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Abstract
Background  Unilateral biportal endoscopic transforaminal lumbar interbody fusion (UBE-TLIF) is a minimally invasive 
procedure for treating lumbar degenerative diseases. However, the use of endoscopic lumbar interbody fusion does 
not completely eliminate the risk of dural and nerve root injuries. This study has refined UBE-TLIF to incorporate en 
bloc resection of the ligamentum flavum for bilateral decompression and aim to detail the surgical procedure and 
evaluate the clinical outcomes of this modification.

Methods  This study analyzes the outcomes of 109 consecutive patients treated by a single surgeon for lumbar 
degenerative disease using UBE-TLIF. Patients were divided into two groups: Group A (51 patients) underwent en bloc 
resection of the ligamentum flavum, while Group B (58 patients) underwent routine piecemeal resection. Assessed 
outcomes included surgery-related complications, operation time, estimated blood loss, postoperative stay, visual 
analogue scale (VAS) score, and Oswestry Disability Index (ODI). The surgical technique is detailed within the study.

Results  In Group A, no nerve root or dura injuries were observed, whereas Group B reported one case of nerve 
root injury and three dura tears. The average operation time for Group A was shorter than that for Group B; however, 
the difference was not statistically significant (P > 0.05). No significant differences were found in the VAS score, ODI, 
estimated blood loss, or postoperative stay between the groups during follow-up.

Conclusions  En bloc resection of the ligamentum flavum for bilateral decompression in UBE-TLIF demonstrates 
satisfactory clinical outcomes and low perioperative complications rates, offering a safe and innovative alternative for 
the treatment of lumbar degenerative disease.
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Background
Degenerative lumbar disease represents a prevalent 
pathologic condition in spinal surgery, causing signifi-
cant patient discomfort and imposing a substantial socio-
economic burden [1–4]. Lumbar fusion surgery, when 
performed on appropriately selected patients who meet 
surgical indications, has been demonstrated to effectively 
improve function, alleviate pain, and enhance quality of 
life [5–7]. However, traditional open fusion surgery often 
results in extensive dissection of paraspinal muscles, 
higher rates of perioperative complications, longer hospi-
tal stays, and extended recovery periods [8, 9].

There has been a shift in spinal surgery toward mini-
mally invasive spine surgery (MISS) techniques, which 
offer substantial benefits by reducing surgical morbidi-
ties, such as less soft tissue dissection, reduced bleeding, 
and faster recovery [10, 11]. Recently, full endoscopic 
spinal surgery has been successfully applied to lumbar 
fusion procedures, noted for its safety and efficacy in 
yielding favorable clinical outcomes [10, 12]. However, 
the use of endoscopic lumbar interbody fusion does not 
completely eliminate the risk of dural and nerve root 
injuries [10, 11]. The Spine Patient Outcomes Research 
Trial study indicated that inadvertent durotomy occurred 
in up to 9% of cases, with other studies reporting rates 
between 7% and 10% [13–15]. Despite evidence from 
large studies suggesting that such incidents do not impair 
long-term outcomes, avoiding these complications 
remains a priority for surgeons [15, 16].

In response to these challenges, this study introduces a 
modification of the UBE-TLIF technique. The aim of this 
study is to describe the surgical approach in patients who 
underwent the modified technique (en bloc resection of 
the ligamentum flavum UBE-TLIF) and to comprehen-
sively analyze the clinical outcomes during the follow-up 
period.

