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Far lateral lumbar disc herniation (FLLDH) is a
distinct type of lumbar disc problem, characterized
by its unique clinical features, diagnostic challenges
and treatment difficulties. Although less common
than standard lumbar disc herniations, FLLDH
accounts for approximately 3 to 12% of all lumbar
disc herniations and is associated with intense
radicular pain due to compression of the exiting
nerve root in the narrow extraforaminal space.®

Historically, the treatment of FLLDH has included
both conservative and surgical interventions, with
varying degrees of success.” Traditional open
surgeries provide sufficient decompression but
often involve extensive disruption of muscle and
soft tissue. In recent years, minimally invasive
techniques, particularly endoscopic approaches,
have become increasingly popular due to reduced
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ABSTRACT

Objectives: This study aims to investigate the clinical efficacy
of managing far lateral lumbar disc herniation (FLLDH) through
two surgical approaches: unilateral biportal endoscopy (UBE) and
percutaneous endoscopic lumbar discectomy (PELD).

Patients and methods: Between December 2019 and September
2024, a total of 45 patients (18 males, 27 females; mean age:
59.76+11.82 years; range, 31 to 89 years) who were diagnosed
with FLLDH were retrospectively analyzed. Based on the surgical
technique used, the patients were randomly divided into two
groups: the PELD group (n=17) and the UBE group (n=28).
Perioperative indicators, including operative time, postoperative
hospital stay and mean fluoroscopy times, were recorded.
Pre- and postoperative assessments were conducted at the time of
admission and at one, three, and six months after surgery, using
the Visual Analog Scale (VAS) and the Oswestry Disability Index
(ODI) scores. The modified MacNab criteria were used to assess
patient satisfaction.

Results: Both groups demonstrated a reduction in VAS and ODI
scores after surgery (p<0.05). However, no statistically significant
differences were observed between the groups at one, three, or six
months postoperatively. Operative times were also comparable,
with the UBE group mean 97.39+26.78 min and the PELD group
88.18+27.52 min. The postoperative length of hospital stay was
similar, with the UBE group staying a mean of 3.93+1.81 days and
the PELD group 3.06+1.21 days (p>0.05). The mean fluoroscopy
times were significantly lower in the UBE group, with 6.25+1.30
times compared to 16.76+6.02 times in the PELD group (p<0.05).

Conclusion: Our study results suggest that UBE is a viable
alternative to PELD for treating FLLDH, offering comparable
clinical outcomes with reduced radiation exposure.

Keywords: Clinical efficacy, far lateral lumbar disc herniation, minimally
invasive spine surgery, percutaneous endoscopic lumbar discectomy,
unilateral biportal endoscopy.

trauma, faster recovery and comparable efficacy.®
However, these procedures also carry risks such
as nerve injury, incomplete decompression and
symptom recurrence.%
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Recent developments in spinal endoscopy,
most notably unilateral biportal endoscopy (UBE)
and percutaneous endoscopic lumbar discectomy
(PELD), have broadened the scope of minimally
invasive spine surgery. Both techniques have
shown promising results in general lumbar disc
herniations,®' but their application in FLLDH
remains relatively underexplored. Although a
few retrospective studies and small case series
have examined their use in FLLDH, they differ in
methodology, patient selection, outcome definitions
and follow-up duration, limiting generalizability of
the results. Some studies lack a direct comparison
between UBE and PELD in the context of FLLDH,
whereas others report only short-term outcomes or
do not stratify data by herniation location."%!

To the best of our knowledge, no large-scale,
prospective, randomized trials or meta-analyses
have specifically addressed the comparative
effectiveness of UBE versus PELD in FLLDH.
Existing meta-analyses on UBE and PELD focus
largely on central or paracentral disc herniations,"!
thereby creating a knowledge gap for surgeons
managing far lateral lesions, which involve different
anatomical considerations and require distinct
surgical strategies.

In the present study, we aimed to directly
compare the clinical outcomes of UBE and
PELD in patients with FLLDH and to analyze
postoperative pain, functional recovery, operative
time, fluoroscopy frequency and complications in
order to provide valuable clinical evidence to guide
treatment selection for this challenging condition.

