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Objective: This study endeavors to evaluate the clinical efficacy of unilateral 
biportal endoscopic lumbar interbody fusion (ULIF) in managing lumbar 
degenerative diseases (LDD) through a multi-center investigation.
Methods: One hundred patients diagnosed with LDD between August 2022 and 
August 2024 were enrolled and allocated to either the ULIF cohort (ULIF group, 
n = 50) or the conventional open posterior lumbar interbody fusion (PLIF) 
cohort (PLIF group, n = 50). Surgical metrics (operative time, intraoperative 
blood loss, postoperative drainage volume, and hospital duration) alongside 
the three-month interbody fusion rate were compared. Preoperative and 
postoperative pain Visual Analogue Scale (VAS) scores, serum inflammatory 
cytokine profiles (TNF-α, IL-6, IL-4), Japanese Orthopaedic Association (JOA) 
scores, and Oswestry Disability Index (ODI) scores were analyzed. Postoperative 
complications were documented.
Results: The ULIF group demonstrated a higher three-month interbody fusion 
rate than the PLIF group (P < 0.05). Additionally, the ULIF cohort exhibited 
shorter operative times, diminished intraoperative blood loss, reduced 
postoperative drainage, and abbreviated hospital stays compared with the PLIF 
group (P < 0.05). Seven-day postoperative VAS scores were lower in the ULIF 
group relative to the PLIF group (P < 0.05). TNF-α and IL-6 levels were lower, 
while IL-4 was elevated in the ULIF cohort at 7 days postoperatively relative to 
the PLIF group (P < 0.05). JOA scores were superior and ODI scores were lower 
in the ULIF group at 7 days and 3 months postoperatively versus the PLIF group 
(P < 0.05). No significant difference in overall postoperative complication rates 
was observed between groups (P > 0.05).
Conclusion: ULIF enhances postoperative pain relief, functional recovery, 
and inflammatory resolution, while simultaneously shortening operative and 
hospitalization durations, minimizing intraoperative blood loss, and maintaining 
a favorable safety profile in LDD patients.
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Introduction

Globally, lumbar degenerative diseases (LDD) stand as the 
primary etiology responsible for chronic lower back pain among 
elderly individuals (1, 2). Moreover, with the rising proportion of 
elderly individuals within the global population, the prevalence of 
these diseases continues to escalate (3). LDD encompasses a range of 
pathological conditions resulting from lumbar spine structural 
degeneration, including lumbar spinal stenosis, degenerative lumbar 
spondylolisthesis, lumbar disc herniation, and degenerative lumbar 
scoliosis (4, 5). When non-surgical therapeutic approaches, including 
pharmacological management and physiotherapy, fail to yield the 
desired therapeutic outcomes, surgical intervention frequently 
becomes a necessary course of action (6). Spinal fusion is widely 
regarded as the benchmark surgical procedure for the management of 
LDD in patients who exhibit a lack of response to conservative 
treatment modalities and experience a progression of symptoms (7).

Posterior lumbar interbody fusion (PLIF), a surgical procedure 
employing a posterior approach to the lumbar spine, involves 
dissecting muscle tissue bilaterally from the spinous process, partially 
removing the lamina and ligamentum flavum, and exposing the dural 
sac and nerve roots to achieve target disc exposure for fusion (7, 8). 
This surgical procedure offers several advantages, including a broad 
operative field of view and thorough exposure of the nerve root, 
achieved without compromising the blood supply to the graft via a 
posterior approach, as well as facilitating the possibility of achieving a 
360° fusion through a single incision (7, 9). However, PLIF has several 
drawbacks, such as the need for extensive stripping of the paravertebral 
muscles, resulting in greater trauma and prolonged recovery time; 
paravertebral medical injuries associated with long-term muscle 
contraction, which may lead to severe complications; and a high 
incidence of degenerative changes in adjacent spinal segments, even 
necessitating reoperation (7, 10). Under such circumstances, there is 
an urgent need in the current field of LDD treatment to find a safer, 
more effective, and minimally invasive surgical approach.

In recent years, advancements have led to the development of the 
biportal endoscopic system and unilateral biportal endoscopic lumbar 
interbody fusion (ULIF), which integrates the benefits of traditional 
open surgery and minimally invasive endoscopic techniques (11, 12). 
Endoscopic lumbar interbody fusion, performed via either uniportal 
or biportal endoscopic techniques, has been explored to expedite 
postoperative recovery (13, 14). Unlike percutaneous uniportal full-
endoscopic spinal surgery, the biportal endoscopic approach provides 
distinct viewing and working channels, enabling continuous fluid 
irrigation via two separate surgical pathways (15–17). Using two 
independent transmuscular channels (one for visualization, one for 
manipulation) enables unrestricted surgical field access and dynamic 
instrument handling, shortening the learning curve compared to 
uniportal endoscopy (18, 19). Reportedly, the biportal endoscopic 
approach has advanced sufficiently to be  applicable in lumbar 
interbody fusion surgery (14, 20, 21).

It is noteworthy that during the onset and progression of LDD, 
inflammatory responses play a pivotal role (22). Tumor necrosis 
factor-alpha (TNF-α), interleukin-6 (IL-6), and interleukin-4 (IL-4), 
as important inflammatory cytokines, exert unique functions in 
regulating immune responses and inflammatory processes (23, 24). 
These three inflammatory factors represent typical cytokines in both 
pro-inflammatory and anti-inflammatory directions, comprehensively 

and accurately reflecting the internal inflammatory regulatory 
mechanisms of the body during the onset and progression of LDD, 
providing crucial information for a deeper understanding of the 
disease’s nature.

