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Objective: To compare the medium- and long-term clinical outcomes of 
Unilateral Biportal Endoscopic Lumbar Fusion (UBE-TLIF) and Modified Minimally 
Invasive Tubular Lumbar Fusion (MIS-TLIF) for treating Lumbar Disc Herniation 
(LDH).
Methods: A retrospective analysis was conducted on 86 patients with single-level 
LDH who underwent surgery between August 2022 and August 2023. Patients 
were allocated to two groups: 42 underwent UBE-TLIF and 44 underwent 
MIS-TLIF. We recorded operative time, postoperative drainage volume, and 
complication rates. Pain and functional recovery were assessed using the Visual 
Analogue Scale (VAS) for back and leg pain and the Oswestry Disability Index 
(ODI) preoperatively and at 3 days, 1, 6, 12, and 24 months postoperatively. 
Surgical outcomes were evaluated at 12 months using the MacNab criteria.
Results: The mean operative time was significantly longer in the UBE-TLIF group 
than in the MIS-TLIF group (140.42 ± 16.02 min vs. 92.15 ± 13.14 min, p < 0.05). 
However, the UBE-TLIF group had a significantly lower postoperative drainage 
volume (65.79 ± 13.46 mL vs. 103.58 ± 12.56 mL, p < 0.05). Both groups showed 
significant improvements in VAS and ODI scores at all postoperative time points 
compared to preoperative baselines (p < 0.05). Although most intergroup 
differences in VAS and ODI scores were not statistically significant (p > 0.05), 
the UBE-TLIF group demonstrated lower scores across all follow-ups, with the 
difference at 3 days postoperatively being significant (p < 0.05). According to 
the MacNab criteria, the excellent-good rate was 95.2% for UBE-TLIF and 95.5% 
for MIS-TLIF, indicating no significant difference (p > 0.05). The fusion rates, 
assessed via the Bridwell grading system, were 90.4% (UBE-TLIF) and 93.2% 
(MIS-TLIF), which was also not a statistically significant difference (p > 0.05).
Conclusion: Both UBE-TLIF and MIS-TLIF demonstrate comparable medium- 
and long-term clinical efficacy for LDH. UBE-TLIF is associated with less 
postoperative drainage and significantly better early pain relief, suggesting less 
soft tissue trauma. However, it was linked to a longer operative time in this study.
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1 Introduction

With the acceleration of social pace and changes in human 
lifestyle, the incidence of lumbar degenerative diseases is increasing 
(1). With the acceleration of social pace and changes in human 
lifestyle, the incidence of lumbar degenerative diseases is increasing 
(2). This condition not only impacts patients’ quality of life but also 
imposes a substantial socio-economic burden.

As demands for quality of life rise, so does the need for surgical 
treatment of LDH (3). For patients with loss of intervertebral disc 
height or spinal instability, decompression alone often fails to provide 
satisfactory long-term outcomes (4). Lumbar interbody fusion 
remains the gold standard for treating such cases. Since Foley’s initial 
report (5) on Minimally Invasive Transforaminal Lumbar Interbody 
Fusion (MIS-TLIF), the technique has gained widespread recognition 
among surgeons due to its minimal muscle dissection, reduced 
trauma, and proven clinical efficacy, and is now commonly performed 
in hospitals at various levels. However, MIS surgery remains a tubular 
technique performed in an air medium, presenting clinical challenges 
such as limited visualization and postoperative low back pain. In 
recent years, driven by the deepening adoption of minimally invasive 
concepts and the demand for enhanced recovery after surgery, spinal 
endoscopic surgery has developed rapidly. Facilitated by the 
advancement of endoscopic power tools and expandable cages, 
endoscopic fusion has become feasible. For patients with calcified 
discs or central spinal stenosis combined with bilateral lateral recess 
stenosis, uniportal coaxial endoscopic lumbar fusion has limitations, 
including potential inadequate decompression, risk of neural injury, 
and a steep learning curve, hindering its widespread clinical adoption 
and development. In 2012, Soliman (6) reported the use of a biportal 
irrigation endoscopic technique for LDH, achieving satisfactory 
clinical outcomes. Eum et al. (7) applied percutaneous biportal 
endoscopy for decompression of lumbar spinal stenosis in 2016, 
noting its excellent surgical field of view allowing simultaneous 
decompression of the central canal and bilateral lateral recesses. In 
2017, Heo et al. (8) formally introduced the concept of Unilateral 
Biportal Endoscopy (UBE). Promoted primarily by Korean surgeons, 
biportal technology evolved rapidly. By establishing separate working 
and viewing portals, it enables decompression and fusion surgery with 
greater freedom of movement and a larger working space. The 
magnified endoscopic view and water medium provide a clearer visual 
field. Its relatively short learning curve, proven efficacy, minimal 
invasiveness, and significant short-term pain relief have led to its 
widespread application and expanding indications. In 2019, Heo and 
Park (9) first reported the Unilateral Biportal Endoscopic Lumbar 
Interbody Fusion (UBE-LIF, commonly referred to as UBE-TLIF) 
technique for lumbar degenerative diseases, demonstrating excellent 
clinical results. Our institution began performing UBE techniques in 
2020, initially for simple discectomy, later expanding to Unilateral 
Laminotomy for Bilateral Decompression (ULBD) and 
endoscopic fusion.

Currently, surgery has become an important option after failed 
conservative treatment. The continuous development of minimally 
invasive techniques has led to the increasing clinical adoption of both 
UBE-TLIF and MIS-TLIF. While both techniques effectively 
decompress and stabilize the spine, comparative studies on 
postoperative recovery speed, degree of tissue trauma, and fusion 
efficiency require further validation. This study compares the 

long-term clinical outcomes of UBE-TLIF and MIS-TLIF in the 
treatment of LDH, aiming to provide evidence to inform clinical 
decision-making.

