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Abstract

Background The aim of this study was to comprehensively evaluate the short-term clinical efficacy and safety of uni-
lateral biportal endoscopic transforaminal lumbar interbody fusion (UBE-TLIF) versus minimally invasive transforaminal
lumbar interbody fusion (MIS-TLIF) for the treatment of lumbar degenerative diseases by meta-analysis.

Methods A computer-based search of PubMed, Embase, Web of Science, Cochrane Database, China National Know!-
edge Infrastructure (CNKI), Wanfang Database, and Chinese Science and Technology Journal Database (VIP) was con-
ducted from the inception of the each database to April 2023. The searched literature was then screened according
to strict inclusion and exclusion criteria. The critical data were extracted and analyzed using Review Manager soft-
ware5.4.1. Pooled effects were calculated on the basis of data attributes by mean difference (MD) or odds ratio (OR)
with 95% confidence interval (Cl). The Newcastle-Ottawa Scale was used to assess the quality of the studies.

Results A total of 13 studies and 949 patients met the inclusion criteria for this meta-analysis, 445 in the UBE-LIF
group and 504 in the MIS-TLIF group. UBE-TLIF was superior to MIS-TLIF in terms of intraoperative blood flow, post-
operative drainage flow, duration of hospital stay, VAS score for low back pain and ODI score, but the operative time
was longer than MIS-TLIF group. There were no significant differences between the two groups in terms of total
complication rate, modified Macnab grading criteria, fusion rate, VAS score of leg pain, lumbar lordosis, intervertebral
disk height.

Conclusion Both UBE-TLIF and MIS-TLIF are effective surgical modalities for the treatment of degenerative lumbar
spine diseases. They have similar treatment outcomes, but UBE-TLIF has the advantages of less intraoperative blood
loss, shorter postoperative hospital stay, and faster recovery.

Trial registration: This study has been registered at INPLASY.COM (No. INPLASY202320087).
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Introduction

Lumbar degenerative disease is a common disease occur-
ring in the elderly population, which mainly includes
lumbar disk herniation, lumbar spinal stenosis, lumbar
degenerative spondylolisthesis, degenerative scoliosis,
etc. It results in structural instability, sciatica, radiating
discomfort to the lower limbs, and low back pain [1, 2].
Lumbar interbody fusion is an effective treatment option
for lumbar degenerative disease, which decompresses the
spinal canal and restores structural stability to the spine
[3]. Transforaminal lumbar interbody fusion (TLIF) is a
procedure used to treat conditions of the lumbar spine
because it reduces the strain on the dural capsule and
nerve roots, reducing the incidence of associated com-
plications and is therefore used in the treatment of lum-
bar spine disorders [4, 5]. Foley et al. [6] have reported
a minimally invasive TLIF (MIS-TLIF) technique using a
tubular retractor and microscope, which reduces iatro-
genic induced injuries to soft tissues such as paraverte-
bral muscles, with less trauma, less blood loss, and faster
postoperative recovery [7, 8]. However, MIS-TLIF also
has its disadvantages, especially for deeper surgical areas,
the surgical field of view of MIS-TLIF is not sufficiently
clear, which brings some challenges to the surgical opera-
tion, and the tubular retractor used to pull the paraverte-
bral muscles leading to local soft tissue ischemia, which
affects the postoperative recovery. The unilateral biportal
endoscopic (UBE) approach has been initially described
by De Antoni et al. [9]. The application of UBE to lum-
bar spine fusion has been firstly reported by Heo et al. in
2017 and excellent clinical results [10]. More and more
surgeons are coming to recognize UBE as a safe, efficient,
and different minimally invasive procedure. It uses two
mutually independent channels for visualization and
operation, combining the benefits of wide visualization
and flexible operation in conventional open surgery and
minimal tissue damage and quick postoperative recovery
in minimally invasive surgery [11-13]. The present study
has conducted to systematically evaluate the efficacy and
safety of UBE-TLIF and MIS-TLIF in the treatment of
degenerative lumbar spine diseases and to provide refer-
ence values for clinical application.

Materials and methods

Search strategy

A comprehensive search of PubMed, Embase, Web of
Science, Cochrane Database, China National Knowl-
edge Infrastructure (CNKI), Wanfang Database, and
Chinese Science and Technology Journal Database
(VIP) was conducted from the inception of the each
database to April 2023. The search keywords were
“unilateral biportal endoscopic lumbar interbody
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fusion,” “biportal endoscopic lumbar interbody fusion,”
“BE-LIF “UBE-LIF’ “ULIF” “minimally invasive trans-
foraminal lumbar interbody fusion,” “MIS-TLIF” In
order to search the relevant literature as compre-
hensively as possible, two researchers independently
screened the literature and extracted data based on
the search criteria and content. When there was disa-
greement, the disagreement is resolved through dis-
cussion or consultation with a third researcher. The
search language was limited to Chinese or English.
This study has been registered at INPLASY.COM (No.
INPLASY202320087).

Inclusion and exclusion criteria for the study

The inclusion criteria were as follows: (1) contrastive
study that compared UBE-TLIF with MIS-TLIF for the
treatment of LDD. (2) Study designs include prospec-
tive cohort studies, retrospective studies and randomized
controlled trials. (3) The search language was limited to
Chinese or English. (4) Postoperative follow-up included
at least two of the following reference indicators: opera-
tion time, intraoperative blood loss, postoperative drain-
age flow postoperative hospital stay, complication rate,
modified Macnab grading criteria, fusion rate, visual
analog scale (VAS) back or leg score, Oswestry Disability
Index (ODI).

The exclusion criteria were as follows: (1) Non-clinical
comparison studies. (2) Patients with a history of spine
surgery spinal infections, tumors, rheumatic immune
diseases. (3) Duplicated studies. (4) Meta-analysis, litera-
ture review, case-report, conference presentation, degree
dissertation, etc. (5) Studies where data could not be
extracted (Table 1).