PATIENTS AND METHODS

This single-center, retrospective study was conducted
at Second Affiliated Hospital of Anhui Medical
University, Department of Orthopaedics between
December 2019 and September 2024. The patients
who underwent surgical treatment for FLLDH and
had a minimum follow-up period of six months were
screened. Inclusion criteria were as follows: having
a diagnosis of single-segment FLLDH confirmed
by magnetic resonance imaging or computed
tomography; presence of lower limb radicular
pain and/or numbness corresponding to imaging
findings; and failure of conservative treatment for at
least three months or severe symptoms substantially
affecting quality of life. Exclusion criteria were
as follows: lumbar instability, tumors, deformities
or infections; inability to complete follow-up
assessments; substantial comorbidities constituting
surgical contraindications; and multi-segmental
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surgical procedures. Finally, a total of 45 patients
(18 males, 27 females; mean age: 59.76+11.82 years;
range, 31 to 89 years) who met the inclusion criteria
were recruited. Based on the surgical technique
used, the patients were randomly divided into
two groups: the PELD group (n=17) and the UBE
group (n=28). Data were collected systematically
at the time of admission and at one, three, and six
months after surgery. Written informed consent
was obtained from each patient. The study protocol
was approved by the Second Affiliated Hospital
of Anhui Medical University Ethics Committee
(Date: 19.09.2019, No: slxjs2019-001). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Surgical procedures

Two surgical techniques were used in this study:
UBE and PELD. All procedures were performed
by three senior spine surgeons with extensive
experience in both UBE and PELD, all having
completed more than 200 independent cases of each
technique prior to the study. Assignment to UBE or
PELD was based on the surgeon’s clinical discretion
after evaluating imaging features, anatomical
considerations and patient preference.

Unilateral biportal endoscopy

After induction of general anesthesia, the patient
was placed in the prone position on a radiolucent
surgical pad, allowing the abdomen to hang freely
and reducing intra-abdominal pressure. Using a
right-sided L4/5 FLLDH case as an example, a
Kirschner wire (K-wire) was placed perpendicular
to the ground under anteroposterior fluoroscopy
to identify the midline. Lateral fluoroscopy was
then used to align the L4/5 intervertebral space
horizontally. Another K-wire was placed 1 to 2 cm
lateral to the midline at the L4 pedicle level to mark
the target segment.

After skin preparation, two transverse incisions
were made: the cranial incision at the lower edge
of the transverse process and the caudal incision
approximately 1.5 cm inferior to it. The cranial portal
was designated for instruments, and the caudal
portal was designated for endoscopic observation
(Figure 1). Sequential dilators were employed for
blunt dissection of soft tissues, followed by the
insertion of a retractor. The paraspinal muscles
were, then, separated to fully expose the transverse
process (Figure 2).

A 30° endoscope was inserted through the
observation portal, with continuous irrigation
provided by a 3 L saline bag suspended 60 cm
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above the wound. Soft tissues over the facet joint
and transverse process were cleared. In some cases,
large vessels between the transverse process and
the facet joint were carefully preserved (Figure 3).
The facet joint was marked under endoscopic vision
using a K-wire (Figure 4). A high-speed burr was
used to remove parts of the transverse process
and lateral facet to expose the ligamentum flavum,
which was, then, excised. The compressed nerve
root and herniated disc fragments were visualized
and removed (Figure 5). Hemostasis was achieved
using a radiofrequency probe, followed by the
placement of a drainage tube and layered closure of
the incision.l!

Percutaneous endoscopic lumbar discectomy

The patient was placed prone on a specialized
surgical pad that allowed the abdomen to hang

FIGURE 1.
localization.

Z

FIGURE 2. Operating portal and observation portal.

freely, reducing intra-abdominal pressure. In a
representative case of right-sided L4/5 FLLDH, a
K-wire was positioned vertically at the midline under
C-arm fluoroscopy. Lateral fluoroscopy adjusted the
intervertebral space to be perpendicular to the floor
for optimal exposure, followed by anteroposterior
fluoroscopic confirmation.

The puncture site was located approximately
8 cm lateral to the L4 pedicle and 10 cm from
the midline, forming a 10 to 15° angle with the

FIGURE 3. Vessels between transverse and articular
processes under the endoscopic view during unilateral
biportal endoscopy.

FIGURE 4. Anteroposterior fluoroscopic image showing
K-wire localization of the facet joint. A K-wire is placed
percutaneously and directed toward the surface of the
superior articular process under C-arm guidance.



