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Unilateral biportal endoscopic lumbar G

interbody fusion (ULIF) versus minimally
invasive transforaminal lumbar interbody fusion
(MI-TLIF) for the treatment of degenerative
lumbar spondylolisthesis: a retrospective
analysis

Zhicheng Zhu'", Banglin He?", Jifu Sun®’, Liqun Lin', Chen Meng?, Yan Sun?, Chao Jiang® and Yonghui Huang?

Abstract

Objective This study retrospectively compared the early clinical and imaging outcomes of the single-level Meyerd-
ing Grade | degenerative lumbar spondylolisthesis (DLS) between unilateral biportal endoscopic lumbar interbody
fusion (ULIF) and minimally invasive transforaminal lumbar interbody fusion (MI-TLIF) using an expandable tubular
retractor system under a surgical loupe.

Methods This was a retrospective study. This study included fifty-five patients, with twenty-eight underwent ULIF
and twenty-seven who underwent MI-TLIF at the Affiliated Hospital of Jiangsu University from June 2020 to July 2021.
Demographic characteristic, surgical parameters, laboratory results, and clinical and imaging outcomes were collected
and compared between the two groups.

Results In our retrospective study, the ULIF group was superior in terms of the mean total blood loss, intraopera-
tive blood loss than MI-TLIF (P< 0.05). However, there was no statistically significant difference in hidden blood loss
between the two groups (P> 0.05). Moreover, the mean operative time was significantly longer than in the ULIF
group in the MI-TLIF group (P < 0.05). The mean CK and CRP levels on the first postoperative day were significantly
lower in the ULIF group (P<0.001). All clinical scores improved significantly after the operation in both groups. The
VAS back score for pain at two weeks and 1 month postoperatively was significantly lower in the ULIF group (P < 0.05).
There was no significant difference between the two groups in the change in the dural sac cross-sectional area
preoperatively or at the final postoperative follow-up. The fusion rate was significantly greater in ULIF at 6 months
after the operation (P <0.05).

Zhicheng Zhu and Banglin He contributed equally to this work (co-first
author).

*Correspondence:

Jifu Sun

sunjf456@163.com

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-025-08777-8&domain=pdf

Zhu et al. BMC Musculoskeletal Disorders (2025) 26:526

Page 2 of 10

Conclusion Compared to MI-TLIF, the ULIF technique has the advantages of less hemorrhage, less inflammation,
and earlier fusion. However, this approach has a limited operation time. However, further clinical outcomes need to be

followed up in the longer term.

Keywords Degenerative lumbar spondylolisthesis, Minimally invasive surgery, Unilateral biportal endoscopy,

Transforaminal lumbar interbody fusion

Introduction

Degenerative lumbar spondylolisthesis (DLS) is a preva-
lent condition that causes low back pain [1]. If patients
do not tolerate back pain and radiating leg pain or do
not respond to conservative treatment, surgery becomes
a more aggressive option. Surgical intervention aims to
decompress the spinal canal and stabilize the involved
segments [2]. Lumbar interbody fusion is used to treat
degenerative lumbar spondylolisthesis [3, 4]. Since Foley
et al. first introduced minimally invasive transforaminal
lumbar interbody fusion (MI-TLIF) surgery, this tech-
nique has been widely developed as a prevalent surgical
method for DLS. Studies have reported that MI-TLIF
has several advantages such as improvements to surgi-
cal injury, postoperative pain and postoperative hospital
stays [5-7]. Recently, unilateral biportal endoscopic lum-
bar interbody (ULIF) has attracted particular attention
because of its ability to achieve its adequate decompres-
sion of the spine and nerve root under clear and magni-
fied conditions in water media [8—10]. Therefore, the
main aim of the present research was to compare early
clinical and imaging outcomes between ULIF and MI-
TLIF. The results of this research will provide a reference
for the treatment of DLS.

