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Abstract

Background

Minimally invasive transforaminal lumbar interbody fusion (Mis-TLIF) is one of the
most commonly used methods for lumbar fusion. However, in recent years, the
unilateral biportal endoscopic lumbar interbody fusion (UBE-LIF) has also gradually
attracted the attention of spine surgeons. This study aims to compare the periopera-
tive and long-term clinical outcomes of the two procedures for lumbar degenerative
diseases (LDD).

Methods

We collected clinical data of patients who had undergone minimally invasive transfo-
raminal lumbar interbody fusion (Mis-TLIF) or unilateral biportal endoscopic lumbar
interbody fusion (UBE-LIF) for lumbar degenerative diseases (LDD) from January
2019 to December 2022. The primary outcome measure was the Oswestry Disability
Index (ODI) at 12 months postoperatively. Secondary outcome measures included
12-month visual analog scale (VAS) scores for low back pain (LBP) and leg pain
(LP), and postoperative complication rate.

Results

There were no significant differences in the preoperative VAS scores for LBP, LP,
or ODI between the two groups. The VAS score for LBP was significantly lower in
the UBE-LIF group than in the Mis-TLIF group 1 week postoperatively (1.4+1.1 vs.
2.1+1.0, P=0.001). However, there was no significant difference in the VAS scores
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for LBP, LP, and ODI at 1, 6, and 12 months postoperatively. The length of stay was
significantly lower in the UBE-LIF than in the Mis-TLIF group (5.2+1.1 vs. 6.3£1.2
days, P<0.001). The operative time (188.9+19.8 vs. 159.5+ 11.6 minutes, P<0.001)
of the UBE-LIF group was significantly higher than that of the Mis-TLIF group, while
the estimated blood loss (131.0+21.9 vs. 191.7+23.3ml, P<0.001) and postoper-
ative drainage volume (123.0+£55.4 vs. 191.2+47.5ml, P<0.001) were significantly
lower in the UBE-LIF than in the Mis-TLIF group. The complication rate was slightly
higher in the UBE-LIF than in the Mis-TLIF group; however, the difference was not
significant (11.5% vs. 5.0%, P=0.299).

Conclusion

UBE-LIF can achieve better perioperative clinical outcomes than Mis-TLIF. However,
in the long-term, these two procedures can achieve equivalent clinical efficacy.

Background

Lumbar degenerative diseases (LDD) cause significant pain and economic burden
to patients worldwide [1-2]. According to Ravindra et al., LDD and low back pain
(LBP) occur in approximately 266 million individuals (3.63%) worldwide [1]. In the
United States, the average 2-year total cost of medical management (direct plus
indirect) was $6,606 for lumbar spondylolisthesis, $7,747 for lumbar spinal stenosis,
and $7,097 for lumbar disc herniation [2]. Spinal fusion surgery is widely used for
the treatment of LDD. The incidence and cost of spinal fusion surgery for LDD have
increased in recent years [3-5].

Minimally invasive transforaminal lumbar interbody fusion (Mis-TLIF), first pro-
posed by Foley et al. [6], has been widely adopted for the surgical treatment of
LDD because of its equivalent clinical efficacy, minimal trauma, and rapid recovery
compared to conventional open procedures [7—11]. With the rapid development of
endoscopic technology, endoscopic fusion has gradually been used for the clinical
treatment of LDD [12]. Unilateral biportal endoscopic lumbar interbody fusion (UBE-
LIF), an endoscopy-based fusion procedure first proposed by Heo et al. [13], is
currently receiving increasing attention from spine surgeons [14,15].

Although MIS-TLIF is a decompression and fusion procedure performed under a
tube by air medium. Compared with open surgery, it has less surgical trauma and
faster recovery rate. However, UBE-LIF achieves wide operating space and precise
decompression through dual-channel endoscopy mediated by water medium. In addi-
tion, the UBE procedure may have less surgical side effects [16—18]. Previous stud-
ies have compared the clinical efficacy of Mis-TLIF with UBE-TLIF [16—24]. However,
there is still controversy regarding the advantages and disadvantages of these two
procedures. In addition, previous studies reported only a limited number of cases. In
this study, we aimed to compare the clinical outcomes and complications of Mis-TLIF
and UBE-LIF for the treatment of LDD to further evaluate the advantages and disad-
vantages of these two procedures.
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Methods

This study retrospectively analyzed the collected clinical data of patients from two spine centers who underwent Mis-TLIF
or UBE-LIF for LDD between January 2019 and December 2022. The data were accessed for research purposes between
May 2024 and September 2024. This study was reviewed and approved by the hospital’s ethics committee. All patients
provided written informed consent. The authors had access to information that could identify individual participants during
or after data collection.

Inclusion criteria

1). LDD patients aged 40—-80 years. 2). Patients who underwent Mis-TLIF or UBE-LIF 3). Primary lumbar spinal surgery.