2 Materials and methods

2.1 Ethical approval and patient 
characteristics

This retrospective study analyzed 86 patients who underwent 
surgical treatment for single-level lumbar disc herniation at our 
hospital between August 2022 and August 2023. Among these 
patients, 42 underwent UBE-TLIF and 44 underwent MIS-TLIF. The 
surgeries were performed by two separate, specialized surgeon teams, 
each possessing extensive experience in their respective techniques. 
This study was approved by the Ethics Committee of Hefei First 
People’s Hospital (Approval no: 2024-2-67). Informed consent 
regarding surgical risks was obtained from all patients preoperatively. 
Patient demographics and characteristics are presented in Table 1. 
Statistical analysis using the t-test for age and the chi-square test for 
gender and surgical levels revealed that all p-values were substantially 
greater than the significance level of 0.05. This indicates no 
statistically significant differences between the two groups in key 
baseline characteristics, including age, gender distribution, and 
distribution of involved segments. The groups demonstrated strong 
comparability with balanced baseline characteristics, thereby 
minimizing potential confounding bias in subsequent analyses and 
establishing suitability for further comparative assessments of efficacy 
or prognosis.

Inclusion criteria: (1) Clinical manifestations of low back pain and 
lower limb radicular pain, aggravated by walking or exertion, with no 
significant improvement after 3 months of conservative treatment. (2) 
Radiological evidence of lumbar disc herniation accompanied by 
lumbar instability or refractory low back pain, where static radicular 
pain was mild but became significant upon weight-bearing/
ambulation. (3) Absence of underlying conditions such as 
coagulation disorders.

Exclusion criteria: (1) Mismatch between symptoms/signs and 
radiological findings. (2) Unclear identification of the symptomatic 
level. (3) Concomitant other spinal pathologies, such as ankylosing 
spondylitis, spinal tumors, spinal fractures, or neurological diseases. 
(4) History of previous lumbar internal fixation surgery.

TABLE 1  General information of two groups of patients.

General 
information

UBE-TLIF 
group

Mis-TLIF 
group

p

Patients total 

number

42 44

Age 57.47 ± 9.89 56.75 ± 7.93 t = 0.372 0.71

Sex, male:female 23:19 27:17 χ2 = 0.385 0.535

Levels

L4/5 26 29 χ2 = 0.149 0.699

L5/S1 16 15 χ2 = 0.163 0.703
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2.2 Surgical technique

2.2.1 Ube-TLIF
Following the induction of general anesthesia, the patient was 

positioned prone. The surgical field was routinely disinfected and 
draped. The wireless endoscope, along with intra-/extra-spinal 
radiofrequency (RF) probes and a powered drill system, were 
connected. Using the left-side approach as an example, an 
approximately 0.8 cm incision was made at the level corresponding to 
the inferior border of the pedicle of the superior vertebra at the target 
segment. This served as the endoscopic viewing portal. Another 
approximately 1.5 cm incision, oriented inferomedial to superolateral, 
was made at the level of the inferior vertebra’s pedicle, serving as the 
working portal. Extra-spinal RF ablation was used to clear soft tissues 
and establish the working space. After establishing the endoscopic 
portal, the superior and inferior articular processes and the lateral 
recess were addressed using either an endoscopic or an open 
osteotome and laminectomy rongeurs, potentially assisted by an 
endoscopic drill. Part of the ligamentum flavum and other soft tissues 
were removed to expose the intervertebral disc. The annulus fibrosus 
was incised, and disc material along with the cartilaginous endplates 
were removed using pituitary rongeurs, curettes, and shavers. The 
endoscope could be introduced into the disc space, allowing direct 
visualization and thorough preparation of the superior and inferior 
endplates by adjusting the scope’s angle. Under endoscopic guidance, 
local bone graft was impacted, and an interbody cage was implanted. 
The spinal canal was re-inspected to ensure adequate decompression 
and address any hidden compression. Finally, percutaneous pedicle 
screws and a connecting rod were inserted under fluoroscopic 
guidance to achieve segmental fixation. Please refer to Figure 1 for 
representative cases.

2.2.2 MIS-TLIF group
After the induction of general anesthesia, patients were placed in 

the prone position. The surgical area was routinely disinfected and 
draped. A midline incision was made over the lumbar spine, exposing 
the thoracolumbar fascia. The fascia was incised approximately 2 cm 
lateral to the midline. The muscular plane was dissected through the 
intermuscular space, followed by the placement of a tubular retractor 
system. An osteotome and rongeurs were used to perform a 
facetectomy, removing the inferior articular process and part of the 
superior articular process. After partially removing the ligamentum 
flavum with rongeurs, the intervertebral disc was exposed. The disc 
material and soft tissues within the disc space were removed using 
pituitary rongeurs and curettes. Following endplate preparation and 
local bone grafting, an interbody cage was implanted. Pedicle screws 
were then inserted on the decompression side through the tubular 
retractor. The working channel was removed after confirming the 
absence of significant compression within the spinal canal. 
Contralateral pedicle screws and a connecting rod were inserted via a 
separate intermuscular approach to achieve segmental fixation. Please 
refer to Figure 2 for representative cases.

2.3 Efficacy evaluation

Patients were followed up clinically at 3 days, 1 month, 3 months, 
12 months, and 24 months postoperatively. The following parameters 
were compared between the two groups: perioperative indicators 
(operative time, intraoperative blood loss, postoperative drainage 
volume, length of hospital stay), Visual Analogue Scale (VAS) scores 
for low back pain and leg pain preoperatively and at different 
postoperative time points, Oswestry Disability Index (ODI) scores 

FIGURE 1

Representative Case 1. A 54-year-old male with low back pain and right lower limb radicular pain for 2 years, aggravated for 4 months. (A) Preoperative 
CT and MRI: right-sided L4/5 lumbar disc herniation compressing the nerve root and lateral recess stenosis. (B) Gross photo of the skin incisions. 
(C) Intraoperative fluoroscopic image for level localization. (D–G) Intraoperative endoscopic views showing decompression and cage insertion. 
(H) Intraoperative fluoroscopic image after pedicle screw placement. (I,J) Postoperative photos of the surgical wounds.
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preoperatively and at different postoperative time points, complication 
rates, surgical excellent-good rate (assessed by MacNab criteria), and 
fusion rate (evaluated by the Bridwell interbody fusion grading scale). 
Higher VAS scores (max 10) indicated more severe pain, while higher 
ODI scores (max 50) indicated worse quality of life. Clinical outcomes 
were assessed using the MacNab criteria. The fusion rate was evaluated 
at 12 months postoperatively based on follow-up CT scans using the 
Bridwell interbody fusion grading criteria.