Methods

Patients

This was a retrospective study. Twenty-eight patients
who underwent ULIF and twenty-seven who underwent
MI-TLIF from June 2020 and July 2021 at the Affiliated
Hospital of Jiangsu University were included. The study
was approved by the Ethics Committee of the Affili-
ated Hospital of Jiangsu University (KY2024K0204). The
inclusion criteria were (1) patients diagnosed with one-
level Meyerding grade I DLS (defined as a subluxation of
the vertebral body above the vertebral body below less
than 25% on X-ray); (2) patients who had back pain with
radiation leg pain in the lower limb and with or without
neurogenic claudication; (3) patients whose symptoms
persisted for at least 3 months despite conservative treat-
ment; (4) patients who underwent a follow-up period of a
minimum of 1 year after the operation. Patients who had
a history of other spinal surgeries, infection, severe coag-
ulopathy, or ankylosing spondylitis were excluded.

Surgical technique for ULIF

After general anesthesia, the patient was placed
prone on a radiolucent table. The lesion spine seg-
ment was confirmed under anteroposterior and lateral
fluoroscopic imaging. Two transverse skin incisions
were made on the affected side. Taking the left-sided
approach as an example, the endoscopic incision is
located at the outer edge of the upper pedicle, and the
working incision is located at the level of the target seg-
ment’s intervertebral space. the observation port meas-
ures 0.5 cm, and the operating port measures 1.5 cm.
Depending on the patient’s physique and the surgical
segment, the two incisions are spaced 1.5-2.5 cm apart
(Fig. 2A). Sequential dilators were inserted to establish
two tubular operative portals. A 30° endoscope was
inserted through the viewing portal to observe surgical
fields (Fig. 2B). Continuous saline is placed at a height
of 70-100 cm from the incision and relies on gravity to
flow from the endoscope portal to the working portal.
A radiofrequency probe was inserted from the work-
ing portal to remove soft tissues and to coagulate the
vessel. Until the ipsilateral lamina and facet joint were
identified via endoscopic view, diamond drills, oste-
otomes and curettes were used to perform ipsilateral
laminectomy and facetectomy. After the ligamentum
flavum was removed, the exiting and traversing neural
roots were exposed and Kambin’s triangle was identi-
fied (Fig. 1A). If patients were also symptomatic on the
contralateral side, contralateral spinal canal and nerve
root decompression were performed (Fig. 1BCD).
Then, suitable ring curettes, endplate curettes, and
pituitary forceps were used for the preparation of the
endplate (Fig. 1F). Autologous bone fragments and allo-
genic bone dowel were filled into the target interverte-
bral space with the help of a specialized funnel. After a
retractor was used to protect the exiting root, a suitable
interbody fusion cage (PEEK, WEGO ORTHO) was
inserted under fluoroscope guidance (Fig. 1GH). After
hemostasis was achieved using a radiofrequency probe,
the endoscope was removed. Then, bilateral pedicle
screws were placed into the adjacent upper and lower
vertebral bodies and the titanium rods were connected
under C-arm fluoroscopic guidance. Finally, to prevent
postoperative epidural hematoma, the incisions were
closed after the insertion of a small drainage catheter.
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Fig. 1 Intraoperative endoscopic images: (A) the Kambin triangle; (B) the partial base of the spinous process was ground with a diamond drill
to expose the contralateral field of view; (C) the inner margin of the contralateral superior anticular was removed to compress the contralateral
lateral recess with a curved osteotome; (D) the contralateral traversing root was exposed and depressed; (E) the bilateral depression

including the bilateral traversing root; (F) the cartilaginous endplate was removed completely; (G) the cage with tied autologous bone fragments
was inserted; (H) the position of the inserted cage

Fig. 2 AThe incision design for ULIF surgery involves a left-sided approach, with a short red line segment representing the endoscopic channel

and a longer red line segment representing the working channel; (B) Intraoperative overview in ULIF; (C) Post-ULIF surgery incision image. D MI-TLIF