Methods
Patients
This study received approval from the ethics commit-
tee of a local hospital and was conducted in accordance 
with the Declaration of Helsinki. It involved a retrospec-
tive analysis of prospectively collected data on patients 
undergoing treatment. The inclusion criteria encom-
passed patients diagnosed with lumbar degenerative 
diseases who met the surgical indications for lumbar 
spondylolisthesis and lumbar spinal stenosis with insta-
bility. The exclusion criteria included the presence of spi-
nal deformities such as scoliosis, lumbar disc herniation 
without bony spinal canal stenosis, spinal tumors, a his-
tory of lumbar surgery, and any other neurological lesions 
or conditions that could interfere with accurate preop-
erative and postoperative clinical assessments. Accord-
ing to a predefined protocol, 109 consecutive patients 

with lumbar degenerative diseases were included pro-
spectively. All patients underwent single-level UBE-TLIF 
surgery. Patients were assigned to two groups: Group 
A underwent en bloc resection of the ligamentum fla-
vum UBE-TLIF, and Group B underwent routine piece-
meal resection of the ligamentum flavum UBE-TLIF. The 
assignment to these groups was based on alternating the 
two techniques monthly throughout the study duration. 
Each patient received one of the two techniques depend-
ing on the month of their surgery. All procedures were 
performed by the same surgical team, which had a mini-
mum of five years of experience in endoscopic surgery.

Surgical technique
The surgical procedures, modified UBE-TLIF and rou-
tine UBE-TLIF, were performed on the left side at the 
L4-5 level. The techniques are summarized below with 
examples.

Modified UBE-TLIF
After successful anesthesia, the patient was positioned 
prone with abdominal suspension and slight knee flex-
ion, and adjustments were made for optimal fluoroscopic 
visualization. Two 1-cm longitudinal incisions were cre-
ated along the medial edge of the left L4 and L5 pedicle 
projections. The subcutaneous tissue was incised, and an 
expansion tube was subsequently inserted to dilate the 
soft tissue. Once the fluoroscopic positioning was con-
firmed to be satisfactory, an endoscope was introduced 
through the cephalic incision, and a radiofrequency 
electrode was inserted through the caudal incision. This 
setup facilitated the dissection of soft tissue surrounding 
the L4/5 articular processes, thereby exposing the lower 
edge of the L4 lamina, the upper edge of the L5 lamina, 
and the L4/5 articular process. A combination of a pen-
dulum and osteotomy knife was employed to resect the 
lower edge of the L4 lamina and the left inferior articular 
process of L4. Subsequent steps involved the removal of 
the left lower edge of the L4 lamina (up to the origin of 
the ligamentum flavum), the inner edges of the L4 infe-
rior and L5 superior articular processes, and the upper 
edge of the L5 lamina using a rongeur and a grinding 
drill. This procedure allowed the left ligamentum flavum 
to be mobilized. Further decompression was achieved 
using a grinding drill on the base of the L4/5 spinous pro-
cess and lamina and the dorsal aspect of the contralateral 
dural sac. The grinding drill was also used to remove a 
portion of the contralateral lamina, increasing the space 
on the dorsal side of the ligamentum flavum to mitigate 
the risk of nerve injury. The contralateral thickened liga-
mentum flavum was freed using the same method. Sub-
sequently, the bilateral ligamentum flavum was removed 
en bloc under endoscopic visualization, effectively allevi-
ating the compression on the dural sac and L5 nerve root 
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(Figs. 1 and 2). Following decompression, the interverte-
bral disc tissues were excised, and endoscopic prepara-
tion of the endplates was performed. Bone graft material 
was placed, followed by the implantation of an interbody 
cage for fusion. The polyetheretherketone interbody 
cages were sourced from the same manufacturer, with 
appropriate sizes selected based on the patient’s interver-
tebral disc space dimensions.

Under fluoroscopic guidance, the percutaneous pedi-
cle screws were inserted through the viewing portal and 
working portal. After the pedicle screws on the decom-
pression side were implanted, the contralateral pedicle 
screws awere finally implanted. The screw-rod system 
was then securely locked in place. The procedure was 
concluded by placing a drainage tube and direct closure 
of the incisions. An illustrative operative video demon-
strating the en bloc resection of the ligamentum flavum 
has been provided as supplementary material.Fig. 2  En bloc resection of the ligamentum flavum during the operation

 

