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Objective: A preliminary report from a single institution, noninferiority, prospective ran-
domized controlled trial is conducted to determine the effectiveness of interlaminar endo-
scopic lumbar discectomy (IELD) versus microscopic lumbar discectomy (MLD) for the 
treatment of L5–S1 lumbar disc herniation (LDH).
Methods: This prospective, noncrossover, randomized controlled trials was conducted at a 
single neurosurgical center. Patients with symptomatic radiculopathy or intermittent neuro-
genic claudication caused by LDH were enrolled from July 2016 to July 2021. The study com-
pared the effectiveness of microscopic and full-endoscopic discectomy procedures. Out-
come measures included visual analogue scale (VAS) scores for back and leg pain, Oswestry 
Disability Index scores, radiologic measurements, endurance time of walking, and satisfac-
tion rate.
Results: Of 37 assessed patients, both IELD and MLD groups demonstrated significant im-
provements in VAS scores for pain over time, with no significant difference between them. 
For secondary outcomes, the IELD group had a shorter hospital stay and reduced blood 
loss but a longer operation time than the MLD group. Radiographic evaluations showed no 
change compared to preoperative data. Patient satisfaction and recovery rates were slightly 
higher for the MLD group, but both groups were comparable in most evaluations, with 
complications being minimal.
Conclusion: The IELD was noninferior in improving the intensity of back and leg pain and 
functional disability, compared to the MLD. Additionally, the IELD showed no difference 
in clinical outcomes for patients in terms of radiographic results and patient satisfaction 
rates. The results of this research preliminarily demonstrate that the IELD could be consid-
ered an effective alternative to MLD for L5–S1 central or paracentral LDH.

Keywords: Randomized controlled trials, Minimally invasive surgical procedures, Endos-
copy, Microscopy, Lumbosacral region, Patient reported outcome measures
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INTRODUCTION

Lumbar disc herniation (LDH) at the L5–S1 level is a preva-
lent spinal condition frequently resulting in lower back pain, 
sciatica, and other debilitating symptoms.1 The L5–S1 junction 
serves as a crucial shock absorber for the entire spinal alignment, 
providing an essential foundation for maintaining flexibility 
and stability.2-4 The high mechanical load on the L5–S1 inter-
vertebral disc renders it the second most common site for LDH, 
surpassed only by the L4–5 level. Consequently, surgical inter-
vention is typically considered when conservative treatments 
fail to provide adequate relief.5 It is vital to select the appropri-
ate decompression surgery that preserves spinal structures while 
effectively alleviating compression.

Over the past 2 decades, minimally invasive surgery (MIS) 
techniques have gradually emerged as the preferred surgical 
modality for treating neural compression due to single-segment 
uncomplicated LDH.6-8 MIS techniques reduce injury to para-
vertebral soft tissues and maintain the biomechanical stability 
of the normal spinal sequence, accelerating the recovery time 
and return to work.9,10 Interlaminar endoscopic lumbar discec-
tomy (IELD) and microscopic lumbar discectomy (MLD) are 2 
prominent surgical techniques gaining traction in this context.11-13 
Recently, advancements in techniques and iterative improve-
ments in instrumentation have facilitated the global adoption of 
MIS techniques, whether in microscopic or endoscopic sur-
gery.14,15 Innovations, such as enhanced display pixel resolution 
or the enhanced intraoperative navigation guidance system, 
have significantly increased the efficiency and effectiveness of 
surgery.16,17

Randomized controlled trials (RCTs) are considered the gold 
standard for evaluating the effectiveness of medical interven-
tions. A previously published noninferiority RCT demonstrated 
that full-endoscopic discectomy was noninferior to open mi-
crodiscectomy in leg pain control.18 Nonetheless, the employ-
ment of IELD remains a subject of debate due to the scarcity of 
robust evidence demonstrating its safety and efficacy relative to 
MLD at the L5–S1 level.19-21 In this paper, we present the first 
preliminary RCT results comparing IELD and MLD for L5–S1 
LDH to assess the clinical outcomes, complications, and patient 
satisfaction rates associated with each surgical approach, pro-
viding an initial foundation for future research and guiding clini-
cal decision-making.