Given the above information, the research objective is to conduct 
a multi-center study to thoroughly explore the clinical application 
effects of ULIF in LDD and analyze the intervertebral fusion rate, 
surgical-related indicators, and serum inflammatory cytokine levels 
of patients before and after surgery, so as to compare the application 
value of this surgical approach with PLIF in LDD.

Materials and methods

Ethics statement

Ethical approval for the study was granted by the ethics committee 
of Ganzhou People’s Hospital, and informed consent was obtained 
from all participants.

Patient cohort

A multi-center, prospective cohort study design was employed, 
involving 100 patients admitted to Ganzhou People’s Hospital between 
August 2022 and August 2024. Inclusion criteria encompassed: (1) 
diagnostic confirmation of LDD pathology (1); (2) failed conservative 
management for ≥ 3 months necessitating primary surgical 
intervention for LDDs; (3) adequate cognitive function and 
compliance; (4) complete demographic data; (5) signed informed 
consent. Exclusion criteria included: (1) concurrent spinal neoplasms, 
infections, or fractures; (2) prior lumbar surgical history; (3) severe 
cardiovascular/cerebrovascular comorbidities or 
coagulation disorders.

The patients were categorized into two groups based on the 
surgical approach: the ULIF group and the PLIF group (n = 50 each). 
There were no remarkable differences in the general demographic data 
between the two groups (P > 0.05; Table 1).

Randomization method and blinding 
method

The 100 finally included patients were numbered from 1 to 100 
according to the order of enrollment. Corresponding numbers of 
random numbers were extracted from the “Random Number Table.” 
After arranging these numbers in ascending order, the first 50 patients 
were assigned to the PLIF group, and the latter 50 patients were 
assigned to the ULIF group. The grouping scheme was prepared and 
sealed by an independent statistician, and it was unsealed by the 
researchers before the implementation of the intervention. As an 
open-label clinical trial, both the patients and clinicians were aware of 
the treatment methods they would receive, and patients were required 
to cooperate with doctors or therapists before treatment. The 
researchers responsible for the postoperative clinical efficacy 
assessment were blinded to the grouping. During the data collection 
and analysis phases, clinical researchers, assessors, and statisticians 
did not share research information with each other.
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Surgical techniques

Both groups underwent preoperative evaluation and general 
anesthesia with prone positioning.

The PLIF group
Conventional PLIF was performed (25). A midline incision was 

made along the lumbar spine, followed by sequential dissection 
through the skin and lumbar fascia. Paraspinal muscles were bluntly 
separated while preserving the bilateral facet joint structures. 
Intraoperatively, the PLX118WF C-arm X-ray system (Nanjing Puao 
Medical) was used for imaging guidance to accurately place the 
pedicle screw system. Subsequently, ligamentous tissues, spinous 
processes, and bilateral laminae in the affected region were removed. 
Posterior scar tissue within the intervertebral space was also excised, 
and decompression was performed to enlarge the nerve root canal and 
lateral recess while preserving facet joint integrity. Upon completion 
of the main procedure, the surgical field was irrigated, hemostasis was 
achieved, and layered closure was performed. A drainage device was 
routinely placed. For cases with confirmed severe lateral recess 
stenosis, additional steps were taken: the diseased intervertebral disc 
and nucleus pulposus were removed, cartilaginous endplates were 
thoroughly cleared using a curette, and nerve root decompression was 
ensured. Finally, an autologous bone graft and an interbody fusion 
cage were implanted to complete stabilization.

The ULIF group
ULIF approach was utilized (26), with key procedural steps 

as follows.
After general anesthesia, the patient was placed in a prone 

position. The responsible intervertebral space was located under 
fluoroscopic guidance using a C-arm X-ray machine, and the surface 
projections of the upper  and lower pedicles were marked. Under 

fluoroscopic guidance, four positioning guidewires were implanted 
through the pedicles. Two transverse incisions were made on the side 
with more severe symptoms: a proximal incision (approximately 1 cm 
in length) served as the observation channel, and a distal incision 
(approximately 2 cm in length) served as the operative channel. An 
arthroscope was inserted, and surrounding soft tissues were cleared. 
After hemostasis with a radiofrequency probe, the lower edge of the 
lamina of the superior vertebra and the upper edge of the lamina of 
the inferior vertebra were sequentially exposed. Part of the lower edge 
of the superior lamina, the facet joint, and the ligamentum flavum 
were removed to expose the dural sac and nerve root. After retracting 
the nerve root with a nerve hook, the intervertebral nucleus pulposus 
tissue was removed using nucleus pulposus forceps and reamers. 
Further treatment was carried out on the ipsilateral lamina and the 
medial part of the facet joint. The nerve root canal and lateral recess 
were enlarged with a lamina rongeur to achieve 
adequate decompression.

After scraping the endplates, a mixture of autologous and 
allogeneic bone graft particles was implanted. A cage was inserted 
and initially distracted and fixed. After confirming the position 
under C-arm fluoroscopy, four pedicle screws were routinely 
implanted (in cases of lumbar spondylolisthesis, the intervertebral 
space needed to be fully treated before screw insertion). On the 
contralateral side of the cage, connecting rods and set screws were 
installed. After confirming satisfactory reduction and fixation 
under fluoroscopy, all set screws were tightened to complete the 
final fixation. After checking for no active bleeding, a drainage tube 
was placed, and the skin incision was sutured layer by layer. 
Postoperative treatment was the same as that in the control group. 
All cases were performed by a fixed surgical team, and 
postoperative anti-infection and rehabilitation guidance were 
uniformly provided. Patients were followed up for 3 months 
through telephone or outpatient follow-up.