Intraoperative overview in MI-TLIF

Surgical technique for MI-TLIF

The patient was placed in a prone position, under gen-
eral anesthesia (Fig. 2). All procedures were performed
under surgical loupe magnification. The involved lum-
bar segment was identified through a C-arm fluoroscope.
Then, the locations of the incisions and surface projec-
tions of the bilateral pedicles on the skin were marked. A
longitudinal incision was made at the affected ipsilateral
pedicle line. Then the skin was incised and the soft tissue
between the longissimus and multifidus muscles was dis-
sected. An expandable tubular retractor was inserted to
obtain sufficient view. Then ipsilateral laminectomy and

facetectomy were performed using conventional surgical
devices. If patients were also symptomatic on the con-
tralateral side, contralateral exploration and decompres-
sion of the spinal canal and nerve root were performed.
After discectomy was performed, the endplate was pre-
pared. Autologous and allografts bone fragments were
inserted into the intervertebral space using a specialized
funnel. A suitable interbody fusion cage (PEEK, WEGO
ORTHO) was inserted under fluoroscope guidance Bilat-
eral percutaneous instrumentation of the pedicle screws
and rods was applied under C-arm fluoroscope guidance.
Finally, the incisions were closed after the bleeding was
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controlled and a small drainage catheter was inserted
(Fig. 2C).

Clinical and imaging evaluations

Patient demographic dates such as age, sex, BMI, smok-
ing status and levels involved were collected. Moreover,
indicators including total blood loss (TBL), intraopera-
tive blood loss (IBL), hidden blood loss (HBL), operation
time, length of postoperative hospital stay, and drainage
volume at two days after surgery were evaluated. The cal-
culation of total blood loss is performed using the Gross
formula [11]. Total blood loss=PBV X (Hect,,—Hct,.)/
Hct,,.. The patient’s blood volume (PBV) was determined
utilizing the formula as outlined by Nadler et al. [12]:
PBV =Kkl xheight (m)3+k2xweight (kg)+k3; where
k1=0.3669, k2=0.03219, and k3=0.6041 for men, and
k1=0.3561, k2=0.03308, and k3=0.1833 for women.
The Hctpre denoted the initial preoperative hemato-
crit (Hct) level, while Hctave represented the mean of
the Hctpre and the Hctpost values. The postoperative
hematocrit was measured on postoperative day 1. Due to
the presence of physiological saline during ULIF, which
complicated the calculation of intraoperative blood loss
(IBL), the IBL associated with ULIF was assessed exclu-
sively based on the weight of gauzes employed during
the percutaneous pedicle screw insertion. IBL of MI-
TLIF was estimated by the anesthetist and included the
blood in the suction bottles (deducting the lavage fluid)
and in the weighed gauzes that were used during the
surgery. HBL was calculated using the method of Sehat
et al. [13]. No blood transfusions were performed, thus
HBL=TBL - (IBL+ postoperative drainage volume).
The following laboratory parameters were evaluated:
creatine kinase (CK), and C-reaction protein (CRP) lev-
els before and one day after surgery. Clinical outcomes
were assessed using visual analog scale (VAS) scores for
leg and back pain and Oswestry Disability Index (ODI)
scores preoperatively and at each follow-up after surgery.
For the imaging outcomes, the expansion of the dural sac
cross-sectional area (DSCSA) on T2-weighted magnetic
resonance images was measured preoperatively and at
the final postoperative follow-up. The intervertebral disc
height (IDH), slip percentage (SP), segmental lordosis
angle (SLA), and lumbar lordosis angle (LLA) on X-ray
images were compared between the two groups preoper-
atively and at the final postoperative follow-up. The IDH
was determined by averaging the heights of the ante-
rior and posterior edges of the vertebrae at the level of
the disc. The SP was determined by calculating the ratio
between the overhang distance of the superior vertebral
body and the diameter of the inferior vertebral body.
Using the Cobb method, SLA was measured between
the superior endplate line of the upper vertebra and the
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inferior endplate line of the lower vertebra. The LLA was
defined as the angle subtended by the upper plane of the
L1 lumbar vertebra and the upper plane of the S1 sacral
vertebra. The fusion rate assessment was conducted by
two independent experienced radiologists on postopera-
tive CT scans at 6 months and 1 year after surgery, using
the Bridwell interbody fusion grading system. Bridwell
interbody fusion grading system: Grade I is defined as
a reconstruction with remodeling and the presence of
trabeculae; Grade II is an intact graft with incomplete
remodeling; Grade III is an intact graft with lucency pre-
sent at either the cranial or caudal end; Grade IV is the
absence of fusion with collapse or resorption of the graft.
We define Bridwell Grades I and II as indicative of a suc-
cessful fusion.