Data extraction

Two researchers independently extracted data from
the literature. The following parameters were collected
using standardized forms: (1) basic characteristics of the
included study and population: author, publication year,
study design, country of origin, number of patients, gen-
der, age, follow-up time, and main outcome indicators.
(2) Perioperative outcomes: including operation time,
intraoperative blood loss, postoperative drainage flow,
postoperative hospital stay. (3) Functional outcomes at
preoperative and at last follow-up, including Oswestry
Disability Index (ODI), Visual Analog Scale (VAS)-back
pain, VAS-leg pain, modified Macnab grading criteria,
fusion rate, lumbar lordosis (LL), Intervertebral disk
height(IDH). (4) Surgical complications and outcomes
at the last follow-up: total complications rate, transient
palsy rate, postoperative epidural hematoma rate, dural
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tear rate, infection rate, incomplete decompression rate,
Deep Vein Thrombosis (DVT) rate.

Quality assessment of included studies

Two researchers independently reviewed the titles,
abstracts, and full texts of the included studies (if nec-
essary) and used the Newcastle—Ottawa Scale (NOS) to
assess the quality of the included non-randomized stud-
ies. Each study was assessed by the three respects: selec-
tion of the study population, comparability of groups,
and measurement of exposure factors in Table 2. Stud-
ies with scores above 5 were included in the analysis. All
divergences are resolved through negotiation.

Statistical analysis

The program Review Manager 5.4.1 (The Nordic
Cochrane Centre, The Cochrane Collaboration) was
used for statistical analysis of the pooled data. For con-
tinuous variables were analyzed using mean difference
(MD) and 95% confidence interval (CI) as effect sizes.
For dichotomous variables were analyzed using mean dif-
ference (MD) and 95% confidence interval (CI) as effect
sizes. For dichotomous variables were analyzed using the
odds ratio (OR) index and 95% confidence interval (CI)
as effect sizes. P<0.05 indicated that the difference was
statistically significant. The heterogeneity in the results
between the studies was analyzed using Q-test and I test.
If >50% and P<0.1 indicate significant heterogeneity,
a random-effects model was used for Meta-analysis; if
PP <50% and P>0.1 indicate insignificant heterogeneity, a
fixed-effects model was used for meta-analysis.
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Results

Study search and selection results

The diagram of the literature selection process is sum-
marized in Fig. 1. A total of 637 [14-26] studies were
searched and screened through 7 databases, and 13 stud-
ies (6 literatures in English and 7 literatures in Chinese)
were finally included according to the inclusion and
exclusion criteria, and all included studies were retro-
spective case—control studies. The basic characteristics
and NOS scores of the included studies are indicated in
Table 1. A total of 949 patients were included, including
445 patients in the UBE-LIF group and 504 patients in
the MIS-TLIF group. The year of publication of the lit-
erature was focused on 2019 to 2023. Specific complica-
tions are summarized in Table 3. This study followed the
PRISMA 2020 checklist as provided in Additional file 1.

Clinical results

Operative time

The operative time was reported in all 12 included stud-
ies [14, 16-26]. A total of 814 patients were included,
including 373 patients in the UBE-TLIF group and 431
patients in the MIS-TLIF group. Heterogeneity between
the two groups was high. (P<0.00001, *=96%) and a
random-effect model was used for meta-analysis. The
analysis result showed a statistically significant difference
in operative time between the two groups, with the UBE-
TLIF group having a significantly shorter operative time
compared to the MIS-TLIF group. (MD=19.5; 95% CI
(8.51, 30.49); P=0.0005, Fig. 2).

Table 2 Quality assessment of included retrospective studies based on the Newcastle-Ottawa Scale

Studies Selection of the study Comparability of groups Measurement of exposure Quality
population factors assessment
Heo et al. 2019 2 2 2 6
Kang et al. 2021 2 3 2 7
Kim et al. 2021 3 2 3 8
Zhu et al. 2021 3 2 3 8
Kong et al. 2022 2 3 3 7
Jiang et al. 2022 2 2 2 6
Huang et al. 2022 3 2 3 8
Gatam et al.2021 2 3 1 6
Song et al. 2023 3 2 3 8
Yu etal. 2023 3 3 2 8
Yang et al. 2023 2 3 2 7
Ma et al.2022 2 2 3 8
Song et al. 2022 3 3 3 8
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Records removed before screening:
1.Duplicate records removed (n=157)
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Fig. 1 Meta-analysis flow diagram
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Table 3 Complications reported in the studies included in the
Meta-analysis

Complications UBE-TLIF (n=420) MIS-TLIF (n=479)

Transient palsy 3(0.71%) 10 (2.09%)
Postoperative epidural hae- 5(1.19%) 6 (1.25%)
matoma

Dural tear 14 (3.33%) 7 (1.46%)
Infection 0 7 (1.46%)
Incomplete decompression 1 (0.24%) 2 (0.42%)
DVT 0 1(0.21%)
Cage displacement 2 (0.48%) 4(0.84%)
Transient muscletransient 1 (0.24%) 1(0.21%)
muscle strength decline

Nerve strain injury 1 (0.24%) 1(0.21%)
Total 27 (6.43%) 39 (8.14%)

DVT deep vein thrombosis

Intraoperative blood loss

Intraoperative blood loss was reported in 10 studies [14,
16, 18-25], which included 652 patients, including 311
patients in the UBE-TLIF group and 341 patients in the

Page 6 of 16

MIS-TLIF group. Heterogeneity between the two groups
was high. (P<0.00001, ?=99%) and a random-effect
model was used for Meta-analysis. The analysis result
showed a statistically significant difference in intraop-
erative blood loss between the two groups, with a sig-
nificantly less intraoperative blood loss in the UBE-TLIF
group compared to the MIS-TLIF group (MD=-85.31;
95% CI (—110.50, —60.13); P<0.00001, Fig. 3).

Postoperative drainage flow

A total of 6 studies both reported postoperative drain-
age [16, 19, 21, 23, 24, 26]. A total of 400 patients were
included, including 197 patients in the UBE-TLIF group
and 203 patients in the MIS-TLIF group. Heterogeneity
between the two groups was low (P<0.00001, I*=93%),
and Meta-analysis was performed using a fixed-effect
model. The analysis showed no statistically signifi-
cant difference in postoperative drainage between the
two groups. (MD=-41.97; 95% CI (—53.02, —30.92);
P<0.00001, Fig. 4).

UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Heo 2019 1524 96 23 1224 131 46  8.9% 30.00 [24.55, 35.45] -
Huang 2023 15423 137 38 131.88 15.02 44 8.8% 22.35[16.13, 28.57] -
Jiang 2022 178 11.63 25 128.8 10.1 25 8.8% 49.20[43.16, 55.24] -
Kang 2021 170.46 34.81 47 1357 42.88 32 7.3% 34.76[16.88, 52.64] -
Kim 2021 169.5 24.9 32 173 4741 55  7.7% -3.50[-18.65, 11.65] T
Kong 2022 173.7 20.6 35 1588 14.2 40 8.6% 14.90 [6.78, 23.02] -
Ma 2022 194.53 16.72 32 170.88 16.05 43 8.7% 23.65[16.13, 31.17] -
Song 2022 144 247 28 109 284 28 7.9% 35.00[21.06, 48.94] -
Song 2023 158 25.03 25 145.67 24.82 24 79% 12.33[-1.63, 26.29] _'_
Yang 2023 1194 63 30 1203 64 35  9.0% -0.90 [-3.99, 2.19] T
Yu 2023 144.39 13.81 23 135.83 13.07 18  8.6% 8.56 [0.30, 16.82] _'_
Zhu 2021 153.29 384 35 146.49 25.78 41 7.8% 6.80 [-8.17, 21.77] T
Total (95% CI) 373 431 100.0%  19.50 [8.51, 30.49] -
Heterogeneity: Tau? = 347.21; Chiz = 286.06, df = 11 (P < 0.00001); I = 96% -5’0 25 0 2°5 5‘0
Test for overall effect: Z = 3.48 (P = 0.0005) UBE-TLIF MIS-TLIF
Fig. 2 Forest plot for operative time

UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Heo 2019 190.3 31 23 2893 58.5 46  10.0% -99.00 [-120.13, -77.87] -
Huang 2023 89.47 21.95 38 128.52 32.66 44  10.5% -39.05 [-50.96, -27.14] -
Jiang 2022 201.28 20.8 25 325.84 36.67 25 10.3% -124.56[-141.09, -108.03] -
Kang 2021 185.74 172.51 47 395.31 180.36 32 5.2% -209.57 [-289.18, -129.96] -
Kong 2022 173.5 30.9 35 205.8 31.8 40 10.4% -32.30 [-46.51, -18.09] -
Ma 2022 38.44 8.9 32 175.58 19.09 43 10.7% -137.14 [-143.63, -130.65] -
Song 2022 524 106 28 136 15 28 10.7% -83.60 [-90.40, -76.80] -
Song 2023 52.04 9.59 25 140.25 12.64 24  10.7% -88.21 [-94.51, -81.91] -
Yu 2023 184.83 10.29 23 206 15.19 18 10.7% -21.17 [-29.35, -12.99] -
Zhu 2021 52 11.8 35 134.46 18.63 41 10.7% -82.46 [-89.37, -75.55] -
Total (95% CI) 31 341 100.0% -85.31[-110.50, -60.13] ‘
Heterogeneity: Tau? = 1530.38; Chi = 626.58, df = 9 (P < 0.00001); Iz = 99% _2‘00 i 1=00 0 160 2(’)0

Test for overall effect: Z = 6.64 (P < 0.00001)

Fig. 3 Forest plot for intraoperative blood loss

UBE-TLIF MIS-TLIF
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UBE-TLIF MIS-TLIF Mean Difference Mean Difference
_Study or Subgroup _ Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Huang 2023 6236 1031 38 8897 1331 44 19.9% -26.61[-31.73,-21.49] -
Jiang 2022 454 873 25 102.84 1824 25 18.8% -57.44[-65.37,-49.51] -
Kang 2021 163.81 121.04 47 22581 1014 32  4.0% -62.00[-111.31,-12.69]
Ma 2022 57.78 992 32 9256 19.83 43 19.2% -34.78 [-41.63,-27.93] -
Song 2023 2504 1314 25 8479 2195 24 17.7% -59.75[-69.93,-49.57] -
Yang 2023 51 714 30 811 7 35 204% -30.10[-33.54, -26.66] =
Total (95% Cl) 197 203 100.0% -41.97 [-53.02, -30.92] <>
Heterogeneity: Tau? = 152.97; Chi2 = 72.36, df = 5 (P < 0.00001); I = 93% i 1‘00 _5‘)0 0 5‘0 p (I)o

Test for overall effect: Z = 7.44 (P < 0.00001)

Fig. 4 Forest plot for postoperative drainage flow

UBE-TLIF MIS-TLIF

UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Huang 2023 5.78 0.74 38 6.72 1.12 44  15.0% -0.94 [-1.35, -0.53] -
Jiang 2022 5.36 1.35 25 6.24 1.27 25 12.3% -0.88 [-1.61, -0.15] -
Kang 2021 14.53 4.14 47 1259 4.54 32 47% 1.94 [-0.03, 3.91]
Kim 2021 6 3.1 32 9.1 29 55 7.8% -3.10 [-4.42, -1.78] -
Kong 2022 74 11 35 8.4 1 40 14.4% -1.00 [-1.48, -0.52] -
Ma 2022 7.25 1.48 32 758 194 43 11.9% -0.33[-1.10, 0.44] -
Yang 2023 8.2 1 30 101 1.3 35 13.7% -1.90 [-2.46, -1.34] -
Yu 2023 8.74 1.57 23 10.56 2 18 9.1% -1.82[-2.94, -0.70] -
Zhu 2021 8.43 1.88 35 9.98 1.96 41 11.1% -1.55[-2.41, -0.69] -
Total (95% Cl) 297 333 100.0% -1.18 [-1.68, -0.68] <&

Heterogeneity: Tau? = 0.40; Chi? = 33.18, df = 8 (P < 0.0001); I> = 76%
Test for overall effect: Z = 4.59 (P < 0.00001)

Fig. 5 Forest plot for duration of hospital stay

Duration of hospital stay

A total of 9 studies reported the duration of hospital stay
[16-21, 23, 25, 26]. Six hundred and thirty patients were
included, including 297 patients in the UBE-TLIF group
and 333 patients in the MIS-TLIF group. Heterogeneity
between the two groups was high. (P<0.0001, *=76%) and
a random-effect model was used for Meta-analysis. The
analysis result showed a statistically significant difference
in duration of hospital stay between the two groups, with
the UBE-TLIF group having a significantly shorter post-
operative hospital stay compared to the MIS-TLIF group.
(MD=—1.18; 95% CI (— 1.68; —0.68); P<0.00001, Fig. 5).