FIGURE 5. Nerve roots and herniated intervertebral
discs under the endoscopic view during unilateral biportal
endoscopy.

intervertebral space (Figure 6). After sterile
preparation, an 18-gauge puncture needle was
advanced to the lateral surface of the superior
articular process (SAP) and local anesthesia with
0.5% lidocaine was administered around the SAP
and foramen. A 1l-cm incision was made, and a
guidewire was inserted to guide a blunt guiding rod
to the bony surface. A working cannula was, then,
placed laterally and confirmed fluoroscopically
(Figures 7a, b). The endoscope (Spinendos System,
Miinchen, Germany) was introduced.

Jt Dis Relat Surg

FIGURE 6. Body surface markers of surgical incision of
percutaneous endoscopic lumbar discectomy.

Under endoscopic view, soft tissues over the
SAP were dissected. A high-speed micro-drill was
used to remove part of the lateral SAP to access
the intervertebral foramen, avoiding damage to
the joint capsule. Meticulous hemostasis was
maintained.

The endoscope was advanced into the
foramen to visualize the upper margin of the
L5 vertebra. Nerve roots and herniated disc
material were exposed. Numerous small vessels
around the nerve were carefully coagulated using

Ay i"'!

FIGURE 7. A working cannula was inserted laterally, confirmed by C-arm fluoroscopy. (a) Lateral cannula. (b)
Anteroposterior cannula.
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FIGURE 8. Nerve roots and herniated intervertebral discs
under the endoscopic view during percutaneous endoscopic
lumbar discectomy.

radiofrequency (Figure 8). The herniated disc
was completely removed, and final hemostasis
was achieved using a radiofrequency probe. The
working sheath was removed, and the incision was
sutured.™!

Data collection

Data were retrospectively collected from
the electronic medical records of all patients
included in the study. Patients were followed
in the clinical setting at one, three, and six
months postoperatively. During these visits,
recurrence of symptoms, reoperation rates and
other postoperative complications such as adverse
events related to the surgical procedure, such as
dural tear, incision site infection or nerve root
injury were recorded.

The following parameters were systematically
documented at baseline (on admission) and at one,
three, and six months postoperatively: demographic
and clinical characteristics, including age, sex
and body mass index (BMI); clinical assessment,
including Visual Analog Scale (VAS) scores for pain
intensity™ and Oswestry Disability Index (ODI)
scores for functional impairment;'® and patient
satisfaction and clinical outcome, assessed using
the modified MacNab criteria.'” For perioperative
evaluation, operative time, length of postoperative
hospital stay and mean fluoroscopy exposures
were measured.

All data were extracted by a trained research
assistant from electronic medical records and
surgical reports to ensure accuracy and
completeness. Any missing or unclear data
were clarified exclusively through a review of
supplementary documentation, such as imaging
reports, surgical notes and follow-up records.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 26.0 software (IBM Corp., Armonk,
NY, USA). Continuous data were presented in mean
+ standard deviation (SD) or median (min-max),
while categorical data were presented in number
and frequency. Comparisons between groups were
conducted using the independent samples t-test
for normally distributed continuous variables,
including VAS scores, ODI scores and perioperative
indicators. Categorical variables were analyzed
using the chi-square test or Fisher exact test, where
applicable. A p value of <0.05 was considered
statistically significant.

RESULTS

There were no significant differences between the
two groups in terms of age, sex, BMI, duration of
symptoms, segment of disc herniation, presence of
comorbidities such as chronic medical conditions
potentially affecting surgical risk or postoperative
recovery or clinical symptoms (p>0.05) (Table I). No
patients in either group experienced symptomatic
recurrence or required reoperation during the six-
month follow-up period.

The mean operative time (97.39+26.78 min in the
UBE group vs. 88.18+27.52 min in the PELD group,
p>0.05) and postoperative hospital stay (3.93+1.18
days in the UBE group vs. 3.06+1.21 days in the PELD
group; p>0.05) did not differ significantly between
the groups. However, the mean intraoperative
fluoroscopy exposure was significantly lower in
the UBE group (6.25+1.30) than in the PELD group
(16.76£6.02) (p<0.05). The surgical cost of UBE was
also significantly higher than that of PELD (Table II).