MATERIALS AND METHODS

1. Study Design and Oversight
This prospective, noncrossover, RCT was conducted at a sin-

gle center of the neurosurgical department. The study aimed to 
evaluate the effectiveness of microscopic and full-endoscopic 
discectomy procedures in patients with sciatica caused by LDH. 
This research is an IIT (investigator-initiated trial), seeking to 
answer questions related to comparative benefits between main-
stream MIS techniques in microscopic and full-endoscopic tech-
niques. All authors contributed to the study design and data in-
terpretation. The first and corresponding authors drafted the 
manuscript and underwent substantial revisions from all other 
authors. The research received approval and registration from 
the Institutional Review Board of The Catholic University of 
Korea Seoul St. Mary’s Hospital (No. KC15OISI0665). All pa-
tients provided written informed consent before enrolment in 
the trial. The trial adhered to the Declaration of Helsinki and 
the Good Clinical Practice guidelines, ensuring ethical conduct 
and scientific rigor throughout the study. The results will pro-
vide valuable insights into the effectiveness and safety of micro-
scopic and full-endoscopic discectomy for the treatment of L5–
S1 symptomatic LDH.

2. Enrolment and Randomization
Patient enrolment was from July 2016 to July 2021. The in-

clusion criteria were patients who aged more than 18 years old 
with the complaint of symptomatic radiculopathy or intermit-
tent neurogenic claudication for at least 6 months, with or with-
out neurological deficit after failed conservation treatments, hav-
ing clinical symptoms of L5–S1 nerve root compression which 
correlated with magnetic resonance imaging findings of LDH 
at this level.22-25 The patients with foraminal/extraforaminal LDH, 
records of previous spine surgery at the same disc level, psychi-
atric disorders, or any spinal comorbidities and pathologies that 
may affect the outcomes of surgery, including isthmic or degen-
erative spondylolisthesis or spinal infection, or spinal oncologic 
diseases, were all excluded.

In this RCT, the whole process of blinding was unfeasible due 
to the nature of the intervention. The methodology employed 
for patient randomization and blinded allocation to the respec-
tive planned surgical groups was designed to minimize the po-
tential bias in preoperative planning and patient care. Through-
out the study, blinding was maintained for outcome assessors 
and data analysts to minimize biases in clinical outcome evalu-
ation and data analysis. While patients were blinded initially, 
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the distinction in surgical wounds between micro and endo-
scopic surgeries made it impossible to maintain this blinding 
postoperatively. The surgical interventions under investigation 
included IELD and MLD. The allocation of patients to the re-
spective surgical groups was executed using a computer-gener-
ated randomization sequence. The allocation sequence was 
concealed using sequentially numbered, opaque, sealed enve-
lopes prepared by an independently trained clinical research 
coordinator (CRC) who had no involvement in patient care or 
outcome assessment, thereby guaranteeing unbiased allocation. 
One day before the scheduled surgery, the sealed envelope con-
taining the allocated surgical method was opened by the CRC, 
who subsequently informed the operating surgeon of the as-
signment. This approach ensured that the surgeon remained 
blinded to the patient’s assigned group until just before the pro-
cedure.

3. Surgical Techniques Performed for the MLD and IELD
All surgeries were performed by a single senior spine surgeon 

with extensive experience in minimally invasive spine surgery, 
including both microscopic and full-endoscopic lumbar discec-
tomy techniques. Patients in the MLD group underwent the pro-
cedure under general anesthesia. A standard MLD technique 
was employed, which involved making a small incision apply-
ing a tubular retractor system, and operating via a microscope 
for enhanced visualization during the surgery.26 The herniated 
disc material was removed using a combination of forceps and 
a curette (Fig. 1A, B).