Statistical analysis

Statistical analysis was performed by using SPSS software
version 25 (SPSS Inc, IBM). The measurement data are
presented as means * standard deviations. If the continu-
ous data met the assumptions of normality and homo-
geneity of variance, Student’s t test was used; otherwise,
the Mann-Whitney U test was employed. Repeated
measures analysis of variance was utilized to compare
two groups across multiple time points. The enumera-
tion data are shown by percentages and ratios, and group
comparisons were performed using the chi-square test or
Fisher’s exact test. P-values less than 0.05 were consid-
ered to indicate a statistically significant difference.

Results

Demographic characteristics

All fifty-five patients who met the recruitment crite-
ria were enrolled with 28 at ULIF and 27 at MI-TLIE. A
typical case is shown in Fig. 3. All patients were regu-
larly followed up for at least 1 year after surgery in the
ULIF group (14.1+1.4 months) and MI-TLIF group
(14.7 £1.6 months), without loss to follow-up in either
group. There was no significant difference in age, sex
ratio, BMI, smoking status, degree of osteoporosis or lev-
els involved between the two groups (Table 1).

Operation parameters

Postoperative analysis revealed significantly greater
total blood loss in the minimally invasive transforami-
nal lumbar interbody fusion (MI-TLIF) group, with
an average of 349.37+55.87 ml, compared to the uni-
lateral biportal endoscopic lumbar interbody fusion
(ULIF) group, which had an average of 237.19 + 63.47 ml
(p<0.001). Similarly, intraoperative blood loss (IBL)
was markedly higher in the MI-TLIF group, averaging
84.22+£49.37 ml, than in the ULIF group, with an aver-
age of 18.29+26.53 ml (p<0.001). However, there was
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Fig. 3 A 60-year-old female patient who underwent ULIF surgery. A, B Preoperative antero-posterior and lateral radiographs. C Preoperative
transverse CT scan. D, E Preoperative sagittal and axial axial T2-weighted MR image; (F, G) Postoperative antero-posterior and lateral radiographs; (H)
Postoperative CT scan. (I, J) Postoperative sagittal and axial T2-weighted MR images

Table 1 Demographic characteristics of the two groups

ULIF group (28) MI-TLIF group (27) P value
Age (years) 642+54 65.7+48 0.284
Sex (Male/Female) (12/16) (13/14) 0.789
BMI (kg/m?) 24.89+2.08 24.86+1.63 0.964
Level involves
L3/4 2 1
L4/5 14 13 0.822
L5/51 12 13
Smoking(yes/no) (16/12) (20/7) 0.187
degree of osteoporosis (DXA)
T>-1 12 9
-2.5<T=A1 10 13 0.640
T=-25 6 5
Course of disease 123435 113+19 0.180
(months)
Follow-up time 141+14 147+1.6 0.144

(months)

BMI Body mass index

no statistically significant difference in postoperative
drainage volumes between the MI-TLIF group, averag-
ing 110.36£46.20 ml, and the ULIF group, averaging
92.36+49.23 ml (p>0.05). Furthermore, there was no
statistically significant difference in hidden blood loss
between the MI-TLIF group, averaging 154.78 +76.24 ml,
and the ULIF group, averaging 126.55+59.29 ml
(p>0.05). However, the operation time in the ULIF
group (135.91+23.03 min) was significantly longer than
that in the MI-TLIF group (119.22+20.26 min). The
CK level at 1 day postoperatively in the MI-TLIF group
(307.97 £29.83U/L) was significantly higher than that in
the ULIF group (251.21+18.53 U/L) (p<0.05). The MI-
TLIF group (24.15+6.70 mg/l) had significantly higher
CRP levels at 1 postoperative day than did the ULIF
group (18.90+4.49 mg/l) (p<0.05). There was no sig-
nificant difference in the length of postoperative hospital
stay between the MI-TLIF group (8.48+3.00 days) and
the ULIF group (8.04+2.49 days) (p>0.05). In our study,
there was only one case of dural tear in the ULIF group,
with no occurrences of complications such as epidural
hematoma, postoperative radiating leg pain, or infec-
tion. There was only one dural tear occurred in the ULIF
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group, and that in this case, endoscopic manipulation
was quickly terminated within 20 min as per our proto-
col. Since the tears were less than 4 mm and there was
no herniation of the cauda equina, we did not perform
suturing or other special treatments. The patients did
not exhibit symptoms such as postoperative headache or
nausea, which are indicative of high spinal pressure. The
drainage tube was retained for 2 days after surgery, with
no obvious cerebrospinal fluid leakage (Table 2).

