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ABSTRACT

INTRODUCTION  Full-endoscopic lumbar discectomy (ELD) can be performed using either the transfo-
raminal (TELD) or interlaminar (IELD) approach. Although both techniques are widely used, the optimal
approach for the L4/L5 level remains debated. No previous meta-analysis has specifically compared
TELD and IELD exclusively for single-level L4/L5 lumbar disc herniation (LDH).

AIM  We aimed to compare clinical and perioperative outcomes of TELD vs IELD for single-level L4/L5 LDH.
MATERIALS AND METHODS A systematic review and meta-analysis were conducted according to the 2020
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. PubMed, Embase,
Scopus, and Web of Science databases were searched through November 2025. Comparative studies
reporting outcomes for TELD and IELD specifically at the L4/L5 level were included. Continuous variables
were analyzed using mean differences (MDs), whereas risk ratios (RRs) under a random-effects model
were used to analyze binary outcomes.

RESULTS Three comparative studies including 260 patients undergoing TELD (n = 189) and IELD (n = 71)
met the inclusion criteria. Clinical outcomes were comparable between the techniques. Pooled analysis
showed no clinically relevant difference in postoperative Visual Analog Scale leg pain (MD, 0.32; 95%
Cl, 0-0.63) or Oswestry Disability Index (MD, 1.94; 95% Cl, 0.94-2.94). Operative time tended to be
shorter with TELD, but the difference was not significant (MD, —12.6 min; 95% CI, —34.6 to 9.4). Length
of hospital stay (LOS) was identical between the groups (MD, 0.007 d). Complication (RR, 1.48; 95%
Cl, 0.23-9.7) and reoperation rates (RR, 0.96; 95% Cl, 0.21-4.4) were also similar between the cohorts.
concLusions TELD and IELD provide equally effective and safe treatment for single-level L4/L5 LDH.
Clinical outcomes, LOS, as well as complication and reoperation rates were equivalent. Operative time
showed substantial heterogeneity across the studies, precluding a definitive conclusion regarding time
efficiency. The choice of approach should be based on patient anatomy, herniation morphology, and
surgeon expertise rather than expected differences in technique efficacy.

INTRODUCTION Lumbar disc herniation (LDH) is
a common cause of radiculopathy, with the L4/L5
segment being the most frequently affected due
to its unique biomechanical loading and sus-
ceptibility to degeneration.'? Full-endoscopic
lumbar discectomy (ELD) has become an estab-
lished minimally-invasive alternative to conven-
tional microdiscectomy, offering reduced tissue
trauma, faster recovery, and shorter hospitaliza-
tion.*® Two endoscopic techniques are most wide-
ly used: transforaminal ELD (TELD), performed

through the Kambin triangle, and interlaminar
ELD (IELD), which provides dorsal access through
the interlaminar window.”*

Although both techniques are routinely ap-
plied across various lumbar levels, the optimal
approach at the L4/L5 segment remains debat-
ed. TELD avoids bone resection and may be ad-
vantageous for foraminal or extraforaminal her-
niations, whereas IELD offers more direct canal
access, potentially improving management of
migrated or central disc fragments.®*"" Previous
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FIGURE1 2020
Preferred Reporting ltems
for Systematic reviews
and Meta-Analyses flow
diagram summarizing

the identification,
screening, eligibility
assessment, and inclusion
of the TELD and IELD
studies at the L4/L5 level.

Abbreviations: [ELD,
interlaminar endoscopic
lumbar discectomy; TELD,
transforaminal endoscopic
lumbar discectomy
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(n=312)
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Studies included in the qualitative analysis
(meta-analysis; n = 3)
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FIGURE 2 Forest plot comparing operative time between TELD and IELD at the L4/L5
level. Negative values indicate shorter operative time for TELD.

Abbreviations: MD, mean difference; others, see FIGURE 1

comparative studies have reported similar clini-
cal outcomes for TELD and IELD; however, none
of the available meta-analyses have evaluated
these techniques exclusively at the L4/L5 lev-
el.81217 T evel-specific evidence is essential for
optimizing approach selection and improving
clinical decision-making in minimally-invasive
spine surgery.