For IELD procedure, the patient was placed in prone position 
on a Jackson table with a Wilson frame and intubated under 
general anesthesia (Fig. 1C, D). The procedure was performed 
under intraoperative C-arm guidance, with the surgeon stand-
ing on the side corresponding to the herniation.27,28 A 1-cm 
vertical skin incision is made medially for the working cannula 
in relation to the interlaminar window, with the craniocaudal 

Fig. 1. Two distinct minimally invasive spine surgery techniques are depicted. (A) Microscopic surgery being performed by 2 sur-
geons. (B) A surgeon’s intraoperative view of the ligamentum flavum. (C) Full-endoscopic surgery can be manipulated by a sin-
gle surgeon. (D) Exposure of the neural structure under real-time visualization, provided by the fullendoscopic real-time magni-
fication vision system.

A B

C D
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localization depending on the pathological finding, with the 
beveled opening facing the medial side of the facet joint. The 
procedure proceeds under real-time visualization and irriga-
tion with isotonic saline. The inferior edge of the L5 lamina is 
palpated using the bevel of the cannula, applying gentle traction 
on the soft tissue. Bone resection was performed with a diamond 
burr to improve access to the interlaminar working space to 
gain adequate access for decompression of the affected nerve 
root. Then, the ligamentum flavum was resected to expose the 
dura sac. Any adjacent fat and vascular tissues were coagulated. 
With neural structure being protected with the working cannu-
la, the surgeon removed the disc fragment and explored annu-
lar defects. Then, the annuloplasty was performed. Adequate 
decompression was confirmed by the tension-free nerve root 
with pulsatile movement. The hemostasis was performed and 
drainage was placed. In our practice, we emphasize preserving 
as much healthy disc tissue and bone structure as possible. There-
fore, we limit the resection to the herniated disc tissue and per-
form the annuloplasty to repair the damaged annulus fibrosus 
entrance, avoiding removal of the in situ disc tissue, it has the 
potential benefit of maintaining disc height and reducing adja-
cent segment degeneration in the target segment.

4. Outcome Measurement
Eligible participants’ data were meticulously recorded, encom-

passing demographic information, intervention details, and out-
come measures. An independent CRC assessed the outcomes 
during preoperative evaluations and subsequent postoperative 
follow-ups. The primary outcomes included improvements in 
visual analogue scale (VAS) scores (pain rating scales ranging 
from 0–10 for both back and leg pain, with higher values indi-
cating higher pain intensity) and Oswestry Disability Index (ODI) 
scores (functional status questionnaires rated from 0–100, with 
higher values indicating greater disability).29,30 Secondary out-
comes encompassed self-assessed satisfaction and recovery rates 
(measured on a scale from 0% to 100%), maximum walking 
once endurance/daily walking time (minutes), and radiologic 
measurements (disc height, segmental lordosis, and lumbar lor-
dosis). Among of them, the walking distance was divided into 5 
levels: A: more than 60 minutes; B: 30–60 minutes; C: 15–30 
minutes; D: 5–15 minutes; E: less than 5 minutes. An indepen-
dent spine clinical fellow assessed radiologic measurements at 
the last 12-month follow-up. All self-reported outcome mea-
sures were gathered through questionnaires sent to patients via 
email or phone calls. Patients visited the clinic for neurological 
examinations conducted by a clinical assistant.

5. Statistical Analysis
All statistical analyses were conducted using STATA/MP 17 

(Stata Corp LLC, College Station, TX, USA). The primary anal-
ysis was adhered to the intention-to-treat principle, and per-
protocol analysis was performed as sensitivity analysis. We em-
ployed multiple imputation with chained equations approach, 
specifically predictive mean matching to handle missing vari-
ables. The predictor variables included in the imputation model 
were adjust by baseline variables. Descriptive statistics were em-
ployed to summarize patient demographics and clinical charac-
teristics. Continuous variables were reported as means and stan-
dard deviations or medians, while categorical variables were ex-
pressed as frequencies or percentages. Fisher exact test and r by 
c chi-square tests were used to compare categorical variables.