2.4 Statistical analysis

All data were analyzed using SPSS statistical software (version 
23.0). Measurement data are presented as mean ± standard deviation 
and were compared between groups using independent samples 
t-tests. Count data were compared between groups using the 
chi-square test or Fisher’s exact test. Ranked data were compared 
between groups using the rank-sum test. The significance level (α) was 
set at 0.05.

3 Results

3.1 Comparison of perioperative 
parameters between groups

All patients successfully underwent surgery. Details regarding 
operative time, intraoperative blood loss, length of hospital stay, 

postoperative fusion rate, and postoperative complications for both 
groups are presented in Table 2. The operative time in the UBE-TLIF 
group was significantly longer than that in the MIS-TLIF group 
(p < 0.05). For the UBE-TLIF group, the author further analyzed the 
operative time of the first 25 cases and the subsequent 17 cases. The 
operative times for these two subgroups were 155.34 ± 22.78 min and 
121.27 ± 14.48 min, respectively. Although the smaller sample size of 
the latter 17 cases precluded a formal statistical comparison with the 
MIS-TLIF group’s operative time, the analysis suggests that operative 
time for UBE-TLIF can be significantly reduced with accumulated 
surgical experience. Conversely, the postoperative drainage volume in 
the UBE-TLIF group was significantly less than that in the MIS-TLIF 
group (p < 0.05).

3.2 Comparison of VAS scores for back and 
leg pain at preoperative and postoperative 
time points

The postoperative follow-up period for both groups was 
24 months. Compared to preoperative values, VAS scores for back and 
leg pain and ODI scores at all postoperative time points were 
significantly reduced in both groups. Although the differences in VAS 
scores for back pain, leg pain, and ODI scores between the two groups 
were not statistically significant at most time points (p > 0.05), the 
UBE-TLIF group demonstrated lower VAS and ODI scores at all 
follow-up assessments. The difference observed at the 3-day 
postoperative mark was statistically significant (p < 0.05) (Table 3).

FIGURE 2

Representative Case 2. A 58-year-old female with low back pain and right lower limb numbness/pain for 2 years, aggravated for 2 months. (A–E) 
Preoperative CT and MRI: right-sided L4/5 lumbar disc herniation, migrated inferiorly, compressing the nerve root and causing foraminal stenosis. 
(F–H) A midline incision was used; the tubular retractor was inserted on the decompression side via an intermuscular plane. (I) View after completion 
of decompression. (J–L) Pedicle screws were placed on the contralateral side through the same midline incision via separate deep fascial incisions and 
an intermuscular approach. (M) Postoperative photo of the surgical wound.
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According to the MacNab criteria at 1-year postoperatively, the 
excellent and good rate for spinal stability was 95.2% in the UBE-TLIF 
group (27 patients rated as excellent, 13 as good, and 2 as fair) and 
95.5% in the MIS-TLIF group (28 excellent, 14 good, and 2 fair) 
(Figure 3). The difference in outcomes based on the MacNab criteria 
was not statistically significant between the two groups (p > 0.05) 
(Table 3).

Based on CT scans at the 1-year postoperative follow-up and 
evaluated using the Bridwell interbody fusion grading scale, the 
UBE-TLIF group had 25 cases of Grade I fusion, 13 cases of Grade II, 
and 4 cases of Grade III, resulting in a fusion rate of 90.4%. The 
MIS-TLIF group had 27 cases of Grade I fusion, 14 cases of Grade II, 
and 3 cases of Grade III, yielding a fusion rate of 93.2%. The difference 
in fusion rates between the two groups was not statistically significant 
(p > 0.05) (Table 3).

3.3 Incidence, management, and follow-up 
of complications in both patient groups

No intraoperative complications, such as dural tears or nerve 
root injuries, occurred in either group. Each group reported one 
postoperative complication. In the UBE-TLIF group, one patient 
experienced transient contralateral hip soreness without radiating 
leg pain, sensory deficits, or motor weakness. After excluding issues 
related to screw placement, the symptoms resolved following 
treatment with hormones and mannitol. The patient’s VAS score 
was 1 at discharge, and the symptoms had completely resolved by 
the final follow-up, with no significant pain, sensory abnormalities, 
or motor deficits in the lower limbs. In the MIS-TLIF group, one 
patient developed minor marginal skin necrosis, characterized by 
whitening of the wound edges and slight exudate. Postoperative 
MRI showed no significant subcutaneous fluid collection or signs 
of infection, and inflammatory markers were not elevated. This was 
attributed to the small incision size and retractor traction during 
the procedure. The wound was managed with bedside debridement, 
excision of the necrotic skin edges, and suturing, resulting in 
delayed wound healing.

4 Discussion

With the rapid advancement of minimally invasive spine surgery 
techniques, lumbar fusion has entered an era where both endoscopic 
and tubular-assisted techniques coexist. This study, through a 
retrospective analysis, compared the clinical efficacy and perioperative 
indicators of UBE-TLIF and MIS-TLIF, two minimally invasive 

techniques, in treating single-level lumbar disc herniation, aiming to 
provide more detailed evidence-based guidance for clinical 
procedure selection.

TABLE 2  Perioperative parameters.

Perioperative 
parameters

UBE-TLIF 
group

Mis-TLIF 
group

p

Operative time (minute) 140.42 ± 16.02 92.15 ± 13.14 <0.0001

Postoperative drainage 

volume (mL)

65.79 ± 13.46 103.58 ± 12.56 <0.0001

Hospital stays (day) 9.74 ± 1.41 9.88 ± 1.19 0.775

TABLE 3  Comparison of follow-up outcomes in group UBE-TLIF and 
group MIS-TLIF.

