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Purpose: Endoscopic spine surgery has been widely performed to treat degenerative spinal diseases to mitigate the risks and
complications associated with traditional open surgery. However, endoscopic procedures pose challenges, including a limited field
of view and a restricted operating space, which can affect the surgeon’s learning curve. This study aimed to evaluate the learning
curves for unilateral biportal endoscopic spinal surgery (UBESS) and percutaneous transforaminal endoscopic surgery (PTES) by
performing cumulative sum (CUSUM) analysis and to assess their efficacies in managing degenerative spinal diseases.

Patients and Methods: This retrospective cohort study included 100 consecutive patients who underwent PTES and 100 con-
secutive patients who received UBESS. CUSUM analysis was conducted to assess the learning curve, with cutoff points used to
categorize the early and late phases. These two phases were analyzed in terms of differences in operative time, hospital stay,
complications, and patient-reported outcome measures (PROMs). Additionally, PROMs between the PTES and UBESS groups,
which were performed by the same surgeon, were compared.

Results: CUSUM analysis revealed that the operative time for PTES and UBESS decreased after 35 and 28 cases, respectively. Both
early- and late-phase cases exhibited significant improvement in all PROMs postoperatively. Furthermore, PROMs did not differ
between patients who underwent PTES and those who underwent UBESS.

Conclusion: Both procedures achieved comparable clinical outcomes with low complication incidences. However, achieving
proficiency in PTES required a learning curve of at least 35 cases, whereas that in UBESS required a minimum of 28 cases.
Keywords: learning curve, clinical outcome, unilateral biportal endoscopic spinal surgery, percutaneous transforaminal endoscopic

surgery, cumulative sum analysis

Introduction

The prevalence of lumbar disc herniation (LDH) and lumbar spinal stenosis (LSS), which are common spinal diseases
among older individuals, has been steadily increasing with the aging of the population.'> Herniated discs, abnormal fat
accumulation, hyperplastic facet joints, and thickened ligamentum flavum (LF) cause spinal canal narrowing and/or
nerve compression, resulting in symptoms such as intermittent claudication, lower limb radiation pain, and low back
pain."** Surgical intervention can provide rapid symptomatic relief in patients who are unresponsive to conservative
treatments.”® Surgical options include traditional open surgery and minimally invasive endoscopic surgery. Traditional
open surgery has demonstrated effectiveness, but it is associated with the disadvantages of extensive soft-tissue damage,
heavy bleeding, and poor postoperative spinal stability.””
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Percutaneous transforaminal endoscopy is a minimally invasive technique for treating LDH and LSS.'® This approach
allows surgeons to directly access the lesion area through the intervertebral foramen, thereby minimizing damage to
normal tissue.'' Percutaneous transforaminal endoscopic surgery (PTES) has shown therapeutic outcomes comparable to
those of traditional open surgery while providing advantages such as reduced soft-tissue damage, lower postoperative
pain, less bleeding, and a decreased risk of spinal instability.'>'* In recent years, the unilateral biportal endoscopy has
been widely used for the treatment of LDH and LSS with satisfactory results.'>'7 It is an effective combination of
traditional open and endoscopic surgeries. Moreover, it is characterized by a familiar workspace, wide surgical field, and
high operational flexibility for the surgeon.'®"'?

However, mastering these endoscopic procedures is difficult. These challenges originate from the limited endoscopic
field of view*® and different surgical approaches. Unilateral biportal endoscopic spinal surgery (UBESS) has demon-
strated efficacy comparable to that of PTES.?! However, no studies have focused on the learning curves of both PTES
and UBESS performed by the same surgeon for treating LDH and LSS.

Therefore, in this study, we aimed to investigate the learning curves of PTES and UBESS by performing a cumulative
sum (CUSUM) analysis of the operative time. Additionally, we compared the surgical data and clinical outcomes of both
surgeries across various learning phases.