The VAS and ODI scores in both groups were
significantly reduced from preoperative values
(p<0.05). Additionally, there were no significant
differences in VAS or ODI scores between the
PELD and UBE groups at one, three, and six
months postoperatively (p>0.05) (Figures 9 and 10).
According to the modified MacNab criteria, the
excellent/good rate in the PELD group was 94.12%,
whereas in the UBE group, it was 85.17% indicating
no statistically significant difference (p=0.635)
(Table III).
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TABLE |
Baseline characteristics of the patients

UBE group (n=28) PELD group (n=17)

Characteristic n Mean+SD n Mean+SD P
Age (year) 58.96+10.99 61.06+12.98 0.575
Sex 0.90

Male 11 7

Female 17 10
Body mass index (kg/m?) 25.26+2.61 25.22+2.74 0.762
Segment 0.904

L3-4 3 1

L4-5 11 8

L5-S1 14 8
Presence of comorbidities 5 3 0.590
Clinical symptoms

Numbness 18 12 0.34

Low back pain 23 13 0.71
UBE: Unilateral biportal endoscopy; PELD: Percutaneous endoscopic lumbar discectomy; SD: Standard deviation.

TABLE I
Perioperative outcomes

UBE group (n=28) PELD group (n=17)
Outcome Mean+SD Mean+SD p
Operative time (min) 97.39+26.78 88.18£27.52 0.285
Postoperative hospital stay (day) 3.93+1.18 3.06+1.21 0.0983
Intraoperative fluoroscopy (times) 6.25+1.30 16.76+6.02 <0.001
Surgical cost (¥) 20883.62+3139.73 12566.88+1688.73 0.014
UBE: Unilateral biportal endoscopy; PELD: Percutaneous endoscopic lumbar discectomy; SD: Standard deviation.

100

B PELD group
[ UBE group

[l PELD group
W UBE group

VAS

2179 23.39

FIGURE 9. The VAS for radicular leg pain preoperatively FIGURE 10. The ODI on admission and at 1-month,

on admission and at 1-month, 3-month, and 6-month
postoperatively. There were no significant differences significant differences between the two groups.

between the two groups. ODI: Oswestry disability index; PELD: Percutaneous endoscopic lumbar
VAS: Visual Analog Scale. discectomy; UBE: Unilateral biportal endoscopy.

3-month,and 6-month postoperatively. There were no
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TABLE Il
Clinical outcomes

UBE group (n=28) PELD group (n=17)

Parameters n % n Y% p
Modified MacNab evaluation

Excellent 19 14

Good 2

Fair

Poor 1 0

Excellent/good rate 85.71 94.12 0.635
UBE: Unilateral biportal endoscopy; PELD: Percutaneous endoscopic lumbar discectomy.

Complications

In the UBE group, one patient experienced
postoperative dorsal root ganglion irritation,
presenting as residual numbness and intermittent
radiating pain in the lower limb. Symptoms
improved to a tolerable level with conservative
treatment, and the patient reported functional
improvement and reduced discomfort at the
six-month follow-up, although mild numbness
persisted. In the PELD group, one patient
experienced similar ganglion irritation, which
improved substantially after three months of
conservative medication, with pain relief and
partial resolution of numbness, although mild
hypoesthesia remained. No cases of dural tear
or incision-site infection were reported in either

group.
DISCUSSION

In the present study, we compared the clinical
outcomes of UBE and PELD for the treatment of
FLLDH. Both techniques demonstrated substantial
improvements in postoperative pain levels (VAS
scores) and functional outcomes (ODI scores), with
no statistically significant differences between the
groups at one, three, and six months postoperatively.
However, the UBE group exhibited significantly
lower intraoperative fluoroscopy times, indicating
reduced radiation exposure for both patients and
healthcare providers.

Far lateral lumbar disc herniation is a distinct
type of lumbar disc herniation in which the disc
protrudes into or beyond the intervertebral foramen.
It can sometimes be missed during diagnosis,
and in some cases, patients may experience
only mild pain, allowing for conservative
management or interventional methods such as
injections.*® Although open surgery can achieve

effective decompression of the foraminal and
extraforaminal regions, it often requires the removal
of a substantial portion of the lumbar facet joint
and surrounding bone, potentially compromising
lumbar stability and necessitating fusion surgery.™

In recent years, spinal endoscopic techniques
have advanced substantially, and both surgeons
and patients have increasingly embraced minimally
invasive options.? Although previous studies have
explored the effectiveness of individual approaches,
the question of which surgical technique offers
greater advantages remains under discussion.??!
Our study contributes to this debate by comparing
clinical outcomes, including pain relief and
functional recovery, between UBE and PELD in the
context of FLLDH.