A linear mixed-effects model was employed to evaluate the 
primary outcomes, while accounting for within-patient correla-
tions and adjusting for the baseline. The primary outcome of 
the study was the mean difference in VAS and ODI scores be-
tween the IELD and MLD groups at 1, 3, 6, 12 months postop-
eratively, along with corresponding 95% confidence intervals 
(CIs). Other statistical calculations were evaluated with a 2-sid-
ed p-value of less than 0.05 considered statistically significant. 
Graphical representations of outcome trends were generated 
using GraphPad software (San Diego, CA, USA).

RESULTS

A total of 37 patients were assessed for eligibility in the study, 
which compared full endoscopic to microscopic techniques. 
Nine of these patients were excluded either because they did 
not meet the inclusion criteria or they declined to participate. 
As a result, 28 patients entered the randomized process. Of these, 
13 patients were allocated to the full-endoscopic group and 15 
to the microscopic group. No patients withdrew from the allo-
cated interventions due to dissatisfaction with the process or 
discontinuation of the intervention process (Fig. 2). The base-
line characteristics of the patients were comparable between the 
2 groups, as presented in Table 1. The average age of the partici-
pants was 49.71± 15.83 years, with females comprising 53.57% 
of the cohort. Their average body mass index stood at 24.27±4.03 
kg/m2, and the mean follow-up period was 12.61 months. When 
evaluating disc herniation characteristics, both the microscopic 
and endoscopic groups displayed similar distributions in terms 
of herniation side (p=1.000), axial herniation patterns (p=0.445), 
and migration patterns (p= 1.000).
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1. Primary Outcomes
VAS scores for back and leg pain showed significant improve-

ments over time in both IELD and MLD groups (Fig. 3). Our 
linear mixed-effects model analysis evaluated the effect of treat-
ment (IELD vs. MLD) on VAS, and ODI scores over time, ad-
justing for age, sex (Table 2). The estimated marginal means re-
vealed that both IELD and MLD groups experienced signifi-
cant reductions in VAS scores and no difference with each oth-
er compare to the preoperative data. Specifically, the effect for 
the improvement on the VAS-leg pain scores at postoperative 1 
month showed a mean difference of 1.97 (95% CI, -4.12 to 0.18); 
and at 12 months, the difference was 0.71 (95% CI, -2.54 to 1.12). 

2. Secondary Outcomes
The results revealed significant differences between the MLD 

and IELD groups in terms of length of stay (5.47± 1.36 days vs. 
3.69± 1.60 days, p= 0.003), operation time (95.53± 18.91 min-
utes vs. 134.77± 33.12 minutes, p= 0.001), and blood loss (44±  
26.67 mL vs. 20 ± 20.99 mL, p = 0.009) (Table 3). There is no 
statistical difference in surgical time between the 2 groups for 
migrated disc herniation and nonmigrated disc herniation (p=  
0.759). The IELD group showed a shorter length of stay and 
less blood loss, while the operation time was longer compared 
to the MLD group. At the preoperative stage, the disc height for 
the MLD and IELD groups were 9.40± 2.68 mm and 8.98± 2.03 
mm, respectively, with a difference of -0.42 (95% CI, -2.01 to 
1.17). At the last-time follow-up, the disc height values were 
10.11± 2.82 mm for MLD and 9.93± 1.83 mm for IELD, result-
ing in a difference of -0.15 (95% CI, -1.66 to 1.36). For segmen-

Fig. 2. Flowchart of study eligibility and enrolment at each time point. ITT, intention-to-treat; PP, per-protocol.