Clinical outcomes

Compared with those in the preoperative period, all
clinical outcome scores at the both groups improved at
all postoperative follow-up points. The ULIF group had
significantly lower VAS back pain scores than the MI-
TLIF group at 2 weeks and 1 month postoperatively
(P<0.05, P<0.05). However, there was no significant dif-
ference between both the two groups in terms of the VAS
score for back pain at 3 months or 1 year postoperatively,
and there was no significant difference between the two
groups in terms of the VAS score for leg pain or the ODI
at any postoperative follow-up (Table 3).

Imaging outcomes

There was no significant difference in the mean expansion
of the DSCSA between the ULIF group (69.70+ 14.66
mm?) and MI-TLIF group (72.10+13.71 mm?). All the
parameters of the SP, SLA, and LLA in both groups at
postoperative follow-up were significantly different from
those at preoperative follow-up (P<0.05). No significant
difference between the two groups was found in the IDH,
SP, SLA, or LLA (P>0.05). Lumbar fusion was evaluated
by the Bridwell anterior interbody fusion grading sys-
tem. Lumbar fusion was defined as the Bridwell grade I
and II. The fusion rates were 85.7%, and 96.4% in ULIF

Table 2 Comparison of surgical data and laboratory results
between the two groups

ULIF group (28) MI-TLIF group (27) P value
Operative time(mins)  135.91+23.03 119.22+20.26 <0.05*
Hospital stay (days) 8.04+249 8.48+3.00 0.232
TBL (ml) 237.19+6347 349.37+£55.87 <0.001*
IBL (ml) 18.29+26.53 84.22+4937 <0.001*
Drainage volume(ml)  9236+49.23 110.36+46.20 0.168
HBL (ml) 126.55+59.29 154.78+76.24 0.130
Preop CK level (1U/1) 80.24+29.53 83.74+34.23 0.687
Postop 24h CKlevel ~ 25121+18.53 307.97+29.83 <0.001*
Preop CRP level(mg/l) 3.17+1.71 3.69+2.10 0311
Postop 24h CRP level 18.90+4.49 24.15+£6.70 0.001*

CK Creatine kinase, CRP C-reactive protein, TBL Total blood loss, IBL
Intraoperative blood loss, HBL Hidden blood loss
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Table 3 Comparison of clinical outcomes between the two

groups

ULIF group (28)  MI-TLIF group (27)  Pvalue
VAS for leg pain
preop 6.97+1.21 701+1.24 0.897
Postop 2 weeks 3.84+0.85 4.16+0.69 0.143
Postop 1 month 3.03+0.65 3.00+0.71 0.877
Postop 3 months 2.09+045 2.29+0.71 0.266
Final leg VAS 1.61+£0.65 1.77+0.76 0409
VAS for back pain
Preop 6.73+£0.95 6.77+1.00 0.885
Postop 2 weeks 3.09+£0.97 4.06+1.20 <0.05*
Postop 1 month 2.90+0.96 348+0.70 <0.05*
Postop 3 months 1.97+£0.85 2211044 0233
Final back VAS 1.61+£0.36 1.76+0.56 0.226
oDl
Preop 64.54+3.40 64.85+2.92 0.653
Postop 2 weeks 34.00+2.61 32.59+2.386 0.070
Postop Tmonth 27.75£222 2852+191 0.160
Postop 3months ~ 19.86+2.48 20.89+2.14 0.125
Final ODI 8.04+2.53 9.00+2.24 0.202

VAS Visual analog scale, ODI Oswestry Disability Index

patients and 59.3%, and 92.3% in MI-TLIF patients at
6 months and 1 year postoperatively, respectively. The
fusion rate was statistically greater in ULIF group than in
the MI-TLIF group at 6 months postoperatively (p <0.05),
but there was no significant difference between the two
groups at 1 year postoperatively (Table 4) (Figs. 3 and 4).