AIM  The aim of this study was to perform a sys-
tematic review and meta-analysis comparing clin-
ical and perioperative outcomes of TELD vs [ELD
specifically at the L4/L5 level.

MATERIALS AND METHODS Study design This
study was conducted as a systematic review
and meta-analysis in accordance with the 2020
Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines.'®
The protocol was prepared a priori. PROSPERO
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registration was not performed because the anal-
ysis was based exclusively on aggregated pub-

lished data.

Search strategy A comprehensive literature
search was performed in PubMed/MEDLINE,
Embase, Scopus, and Web of Science databases
from inception to November 30, 2025. The search
strategy used combinations of the following key-
words and MeSH terms: “lumbar disc herniation,”
“L4-L5” or “L4/5,” “full-endoscopic” or “endoscop-
ic discectomy,” “transforaminal” or “TELD,” “in-
terlaminar” or “IELD,” and “comparison” or “out-
comes.” Reference lists of all eligible studies were
screened manually to identify additional publica-
tions. No language restrictions were applied dur-
ing the search process.

Eligibility criteria  Eligibility criteria were defined
using the Population, Intervention, Comparison,
Outcome (PICO) framework. The population con-
sisted of patients undergoing surgery for single-
-level L4/L5 LDH. The intervention of interest
was TELD, whereas IELD served as the compar-
ator. Outcomes included clinical measures, such
as Visual Analog Scale (VAS) leg pain, VAS back
pain, and the Oswestry Disability Index (ODI),
as well as operative time, length of hospital stay
(LOS), complications, and reoperation rates. Eligi-
ble study designs included randomized controlled
trials (RCTs) and comparative cohort studies. Case
series, review articles, conference abstracts, analy-
ses combining multiple lumbar levels without ex-
tractable L4/L5 data, and studies lacking quanti-
tative outcomes were excluded.

Study selection Two reviewers (TS and PK) inde-
pendently screened all titles and abstracts. Full-
-text articles were then assessed for eligibility
according to predefined criteria. Disagreements
were resolved through discussion and consensus.
The PRISMA flow diagram summarizing the study
selection process is presented in FIGURE 1.

Data extraction Data were independently extract-
ed by 2 investigators (TS and PK) using a stan-
dardized form. Extracted variables included study
characteristics (authors, year, country, and study
design), sample sizes for TELD and IELD groups,
demographic data (age and sex), operative time,
postoperative VAS leg pain and ODI scores, LOS,
complications, reoperation rates, and duration of
follow-up. When data were reported as medians
with ranges or interquartile ranges, they were
converted to mean (SD) using established sta-
tistical methods.

Risk of bias assessment The methodological
quality of the included RCTs was assessed using
the Cochrane Risk of Bias 2.0 tool across 5 do-
mains.'® Observational studies were evaluated
using the Newcastle-Ottawa Scale, with scores of
7 or higher considered indicative of high method-
ological quality.2® All assessments were performed
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FIGURE 3 Forest plot
comparing postoperative
VAS leg pain between
TELD and IELD at the
L4/L5 level. Positive
values indicate higher
postoperative VAS scores
in TELD.

Abbreviations: VAS,
Visual Analog Scale;
others, see FIGURES 1 and 2

FIGURE 4

Forest plot comparing
postoperative 0DI scores
between TELD and IELD
at the L4/L5 level. Positive
values indicate higher
postoperative 0DI scores
in TELD.

Abbreviations: 0DI,
Oswestry Disability Index;
others, see FIGURES 1 and 2

FIGURE 5 Forest plot
comparing postoperative
length of hospital stay
between TELD and IELD
at the L4/L5 level. Positive
values indicate longer
stay after TELD.