15 ITT Analysed; 8 PP Analysed 

Enrollment

Full-endoscopy

Analysis

Allocation

37 Assessed for eligibility 

 28 Randomized
Microscopy

9 Excluded 
   - Not meeting inclusion criteria 
   - Declined to participate

13 Allocated to intervention 
   - 13 Received allocated intervention 
   - 0 No receive allocated intervention 

15 Allocated to intervention 
   - 15 Received allocated intervention 
   - 0 No receive allocated intervention 

13 ITT Analysed; 9 PP Analysed

Table 1. Baseline demographic and clinical characteristics of 
the participants by treatment group

Variable MLD (n = 15) IELD (n = 13) p-value

Age (yr) 47.67 ± 14.30 52.08 ± 16.75 0.472

Sex, female:male 7:8 8:5 0.476

BMI (kg/m2) 25.16 ± 4.94 23.26 ± 1.98 0.219

Predominant side (left) 10 9 1.000†

Pathology location

   Central:subarticular:both 0:7:8 2:7:4 0.218

Operation history, yes  8 6 1.000†

VAS-back 6.13 ± 3.12 6.08 ± 3.13 0.939

VAS-leg 7.13 ± 1.200 8.15 ± 1.56 0.070

ODI 55.43 ± 18.44 61.51 ± 15.76 0.194

ASA PS classification grade 1.000†

   I/II 14 13

   III/IV 1 0

Disc herniation 

Side, right:left 5:10 5:8 1.000†

Central:paracentral 5:10 7:6 0.445

Migration, superior:inferior 1:7 2:5 1.000†

Length of stay (day) 5.47 ± 1.36 3.69 ± 1.60 0.003*

Operation time (min) 95.53 ± 18.91 134.77 ± 33.12 0.001*

Blood loss (mL) 44 ± 26.67 20 ± 20.99 0.009*

Values are presented as mean ± standard deviation or number.
MLD, microscopic lumbar discectomy; IELD, interlaminar endoscop-
ic lumbar discectomy; BMI, body mass index; VAS, visual analogue 
scale; ODI, Oswestry Disability Index; ASA PS, American Society of 
Anesthesiologists physical status.
*p < 0.05. †Fisher test.
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Fig. 3. A graph shows the clinical outcome trend of VAS-back, VAS-leg, and ODI scores. VAS, visual analogue scale; ODI, Os-
westry Disability Index; MLD, microscopic lumbar discectomy; IELD, interlaminar endoscopic lumbar discectomy; ITT, inten-
tion-to-treat; PP, per-protocol.
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tal lordosis, the preoperative values were 9.76°± 5.47° for MLD 
and 9.51°± 4.47° for IELD, with a difference of -0.74 (95% CI, 
-4.11 to 2.64). The segmental lordosis values were 11.18°± 5.49°  
for MLD and 10.98°± 5.30° for IELD, with a difference of -0.56 
(95% CI, -3.91 to 2.80). Regarding lumbar lordosis, the preop-
erative values for MLD and IELD were 42.16°± 8.37° and 36.39° 
± 14.09°, respectively, with a difference of -7.00 (95% CI, -15.20 
to 1.20). The lumbar lordosis values were 44.30°± 7.69° for MLD 
and 44.25° ± 7.16° for IELD, resulting in a difference of -0.31 
(95% CI, -5.92 to 5.30). All of the radiographic showed no dif-
ference compared to the preoperative data.

In terms of patient satisfaction, the last-time follow-up scores 
were 88.14%± 10.14% for MLD and 83.85%± 12.13% for IELD, 
with a difference of -6.27 (95% CI, -13.64 to 1.09). The recovery 
rate at the last-time follow-up was 81.98%± 16.11% for MLD 
and 71.54%± 18.36% for IELD, with a difference of -12.45 (95% 
CI, -24.91 to 0.02). The MacNab criteria comparisons between 
the 2 groups showed no significant difference, with a Fisher ex-
act test p-value of 0.66. For walking ability assessment, there 
were no statistical difference in maximum walking once endur-
ance or daily walking time. Furthermore, in both the IELD and 
MLD groups, one patient experienced recurrence at the same 
level. During the IELD procedure, one patient encountered a 
dural tear, necessitating a switch to the MLD surgery. 

