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Objective: To compare perioperative outcomes, mid-term clinical efficacy, and sciatic scoliosis correction after percutaneous endoscopic
lumbar discectomy (PELD) versus mini-open fenestration discectomy (MOFD) for adolescent lumbar disc herniation (ALDH).
Methods: This retrospective cohort study reviewed 174 patients aged < 21 years who underwent single-level L4/5 or L5/S1
discectomy between January 2021 and December 2024. Patients were grouped by procedure: PELD (n=83; TELD 44, IELD 39) or
MOFD (n=91). Perioperative outcomes, VAS, ODI, EQ-5D, modified MacNab results, complications, recurrence, and radiographic
correction of sciatic scoliosis were compared.

Results: Baseline characteristics were comparable between groups. Compared with MOFD, PELD had a smaller incision (0.94+0.3 vs
3.7+0.7 cm; p<0.001), lower blood loss (13.6+12.1 vs 48.2+51.5 mL; p<0.001), no postoperative drainage, and shorter postoperative
hospital stay (2.7£1.0 vs 4.5£1.6 days; all P<0.001). Operative time did not differ significantly. Both groups showed sustained
improvement in VAS, ODI, and EQ-5D. The only between-group clinical difference was lower VAS back pain on postoperative day 1
after PELD, which did not persist. Excellent/good MacNab outcomes were similar (94.0% vs 94.5%). Same-level recurrence occurred
in 3.6% and 2.2%, respectively. Among 63 patients with sciatic scoliosis, both procedures achieved comparable Cobb angle and AVT
correction, with satisfactory radiographic and clinical correction in 95.2%.

Conclusion: In this retrospective cohort, PELD provided less surgical trauma and faster early recovery than MOFD while achieving
comparable mid-term functional outcomes and sciatic scoliosis correction. These findings support PELD as a valuable minimally
invasive option for ALDH patients.

Keywords: adolescent lumbar disc herniation, percutaneous endoscopic lumbar discectomy, mini-open fenestration discectomy,
sciatic scoliosis, minimally invasive spine surgery

Introduction

Lumbear disc herniation (LDH) is one of the most common degenerative spinal diseases in adults and a major cause of low back
pain and radiating pain in the lower extremities."> Although adolescent lumbar disc herniation (ALDH) accounts for only
0.5-6.8% of surgically treated LDH cases, it poses distinct clinical challenges.>” Different from adult degenerative diseases,
the etiology of ALDH often has a traumatic or genetic predisposition with intensive physical activity being common
contributors.* '® Adolescents are at a critical phase of spinal growth and development, characterized by incomplete maturation

https://doi.org/10.2147/JPR.S604244 Journal of Pain Research 2026:19 604244 |
Received: 19 February 2026 © 2026 Thang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 26 May 2026 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creati .org/licenses/by-nc/4.0/). By accessing the

Published: 28 May 2026 work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0005-7718-7955
http://orcid.org/0000-0003-4202-6092
http://orcid.org/0009-0001-4906-4983
http://orcid.org/0009-0008-3881-0400
http://orcid.org/0000-0002-5426-5851
http://orcid.org/0000-0002-4909-4824
http://orcid.org/0000-0001-9610-9833
http://orcid.org/0000-0002-0676-0348
http://orcid.org/0000-0002-2444-4744
http://orcid.org/0000-0002-7181-877X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Zhang et al

of both bone and soft tissue structures. This ongoing developmental process usually continues until around 21 years old with
the closure of the vertebral epiphysis.''"'® This unique biological context makes it necessary to have substantially different
clinical management strategies for ALDH compared to adults. Accordingly, determining an appropriate surgical strategy is
particularly important in adolescents requiring operative treatment.

ALDH often causes marked functional limitation and may be accompanied by postural abnormalities, particularly
sciatic scoliosis.'® Sciatic scoliosis is generally considered an antalgic compensatory posture caused by nerve root
irritation, radicular pain, and paraspinal muscle spasm.'> This trunk shift may temporarily reduce nerve-root tension and
relieve pain.'® This deformity is usually flexible and non-structural, but persistent disc compression may prolong
asymmetric loading of the immature spine and impair daily function. Therefore, in adolescents, the correction of sciatic
scoliosis after decompression is not only a radiographic outcome but also an important indicator of pain relief, functional
recovery, and restoration of spinal balance.

