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Unilateral biportal endoscopic lumbar
interbody fusion (ULIF) versus endoscopic
transforaminal lumbar interbody fusion
(Endo-TLIF) in the treatment of lumbar
spinal stenosis along with intervertebral disc
herniation: a retrospective analysis

Zuoran Fan', Xiaolin Wu?, Zhu Guo', Nana Shen? Bohua Chen'" and Hongfei Xiang"

Abstract

Objective This study aims to compare the clinical effects and imaging data of patients who underwent endoscopic
transforaminal lumbar interbody fusion (Endo-TLIF) with those who received unilateral biportal endoscopic lumbar
interbody fusion (ULIF).

Methods A retrospective analysis was conducted on the clinical data of 69 patients presenting with typical
intermittent claudication and signs and symptoms indicative of unilateral lower extremity nerve root compression,
meeting inclusion criteria between April 2022 and June 2022. Among the cohort, 35 patients underwent ULIF group,
while 34 patients underwent Endo-TLIF group. We compared perioperative parameters, including intraoperative
blood loss, duration of hospital stay, and operation time between the two groups. Pre-operative and post-operative
changes in the height and cross-sectional area of the target intervertebral space were also compared between the
groups. Finally, we evaluated bone graft size and interbody fusion rates at 6 and 12 months post-surgery using the
Brantigan scoring system.

Results The ULIF group had significantly shorter operative times compared to the Endo-TLIF group (P<0.05).
Conversely, the Endo-TLIF group exhibited significantly shorter hospital stays compared to the ULIF group (P <0.05).
However, there were no significant differences in intraoperative bleeding between the two groups (P> 0.05).
Furthermore, both groups exhibited postoperative increases in vertebral canal volume compared to baseline
(P<0.05), with no significant difference in the change in the cross-sectional area of the target intervertebral space
between the two surgical methods (P> 0.05). Interbody fusion rates were comparable between the two groups at
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the Endo-TLIF group (P<0.05).

more doctors in diverse medical fields in the future.

both 6 and 12 months after surgery (P>0.05). Lastly, the ULIF group had a significantly larger area of bone graft than

Conclusion In summary, the ULIF technique, as a novel spinal endoscopy approach, is a safer and more effective
minimally invasive surgical method for addressing lumbar spinal stenosis and intervertebral disc herniation in patients.
Both surgical methods have their own advantages and drawbacks. With the development of technology and related
instruments, the limitations of both techniques can be mitigated for to a certain extent, and they can be applied by

Keywords Lumbar spinal stenosis, Unilateral biportal endoscopy technique, Endoscopic transforaminal lumbar
interbody fusion, Health-related quality of life, Spinal canal volume, Rate of interbody fusion, Area of bone graft

Background

With the acceleration of the aging process and improve-
ments in living and working lifestyles among the Chinese
population, the incidence of lumbar degenerative dis-
eases has been steadily increasing. Among these condi-
tions, the prevalence of lumbar spinal stenosis (LSS) in
the elderly population is on the rise year by year. LSS
encompasses bony spinal stenosis, spinal canal soft tissue
hypertrophy, or a combination of both, leading to com-
pression of the spinal cord, nerve roots, cauda equina
nerves, and other structures. This compression can result
in symptoms such as neurogenic claudication, radicular
pain, and other manifestations of the syndrome. LSS is
a frequently encountered degenerative condition of the
lumbar spine that significantly impacts patients’ quality
of life and motor function [1]. Currently, surgery is the
most commonly applied method to alleviate symptoms of
nerve root pain and intermittent claudication in patients
with lumbar spinal stenosis [2]. To reduce surgical trauma
and recovery time, an increasing number of spinal sur-
geries are now being performed using minimally invasive
spinal endoscopy. Compared to conventional spinal sur-
gery, spinal endoscopic surgery offers advantages such as
reduced risk of bleeding, shorter hospital stays, smaller
incisions, and minimal tissue damage. However, mas-
tering and performing single-channel endoscopy can be
challenging due to the limited intraoperative visual field
of traditional endoscopy [3]. In addition, single-channel
endoscopic inter-lumbar fusion is constrained by the
size of the intervertebral fusion cage, as the fusion device
must pass through a working cannula during surgery. In
recent years, unilateral biportal endoscopy (UBE) spinal
surgery technology has advanced in conjunction with
the growth and refinement of minimally invasive surgical
techniques. This approach not only allows for compre-
hensive decompression of the central spinal canal, bilat-
eral nerve roots, and lateral recesses but also facilitates
intervertebral bone graft fusion. Consequently, it has
found increasing application in the clinical treatment of
various spinal surgical conditions, yielding favorable out-
comes [4].

While both endoscopic transforaminal lumbar inter-
body fusion procedures have been reported to yield
favorable clinical results [5-7], studies assessing the
extent of intervertebral space management and the effi-
cacy of intervertebral fusion using these two methods
are limited [8, 9]. Therefore, this study aims to compare
the clinical and radiological outcomes of the these two
minimally invasive decompression fusion procedures
and explore their clinical effectiveness and postoperative
imaging results.