DISCUSSION

LDH most commonly afflicts the L5–S1 and L4–5 levels. 
Also, the large patient pool provides ideal case selection for 
novice surgeons. Particularly, the L5–S1 level is of unique inter-
est due to its anatomical characteristics with notably wider in-
terlaminar space than other levels, resulting in a more spacious 
surgical corridor, and facilitates easier access to the disc frag-
ment.28,31 This broader space offers enhanced visualization and 
easier maneuverability during surgery. Therefore, for novice 
surgeons beginning their journey with minimally invasive pro-
cedures, these anatomical features make the L5–S1 level an ide-
al starting point to practice and refine their first step spine sur-
gical skills. Therefore, we reported this preliminary RCT aimed 
to compare the efficacy and safety of IELD and MLD in patients 
with LDH, specifically at the L5–S1 level (Figs. 4, 5). By employ-
ing robust statistical analysis of VAS and ODI from baseline to 
12 months postoperatively for primary and secondary outcomes. 
Following the upper limit of the 95% CI for the mean difference 
in VAS and ODI scores, our intention-to-treat analysis demon-
strated that IELD was considered noninferior to MLD in terms Ta
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Table 3. Comparison of secondary outcomes following postsurgical treatment interventions	

Variable
Preoperative Last-time follow-up

MLD IELD df (95% CI) MLD IELD df (95% CI)

Disc height (mm) 8.85 ± 1.96 8.73 ± 2.29 -0.12 (-1.55 to 1.79) 7.60 ± 1.54 8.17 ± 2.46 -0.56 (-2.19 to 1.06)

Segmental lordosis (°) 9.76 ± 5.47 9.51 ± 4.47 -0.74 (-4.11 to 2.64) 11.18 ± 5.49 10.98 ± 5.30 -0.56 (-3.91to 2.80)

Lumbar lordosis (°) 42.16 ± 8.37 36.39 ± 14.09 -7.00 (-15.20 to 1.20) 44.30 ± 7.69 44.25 ± 7.16 -0.31 (-5.92 to 5.30)

Satisfaction rate (%) N/A N/A N/A 88.14 ± 10.14 83.85 ± 12.13 -6.27 (-13.64 to 1.09)

Recovery rate (%) N/A N/A N/A 81.98 ± 16.11 71.54 ± 18.36 -12.45 (-24.91 to 0.02)

MacNab criteria Fisher exact = 0.66

   Excellent:good:fair:poor 6:8:1:0 6:5:2:0

Preoperative Postoperative Last-time follow-up

      MLD            IELD MLD IELD MLD IELD

Walk once (min) χ2 = 2.59; F = 0.33 χ2 = 3.64; F = 0.57 χ2 = 8.03; F = 0.08

Walk day (min) χ2 = 4.64; F = 0.42 χ2 = 2.03; F = 0.40 χ2 = 3.53; F = 0.16

MLD, microscopic lumbar discectomy; IELD, interlaminar endoscopic lumbar discectomy; df, degrees of freedom; CI, confidence interval.

Fig. 5. A 26-year-old male patient experienced lower back pain along with right buttock and right posterior leg radiating pain. 
(A) Preoperative plain radiographs of his lumbar spine revealed the loss of lumbar lordosis. (B) The lateral image reveals a re-
duced curvature in the lumbar lordosis. (C, D) The lateral, and axial magnetic resonance imaging (MRI) study confirmed the 
diagnosis of L5–S1 disc herniation from the right-sided paracentral to central area. After undergoing an interlaminar endoscop-
ic lumbar discectomy procedure. Post-operative radiographs in the anteroposrerior (E) and lateral view (F) reveal that the disc 
height was still relatively maintain, the lumbar lordotic curvature had been restored. (G) Postoperative MRI imaging demon-
strated the alleviation of dural, and (H) nerve root compression. The red dashed line indicates the preoperative lesion area, and 
the green dashed line area indicates successful decompression of the lesion area postoperatively.