TABLE 1  Comparison of general data between the two groups.

Group PLIF group (n = 50) ULIF group (n = 50) t P

Male [n (%)] 27 (54.00) 28 (56.00) 0.040 0.841

Age (years) 60.26 ± 9.92 61.48 ± 11.86 0.558 0.578

Body mass index (kg/m2) 23.86 ± 2.52 23.72 ± 2.61 0.261 0.795

Disease duration (year) 5.84 ± 1.33 5.88 ± 1.48 0.142 0.887

Disease type [n (%)] 0.216 0.975

Lumbar disc herniation 23 (46.00) 24 (48.00)

Lumbar spinal stenosis 14 (28.00) 13 (26.00)

Lumbar spondylolisthesis 8 (16.00) 7 (14.00)

Degenerative lumbar instability 5 (10.00) 6 (12.00)

Lesion segment [n (%)] 0.756 0.685

L3 ~ L4 4 (8.00) 2 (4.00)

L4 ~ L5 40 (80.00) 41 (82.00)

L5 ~ S1 6 (12.00) 7 (14.00)

Number of cases in each center 3.669 0.160

Center 1 (n = 35) 20 (40.00) 15 (30.00)

Center 2 (n = 32) 18 (36.00) 14 (28.00)

Center 3 (n = 33) 12 (24.00) 21 (42.00)
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Observation indicators

	(1)	 Interbody fusion rate: At 3 months postoperatively, interbody 
fusion was assessed using the Bridwell grading system (27). 
Grade I  indicated definite bony fusion with continuous 
trabecular bone bridging the intervertebral space; Grade II 
indicated incomplete fusion without radiolucent lines and no 
implant loosening; Grade III indicated presence of radiolucent 
lines or implant loosening without collapse; Grade IV indicated 
fusion failure with implant displacement or collapse. Grades 
I and II were considered successful fusion, while Grades III and 
IV were defined as nonunion. The fusion success rate was 
calculated based on assessments conducted by two independent 
radiologists in a blinded manner, using dynamic lumbar X-rays 
and 1-mm slice thickness CT reconstructions at 3 months 
postoperatively. In cases of disagreement, a senior radiologist 
adjudicated the final evaluation.

	(2)	 Surgical metrics: Operative time, intraoperative blood loss, 
postoperative drainage volume, and hospital duration were 
compared in two groups.

	(3)	 Visual Analogue Scale (VAS) scores: Preoperative and seven-day 
postoperative VAS scores were compared (28). Patients self-
reported pain intensity on a 10 cm scale, translated to numerical 
scores (0–10), with higher scores for greater pain.

	(4)	 Serum inflammatory cytokine profiles: Standard venous blood 
sampling technique was employed preoperatively and 7 days 
postoperatively to collect 5 mL of peripheral venous blood from 
each subject in both groups under fasting conditions in the 
morning. Immediately after collection, the samples were 
centrifuged at 3,000 rpm for 20 min to obtain serum. The 
supernatant was aliquoted and stored at −20 °C for subsequent 
analysis. The concentrations of serum inflammatory cytokines 
(TNF-α, IL-6, and IL-4) were measured using ELISA, with the 
experimental procedures strictly adhering to the kit instructions 
provided by Shuangying Biotechnology (Shanghai, China).

	(5)	 Japanese Orthopaedic Association Score (JOA): Preoperative, 
seven-day, and three-month JOA scores were compared (29). 
The JOA scale evaluates subjective symptoms (0–9), clinical 
signs (0–6), and activity limitations (0–14), with higher scores 
indicating superior function in a range of 0 to 29.

	(6)	 Oswestry Disability Index (ODI) scores: Preoperative, seven-day, 
and three-month ODI scores were compared (30). The ODI 
evaluates functional limitation across 10 domains of daily 
activity—such as lifting, walking, and sitting—with each item 
scored from 0 to 5, yielding a total score of 50. Functional status 
was stratified as follows: < 5 points indicated no disability; 5–14, 
mild impairment; 15–24, moderate impairment; 25–34, severe 
impairment; and ≥ 35, complete loss of function. Higher scores 
reflect greater functional limitation.

	(7)	 Safety profile: Postoperative complications (incisional infection, 
hematoma compression, cerebrospinal fluid leakage, and lower 
limb numbness) were recorded and compared between groups.

Statistical analysis

Statistical analyses were performed using SPSS version 26.0. 
Normality of continuous variables was assessed using the 

Shapiro–Wilk test for sample sizes ≤50 or the Kolmogorov–Smirnov 
test for larger samples, with P > 0.10 indicating a normal distribution. 
Data conforming to normality were expressed as mean ± standard 
deviation (x ± s). Between-group comparisons were conducted using 
the independent samples t-test (for equal variances) or Welch’s t-test 
(for unequal variances), while within-group comparisons used the 
paired t-test. For non-normally distributed data, values were expressed 
as median and interquartile range [M (P25, P75)], with Mann–
Whitney U tests used for between-group comparisons and Wilcoxon 
signed-rank tests for within-group comparisons. Kappa Consistency 
Test was performed on the assessment results of the two observers. A 
Kappa value of 0–0.2 indicates slight agreement, 0.21–0.40 indicates 
fair agreement, 0.41–0.60 indicates moderate agreement, 0.61–0.80 
indicates substantial agreement, and ≥0.81 indicates almost perfect 
agreement. Repeated measures—such as preoperative, 7-day, and 
3-month postoperative data—were analyzed using repeated measures 
ANOVA (for normally distributed data) or the Friedman test (for 
non-normal data). Categorical variables were presented as counts and 
percentages [n (%)], and compared using the chi-square test or 
Fisher’s exact test where expected frequencies were < 5. A two-tailed 
P value < 0.05 was considered statistically significant, with α set 
at 0.05.