Materials and methods
Patients
Patients diagnosed with spinal stenosis and concurrent
intervertebral disc herniation who underwent mini-
mally invasive intervertebral fusion in the Affiliated
Hospital of Qingdao University from April 2022 to June
2022 were eligible for inclusion in this study. A portion
of the patients included in the study were patients with
discogenic spinal stenosis, while the other portion were
patients with listhesis. All patients have lumbar spinal
stenosis accompanied by intervertebral disc herniation,
and their limping symptoms and leg pain can be allevi-
ated solely through endoscopic decompression. How-
ever, given that patients also experience mechanical
back pain related to stenosis symptoms, lumbar spine
decompression surgery alone may not be effective, and
the likelihood of postoperative symptom recurrence is
high. Additionally, patients express a strong willingness
to undergo lumbar fusion surgery. Therefore, all patients
have surgical indications for undergoing lumbar fusion
surgery. The average duration of follow up for two groups
of patients ranged from preoperative to 1 year post-sur-
gery, and average duration of follow up for two groups
of patients was 12 months. The trial protocol received
review and approval from the Medical Ethics Committee.
Inclusion Criteria: 1)Preoperative examination of
the patients revealed that all patients had indications
for fusion surgery, such as lumbar instability or facet
hypertrophy; 2) Patients experiencing single-segment
intervertebral disc herniation along with lumbar spinal
stenosis or lateral recess stenosis as confirmed by imaging
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Fig. 2 Pre-operative CT bone and soft tissue window of a patient in the ULIF group

examinations; 3) Patients exhibiting typical intermittent
claudication along with unilateral nerve root compres-
sion of the lower extremities, and who did not observe
significant improvement in symptoms after a minimum
of three months of regular conservative treatment, with
a Visual Analog Scale (VAS) score for lumbar pain of >4.

Exclusion criteria: (1) Patients diagnosed with infec-
tious diseases stemming from thoracolumbar lesions; (2)
Patients who had previously undergone revision surgery
at the same spinal level; (3) Patients with cardiopulmo-
nary dysfunction rendering them ineligible for surgical
intervention.

A total of 69 cases were included, comprising 33 males
and 36 females, with ages ranging from 45 to 80 years. All
the participants presented with typical radiating lower
limb pain and intermittent claudication, with the abil-
ity to walk a distance of less than 100 m. Prior to inclu-
sion, all patients underwent lumbar frontal and lateral
radiography, lumbar hyperextension and hyperflexion
lateral radiography, as well as lumbar CT and MRI exam-
inations, revealing lumbar degeneration, lumbar disc
herniation, and spinal stenosis. Specifically, 37 patients
exhibited lumbar pathology at the L4/5 segment, while
32 patients were affected at the L5/S1 segment. The study
received approval from the hospital ethics committee,
and informed consent was obtained from patients and
their families. Patients in both groups were operated
on by the doctors from the same medical group with

extensive experience in spinal surgeries and were divided
into the ULIF and Endo-TLIF groups in accordance
with their surgical modality. The participating doctors
involved in the research are equally proficient in ULIF
surgery and Endo-TLIF surgery, and have rich surgical
experience in both types of surgery.

ULIF

A total of 35 patients were allocated to the ULIF group,
and the preoperative imaging results for a patient are
presented in Figs. 1, 2 and 3. Following successful gen-
eral anesthesia, the patient was positioned in the prone
orientation on the operating table with submental pad-
ding. Based on the more severe side of the patient’s
symptoms (in cases of asymmetrical symptoms), C-arm
X-ray fluoroscopy was employed to locate the ipsilat-
eral intervertebral space of the target segment, with the
puncture point situated approximately 0.5 cm adjacent to
the spinous process (Fig. 4A).Standard skin disinfection
procedures were performed, and a sterile cavity towel
was placed. After successful electromagnetic naviga-
tion alignment, a guide wire was bilaterally inserted into
the target segment of the vertebral arch. Subsequently,
a puncture needle was used, guided by fluoroscopy, to
establish bilateral access to the UBE (Unilateral Bipor-
tal Endoscopy) system, connecting it to the light source
and camera. The light source was then activated, and
color balance adjustments were made to achieve optimal
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Fig. 4 A Preoperative C-arm positioning in a patient at the L5/S1 segment; B, C C-arm fluoroscopic view of a patient with L5/S1 disc herniation after
implantation of screws and nail rods; D Intraoperative exploration showing nerve root relaxation; E, F Cage implantation in the target vertebral space

visualization. Following this, the intervertebral fora-
moscope was introduced into the working cannula, and
water flow was adjusted. A fluid pump was used and at
30 mmHg. Bone on the medial aspect of the ipsilateral
inferior articular eminence of the superior vertebral body
and bone on the medial aspect of the superior articular
eminence of the inferior vertebral body were partially
excised within the target intervertebral space. Only a part
of the superior articular process was removed. Following
unilateral facet joint resection, place the UBE retractor
through the working portal to pull the nerve root toward
the midline, and place the nucleus pulposus forceps along
the UBE retractor through the working portal to remove
the protruding nucleus pulposus tissue. Dissected the
adhesion tissue with a nerve dissector, and use the radio-
frequency electrocautery locally to achieve hemosta-
sis until the nerve roots are freed with good mobility,

preventing compression of the nerve root and dura mater
upon exploration. The herniated nucleus pulposus was
removed through the working channel while carefully
probing the dural sac (Fig. 4B). Moreover, the target inter-
vertebral space was treated, and an autologous granulated
bone was implanted for compaction along with a carbon
fiber cage of appropriate size (Fig. 4C), with adjustments
made to its positioning and orientation. Radiofrequency
bipolar electrodes were introduced through the working
channel to control bleeding and ablate the nucleus pulpo-
sus. Subsequently, four pedicle screws were inserted in
the bilateral pedicle under C-arm fluoroscopy (Fig. 4D—
F). Following this, the working channel was withdrawn,
a drainage tube was placed, and the surgical wound was
sutured. Finally, the skin was disinfected, and the a sterile
dressing was applied. The patient reported no discom-
fort, and no abnormalities were observed in the sensory
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Fig. 5 Postoperative DR frontal and lateral images of a patient in the ULIF
group

movements of both lower extremities post-operation.
The patient was then transferred to the ward on a flatbed,
with stable vital signs. Postoperative imaging data for a
patient are depicted in Figs. 5, 6 and 7.