A B C D

HGFE
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terms of a shorter length of stay and reduced blood loss, consis-
tent with previous different approach study.37-40  However, the 
operation time is longer compared to the MLD procedure. The 
difference operation time between the 2 procedures were attrib-
uted to the distinct nature of both surgical procedures, such as 
patient-specific factors, equipment used, or the skill and experi-
ence of the surgeon.41-43 With miniaturized endoscopic tools, the 
operation can provide a clearer visualization and potentially de-
crease postoperative complications due to reduced tissue trau-
ma. However, there’s a trade-off that smaller instruments may 
require more precise handling, meticulous maneuvers, and some-
times multiple instrument changes to achieve the desired out-
come. Meanwhile, meticulously design the endoscopic entry 
angle and surgical approach preoperatively to reach the lesion 
boundaries is crucial to alleviate thoroughly nerve compression.

Rare evidence from meta-analyses have been conducted to 
compare the effectiveness of full-endoscopic spine surgery in 
the treatment of LDH. A recent meta-analysis of endoscopic 
discectomy with nonendoscopic discectomy for treatment of 
symptomatic LDH reported by Li et al.44 found no significant 
differences in the improvement of MacNab criteria, and no dif-
ference in the rate of recurrence, but the complication rate of 
full-endoscopic surgery was lower than microscopic discecto-
my. Conversely, another moderate to low quality of evidence 
meta-analysis reported the comparable overall complication 
between full-endoscopic lumbar discectomy and conventional 
open or microscopic discectomy.34 The complications of full-
endoscopic discectomy focus on the higher risks of transient 
dysesthesia and residual fragment. The observed discrepancy 
in these meta-analyses results may be attributed to 2 factors. First, 
there is a difference in the time frame of the included studies; 
although the 2 meta-analyses were published only a year apart, 
the latter incorporated more recent evidence compared to the 
former. This could potentially lead to variations in the pooled 
estimates and conclusions drawn from the analyses. Second, the 
earlier meta-analysis did not categorize endoscopic techniques 
into dual-channel and single-channel subgroups for further anal-
ysis. This distinction may be relevant, as different endoscopic 
systems may yield varied outcomes, potentially contributing to 
the observed heterogeneity in results. Therefore, the lack of sub-
group analysis in the former meta-analysis may have masked 
potential differences in outcomes based on full-endoscopic tech-
nique, leading to disparate findings between the 2 meta-analy-
ses.45

This study has several limitations that warrant consideration. 
Firstly, complete blinding of the experimental procedure was 

of expectations. Furthermore, the analysis revealed a significant 
improvement in leg pain VAS scores and ODI scores over time 
in both the IELD and MLD groups, indicating that both surgical 
techniques effectively alleviate pain and improve functional sta-
tus in patients with L5–S1 LDH.

The primary finding of pain control and functional disability 
improvement is consistent with several previous non-specific 
L5–S1 segmental comparisons of noninferiority RCTs of percu-
taneous translaminar endoscopic discectomy versus open mi-
crodiscectomy in terms of pain control or disability index.18 In 
terms of secondary outcomes, there were no significant differ-
ences between the IELD and MLD groups in self-rated satisfac-
tion and recovery rates, maximum walking endurance, or ra-
diological measurements. These findings suggest that both sur-
gical techniques yielded comparable in preserving spine align-
ment and improvements in mobility. However, it is essential to 
consider that the similarity in bias present in postoperative clini-
cal outcomes may also be due to all procedures being performed 
by a single institution and a single neurosurgeon, which may 
have reduced the variability in surgical technique and outcomes.32