Results

General data

As shown in Table  1, there were no statistically significant 
differences in general information such as gender, age, body mass 
index, disease duration, and disease type between the two groups, 
indicating comparability (P > 0.05).

Interbody fusion rate

At the three-month postoperative assessment, the ULIF group 
exhibited a significantly higher rate of successful interbody fusion 
compared to the PLIF group (49/50 vs. 43/50) (P < 0.05). The inter-
observer reliability Kappa value was 0.703, indicating substantial 
agreement (Table 2).

Surgical metrics

The ULIF group demonstrated significantly shorter operative 
time, reduced intraoperative blood loss and postoperative drainage, 
and a decreased length of hospital stay compared to the PLIF group 
(P < 0.05; Table 3).

VAS scores

Preoperative VAS scores were comparable between the two groups 
(P > 0.05). However, the ULIF group reported significantly lower VAS 
scores at 7 days postoperatively, indicating more rapid pain relief 
(P < 0.05; Table 4).
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Serum inflammatory cytokine profiles

No significant differences were observed in preoperative serum levels 
of TNF-α, IL-6, and IL-4 between the two groups (P > 0.05). 
Postoperatively, the ULIF group exhibited lower TNF-α and IL-6 levels, 
but higher IL-4 levels at 7 days after treatment (P < 0.05; Table 5).

JOA scores

Preoperative JOA scores were similar between the 
two groups (P > 0.05). Postoperatively, the ULIF group 
demonstrated higher JOA scores at both 7 days and 3 months 
(P < 0.05; Table 6).

TABLE 3  Comparison of surgical metrics between the two groups (x  ± s).

Group Operative time (min) Intraoperative blood loss 
(mL)

Postoperative drainage 
volume (mL)

Hospital duration 
(d)

PLIF group (n = 50) 112.64 ± 14.60 87.94 ± 6.69 117.86 ± 15.01 12.60 ± 2.09

ULIF group (n = 50) 102.06 ± 15.26 50.94 ± 6.69 80.72 ± 17.21 8.72 ± 1.92

t 3.543 27.667 11.500 9.674

P 0.001 < 0.001 < 0.001 < 0.001

TABLE 4  Comparison of VAS scores between the two groups (score, x  ± s).

Group Before treatment 7-day after treatment

PLIF group (n = 50) 7.54 ± 0.71 4.54 ± 0.65*

ULIF group (n = 50) 7.36 ± 0.78 3.26 ± 0.83*

t 1.213 8.619

P 0.228 < 0.001

Compared to the situation before treatment, *P < 0.05.

TABLE 2  Comparison of interbody fusion rate between the two groups [n (%)].

Group I II III IV Successful outcomes

ULIF group (n = 50) 39 (78.00) 10 (20.00) 1 (2.00) 0 (0.00) 49 (98.00)

PLIF group (n = 50) 34 (68.00) 9 (18.00) 5 (10.00) 2 (4.00) 43 (86.00)

X2 4.891

P 0.027

TABLE 5  Comparison of serum inflammatory cytokine profiles between the two groups (pg/mL, x  ± s).

Group

TNF-α IL-6 IL-4

Before 
treatment

7-day after 
treatment

Before 
treatment

7-day after 
treatment

Before 
treatment

7-day after 
treatment

PLIF group (n = 50) 89.42 ± 5.15 43.78 ± 5.11* 232.26 ± 5.20 114.44 ± 10.37* 22.35 ± 3.18 31.57 ± 2.04*

ULIF group (n = 50) 89.47 ± 5.49 27.69 ± 5.36* 234.14 ± 5.16 89.73 ± 14.99* 22.03 ± 3.20 40.32 ± 3.22*

t 0.048 15.341 1.811 9.587 0.505 16.214

P 0.961 < 0.001 0.073 < 0.001 0.615 < 0.001

Compared to the situation before treatment, *P < 0.05.

TABLE 6  Comparison of JOA scores between the two groups (score, x  ± s).

Group Before treatment 7-day after treatment 3-month after treatment

PLIF group (n = 50) 9.56 ± 1.47 12.38 ± 1.56② 15.94 ± 2.82②③

ULIF group (n = 50) 9.78 ± 1.56 15.39 ± 2.38①② 20.88 ± 1.48①②③

F 1209.651 (time), 90.667 (between groups), 97.404 (interaction)

P <0.001 (time), <0.001 (between groups), <0.001 (interaction)

① Compared with the PLIF group at the same time, P < 0.05. ② Compared with the same group before treatment, P < 0.05. ③ Compared with the same group 7-day after treatment, P < 0.05.
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TABLE 8  Comparison of incidence of postoperative complication rate between the two groups (%).