Conservative therapy is the primary treatment for ALDH, including activity modification, strict bed rest, and physical
therapy modalities such as intermediate frequency physiotherapy, analgesics, muscle relaxants, and epidural steroid
injections.'”"'® However, surgery should be considered for those with significant neurological compromise, such as
motor weakness, cauda equina syndrome, or intractable pain that does not improve after exhaustive conservative
management for a recommended duration.?*?'

Mini-open fenestration discectomy (MOFD) has traditionally been regarded as a conventional and widely used
surgical approach for LDH.?* It enables a direct view of neural structures, provides well-established efficacy, and has
demonstrated satisfactory long-term outcomes in clinical practice.”’> However, the extensive tissue that has to be
dissected out including paraspinal muscle dissection, partial removal of vertebral bone and ligamentum flavum, and
significant nerve root retraction may contribute to prolonged postoperative recovery, persistent low back pain, and
potential iatrogenic instability.** 2 These limitations are particularly relevant in adolescents because preserving spinal
mobility and growth potential is crucial.

In recent years, with the advancement of minimally invasive spinal endoscopic techniques, PELD has been increas-
ingly adopted for the surgical management of LDH. Improvements in endoscopic visualization, working-channel
systems, continuous saline irrigation, and specialized instruments have expanded the feasibility and safety of endoscopic
decompression in clinical practice. This minimally invasive procedure is performed through a small working channel
either transforaminal (TELD) or interlaminar (IELD) under continuous saline irrigation and endoscopic magnification.?’
By achieving neural decompression with less disruption of posterior musculoligamentous structures, PELD may preserve
lumbar anatomy and biomechanical stability, which is particularly relevant for adolescents.

Although MOFD and PELD have been compared in adults with LDH, evidence specific to adolescents remains
limited.?>*®* ! Furthermore, the impact of these techniques on the improvement of sciatic scoliosis has not been
adequately evaluated. Therefore, this study aims to systematically compare MOFD and PELD in the treatment of
ALDH, with particular focus on perioperative parameters, short- and mid-term clinical outcomes, functional recovery,
and the resolution of sciatic scoliosis. We hypothesized that PELD would provide clinical and radiographic outcomes
comparable to those of MOFD, while reducing surgical trauma, accelerating postoperative recovery, and achieving
effective improvement of sciatic scoliosis.

Methods

Study Design and Patient Population

This study was approved by the ethics committee of Nanjing Drum Tower Hospital (2025-1273-01). We conducted
a retrospective analysis of patients younger than 21 years with single-level L4/5 or L5/S1 LDH who had received surgical
treatment in our center between January 2021 and December 2024. The diagnosis of ALDH was established according to
clinical history, physical examination and lumbar magnetic resonance imaging (MRI). The detailed patient selection
process is shown in Figure 1. Given the retrospective and non-randomized nature of this cohort study, treatment
allocation was based on clinical decision-making rather than a predefined randomization protocol. Therefore, the
possibility of selection bias and confounding by indication cannot be fully excluded.
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Patients with ALDH aged <21 years who underwent PELD or MOFD at our hospital between
January 2021 and December 2024 (n=208)

Exclude patients:

* upper lumbar (L1/2, L2/3, L3/4) or multi-
level LDH (n=15)

* previous history of spinal surgery (n=4)

* coexisting conditions such as lumbar
spondylolysis or spondylolisthesis, spinal
fracture, infection, tumor, structural spinal
deformity, or other lumbar pathologies (n=7)

Patients with single-level L4/5 or L5/S1 ALDH (n=182)

Exclude patients:

* Incomplete clinical and follow-up
data before surgery or within at least
12 months postoperatively (n=8)

Eligible ALDH patients included in the final analysis
(n=174)

' .

Group A Group B
Endoscopic approach Mini-open fenestration
TELD (n=44) discectomy (n=91)

IELD (n=39)

v v
Patients with sciatic scoliosis Patients with sciatic scoliosis
for radiographic analysis for radiographic analysis
(n=30) (n=33)

Figure | Study flow diagram showing the inclusion and exclusion of patients.

The inclusion criteria were as follows: (1) patients who underwent surgery under the age of 21 years; (2) MRI-
confirmed single-level LDH at L4/5 or L5/S1 with no improvement of symptoms after 6 weeks of conservative treatment;
(3) presence of significant symptoms and signs consistent with the radiographic findings; (4) treatment with either MOFD
or PELD; (5) complete follow-up data available for at least 12 months after surgery.