Methods

Patient Selection

We retrospectively analyzed consecutive patients who underwent minimally invasive spine surgery at our center from
April 2023 to February 2024. The study included 100 consecutive patients who underwent PTES from April 5, 2023, to
January 12, 2024, and 100 consecutive patients who underwent UBESS from May 12, 2023, to February 25, 2024. The
same spine surgeon who had no prior experience in endoscopic surgery performed all the surgeries. This study was
approved by the ethics committee of our hospital and was conducted in accordance with the guidelines of the Declaration
of Helsinki. The ethics committee waived informed consent because this was a retrospective study.

The inclusion criteria were as follows: (1) symptoms of low back pain or lower limb radiation pain; (2) magnetic
resonance imaging indicating LDH or LSS; (3) failure of conservative treatment for over three months; and (4) patients
undergoing PTES or UBESS performed by the same surgeon. The exclusion criteria were: (1) lumbar spondylolisthesis
greater than grade [; (2) history of lumbar spine surgery; (3) presence of spinal infection, tumor or tuberculosis; and (4)
more than one surgical level.

Surgical Procedure

PTES

All procedures were performed under local anesthesia while the patient was in a prone position. The entry point was
created 8—13 cm lateral to the spinal midline at the intervertebral level. Initially, a spinal needle was inserted into the
facet joint and was subsequently replaced with a guidewire. Subsequently, an 8 mm working cannula was placed after
expanding the surgical approach using serial hollow tapered cannulas. Next, a portion of the facet, including the capsule,
and ventral and lateral sides of the superior articular process were removed using a burr saw to access the intraforaminal
area. The resection range was enlarged to the medial side of the superior or partial inferior articular process, as necessary.
Decompression was performed under direct vision with continuous irrigation. Osteophytes, thickened LF, perineural fat,
and bulging disk surface were removed. The entire nerve root or dural sac was carefully probed to ensure complete
decompression. Finally, a drain was placed, and the surgical incision was closed (Figure 1).

UBESS

All procedures were performed under general anesthesia while the patient was a prone position. Transverse incisions of
1-1.5 cm were established at the intersection of the upper and lower 1-1.5 cm of the target intervertebral space and the
inner edge of the pedicle, respectively. The superior incision served as the channel for endoscope insertion, whereas the
inferior incision was used for t surgical instrument insertion. A partial laminotomy was then performed. Portions of the
inferior and superior laminae of the upper and lower lumbar spine, respectively, were removed using an electric drill.

632 htps: Journal of Pain Research 2025:18



Yuan et al

Figure | Images from a patient treated with PTES. (A and B) Preoperative MRI showed L4-L5 LDH. (C) Puncturing through Kambin’s triangle. (D) Insertion of the working
cannula. (E) Nerve root decompression. (F and G) Postoperative MRI showed that the L4-L5 herniated intervertebral disc had been removed. (H) Postoperative CT

showed partial defect of facet joint.
Subsequently, LF was removed. Osteophytes, perineural fat and herniated disc compressing the nerve were removed. The
entire nerve root or dural sac was carefully probed to ensure complete decompression. Finally, a drain was placed, and

the surgical incisions were closed (Figure 2).

Figure 2 Images from a patient treated with UBESS. (A and B) Preoperative MRI showed L4-L5 LDH. (C) The position of the grinding drill was shown in the fluoroscopic
view. (D) Nerve root decompression. (E) Herniated nucleus pulposus. (F and G) Postoperative MRI showed that the L4-L5 herniated intervertebral disc had been removed.
(H) Postoperative CT showed defect of lamina after partial laminotomy.
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Data Collection

Demographic and clinical data, including age, sex, body mass index (BMI), surgical level, and approach side, from all
patients were collected from medical records. Surgical data, including operative time, estimated volume of blood loss,
hospital stay, and complications, were recorded postoperatively. Patient-reported outcome measures (PROMs) included
visual analog scale (VAS) scores for low back pain and lower leg pain, Oswestry Disability Index (ODI) scores, and
modified MacNab criteria. Patients were evaluated preoperatively, one month postoperatively, and at the final follow-up.