Relevant 
scores and 
grades

UBE-TLIF 
group

Mis-TLIF 
group

p

VAS of low-back pain

 � Preoperative 6.94 ± 1.08 6.81 ± 1.06 0.667

 � 3 days 

postoperative
1.84 ± 0.69 2.31 ± 0.79 0.045

 � 1 month 

postoperative
1.11 ± 0.32 1.35 ± 0.49 0.066

 � 6 month 

postoperative
0.68 ± 0.48 0.46 ± 0.51 0.144

 � 12 month 

postoperative
0.26 ± 0.45 0.35 ± 0.49 0.563

 � 24 month 

postoperative
0.27 ± 0.41 0.34 ± 0.45 0.642

VAS of leg pain

 � Preoperative 7.16 ± 0.96 7.35 ± 1.13 0.56

 � 3 days 

postoperative
0.63 ± 0.76 1.08 ± 0.93 0.096

 � 1 month 

postoperative
0.53 ± 0.61 0.73 ± 0.60 0.271

 � 6 month 

postoperative
0.42 ± 0.51 0.65 ± 0.56 0.16

 � 12 month 

postoperative
0.23 ± 0.44 0.50 ± 0.51 0.114

 � 24 month 

postoperative
0.25 ± 0.37 0.48 ± 0.26 0.125

ODI

 � Preoperative 66.00 ± 3.94 65.15 ± 4.45 0.513

 � 3 days 

postoperative
29.79 ± 3.33 30.81 ± 2.87 0.278

 � 1 month 

postoperative
20.47 ± 2.52 20.08 ± 2.19 0.576

 � 6 month 

postoperative
14.53 ± 2.06 15.19 ± 0.94 0.153

 � 12 month 

postoperative
13.32 ± 2.53 14.27 ± 0.75 0.185

 � 24 month 

postoperative

MacNab

 � 12 month 

postoperative
27:13:2:0 28:14:2:0 0.88

Bridewell

 � 12 month 

postoperative
25:13:4:0 27:14:3:0 0.768
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4.1 Key findings: comparable long-term 
efficacy, divergent perioperative 
performance

The most significant finding of this study is that while both 
techniques achieved similar long-term clinical outcomes and fusion 
rates, they exhibited distinct characteristics in perioperative indicators 
and early postoperative recovery.

First, regarding core indicators of clinical efficacy, the 24-month 
follow-up data showed no statistically significant differences between 
the two groups in ODI score improvement, MacNab excellent-good 
rate, and CT-based Bridwell interbody fusion rates. This robustly 
confirms that UBE-TLIF and MIS-TLIF possess equivalent long-term 
effectiveness and safety in treating LDH, consistent with the findings 
of Heo, Yang, Kim, and others (9–11). However, the improvement in 
back and leg pain in the early postoperative period was superior in the 
UBE-TLIF group. The author attributes this to the lesser muscle 
damage under the endoscopic water medium and the washing away 
of inflammatory pain mediators by the irrigation fluid. Rathod’s (12) 
research confirmed that smaller surgical trauma leads to lower levels 
of inflammatory factors like IL and CRP, consequently facilitating 
faster recovery. Regarding the quantitative assessment of muscle 
injury extent between the two groups, the retrospective nature of this 
study precluded the availability of serial creatine kinase (CK) 
measurements and early postoperative MRI data for direct 
visualization of soft tissue disruption. Consequently, this observation 
requires validation in future prospective studies.

Second, the postoperative drainage volume was significantly less 
in the UBE-TLIF group compared to the MIS-TLIF group. This is 
likely primarily due to more meticulous hemostasis achieved under 
endoscopy. Given the high demand for a clear visual field in a water 
medium, pre-emptive hemostasis is particularly crucial. Active 
bleeding during endoscopic surgery can lead to a “red-out” screen, 

halting the procedure. Especially during endplate preparation, while 
significant bleeding occasionally occurs after disc space preparation 
in MIS surgery, it is generally avoided under the direct endoscopic 
vision and the effect of water pressure. Therefore, the thorough 
hemostasis inherent to endoscopic surgery results in less 
postoperative drainage.

Finally, the longer operative time in the UBE-TLIF group can be 
attributed to three main reasons, in our view: First, the surgeons in 
this study already had extensive experience (>400 cases) with 
MIS-TLIF, making them highly proficient. In contrast, UBE-TLIF was 
still in its early stages of adoption, requiring surgeons to adapt to the 
altered anatomical perspective of the endoscopic view. Second, the 
initial implementation of UBE-TLIF involves a learning curve (13–
15). Even after overcoming this curve, although the biportal 
endoscope offers a large range of motion and a wide field of view, the 
limited diameter of the visual field still prevents some procedural steps 
from being completed in one motion. Steps like inferior articular 
process osteotomy and opening the lateral recess require careful 
execution. Furthermore, the procedure necessitates the use of both 
extra-spinal and intra-spinal radiofrequency probes for adequate and 
pre-emptive hemostasis throughout the process. Third, although open 
decompression instruments can be utilized, the efficiency under 
endoscopy is still lower than within an open tubular retractor, 
particularly during disc space preparation, which tends to require 
more time.