Discussion

Degenerative lumbar spondylolisthesis (DLS) is a
common and frequently-occurring disease in elderly
individuals. For patients with DLS, the most com-
mon symptom is low back pain with radiating pain or
intermittent claudication [1]. Lumbar decompression
and fusion have been proven to be the most effective
methods for treating DLS. According to the surgical
approach, methods such as posterior lumbar interbody
fusion (PLIF), transforaminal lumbar interbody fusion
(TLIF), oblique lumbar interbody fusion (OLIF), ante-
rior lumbar interbody fusion (ALIF), and lateral lum-
bar interbody fusion (LLIF) have been widely applied
[4]. In recent years, lumbar surgery has developed
from conventional open surgery to minimally invasive
surgery [14]. The MI-TLIF technique using a tubular
retractor has been widely applied to prevalent surgical
methods since Foley was first introduced [5, 6]. A few
studies have reported that MI-TLIF offers benefits such
as lower blood loss, earlier recovery, and fewer deep
wound infections compared to conventional TLIF [15,



Zhu et al. BMC Musculoskeletal Disorders (2025) 26:526

Table 4 Comparison of imaging outcomes between the two
groups

ULIF group (28) MI-TLIF group (27) P value

Preop DSCSA (mm?)  69.70+14.66 7210+13.71 0.534
Postop DSCSA (mm?)  175.83+58.76 166.87+37.93 0.506
Expansion of DSCSA  106.87+37.93 94.77 £32.09 0.341
Preop IDH (mm) 712+137 7.84+183 0.108
Postop 1 year IDH 1047 +0.69 1033221 0.751
(mm)

Preop SP (%) 11.07+£3.70 10.17+£4.16 0.399
Postop 1 year SP (%) 3.67+145 358+1.34 0.818
Preop SLA (°) 7.09+293 8.57+281 0.063
Postop 1yearSLA(°)  10.32+234 11.01+£3.58 0405
Preop LLA (%) 31.15+£955 31.13+878 0.995
Postop 1year LLA(°)  35.80+4.11 3467+647 0442
Fusion rate (%)

Postop 6 months 85.7% (24/28) 59.3% (16/27) 0.037*
Postop 1 year 96.4% (27/28) 92.3% (26/27) 0.979

Preop Preoperative, Postop 1 year Postoperative 1 year, DSCSA Dural sac cross-
sectional area, IDH Intervertebral disc height, SP Slip percentage, SLA Segmental
lordosis angle, LLA Lumbar lordosis angle

16]. However, the operation is restricted by the use of
a long tubular retractor in the limited field of view and
space available for the MI-TLIF technique [17]. Soli-
man introduced the biportal endoscopy technique with
two independent channels for operation and viewing
and with continuous fluid irrigation [18]. A few stud-
ies have reported that the biportal endoscopy tech-
nique can be used to treat DLS [10, 17]. ULIF surgery
offers less bleeding and earlier postoperative recovery
[13, 19-22]. Early clinical and imaging outcomes were
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compared between ULIF surgery and MI-TLIF surgery
in this study.