CUSUM Analysis

The CUSUM technique was used to analyze the operative time and quantify the learning curves of PTES and UBESS.
This method involves iterative calculation and accumulation of thf differences between individual data points and the
mean of all data points. The formula is described as CUSUM = Y (Xi — U). Xi represents the operative time for each
sequential patient and U represents the mean operative time for theiTglroup of the patients. The scatter diagram of CUSUM
analysis was drawn using Excel (Microsoft Excel 2010, version 14.0.6106.5005), and the function formula was
established by curve fitting. The degree of curve fitting was judged by the coefficient R?, and the closer R* was to 1,
the higher the degree of curve fitting was. The model with the highest R* was considered the best fitting model. The first
derivation of the fitting curve was conducted, and the peak of the fitting curve was identified based on the slope value of
the curve to categorize the learning phase accordingly. Additionally, we analyzed the presence of differences in
demographic, clinical, surgical, and PROM data among patients at different phases.

Statistical Analysis

Statistical analysis was performed using SPSS 26.0 software (IBM SPSS 26.0, SPSS Inc). Intergroup comparisons were
performed using independent samples t-tests and chi-square tests, whereas intragroup comparisons were performed using
paired t-tests. A P-value < 0.05 was considered statistically significant.

Results

Characteristics of Patients

This study enrolled 200 patients, including 49 males and 51 females in the PTES group and 46 males and 54 females in
the UBESS group. The mean ages were 62.12 + 13.29 years and 61.50 + 13.82 years in the PTES and UBESS groups,
respectively. The mean BMIs were 25.87 + 3.73 kg/m2 and 25.96 + 3.54 kg/m2 in the PTES and UBESS groups,
respectively. The surgical levels of L2-L4, L4-L5, and L5-S1 included 8§, 66, and 26 cases in the PTES group and 13,
52, and 35 cases in the UBESS group, respectively. The average follow-up duration was 11.95 + 3.12 months. No

significant differences were observed between the two groups in terms of demographic and clinical data (Table 1).

Table | Demographic and Clinical Information of Patients

PTES (n=100) | UBESS (n=100) | P

Age (year) 62.12 £ 13.29 61.50 + 13.82 0.869
Sex (n) 0.671
Male 49 46
Female 51 54
BMI (kg/m?) 25.87 £ 3.73 25.96 + 3.54 0.581
Level (n) 0.124
L2-14 8 13
L4-L5 66 52
L5-SI 26 35
(Continued)
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CUSUM Analysis

Table | (Continued).

PTES (n=100)

UBESS (n=100) | P

Approach side (n)
Left
Right
Follow-up duration (month)

51
49
12.36 = 3.16

0.572

47

53
11.53 296 0.651

Note: P < 0.05 indicates statistical significance.
Abbreviations: PTES, percutaneous transforaminal endoscopic surgery; UBESS, unilateral
biportal endoscopic spinal surgery; BMI, body mass index.

The CUSUM analysis revealed that the cutoff values for mastering PTES and UBESS were 35 (Figure 3) and 28 cases
(Figure 4), respectively. Consequently, the PTES and UBESS groups were categorized into early phases (PTES: n = 35;
UBESS: n = 28) and late phases (PTES: n = 65; UBESS: n = 72) according to the apex of the curves, respectively.