Group Incision 
infection

Hematoma 
compression

Cerebrospinal fluid 
leak

Lower limb 
numbness

Overall 
incidence

PLIF group (n = 50) 2 (4.00) 2 (4.00) 0 (0.00) 3 (6.00) 7 (14.00)

ULIF group 

(n = 50)

1 (2.00) 1 (2.00) 0 (0.00) 1 (2.00) 3 (6.00)

X2 1.778

P 0.182

ODI scores

Preoperative ODI scores were comparable between 
the two groups (P > 0.05). However, the ULIF group exhibited 
lower ODI scores at 7 days and 3 months postoperatively 
(P < 0.05; Table 7).

Postoperative complication rate

The overall incidence of postoperative complications was 6.00% 
in the ULIF group and 14.00% in the PLIF group, with no significant 
difference observed (P > 0.05; Table 8).

Discussion

In this study, we  compared ULIF with conventional PLIF for 
treating LDD. Our results show that ULIF offers multiple 
clinical benefits.

ULIF improved surgical efficiency and preserved tissue. The 
endoscopic approach enables surgeons to perform the procedure 
with reduced procedural duration and minimized intraoperative 
blood loss. This is likely because the biportal system provides a 
clear view and precise access, reducing muscle and tissue damage. 
A previous study supports this, showing that biportal endoscopy 
allows for adequate nerve decompression and ligamentum flavum 
removal with minimal bone cutting (31). Consequently, patients 
in the ULIF group experience shorter hospital stays and improved 
early postoperative mobility, indicating accelerated 
functional recovery.

The recovery trajectories of ULIF-treated patients also show 
marked improvements. Faster pain resolution and enhanced 
functional recovery are observed, which can be attributed to the 
reduced soft tissue injury and preserved musculature integrity 
associated with the endoscopic technique. This finding agrees 

with a systematic review reporting that endoscopic spine 
techniques reduce postoperative pain and enable earlier walking 
due to smaller incisions and less muscle retraction (13). Another 
clinical study also found that biportal endoscopic discectomy 
leads to faster recovery and lower pain scores than open surgery 
(14). Furthermore, ULIF demonstrates a favorable inflammatory 
modulation profile, suggesting an attenuated surgical stress 
response, which echoes with study showcasing the biportal 
endoscopic technique elicits a lower systemic inflammatory 
response compared to conventional procedures (12). In this study, 
the specific manifestations of serum inflammatory responses were 
that the levels of TNF-α and IL-6 in the ULIF group 7 days after 
surgery were lower than those in the PLIF group, while the level 
of IL-4 was higher. TNF-α and IL-6 are typical pro-inflammatory 
cytokines (32), and their decreased levels suggest that ULIF may 
more effectively suppress post-operative inflammatory responses 
and reduce tissue damage caused by inflammation. IL-4, on the 
other hand, is a cytokine with anti-inflammatory and 
immunomodulatory effects (33). The elevated level of IL-4 in the 
ULIF group may imply that ULIF has a unique mechanism in 
post-operative inflammatory regulation, possibly promoting the 
resolution of inflammation and tissue repair by regulating the 
function of immune cells, thereby having a positive impact on 
post-operative recovery. These findings highlight the 
immunological benefits of minimizing soft tissue trauma, which 
may help reduce post-operative complications and improve 
healing. However, further in-depth research is needed to clarify 
the specific reasons for the elevated IL-4 levels in the ULIF group 
and their precise relationship with post-operative recovery and 
inflammatory regulation.

While the overall complication rates between ULIF and PLIF 
do not show a statistical difference, ULIF demonstrates consistent 
trends toward reduced adverse events across all measured 
categories. This finding acts in conformity with the same research 
depicting no statistically significant difference in the overall 
surgical complication rate between the ULIF and PLIF groups 

TABLE 7  Comparison of ODI scores between the two groups (score, x  ± s).

Group Before treatment 7-day after treatment 3-month after treatment

PLIF group (n = 50) 36.54 ± 3.40 26.38 ± 3.46② 17.14 ± 3.24②③

ULIF group (n = 50) 35.92 ± 3.51 21.68 ± 3.47①② 10.60 ± 4.19①②③

F 7343.500 (time), 35.568 (between groups), 171.087 (interaction)

P <0.001 (time), <0.001 (between groups), <0.001 (interaction)

① Compared with the PLIF group at the same time, P < 0.05. ② Compared with the same group before treatment, P < 0.05. ③ Compared with the same group 7-day after treatment, P < 0.05.
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(12). This suggests potential safety benefits of the ULIF, 
particularly in reducing complications associated with open 
exposure, which warrants further investigation in larger 
prospective trials.

Radiographic outcomes reveal comparable fusion rates 
between the two groups, with ULIF achieving a high level of 
fusion efficacy while demonstrating superiority in all other 
evaluated parameters. Assessing the fusion rate is crucial for 
patients who have undergone lumbar interbody fusion, as 
non-union may compromise surgical outcomes and quality of life 
(34). The same finding is revealed in the research showing 
comparable fusion rates between ULIF and conventional 
procedure (ULIF vs. PLIF: 94.3% vs. 90.3%). Certain advantages 
of the biportal endoscopic system may contribute to enhancing 
the fusion rate of ULIF (12). The high fusion rate of ULIF, 
combined with its other benefits, makes it a strong alternative to 
open surgery, especially for patients seeking a quicker recovery 
with less trauma.