In our retrospective study, the ULIF technique was
superior in terms of total blood, intraoperative blood loss.
This finding was similar with that of Huang et al. [21]' To
our knowledge, the reasons for this can be explained as
follows. Under a magnified endoscopic view, blood ves-
sels become visible, and hemostasis became effective
using the radiofrequency electrotome, especially for both
the epidural and the vertebral venous plexus. Then, the
ULIF technique was performed under continuous irri-
gation saline, which could keep the endoscopic views
clear. However, hidden blood loss during ULIF surgery
is a complication that cannot be ignored. Hidden blood
loss (HBL) can be attributed to several factors, including
extravasation of blood into tissue compartments, and oxi-
dative damage to red blood cells (RBCs) and hemoglobin
mediated by free fatty acids [23, 24]. Peng et al. reported
that the mean hidden blood loss was 227.86+221.75 mL
in ULIF surgery [22]. In our study, the hidden blood loss
for ULIF and MI-TLIF surgeries were 126.55+59.29 ml
and 154.78+76.24 ml, respectively. There was no sig-
nificant difference in hidden blood loss between the two
groups. This result differs from the study by Huang et al.
[21]. These differences can be explained by the following
reasons: 1) The continuous drainage during ULIF surgery
may have led to the neglect of blood loss in the surgi-
cal suction device. 2) During the exposure of the surgi-
cal field under endoscopy, it is necessary to continuously
use radiofrequency, and bleeding under endoscopy can
severely affect the field of view, thus requiring continu-
ous radiofrequency coagulation during surgery. In our
study, postoperative hematocrit was measured uniformly
on postoperative day 1. While measuring hematocrit too

Fig.4 A, B At six months postoperatively, the CT scans in the sagittal and coronal planes showed an intact graft with incomplete remodeling,

3
3

classified as a Grade Il fusion; (C, D) at one year postoperatively, the CT scans in the sagittal and coronal planes demonstrated reconstruction
of the trabeculae between the upper and lower endplates, classified as a Grade | fusion
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early-before fluid balance is fully restored and hemodilu-
tion occurs-can lead to relatively higher hematocrit val-
ues and thus underestimate true and hidden blood loss,
the standardized perioperative fluid replacement and
consistent timing of hematocrit measurement across
both groups ensure that the comparison of blood loss
between them remains reliable.

In the present study, the mean postoperative drainage
volume was 92.36+49.23 mL in the ULIF group which
was not significantly different from that in the MI-TLIF
group. This outcome is contrary to that of Kang et al.
[19]. In contrast with MI-TLIF, due to the extensive use
of irrigation fluid during ULIF surgery, postoperative
drainage primarily consists of residual fluid and small tis-
sue fragments from the flushing process, rather than pre-
dominantly blood-tinged irrigation fluid. Therefore, the
actual blood drainage volume was less than the postop-
erative wound drainage volume we described in the ULIF
group.

In our study, the levesl of CK and CRP after surgery
were significantly lower in ULIF patients than MI-TLIF
group at 24 h after surgery. The serum enzyme level has
been shown to be significantly related to the duration and
intensity of paraspinal muscle contractions [25]. Some
studies have suggested that this increase in muscle dam-
age commonly observed when tubular retractors are
used in MI-TLIF may cause excessive traction [26]. How-
ever, the ULIF technique, whichuses two different por-
tals, allows the paravertebral muscles are stripped from
the posterior vertebral body structure without excessive
stretching. Additionally, the UBE technique can cause
less iatrogenic muscle injury. Due to the use of endo-
scopic technology in ULIF surgery, it is only necessary to
create an incision to facilitate the entry of instruments,
and there is no need for extensive cutting and stripping
of paraspinal muscles such as the multifidus muscle to
provide a surgical view, because ULIF surgery causes less
damage to the paraspinal muscles. In addition, continu-
ous fluid irrigation can wash the released inflammatory
mediators in the vertebral interbody space which may
produce an inevitable systemic inflammatory response
[27].

However, the operation time in the ULIF group was
longer in this study. The factors that prolong the opera-
tion time may be that bleeding from small blood vessels
and the bone surface during surgery affects the surgical
visual field. Careful intraoperative hemostasis using the
radiofrequency electrotome to ensure a clear surgical
field becomes important. Moreover, many studies have
reported that the UBE technique requires a longer fluor-
oscopy time [28]. O-arm total navigation assistive ULIF
technology can help reduce fluoroscopy time [29] A long
learning curve in ULIF may be another reason for the
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longer operation time when the surgeon is not familiar
with the anatomical structure marks under the endo-
scope. Kim et al. reported that the operation time leveled
off until the surgeon performed the 34th operation [30]
The ULIF technique has advantages for the surgeons with
endoscopic experience.