Exclusion criteria

1). Patients undergoing revision lumbar surgery. 2). With severe spinal deformity requiring deformity correction surgery. 3).
Lack of clinical or imaging data. 4). Severe underlying diseases, including myocardial infarction, cerebral infarction, severe
pulmonary disease, and Parkinsonism. 5). Patients who were followed up for less than one year or were lost to follow-up.
6). Patients who refused to participate.

Collection of demographics

An independent person completed the collection of basic patient information and follow-up. Basic patient information
included sex, age, body mass index (BMI), types of comorbidities, diagnosis and surgical methods, and length of stay (LOS).

Patient allocation

The allocation of patients in this study was not random, but was based on operator preferences and the time order in
which the surgeon performs the surgery (Mis-TLIF are performed earlier in both spine centers).

Surgical method

Both Mis-TLIF and UBE-LIF were performed by two spine surgeons (XC and LH) with 5 years of experience in spine sur-
gery from the two spine centers, respectively. The detailed surgical procedure is described below.

Mis-TLIF. The procedure of Mis-TLIF was performed according to the method reported by Foley [6]. After general
anesthesia and intubation, the patient was placed in the prone position, C-arm X-ray fluoroscopy was used to locate
the target pedicle and intervertebral space, and routine disinfection and draping were performed. A straight incision,
3cm beside the spinous process of the target intervertebral space was made, and the skin, subcutaneous tissue, and
lumbodorsal fascia were incised layer-by-layer. An expandable tube was placed through the multifidus and longissimus
muscle spaces to expand step-by-step, and a cold light source was connected to fully expose the articular process and
lamina. The inferior articular process of the upper vertebral body, the superior articular process of the lower vertebral body,
and part of the vertebral lamina were resected using gun forceps under direct vision. The hypertrophic ligamentum flavum
was resected; the nerve root canal was fully decompressed and enlarged; the dura mater and walking root were exposed;
the diseased intervertebral disc was resected; and the compressed walking nerve root was removed. The endplate was
then thoroughly treated, the autogenous bone and interbody fusion cage were implanted in the intervertebral space, and
the position of the fusion cage was confirmed by C-arm X-ray fluoroscopy. On the side of the incision, two pedicle screws
were placed through the multifidus muscle space and fixed with a connecting rod. Subsequently, the contralateral skin and
fascia were incised, the pedicle screw was placed under fluoroscopic guidance, a connecting rod was installed, and the
top wire was placed to fix the surgical segment. A section of negative-pressure drainage was placed, and the wound was
closed using layer-by-layer suturing.
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UBE-LIF. After intubation under general anesthesia, the patient was placed in a prone position, and segmental
confirmation was performed under the guidance of C-arm X-ray fluoroscopy. A positioning needle was inserted into the
paraspinal muscle at the center of the desired surgical segment to confirm that it was at the center of the target level. The
surgical site was routinely disinfected and draped. The two incisions were 1cm above and 1cm below the center of the
positioning needle. The water pressure of the saline infusion pump was maintained below 30 mmHg, the endoscope was
placed in the observation tube, and the surgical instruments were placed in the working tube. Partial ipsilateral laminectomy,
followed by partial facet resection, was performed arthroscopically using Kirschner forceps and an osteotome. Following
partial ipsilateral laminectomy and facet resection, contralateral sublaminar decompression was performed. The bone
particles obtained during surgery were used for intervertebral bone grafting. After the resection of the ipsilateral facet joint, a
passage into the intervertebral foramen was created. The ligamentum flavum covering the dura mater and the outlet nerve
root was resected after decompression of the ipsilateral and contralateral bony stenoses. The disc was dissected using
a radiofrequency probe in the foraminal space between the exit and the walking roots, and discectomy was performed
using nuclear forceps and a curette. After the arthroscope entered the intervertebral space, the cartilage endplate was
processed, and the intervertebral space directly viewed under a magnified arthroscope to expose the subchondral bone.
During interbody bone grafting, a special catheter was used to prevent continuous lavage until the final bone loss. After
bone grafting was completed, the interbody cage was placed under the protection of two small retractors for the exit and
walking roots, and the position of the fusion cage was confirmed using C-arm X-ray fluoroscopy. The contralateral skin and
fascia were then incised, and pedicle screws were placed under fluoroscopic guidance. Two ipsilateral percutaneous pedicle
screws were placed through the two previously used portals to install the connecting rod and fix the surgical segment.
Negative pressure drainage was performed, and the wound was closed using layer-by-layer suturing.

Discharge

Patients were discharged after removal of the drainage tube and completion of a lumbar radiographic examination, with a
visual analog scale (VAS) score for low back pain (LBP) or leg pain (LP) below 3 and no evidence of poor wound healing.

Follow-up

An independent clinician recorded operative time (OT), estimated blood loss (EBL), postoperative drainage volume (PDV),
and length of hospital stay (LOS). EBL was calculated by subtracting the volume of intraoperative irrigation fluid from the
volume of blood in the collection container at the end of the procedure and subtracting the volume of blood in the preop-
erative collection container by the circulating nurse. In addition, VAS scores for LBP and LP were assessed and recorded
preoperatively and at 1 week, 1 month, 6 months, and 12 months postoperatively by independent follow-up personnel.