Despite its obvious advantages, ULIF also has potential 
drawbacks. Technically, this surgical approach imposes extremely 
stringent requirements on the operator’s skills, necessitating 
proficiency in dual-channel endoscopic techniques. Any slight 
mistake may lead to poor surgical outcomes or even severe 
complications such as nerve and vascular injuries (35, 36). In 
terms of the learning curve, ULIF is relatively steep, requiring 
doctors to invest more time and effort to master it. From 
theoretical learning to simulation training and then to clinical 
practice, each stage demands a substantial amount of practical 
experience. During the initial unskilled phase, it directly leads to 
prolonged surgical time and increased blood loss, affecting patient 
prognosis (31, 36, 37). Economically, the high-definition 
endoscopic system and specialized instruments required for ULIF 
are expensive, increasing the cost of surgery. This not only 
imposes a heavier financial burden on patients but also restricts 
the promotion and application of this technology in 
primary hospitals.

In conclusion, the findings of this study advocate for ULIF as 
a transformative approach in spinal surgery. It offers measurable 
benefits in surgical precision, recovery acceleration, inflammatory 
control, and potential safety enhancements, all of which contribute 
to the optimal management of LDD. However, this study also has 
some limitations, such as a relatively short follow-up period, 
which may not allow for the assessment of the long-term stability 
of ULIF in LDD; and a moderate sample size with limited 
representativeness of multi-center data, which may introduce 
potential bias. Future research should conduct large-scale multi-
center studies with long-term follow-up. Additionally, efforts 
should be made to optimize and innovate the technology (e.g., 
using VR/AR to simulate surgical operations, shortening the 
learning curve for surgeons, and enhancing surgical safety). To 
address the issue of high equipment costs, research should 
be  conducted on simplified ULIF techniques to lower the 
threshold for implementation in primary hospitals.

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 
committee of Ganzhou People’s Hospital. The studies were conducted 
in accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

YC: Conceptualization, Writing  – review & editing. JW: 
Conceptualization, Writing – review & editing. QL: Data curation, 
Writing – review & editing. YW: Data curation, Writing – review & 
editing. CX: Data curation, Writing – review & editing. RC: Formal 
analysis, Writing – review & editing. JS: Formal analysis, Writing – 
review & editing. LL: Formal analysis, Writing – review & editing. LS: 
Writing – original draft, Writing – review & editing. JX: Writing – 
original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported by 
Ganzhou Science and Technology Plan Project in Jiangxi Province 
(2023 “Science and Technology+Medical” Joint Plan Project-Point R&D 
Plan-Ganzhou) (2023LNS17438); Natural Science Foundation of 
Jiangxi Province funding project (20192BAB205028); Science and 
Technology Plan of Jiangxi Provincial Health Commission (202212489).

Conflict of interest

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

Generative AI statement

The authors declare that no Gen AI was 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.

https://doi.org/10.3389/fneur.2025.1673110
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al.� 10.3389/fneur.2025.1673110

Frontiers in Neurology 08 frontiersin.org

References
	1.	Kim HS, Wu PH, Jang IT. Lumbar degenerative disease part 1: anatomy and 

pathophysiology of intervertebral discogenic pain and radiofrequency ablation of 
basivertebral and sinuvertebral nerve treatment for chronic discogenic back pain: a 
prospective case series and review of literature. Int J Mol Sci. (2020) 21:1483. doi: 
10.3390/ijms21041483

	2.	Bisson EF, Guan J, Bydon M, Alvi MA, Goyal A, Glassman SD, et al. Patient-
reported outcome improvements at 24-month follow-up after fusion added to 
decompression for grade I degenerative lumbar spondylolisthesis: a multicenter study 
using the quality outcomes database. J Neurosurg Spine. (2021) 35:42–51. doi: 
10.3171/2020.9.SPINE201082

	3.	Sutovsky J, Sutovska M, Kocmalova M, Kazimierova I, Pappova L, Benco M, et al. 
Degenerative lumbar spondylolisthesis: biochemical aspects and evaluation of 
stabilization surgery extent in terms of adjacent segment disease theory. World 
Neurosurg. (2019) 121:e554–65. doi: 10.1016/j.wneu.2018.09.163

	4.	Zou D, Jiang S, Zhou S, Sun Z, Zhong W, Du G, et al. Prevalence of osteoporosis in 
patients undergoing lumbar fusion for lumbar degenerative diseases: a combination of 
Dxa and Hounsfield units. Spine. (2020) 45:E406–10. doi: 
10.1097/BRS.0000000000003284

	5.	Wang C, Chang H, Gao X, Xu J, Meng X. Risk factors of degenerative lumbar 
scoliosis in patients with lumbar spinal canal stenosis. Medicine. (2019) 98:e17177. doi: 
10.1097/MD.0000000000017177

	6.	Pan M, Li Q, Li S, Mao H, Meng B, Zhou F, et al. Percutaneous endoscopic lumbar 
discectomy: indications and complications. Pain Phys. (2020) 23:49–56.