4.2 Technical limitations of traditional 
MIS-TLIF and modifications in this study

Since Professor Foley’s initial report in 2002, MIS-TLIF has been 
widely adopted due to its proven clinical efficacy and high fusion rates. 
However, it possesses the following drawbacks and limitations: (1) The 

FIGURE 3

Postoperative follow-up data for UBE-TLIF Case. (A–C) Postoperative MRI indicating adequate decompression; CT showing the osteotomy surfaces of 
the superior and inferior articular processes. (D) Gross photo of the surgical wound. (E,F) X-ray and CT at 6 months postoperatively. (G,H) X-ray and CT 
at 2 years postoperatively indicating satisfactory fusion.
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air medium has high demands on lighting, making the management 
of complex bleeding within the spinal canal relatively challenging. (2) 
Decompression on the contralateral side is often inadequate due to 
constraints of the tubular retractor and instruments. Even tilting the 
operating table may not achieve sufficient decompression, failing to 
adequately expose the contralateral exiting nerve root and the entire 
lateral recess, and thus failing to accomplish complete bony 
decompression. Employing bilateral tubular retractors extends 
operative time and causes bilateral muscle damage (16), negating its 
minimally invasive advantage. (3) Although endplate preparation 
under the tube can be thorough and yield high fusion rates, it lacks 
direct visualisation, compromising the ability to properly protect and 
assess the endplates. This is particularly relevant for osteoporotic 
patients, where iatrogenic damage to the bony endplate raises the risk 
of long-term cage subsidence. (4) If the tubular retractor is 
suboptimally placed or soft tissue retraction is inadequate, better 
exposure may require excessive muscle destruction, potentially 
leading to early postoperative dead space and subsequent infection, or 
long-term scar formation and muscle degeneration contributing to 
chronic low back pain.

It is important to note that the MIS-TLIF performed in this study 
utilized a modified single midline incision, approximately 4 cm in 
length, with two separate incisions at the deep fascial layer. The 
tubular retractor was inserted on the decompression side via an 
intermuscular plane. Following decompression, pedicle screws were 
placed on the decompression side under direct vision. On the 
contralateral side, a percutaneous trajectory was established through 
an intermuscular approach for freehand screw placement. The specific 
technique involved palpating the junction of the superior articular 
process and the transverse process with a finger, fine-tuning to identify 
the entry point, and then sequentially preparing the screw path using 
a series of graded awls. This method requires the accumulation of 
substantial screw placement experience before it can be reliably 
employed. The modified MIS-TLIF technique used in this study offers 
several advantages: (1) Compared to dual incisions or a unilateral 
incision supplemented by two separate percutaneous incisions for 
contralateral screw placement, the single midline incision theoretically 
results in a shorter total incision length. Since both sides utilize an 
intermuscular approach, it causes less trauma and reduced blood loss. 
(2) This incision approach allows for the use of standard open pedicle 
screw systems, avoiding additional financial burden on patients 
associated with specialized percutaneous systems. (3) Direct 
visualisation during screw placement on the decompression side can 
reduce the number of intraoperative fluoroscopies required.

4.3 Operative details of UBE-TLIF

Regarding the technical details of UBE-TLIF surgery, our 
experience is as follows: After establishing the working space, an 
osteotome is used to remove the inferior articular process in pieces 
and the tip of the superior articular process en bloc. Pre-emptive 
hemostasis around the lateral joint capsule can be performed before 
resecting the tip of the superior articular process to avoid bleeding 
after its removal, which could obscure the endoscopic view and reduce 
efficiency. The advantage of the biportal technique lies in its sufficiently 
large working space, allowing the use of open instruments, thereby 
enhancing efficiency. During the early stages of adoption, angle 

disorientation can occur with the 30° endoscope. This can be 
mitigated by referencing the spatial relationship of the osteotome 
outside the body relative to the horizontal plane and patient position 
to determine its direction, akin to the spatial awareness in open 
surgery. The lateral recess is then addressed using pistol-grip rongeurs, 
with the resection extent reaching the inferior attachment of the 
ligamentum flavum on the lower vertebra’s lamina. At this point, the 
ligamentum flavum becomes mobile (“floating”) and no longer 
causes compression.

In our study cohort, the ligamentum flavum was preserved 
intraoperatively. By detaching its inferior attachment at the conjoined 
area (conner zone) of the lower vertebra’s lamina and its ventral 
attachment on the tip of the superior articular process (the foraminal 
ligament), the ligamentum flavum can be lifted away. This technique 
ensures it does not compress the thecal sac or nerve root canals. 
Furthermore, working under the protection of the reflected 
ligamentum flavum during decompression and disc space preparation 
minimizes irritation or traction on the nerve roots, potentially 
reducing intraoperative neural manipulation and even injury (17). For 
patients with concomitant central canal stenosis, the extent of bony 
decompression must reach the superior and inferior attachments of 
the ligamentum flavum to achieve complete mobilization (“floating”) 
of the entire ligamentum flavum, preventing inadequate 
decompression. For patients with simple lumbar disc herniation or 
predominant lateral recess stenosis, the cephalad decompression only 
needs to reach the level of the superior endplate of the involved disc 
space, avoiding unnecessary destruction of excessive bony structures.

4.4 Advantages and disadvantages of 
UBE-TLIF

The UBE-TLIF procedure enables fully endoscopic decompression 
of neural structures both inside and outside the spinal canal within a 
water medium. It integrates the advantages of tubular retractor 
technology, microscope technology, and uniportal endoscopy 
techniques, emphasizing the surgical philosophy of a “bloodless field 
and meticulous dissection.” This achieves the ideal goal of “performing 
open surgical procedures endoscopically.” The advantages of the 
UBE-TLIF technique are summarized as follows: (1) The biportal 
technique utilizes the natural interfascial plane of the multifidus 
triangle and creates a working space through water pressure. The 
viewing and working channels are independent, forming a triangular 
relationship. This provides a large operating space unrestricted by a 
tube, allows the use of open instruments and endoscopic power 
systems, and results in high working efficiency. (2) It represents the 
endoscopic transformation of traditional open surgery. Leveraging the 
magnified endoscopic view and extended operational range, it enables 
bilateral decompression through a unilateral approach, allowing 
simultaneous exploration of the contralateral traversing and exiting 
nerve roots. (3) The biportal operating mode allows for direct 
visualization during endplate preparation. The endoscope angle can be 
adjusted to inspect the condition of the superior and inferior endplates, 
helping to prevent iatrogenic injury to the bony endplate. This is 
particularly crucial for osteoporotic patients, where traditional MIS 
techniques carry a higher risk of endplate damage, which can lead to a 
series of complications such as cage subsidence affecting fusion, 
secondary foraminal stenosis, and implant loosening. Kim et al. (11) 
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study demonstrated that vertebral endplates can be fully exposed under 
endoscopy, facilitating meticulous endplate preparation. The author’s 
experience also confirms that endplate handling is more intuitive and 
refined. However, it is undeniable that the UBE-TLIF technique has a 
learning curve. The author’s experience suggests the learning curve is 
typically overcome after approximately 30 cases, after which aspects 
like space establishment, decompression maneuvers, and operative 
time stabilize, consistent with literature reports (13–15). Nevertheless, 
challenges encountered during the early stages of implementation are 
undeniable, including prolonged operative time, loss of the working 
visual field, wrong-level surgery, the inability to repair dural tears 
endoscopically, and intracranial hypertension (18–21).