Total complication rate

Complications were reported in a total of 12 studies [14—
18, 20-26]. A total of 899 patients were included, includ-
ing 420 patients in the UBE-TLIF group and 479 patients
in the MIS-TLIF group. There was low heterogeneity
between the two groups. (P=1.00, >=0%), and Meta-
analysis was performed using a fixed-effect model. The
analysis result showed that there was no statistically sig-
nificant difference in complication rate between the two
groups. (MD =0.72; 95% CI (0.43, 1.21); P=0.21, Fig. 6).

-4 -2 0 2 4
UBE-TLIF MIS-TLIF

Modified Macnab grading criteria

A total of 7 studies reported the modified Macnab grad-
ing criteria [17, 18, 21-24, 26]. A total of 490 patients
were included, including 220 patients in the UBE-TLIF
group and 270 patients in the MIS-TLIF group. There
was low heterogeneity between the two groups (P=0.97,
P =0%) and a fixed-effect model was used for Meta-anal-
ysis. The result of the analysis showed that there was no
statistically significant difference in the Modified Mac-
nab grading criteria between the two groups. (MD =1.16;
95% CI (0.66, 2.06); P=0.60, Fig. 7).

Fusion rate

Fusion rate was reported in all 10 studies [14—18, 21-23,
25, 26]. A total of 775 patients were included, including
360 patients in the UBE-TLIF group and 415 patients
in the MIS-TLIF group. Heterogeneity between the two
groups was low (P=1.00, >=0%), and Meta-analysis was
performed using a fixed-effect model. The analysis result
showed no statistically significant difference in the fusion
rate between the two groups. (MD=0.97; 95% CI (0.61,
1.53); P=0.90, Fig. 8).
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UBE-TLIF MIS-TLIF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
Gatam 2021 3 72 4 73 11.0% 0.75[0.16, 3.48]
Heo 2019 1 23 4 46  7.3% 0.48 [0.05, 4.53] -
Huang 2023 2 38 2 44 51% 1.17 [0.16, 8.71] -1
Kang 2021 6 47 5 32 14.9% 0.79[0.22, 2.85] e R
Kim 2021 2 32 3 55  6.0% 1.16 [0.18, 7.31] I
Kong 2022 2 35 3 40 7.6% 0.75[0.12, 4.75] - 1
Ma 2022 3 32 4 43 8.9% 1.01[0.21, 4.86] - 1
Song 2022 0 28 1 28  4.2% 0.32[0.01, 8.24]
Song 2023 1 25 4 24 11.3% 0.21[0.02, 2.02] -
Yang 2023 2 30 2 35 5.0% 1.18[0.16, 8.92] —
Yu 2023 3 23 4 18 11.2% 0.53[0.10, 2.72] - "
Zhu 2021 2 35 3 41 7.5% 0.77 [0.12, 4.88] - 1
Total (95% CI) 420 479 100.0% 0.72[0.43, 1.21] >
Total events 27 39
Heterogeneity: Chi? = 2.56, df = 11 (P = 1.00); I? = 0% ‘0 o 0‘ ] ; 1=0 ] 00‘
Test for overall effect: Z = 1.24 (P = 0.21) ' "UBE-TLIF MIS-TLIF

Fig. 6 Forest plot for total complication rate

UBE-TLIF MIS-TLIF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H Fixgl_d 95% Cl
Huang 2023 37 38 42 44  4.6% 1.76 [0.15, 20.23]
Kim 2021 27 32 47 55 24.4% 0.92[0.27, 3.09] j:
Ma 2022 27 32 37 43 22.2% 0.88[0.24, 3.17]
Song 2022 26 28 24 28 7.7%  2.17[0.36, 12.92] - -
Song 2023 22 25 20 24 11.0% 1.47 [0.29, 7.37] - I
Yang 2023 26 30 31 35 17.2% 0.84 [0.19, 3.69] - "
Zhu 2021 32 35 36 41 12.8% 1.48 [0.33, 6.70] - I
Total (95% CI) 220 270 100.0% 1.16 [0.66, 2.06] >
Total events 197 237
Heterogeneity: Chi? = 1.27, df = 6 (P = 0.97); 12 = 0% ‘0 o1 0‘ ] ; 1‘0 ] 00‘
Test for overall effect: Z = 0.52 (P = 0.60) ' "UBE-TLIF MIS-TLIF

Fig. 7 Forest plot for modified Macnab grading criteria

UBE-TLIF MIS-TLIF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
Gatam 2021 67 72 68 73 12.6% 0.99[0.27, 3.56] - 1
Heo 2019 18 23 34 46  13.2% 1.27 [0.39, 4.17] I
Huang 2023 34 38 39 44  10.2% 1.09 [0.27, 4.39] -1
Kang 2021 38 47 28 32 171% 0.60[0.17, 2.16] - 1
Kim 2021 30 32 51 55 6.3% 1.18[0.20, 6.81] -
Ma 2022 28 32 36 43  10.3% 1.36 [0.36, 5.12] -
Song 2022 25 28 26 28  7.5% 0.64 [0.10, 4.17] L
Yang 2023 26 30 31 35 10.2% 0.84[0.19, 3.69] - T
Yu 2023 22 23 17 18  22% 1.29 [0.08, 22.22]
Zhu 2021 31 35 37 41 10.4% 0.84[0.19, 3.63] - 1
Total (95% ClI) 360 415 100.0% 0.97 [0.61, 1.53] <
Total events 319 367
Heterogeneity: Chi? = 1.36, df = 9 (P = 1.00); I = 0% ‘0 o 0‘ ] ; 1=0 ] 00‘
Test for overall effect: Z = 0.13 (P = 0.90) ' "UBE-TLIF MIS-TLIF