In the current study, we observed postoperative
improvements in VAS and ODI scores for both
groups, with no statistically significant difference,
consistent with earlier findings.l%¥2) Park et
al.?! reported favorable outcomes using UBE to
treat L5/S1 far lateral disc herniation. Similarly,
Li and Zhang!'! assessed both percutaneous
transforaminal endoscopic discectomy (PTED) and
UBE for the same condition and found substantial
postoperative improvements in VAS and ODI scores
for both techniques, although no notable difference
at the final follow-up. More interestingly, the
aforementioned authors found a significantly longer
surgery duration in the PTED group (108.0£35.3 min
vs. 84.3+25.4 min). In contrast, this study revealed
no significant difference in surgical time between
UBE and PELD, suggesting that further multi-center
validation is warranted.

Of note, our study differs from Li and Zhang’s!"”
in key aspects. We used only local anesthesia,
enabling immediate patient feedback and reducing
nerve irritation, while Li and Zhangl” used
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combined local and intravenous anesthesia. We
also employed a diamond burr for foraminoplasty,
offering better visibility and potentially less nerve
root stimulation than Li and Zhang trephine.
These differences may explain the different results
between our study and Li and Zhang’s study.
Surgical time differences may reflect operator
experience.

Meta-analyses have shown that UBE is superior
to microendoscopic discectomy (MED) in relieving
back pain one day postoperatively, although both
procedures appear similar in terms of leg pain
relief at one day, long-term outcomes and safety
profiles.?*?”l Therefore, further evidence is needed
to evaluate the relative efficacy and safety of UBE
versus PELD in the treatment of FLLDH.

Operator-dependent variability is a well-known
factor in minimally invasive spine surgery due
to the steep learning curve. In our study, this
potential bias was minimized, as all procedures
were performed by a single experienced surgeon,
which strengthens the consistency and reliability
of the comparative outcomes between UBE and
PELD. Both UBE and PELD pose distinct technical
challenges and learning curves. Unilateral biportal
endoscopy separates the visual and working
portals, more closely mimicking open surgery and
potentially offering a smoother learning path for
spine surgeons transitioning from open techniques.

Liu et al.®® conducted a meta-analysis exploring
the learning curve associated with UBE, revealing
that an average of 37.5 cases is needed to achieve
surgical proficiency, with a range from 14 to 58
cases. In contrast, PELD presents challenges due
to its confined operating portal and reliance on
precise trajectory planning under fluoroscopy. Sun
et al.?® found that even surgeons with prior selective
nerve root block (SNRB) experience required around
47 cases to master PELD, whereas those without
SNRB experience needed up to 56 cases. Notably, the
surgeon’s experience level substantially influences
both the duration of surgery and outcomes,
highlighting the importance of repeated practice
to optimize surgical performance and minimize
intraoperative risks.

During FLLDH surgery, the incision for PELD
is located further from the posterior midline of
the spine, whereas the incision for UBE is closer.
This results in differences in the microscopic
field and operative manipulation. The PELD
technique first exposes the facet joints and
intervertebral foramen area then identifies the
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herniated intervertebral disc based on the position
of the nerve root and foramen. The UBE technique
initially exposes the lower edge of the transverse
process or the isthmus, followed by exposure of
the nerve root.

Between the transverse process and the
isthmus, the dorsal branch of the segmental artery
runs through this region and requires particular
attention during the procedure. Improper handling
may lead to microscopic bleeding and prolong the
surgical time. It is recommended to first expose this
vessel and use electrocautery for pre-hemostasis
or to ligate it before nerve root exposure. This
vessel may also serve as a useful microscopic
anatomical landmark. The study by Kang et al.?
also identified this vessel as a substantial reference
point, aiding in identifying the direction of the
facet joint, avoiding excessive damage to the joint
capsule and potentially reducing surgical time.

Due to the need for PELD instruments to pass
through the endoscopic portal, there are high
technical requirements, necessitating specialized
surgical tools and endoscopic systems. The UBE
technique separates the operating portal, allowing
standard open surgical instruments to be used
effectively, which may help reduce equipment
costs. However, as instruments must repeatedly
enter and exit the operating portal and a larger
working space than in PELD must be created under
the endoscope, UBE may cause more tissue damage
than PELD.B!

