that the I* value did not change
much, and the P-values all changed in the same direction,
suggesting relatively stable results. We considered that the source
of heterogeneity may be the difference in the level of surgeons,
different internal fixation methods, postoperative care programs,
etc; hence, the REM was used for the merger analysis. The
results showed that the LOS of the OLIF group was shorter
than that of the TLIF group [WMD=-1.80 (-2.55, —1.05),
P <0.001], as shown in Figure 8.

Reporting bias assessment

The funnel plot was drawn according to the fusion rate and
complication rate (Figures 9 and 10). There was literature outside
the 95% confidence interval, and the left and right sides were
asymmetric. Considering that there were many retrospective

cohort studies included, there may be unpublished negative
results, and there was a certain publication bias.

Discussion

TLIF is another classic posterior fusion procedure developed
based on posterior lumbar interbody fusion (PLIF), which is
suitable for most lumbar degenerative diseases. It comprises the
processes of spinal canal decompression and interbody fusion
the which
disturbance to the spinal dura and the nerve root during the

through foramina, effectively avoids excessive
operation and reduces the incidence of complications, such as
nerve injury and cerebrospinal fluid leakage. Generally, this
operation enters through the unilateral foramina, which can
preserve the spinous process, the contralateral lamina, and the
articular process and reduce the destruction of the lumbar
posterior column (22). Although TLIF surgery, when compared

to PLIF surgery, reduces the iatrogenic damage to the posterior
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Funnel plot based on the complication rate

Frontiers in Surgery 08

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1374134
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Xiao et al.

column of the spine, it still causes damage to spine stability. The
exposure and treatment of the intervertebral disc during surgery
are limited to one side, and there is still a risk of damage to the
dural sac and nerve root (23).

OLIF mainly accesses the working channel in front of the
vertebra through the gap between the psoas major muscle and
the abdominal aorta. This approach does not destroy the
posterior column structure, minimizes damage to the muscle,
and provides a large operating space. It enables a safer and more
convenient cleaning of the intervertebral disc and allows for the
placement of a larger area of the intervertebral fusion cage to
improve the fusion rate (24). However, OLIF also has the risk of
damaging blood vessels and sympathetic nerves, and its efficacy
in cases of severe lumbar spondylolisthesis, severe spinal stenosis
or bone stenosis, and large or prolapsed intervertebral disc
herniation is not exactly defined (25).

Since the introduction of TLIF and OLIF in 1982 and 2012,
respectively, they have become common lumbar fusion methods
for the treatment of lumbar degenerative diseases and have
yielded good surgical results. A meta-analysis showed that in
treating lumbar degenerative diseases, OLIF was superior to TLIF
in terms of intraoperative blood loss, LOS, ODI, DH, and FH.
However, there was no significant difference in terms of the
operation time, fusion rate, complications, VAS-BP, and sagittal
imaging indices (26). Another meta-analysis showed that OLIF
had advantages over TLIF in terms of the operation time, VAS-
BP, DH, FH, while the
complications in the two groups were comparable (27).

and fusion rate, incidences of

This meta-analysis showed no significant difference in the
fusion rate and the complication rate between the TLIF group
and the OLIF group. The interbody fusion cage implanted in
OLIF was generally larger than that in TLIF; thus, it had a larger
contact area. In theory, the fusion rate of OLIF was higher. In an
actual clinical process, TLIF can achieve a similar fusion rate
because of the fixation effect of the posterior screw-rod system,
the load of the cage is shared, and the posterior screw-rod
provides a stable environment for interbody fusion (28).
However, the fusion rate will also be affected by many factors,
including the material of the fusion cage, placement position,
whether or not to wear brace protection after surgery, and bone
condition. In terms of complications, the TLIF group had more
dural tears, cerebrospinal fluid leakage, and nerve root injury,
while the OLIF group had more leg pain and numbness,
sympathetic nerve injury, and hip flexion weakness. Most of the
abovementioned conditions can be restored after conservative
treatment and postoperative rehabilitation exercises.