Fig. 1  Procedures performed with the modified UBE-TLIF technique. A–C, Intraoperative C-arm perspective view and operation drawing. D, The lower 
edge of the L4 lamina and the L4 inferior articular process on the left side were resected using a pendulum saw and osteotomy knife. E–H, The attachment 
points of the ligamentum flavum were removed with grinding drills and rongeurs. I–K, The intervertebral disc was removed, and the interbody fusion 
cage was implanted. L, Dural sac after decompression
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UBE-TLIF
Following successful anesthesia, the patient was posi-
tioned prone with abdominal suspension, slight knee 
flexion, and fluoroscopic positioning. The primary differ-
ence between UBE-TLIF and modified UBE-TLIF lies in 
the technique of ligamentum flavum removal. In the con-
ventional UBE-TLIF, the ligamentum flavum is excised 
piecemeal, whereas in the modified UBE-TLIF, it is 
removed en bloc. Subsequent steps included the removal 
of intervertebral disc tissues, preparation of the end-
plates, and the placement of bone grafts and an interbody 
cage under endoscopic visualization to facilitate fusion.

Fluoroscopic guidance was then used to accurately 
place four K-wires into the bilateral pedicles of L4 and L5. 
Percutaneous pedicle screws were inserted along these 
wires, and the screw-rod system was securely locked. The 
procedure was concluded with the placement of a drain-
age tube and direct closure of the incisions.

Clinical outcome assessment
Postoperative assessments included surgery-related com-
plications (e.g., nerve root injury, dura tear, infection) 
operation duration, estimated blood loss, and length of 
postoperative hospital stay. The visual analogue scale 
(VAS) scores for leg pain and back pain were evaluated 
preoperatively, three days postoperatively, and at 2-year 
follow-up. Additionally, Oswestry Disability Index (ODI) 
was collected both preoperatively and at 2-year follow-
up. Fusion status was assessed by computed tomography 
(CT) scan at 2-year follow-up [17].

Statistical analysis
All continuous data were expressed as means and stan-
dard deviations. Differences between the two groups 
were evaluated using independent-sample t tests and 
paired-sample t tests. Categorical data were analyzed 
using the Chi-square test and Fisher exact test. A p value 
of less than 0.05 was considered statistically significant. 
All statistical analyses were conducted using the Statis-
tical Package for the Social Sciences (SPSS version 25.0; 
IBM Corp., Armonk, NY, USA).

Results
Patient population
In total, the study comprised 109 patients, with 51 
assigned to Group A and 58 to Group B. Table  1 pres-
ents the demographic and clinical characteristics of these 
patients. There were no significant differences between 
the two groups in terms of age, sex, body mass index, 
or spinal level. All patients were followed for 2-year 
postoperatively.

Complications
Group A experienced fewer complications compared 
with Group B. Specifically, no instances of nerve root 
or dura injuries occurred postoperatively in Group A. 
In contrast, Group B reported four postoperative com-
plications: one case of nerve root injury and three cases 
of dura tear. The patient with the nerve root injury pre-
sented with temporary numbness and pain in one lower 
limb, which gradually resolved after approximately three 
months of conservative treatment. The patients with dura 
tears underwent local compression at the incision site 
and received conservative treatment, with no residual 
symptoms observed during follow-up.

Clinical outcomes
The average operation time for Group A was shorter than 
that for Group B, although this difference was not statis-
tically significant (P > 0.05). Similarly, there were no sig-
nificant differences between the two groups in terms of 
blood loss, length of postoperative stay, or the VAS score 
for leg pain measured preoperatively, three days postop-
eratively, and at 2-year follow-up (P > 0.05). Additionally, 
no significant differences were observed in the ODI pre-
operatively and at 2-year follow-up (P > 0.05). The lumbar 
fusion rate was 94% in Group A and 95% in Group B dur-
ing the follow-up, with no statistically significant differ-
ence (P > 0.05). Detailed clinical outcomes are presented 
in Table  2. One case of lumbar degenerative disease 
treated with modified UBE-TLIF is depicted in Fig. 3.