The exclusion criteria included: (1) upper lumbar (L1/2, L2/3, L3/4) or multi-level LDH; (2) previous history of
spinal surgery; (3) coexisting conditions such as lumbar spondylolysis or spondylolisthesis, spinal fracture, infection,
tumor, structural spinal deformity, or other lumbar pathologies.

According to the surgical procedure they received, patients were divided into two groups: patients who underwent
PELD (including TELD and IELD) were assigned to Group A, and those who underwent MOFD were assigned to Group
B. TELD and IELD were combined because both are PELD approaches with the same endoscopic decompression goal,
and approach selection was indication-based rather than randomized; therefore, separate subgroup comparison was not

performed to avoid selection bias and limited statistical power.
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Surgical Techniques

All procedures were performed by senior spinal surgeons (X.S. Z.Z. and B.W.) who have extensive experience in both
open and endoscopic techniques. The surgical approach (TELD, IELD, or MOFD) was selected by the treating surgeon
after evaluation of disc level, herniation morphology, anatomical feasibility, anesthesia tolerance, and patient-specific
clinical factors. In Group A, the selection between the TELD and IELD approaches was mainly based on the level of
herniation and patient’s ability to tolerate anesthesia. Generally, TELD was chosen for herniations at L4/5 and was
performed under local anesthesia with conscious sedation in suitable patients, whereas IELD was often preferred for L5/
S1 or central herniations and was generally conducted under general anesthesia. The three procedures share similar
elements in terms of patient positioning and sterilization. The patients were placed in a prone position for surgery, with
their hips and knees moderately flexed and supported by pillows or positioning pads to maintain the posture.

Transforaminal Endoscopic Lumbar Discectomy (TELD)

Under C-arm guidance, the skin entry point was marked approximately 8—12 cm away from the middle line of the target
intervertebral space. After local infiltration with 0.5% lidocaine was given and a needle was then advanced to the outer
foramen under fluoroscopy. Guidewire insertion, followed by a 0.7 cm incision. Sequential dilators were used to place
a working cannula. The spinal endoscope (TESSYS, Joimax, Germany) was introduced, and the anatomy was visualized
under saline irrigation. The surgical field was cleared using a bipolar radiofrequency probe and nucleus forceps. If
necessary, foraminoplasty was performed with a trephine, drill, or osteotome. The herniated disc was exposed and
removed, along with any compressive material ventral to the nerve root and within the foramen. Adequate decompression
was confirmed by free pulsation and mobility of the traversing nerve root and thecal sac. After hemostasis, the cannula
was withdrawn and the incision closed without drainage.

Interlaminar Endoscopic Lumbar Discectomy (IELD)

A standard interlaminar approach, directly facing the pathological level, was used. Entry point was checked by
fluoroscopy, followed by a 1.2 cm skin incision and soft tissue dilation. The large-channel endoscope (iLESSYS-
Delta, Joimax, Germany) was inserted through the cannula. Under endoscopic vision, a limited laminotomy and medial
facetotomy were carried out so as to have access to the spinal canal, taking care to maintain spinal stability. Then, the
ligamentum flavum was opened and part of it was removed, exposing the dural sac and the compressed nerve root. The
herniated disc fragment was clearly identified anteriorly or axillary to the nerve root, and was carefully removed using
endoscopic forceps. Decompression considered satisfactory following confirmation of free nerve root movement and
strong dural pulsations. Finally, the endoscope and cannula were withdrawn, and the incision was closed without
placement of a drain.

Mini-Open Fenestration Discectomy (MOFD)

A midline longitudinal incision, approximately 3—5 cm in length, was centered over the target spinal segment.
Subperiosteal dissection of the paraspinal muscles allowed exposure of the laminae and the facet joints at the target
level. Then a fenestration was done with a Kerrison rongeur to perform a partial laminectomy, which involved
resecting the inferior edge of the lamina of the cephalad vertebra, the superior edge of the lamina of the caudal
vertebra, as well as the medial portion of the facet joint. The ligamentum flavum was removed so that the thecal sac,
the compromised nerve root, and the herniated disc material were fully visible. The herniated nucleus pulposus was
carefully removed, along with any loose disc fragments within the intervertebral space. Upon verification of adequate
neural decompression and free nerve root mobility, a surgical drain was placed. The wound was then irrigated and
closed layer by layer.