In addition, the Oswestry Disability Index (ODI) was assessed and recorded before surgery and 1, 6, and 12 months
postoperatively.

Assessment of surgical complications

The surgical complications were assessed by an operating surgeon. Surgical complications included iatrogenic dural
tears, epidural hematomas, surgical site infections, poor wound healing, and nerve root injury, etc.

Statistical methods

The Kolmogorov—Smirnov test was used to test whether continuous data conformed to a normal distribution. For con-
tinuous variables, the student’s t-test (continuous normally distributed variables) or Mann—Whitney U test (non-normally
distributed variables) was used for the analysis. For categorical variables, the chi-squared test or fisher’s exact test was
used. Statistical significance was set at P<0.05. SPSS.26 software (IBM Corp., Armonk, New York, USA) was used for
data analysis.
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Results
Inclusion and exclusion

The inclusions and exclusions are illustrated in Fig. 1. Initially, 168 patients were included in the study. After excluding 12
patients younger than 40 years, 5 patients older than 80 years, 6 patients who underwent revision surgery, 4 patients who
lacked clinical and imaging data, 3 patients with severe underlying diseases, and 12 patients who refused to participate in
the study, 127 patients were included. After excluding 15 patients who were lost to follow-up, 112 patients were included
in this study: 60 in the Mis-TLIF group and 52 in the UBE-LIF group. Based on operator preferences and the time order in
which the surgeon performs the surgery, the MIS-TLIF procedure was performed in most patients (56 cases of MIS-TLIF,
5 cases of UBE-LIF) from January 2019 to August 2021. From September 2021 to December 2022, most patients (47
cases of UBE-LIF, 4 cases of MIS-TLIF) in this study underwent UBE-TLIF surgery. The Figs. 2 and 3 showed a typical
case underwent MIS-TLIF and UBE-LIF surgery, respectively.

Demographics

There were no significant differences in sex, age, BMI or preoperative comorbidities between the two groups. The LOS
was significantly lower in the UBE-LIF group than in the Mis-TLIF group (5.2+1.1 vs. 6.3+ 1.2 days, P<0.001) (Table 1).

Clinical outcomes

Fig 4 and Table 2 showed the clinical outcomes of the two groups. There were no significant differences in the preopera-
tive VAS score and ODI for LBP or LP between the two groups. The VAS score for LBP was significantly lower in the UBE-
LIF than in the Mis-TLIF group 1 week after surgery (1.4+1.1 vs. 2.1£1.0, P=0.001). However, there were no significant
differences in the VAS scores for LBP, LP, and ODI at 1, 6, and 12 months after surgery.

Surgical-related outcomes

The OT of the UBE-LIF group was significantly higher than that of the Mis-TLIF group (188.9+19.8 vs. 159.5+11.6
minutes, P<0.001), while the EBL (131.0£21.9 vs. 191.7+23.3ml, P<0.001) and PDV (123.0+55.4 vs. 191.2+47.5ml|,
P<0.001) of the UBE-LIF group were significantly lower than those of the Mis-TLIF group (Table 1).

Surgical complications and management

Overall, the surgical complication rate was slightly higher in the UBE-LIF than in the mis-TLIF group; however, this differ-
ence was not significant (11.5% vs. 5.0%, P=0.299) (Table 3). In the Mis-TLIF group, one patient had an iatrogenic dural
tear without additional repair. The patient developed postoperative cerebrospinal fluid leakage. One patient had decreased
muscle strength and numbness in the lower extremities postoperatively, but muscle strength was restored one week after
surgery; therefore, he was classified as having a transient nerve injury. One patient experienced poor wound healing and
underwent debridement under local anesthesia. In the UBE-LIF group, three patients had iatrogenic dural tears without
additional repair. Transient nerve injury also occurred in one patient as he experienced decreased muscle strength and
numbness for 3 weeks after surgery. Ganglionitis occurred postoperatively in one patient whose pain was relieved by
conservative treatment (2 weeks of oral celecoxib and 3 weeks of pregabalin). One patient was diagnosed with suspected
epidural hematoma (by magnetic resonance imaging) after surgery because of referred pain in the lower extremity but
was treated conservatively (intravenous mannitol and steroids for 1 week).