Endo-TLIF
The Endo-TLIF group comprised 34 patients, and post-
operative imaging data for one patient are presented in

Fig. 7 Postoperative MR image of a patient in the ULIF group
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Figs. 8, 9 and 10. Following successful general anesthe-
sia, the patient was transported to the operating room
and positioned in the prone posture with adequate
chest and skeletal padding. Similar to the ULIF group,
four guide wires were inserted into the bilateral pedicles
under fluoroscopic guidance targeting the specific seg-
ment, with the assistance of electromagnetic navigation.
The target vertebral space was identified on the ipsi-
latera side of the intervertebral space using electromag-
netic navigation, and the puncture site was chosen at the
level of the flat intervertebral space. The accuracy of the
puncture was verified through frontal and lateral fluo-
roscopy, confirming placement at the ipsilatera superior
articular eminence of the inferior vertebral body. Subse-
quently, a guide wire was inserted, the puncture needle
was removed, and an incision of approximately 8 mm was
made at the entry point. A guide rod was subsequently
introduced along the guide wire, and finally, a work-
ing trocar was placed. C-arm fluoroscopy confirmed the
proper positioning of the working trocar, after which the
guide wire and rod were withdrawn. Following this, the
intervertebral foramoscope was connected and flushed
with saline. The light source was activated, and color bal-
ance adjustments were made to achieve optimal visual-
ization. The intervertebral foramoscope was inserted
into the working trocar, and the water flow was adjusted.
Muscles, fatty tissues, and other soft tissues in the field
of view were retracted, and bleeding was cauterized by
radiofrequency. Preprocess the surface bone using a ring
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Fig. 10 Pre-operative MR images of a patient in the Endo-TLIF group

saw or large nucleus pulposus forceps until a clear joint
surface is exposed. The apex of the upper articular pro-
cess, along with some lower articular processes, serves
as the site for the first use of a circular saw to remove a
portion of the articular process, so as to expose the struc-
ture of the ligamentum flavum directly (Fig. 11A). The
adjacent ligamentum flavum was also excised, allowing
for decompression of the lateral recess and intervertebral
foramen. The target intervertebral space was then identi-
fied, and posterior herniation of the disc was managed.
Subsequently, meticulous removal of the nucleus pulpo-
sus was performed using grasping forceps (Fig. 11B).
The upper and lower endplates were scraped off with a
working trocar spinotomy, and an occluded fragmented
bone and a portable cage were implanted, propped, and
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fixed at the appropriate height in the anterior column
through the open intervertebral foramen and trans kam-
bin route(Fig. 11C). Adequate inflation of the dural sac
was ensured, and any remnants of the nucleus pulpo-
sus within the spinal canal were removed. The nail tract
was dilated using wiretapping along the guide wire, and
four pedicle screws were inserted under fluoroscopy.
The bilateral pedicles were connected with longitudi-
nal rods and locked by screw caps of appropriate length.
Finally, the wound was sutured, and a sterile dressing was
applied.No indwelling drainage tube after surgery.The
procedure proceeded smoothly, with satisfactory anes-
thesia outcomes. Following the operation, the patient was
transferred to the ward. Postoperative imaging results for
a patient are depicted in Figs. 12, 13 and 14.
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Fig. 11 A Endoscopic trepanation during the Endo-TLIF procedure; B Treatment of the intervertebral space during the ENDO-TLIF procedure; C Cage

implantation during the Endo-TLIF procedure

Fig. 12 Postoperative DR frontal and lateral images of a patient in the
Endo-TLIF group

Fig. 13 Postoperative CT bone and soft tissue window of a patient in the
Endo-TLIF group

Fig. 14 Postoperative MR image of a patient in the Endo-TLIF group

Postoperative management methods

Drainage tube removal time: In the ULIF group, the tim-
ing for the removal of the drainage tube should be deter-
mined on a case-by-case basis, typically occurring 2-3
days after the surgical procedure and the postoperative
drainage volume of this group of patients is 30-80 ml,
with an average of 50 ml.The decision will be made by the
medical team based on postoperative drainage levels and
the patient’s progress in rehabilitation.

Postoperative rehabilitation: Both groups of patients
adopted the same rehabilitation protocol after surgery
and both study groups exhibited similar postoperative
rehabilitation outcomes, with improvements noted in
VAS scores for low back pain and leg pain, as well as in
the Oswestry Dysfunction Index. Postoperative rehabili-
tation is a gradual process wherein patients are advised to
incrementally increase their physical activity and engage
in rehabilitation exercises under the guidance of their
healthcare providers.

Parameters measurement

Patient information and treatment efficacy were sys-
tematically followed up and documented. The relevant
measurements in this study were taken by three blinded
assessors, and the fourth person collected the measure-
ment results of the same indicator from three individuals
on the same patient, and took the average value, Overall
treatment efficacy was evaluated by recording and com-
paring the VAS scores and ODI index for low back pain
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and leg pain before surgery and at 1 week, 6 months,
and 12 months postoperatively. (2) Both patient groups
underwent lumbar spine MRI plain scans one day before
the surgical procedure and one week after surgery. The
level of middle disc was selected as the measurement
plane. Image ] software was utilized to measure the vol-
ume of the spinal canal in the same plane before and
after surgery. Changes in measurements before and after
surgery were calculated to evaluate the decompression
effect. (3) One week post-surgery, both patient groups
underwent lumbar CT three-dimensional imaging exam-
inations. Using Image ] software, the irregular bone graft
area of each plane within the target intervertebral space
was measured, and the maximum bone graft area was
selected for comparison. (4) Additionally, both groups
underwent lumbar CT three-dimensional imaging exam-
inations one day before surgery and one week post-sur-
gery. The height of the target segment’s intervertebral
space was measured, and changes before and after sur-
gery were calculated for comparison and statistical anal-
ysis. (5) Intervertebral fusion in both groups of patients