Postoperative Management
All patients received standardized postoperative care. Patients in Group A were instructed to start sitting and ambulating with
the support of a lumbar brace after 24 hours of bed rest. In Group B, the surgical drain was routinely removed within 24 hours
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after the operation, then movement started under identical brace protection. During the first postoperative month, all patients
were instructed to avoid activities involving heavy lifting, or excessive bending or twisting of the trunk. Moderate intensity
lumbar and back muscle strengthening exercises regimens were also incorporated into the rehabilitation program during
this time for slow muscular recovery. Follow-up assessments included standing whole-spine radiographs and quality of life
(QOL) evaluations at 3, 6, and 12 months to assess coronal balance and clinical outcomes. MRI was performed at 3 and 12
months postoperatively and last follow-up to evaluate the degree of decompression and disc status.

Evaluation Metrics
Clinical data were obtained from the hospital information system, with follow-up QOL data collected via telephone or
face to face interviews. The collected dataset included patients’ demographic information, disease duration, herniation
side, and perioperative metrics such as operative time, incision length, intraoperative blood loss, postoperative drainage,
and postoperative hospitalization days. Complication identification data sources comprised operative notes, anesthesia
and nursing records, along with clinical, radiographic, and patient-reported outcomes from follow-up visits.

Patient-reported outcomes, such as Visual Analog Scale (VAS) scores for back and leg pain, the Oswestry Disability
Index (ODI), and the European Quality of Life-5 Dimensions (EQ-5D) questionnaire were systematically collected
preoperatively and postoperatively. Overall treatment satisfaction was assessed using the modified MacNab criteria
at the last follow-up. Additionally, MRI was performed to evaluate the completeness of resection of herniated nucleus
pulposus fragments.

For patients with sciatic scoliosis, the resolution of spinal curvature was evaluated by comparing preoperative and
follow-up standing radiographs, specifically measuring changes in apical vertebral translation (AVT) and Cobb angle.

Statistical Analysis

All statistical analyses were done with SPSS Statistics (version 26.0; IBM Corp., Armonk, NY, USA).
Continuous variables’ normality of data distribution was tested by the Kolmogorov—Smirnov test. Continuous variables
including age, body mass index (BMI), duration of symptoms, AVT, Cobb angle, operative duration, blood loss,
postoperative drainage, postoperative hospital stay, and VAS/ODI scores were approximately normally distributed, so
they were expressed as the mean+standard deviation (SD). Categorical variables, such as gender, operative level, side of
herniation, and modified MacNab criteria, were expressed as numbers and percentages. For comparisons between Group
A and Group B, continuous variables were compared using the independent-sample Student’s t-tests, and categorical
variables were compared using either the Chi-square test or Fisher’s exact test as needed. For between-group compar-
isons of continuous outcomes, mean differences with 95% confidence intervals (Cls) were calculated, with Group
A minus Group B defined as the direction of the difference. All figures, including histograms and line charts, were
generated using GraphPad Prism software (version 9.0; GraphPad Software, San Diego, CA, USA). A two-tailed p-value
of less than 0.05 was considered statistically significant. Because this was a retrospective cohort study, no formal a priori
sample size calculation was performed before patient enrollment. All eligible patients during the study period were
included. A post hoc sensitivity analysis was subsequently performed to assess the adequacy of the available sample size.
The results indicated that the current sample size was sufficient to detect moderate between-group differences in
continuous perioperative and functional outcomes, but the study may have been underpowered to detect differences in
uncommon complications or recurrence.

Results
Patient Demographic Data

A total of 174 adolescent patients were included in the final analysis with 83 patients assigned to Group A and 91 patients
to Group B. In Group A, the specific endoscopic approaches included IELD in 39 cases and TELD in 44 cases. The
follow-up time ranged from 12 to 60 months, with a mean follow-up time of 33.2+11.0 months in Group A and 31.3
+14.1 months in Group B. The preoperative demographic and clinical characteristics of both groups are summarized in
Table 1. There were no statistically significant differences between the two groups in terms of age, gender distribution,
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BMI, herniation level, side of disc herniation, and duration of disease. Sciatic scoliosis was present in 30 patients (36.1%)
in Group A and 33 patients (36.3%) in Group B, with no significant difference in incidence between the groups.
Furthermore, the mean duration of follow-up was comparable between Group A and Group B.