Fig. 8 Forest plot for fusion rate
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UBE-TLIF MIS-TLIF
r r Mean D Total Mean D Total Weigh
Huang 2023 1.31 0.7 38 1.18 0.65 44 27.0%
Kim 2021 33 09 32 35 1.1 55 12.8%
Kong 2022 29 05 35 3 05 40 45.3%
Song 2022 31 13 28 33 12 28 54%
Song 2023 3.27 1.37 25 3.63 1.15 24 47%
Zhu 2021 326 14 35 346 1.69 41 4.8%
Total (95% CI) 193 232 100.0%

Heterogeneity: Chi? = 3.13, df =5 (P = 0.68); I? = 0%
Test for overall effect: Z =0.94 (P = 0.35)

Fig. 9 Forest plot for early postoperative low back pain VAS score

Postoperative low back pain VAS score (with 1 mth)

A total of 6 studies reported early postoperative low back
pain VSA score [17, 18, 20, 22—24]. A total of 425 patients
were included, including 193 patients in the UBE-TLIF
group and 232 patients in the MIS-TLIF group. Het-
erogeneity between the two groups was extremely low.
(P<0.00001, *=91%), and meta-analysis was per-
formed using a random-effect model. The analysis result
showed no statistically significant difference in VAS of
low back pain at last follow-up between the two groups.
(MD =-0.96; 95% CI (- 1.57, —0.35); P=0.002, Fig. 9).

VAS score of low back pain with 12mths

A total of 7 studies reported VAS for low back pain at the
last follow-up (> 12 mths) [14, 17, 18, 20, 22-24]. A total
of 494 patients were included, including 216 patients
in the UBE-TLIF group and 278 patients in the MIS-
TLIF group. Heterogeneity between the two groups was
extremely low. (P=1.00, ’=0%), and meta-analysis was
performed using a fixed-effect model. The analysis result
showed no statistically significant difference in VAS of
low back pain at last follow-up between the two groups.
(MD=-0.11; 95% CI (—0.23, 0.01); P=0.08, Fig. 10).
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Postoperative leg pain VSA score with Tmth

A total of 6 studies reported early postoperative leg pain
VSA score [17, 18, 20, 22-24]. A total of 425 patients
were included, including 193 patients in the UBE-TLIF
group and 232 patients in the MIS-TLIF group. Het-
erogeneity between the two groups was extremely low.
(P=0.68, P=0%), and Meta-analysis was performed
using a fixed-effect model. The analysis result showed no
statistically significant difference in VAS of low back pain
at last follow-up between the two groups. (MD=-0.07;
95% CI (—0.23, 0.08); P=0.35, Fig. 11).

VAS score of leg pain with 12 mths

A total of 7 studies reported VAS for leg pain at the last
follow-up [14, 17, 18, 20, 22-24]. A total of 494 patients
were included, including 216 patients in the UBE-TLIF
group and 278 patients in the MIS-TLIF group. Het-
erogeneity between the two groups was low. (P=0.52,
P=0%), and Meta-analysis was performed using a
fixed-effect model. The analysis showed no statistically
significant difference in VAS of leg pain at the last fol-
low-up between the two groups. (MD =-0.08; 95% CI
(—0.20, 0.05); P=0.24, Fig. 12).

UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl 1V, Fix 5% Cl
Heo 2019 24 09 23 2.6 1 46 7.0% -0.20[-0.67,0.27]
Huang 2023 1.31 047 38 14 0.49 44 35.4% -0.09[-0.30, 0.12]
Kim 2021 1.8 0.8 32 19 038 55 12.6% -0.10[-0.45, 0.25]
Kong 2022 1.5 05 35 16 05 40 29.8% -0.10[-0.33,0.13]
Song 2022 1.9 1 28 2 1 28 5.6% -0.10[-0.62, 0.42]
Song 2023 1.91 1.01 25 2.08 0.88 24 5.5% -0.17 [-0.70, 0.36]
Zhu 2021 194 1.3 35 21 1.36 41 4.3% -0.16 [-0.76, 0.44]
Total (95% CI) 216 278 100.0% -0.11[-0.23, 0.01]
Heterogeneity: Chi? = 0.27, df =6 (P = 1.00); I? = 0% :_100 _5’0 (') 5’0 100’

Test for overall effect: Z =1.74 (P = 0.08)

Fig. 10 Forest plot for VAS score of low back pain at the last follow-up

UBE-TLIF BE-LIF
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UBE-TLIF MIS-TLIF

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI

Huang 2023 1.31 0.7 38 1.18 0.65 44 27.0%
Kim 2021 33 09 32 35 1.1 55 12.8%
Kong 2022 29 05 35 3 05 40 45.3%
Song 2022 31 13 28 33 12 28 54%
Song 2023 3.27 1.37 25 3.63 1.15 24 47%
Zhu 2021 326 14 35 346 1.69 41 4.8%

Total (95% CI) 193 232 100.0%
Heterogeneity: Chi? = 3.13, df =5 (P = 0.68); I? = 0%
Test for overall effect: Z = 0.94 (P = 0.35)
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Fig. 11 Forest plot for early postoperative leg pain VAS score. lumbar lordosis

UBE-TLIF MIS-TLIF
|_Weigh
Heo 2019 25 08 23 22 09 46  9.2%
Huang 2023 0.63 0.48 38 0.77 0.67 44  25.8%
Kim 2021 16 06 32 1.8 08 55 18.4%
Kong 2022 1.3 05 35 13 05 40 31.4%
Song 2022 1.8 1 28 2 11 28 5.3%
Song 2023 1.69 0.97 25 1.97 0.96 24 55%
Zhu 2021 1.89 1.35 35 2 1.36 41 4.3%
Total (95% CI) 216 278 100.0%

Heterogeneity: Chi? = 5.22, df =6 (P = 0.52); I? = 0%
Test for overall effect: Z=1.17 (P = 0.24)