Table 1 Comparison of baseline data between groups

Baselinedata ULIF(n=35) Endo- Statistic  P-
TLIF(n=34) value

16 (47.06) >0.999

Gender (male, 17 (48.57) x° <0001

cases (%))
Age (T s,
years)

5880+11.21 60.00+10.71 t=-0.455 0.651

Course of 11.16+£2.20 11.96+£221  t=-1499 0.139
disease (T *s,
months)
Lesion seg-
ment (L4/5,

cases (%))

VAS preopera-
tive score for
leg pain M
(Q1,Q3)

VAS preopera-
tive score for
low back pain
M (Q1,Q3)
VAS score for
back pain : VAS
score for leg
pain M (Q1,Q3)
Preoperative
ODI index
Preop-

erative spinal
canal area

(Z £5mm?)
Preoperative
intervertebral
space height
M (Q1,Q3)

(mm)

19 (54.29) 18 (52.94) X°<0001  >0999

7.00(6.00,7.00)  6.00(5.15,7.00) Z=-0.617 0.537

6.50(5.75,7.50)  6.00(5.00,7.00) Z=-0.590 0.555

1.00(0.93,1.12) 1.00(0.81,1.16) Z=0.000 0.619

65.03+7.99 59.21+646 t=3.334 0.001

0.66+0.22 067+023 t=0014 0.7927

8.26(7.209.09) 8.26(6.67,10.21) 7=-0.234 0.815

Page 8 of 14

was assessed post-surgery using the modified Brantigan
scoring system. The scoring system is as follows: 4 points
for complete fusion with continuous callus; 3 points for
good intervertebral fusion with faint transparent lines; 2
points for continuous callus present in 50% of the inter-
vertebral space, with numerous transparent lines in the
intervertebral implanted bones; 1 point for no continu-
ous callus in most of the intervertebral implanted bones,
but an increase in bone volume compared to postop-
erative intervertebral implanted bone; and O points
for intervertebral implanted bone resorption, reduced
intervertebral space height, and lack of vertebral body
fusion. The fusion criteria were defined as a modified
Brantigan score>3 points. (6) Calculation of intraopera-
tive blood loss: In this study, two groups of intraopera-
tive blood loss=the difference in weight of gauze before
and after surgery+the amount of fluid in the drainage
tube+total intraoperative fluid outflow after continu-
ous flushing- Intraoperative flushing saline volume. (7)
Physical examinations were conducted on both groups of
patients before and one week after surgery. The included
items in the physical examination were (A) straight leg
elevation test, (B) strengthening test, (C) lower limb mus-
cle strength, (D) spinal buckle pain, (E) knee reflex, (F)
ankle reflex, (G) spinal range of motion, and (H) sensory
impairment.

Statistical analysis

Statistical analysis was conducted using SPSS 27.0. The
normality of the different variables was checked by Sha-
piro-Wilk and Kolmogorov-Smirnova tests, Continuous
variables with a normal distribution were presented as
meanststandard deviation (z ts) and intergroup com-
parisons were carried out using the t- test.Non-normally
distributed variables of continuity are represented by the
median (quartile),and intergroup comparisons were car-
ried out using the Mann-Whitney U test.For categori-
cal variables we use N (%) to represent,and intergroup
comparisons were carried out using the x* test. Repeated
measures analysis of variance was utilized to compare
two groups across multiple time points. In cases where
the sphericity assumption was not met, the Greenhouse-
Geisser method was applied for correction. The Bonfer-
roni method was used for comparison between different
time points in the same group, and the multiple factor
analysis of variance was used for comparison between
different groups at the same time point. The significance
level was set at a=0.05.

Results

The age distribution of patients in both groups exhib-
ited a normal distribution, and baseline characteristics
were comparable between the two groups (P>0.05),
as summarized in Table 1. Preoperative imaging
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Table 2 Comparison of outcome indicators between groups

Page 9 of 14

Outcome indicators ULIF(n=35) Endo-TLIF(n=34) Effect value (95% Cl) P-value
Surgical time (g s, min) 11278 £19.29 17458 + 1841 80 (52.90, 70.70) <0.001
Intraoperative bleeding volume (g +s, mL) 9771 +11.15 101.73+9.74 402 (-0.92,897) 0.116
Hospitalization time (7 +s, d) 6.81+221 513+203 68 (-2.69, -0.68) 0.002
Intervertebral space bone graft area (T +s, mm?) 3.63+044 220+062 43 (-1.68,-1.18) <0.001
Intervertebral fusion 6 months after surgery (yes,cases (%)) 31 (88.57) 29 (85.29) 0.75(0.18, 3.06) 0.705
Intervertebral fusion at 12 months after surgery (yes/cases (%)) 33 (94.29) 32(94.12) 0.97(0.13,7.31) 0.978
Postoperative intervertebral height (Z +s, mm) 1049 +1.30 1087 £1.78 0.38(-0.36,1.11) 0316
Postoperative spinal canal area (g +s, cm?) 1.67+047 1.71+047 0.037(-0.184, 0.259) 0.7415
Change in spinal canal area (T +s, cm?) 1.02+047 1.04+049 0.023(-0.205, 0.252) 0.8417
Change in intervertebral space height (F +s, mm) 229+142 238+ 1.60 0.09 (-0.62, 0.80) 0.808
VAS leg pain score 1 week after surgery M (Q1,Q3) 3.00(2.00,3.00) 2.00(2.00,3.00) -0.14 (-0.50,0.21) 0.439
VAS leg pain score 3 months after surgery M (Q1,Q3) 2.00(1.00,2.00)  1.00(1.00,2.00) -0.26 (-0.57,0.05) 0.087
VAS leg pain score 12 months after surgery M (Q1,Q3) 1.00(1.00,2.00)  1.00(1.00,2.00) -0.05 (-0.37,0.28) 0.760
VAS low back pain score 1 week after surgery M (Q1,Q3) 2.00(2.00,3.00) 2.00(2.00,3.00) 0.11 (-0.22,0.44) 0.746
VAS low back pain score 3 months after surgery M (Q1,Q3) 2.00(1.00,2.00)  2.00(1.00,2.00) 0.09 (-0.27, 0.44) 0.499
VAS low back pain score 12 months after surgery M (Q1,Q3) 1.00(1.00,2.00)  1.00(1.00,2.00) 0.05 (-0.27,0.37) 0.899
VAS score for back pain : VAS score for leg pain 1 week after surgery M (Q1,Q3)  0.86(0.67,1.00)  1.00(0.67,1.50) 0.189(-0.054, 0.432) 0.283
VAS score for back pain : VAS score for leg pain 3 months after surgery M 1.00(0.50,1.00)  1.00(0.50,2. OO) 0.182(-0.134, 0.499) 0.190
(Q1,Q3)