Perioperative Outcomes

The comparison of perioperative parameters is presented in Table 2. No significant difference was observed in the
duration of surgery between the two groups. The incision length was markedly smaller in Group A. Additionally, as no
drainage tube was placed in Group A, the postoperative drainage volume was significantly lower than in Group
B. Patients in Group A also experienced substantially less intraoperative blood loss. Furthermore, Group
A demonstrated a significantly shorter postoperative hospital stay.

Clinical Results

Patient-reported outcomes are detailed in Table 3 and Figure 2A-D. Both surgical techniques led to significant and
sustained reductions in VAS scores for back and leg pain and improvement in ODI scores at all postoperative time points.
A notable early finding was that patients in Group A reported significantly lower VAS scores for lower back pain on
postoperative day 1 compared to Group B. However, this inter-group difference was transient and no longer evident at
the 3-month, 6-month, or final follow-up assessments. Similarly, there were no significant differences in VAS scores for

Table | Demographic and Clinical Characteristics of 174 ALDH Cases

Variables Group A (n=83) | Group B (n=91) | tor Xz value | P value
Age (years) 17.8+2.2 17.1£2.5 1.740 0.084
Gender (%) 0.358 0.550
Male 60 (72.3) 62 (68.1)
Female 23 (27.7) 29 (31.9)
BMI (kg/m?2) 24.4+4.2 25.0+4.8 0.858 0.392
Herniation level, n (%) 3.525 0.060
L4/5 48 (57.8) 65 (71.4)
L5/S1 35 (422) 26 (28.6)
Side of disc herniation, n (%) 0.032 0.857
Left 44 (53.0) 47 (51.6)
Right 39 (47.0) 44 (48.4)
Surgical approaches, n (%)
Transforaminal PELD 44 (53.0)
Interlaminar PELD 39 (47.0)
Open fenestration 91 (100.0)
Sciatic scoliosis, n (%) 30 (36.1) 33 (36.3) 0.000 0.987
Duration of disease (months) 9.249.3 9.1+9.6 0.114 0910
Duration of follow-up (months) | 33.2%11.0 31.3x14.1 0.984 0.326

Note: Boldface indicates column headings and variable labels.
Abbreviation: BMI, body mass index.

Table 2 Comparison of Surgical Information Between the Two Groups

Parameter Group A (n=83) | Group B (n=91) | P value | Mean Difference (95% CI)
Blood loss (mL) 13.6x12.1 48.2+51.5 <0.001* | —34.7 (—45.7 to —23.7)
Duration of surgery (minutes) 91.3£22.7 97.0+28.8 0.159 —5.6 (—13.3 to 2.1)

Incision length (cm) 0.9£0.3 3.7£0.7 <0.001* | —2.71 (—2.88 to —2.55)
Postoperative hospital stay (days) | 2.7%1.0 4.5%1.6 <0.001* | —1.8 (—2.2 to —1.4)
Postoperative drainage (mL) 0 31.3+£27.8 <0.001* | —31.3 (=37.1 to —25.5)

Notes: *Significant difference between 2 groups. Mean differences are calculated as Group A minus Group B. Boldface indicates column

headings and perioperative outcome parameters.
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Table 3 Comparison of Changes in Clinical Outcomes Between Two Groups

Parameter Group A (n=83) | Group B (n=91) | P value | Mean Difference (95% CI)

VAS, lower back pain, meantSD

Preoperative 52421 5.4£2.4 0.564 —0.20 (-0.87 to 0.47)
I day 2.31.9% 2.9x1.8* 0.039% | —0.59 (—1.15 to —0.03)
3 months 2.1+2.0% 2.2+2.0% 0.803 —0.08 (-0.68 to 0.53)
6 months 1.5£1.4% 1.6x1.9% 0.583 —0.14 (—0.65 to 0.36)
Final follow-up 1.0£1.0% 1.3£1.7% 0.201 —0.27 (-0.68 to 0.14)

VAS, leg pain, meantSD

Preoperative 6.4£2.3 6.7£2.4 0.304 —0.37 (-1.09 to 0.34)
I day 2412 5% 2.122.1% 0.468 0.25 (-0.44 to 0.95)
3 months 2.212.6% 1.9£2.2% 0.357 0.34 (-0.39 to 1.07)
6 months 1.4£1.7% 1.5¢1.8% 0.922 —0.03 (—0.56 to 0.51)
Final follow-up 1.0£1.1% 1.0+1.3% 0.986 0.00 (~0.35 to 0.36)