Fig. 12 Forest plot for VAS score of leg pain at the last follow-up

UBE-TLIF MIS-TLIF
Study or Subgroup Mean SD Total Mean SD Total Weight
Huang 2023 18.05 3.7 38 19.68 3.97 44  11.9%
Jiang 2022 11.76 1.39 25 11.88 1.86 25 12.4%
Kim 2021 315 87 32 338 116 55 9.2%
Kong 2022 342 35 35 372 42 40 11.9%
Song 2022 30.6 3.89 28 39.2 4 28 11.6%
Song 2023 31.12 4.09 25 41.75 3.74 24 11.5%
Yang 2023 384 10.2 30 421 99 35 8.5%
Yu 2023 382 37 23 413 32 18 11.5%
Zhu 2021 322 4.32 35 37.11 4.72 41 11.6%
Total (95% CI) 271 310 100.0%

Heterogeneity: Tau? = 12.86; Chi> = 118.88, df = 8 (P < 0.00001); I* = 93%
Test for overall effect: Z = 3.33 (P = 0.0009)

Fig. 13 Forest plot for early ODI score

ODI score with 1 mth

A total of 9 studies reported early ODI score [17-20,
22-26]. A total of 581 patients were included, including
271 patients in the UBE-TLIF group and 310 patients
in the MIS-TLIF group. Heterogeneity between the
two groups was low. (P<0.00001, 2=93%), and Meta-
analysis was performed using a fixed-effect model. The
analysis result showed a statistically significant differ-
ence at the last follow-up ODI between the two groups
(MD=-4.23; 95% CI (-6.73, —1.74); P=0.0009,
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Fig. 13). The ODI was significantly lower in the UBE-
LIF group compared to the MIS-TLIF group.

ODI score with 12 mths
A total of 9 studies reported ODI score at the last fol-

low-up [14, 17,

18, 20-25]. A total of 610 patients were

included, including 271 patients in the UBE-TLIF group
and 339 patients in the MIS-TLIF group. Heterogeneity
between the two groups was low. (P=0.82, I?’=0%), and
meta-analysis was performed using a fixed-effect model.
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The analysis result showed a statistically significant dif-
ference at the last follow-up ODI between the two groups
(MD=-0.65; 95% CI (-1.21, —0.08); P=0.03, Fig. 14).
The ODI was significantly lower in the UBE-TLIF group
compared to the MIS-TLIF group.

Postoperative lumbar lordosis

A total of 4 studies both reported the postoperative lum-
bar lordosis (LL) [20, 22, 25]. A total of 251 patients were
included, including 133 patients in the UBE-TLIF group
and 118 patients in the MIS-TLIF group. Heterogeneity
between the two groups was low (P=0.45, >=0%), and
meta-analysis was performed using a fixed-effect model.
The results of the analysis showed no statistically signif-
icant difference in the height of lumbar lordosis (LL) at
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the last follow-up between the two groups. (MD =0.66;
95% CI (—0.44, 1.57); P=0.15, Fig. 15).

Postoperative intervertebral disk height

A total of 3 studies both reported the intervertebral disk
height (IDH) [16, 20, 25]. A total of 195 patients were
included, including 105 patients in the UBE-TLIF group
and 90 patients in the MIS-TLIF group. Heterogeneity
between the two groups was low (P=0.44, I*=0%), and
Meta-analysis was performed using a fixed-effect model.
The results of the analysis showed no statistically signifi-
cant difference in the height of intervertebral disk height
(IDH) between the two groups. (MD=0.00; 95% CI
(-0.32,0.33); P=0.99, Fig. 16).

UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% Cl
Heo 2019 218 29 23 226 3.1 46 14.6% -0.80[-2.29, 0.69] -
Huang 2023 10.42 3.81 38 9.95 3.03 44 142% 0.47[-1.04, 1.98] T
Kim 2021 156 9.2 32 163 11.9 55 1.6% -0.70[-5.18, 3.78] - 1
Kong 2022 20.7 24 35 214 29 40 22.3% -0.70[-1.90, 0.50] 7T
Ma 2022 14.66 3.54 32 1544 22 43 16.6% -0.78[-2.17,0.61] -
Song 2022 138 46 28 155 49 28 52% -1.70[-4.19,0.79] -
Song 2023 13.36 4.23 25 155 45 24  54% -2.14[-4.59,0.31] - T
Yu 2023 199 22 23 203 24 18 15.8% -0.40[-1.83,1.03] e
Zhu 2021 15.73 5.69 35 16.51 6.46 41 4.3% -0.78[-3.51, 1.95] - 1
Total (95% CI) 271 339 100.0% -0.65[-1.21, -0.08] ’
Heterogeneity: Chi? = 4.44, df = 8 (P = 0.82); I = 0% - 1 o 5 5 5 1’0
Test for overall effect: Z = 2.24 (P = 0.03) UBE-TLIF MIS-TLIF

Fig. 14 Forest plot for ODI score at the last follow-up

UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI 1V, Fix 5% Cl
Kang 2021 34.35 12.59 47 37.46 10.88 32  3.0% -3.11[-8.32,2.10]
Kong 2022 505 36 35 50 38 40 29.5% 0.50[-1.18,2.18]
Song 2022 51.9 9.4 28 495 8.6 28 3.7% 2.40[-2.32,7.12]
Yu 2023 49.65 1.88 23 48.83 1.82 18 63.8% 0.82[-0.32, 1.96]
Total (95% ClI) 133 118 100.0% 0.66 [-0.24, 1.57]

Heterogeneity: Chi? = 2.64, df = 3 (P = 0.45); 12 = 0%

Test for overall effect: Z = 1.43 (P = 0.15)

Fig. 15 Forest plot for postoperative lumbar lordosis
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UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fix 5% Cl
Kang 2021 103 1.9 47 10.27 3.09 32 7.3% 0.03[-1.17,1.23]
Kong 2022 10.11 0.74 35 10.04 0.82 40 84.3% 0.07[-0.28,0.42]
Yu 2023 9.91 1.68 23 10.61 1.91 18 8.4% -0.70[-1.82, 0.42]
Total (95% CI) 105 90 100.0% 0.00 [-0.32, 0.33]
it Chi2 = - - .12 =09 t t t t t
Heterogeneity: Chi? = 1.66, df = 2 (P = 0.44); I = 0% M 5 0 2 4

Test for overall effect: Z=0.01 (P = 0.99)