In terms of restoring the FH and DH, the OLIF group had
more advantages maybe because it allows the full expansion of
the intervertebral space through the tension band of the posterior
longitudinal ligament and implanting of a large cage with a
certain inclination angle into the intervertebral space, which
effectively disperses the load stress of the anterior column
endplate and has better mechanical stability. TLIF can only
implant a small fusion cage through a narrow operating space. It
also removes one side of the lamina and facet joint while
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retaining the opposite side, such that the intervertebral space
may not be effectively extended (29).

There was no significant difference in the VAS-BP scores
between the two groups in terms of postoperative pain
improvement. The postoperative ODI of the OLIT group was
smaller than that of the TLIF group, indicating that OLIF had
more advantages in improving postoperative lumbar function.
TLIF directly accesses the spinal canal from the rear, expanding
the spinal canal area and relieving nerve compression. By
comparison, OLIF accesses from the oblique lateral space.
Through the placement of a larger fusion cage, the height of the
intervertebral space is expanded, the volume of the spinal canal
is expanded, and indirect decompression is performed. Studies
have shown that both direct decompression and indirect
decompression can relieve nerve compression and pain (30).
However, the difference is that OLIF minimizes tissue damage
and postoperative trauma response, which are beneficial for
improving lumbar function. The LOS of the OLIF group was
shorter than that of the TLIF group. Our analysis was mainly
related to the small invasiveness of OLIF, which was more
conducive to postoperative recovery.

This meta-analysis had several limitations. (1) Most of the
included studies are retrospective studies, with few prospective
studies and a high risk of bias, which may affect the study results
of the study. (2) The differences in the operation skills of
different doctors, nursing programs, and internal fixation
methods lead to a large heterogeneity between studies, which
may affect the results. (3) The data included in the study mainly
come from hospitals in different parts of the country, and the
differences in the follow-up time of each study have an inevitable
impact on the results. (4) In this meta-analysis, a funnel plot was
employed to assess the publication bias, and all included studies
fell outside the 95% CI, indicating the presence of a certain
publication bias. Therefore, caution should be exercised when
interpreting the findings of this study. Furthermore, it is
imperative to enhance the retrieval strategy by comprehensively
searching multiple databases and collecting all eligible research
articles to improve the accuracy and reliability of the analysis.
Additionally, more high-quality randomized controlled trials are
warranted to provide robust support for drawing more
compelling conclusions in this meta-analysis.

In summary, in the treatment of lumbar degenerative diseases,
OLIF, when compared with TLIF, has more advantages in
restoring FH and DH, and
shortening LOS. Both had comparable fusion rates, complication

improving lumbar function,

rates, and lumbar pain improvements.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession numbers are as follows: PubMed, Embase, and

Cochrane Library.

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1374134
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Xiao et al.

Author contributions

XX: Writing - review & editing, Formal Analysis, Investigation,
Writing - original draft, Methodology. HD: Writing - original
draft. XP: Writing - review & editing. HZ: Conceptualization,
Funding acquisition, Writing - review & editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article.

This study was supported by the National Natural Science
Foundation of China (81601067), the Natural Science Foundation
of Shandong Province (ZR2021MH134), and the China
Postdoctoral Science Foundation (2019M652394).

References

1. Khechen B, Haws BE, Patel DV, Narain AS, Hijji FY, Guntin JA, et al.
Comparison of postoperative outcomes between primary MIS TLIF and MIS TLIF
with revision decompression. Spine (Phila Pa 1976). (2019) 44:150-6. doi: 10.1097/
BRS.0000000000002759

2. Czabanka M, Thomé C, Ringel F, Meyer B, Eicker SO, Rohde V, et al. Operative
treatment of degenerative diseases of the lumbar spine. Nervenarzt. (2018) 89:639-47.
doi: 10.1007/s00115-018-0523-3

3. Buser Z, Ortega B, D’Oro A, Pannell W, Cohen JR, Wang J, et al. Spine
degenerative conditions and their treatments: national trends in the United States of
America. Global Spine J. (2018) 8:57-67. doi: 10.1177/2192568217696688