VAS score for back pain : VAS score for leg pain 12 months after surgery M 1.00(0.50,1.00)  1.00(0.50,1.00) -0.028(-0.312,0.257) 0.722
(Q1,Q3)

ODlindex 1 week after surgery (7 £5) 18.17 £4.35 19.09 + 3.62 0.97(-2.84,1.01) 0.345
ODlI index 6 months after surgery (T +5) 8.14+£2.68 8.06+2.70 0.65(-1.21,1.38) 0.897
ODlindex 12 months after surgery ( £59) 717 +3.29 7.15+2.80 0.74(-1.44, 1.49) 0.974

Table 3 Comparison of physical examination between groups

Abnormal physical ULIF(n=35) Endo-TLIF(n=34)

examination results Preop- Preop- Preop- Preop-
erative erative erative erative
results results results results

Straight leg elevation 20(57.14) 3(8.57) 18(52.94) 2(5.88)

test (cases (%))

Strengthening test 18(51.43) 2(5.71)  17(50) 2(5.88)

(cases (%))

Lower limb muscle 28(80) 12(34.29) 26(76.47) 10(29.41)

strength (cases (%))

Spinal buckle pain 25(71.43) 5(14.29) 24(70.59) 3(8.82)

(cases (%))

Knee reflex (cases (%)) 21(60) 20(57.14)  20(58.82) 20(58.82)

Ankle reflex (cases (%)) 18(51.43) 18(51.43) 16(47.06) 15(44.12)

Spinal range of motion  23(65.71)  19(54.29) 22(64.71) 17(0.5)

(cases (%))

sensory impairment 32(91.43) 31(8857) 32(94.12) 30(88.24)

(cases (%))

examinations of two groups of patients showed that
both groups belonged to patients with severe lum-
bar spinal stenosis. During the perioperative period,
patients were carefully examined and followed up.
The operative time, intraoperative blood loss, and
length of hospital stay for each group of patients are
summarized in Table 2. It is important to note that
the data from both groups exhibited a normal distri-
bution. Consequently,the independent sample t-test

was applied for comparative analysis. The results
revealed a significantly shorter operative time in the
ULIF group when compared to the Endo-TLIF group
(P<0.05). Moreover, There is no significant difference
in intraoperative bleeding between the two groups of
patients (P>0.05). Conversely, the duration of hospital
stay was significantly longer for patients in the ULIF
group in comparison to those in the Endo-TLIF group
(P<0.05) (Table 2).The results of the physical exami-
nations are shown in Table 3. Upon comparing the
preoperative and postoperative examination results,
significant recovery was observed in the straight leg
elevation test, strengthening test, muscle strength,
and spinal buckle pain of the two groups of patients
(P<0.05); However, there was no notable improvement
in knee reflex, ankle reflex, spinal range of motion,
and sensory impairment between the two groups of
patients (P>0.05). Additionally, there was no statisti-
cally significant difference between the two groups of
patients (P>0.05). In this study, two cases of postoper-
ative cerebrospinal fluid leakage were reported in the
Endo-TLIF group patients. These patients were treated
with 1 needle of surgical incision pressure suture and
enhanced dressing change. Symptoms improved 5 days
after surgery; In the ULIF group, one patient experi-
enced postoperative cerebrospinal fluid leakage, and
one needle of pressure suture was given to the drain-
age tube opening. The patient’s symptoms improved 3
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Fig. 15 Comparison of therapeutic effects between two groups of patients A Changes in VAS scores for leg pain between the two groups of patients; B
Changes in VAS scores for low back pain in two groups of patients; C Changes in ODI index between two groups of patients

Fig. 16 A, B Area of spinal canal measured by Image J before and after surgery in a patient of the ULIF group; C, D Area of spinal canal measured by Image
J before and after surgery in a patient of the Endo-TLIF group

days after surgery; Both groups of patients showed no
signs of nerve root injury or epidural hematoma, and
there was no infection after surgery. No statistically
significant difference was identified between the two
groups of patients (P>0.05).

Both patient groups underwent follow-up assess-
ments, which included a review of the modified Branti-
gan score, intervertebral fusion rate, and postoperative
imaging results at 6 and 12 months post-surgery (refer
to Table 2; Fig. 15). The differences at each time point
were not statistically significant (?>0.05). The changes
in the volume of the spinal canal in the same plane as
the target lumbar intervertebral space, as determined
through MRI examination and measured using Image J
software, were statistically significant when comparing
postoperative measurements to preoperative values
(P<0.05)(see Fig. 16). However, there was no statisti-
cally significant difference in the change in the cross-
sectional area of the vertebral canal at the same level
of the intervertebral space (P>0.05). The assessment

of changes in the area of bone grafts, as determined by
postoperative CT examination using Image J software
(see Fig. 17), revealed that the area of bone grafting in
the ULIF group was significantly larger than that in the
Endo-TLIF group (P<0.05).