It is noteworthy that Unilateral Biportal Endoscopy (UBE) 
represents a comprehensive technical system rather than being confined 
to a single surgical approach. It can be adapted using various approaches 
to address different pathologies, such as the interlaminar, 
transforaminal, far-lateral, contralateral sublaminar, and contralateral 
oblique approaches. For pathologies related to the lumbosacral foramen, 
such as Far-out syndrome, which often involves obstruction by a high 
iliac crest making minimally invasive decompression challenging, the 
UBE technique—by simply modifying the incision placement—can 
achieve clear visualization of the foramen and extraforaminal regions. 
This minimizes excessive destruction of the facet joints and preserves 
spinal stability. Furthermore, as surgical techniques continue to mature 
and instruments improve, the indications and clinical applications of 
UBE are steadily expanding (22–27).

5 Limitations of this study

This study has several limitations. Firstly, it is a single-center 
retrospective analysis, which may introduce selection bias. Secondly, 
the relatively limited sample size might affect the statistical power to 
detect more subtle differences between the groups. Finally, 
intraoperative blood loss was not calculated in this study. This is 
because blood loss under an endoscopic fluid medium cannot be 
accurately measured by physical methods. Although some studies have 
used formulas based on changes in hematocrit for estimation (28, 29), 
the accuracy of this method is debated as it can be easily influenced by 
factors such as perioperative fluid administration. Consequently, 
intraoperative blood loss was not quantified in this research.

6 Conclusion

In summary, Unilateral Biportal Endoscopy (UBE) integrates the 
dual advantages of minimally invasive tubular techniques and 
endoscopic technology. It combines the working efficiency characteristic 
of an air medium with the minimal tissue trauma philosophy of a water 
medium, while simultaneously utilizing the endoscope to achieve an 
expanded field of view, enabling more extensive and precise 
decompression. The UBE-TLIF technique offers advantages such as a 
relatively manageable learning curve, a clear visual field, flexible 
instrument maneuverability, and direct visualization during endplate 
preparation. Its benefits are particularly evident in cases requiring 
bilateral decompression via a unilateral approach. This technique 

demonstrates confirmed long-term clinical efficacy in the treatment of 
lumbar disc herniation. Although challenges such as prolonged 
operative time are encountered during the initial implementation phase, 
the operative duration can be significantly reduced with accumulated 
surgical experience, supporting its broader clinical adoption.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics Review 
Committee of Hefei First People's Hospital (Approval number: 2024-
2-67). The studies were conducted in accordance with the local 
legislation and institutional requirements. Written informed consent 
for participation was not required from the participants or the 
participants' legal guardians/next of kin in accordance with the 
national legislation and institutional requirements.

Author contributions

JQ: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Resources, 
Software, Validation, Visualization, Writing  – original draft, 
Writing – review & editing. ML: Conceptualization, Data curation, 
Formal analysis, Investigation, Methodology, Project 
administration, Software, Writing  – review & editing. TS: 
Conceptualization, Data curation, Investigation, Methodology, 
Project administration, Software, Writing – review & editing. ZD: 
Conceptualization, Data curation, Investigation, Methodology, 
Project administration, Software, Writing – review & editing. GH: 
Conceptualization, Data curation, Methodology, Project 
administration, Writing – review & editing. ZN: Conceptualization, 
Investigation, Methodology, Project administration, Writing  – 
review & editing. KZ: Conceptualization, Data curation, Formal 
analysis, Investigation, Methodology, Project administration, 
Writing – review & editing. LM: Conceptualization, Data curation, 
Investigation, Methodology, Software, Writing – review & editing. 
ZZ: Conceptualization, Data curation, Investigation, Methodology, 
Supervision, Validation, Writing – review & editing.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. This work was supported by grants from 
the Key Project of Health Commission Applied Medical Research of 
Hefei (Hwk2024yb012).

https://doi.org/10.3389/fneur.2025.1729583
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Qi et al.� 10.3389/fneur.2025.1729583

Frontiers in Neurology 09 frontiersin.org

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 

intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

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

References
	1.	Hincapié, CA, Kroismayr, D, Hofstetter, L, Kurmann, A, Cancelliere, C, Raja 

Rampersaud, Y, et al. Incidence of and risk factors for lumbar disc herniation with 
radiculopathy in adults: a systematic review. Eur Spine J. (2025) 34:263–94. doi: 10.1007/
s00586-024-08528-8

	2.	Zhang, J, Zhang, W, Yue, W, Qin, W, Li, Z, and Xu, G. Adolescent lumbar disc 
herniation: etiology, diagnosis, and treatment options. J Orthop Surg Res. (2025) 20:605. 
doi: 10.1186/s13018-025-06024-3

	3.	Daqqa, AA, Qaddumi, J, Salameh, B, and Hanani, A. Changes in pain, quality of 
life, sleep, and mental health after uncomplicated spinal neurosurgery in Palestine: a 
prospective study of patient-reported outcomes. Sci Rep. (2025) 15:41841. doi: 10.1038/
s41598-025-25850-3