Fig. 16 Forest plot for postoperative intervertebral disk height

UBE-TLIF MIS-TLIF
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UBE-TLIF MIS-TLIF Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Huang 2023 33.12 10.24 38 50.28 15.36 44 60.2% -17.16 [-22.75, -11.57] =
Song 2023 33.19 20.15 25 67.96 36.28 24 39.8% -34.77[-51.29, -18.25] =
Total (95% CI) 63 68 100.0% -24.18 [-41.08, -7.28] -
it 2 — . Chi2 = - = <12 = 749 k t + {
Heterogeneity: Tau? = 115.45; Chi? = 3.92, df = 1 (P = 0.05); I = 74% -100 -50 0 50 100

Test for overall effect: Z = 2.80 (P = 0.005)

Fig. 17 Forest plot for the CRP level on postoperative day 5

CRP level on postoperative day 5

A total of 2 studies both reported the CRP level on post-
operative day 5 [23, 24]. A total of 131 patients were
included, including 63 patients in the UBE-TLIF group
and 68 patients in the MIS-TLIF group. Heterogene-
ity between the two groups was low (P=0.05, I>=74%),
and meta-analysis was performed using a random-effect
model. The results of the analysis showed no statistically
significant difference in the CRP level on postoperative
day 5 between the two groups. (MD=-24.18; 95% CI
(—41.08, —7.28); P=0.005, Fig. 17).

Heterogeneity analysis and publication bias

Meta-analysis results of this study showed high het-
erogeneity in operative time, intraoperative blood loss,
postoperative drainage, duration of hospital stay, early
postoperative low back pain VSA score and early ODI
score. Sensitivity analysis was performed, and a ran-
dom-effect model was used to eliminate the effect of
partial heterogeneity at I>50%. Itemized exclusion of

UBE-TLIF MIS-TLIF

included studies, the heterogeneity remained high and
little changed, indicating that the Meta-analysis result
were relatively reliable and heterogeneity had little
impact on the results of this study. Funnel plots were
constructed to assess publication bias, and most stud-
ies are located in the upper part of the funnel plot and
are largely symmetrical, indicating acceptable publica-
tion bias in our analysis (Fig. 18).

Discussion

In recent decades, both UBE-TLIF and MIS-TLIF have
become the most widely used minimally invasive tech-
niques in the treatment of lumbar degenerative diseases,
but their relative efficacy and safety have yet to be deter-
mined. By systematically comparing their outcomes in
lumbar interbody fusion, our analysis suggested that
UBE-TLIF would be a viable alternative to MIS-TLIF
with better clinical outcomes with regard to earlier recov-
ery. In present study, we included 12 outcome indica-
tions: including operative time, intraoperative blood loss,
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Fig. 18 Funnel plot analysis for complication rate
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postoperative drainage flow, duration of hospital stay,
total complication rate, modified Macnab grading crite-
ria, fusion rate, VAS score, ODI score, postoperative CRP
level, lumbar lordosis, and intervertebral disk height to
compare the clinical efficacy of UBE-TLIF and MIS-TLIFE.

In terms of surgical outcomes, the present study
showed that there was a significant difference in the
operative time between the two groups, which appeared
to be longer in the UBE-TLIF group, this improvement
may attribute to the following reasons: First, extensive
searching for surgical landmarks, adequate decompres-
sion and percutaneous pedicle screw fixation under
the endoscope requires increased operative time, thus
increasing surgical risk. Second the control of intraopera-
tive blood loss and adjustment of the clarity of the sur-
gical field were essential factors affecting the operative
time [11, 22]. Finally, the UBE technique also requires
single-handed instrument handling which causes deli-
cate procedures to become more complex to execute and
complications such as dural tear and nerve root injury
could occur, especially for less-experienced surgeons
[15]. Learning curve studies by Chen [27] and Kim [28]
showed that surgeons with experience in open and endo-
scopic spine surgery, respectively, approximately 24 or 34
cases reached a stable surgical level and were proficient
in UBE technique to shorten the operative time. High
heterogeneity existed in operative time, which mag due
to the technique level of different surgeons and the uti-
lization of different instruments during surgery. Intraop-
erative blood loss and postoperative drainage flow were
significantly reduced in the ULIF group. There may be
the following reasons: First, Continuous saline irriga-
tion keeps the operative field clear, allows for compres-
sion of small vessel to stop hemorrhage [10, 29]. Second,
Unlike MI-TLIF, UBE-TLIF does not require placement
of a tubular retractor between the paravertebral muscles,
thus reducing direct ischemic injury to the muscles [10,
13, 30]. (3) Less blood loss due to intraoperative magni-
fication of the surgical field by the imaging system and
hemostasis of soft tissue using radiofrequency electrodes.
The high degree of heterogeneity in intraoperative blood
loss may be due to the operator’s control of bleeding dur-
ing the course surgical procedure and the different meth-
ods of calculating blood in different studies. For example,
gaze blood volume was calculated by weighing the gaze
before and after surgery and dividing it by the density
of the blood to convert to volume in Huang’s research
[23], which was not taken into account in the calculation
of blood loss in other studies. A total of 4 studies have
reported that intraoperative blood loss was determined
using aspirator suction, irrigation, and lavage volumes.
Preoperative and postoperative Hematocrit was meas-
ured in Jiang’s study [19], intraoperative blood loss was
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calculated as a product of preoperative blood volume and
Percentage of HCT loss. In the absence of infection, the
peak postoperative CRP value is assumed to reflect the
extent of tissue damage [31, 32]. CRP levels tend to peak
on POD three and decrease rapidly to baseline between
PODs ten and 14 [33]. UBE surgery is performed under
continuous fluid irrigation, we could use radiofrequency
ablation electrodes rather than electrocautery. This is a
potential advantage in reducing surgical site infections
because it has no surgical smoke and reduces wound
contamination. Additionally, UBE-TLIF is less thermal
injury to the paravertebral musculature and systemic
inflammatory response than using electrocautery in MIS-
TLIF. Huang [23] and Song [24] reported lower CRP lev-
els in the UBE-TLIF group which also demonstrated that
BE-LIF surgery can reduce damage to soft tissues and
decrease the inflammatory response.