In our study, both the IELD and MLD groups exhibited a low 
complication rate, with no significant differences, and our find-
ing is also consistent with previous studies compare the full-en-
doscopic lumbar discectomy with microdiscectomy.33,34 Addi-
tionally, IELD demonstrated distinct advantages, such as reduced 
hospital stay and less intraoperative bleeding.21,35 These advan-
tages can be credited to the full-endoscopic system’s use of an-
gled magnification and clear visualization under the continu-
ous saline irrigation, enabling precise paraneural soft tissue strip-
ping and thorough detection and manipulation of concealed 
areas around the circumferential dural sac, while further lower-
ing the risk of biomechanical instability at the surgical segment. 
Moreover, the dilator set working channel, which create a centi-
meter level surgical access, allows less disruption of surround-
ing muscles and tissues. Technically, alternation employed be-
tween the applications of radiofrequency and a high-speed dia-
mond burr properly facilitates precise and fast hemostasis, par-
ticularly at the junction between osseous and soft tissue inter-
faces. Such an approach considerably mitigates the potential for 
postoperative hematoma formation due to the suboptimal in-
traoperative hemostatic control.36 However, a salient point to 
underscore is the comparative inflexibility with steep learning 
curve of instrument manipulation in colinear full-endoscopic 
technique when juxtaposed with the two-handed microscopic 
technique.

Although the IELD procedure have potential advantages in 
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unattainable due to the nature of the intervention, which could 
introduce bias in evaluating the results.46 Secondly, the investi-
gation was conducted at a single center by one physician, poten-
tially limiting the generalizability of the findings to other settings. 
Thirdly, the small sample size and relatively short-term follow-
up may result in underpowered studies, thus affecting the reli-
ability of the outcomes. While we endeavored to recruit a more 
expansive cohort over the duration of the study, the inherent 
challenges associated with enlisting patients with this specific 
diagnosis limited our sample. This constrained sample size holds 
implications for the statistical robustness of our findings. Mean-
while, there is an increased potential for type II error, whereby 
genuine differences or effects might be overlooked due to limit-
ed power. Moreover, the small sample might reduce the gener-
alizability of our results. Fourthly, the trial exclusively included 
patients with single-level L5–S1 LDH, so the conclusions may 
not extend to patients with multilevel or other types of disc her-
niation. Despite the limitations, our study demonstrates several 
strengths, including the meticulous randomization and alloca-
tion concealment methods employed, which effectively mini-
mized the risk of bias. It is important to note that this study fo-
cused on the initial outcomes of the first RCTs.

In our future research, we intend to expand the patient cohort 
to perform a more comprehensive comparison of the impacts 
on muscle damage and clinical outcomes between these 2 mini-
mally invasive surgical techniques. Long-term follow-up, criti-
cal for evaluating potential differences in reoperation rates be-
tween the procedures, will be emphasized. We also plan to con-
duct multicenter RCTs to collect broader, longer-term follow-
up data. Simultaneously, we acknowledge the necessity of fur-
ther controlling for confounding factors to investigate the im-
pact of IELD on postoperative clinical outcomes more accurate-
ly. We aim to incorporate health-related quality of life question-
naires, such as EuroQoL-5 dimension or SF-36 (36-item Short 
Form health survey, to gain deeper insights into patients’ health 
status and mental functional capacity following spine surgery). 
Additionally, forthcoming studies should include an economic 
evaluation aspect to determine the comparative cost-effective-
ness of these techniques. This information will provide health-
care policymakers with the necessary data to make informed 
decisions about the optimal surgical approach for treating L5–
S1 LDH.

CONCLUSION

This RCT substantiated that the IELD and MLD yielded com-

parable enhancements in pain intensity, disability index, and 
radiological assessments. Collectively, these findings position 
the IELD as a potential effective alternative to MLD in address-
ing L5–S1 central or paracentral LDH. However, given the pre-
liminary nature of these outcomes, it is imperative to conduct 
large sample, multicenter RCT with prolonged follow-up peri-
ods to solidify this evidence.
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