Patients were subjected to evaluations before surgery
and at 1 week, 3 months, and 12 months following the
surgical intervention. Efficacy at each time point was
evaluated by the VAS score and ODI index. Impor-
tantly, there were no statistically significant differ-
ences in VAS scores and ODI indices between the two
patient groups before surgery, indicating the groups’
comparability (see Table 1) (P>0.05). However, when
comparing the values to those before surgery, sig-
nificant differences were observed in the VAS scores
and ODI indices at 1 week, 3 months, and 12 months
post-surgery (P<0.05) (see Table 2). The VAS and ODI
indices of the two groups of patients at each time point
were analyzed using analysis of variance. The group
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Fig. 17 A Area of implanted bone measured before and after surgery in a patient of the Endo-TLIF group; B Area of implanted bone measured before
and after surgery in a patient of the ULIF group

effects, interaction effects, and time effects are shown
in Fig. 15.

Discussion

Minimally invasive lumbar fusion techniques have gained
increasing popularity among spinal surgeons. In com-
parison to traditional lumbar fusion methods, minimally
invasive spine surgery offers advantages such as preser-
vation of the vertebral body’s normal structure, reduced
surgical trauma, shorter operative times, and accelerated
postoperative recovery [7, 10, 11]. Howevertraditional
single-channel spinal endoscopic lumbar fusion has
inherent limitations, primarily stemming from the use
of single-channel endoscopic techniques, which compli-
cates the procedure due to restricted intraoperative vis-
ibility. Moreover, the limited range of operation and the
reliance on surgical instruments with a narrow scope
can lead to restricted intervertebral space treatment and
rapid wear and tear of surgical instruments.

In this context, spinal surgery via the UBE technique
was first introduced in 1996 and was gradually improved
[12]. UBE, as a minimally invasive procedure, combines the
merits of open surgery with traditional minimally invasive
surgery. Performing UBE surgery with high-definition visu-
alization effectively safeguards the paravertebral muscles
while minimizing damage to the paravertebral bones, joints,
and ligaments. Recent years have witnessed substantial
progress in unilateral techniques, enabling minimally inva-
sive treatment of conditions such as lumbar disc hernia-
tions, severe lumbar spinal stenosis, cervical spinal stenosis,
compression fractures, and foraminal nerve compression

[4, 13, 14]. Therefore, the ULIF technique has become an
effective alternative to conventional lumbar fusion. In
essence, the UBE technique represents a minimally invasive
approach that offers a comparable scope of operation and
field of view to traditional open surgery. Its unique advan-
tages and intrinsic value underscore its broad application
and promising prospects. Specifically, the merits of the
UBE technique in lumbar spine surgery include the ability
to achieve complete bilateral nerve decompression through
two small surgical incisions: one serves as an entry point for
continuous irrigation and endoscopic observation, while
the other allows for instrument manipulation during the
procedure [15, 16]. This dual-entry approach compensates
for the limitations of traditional percutaneous single-access
minimally invasive spine surgery instruments and the con-
strained surgical field of vision.

Earlier research exposed that the VAS score and ODI
index for back pain and leg pain of patients in both groups
were significantly improved after surgery compared with
those before surgery (P<0.05). Furthermore, there were no
significant differences in scores between the two groups
at each time point. Additionally, our study found no sta-
tistically significant difference in intraoperative bleeding
between the two groups (P>0.05). These findings suggest
that both ULIF and Endo-TLIF procedures can effectively
alleviate pain and promote functional recovery, demon-
strating similar treatment effects. Therefore, both ULIF and
Endo-TLIF surgeries are equally safe and effective. How-
ever, it's worth noting that patients in the ULIF group in
our study experienced shorter operative times and longer
hospital stays compared to those in the Endo-TLIF group
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(P<0.05). It's important to recognize that intraoperative
bleeding and operative time may be influenced by fac-
tors such as the surgeon’s operative approach, habits, pro-
ficiency, and operating conditions. Despite UBE involving
more stripping of muscles and more bone removal, there
was increased intraoperative bleeding in some patients of
Endo-TLIF group. Some reasons may be as follows: (1) UBE
surgery provides a clear intraoperative field of vision, a wide
range of surgical instruments, flexible hemostasis opera-
tions, and timely application of radiofrequency for hemosta-
sis. (2) Endo-TLIF surgery typically takes longer than UBE
surgery. (3) Surgeons’ operating habits and the use of hemo-
static drugs during surgery can also influence the amount of
bleeding during surgery. Meanwhile, there was no statistical
difference in fusion rates between the two surgical methods
at 6 months and 12 months post-surgery (P>0.05), confirm-
ing the equal effectiveness of both methods. Patients in both
groups achieved satisfactory intervertebral fusion following
surgery. Nevertheless, a small number of patients in both
groups experienced non-fusion at the 12-month postopera-
tive mark, necessitating ongoing monitoring and attention
to their intervertebral fusion status for further analysis. If
necessary, revision surgery was provided. Several factors
may influence intervertebral fusion, including intervertebral
infection, endplate management, internal fixation stability,
nature of bone graft material, bone graft area, and implan-
tation of a hybrid graft [17, 18]. Although the area of bone
graft was numerically higher in the ULIF group than in the
Endo-TLIF group, there was no significant difference in the
intervertebral fusion rate between the two groups, indicat-
ing that the area of intervertebral autologous bone grafting
is not the sole determinant of fusion rates [18]. Moreover,
our analysis of patients’ lumbar spine imaging data revealed
a significant increase in the postoperative spinal canal
cross-sectional area (P<0.05) compared to the preoperative
period in both groups. However, there was no significant
difference in the change in spinal canal area before and after
surgery in both groups (P>0.05). This, coupled with the
analysis of postoperative clinical outcomes, underscores the
effectiveness of both surgical procedures in decompressing
the target segments. Besides, the results indicated that the
ULIF group had a significantly greater bone grafting range,
treatment range, and amount of autologous bone acquisi-
tion compared to the Endo-TLIF group. This demonstrates
that ULIF surgery can be performed with a clear field of
vision, a large range of motion for surgical instruments, and
a direct view through the operating channel compared to
Endo-TLIFE.