4. Lin GX, Akbary K, Kotheeranurak V, Quillo-Olvera J, Jo HJ, Yang XW, et al.
Clinical and radiologic outcomes of direct versus indirect decompression with
lumbar interbody fusion: a matched-pair comparison analysis. World Neurosurg.
(2018) 119:€898-909. doi: 10.1016/j.wneu.2018.08.003

5. Mun HY, Ko MJ, Kim YB, Park SW. Usefulness of oblique lateral interbody
fusion at L5-S1 level compared to transforaminal lumbar interbody fusion. J Korean
Neurosurg Soc. (2020) 63:723-9. doi: 10.3340/jkns.2018.0215

6. Sheng SR, Geng YB, Zhou KL, Wu AM, Wang XY, Ni WF. Minimally invasive
surgery for degenerative spondylolisthesis: transforaminal or oblique lumbar
interbody fusion. J Comp Eff Res. (2020) 9:45-51. doi: 10.2217/cer-2019-0055

7.Du X, She Y, Ou Y, Zhu Y, Luo W, Jiang D. Oblique lateral interbody fusion
versus transforaminal lumbar interbody fusion in degenerative lumbar
spondylolisthesis: a single-center retrospective comparative study. Biomed Res Int.
(2021) 2021:6693446. doi: 10.1155/2021/6693446

8. Han XG, Tang GQ, Han X, Xing YG, Zhang Q, He D, et al. Comparison of
outcomes between robot-assisted minimally invasive transforaminal lumbar
interbody fusion and oblique lumbar interbody fusion in single-level lumbar
spondylolisthesis. Orthop Surg. (2021) 13:2093-101. doi: 10.1111/0s.13151

9. Li RJ, Shao XF, Li XF, Liu YJ, Jiang WM. Comparison of clinical outcomes and
spino-pelvic sagittal balance in degenerative lumbar spondylolisthesis: minimally
invasive oblique lumbar interbody fusion (OLIF) versus transforaminal lumbar
interbody fusion (TLIF). Medicine (Baltimore). (2021) 100:¢23783. doi: 10.1097/MD.
0000000000023783

10. Kotani Y, Tkeura A, Tokunaga H, Saito T. Single-level controlled comparison of
OLIF51 and percutaneous screw in lateral position versus MIS-TLIF for lumbosacral
degenerative disorders: clinical and radiologic study. J Orthop Sci. (2021) 26:756-64.
doi: 10.1016/j.jos.2020.08.005

11. Takaoka H, Inage K, Eguchi Y, Shiga Y, Furuya T, Maki S, et al. Comparison
between intervertebral oblique lumbar interbody fusion and transforaminal lumbar
interbody fusion: a multicenter study. Sci Rep. (2021) 11:16673. doi: 10.1038/
541598-021-95774-1

12. Zhu HF, Fang XQ, Zhao FD, Zhang JF, Zhao X, Hu ZJ, et al. Comparison of
oblique lateral interbody fusion (OLIF) and minimally invasive transforaminal
lumbar interbody fusion (MI-TLIF) for treatment of lumbar degeneration disease: a
prospective cohort study. Spine (Phila Pa 1976). (2022) 47:E233-42. doi: 10.1097/
BRS.0000000000004303

Frontiers in Surgery

10

10.3389/fsurg.2024.1374134

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

13. Gao QY, Wei FL, Li T, Zhu KL, Du MR, Heng W, et al. Oblique lateral interbody
fusion vs. minimally invasive transforaminal lumbar interbody fusion for lumbar
spinal stenosis: a retrospective cohort study. Front Med (Lausanne). (2022)
9:829426. doi: 10.3389/fmed.2022.829426

14. Yingsakmongkol W, Jitpakdee K, Varakornpipat P, Choentrakool C,
Tanasansomboon T, Limthongkul W, et al. Clinical and radiographic comparisons
among minimally invasive lumbar interbody fusion: a comparison with three-way
matching. Asian Spine J. (2022) 16:712-22. doi: 10.31616/asj.2021.0264

15. Yoon J, Choi HY, Jo DJ. Comparison of outcomes of multi-level anterior,
oblique, transforaminal lumbar interbody fusion surgery: impact on global sagittal
alignment. J Korean Neurosurg Soc. (2023) 66:33-43. doi: 10.3340/jkns.2022.0112