In terms of postoperative recovery effects, the UBE
technique can short duration of hospital stay, and
increase patient satisfaction. UBE is less stripping of soft
tissues, while continuous saline irrigation reduces the
production of inflammatory factors, which will benefit
the patient in getting out of bed as soon as possible after
surgery and functional recovery exercise. There is a high
degree of heterogeneity in the duration of hospitaliza-
tion, probably due to differences in social health insur-
ance systems, individual physical difference and the type
and length of conservative treatment, such as oral medi-
cation, physical therapy, and selective nerve root block.
According to the modified MacNab criteria the excellent
and good rates were 89.5% in UBE-TLIF and 87.8% in
MIS-TLIF at last follow-up, there was no significant dif-
ference between the two groups. This indicates that both
techniques are safe and effective.

Another major concern regarding the lumbar inter-
body fusion procedure is related complication. Although
no significant difference was found in the overall com-
plication rate of both UBE-TLIF (6.42%) and MIS-TLIF
(8.14%), it is worth mentioning that UBE-TLIF seems to
have a higher risk of potential nerve and vascular dam-
age (Table 3). Zhu et al’s [34] report showed that nerve
tissue injury is considered to be the most significant
complication of the UBE technique, with dural tears and
nerve root injuries being the most common. For surgeons
who perform the UBE technique in the early stage, cases
with unilateral symptoms and mild degeneration were
selected. The UBE technique can reduce tissue damage
but requires skillful application of UBE techniques to
avoid the adverse effects of prolonged surgery. The UBE
has a reportedly good decompression effect without
affecting the surgical safety, which maybe an alternative
to conventional microsurgical decompression [35].
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Pain improvement in the back and leg after lumbar
spine surgery is also a critical outcome for deciding the
surgical technique. Intraoperative dissection and par-
aspinal muscle retraction cause atrophy and denervation
of subsequent muscles, thus increasing the possibility of
postoperative low back pain. Heemskerk et al. [36] have
reported that paravertebral muscle damage during sur-
gery is closely related to the pressure of muscle retraction
and duration of the retractor. The MIS-TLIF technique
was performed using a Quadrant retractor system, and
the surgery was completed with direct vision assisted by
a channel. To ensure the surgical field, overstretching of
the paravertebral muscles is usually unavoidable and can
easily lead to local muscle ischemia and postoperative low
back pain. Unlike MIS-TLIF, UBE-TLIF does not require
placement of a tubular retractor between the paraspi-
nal muscle. UBE technique establishes the observation
and operation channels on the trigone of the multifidus
muscle, which completes decompression of the spinal
canal and intervertebral fusion. These two independent
channels do not interfere with each other, and offer high
flexibility and a wide field of view, which can effectively
decrease traction and injury of the paravertebral mus-
cles. In this study, the UBE-TLIF group VAS scores for
low back pain and ODI scores were considerably lower
1 month after surgery than those of the MIS-TLIF group,
indicating that the UBE-TLIF technique can effectively
reduce the damage to the paravertebral muscles and the
destruction of bone tissue, relieve postoperative low back
pain and accelerate postoperative recovery. The effect of
decompression is associated with the degree of recovery
from leg pain after spinal surgery. Our study shows no
significance difference in the VAS scores for leg pain from
1 month and 1 year after surgery. The UBE technique
involves the use of an endoscope, which can be advanced
adjacent to the lesion tissue and even into the lateral
recess or intervertebral foramen. A smaller distance from
the lesion improves the safety of surgical decompression
and reduces the degree of laminectomy and better pres-
ervation of the facet joints. VAS and ODI are subjective
metrics, and heterogeneity stems mainly from individual
differences, with patients having different pain tolerances.

Radiological outcomes are the primary outcome meas-
ures used when deciding the surgical techniques for lum-
bar fusion surgery, where several factors are considered,
including restoration of disk height, achievement of lor-
dosis angle, and fusion rate. There was no significant dif-
ference between the two groups in terms of LL, IDH and
fusion rate. Fusion rate is one of the most critical out-
comes in evaluating efficacy, most of the literature reports
that anterolateral and flexion—extension plain radiography
and computed tomography (CT) were performed, and
fusion rates were assessed by radiologists according to the
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Bridwell grading system, with grades I and II defined as
spinal fusion. Some studies have reported that continu-
ous saline perfusion flushing of the fusion bed within the
intervertebral space during BE-LIF surgery, which leads
to decreased blood supply and osteogenic factors, may
lead to decreased fusion rates [16, 37]. In present study,
the fusion rate was 88.6%% in the UBE-TLIF group and
88.4% in the MIS-TLIF group, both groups achieved good
fusion rates and did not differ. The fusion rate at 1 year
after surgery confirmed the non-inferiority of BE-TLIF
compared to MT-TLIF. Additionally, preparation of the
endplate implant bed is important in intervertebral inter-
body fusion and endplate bleeding is a sign of adequate
preparation. Conventional spinal fusion procedures such
as MIS-TLIE, rely on manual handling of the endplates,
which may result in insufficient handling of the carti-
laginous endplates or damage to the bony endplates [17].
Endoscopic procedures allow the operator to directly vis-
ualize and manipulate the endplate, establishing a favora-
ble environment for the next implant fusion procedure.

Limitation

This study still has some limitations: (1) the number of
studies included in this Meta-analysis is small and they
are all retrospective studies with a relatively low level of
evidence; (2) the follow-up time is about 1 year and there
is a lack of long-term controlled studies of clinical effi-
cacy; (3) almost all necessary outcomes were included
and analyzed in this study, but some secondary outcomes
could not be assessed in this study because of insufficient
inclusion. Therefore, large samples and multicenter con-
trolled clinical studies are needed, especially high-quality
RCTs and long-term follow-up results in confirming the
advantages of UBE-TLIF in spine surgery.

Conclusion

Based on our analysis, we conclude that UBE-LIF has
more advantages in in terms of reduced intraoperative
tissue injury and rapid postoperative recovery. Mean-
while, UBE is a new technique that can achieve the
similar clinical results and does not produce more seri-
ous complications as MIS-TLIF. Therefore, UBE-TLIF is
more beneficial to patients and offers a new and viable
option for spine surgeons to perform lumbar fusion sur-
gery. Further high-quality randomized controlled studies
are needed to further confirm these results.
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