In summary, when compared to the traditional Endo-
TLIF technique, the ULIF technique offers several advan-
tages: (1) Separate operation of the working channel and
observation channel, allowing for unrestricted instrument
maneuverability. This setup facilitates precise decompres-
sion within a clear and magnified surgical field, offering a
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wide range of intervertebral space treatment and ample
autologous bone acquisition [19]. (2) Wide visualization
range with unimpeded access to all positions of the spinal
canal, resulting in a substantial decompression range and
effective decompression. (3) A relatively shallow learning
curve, making it easy to learn and promote the ULIF tech-
nique. (4) Simplified intraoperative hemostasis in ULIF
patients. However, in comparison to ULIF, Endo-TLIF tech-
nology also offers several advantages: (1) It is more mini-
mally invasive than ULIF, which involves more stripping of
muscles and bone removal. (2) Endo-TLIF is similar to ULIF
in terms of long-term clinical outcomes, fusion rates, and
incidence of complications. Endo-TLIF prolongs surgical
time but shortens hospital stay. (3) Endo-TLIF causes less
trauma and eliminates the need for a drainage tube after
surgery, resulting in faster wound healing. The meta-analysis
study by H-X Zhu et al. involving 823 patients with a single
LSS segment, compared UBE technology with traditional
single channel endoscopic technology in terms of surgical
time, blood loss, incidence of complications, and admission
time. The study indicated that UBE has achieved promising
initial clinical results and may serve as a minimally invasive
alternative surgery for single segment LSS patients [20].
Zhaoyuan Chen et al's meta-analysis included 24 studies,
including 999 patients. Research indicates that the incidence
of complications in UBE treatment of LSS is relatively low,
mainly due to dural tears [21]. Meanwhile, the meta-analysis
study conducted by Jiang Liang et al. included 24 studies,
including 999 patients. Research has shown that UBE treat-
ment for LSS is not only a feasible and effective method, but
also a worthwhile choice for clinical doctors [22].

Therefore, ULIF has demonstrated effectiveness compa-
rable to that of Endo-TLIF in treating degenerative lumbar
spine diseases and achieving interbody fusion. With ongo-
ing advancements in minimally invasive treatment equip-
ment and technology, it is expected that more studies will be
conducted on both approaches, leading to further progress.
ULIF technology possesses advantages such as a large field
of vision, a larger bone grafting range, and favorable clinical
outcomes, and combines some advantages of single-chan-
nel endoscopy and open surgery. Moreover, In the realm
of treating degenerative lumbar spine diseases, Endo-TLIF
surgery can be considered as an effective substitute proce-
dure. This operation can be performed in a safe, minimally
invasive manner with good clinical results. However, it’s
important to note that this study is retrospective and has a
limited number of statistical time points. Long-term follow-
up and further research are necessary to investigate inter-
vertebral fusion between the two techniques. Additionally,
the sample size in this study is limited, with only a portion
of eligible patients included. The next steps should involve
expanding the sample size, extending the follow-up dura-
tion, conducting multi-center collaborative follow-ups, and
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designing prospective studies to further validate the afore-
mentioned conclusions.

Conclusion

In summary, the ULIF technique, as a novel spinal endos-
copy approach, is a safer and more effective minimally
invasive surgical method for treating patients with lumbar
spinal stenosis and intervertebral disc herniation. Both sur-
gical methods have their own advantages and disadvantages.
With the development of technology and related instru-
ments, the limitations of both techniques can be mitigated
to some extent. This progress opens the door for broader
applications by a great number of doctors in more fields in
the future.

Acknowledgments
We wish to thank the timely help given by Dr. Chuanli Zhou in participating in
relevant surgeries and providing surgical images.

Author contributions

B.C, and H. X. contributed in design of experiments, N. S.and Z. G.
contributed in literature search, Z. G, N. S, and Z. F. contributed in conducting
the experiments, X. W.and N. S. contributed in data analysis, Z. F, Z. G, and H.
X. contributed in manuscript writing, and All authors reviewed the manuscript.

Funding

This study is funded by the Young Taishan Scholars Program

(tsqn201909190); National Natural Science Foundation of China

(82172478); Shandong Higher Education Young Science and Technology
Support Program (2021KJ048);Postdoctoral Science Foundation of China
(2022T150340,2021M701813); Qingdao Postdoctoral Applied Research Project
(2020);Innovation Fund of National Orthopedics and Sports Rehabilitation
Clinical Medicine Research Center (2021-NCRC-CXJJ-ZH-02).

Data availability
The datasets used and analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This research has been performed in accordance with the Declaration of
Helsinki and have been approved by Medical Ethics Committee of Qingdao
University Affiliated Hospital. Each participant has informed consent and signs
an written informed consent form.

Consent for publication
Not applicable.

Conflict of interest
The authors declare no potential conflicts of interest.

Author details

'Department of Spine Surgery, The Affiliated Hospital of Qingdao
University, Qingdao, Shandong 266000, China

’Department of Rehabilitation, The Affiliated Hospital of Qingdao
University, Qingdao, Shandong 266000, China

3Department of Orthopedics, The Affiliated Hospital of Qingdao
University, Qingdao, Shandong 266000, China

Received: 31 October 2023 / Accepted: 17 February 2024
Published online: 29 February 2024

Page 13 of 14

References

1.

2.

20.

21.