	4.	Li, K, Yang, L, and Wang, Y. Rare nontraumatic thoracic spondylolisthesis: a case 
report and literature review. J Surg Case Rep. (2025) 2025:rjaf802. doi: 10.1093/
jscr/rjaf802

	5.	Prabhu, MC, Jacob, KC, Patel, MR, Pawlowski, H, Vanjani, NN, and Singh, K. 
History and evolution of the minimally invasive Transforaminal lumbar interbody 
fusion. Neurospine. (2022) 19:479–91. doi: 10.14245/ns.2244122.061

	6.	Soliman, HM. Irrigation endoscopic decompressive laminotomy. A new endoscopic 
approach for spinal stenosis decompression. Spine J. (2015) 15:2282–9. doi: 10.1016/j.
spinee.2015.07.009

	7.	Hwa Eum, J, Hwa Heo, D, Son, SK, and Park, CK. Percutaneous biportal endoscopic 
decompression for lumbar spinal stenosis: a technical note and preliminary clinical 
results. J Neurosurg Spine. (2016) 24:602–7. doi: 10.3171/2015.7.SPINE15304

	8.	Heo, DH, Son, SK, Eum, JH, and Park, CK. Fully endoscopic lumbar interbody 
fusion using a percutaneous unilateral biportal endoscopic technique: technical note 
and preliminary clinical results. Neurosurg Focus. (2017) 43:E8. doi: 
10.3171/2017.5.FOCUS17146

	9.	Heo, DH, and Park, CK. Clinical results of percutaneous biportal endoscopic 
lumbar interbody fusion with application of enhanced recovery after surgery. Neurosurg 
Focus. (2019) 46:E18. doi: 10.3171/2019.1.FOCUS18695

	10.	Yang, H, Cheng, F, Hai, Y, Liu, Y, and Pan, A. Unilateral biportal endoscopic 
lumbar interbody fusion enhanced the recovery of patients with the lumbar degenerative 
disease compared with the conventional posterior procedures: a systematic review and 
meta-analysis. Front Neurol. (2022) 13:1089981. doi: 10.3389/fneur.2022.1089981

	11.	Kim, JE, Yoo, HS, Choi, DJ, Park, EJ, and Jee, SM. Comparison of minimal invasive 
versus biportal endoscopic transforaminal lumbar interbody fusion for single-level 
lumbar disease. Clin Spine Surg. (2021) 34:E64–e71. doi: 10.1097/BSD.0000000000001024

	12.	Rathod, TN, Chandanwale, A, Ladkat, KM, Chavan, S, Chavan, A, and Bhosale, PB. 
High sensitive C-reactive protein-effective tool in determining postoperative recovery 
in lumbar disc disease. Indian J Orthop. (2014) 48:354–9. doi: 10.4103/0019-5413.136216

	13.	Guo, W, Ye, J, Li, T, Yu, Y, and Fan, X. Evaluation of the learning curve and 
complications in unilateral biportal endoscopic transforaminal lumbar interbody fusion: 
cumulative sum analysis and risk-adjusted cumulative sum analysis. J Orthop Surg Res. 
(2024) 19:194. doi: 10.1186/s13018-024-04674-3

	14.	Yılmaz, E, Emengen, A, Gökbel, A, Uzuner, A, Korkmaz, M, Balci, S, et al. CUSUM 
and RA-CUSUM analysis of the first-year learning curve for UBE in a neurosurgeon 
with endoscopic skull base experience. World Neurosurg. (2025):124523. doi: 10.1016/j.
wneu.2025.124523

	15.	Park, SM, Kim, HJ, Kim, GU, Choi, MH, Chang, BS, Lee, CK, et al. Learning curve 
for lumbar decompressive laminectomy in Biportal endoscopic spinal surgery using the 
cumulative summation test for learning curve. World Neurosurg. (2019) 122:e1007–13. 
doi: 10.1016/j.wneu.2018.10.197

	16.	Zhou, S, Xu, X, Guo, T, Sun, J, and A, J. Comparison of short-term clinical 
outcomes and muscle injury in patients with lumbar spinal stenosis undergoing 
arthroscopic-assisted uni-portal spinal surgery, unilateral biportal endoscopic surgery, 
and percutaneous interlaminar lumbar discectomy: a six-month follow-up. J Orthop 
Surg Res. (2025) 20:684. doi: 10.1186/s13018-025-06088-1

	17.	Merter, A, Bozkurt, OE, Dolas, I, Peker, E, Unal, S, Sahin, D, et al. Protection of 
the ligamentum flavum reduces epidural fibrosis formation in endoscopic lumbar 
discectomy. Eur Spine J. (2025). doi: 10.1007/s00586-025-08960-4

	18.	Kazarian, ER, Yang, JI, Kazarian, GS, and Kim, YH. Primer on unilateral biportal 
endoscopic spine surgery: technical overview for beginners. Spine J. (2025). doi: 
10.1016/j.spinee.2025.06.003

	19.	Peng, J, Lin, R, Fang, D, He, Z, Zhao, Q, and Li, Q. Learning curve insights in 
unilateral Biportal endoscopic (UBE) spinal procedures: proficiency cutoffs and the 
impact on efficiency and complications. Eur Spine J. (2025) 34:954–73. doi: 10.1007/
s00586-024-08632-9

	20.	Espinoza, XAS, Pérez, EG, and Choi, DJ. The unilateral biportal endoscopy 
journey: proposing a 10-tier difficulty progression framework for unilateral biportal 
endoscopy. Asian Spine J. (2025) 19:311–23. doi: 10.31616/asj.2025.0064

	21.	Sun, H, Zhang, Q, Xu, K, Zhou, Z, Jiang, D, He, S, et al. A retrospective study on 
safety and clinical outcomes of unilateral biportal endoscopic technique for spinal 
degenerative diseases. PeerJ. (2025) 13:e19076. doi: 10.7717/peerj.19076