Discussion

This study compared the perioperative and long-term clinical outcomes of the two LDD procedures. The VAS score for
LBP was significantly lower in the UBE-LIF than that in the MIS-TLIF group 1 week after surgery. However, there were no
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Fig 1. A patient with lumbar disc herniation (LDH) accompanied by spinal stenosis who underwent UBE-LIF. A showed the preoperative lumbar
lateral X-ray. B showed LDH with spinal stenosis on the L4/5 in preoperative lumbar sagittal MRI. C and D showed the presence of LDH with spinal
stenosis on the L4/5 axis, respectively. E showed the internal fixation after UBE-LIF was in good position after surgery. F showed the observation tube
(cranial) and working tube (caudal) of UBE-LIF. G showed the endoscopic removal of the ligamentum flavum (black arrow). H showed endoscopic expo-
sure of the nerve root (white arrow) and herniated disc (black arrow). | showed the endoscopic removal of intervertebral discs (black arrow). J showed
the cage (black arrow) was implanted endoscopically.

https://doi.org/10.1371/journal.pone.0333165.9001
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Fig 2. A patient with lumbar spinal stenosis (LSS) who underwent Mis-TLIF. A showed the preoperative lumbar lateral X-ray. B showed LSS on the
L4/5 in preoperative lumbar sagittal MRI. C and D showed the presence of LSS on the L4/5 axis, respectively. E showed the internal fixation after Mis-
TLIF was in good position after surgery. F showed the microscopic removal of the ligamentum flavum (black arrow). G showed microscopic exposure of
the nerve root (white arrow) and intervertebral discs (black arrow). H showed the microscopic removal of intervertebral discs (black arrow). | showed that
cage (black arrow) implanted microscopically.

https://doi.org/10.1371/journal.pone.0333165.9002

significant differences in the VAS scores for LBP, LP, and ODI at 1, 6, and 12 months after surgery. The LOS was signifi-
cantly lower in the UBE-LIF group than that in the Mis-TLIF group. The OT in the UBE-LIF group was significantly higher
than that in the Mis-TLIF group, whereas the EBL and PDV were significantly lower in the UBE-LIF group than those in the
Mis-TLIF group.
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@ Initial approached participants (n = 168)

Exclusion

@ > 80 years or < 40 years (18)

€ Revision lumbar surgery (5)

@ Lack of clinical or imaging data (3)
@ Severe underlying diseases (7)

@ Refused to participate this study (8)

@ Included participants (n = 127)

@ Mis-TLIF group (n = 69) @ UBE-LIF group (n = 58)

Follow-up
@ Patients lost to follow-up (15)

@ Final included participants (n = 112)

@ Mis-TLIF group (n = 60) @ UBE-LIF group (n = 52)

Fig 3. The inclusion and exclusion flowchart of this study.

https://doi.org/10.1371/journal.pone.0333165.9003

The superiority and inferiority of UBE-LIF and Mis-TLIF remains controversial [16—24]. In 2021, Kang et al. reported the
clinical and radiological outcomes of UBE-LIF (47 patients) and Mis-TLIF (32 patients) in patients with single- or two-segment
lumbar spinal stenosis with or without spondylolisthesis. They found that the VAS scores for LBP and SF-36 scores were sig-
nificantly improved in the UBE-LIF group compared to the Mis-TLIF group at 1 month postoperatively. However, there were
no significant differences between the groups in the mean VAS scores for LBP and LP, ODI, and SF-36 scores at 1 year
postoperatively [16]. Additionally, although the total OT was significantly longer in the UBE-LIF group, the EBL and PDV were
significantly higher in Mis-TLIF group (P<0.001). There were no between-group differences in fusion and postoperative com-
plication rates. Kim et al. compared the clinical outcomes of UBE-LIF (32 patients) and Mis-TLIF (55 patients) for single-level
isthmic or degenerative spondylolisthesis. They found that the VAS scores for LBP at 2 weeks and 2 months postoperatively
were significantly lower in the UBE-LIF group (P=0.001). Additionally, the difference in the fusion rates between the UBE-
LIF and Mis-TLIF groups was not significant (93.7% vs. 92.7%, P=0.43) [17]. Huang et al. enrolled 103 eligible patients with
LDD who underwent UBE-LIF (n=46) and Mis-TLIF (n=57). They found that C-reactive protein and creatine kinase levels
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Table 1. Comparison of demographics of the two groups.

Subgroup Mis-TLIF group (60) UBE-LIF group (52) P value
Sex (man/woman) 31/29 25/27 0.705
Age (year) 62.3+6.3 60.3+7.8 0.142
BMI (kg/m2) 25.8+1.8 25.8+1.7 0.880
Comorbidities 14(23.3%) 11(21.2%) 0.782
OT (minute) 159.5+11.6 188.9+19.8 <0.001
EBL (ml) 191.7+23.3 131.0+21.9 <0.001
PDV (ml) 191.2+47.5 123.0+55.4 < 0.001
LOS (day) 6.3+1.2 52+1.1 < 0.001

BMI, body mass index; OT, operative time; EBL, estimated blood loss; PDV, postoperative drainage volume; LOS, length of stay.

https://doi.org/10.1371/journal.pone.0333165.t001

Em UBE-LIF group
mm Mis-TLIF group
# P<0.05

LBP VAS score
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Fig 4. The VAS scores for LBP and LP and ODI of the two groups. A: The VAS scores for LBP in the UBE-LIF group were significantly lower than
those in the Mis-TLIF group 1 week after surgery. B: There was no significant difference in VAS scores for LP between the two groups. C: There was no

significant difference in ODI between the two groups.

https://doi.org/10.1371/journal.pone.0333165.9g004

were generally lower in the UBE-LIF than in the Mis-TLIF group, especially the C-reactive protein levels on 1 and 3 days
and creatinine kinase levels on 1 day postoperatively. True total blood loss, PDV, and hidden blood loss were significantly
lower in the UBE-LIF than in the Mis-TLIF group. Postoperative LOS was statistically significantly shorter in the UBE-LIF
group. Additionally, they found that VAS scores for LBP were significantly lower in the UBE-LIF group at 3 days and 1 month
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Table 2. Comparison of LBP, LP, ODI of the two groups.