Discussion
Lumbar fusion surgery has been well established as an 
effective intervention for improving function, pain, and 
quality of life in individuals with severe degenerative lum-
bar spine disease [5–7]. Previous studies have reported 
that the primary complications associated with lumbar 
fusion surgery include but are not limited to infection, 
temporary or permanent neurological deficits, durotomy, 
cerebrospinal fluid leaks, nerve root injury, and mis-
placed hardware [18–20]. In recent years, percutaneous 
endoscopy has been integrated into lumbar fusion proce-
dures, offering a minimally invasive approach that allows 
for direct decompression. UBE spinal surgery, employ-
ing one portal for the endoscope and another for surgical 

Table 1  Demographic characteristics of the patients
Variable Modified UBE-

TLIF (Group A)
UBE-TLIF 
(Group B)

P 
Value

Number of patients 51 58
Sex (male/female) 19/32 22/36 0.942
Age (yr) 57.5 ± 7.5 58.1 ± 8.9 0.683
Body Mass Index (kg/m2) 24.6 ± 3.1 25.4 ± 3.5 0.218
Spinal level (n) 0.997
  L4-L5 29 33
  L5-S1 22 25
Data are given as (n) or mean ± SD; P < 0.05 was considered significant
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instruments, has shown encouraging outcomes in lum-
bar decompressive laminectomy and foraminotomy [21]. 
Despite the advantages of minimally invasive techniques, 
they do not entirely eliminate the risk of neurological def-
icits and injuries to the dural or nerve roots. Moreover, 

the ligamentum flavum serves as a critical natural barrier 
to the dural sac, playing a pivotal role in protecting the 
dura and nerve roots from direct injury during surgery 
[22]. A recent study reported that biportal decompres-
sion for spinal stenosis can be performed using the en 
bloc ligamentum flavum removal technique [23]. There-
fore, this study aimed to describe the en bloc resection 
technique of the ligamentum flavum using UBE-TLIF 
and to analyze the clinical outcomes during follow-up.

Feasibility of en bloc resection of the ligamentum flavum 
using the UBE technique
The ligamentum flavum, a bifid ligament within the pos-
terior ligamentous complex of the spine, is commonly 
encountered in lumbar surgery and serves as a crucial 
anatomical landmark. This ligament originates from the 
superior aspect of the inferior lamina and inserts onto 
the anteroinferior surface of the superior lamina [24, 25]. 
Biomechanically, the ligamentum flavum contributes to 
the resistance against kyphotic angulation in conjunc-
tion with other components of the posterior ligament 
complex. During posterior lumbar surgery, the proxim-
ity of the ligamentum flavum to vital neural structures 
necessitates careful surgical navigation to avoid damage. 
Furthermore, pathological changes such as proliferation 
of this ligament and the inner edge of the articular pro-
cess can lead to compression of the dural sac and nerves, 
necessitating surgical intervention. The UBE technique, 
which employs two separate channels—an observation 

Table 2  Postoperative clinical outcomes
Variable Modified 

UBE-TLIF 
(Group A)

UBE-TLIF 
(Group B)

P 
Value

Complications, n (%) 0.161
  Nerve root injury 0 (0) 1 (2)
  Dura tear 0 (0) 3 (5)
  Infection 0 (0) 0 (0)
Operation time (min) 207.5 ± 13.4 212.9 ± 17.7 0.074
Estimated blood loss (mL) 80.0 ± 23.7 84.0 ± 21.7 0.364
Postoperative stay (days) 3.6 ± 0.6 3.8 ± 0.8 0.136
VAS score (leg)
  Preoperative 6.9 ± 0.9 6.9 ± 1.0 0.811
  Postoperative 3st day 2.8 ± 0.8 2.7 ± 0.9 0.357
  2-year follow-up 0.9 ± 0.6 0.7 ± 0.6 0.102
VAS score (back)
  Preoperative 6.6 ± 0.8 6.5 ± 0.7 0.817
  Postoperative 3st day 2.6 ± 0.9 2.7 ± 0.9 0.502
  2-year follow-up 0.8 ± 0.7 0.9 ± 0.6 0.327
ODI
  Preoperative 70.6 ± 6.9 70.4 ± 7.3 0.911
  2-year follow-up 15.1 ± 3.1 14.8 ± 3.2 0.534
Fusion rate 48 (94%) 55 (95%) 1.000
Data are given as (n) or mean ± SD; P < 0.05 was considered significant