ODI, meantSD

Preoperative 48.7+18.1 50.6+20.6 0.520 —1.90 (-7.69 to 3.90)
3 months 14.4+9.8% 15.2+9.6" 0.587 —0.80 (-3.70 to 2.10)
6 months 7.545.9% 8.1x7.8% 0.636 —0.50 (—2.57 to 1.56)
Final follow-up 5.3+5.2% 5.7£5.9% 0.605 —0.44 (-2.10 to 1.22)

EQ-5D, meantSD

Preoperative 0.42+0.34 0.39+0.35 0.522 0.03 (-0.07 to 0.14)
Final follow-up 0.910.16% 0.92+0.12% 0.528 —0.01 (—0.06 to 0.03)

MacNab evaluation

Excellence 52 60
Good 26 26
Fair 2 3
Poor 3 2
Excellence/ good rate | 94.0% 94.5%

Notes: *Significant difference between 2 groups. *Compared with pre-op P<0.05. Mean differences are calculated as Group A minus
Group B. Boldface indicates column headings, clinical outcome domains, and subcategory/time-point labels.

leg pain or ODI scores between the groups at any other postoperative time point. Both groups demonstrated similarly
significant improvements in EQ-5D scores at the final follow-up, with no significant difference between them. At the
final follow-up, the rate of “Excellent” or “Good” outcomes according to the modified MacNab criteria was similarly
high in both Group A (94.0%) and Group B (94.5%).

Spontaneous Correction of Sciatic Scoliosis

Among the 174 patients, 63 presented with sciatic scoliosis preoperatively. Radiographic outcomes are shown in Table 4
and Figure 2E-F. Both PELD and MOFD resulted in marked correction of sciatic scoliosis, with significant improvements
in Cobb angle and AVT at final follow-up. The degree of correction was comparable between the two groups. Overall, 60 of
63 patients achieved satisfactory radiographic and clinical correction. A representative case is shown in Figure 3.

Complications

The overall complication rates were low in both groups, with no statistically significant differences observed between them
(Table 5). Neither group was observed with cases of nerve root injury, facet joint injury, dural tear, or surgical site infection. In
Group B, one patient experienced delayed wound healing, which was resolved with conservative local wound care. Transient leg
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Figure 2 Comparison of pre- and postoperative clinical outcomes and imaging measurements in MOFD and PELD group. (A) Changes in VAS-BP score; (B) Changes in
VAS-LP score; (C) Changes in ODI score; (D) Changes in EQ-5D score; (E) Changes in Cobb angle; (F) Changes in AVT.

pain or numbness occurred in one patient in each group, both of which were successfully managed with a short period of
medication. During TELD surgery, one patient with spinal rotational deformity secondary to scoliosis presented initial difficulty
in puncture needle placement; this was resolved through intraoperative adjustment, and the procedure was subsequently
completed without further incidents. Regarding the follow-up complications, none in either group experienced segmental
instability, but symptomatic recurrence of disc herniation at the same surgical level was observed in three patients (3.6%) in
Group A and two patients (2.2%) in Group B.

Discussion
This study compared the perioperative outcomes and mid-term clinical effectiveness of PELD and MOFD for ALDH and

it is the first study to compare the different effects of these two surgical approaches on the resolution of sciatic scoliosis
in ALDH. Our results show that both techniques had similar and good mid-term functional outcomes, and were equally

Table 4 Comparative Radiographic Outcomes of Sciatic Scoliosis Correction Between Groups

Variables Group A (n=30) | Group B (n=33) | P value | Mean Difference (95% CI)
Cobb angle (°)

Preoperative 15.6£5.9 18.0£7.0 0.150 —2.40 (—5.66 to 0.86)

Final follow-up | 2.9+3.0% 2.5+4.4* 0.689 0.39 (-1.51 to 2.28)

AVT (mm)

Preoperative 39.1£184 47.0+21.9 0.127 —7.93 (—18.08 to 2.22)

Final follow-up | 4.5%5.1% 4.5+6.5" 0.949 —0.07 (—2.92 to 2.78)