400

n=35
i
¥
350 -
o AT av CUSUM = 0.0026n3 - 0.5176n2+ 26.989n - 89.198
V' \ R2=0.9584
300 . J
250 ! )
H '
]
1
[ i \ ..'..
. 1 e
= 200 s | ' L,
7 ! " =.d
a I\ " | S
- :
S a
150 NS | A%
k : :
|
| \
I |
. ] . '~
100 : : Ko g
5 1 P
L ]
3 i
{ i
J ! 5
] .
| '.‘
50 3 i
N 1 .
: i b,
: !
b ! . RO
i i
q 1 v oo,
! !
0 J ! .
0 10 20 30 40 50 60 70 80 90 100 110
Consecutive cases (n)
Figure 3 CUSUM analysis of PTES group.
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Figure 4 CUSUM analysis of UBESS group.
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Comeparison of Early- and Late-Phase Cases
In PTES group, the operative time was significantly shorter in the late phase than that in the early phase (87.27 +

70 80

90 100 110

13.36 min vs 121.82 + 18.71 min, P < 0.001). Furthermore, no significant differences were observed in estimated blood
loss (5.32 £ 6.15 mL vs 7.59 + 6.06 mL, P = 0.068), complications (4 cases vs 4 cases, P = 0.722), and hospital stay
(6.07 + 3.82 days vs 5.64 £ 4.92 days, P = 0.619) (Table 2). The VAS and ODI scores were significantly improved at the
final follow-up compared with those at the preoperative period (P < 0.05). However, no statistically significant

differences were observed in these scores between the early and late groups of patients during preoperative, one-

month postoperative, and final follow-up evaluations (P > 0.05). In the PTES group, surgical complications occurred

Table 2 Comparison of Surgical Data and Clinical Outcomes at Different Phases of

PTES
Early Phase (n=35) | Late Phase (n=65) | P
Operative time (min) 121.82 = 18.71 87.27 + 13.36 <0.001
Estimated blood loss (mL) 7.59 + 6.06 532 +6.15 0.068
Hospital stay (day) 5.64 £ 492 6.07 £ 3.82 0.619
VAS of low back pain
Preoperative 577 + 145 6.23 +1.57 0.136
One month postoperatively | 1.73 + [.21* 1.68 £1.45% 0.837
Final follow-up 1.00 + 1.02* 0.96 + 0.87* 0.816
(Continued)
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Table 2 (Continued).

Early Phase (n=35) | Late Phase (n=65) | P
VAS of leg pain
Preoperative 6.70 = 1.07 7.07 £ 1.36 0.145
One month postoperatively | 2.07 + 0.90* 1.80 + I.15% 0.213
Final follow-up 1.30 + 0.95*% 1.18 + |.15% 0.564
ODI (%)
Preoperative 61.20 + 8.8l 57.39 + 12.79 0.095
One month postoperatively | 21.73 + 9.53* 19.89 + 8.70%* 0.318
Final follow-up 19.07 + 10.24* 17.09 + 8.21* 0.285
Macnab criteria assessment 25/12/5/2 32/15/8/1
Excellence/good rate 84.09% 83.93%
Complications 4 4 0.722

Notes: Results are the mean # standard deviation. *indicates a statistically significant difference compared to
preoperative period (P<0.05).

Abbreviations: PTES, percutaneous transforaminal endoscopic surgery; VAS, visual analog scale; ODI,
Oswestry Disability Index.

in eight patients (8%), including five residual discs (15™, 29", 54™ 64" and 83", two recurrences (17" and 18"), and
one inadequate decompression (79™).

In the UBESS group, the operative time was significantly shorter in the late phase than that in the early phase (99.61 +
16.43 min vs 155.42 + 27.66 min, P < 0.001). However, there were no significant differences in the estimated blood loss
volume (34.61 + 26.83 mL vs 44.17 + 28.65 mL, P = 0.137), complications (2 cases vs 5 cases, P = 0.769), and hospital
stay (7.18 + 4.06 days vs 8.63 £ 4.06 days, P = 0.133) (Table 3). The VAS and ODI scores were significantly improved at