Subgroup Mis-TLIF group (60) UBE-LIF group (52) P value
Pre LPB VAS 4522 44+23 0.817
Post LBP VAS (1 w) 21+1.0 1.4+1.1 0.001
Post LBP VAS (1 m) 1.2+0.7 1.1+0.7 0.326
Post LBP VAS (6 m) 1.1+0.9 1.0+0.7 0.647
Post LBP VAS (12 m) 1.0+0.9 1.0+0.7 0.813
Pre LP VAS 55+1.8 56+1.8 0.735
Post LP VAS (1 w) 0.8+0.7 0.9+0.7 0.638
Post LP VAS (1 m) 0.8+0.8 0.9+0.8 0.362
Post LP VAS (6 m) 0.8+0.8 0.8+0.8 0.560
Post LP VAS (12 m) 0.9+0.7 1.1£0.8 0.138
Pre ODI 54.2+11.9 52.7+14.0 0.539
Post ODI (1 m) 12.6+5.3 13.8+8.7 0.377
Post ODI (6 m) 9.6+6.0 9.4+5.6 0.780
Post ODI (12 m) 9.2+£3.7 9.5+3.8 0.629
LBP, low back pain; LP, Leg pain; VAS, visual analog scale; ODI, oswestry disability index.

https://doi.org/10.1371/journal.pone.0333165.t002

Table 3. Comparison of surgical complications of the two groups.

Subgroup Mis-TLIF group (60) UBE-LIF group (52) P value
Complication rate 5.0% 11.5% 0.299

latrogenic dura tear

1

3

Transient nerve injury

Ganglionitis

Poor wound healing

Epidural hematoma

O |- |0 |-

Ao ala

https://doi.org/10.1371/journal.pone.0333165.t003

[20]. Arunakul et al. compared the clinical outcomes of UBE-LIF and Mis-TLIF for the treatment of LDD. They found that the
UBE-LIF group (34 patients) showed a more substantial improvement in the VAS scores for LBP at 3 weeks postoperatively
than the Mis-TLIF group (56 patients) [22]. Additionally, the study by Zhu et al. also found that the VAS score for LBP was
significantly lower in the UBE-LIF group than in the MIS-TLIF group at 2 weeks and 1 month postoperatively [24]. In the
present study, we found results similar to those of a previous study. The VAS score for LBP was significantly lower in the
UBE-LIF than in the Mis-TLIF group 1 week after surgery (1.4£1.1 vs. 2.1+1.0, P=0.001). However, there were no signif-
icant differences in the VAS scores for LBP, LP, and ODI at 1, 6, and 12 months after surgery. This is not difficult to explain
because UBE-LIF is less damaging to the lumbar muscles than Mis-TLIF; in particular, Mis-TLIF requires retraction of the
multifidus muscles using a retractor. Unlike Mis-TLIF, UBE-LIF does not involve the placement of a tubular retractor between
the paraspinal muscles, thereby reducing direct ischemic injury [25,26]. However, the early differences of VAS score for LBP
diminish over time. This is not difficult to explain, because as patients recover after surgery, the effect of UBE-LIF on more
soft-tissue preservation and less muscle damage than MIS-TLIF is gradually diluted.
Additionally, although we found that the OT of the UBE-LIF group (188.9+19.8 vs. 159.5+ 11.6 minutes, P<0.001)
was significantly higher than that of the Mis-TLIF group, the EBL (131.0£21.9 vs. 191.7+23.3ml, P<0.001) and PDV
(123.0£55.4 vs. 191.2£47.5ml, P<0.001) were significantly lower. A possible reason for this is that UBE-LIF is completed
in a water medium, whereas mis-TLIF is completed in an air medium. In a water environment, intraoperative bleeding can
be significantly reduced. There was less postoperative drainage in the UBE-LIF group, which again demonstrated less
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surgical trauma and a better hemostatic effect of this surgical method. The LOS was significantly lower in the UBE-LIF
group than in the Mis-TLIF group (5.2+£1.1 vs. 6.3+ 1.2 days, P<0.001). We believe that the shorter LOS of the UBE-LIF
group is also related to its lower PDV compared to that of the Mis-TLIF group.