	7.	An B, Ren B, Han Z, Mao K, Liu J. Comparison between oblique lumbar Interbody 
fusion and posterior lumbar Interbody fusion for the treatment of lumbar degenerative 
diseases: a systematic review and meta-analysis. J Orthop Surg Res. (2023) 18:856. doi: 
10.1186/s13018-023-04312-4

	8.	Tan Y, Tanaka M, Sonawane S, Uotani K, Oda Y, Fujiwara Y, et al. Comparison of 
simultaneous single-position oblique lumbar Interbody fusion and percutaneous pedicle 
screw fixation with posterior lumbar Interbody fusion using O-arm navigated technique 
for lumbar degenerative diseases. J Clin Med. (2021) 10:4938. doi: 10.3390/jcm10214938

	9.	Davis TT, Hynes RA, Fung DA, Spann SW, MacMillan M, Kwon B, et al. 
Retroperitoneal oblique corridor to the L2-S1 intervertebral discs in the lateral position: 
an anatomic study. J Neurosurg Spine. (2014) 21:785–93. doi: 10.3171/2014.7.SPINE13564

	10.	Shimizu T, Fujibayashi S, Otsuki B, Murata K, Matsuda S. Indirect decompression 
via oblique lateral interbody fusion for severe degenerative lumbar spinal stenosis: a 
comparative study with direct decompression transforaminal/posterior lumbar 
Interbody fusion. Spine J. (2021) 21:963–71. doi: 10.1016/j.spinee.2021.01.025

	11.	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:E8. doi: 
10.3171/2017.5.FOCUS17146

	12.	Yang H, Cheng F, Hai Y, Liu Y, 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

	13.	Heo DH, Lee DC, Kim HS, Park CK, Chung H. Clinical results and complications 
of endoscopic lumbar interbody fusion for lumbar degenerative disease: a meta-analysis. 
World Neurosurg. (2021) 145:396–404. doi: 10.1016/j.wneu.2020.10.033

	14.	Heo DH, 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

	15.	Heo DH, Hong YH, Lee DC, Chung HJ, Park CK. Technique of biportal 
endoscopic transforaminal lumbar interbody fusion. Neurospine. (2020) 17:S129–37. 
doi: 10.14245/ns.2040178.089

	16.	Kang MS, Park HJ, Hwang JH, Kim JE, Choi DJ, Chung HJ. Safety evaluation of 
biportal endoscopic lumbar discectomy: assessment of cervical epidural pressure during 
surgery. Spine. (2020) 45:E1349–56. doi: 10.1097/BRS.0000000000003585

	17.	Heo DH, Sharma S, Park CK. Endoscopic treatment of extraforaminal entrapment 
of L5 nerve root (far out syndrome) by unilateral biportal endoscopic approach: 
technical report and preliminary clinical results. Neurospine. (2019) 16:130–7. doi: 
10.14245/ns.1938026.013

	18.	Kim HS, Choi SH, Shim DM, Lee IS, Oh YK, Woo YH. Advantages of new 
endoscopic unilateral laminectomy for bilateral decompression (Ulbd) over conventional 
microscopic Ulbd. Clin Orthop Surg. (2020) 12:330–6. doi: 10.4055/cios19136

	19.	Elkheshin SE, Soliman AY. Endoscopic interlaminar lumbar discectomy: how to 
decrease the learning curve. Surg Neurol Int. (2020) 11:401. doi: 10.25259/SNI_588_2020

	20.	Kim JE, Yoo HS, Choi DJ, Park EJ, Jee SM. Comparison of minimal invasive versus 
biportal endoscopic transforaminal lumbar interbody fusion for single-level lumbar 
disease. Clin Spine Surg. (2021) 34:E64–71. doi: 10.1097/BSD.0000000000001024

	21.	Kang MS, You KH, Choi JY, Heo DH, Chung HJ, Park HJ. Minimally invasive 
transforaminal lumbar interbody fusion using the biportal endoscopic techniques versus 
microscopic tubular technique. Spine J. (2021) 21:2066–77. doi: 10.1016/j.spinee.2021.06.013

	22.	Krupkova O, Sadowska A, Kameda T, Hitzl W, Hausmann ON, Klasen J, et al. P38 
Mapk facilitates crosstalk between endoplasmic reticulum stress and Il-6 release in the 
intervertebral disc. Front Immunol. (2018) 9:1706. doi: 10.3389/fimmu.2018.01706

	23.	Goshi N, Lam D, Bogguri C, George VK, Sebastian A, Cadena J, et al. Direct effects of 
prolonged Tnf-alpha and Il-6 exposure on neural activity in human Ipsc-derived neuron-
astrocyte co-cultures. Front Cell Neurosci. (2025) 19:1512591. doi: 10.3389/fncel.2025.1512591

	24.	Fu Y, Zhao M, Liu X, Gao S, Tan Y. A higher ratio of Il-2/Il-4 may be an early 
predictor of acute graft-versus-host disease after allogeneic hematopoietic stem cell 
transplantation. Front Immunol. (2025) 16:1620761. doi: 10.3389/fimmu.2025.1620761

	25.	Wangaryattawanich P, Kale HA, Kanter AS, Agarwal V. Lateral lumbar Interbody 
fusion: review of surgical technique and postoperative multimodality imaging findings. 
AJR Am J Roentgenol. (2021) 217:480–94. doi: 10.2214/AJR.20.24074

	26.	Yuan C, Wen B, Lin H. Clinical analysis of minimally invasive percutaneous 
treatment of severe lumbar disc herniation with ube two-channel endoscopy and 
foraminal single-channel endoscopy technique. Oxidative Med Cell Longev. (2022) 
2022:9264852. doi: 10.1155/2022/9264852

	27.	Zhao Z, Zhu Y, Luo W, Du X, Li J, Ou Y, et al. Treatment of multiple segments of 
thoracolumbar tuberculosis using posterior unilateral debridement with bone graft and 
internal fixation. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. (2017) 31:1073–9. doi: 
10.7507/1002-1892.201703104

	28.	Sung YT, Wu JS. The visual analogue scale for rating, ranking and paired-
comparison (vas-Rrp): a new technique for psychological measurement. Behav Res 
Methods. (2018) 50:1694–715. doi: 10.3758/s13428-018-1041-8