Table 3 Comparison of Surgical Data and Clinical Outcomes at Different Phases of

UBESS
Early Phase (n=28) | Late Phase (n=72) | P
Operative time (min) 155.42 + 27.66 99.61 £ 16.43 <0.001
Estimated blood loss (mL) 44.17 £ 28.65 34.61 2683 0.137
Hospital stay (day) 8.63 + 4.06 7.18 + 4.06 0.133
VAS of low back pain
Preoperative 6.00 + 1.35 5.99 + 1.29 0.966
One month postoperatively | 1.29 + 0.96* 1.61 £ 0.69* 0.082
Final follow-up 0.87 £ 0.90* 0.75 £ 0.73* 0.530
VAS of leg pain
Preoperative 6.96 + 1.92 7.07 + 1.54 0.780
One month postoperatively | 1.46 £ 0.78* 1.63 + 0.98* 0.389
Final follow-up 0.90 + 0.55* 0.97 + 0.90%* 0.720
ODI (%)
Preoperative 65.50 + 7.62 62.50 + 7.43 0.090
One month postoperatively | 23.58 + |1.26* 20.26 + 8.48* 0.127
Final follow-up 21.21 £ 11.83* 17.60 + 8.89* 0.114
Macnab criteria assessment 14/712/1 44/20/11/1
Excellence/good rate 79.17% 84.21%
Complications 2 5 0.769

Notes: Results are the mean + standard deviation. *indicates a statistically significant difference compared to
preoperative period (P<0.05).

Abbreviations: UBESS, unilateral biportal endoscopic spinal surgery; VAS, visual analog scale; ODI,
Oswestry Disability Index.
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Table 4 Comparison of Surgical Data and Clinical Outcomes Between PTES

and UBESS
PTES (n=100) | UBESS (n=100) | P
Operative time (min) 102.47 + 23.42 113.00 £30.92 0.007
Estimated blood loss (mL) 6.32 % 6.15 36.90 + 27.44 <0.001
Hospital stay (day) 6.70 + 835 7.53 £ 4.09 0.373
VAS of low back pain
Preoperative 6.03 £ 1.53 5.99 £ 1.30 0.842
One month postoperatively | 1.70 £ |.17* 1.53 £ 0.77* 0.226
Final follow-up 0.98 + 0.93* 0.78 + 0.77* 0.101
VAS of leg pain
Preoperative 691 + 1.25 7.04 = 1.63 0.528
One month postoperatively | 1.92 + 1.05% 1.77 £ 0.95* 0.291
Final follow-up 1.26 + 1.07* 1.05 + 0.88* 0.133
ODI (%)
Preoperative 61.53 +9.03 63.22 +7.55 0.153
One month postoperatively | 20.70 + 9.08* 21.06 + 9.27* 0.782
Final follow-up 17.96 £+ 9.16* 18.47 £9.74* 0.704
Macnab criteria assessment 25/12/5/2 32/15/8/1
Excellence/good rate 84.09% 83.93%
Complications 8 7 0.788

Notes: Results are the mean * standard deviation. *indicates a statistically significant difference
compared to preoperative period (P<0.05).

Abbreviations: PTES, percutaneous transforaminal endoscopic surgery; UBESS, unilateral biportal
endoscopic spinal surgery; VAS, visual analog scale; ODI, Oswestry Disability Index.

the final follow-up compared with those at the preoperative period (P < 0.05). However, there were no statistically
significant differences in these scores between the early and late groups of patients during preoperative, one-month
postoperative, and final follow-up evaluations (P > 0.05). In the UBESS group, seven patients (7%) experienced surgical
complications, including five dural tears (7, 23", 38" and 75™), one epidural hematoma (69), and one isthmus
fracture (55™).