16. Chen X, Wu LL, Yang ZC, Qiu Y]J. Clinical and radiologic comparison between
oblique lateral interbody fusion and minimally invasive transforaminal lumbar
interbody fusion for degenerative lumbar spondylolisthesis. Zhongguo Gu Shang.
(2023) 36:414-9. doi: 10.12200/j.issn.1003-0034.2023.05.004

17. He D, He W, Tian W, Liu B, Liu Y], Sun YQ, et al. Clinical and radiographic
comparison of oblique lateral lumbar interbody fusion and minimally invasive
transforaminal lumbar interbody fusion in patients with L4/5 grade-1 degenerative
spondylolisthesis. Orthop Surg. (2023) 15:1477-87. doi: 10.1111/0s.13360

18. Li J, Chen YL, Wu H, Gan KF, Bei DK, Fan TD, et al. Can oblique lateral
interbody fusion (OLIF) create more lumbosacral lordosis in lumbar spine surgery
than minimally invasive transforaminal interbody fusion (MIS-TLIF)? Front Surg.
(2023) 9:1063354. doi: 10.3389/fsurg.2022.1063354

19. Liu LT, Xue H, Han ZY, Jiang LH, Chen LW, Wang DC. Comparison between
OLIF and MISTLIF in degenerative lumbar stenosis: an age-, sex-, and segment-
matched cohort study. Sci Rep. (2023) 13:13188. doi: 10.1038/541598-023-40533-7

20. Li SB, Mei SQ, Xu WB, Fang XQ, Fan SW, Huang LB. Comparison of clinical
effect and muscle injury imaging between oblique lateral lumbar interbody fusion
and transforaminal lumbar interbody fusion in the treatment of single-segment
degenerative lumbar spinal stenosis. Zhongguo Gu Shang. (2023) 36:420-7. doi: 10.
12200/j.issn.1003-0034.2023.05.005

21. Wu JY, Ao JT, Xu ZN, Li GQ, Ge TH, Wang YQ, et al. Comparisons of oblique
lumbar interbody fusion and transforaminal lumbar interbody fusion for degenerative
spondylolisthesis: a prospective cohort study with a 2-year follow-up. Front Surg.
(2023) 10:1115823. doi: 10.3389/fsurg.2023.1115823

22. Fang X, Zhang M, Wang L, Hao Z. Comparison of PLIF and TLIF in the
treatment of LDH complicated with spinal stenosis. ] Healthc Eng. (2022)
2022:9743283. doi: 10.1155/2022/9743283

23. Ugar BY, Ozcan C, Polat O, Aman T. Transforaminal lumbar interbody fusion
for lumbar degenerative disease: patient selection and perspectives. Orthop Res Rev.
(2019) 11:183-9. doi: 10.2147/ORR.S204297

24. Liu JP, Feng HL. Oblique lateral interbody fusion (OLIF) with supplemental
anterolateral screw and rod instrumentation: a preliminary clinical study. World
Neurosurg. (2020) 134:€944-50. doi: 10.1016/j.wneu.2019.11.046

25. Wu MH, Li J, Zhang MX, Ding XF, Qi DX, Li GM, et al. Efficacy and
radiographic analysis of oblique lumbar interbody fusion for degenerative lumbar
spondylolisthesis. ] Orthop Surg Res. (2019) 14:399. doi: 10.1186/s13018-019-1416-2