	22.	Lee, MH, Jang, HJ, Moon, BJ, Kim, KH, Chin, DK, Kim, KS, et al. Comparative 
outcomes of Biportal endoscopic decompression, conventional subtotal laminectomy, 
and minimally invasive Transforaminal lumbar interbody fusion for lumbar central 
stenosis. Neurospine. (2024) 21:1178–89. doi: 10.14245/ns.2448830.415

	23.	Li, L, An, J, Guo, L, Shan, X, Sun, Y, Li, J, et al. Comparison of percutaneous 
endoscopic lumbar discectomy (PELD) and unilateral biportal endoscopic (UBE) 
discectomy in the treatment of far lateral lumbar disc herniation (FLLDH): a 
retrospective study. J Orthop Surg Res. (2025) 20:510. doi: 10.1186/
s13018-025-05906-w

	24.	Tian, D, Zhu, B, Liu, J, Chen, L, Sun, Y, Zhong, H, et al. Contralateral inclinatory 
approach for decompression of the lateral recess and same-level foraminal lesions using 
unilateral biportal endoscopy: A technical report. Front Surg. (2022) 9:959390. doi: 
10.3389/fsurg.2022.959390

	25.	Kim, HC, Ko, YI, Ko, MS, Kim, SI, and Kim, YH. Expanded application of 
unilateral biportal endoscopy in adult thoracic disease: report of three cases and 
literature review. Eur Spine J. (2025) 34:372–9. doi: 10.1007/s00586-024-08501-5

	26.	Tian, DS, Zhu, B, and Jing, JH. Application expansion of unilateral biportal 
endoscopy in spine surgery and its related issues. Zhonghua Yi Xue Za Zhi. (2022) 
102:3241–5. doi: 10.3760/cma.j.cn112137-20220426-00919

	27.	Bai, G, Qiu, X, Wei, G, Jing, X, and Hu, Q. Unilateral biportal endoscopic 
decompression combined with percutaneous pedicle screw fixation offers new treatment 
option for thoracolumbar burst fractures with secondary spinal stenosis. Sci Rep. (2025) 
15:877. doi: 10.1038/s41598-025-85543-9

	28.	Jin, JF, Chen, HR, Peng, YJ, Dai, J, Wang, QL, and Yan, J. Risk factors for hidden 
blood loss in unilateral biportal endoscopic lumbar interbody fusion: a single-center 
retrospective study. BMC Musculoskelet Disord. (2024) 25:1017. doi: 10.1186/
s12891-024-08104-7

	29.	Peng, YJ, Fan, ZY, Wang, QL, Dai, J, Zhang, QZ, Cao, JY, et al. Comparison of the 
total and hidden blood loss in patients undergoing single-level open and unilateral 
biportal endoscopic transforaminal lumbar interbody fusion: a retrospective case 
control study. BMC Musculoskelet Disord. (2023) 24:295. doi: 10.1186/
s12891-023-06393-y

https://doi.org/10.3389/fneur.2025.1729583
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1007/s00586-024-08528-8
https://doi.org/10.1007/s00586-024-08528-8
https://doi.org/10.1186/s13018-025-06024-3
https://doi.org/10.1038/s41598-025-25850-3
https://doi.org/10.1038/s41598-025-25850-3
https://doi.org/10.1093/jscr/rjaf802
https://doi.org/10.1093/jscr/rjaf802
https://doi.org/10.14245/ns.2244122.061
https://doi.org/10.1016/j.spinee.2015.07.009
https://doi.org/10.1016/j.spinee.2015.07.009
https://doi.org/10.3171/2015.7.SPINE15304
https://doi.org/10.3171/2017.5.FOCUS17146
https://doi.org/10.3171/2019.1.FOCUS18695
https://doi.org/10.3389/fneur.2022.1089981
https://doi.org/10.1097/BSD.0000000000001024
https://doi.org/10.4103/0019-5413.136216
https://doi.org/10.1186/s13018-024-04674-3
https://doi.org/10.1016/j.wneu.2025.124523
https://doi.org/10.1016/j.wneu.2025.124523
https://doi.org/10.1016/j.wneu.2018.10.197
https://doi.org/10.1186/s13018-025-06088-1
https://doi.org/10.1007/s00586-025-08960-4
https://doi.org/10.1016/j.spinee.2025.06.003
https://doi.org/10.1007/s00586-024-08632-9
https://doi.org/10.1007/s00586-024-08632-9
https://doi.org/10.31616/asj.2025.0064
https://doi.org/10.7717/peerj.19076
https://doi.org/10.14245/ns.2448830.415
https://doi.org/10.1186/s13018-025-05906-w
https://doi.org/10.1186/s13018-025-05906-w
https://doi.org/10.3389/fsurg.2022.959390
https://doi.org/10.1007/s00586-024-08501-5
https://doi.org/10.3760/cma.j.cn112137-20220426-00919
https://doi.org/10.1038/s41598-025-85543-9
https://doi.org/10.1186/s12891-024-08104-7
https://doi.org/10.1186/s12891-024-08104-7
https://doi.org/10.1186/s12891-023-06393-y
https://doi.org/10.1186/s12891-023-06393-y

	Comparison of unilateral biportal endoscopic lumbar fusion and modified minimally invasive tubular lumbar fusion for lumbar disc herniation: a two-year retrospective study
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval and patient characteristics
	2.2 Surgical technique
	2.2.1 Ube-TLIF
	2.2.2 MIS-TLIF group
	2.3 Efficacy evaluation
	2.4 Statistical analysis

	3 Results
	3.1 Comparison of perioperative parameters between groups
	3.2 Comparison of VAS scores for back and leg pain at preoperative and postoperative time points
	3.3 Incidence, management, and follow-up of complications in both patient groups

	4 Discussion
	4.1 Key findings: comparable long-term efficacy, divergent perioperative performance
	4.2 Technical limitations of traditional MIS-TLIF and modifications in this study
	4.3 Operative details of UBE-TLIF
	4.4 Advantages and disadvantages of UBE-TLIF

	5 Limitations of this study
	6 Conclusion

	References