Comparison Between PTES and UBESS Group
The PTES group had a significantly shorter operative time (102.47 + 23.42 min vs 113.00 £30.92 min, P = 0.007) and
lower estimated blood loss volume (6.32 + 6.15 mL vs 36.90 + 27.44 mL, P < 0.001) than those in the UBESS group
(Table 4). However, there was no significant difference in complications between the two groups (P > 0.05). The PTES
group had a shorter hospital stay (6.70 + 8.35 days vs 7.53 + 4.09 days, P = 0.373) but with no statistical significance.
Postoperative VAS and ODI scores significantly decreased in both groups compared with preoperative scores (P <
0.05). No significant differences were found between the two groups during preoperative, one-month postoperative, and
final follow-up evaluations (P > 0.05). According to the MacNab criteria, the patient satisfaction rates were 83.93% and
84.09% in the UBESS and PTES groups, respectively, with no significant difference between them (P > 0.05).

Discussion
Endoscopic spine surgery been widely performed in recent years to prevent the risks and complications associated with
traditional open surgery. However, endoscopic procedures are characterized by a limited field of view and a restricted
operating space, which pose challenges to the surgeon’s learning curve. Operative time is frequently used as an indicator
of a surgeon’s proficiency.*” In this study, we conducted CUSUM analysis, which is an average-based test method, to
investigate the learning curves of PTES and UBESS based on the operative time.

PTES and UBESS for treating degenerative spinal diseases exhibited the advantages of small incisions, minimal local
damage, and rapid recovery.! PTES is performed under local anesthesia, which allows the patient to remain awake and
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communicate with the surgeon, thereby reducing the risk of nerve root damage. The PTES approach involves accessing
the spinal canal through the intervertebral foramina via Kambin’s triangle, which is less disruptive to the synovial joints
and prevents postoperative spinal instability. Additionally, LF preservation reduces postoperative perineural adhesions
and scar formation. UBESS requires two channels in the posterior lumbar spine adjacent to the spinous processes, one for
endoscopic observation and the other for instrumentation. Notably, UBESS allows the establishment of portals through
the skin without using a cannula, thereby enabling a wider range of instrument movement, facilitating easier endoscopic
manipulation, and allowing thorough decompression. However, each procedure presents unique challenges, including
accurate and safe insertion of the working tube in PTES and manual creation of the working space in UBESS.

The learning curve reflects the rate of skill acquisition over a certain period and is usually determined by the number
of surgical cases required for a beginner to reach relative proficiency.>*** Previous studies investigated the learning
curves of PTES?***2% or UBESS,"**?” with cutoff values of 25-54 and 24—54 cases, respectively. Li et al conducted the
first comparative study on the learning curves of PTES and UBESS for treating LDH by the same surgeon, determining
cutoff points of 40 and 15 cases for the two phases of the learning process, respectively.”® Although this study is
significant, we consider that cases often involve both LDH and LSS in practical learning scenarios. Thus, a margin of
error exists when analyzing the learning curve for treating LDH alone because the surgeon simultaneously gains
experience in treating LDH while performing procedures for LSS. Consequently, Consequently, the design of our
study are consistent with those in clinical practice. We thoroughly analyzed and summarized objective and reproducible
experiences from all cases, particularly those with complications, to provide technical references for surgeons who are
interested in spinal endoscopic techniques and to reduce unnecessary learning costs.

The CUSUM analysis revealed that the cutoff values for overcoming the learning curve were 35 and 28 cases for PETS and
UBESS, respectively. The average operative time in the late phase was approximately 34 min shorter than that in the early
phase in the PTES group (121.82 min vs 87.27 min), and the UBESS group exhibited a reduction of approximately 55 min
(155.42 min vs 99.61 min). Numerous factors contribute to these differences. First, PTES uses an intervertebral foraminal
approach, which involves a complex anatomical structure that makes it very difficult to accurately place the working channel
into the surgical area, particularly in the L5-S1 level, where iliac crest obstruction increases the difficulty of placement and
adjustment of the working channel. In addition, PTES requires the use of specialized surgical instruments, which further
increases the difficulty of mastering this technique. Conversely, UBESS involves a posterior approach, similar to traditional
open surgery, which makes it easier for surgeons experienced in open surgery to learn and master the technique.