Previous studies have not found a significant difference in complication rates between the two surgical procedures
[17,20,22]. Kim et al. reported similar complication rates for UBE-LIF and Mis-TLIF (6.3% vs. 5.5%, P=1.000). In the
UBE-LIF group, one case of postoperative epidural hematoma and one case of transient palsy occurred, while in the
Mis-TLIF group, one case of postoperative epidural hematoma and two cases of transient palsy occurred [17]. Huang et
al. also reported similar complication rates for UBE-LIF and Mis-TLIF (5.2% vs. 4.5%, P=0.489), including two small dural
tears in the UBE-LIF group and two cases of transient ipsilateral dysesthesia in the Mis-TLIF group [20]. Arunakul et al.
reported low complication rates in both groups (Mis-TLIF, 3.56% vs. UBE-LIF, 2.94%), with one case of hematoma and
one of surgical site infection in the Mis-TLIF group, and one case of incomplete decompression in the UBE-LIF group [22].
However, in this study, the complication rate in the UBE-LIF group was slightly higher than that in the Mis-TLIF group,
although the difference was not significant (11.5% vs. 5.0%, P=0.299). This may be due to the steeper learning curve of
UBE-LIF because the mean OT of UBE-LIF was also significantly higher than that of Mis-TLIF. However, after overcoming
the learning curve of UBE-LIF, we believe that this procedure may become an alternative to Mis-TLIF. Additionally, spine
surgeons could effectively overcome the learning curve of UBE-LIF, such as structured training programs, cadaveric work-
shops and unilateral biportal endoscopic decompression surgery.

Limitations

This study has several limitations. First, this study was not a randomized controlled trial. The assignment of patients to
surgery was not random but was based on operator preferences and time order in which the surgeon performs the sur-
gery (Mis-TLIF is performed earlier in both spine centers), which may have resulted in bias in case selection. For exam-
ple, due to earlier perform and mastery of Mis-TLIF surgery, surgeons may tend to choose Mis-TLIF for some complex
cases. However, it should be noted that the surgeries included in this study were performed by two surgeons with 5 years
of experience in spinal surgery, which may have reduced the interference of non -random patient allocation on the conclu-
sions to some extent. Additionally, although the patient allocation in this study was not random, i believe that the patients
allocation based on time order in which the surgeon performs the surgery also reduces the bias caused by case selection
to some extent. Because during a certain period of time, most of the surgeries performed by the surgeon are consistent.
In addition, despite the calculation of the sample size, the total number of cases in this study was limited. In addition, the
follow-up period for this study was only 12 months; a longer follow-up period is warranted to further clarify the advantages
and disadvantages of these two procedures. In addition, the patient-reported outcomes (PROs) in this study included only
VAS and ODI scores. Other PROs, such as the 36-ltem Short Form Health Survey and EuroQol five-dimensional ques-
tionnaire, were not adopted. Besides, despite reporting clinical outcomes, this study lacks complete radiological outcomes,
such as fusion rates, subsidence, or adjacent segment degeneration. Finally, the results of this study were obtained from
only two spinal centers, and more spinal center data are needed to validate this conclusion.

Conclusion

This study compared the perioperative and long-term clinical outcomes of UBE-LIF and Mis-TLIF for LDD. In general, we
found that UBE-LIF achieved better perioperative clinical outcomes than Mis-TLIF. However, in the long-term, these two
procedures can achieve equivalent clinical efficacy.

Supporting information

S1 Data. Raw data.
(XLSX)

PLOS One | https://doi.org/10.1371/journal.pone.0333165 September 26, 2025 11/13



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0333165.s001

PLO\Sﬁ\\.- One

Author contributions

Conceptualization: Lang Hu.

Data curation: Jingbo Xie, Liang Shi.

Investigation: Xiang Chen, Liang Shi.
Methodology: Xiang Chen, Zhihui Zhang.
Software: Yi Liu.

Supervision: Lang Hu.

Writing — original draft: Xiang Chen.

Writing — review & editing: Liang Shi, Lang Hu.

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

Parker SL, Godil SS, Mendenhall SK, et al. Two-year comprehensive medical management of degenerative lumbar spine disease (lumbar
spondylolisthesis, stenosis, or disc herniation): a value analysis of cost, pain, disability, and quality of life: clinical article. J Neurosurg Spine.
2014;21(2):143-9.

Ravindra VM, Senglaub SS, Rattani A, et al. Degenerative lumbar spine disease: estimating global incidence and worldwide volume. Global Spine
Journal. 2018;8(8):784-94.

Cortesi PA, Assietti R, Cuzzocrea F, Prestamburgo D, Pluderi M, Cozzolino P, et al. Epidemiologic and Economic Burden Attributable to First
Spinal Fusion Surgery: Analysis From an Italian Administrative Database. Spine (Phila Pa 1976). 2017;42(18):1398—404. https://doi.org/10.1097/
BRS.0000000000002118 PMID: 28187074

Yoshihara H, Yoneoka D. National trends in the surgical treatment for lumbar degenerative disc disease: United States, 2000 to 2009. Spine J.
2015;15(2):265-71. https://doi.org/10.1016/j.spinee.2014.09.026 PMID: 25281920

Pannell WC, Savin DD, Scott TP, et al. Trends in the surgical treatment of lumbar spine disease in the United States. Spine J. 2015;15(8):1719-27.
Foley KT, Holly LT, Schwender JD. Minimally invasive lumbar fusion. Spine. 2003;28(15 Suppl):S26-35.