	29.	Oshima Y, Takeshita K, Kato S, Doi T, Matsubayashi Y, Taniguchi Y, et al. 
Comparison between the Japanese Orthopaedic association (Joa) score and patient-
reported Joa (pro-Joa) score to evaluate surgical outcomes of degenerative cervical 
myelopathy. Glob Spine J. (2022) 12:795–800. doi: 10.1177/2192568220964167

	30.	Fairbank JC, Pynsent PB. The Oswestry disability index. Spine. (2000) 25:2940–52. 
doi: 10.1097/00007632-200011150-00017

	31.	Kang MS, Heo DH, Kim HB, Chung HT. Biportal endoscopic technique for 
transforaminal lumbar Interbody fusion: review of current research. Int J Spine Surg. 
(2021) 15:S84–92. doi: 10.14444/8167

	32.	Waskiewicz Z, Mukhambet Z, Azerbayev D, Bondarev S. Inflammatory response 
to ultramarathon running: a review of Il-6, Crp, and Tnf-alpha. Int J Mol Sci. (2025) 
26:6317. doi: 10.3390/ijms26136317

	33.	Kilic AT, Bora R, Toprak B. Il-4 and Il-13 in cardiovascular disease: from immune 
modulation to therapeutic possibilities: a narrative review. J Inflamm Res. (2025) 
18:10669–79. doi: 10.2147/JIR.S531346

	34.	Yang H, Liu J, Hai Y. Is instrumented lateral lumbar interbody fusion superior to 
stand-alone lateral lumbar interbody fusion for the treatment of lumbar degenerative 
disease? A meta-analysis. J Clin Neurosci. (2021) 92:136–46. doi: 
10.1016/j.jocn.2021.08.002

	35.	Luan H, Peng C, Liu K, Song X. Comparing the efficacy of unilateral biportal 
endoscopic transforaminal lumbar interbody fusion and minimally invasive 
transforaminal lumbar interbody fusion in lumbar degenerative diseases: a systematic 
review and meta-analysis. J Orthop Surg Res. (2023) 18:888. doi: 
10.1186/s13018-023-04393-1

	36.	Han H, Song Y, Li Y, Zhou H, Fu Y, Li J. Short-term clinical efficacy and safety of 
unilateral biportal endoscopic transforaminal lumbar interbody fusion versus minimally 
invasive transforaminal lumbar interbody fusion in the treatment of lumbar degenerative 
diseases: a systematic review and meta-analysis. J Orthop Surg Res. (2023) 18:656. doi: 
10.1186/s13018-023-04138-0

	37.	He Y, Cheng Q, She J. Unilateral biportal endoscopic lumbar interbody fusion 
versus minimally invasive transforaminal lumbar interbody fusion for single-segment 
lumbar degenerative disease: a meta-analysis. BMC Musculoskelet Disord. (2024) 25:938. 
doi: 10.1186/s12891-024-08046-0

https://doi.org/10.3389/fneur.2025.1673110
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3390/ijms21041483
https://doi.org/10.3171/2020.9.SPINE201082
https://doi.org/10.1016/j.wneu.2018.09.163
https://doi.org/10.1097/BRS.0000000000003284
https://doi.org/10.1097/MD.0000000000017177
https://doi.org/10.1186/s13018-023-04312-4
https://doi.org/10.3390/jcm10214938
https://doi.org/10.3171/2014.7.SPINE13564
https://doi.org/10.1016/j.spinee.2021.01.025
https://doi.org/10.3171/2017.5.FOCUS17146
https://doi.org/10.3389/fneur.2022.1089981
https://doi.org/10.1016/j.wneu.2020.10.033
https://doi.org/10.3171/2019.1.FOCUS18695
https://doi.org/10.14245/ns.2040178.089
https://doi.org/10.1097/BRS.0000000000003585
https://doi.org/10.14245/ns.1938026.013
https://doi.org/10.4055/cios19136
https://doi.org/10.25259/SNI_588_2020
https://doi.org/10.1097/BSD.0000000000001024
https://doi.org/10.1016/j.spinee.2021.06.013
https://doi.org/10.3389/fimmu.2018.01706
https://doi.org/10.3389/fncel.2025.1512591
https://doi.org/10.3389/fimmu.2025.1620761
https://doi.org/10.2214/AJR.20.24074
https://doi.org/10.1155/2022/9264852
https://doi.org/10.7507/1002-1892.201703104
https://doi.org/10.3758/s13428-018-1041-8
https://doi.org/10.1177/2192568220964167
https://doi.org/10.1097/00007632-200011150-00017
https://doi.org/10.14444/8167
https://doi.org/10.3390/ijms26136317
https://doi.org/10.2147/JIR.S531346
https://doi.org/10.1016/j.jocn.2021.08.002
https://doi.org/10.1186/s13018-023-04393-1
https://doi.org/10.1186/s13018-023-04138-0
https://doi.org/10.1186/s12891-024-08046-0

	Clinical application of unilateral biportal endoscopic lumbar interbody fusion in lumbar degenerative diseases: a multi-center study
	Introduction
	Materials and methods
	Ethics statement
	Patient cohort
	Randomization method and blinding method
	Surgical techniques
	The PLIF group
	The ULIF group
	Observation indicators
	Statistical analysis

	Results
	General data
	Interbody fusion rate
	Surgical metrics
	VAS scores
	Serum inflammatory cytokine profiles
	JOA scores
	ODI scores
	Postoperative complication rate

	Discussion

	References