frontiersin.org


https://doi.org/10.1097/BRS.0000000000002759
https://doi.org/10.1097/BRS.0000000000002759
https://doi.org/10.1007/s00115-018-0523-3
https://doi.org/10.1177/2192568217696688
https://doi.org/10.1016/j.wneu.2018.08.003
https://doi.org/10.3340/jkns.2018.0215
https://doi.org/10.2217/cer-2019-0055
https://doi.org/10.1155/2021/6693446
https://doi.org/10.1111/os.13151
https://doi.org/10.1097/MD.0000000000023783
https://doi.org/10.1097/MD.0000000000023783
https://doi.org/10.1016/j.jos.2020.08.005
https://doi.org/10.1038/s41598-021-95774-1
https://doi.org/10.1038/s41598-021-95774-1
https://doi.org/10.1097/BRS.0000000000004303
https://doi.org/10.1097/BRS.0000000000004303
https://doi.org/10.3389/fmed.2022.829426
https://doi.org/10.31616/asj.2021.0264
https://doi.org/10.3340/jkns.2022.0112
https://doi.org/10.12200/j.issn.1003-0034.2023.05.004
https://doi.org/10.1111/os.13360
https://doi.org/10.3389/fsurg.2022.1063354
https://doi.org/10.1038/s41598-023-40533-7
https://doi.org/10.12200/j.issn.1003-0034.2023.05.005
https://doi.org/10.12200/j.issn.1003-0034.2023.05.005
https://doi.org/10.3389/fsurg.2023.1115823
https://doi.org/10.1155/2022/9743283
https://doi.org/10.2147/ORR.S204297
https://doi.org/10.1016/j.wneu.2019.11.046
https://doi.org/10.1186/s13018-019-1416-2
https://doi.org/10.3389/fsurg.2024.1374134
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Xiao et al.

26. Li XY, Wang YL, Yang S, Liao CS, Li SF, Han PY, et al. Efficacy of
oblique lumbar interbody fusion versus transforaminal lumbar interbody fusion in
the treatment of lumbar degenerative diseases: a systematic review and meta-
analysis. Arch Orthop Trauma Surg. (2023) 143:5657-70. doi: 10.1007/s00402-023-
04880-4

27. Lin GX, Xu WB, Kotheeranurak V, Chen CM, Deng ZH, Zhu MT. Comparison
of oblique and transforaminal approaches to lumbar interbody fusion for lumbar
degenerative disease: an updated meta-analysis. Front Surg. (2023) 9:1004870.
doi: 10.3389/fsurg.2022.1004870

28. Hsieh YY, Tsuang FY, Kuo YJ, Chen CH, Chiang CJ, Lin CL. Biomechanical
analysis of single-level interbody fusion with different internal fixation rod

Frontiers in Surgery

1

10.3389/fsurg.2024.1374134

materials: a finite element analysis. BMC Musculoskelet Disord. (2020) 21:100.
doi: 10.1186/s12891-020-3111-1

29. Wang YL, Li XY, Liu L, Li SF, Han PF, Li XD. Oblique lumbar interbody fusion
versus minimally invasive transforaminal lumbar interbody fusion for the treatment of
degenerative disease of the lumbar spine: a systematic review and meta-analysis.
Neurosurg Rev. (2023) 46:100. doi: 10.1007/s10143-023-02009-0

30. Gagliardi MJ, Guiroy AJ, Camino-Willhuber G, Joaquim AF, Carazzo CA,
Yasuda E, et al. Is indirect decompression and fusion more effective than direct
decompression and fusion for treating degenerative lumbar spinal stenosis with
instability? A systematic review and meta-analysis. Global Spine . (2023)
13:499-511. doi: 10.1177/21925682221098362

frontiersin.org


https://doi.org/10.1007/s00402-023-04880-4
https://doi.org/10.1007/s00402-023-04880-4
https://doi.org/10.3389/fsurg.2022.1004870
https://doi.org/10.1186/s12891-020-3111-1
https://doi.org/10.1007/s10143-023-02009-0
https://doi.org/10.1177/21925682221098362
https://doi.org/10.3389/fsurg.2024.1374134
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Fusion rate and complications of oblique lumbar interbody fusion and transforaminal lumbar interbody fusion in the treatment of lumbar degenerative diseases: a meta-analysis
	Introduction
	Methods
	Eligibility criteria
	Information sources
	Search strategy
	Selection process
	Data collection process
	Data items
	Study risk of bias assessment
	Effect measures
	Synthesis methods
	Reporting bias assessment

	Results
	Study selection
	Study characteristics
	Risk of bias in the studies
	Results of the syntheses
	Reporting bias assessment

	Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