Our study showed that PROMs at the final follow-up were significantly improved in both the PTES and UBESS
groups compared with those in the preoperative period, indicating that satisfactory clinical outcomes were achieved in
both groups. Furthermore, the modified MacNab criteria indicated comparable efficacy between the two groups, which is
consistent with that reported in previous studies.?'*° However, UBESS was associated with significantly higher bleeding
volume and longer operative time than those in PTES. Zhang et al demonstrated that bleeding was frequently under-
estimated in minimally invasive spine surgery because the procedures were performed under continuous saline irrigation,
resulting in a lower intraoperative assessment of bleeding than the actual volume.*° UBESS requires a laminectomy to
create a surgical approach, whereas PTES enables direct access to the spinal canal through the intervertebral foramina
without extensive destruction of bone and muscle tissues. This difference in surgical approach may be associated with the
significant variations in blood loss volume and operative time between the two procedures.

Dural tears are the most common complications of UBESS.*! Of the patients treated with UBESS, five (5%) developed
dural tears due to radiofrequency use. The mean age of these five patients was 73.4 years, which was higher than the mean
age of the UBESS group. The LF appears to be thicker in the older individuals,*” and presence of adhesions between the LF
and the dural sac may reduce the available surgical space. One patient in UBESS group experienced an epidural hematoma
at the late phase. Kim et al emphasized that high intraoperative water pressure may obscure bleeding from epidural vessels
or bone, indicating the need for careful water pressure control during the procedure.*® Additionally, one patient developed
a postoperative isthmus fracture, which was potentially caused by excessive intraoperative bone removal and postoperative
overexertion. Incomplete decompression, residual discs, and recurrence are significant complications of PTES. This study
revealed that two patients experienced postoperative recurrence and five patients had residual discs. The complete herniated
disc removal is related to the position of the working cannula, type of disc herniation, and size of herniated fragments.**
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Maayan et al suggested that more intraoperative fluoroscopies are required in the early phase of PTES to determine the
correct cannula position.?® In this study, both recurrences occurred in the early phase of the PTES group. Yao et al
determined less experience as a unique risk factor for LDH recurrence.’> Operative time is a crucial indicator of surgeon’s
proficiency, but evaluating the learning curve should also consider procedural safety. In our study, no significant difference
was found in the incidence of surgical complications across different phases of both the PTES and UBESS groups, which is
consistent with those of the previous studies.”’*%3¢

We agree with the following recommendations regarding shortening the learning curves of PTES and UBESS and
reducing the incidence of surgical complications. First, comprehensive training is crucial and should include theoretical
courses, watching surgical videos, practicing on fresh cadavers, and observing real surgeries.®” Second, surgeons should
begin with simple cases in the initial phase and operate under the supervision of an experienced surgeon to obtain
adequate experience.’*>° Additionally, strict adherence to surgical indications is crucial. Deviating from these guidelines
can cause surgical failures and prolongs the learning curve. Finally, surgeons should systematically review and analyze
each case, particularly those with surgical complications, to improve their skills and competence.

One limitation of this study is that the same surgeon performed all procedures, and the learning curve of a single
surgeon may not accurately represent the learning curve of other surgeons. Additionally, this was a retrospective study
with a short postoperative follow-up period. Moreover, factors, such as access to training, team consistency, and
equipment availability, may affect the learning curve. Multicenter prospective studies with a larger cohort of surgeons
are necessary to confirm our findings.

Conclusion

This study analyzed the learning curves of PTES and UBESS by conducting a CUSUM analysis based on the operative
time. The results indicated that 28 and 35 cases were required to master UBESS and PTES, respectively. Both procedures
resulted in satisfactory clinical outcomes, and the learning process did not result in higher complication rates.
Comprehensive training, appropriate case selection, strict surgical indication control, and timely experience summariza-
tion can help shorten the learning curve.
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