There are also notable differences between
the two techniques. Percutaneous endoscopic
lumbar discectomy requires the placement of a
metal operating cannula, and the use of local
anesthesia allows monitoring of the patient’s
nerve root symptoms during cannula placement,
helping to avoid serious nerve injury. Ren et
al.b? compared general anesthesia and epidural
anesthesia for PELD and recommended that novice
surgeons perform PELD under local anesthesia to
obtain patient feedback, avoid nerve damage and
reduce radiation exposure. Patients under local
anesthesia remain awake during the procedure,
which may lead to elevated blood pressure due
to anxiety, increasing the risk of bleeding under
the microscope and complicating the surgical
process. Gadjradj et al.®® reported favorable results
using dexmedetomidine during full-endoscopic
transforaminal discectomy, though this may require
cooperation from the anesthesiologist. For patients
with multiple underlying conditions and higher
anesthetic risk, local anesthesia for PELD is a
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suitable option. However, in patients with severe
nerve root pain who cannot maintain the surgical
position independently, local anesthesia should be
considered with caution or appropriate analgesia
and sedation should be administered during the
procedure.

In UBE procedures, general anesthesia
is typically used, providing a stable surgical
environment and allowing anesthesiologists
to manage vital signs such as blood pressure,
potentially facilitating the operation. However,
general anesthesia carries inherent risks and is
not exclusive to UBE. Percutaneous endoscopic
lumbar discectomy, on the other hand, can be
performed wunder local anesthesia, offering
advantages such as real-time patient feedback
and reduced anesthetic risk, particularly in high-
risk populations. Unilateral biportal endoscopy
employs two portals, one for video visualization
and the other for operative instruments, providing
greater flexibility compared with PELD and a
potentially shorter learning curve.?*2! It is now
widely accepted by spinal surgeons. Our findings
indicate that, despite the differences in operative
and anesthetic techniques between UBE and PELD,
there was no significant difference in the length
of postoperative hospital stay between the two
groups. Therefore, the choice of surgical method
can be tailored to the patient’s specific condition.

Our radiation count revealed significant
disparities between PELD and UBE: The PELD
required 16.76 fluoroscopic exposures per level
versus 6.25 for UBE (p<0.05), indicating a significant
reduction in the number of exposures. The study by
Merter et al.®¥ reached similar conclusions. They
investigated radiation exposure in UBE, PELD and
MED and found that PELD had the highest radiation
exposure among the three surgical methods. This
reduction in radiation exposure is particularly
important given the increasing concerns regarding
the long-term health risks associated with
fluoroscopic guidance in spinal surgeries.

The costs associated with hospitalization are
a crucial factor that both patients and surgeons
must consider carefully. Although PELD typically
involves a higher initial equipment investment due
to its reliance on advanced endoscopic systems and
specialized instruments, UBE is not necessarily
more cost-effective. Unilateral biportal endoscopy
procedures often require a broader array of surgical
tools, including dual working portals, two types
of radiofrequency electrocoagulation devices
and high-flow irrigation systems, all of which

can increase procedural and maintenance costs.
Additionally, UBE is usually performed under
general anesthesia, which may further elevate
overall costs due to anesthesia-related resources
and postoperative monitoring. In contrast, PELD is
often performed under local anesthesia, potentially
reducing anesthetic and recovery costs.

Nevertheless, overall hospitalization cost
is not solely determined by equipment use; it
also depends on factors such as surgery duration,
complication rates, recovery speed and length of
hospital stay. Our current findings indicate no
significant difference in hospitalization duration
between the two groups. As medical technology
continues to advance and becomes more widely
adopted, it is expected that the cost of these
devices and procedures would decrease over time,
potentially leading to more cost-effective treatment
options in the future.

Nonetheless, the present study has several
limitations. First, the study uses a retrospective
design with a relatively small sample size.
Second, the follow-up duration for both cohorts
was limited, which may restrict our ability to
assess long-term clinical outcomes such as disease
recurrence. Finally, as this study was conducted
at a single institution, it underscores the need for
further studies across multiple centers to validate
these findings and explore their broader clinical
implications.

In conclusion, both techniques exhibited a
favorable safety profile with minimal complications.
Taken together, UBE represents a viable alternative
to PELD for the treatment of FLLDH, offering
comparable clinical outcomes with reduced radiation
exposure. Future research should focus on multi-
center, large-scale trials with extended follow-up to
further validate these findings.
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