Notes: “Compared with pre-op P<0.05. Mean differences are calculated as Group A minus Group B. Boldface indicates
column headings, radiographic parameters, and assessment time points.
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Figure 3 A |5-year-old boy with ALDH presented with sciatic scoliosis. Preoperative MRI in the sagittal (A) and axial (B) planes revealed a left-sided L5/S| disc herniation.
Postoperative MRI obtained at | year post-surgery in the sagittal (C) and axial (D) planes confirmed complete removal of the herniated disc. Postoperative MRI obtained at
3 years post-surgery in the sagittal (E) and axial (F) planes further confirmed complete removal of the herniated disc. Preoperative X-ray images in the coronal (G) and
sagittal (H) views demonstrated sciatic scoliosis in the coronal plane and imbalance in the sagittal plane. The patient underwent an interlaminar endoscopic lumbar
discectomy. Corresponding 3-year postoperative X-ray images in the coronal () and sagittal (J) views illustrated recovery of both coronal and sagittal spinal alignment, along
with resolution of sciatic scoliosis.

effective at correcting sciatic scoliosis, but PELD had better perioperative metrics. More specifically, the
PELD approach led to notably less surgical trauma, lower intraoperative blood loss, shorter hospital stays,
and quicker pain relief right after surgery.

Given the close association between ALDH and spinal developmental status, and considering that vertebral growth
plates typically fuse around the age of 21, our study established an upper age limit of 21 years. Adolescent patients
require effective neural decompression with maximal preservation of developing spinal structures. Although MOFD
remains a reliable conventional approach, it requires wider soft-tissue dissection and partial removal of posterior
elements. In contrast, PELD uses a limited working corridor and endoscopic visualization, which may explain the
lower blood loss and absence of drainage observed in the present cohort.

In our study, we observed that PELD possesses numerous benefits compared to MOFD in treating ALDH. The
significantly lower intraoperative blood loss in Group A may be explained by its smaller working channel, reduced soft-

tissue exposure, and endoscopic radiofrequency-assisted hemostasis, which together minimize bleeding from paraspinal

Table 5 Complications Collected from MOFD and PELD Groups

Parameter Group A (n=83) | Group B (n=91) | P value
Nerve root injury 0 0 1.000
Facet injury 0 0 1.000
Dural tear 0 0 1.000
Surgical site infection 0 0 1.000
Delayed wound healing 0 | 0.338
Residual leg pain or numbness | | 0.948
Incorrect needle positioning due to spinal scoliosis rotation | | 0 0.294
Recurrent herniation at the same level 3 2 0.576

Note: Boldface indicates column headings and complication items.
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and posterior ligamentous structures.*>>* PELD’s other main advantage is no postoperative drainage, which fits its less
invasive profile. Conversely, MOFD generally necessitates drainage because of the extended incisions and broader
dissection of the common surgery procedure in traditional operations. Furthermore, PELD patients experienced
a significantly shorter postoperative hospital stay, which is in line with previous studies that highlight the faster recovery
associated with minimally invasive techniques.*>>® These advantages, including smaller incisions, reduced tissue trauma,
and lower early postoperative back pain, may be particularly relevant for adolescents, in whom rapid recovery and
preservation of developing spinal structures are important.

Anesthetic management may be another important factor contributing to the early postoperative differences between
groups. Unlike IELD and MOFD, which are normally done with general anesthesia, where a patient is intubated through
an endotracheal tube, TELD can be successfully carried out with local anesthesia and conscious sedation. This technique
is not performed under general anesthesia, which eliminates the associated risks of airway manipulation and potential
side effects including postoperative nausea, sore throat, respiratory complications, and potential cognitive effects, all of
which are particularly relevant to the adolescent population. More importantly, the patient’s ability to stay awake and
provide real-time feedback during the surgical procedure enhances safety by allowing for timely alerts about nerve root
irritation, which helps mitigate the risk of iatrogenic neural injury.®” These anesthesia-related advantages may facilitate
earlier postoperative alertness, mobilization, and discharge readiness. Therefore, although the reduced surgical trauma of
PELD remains an important explanation for early recovery, the observed differences in early back pain, mobilization, and
postoperative hospital stay may also be partly attributable to the anesthetic approach.

In our research, both PELD and MOFD showed a significant positive transformation in pain relief and functional
recovery, with comparable outcomes in terms of VAS scores for back and leg pain, ODI scores, and modified MacNab
criteria. Nevertheless, distinct benefits of PELD were observed during the initial postoperative phase since the VAS
scores of patients with PELD reflected lower back pain level on the first day after the surgery as compared to those who
received MOFD. This early benefit may be related to the less invasive nature of endoscopic surgery, including reduced
paraspinal muscle injury, smaller incisions, less postoperative inflammatory response, and may also be partly influenced
by differences in anesthetic management. However, this early advantage did not translate into long-term benefits,
indicating that the clinical outcome of the two procedures ultimately depends on sufficient neural decompression, rather
than the surgical entry method.