Min S-H, Kim M-H, Seo J-B, Lee J-Y, Lee D-H. The quantitative analysis of back muscle degeneration after posterior lumbar fusion: comparison of
minimally invasive and conventional open surgery. Asian Spine J. 2009;3(2):89-95. https://doi.org/10.4184/as|.2009.3.2.89 PMID: 20404953

Heemskerk JL, Oluwadara Akinduro O, Clifton W, Quifiones-Hinojosa A, Abode-lyamah KO. Long-term clinical outcome of minimally invasive
versus open single-level transforaminal lumbar interbody fusion for degenerative lumbar diseases: a meta-analysis. Spine J. 2021;21(12):2049-65.
https://doi.org/10.1016/j.spinee.2021.07.006 PMID: 34273567

Jover-Mendiola AD, Lopez-Prats FA, Lizaur-Utrilla A, Vizcaya-Moreno M-F. Patient-Reported Outcomes of Minimally Invasive versus Open
Transforaminal Lumbar Interbody Fusion for Degenerative Lumbar Disc Disease: A Prospective Comparative Cohort Study. Clin Orthop Surg.
2023;15(2):257—64. https://doi.org/10.4055/cios22250 PMID: 37008969

Ali EMS, Abdeen M, Saleh MK. Minimally invasive versus mini-open transforaminal lumbar interbody fusion in managing low-grade degenerative
spondylolisthesis. Acta Neurochir (Wien). 2024;166(1):365. https://doi.org/10.1007/s00701-024-06231-7 PMID: 39264454

Byvaltsev VA, Kalinin AA, Pestryakov YY. Prospective randomized comparison of minimally invasive Tlif versus open Tlif: clinical effectiveness and
restoration of working capacity in railway workers. Global Spine J. 2024. https://doi.org/21925682241242039

Simpson AK, Lightsey HM 4th, Xiong GX. Spinal endoscopy: evidence, techniques, global trends, and future projections. Spine J.
2022;22(1):64—74.

Heo DH, Son SK, Eum JH, Park CK. Fully endoscopic lumbar interbody fusion using a percutaneous unilateral biportal endoscopic technique:
technical note and preliminary clinical results. Neurosurg Focus. 2017;43(2):E8. https://doi.org/10.3171/2017.5.FOCUS 17146 PMID: 28760038

Peng J, Lin R, Fang D, He Z, Zhao Q, 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(3):954—73. https://doi.org/10.1007/s00586-024-08632-9 PMID: 39751813

Wu Z, Luo T, Yang Y, Pang M, Chen R, Xie P, et al. Unilateral biportal endoscopic versus microscopic transforaminal lumbar interbody fusion
for degenerative lumbar spinal stenosis in China: study protocol for a prospective, randomised, controlled, non-inferiority trial. BMJ Open.
2024;14(9):e083786. https://doi.org/10.1136/bmjopen-2023-083786 PMID: 39322595

Kang M-S, You K-H, Choi J-Y, Heo D-H, Chung H-J, Park H-J. Minimally invasive transforaminal lumbar interbody fusion using the biportal
endoscopic techniques versus microscopic tubular technique. Spine J. 2021;21(12):2066-77. https://doi.org/10.1016/].spinee.2021.06.013 PMID:
34171465

Kim J-E, Yoo H-S, Choi D-J, Park EJ, Jee S-M. Comparison of Minimal Invasive Versus Biportal Endoscopic Transforaminal Lumbar Interbody
Fusion for Single-level Lumbar Disease. Clin Spine Surg. 2021;34(2):E64—71. https://doi.org/10.1097/BSD.0000000000001024 PMID: 33633061

PLOS One | https://doi.org/10.1371/journal.pone.0333165 September 26, 2025 12713



https://doi.org/10.1097/BRS.0000000000002118
https://doi.org/10.1097/BRS.0000000000002118
http://www.ncbi.nlm.nih.gov/pubmed/28187074
https://doi.org/10.1016/j.spinee.2014.09.026
http://www.ncbi.nlm.nih.gov/pubmed/25281920
https://doi.org/10.4184/asj.2009.3.2.89
http://www.ncbi.nlm.nih.gov/pubmed/20404953
https://doi.org/10.1016/j.spinee.2021.07.006
http://www.ncbi.nlm.nih.gov/pubmed/34273567
https://doi.org/10.4055/cios22250
http://www.ncbi.nlm.nih.gov/pubmed/37008969
https://doi.org/10.1007/s00701-024-06231-7
http://www.ncbi.nlm.nih.gov/pubmed/39264454
https://doi.org/21925682241242039
https://doi.org/10.3171/2017.5.FOCUS17146
http://www.ncbi.nlm.nih.gov/pubmed/28760038
https://doi.org/10.1007/s00586-024-08632-9
http://www.ncbi.nlm.nih.gov/pubmed/39751813
https://doi.org/10.1136/bmjopen-2023-083786
http://www.ncbi.nlm.nih.gov/pubmed/39322595
https://doi.org/10.1016/j.spinee.2021.06.013
http://www.ncbi.nlm.nih.gov/pubmed/34171465
https://doi.org/10.1097/BSD.0000000000001024
http://www.ncbi.nlm.nih.gov/pubmed/33633061

PLO\Sﬁ\\.- One

18.