The clinical outcomes of the two groups improved
postoperatively compared to those in the preoperative
period in this study. The results demonstrate that both
surgeries can improve symptoms. However, the VAS
score for back pain in the early postoperative period
was significantly lower in the ULIF group than in the
MI-TLIF. These findings are similar to those of previous
studies [19, 31, 32]. The ULIF technique can minimize
damage to the soft and bone tissue of the back after suffi-
cient decompression. This approach is beneficial for early
postoperative recovery.

In this study, the expansion of the DSCSA on MRI pre-
operatively and postoperatively at two weeks is improved
after surgery in both groups. However, there was no sig-
nificant difference between the two groups. This find-
ing might be explained by the fact that the two surgical
methods could achieve sufficient decompression of the
central spinal canal. Moreover, to our knowledge, the
ULIF technique uses two different portals and obtains a
wider surgical field, especially on the contralateral side
of the spinal canal and the contralateral nerve root. The
ULIF has important strengths of the contralateral lateral
recess.

The results of this study indicated that the sagittal
parameters, such as the SLA, LL and SP improved in both
groups postoperatively compared with preoperatively.
Previous studies have indicated that effective reduction
of slip can improve postoperative sagittal spinal balance
[33] The maintenance of sagittal spinal balance is crucial
for ensuring postural stability and minimizing energy
consumption [34]. According to these findings, we can
infer that ULIF surgery can improve local and regional
sagittal balance.

Previous studies reported that the final fusion rate was
80%—-100% in ULIF surgery which is consistent with our
findings [31, 35]. In our study, the fusion rate was greater
in ULIF (85.7%) than in MI-TLIF (59.3%) at 6 months
post-surgery. At 1 year postoperatively, the fusion rates
between the two groups were not statistically significant.
During the 1-year follow-up after surgery, neither group
experienced pedicle screw loosening, graft dislodgement,
or implant failure. Most studies report that there is no
difference in the fusion rates between ULIF and MI-TLIF
at 1 year postoperatively [31], which is consistent with
our research. At present, there is a limited amount of lit-
erature studying the fusion rates at six months postopera-
tively for ULIF and MIS-TLIF surgeries. There have been
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reports that the radiographic fusion rate at 6 months
post-MI-TLIF is 83% [36], but in this study, the propor-
tion of patients with L5/S1 involvement was relatively
low, suggesting that the fusion rate for the L5-S1 segment
may be lower than that for other lumbar segments [37].
The preparation of the endplate is sufficient and safe in
the endoscopic visualization view without damaging the
endplate in the ULIF technique. Research has shown that
during the preparation of the endplate, complete removal
of the cartilaginous endplate while preserving the bony
endplate can lead to a higher rate of postoperative fusion.
In ULIF surgery, the endoscope is inserted into the
intervertebral space, allowing for careful observation of
the endplate preparation, as depicted in Fig. 1F. How-
ever, in MI-TLIF surgery, the surgeon is required to work
on the endplate in an air medium. Although assisted
by head-mounted magnifying glasses or a microscope,
intraoperative bleeding can easily obscure the view, lead-
ing to potential issues such as incomplete removal of the
cartilaginous endplate or damage to the bony endplate.
Moreover, continuous liquid flushing prevents thermal
burns to the vertebrae and endplates caused by thermal
energy. Adequate preparation of the endplate is achieved
until bleeding pot of the bone appears under endoscopic
view. An advantage of ULIF is that a favorable fusion
environment can be provided by completely removing
the cartilage portion.

However, there are several limitations in this study.
First, this was a retrospective study. This study is limited
by the short follow-up period and the small sample size.
Thus, a further studies including larger sample sizes and
long-term follow-up are needed. The fact that we did not
assess the inter- and intra-examiner measurement error
of the images is another limitation of our study.

Conclusion

Compared to MI-TLIF, the ULIF technique has the
advantages of less hemorrhage, less inflammation, and
earlier fusion. However, this approach is associated with
a longer operation time. However, further clinical out-
comes need to be followed up in the longer term.
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