Nevertheless, previous studies have not uniformly demonstrated superior outcomes with minimally invasive or
endoscopic discectomy. A Cochrane review reported that minimally invasive discectomy may be associated with less
favorable leg pain relief, low back pain relief, and rehospitalization outcomes than microdiscectomy or open discectomy,
although the absolute differences were small and the overall quality of evidence was limited.*® Similarly, Teli et al*
found higher rates of dural tears and recurrent herniation after micro-endoscopic discectomy than after open discectomy.
Gibson et al*® reported comparable 2-year functional outcomes between transforaminal endoscopic discectomy and
microdiscectomy, but noted more repeat MRI examinations and revision procedures in the endoscopic group. These
findings suggest that reduced soft-tissue disruption alone does not necessarily translate into superior clinical outcomes.
Limited visualization, a narrow working corridor, a steep learning curve, and the possibility of incomplete decompression
may offset some advantages of minimally invasive approaches. Therefore, the major benefit of endoscopic discectomy
may lie in reduced access-related trauma and faster early recovery, whereas durable pain relief and functional improve-
ment depend primarily on complete neural decompression, surgical safety, and appropriate patient selection.

A particularly noteworthy aspect of this investigation is the evaluation of sciatic scoliosis resolution. Sciatic scoliosis is
common in ALDH and is generally considered a flexible antalgic posture caused by nerve-root irritation.*' In our study, we
found that 36.2% (63 /174) of ALDH patients presented with sciatic scoliosis, an incidence rate consistent with previous
studies on scoliosis in this group of people.'® Both procedures were associated with significant improvements in Cobb angle
and AVT at final follow-up. PELD and MOFD did not significantly differ in the correction of sciatic scoliosis, which means
that the postural imbalance that accompanies ALDH can be reversed to a substantial extent after proper decompression
regardless of the type of surgery that is adopted. The restoration of coronal alignment further demonstrates that sciatic
scoliosis in ALDH is primarily a compensatory mechanism rather than a fixed structural deformity.
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In terms of safety, both PELD and MOFD demonstrated favorable safety profiles. No nerve-root injury, dural tear,
facet injury, surgical-site infection, or postoperative segmental instability was observed. Minor symptoms, including
transient leg pain or numbness, resolved with conservative treatment. One case of delayed wound healing occurred in
Group B and healed after local wound care. It is noteworthy that one case of difficult needle placement due to remarkable
vertebral rotation secondary to deformity occurred during the TELD surgery. This indicates that for ALDH patients with
significant scoliosis, it is necessary to plan the puncture trajectory before surgery. During follow-up, disc herniation
recurrence was observed in both groups. The same-level recurrence rate was 3.6% (3/83) in Group A and 2.2% (2/91) in
Group B. Although the rates were slightly higher in Group A, there was no statistically significant difference between the
two groups. These recurrence rates are similar to what has been reported in previous studies of adolescent lumbar disc
herniation.*>** These findings suggest that recurrent herniation remains a clinically relevant concern in active adolescent
patients, regardless of surgical technique.

This research has several limitations. First, this was a retrospective, non-randomized cohort study. Although
a relatively large adolescent cohort was included, surgical procedure selection was based on clinical decision-making
and may have been influenced by surgeon experience and preference, introducing potential selection bias and confound-
ing by indication. Future prospective randomized controlled trials with larger sample sizes are needed to validate these
findings. Secondly, the limited follow-up duration does not allow for a reliable evaluation of the long-term durability of
the surgical outcomes and the actual recurrence rate of ALDH. Therefore, further research with extended follow-up
period is required to clarify the long-term efficiency of both surgical procedures, their impact on spinal growth and
development, as well as the precise recurrence risk.

Conclusion

For the treatment of ALDH, endoscopic surgery showed minimally invasive advantages, including less blood loss,
a smaller incision, and a shorter postoperative hospital stay, while achieving comparable mid-term outcomes in pain
relief, functional recovery, and overall safety to traditional fenestration discectomy. These findings suggest that endo-
scopic surgery may serve as a safe and effective minimally invasive alternative for ALDH patients, although further
prospective studies are warranted to validate its long-term efficacy and safety.
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