19.

20.

21.

22.

23.

24,

25.

26.

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(1):656. https://doi.org/10.1186/s13018-023-04138-0 PMID: 37667363

Wang Q, Chang S, Dong J-F, Fang X, Chen Y, Zhuo C. Comparing the efficacy and complications of unilateral biportal endoscopic fusion versus
minimally invasive fusion for lumbar degenerative diseases: a systematic review and mate-analysis. Eur Spine J. 2023;32(4):1345-57. https://doi.
org/10.1007/s00586-023-07588-6 PMID: 36867251

Huang X, Wang W, Chen G, Guan X, Zhou Y, Tang Y. Comparison of surgical invasiveness, hidden blood loss, and clinical outcome between uni-
lateral biportal endoscopic and minimally invasive transforaminal lumbar interbody fusion for lumbar degenerative disease: a retrospective cohort
study. BMC Musculoskelet Disord. 2023;24(1):274. https://doi.org/10.1186/s12891-023-06374-1 PMID: 37038129

Yu Q, Lu HG, Pan XK, Shen ZH, Ren P, Hu XQ. Unilateral biportal endoscopic transforaminal lumbar interbody fusion versus conventional
interbody fusion for the treatment of degenerative lumbar spine disease: a systematic review and meta-analysis. BMC Musculoskelet Disord.
2023;24(1):838. https://doi.org/10.1186/s12891-023-06949-y PMID: 37875873

Arunakul R, Anumas S, Pattharanitima P, Susrivaraput C, Pholsawatchai W. Unilateral biportal endoscopic versus microscopic transforaminal lum-
bar interbody fusion for lumbar degenerative disease: a retrospective study. J Orthop Surg Res. 2024;19(1):326. https://doi.org/10.1186/s13018-
024-04813-w PMID: 38824551

You K-H, Hyun J-T, Park S-M, Kang M-S, Cho SK, Park H-J. Comparison of clinical and radiologic outcomes between biportal endoscopic trans-
foraminal lumbar interbody fusion and posterior lumbar interbody fusion. Sci Rep. 2024;14(1):29652. https://doi.org/10.1038/s41598-024-81402-1
PMID: 39609526

Zhu Z, He B, Sun J, Lin L, Meng C, Sun Y, et al. Unilateral biportal endoscopic lumbar interbody fusion (ULIF) versus minimally invasive transfo-
raminal lumbar interbody fusion (MI-TLIF) for the treatment of degenerative lumbar spondylolisthesis: a retrospective analysis. BMC Musculoskelet
Disord. 2025;26(1):526. https://doi.org/10.1186/s12891-025-08777-8 PMID: 40437446

Kawaguchi Y, Matsui H, Tsuji H. Back muscle injury after posterior lumbar spine surgery. A histologic and enzymatic analysis. Spine (Phila Pa
1976). 1996;21(8):941—4. https://doi.org/10.1097/00007632-199604150-00007 PMID: 8726197

Gejo R, Matsui H, Kawaguchi Y, Ishihara H, Tsuji H. Serial changes in trunk muscle performance after posterior lumbar surgery. Spine (Phila Pa
1976). 1999;24(10):1023-8. https://doi.org/10.1097/00007632-199905150-00017 PMID: 10332796

PLOS One | https://doi.org/10.1371/journal.pone.0333165 September 26, 2025 13713



https://doi.org/10.1186/s13018-023-04138-0
http://www.ncbi.nlm.nih.gov/pubmed/37667363
https://doi.org/10.1007/s00586-023-07588-6
https://doi.org/10.1007/s00586-023-07588-6
http://www.ncbi.nlm.nih.gov/pubmed/36867251
https://doi.org/10.1186/s12891-023-06374-1
http://www.ncbi.nlm.nih.gov/pubmed/37038129
https://doi.org/10.1186/s12891-023-06949-y
http://www.ncbi.nlm.nih.gov/pubmed/37875873
https://doi.org/10.1186/s13018-024-04813-w
https://doi.org/10.1186/s13018-024-04813-w
http://www.ncbi.nlm.nih.gov/pubmed/38824551
https://doi.org/10.1038/s41598-024-81402-1
http://www.ncbi.nlm.nih.gov/pubmed/39609526
https://doi.org/10.1186/s12891-025-08777-8
http://www.ncbi.nlm.nih.gov/pubmed/40437446
https://doi.org/10.1097/00007632-199604150-00007
http://www.ncbi.nlm.nih.gov/pubmed/8726197
https://doi.org/10.1097/00007632-199905150-00017
http://www.ncbi.nlm.nih.gov/pubmed/10332796