Genevay S, Atlas SJ. Lumbar spinal stenosis. Best Pract Res Clin Rheumatol.
2010;24(2):253-65.

Postacchini FJTJB. volume JSB: Management of lumbar spinal stenosis. 1996,
78(1):154-64.

Zhu B, Tian DS, Chen L, Wang QF, Sun YS, Zhong HZ, Wang YG, Liu JJ, Jing JH.
Development and application of unilateral biportal endoscopy in lumbar
diseases. Chin J Orthop. 2020;40(15):1030-8.

Heo DH, Son SK, Eum JH, Park CK. Fully endoscopic lumbar interbody fusion
using a percutaneous unilateral biportal endoscopic technique: technical
note and preliminary clinical results. Neurosurg Focus. 2017;43(2):E8.

Ahn'Y. Percutaneous endoscopic decompression for lumbar spinal stenosis.
Expert Rev Med Devices. 2014;11(6):605-16.

Kim HS, Paudel B, Jang JS, Oh SH, Lee S, Park JE, Jang IT. Percutaneous full
endoscopic bilateral lumbar decompression of spinal stenosis through
uniportal-contralateral approach: techniques and preliminary results. World
Neurosurg. 2017;103:201-9.

Komp M, Hahn P, Oezdemir S, Giannakopoulos A, Heikenfeld R, Kasch R,
Merk H, Godolias G, Ruetten S. Bilateral spinal decompression of lumbar
central stenosis with the full-endoscopic interlaminar versus microsurgical
laminotomy technique: a prospective, randomized, controlled study. Pain
Physician. 2015;18(1):61-70.

Heo DH, Quillo-Olvera J, Park CK. Can percutaneous biportal endoscopic
surgery achieve enough canal decompression for degenerative lumbar
stenosis? Prospective case—control study. World Neurosurg. 2018;120:e684-9.
Kim SK, Kang SS, Hong YH, Park SW, Lee SC. Clinical comparison of unilateral
biportal endoscopic technique versus open microdiscectomy for single-level
lumbar discectomy: a multicenter, retrospective analysis. J Orthop Surg Res.
2018;13(1):22.

Alimi M, Hofstetter CP, Pyo SY, Paulo D, Hartl R. Minimally invasive laminec-
tomy for lumbar spinal stenosis in patients with and without preoperative
spondylolisthesis: clinical outcome and reoperation rates. J Neurosurg.
2015;22(4):339-52.

Storzer B, Schnake KJ. Microscopic bilateral decompression by unilateral
approach in spinal stenosis. Eur Spine J. 2016;25(2):270-1.

De Antoni DJ, Claro ML, Poehling GG, Hughes SS. Translaminar lumbar
epidural endoscopy: anatomy, technique, and indications. Arthroscopy.
1996;12(3):330-4.

Heo DH, Sharma S, Park CK. Endoscopic treatment of extraforaminal entrap-
ment of L5 nerve root (far out syndrome) by unilateral biportal endoscopic
approach: technical report and preliminary clinical results. Neurospine.
2019;16(1):130-7.

Park JH, Jun SG, Jung JT, Lee SJ. Posterior percutaneous endoscopic cervical
foraminotomy and diskectomy with unilateral biportal endoscopy. Orthope-
dics. 2017;40(5):e779-83.

Eum JH, Heo DH, Son SK, Park CK. Percutaneous biportal endoscopic decom-
pression for lumbar spinal stenosis: a technical note and preliminary clinical
results. J Neurosurg. 2016;24(4):602-7.

Heo DH, Park CK. Percutaneous biportal endoscopic decompression for
lumbar central stenosis and foraminal stenosis. In: Endoscopic procedures on
the spine Edited by Kim JS, Lee JH, Ahn Y. Singapore: Springer; 2020: 261-274.
Huang HJ, Pang ZC, Feng XF, Zou WM, Sun BY, Liang JC. The effect of inter-
vertebral mixed bone grafting on the interbody fusion rate after minimally
invasive lumbar fusion. China Pract Med. 2021;16(19):8-11.

Tang Q, Zhong DJ, Wang Q, Liao YH, Tang C, Ma F. Relationship between area
ratio of interbody autograft and intervertebral fusion rate. Chin J Tissue Eng
Res. 2021;25(36):5821-6.

Abudurexiti T, Qi L, Muheremu A, Amudong A. Micro-endoscopic discectomy
versus percutaneous endoscopic surgery for lumbar disk herniation. J Int
Med Res. 2018;46(9):3910-7.

Zhuang H-X, Guo S-J, Meng H, Lin J-S, Yang Y, Fei QJERM, Sciences P. Unilateral
biportal endoscopic spine surgery for lumbar spinal stenosis: a systematic
review and meta-analysis. 2023, 27(11).

Wang B, He P, Liu X, Wu Z, Xu BJOS. Complications of unilateral Biportal
Endoscopic spinal surgery for lumbar spinal stenosis: a systematic review of
the literature and Meta-analysis of single-arm studies. 2023, 15(1):3-15.



Fan et al. BMC Musculoskeletal Disorders (2024) 25:186 Page 14 of 14

22. Liang J, Lian L, Liang S, Zhao H, Shu G, Chao J, Yuan C, Zhai MJWN. Efficacy blisher”
and complications of unilateral biportal endoscopic spinal surgery for lumbar Publisher’s Note

spinal stenosis: a meta-analysis and systematic review. 2022, 159:¢91-e102. Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Unilateral biportal endoscopic lumbar interbody fusion (ULIF) versus endoscopic transforaminal lumbar interbody fusion (Endo-TLIF) in the treatment of lumbar spinal stenosis along with intervertebral disc herniation: a retrospective analysis
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Patients
	﻿ULIF
	﻿Endo-TLIF
	﻿Postoperative management methods
	﻿Parameters measurement
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