Fig. 3  A 71-year-old man diagnosed with degenerative lumbar disease underwent en bloc resection of ligamentum flavum UBE-TLIF. A–C, Preopera-
tive X-ray and magnetic resonance imaging (MRI) of the lumbar spine. D, Postoperative Xray images of the lumbar spine 4 days after the operation. E–G, 
Postoperative X-ray, MRI, and CT images of the lumbar spine at 3-month follow-up. H, Postoperative X-ray images of the lumbar spine at 2-year follow-up
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channel and an operation channel—provides a unique 
advantage. The substantial swing angle and range of these 
channels enhance the convenience of the operation and 
observation fields, facilitating the use of the “over-the-
top technique” for contralateral decompression. There-
fore, the UBE technique theoretically enables the en bloc 
resection of the ligamentum flavum, a capability sup-
ported by related studies [13].

Clinical outcomes of the en bloc resection of the 
ligamentum flavum in UBE-TLIF
It is unrealistic to expect that the en bloc technique will 
eliminate the risk of surgery-related complications, such 
as dural injuries and nerve root damage. Despite these 
inevitable complications, it is pertinent to question 
whether the overall incidence might be reduced by accu-
rately identifying and navigating beyond the most con-
strained diameter of the canal [13]. Previous studies have 
noted that the incidence and consequences of incidental 
complications, such as dural tears, are often not ana-
tomically localized where these events occur [13, 15]. The 
ligamentum flavum serves as a natural barrier, protect-
ing the dura and nerve root from direct injury and can 
be strategically utilized throughout the procedure [22]. In 
this study, we observed fewer complications in Group A 
compared with Group B. Notably, there were no postop-
erative dural injuries or nerve root damage in Group A, 
whereas Group B experienced four postoperative compli-
cations, including one case of nerve root injury and three 
cases of dura tear. Therefore, we conclude that injuries to 
the nerve root or dura typically occur during spinal canal 
decompression, and the en bloc removal of the ligamen-
tum flavum may offer protection to the transverse nerve 
root and dura.

Additionally, there are two noteworthy aspects of the 
en bloc resection of the ligamentum flavum. First, releas-
ing the insertions of the ligamentum flavum decreases 
the number of Kerrison rongeur activations needed and 
maintains protective coverage over the dura throughout 
most of the surgery. Focusing on the insertion point also 
reduces the overall duration of the operation, aligning 
with the findings of this study to some extent. Further-
more, compared with piecemeal resection, en bloc resec-
tion of the ligamentum flavum prevents the inevitable 
expansion of the dural sac that occurs during decompres-
sion. This expansion increases the risk of dura tear during 
decompression, which can be mitigated by maintaining 
compression of the dural sac until all insertion points 
are released and the ligamentum flavum is completely 
removed.

Limitations
This study has several key limitations. First, it was con-
ducted at a single center and involved a relatively small 

cohort, with the surgical techniques not being randomly 
assigned to each patient. Furthermore, the mean follow-
up duration was only 2-year, which is insufficient for a 
thorough evaluation of clinical outcomes. Therefore, to 
more comprehensively analyze the clinical outcomes of 
modified UBE-TLIF, a randomized controlled clinical 
comparison study involving multiple centers, a larger 
sample size, and extended follow-up is needed.

Conclusions
En bloc resection of the ligamentum flavum for bilateral 
decompression in UBE-TLIF demonstrated satisfactory 
clinical outcomes and acceptably low rates of periopera-
tive complications, establishing it as a safe and innova-
tive alternative for the treatment of lumbar degenerative 
disease.
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