Abbreviations: see
FIGURES 1,2 and 6
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Study, year

MD (95% CI)  Weight, %

Pruttikul et al, 2024

0.79 (-0.29 to 1.87) 8.2

Zhao et al, 20222 — 0.37 (0.06-0.68) 73.4
Takebayashi et al, 2023% -0.1(-0.811t00.61) 18.4
Overall (random effects) S 0.32 (0-0.63) 100
Heterogeneity: /* = 8%; 12 = 0.01
-0.5 0 0.5 1 1.5 2
MD, VAS leg
Study, year MD (95% Cl)  Weight, %
Pruttikul et al, 2024%' 0.97 (-3.65 to 5.59) 4.7
Zhao et al, 2022% — 2.08 (1.04-3.12) 92.7
Takebayashi et al, 2023% 1.3(-7.5104.9) 2.6
Overall (random effects) <> 1.94 (0.94-2.94) 100
Heterogeneity: I = 0%; 12 =0
-6 -4 -2 0 2 4 6
MD, 0DI
Study, year MD (95% CI) Weight, %
Pruttikul et al, 2024%' —'— E— 0.07 (-0.123 t0 0.263) 66.4
Zhao et al, 20222 —0.19 (-0.535 to 0.155) 20.8
Takebayashi et al, 2023% 0(-0.44 t0 0.44) 12.8
Overall (random effects) _ 0.007 (0.15 to 0.164) 100
Heterogeneity: I = 0%; 12 =0 :
-0.4 -0.2 0 0.2 0.4 0.6

independently by 2 reviewers (TS and PK). The re-
sults of the risk of bias assessment are present-
ed in TABLE 1.

Statistical analysis The meta-analyses were per-
formed using mean differences (MDs) for con-
tinuous outcomes and risk ratios (RRs) for bina-
ry outcomes. The analyses were conducted us-
ing inverse-variance weighting under a random-
-effects model (DerSimonian-Laird). Statistical
heterogeneity was evaluated using the I? statis-
tic, with thresholds of 0% to 25% considered low,
25% to 50% moderate, and greater than 50% sub-
stantial heterogeneity. The ¥? test was also ap-
plied, with a significance level of P below 0.1 in-
dicating heterogeneity. A continuity correction
of 0.5 was applied when 0 events were present
in 1 or both groups. Forest plots were generat-
ed for each outcome. Statistical analyses were
performed using Python 3.11 software (Python
Software Foundation, Beaverton, Oregon, Inot-
ed States). A P value below 0.05 was considered

significant. Subgroup and sensitivity analyses
were not performed due to the limited number
of available studies.

Ethics This study is a systematic review and
meta-analysis of previously published data and
did not involve human participants or identifi-
able patient information. Therefore, institutional
review board approval was not required.

RESULTS Study selection The database search
identified 312 records, of which 254 remained af-
ter removing duplicates. Following title and ab-
stract screening, 14 full-text articles were eval-
uated for eligibility. Three comparative stud-
ies met the inclusion criteria and were subject-
ed to the qualitative and quantitative synthe-
ses. The study selection process is presented in
the PRISMA flow diagram (FIGURE 1).

Characteristics of the included studies All includ-
ed studies compared TELD and IELD exclusively
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FIGURE 6 Forest plot
comparing perioperative
complication rates
between TELD and IELD
at the L4/L5 level.

A continuity correction of
0.5 was applied for
0-event studies.

Abbreviations: RR, risk
ratio; others, see FIGURES 1
and 2

FIGURE 7 Forest plot
comparing reoperation
rates between TELD and
IELD at the L4/L5 level.

A continuity correction of
0.5 was applied for
0-event studies.

Abbreviations: see
FIGURES 1,2 and 6

Study, year RR (95% CI) Weight, %
Pruttikul et al, 2024* —_— 3.75(1.41-9.99) 64
Zhao et al, 20222 0.42 (0.01-20.45) 18
Takebayashi et al, 2023% g 0.19 (0-9.24) 18
Overall (random effects) <> 1.48 (0.22-9.7) 100
Heterogeneity: I = 36%; 12 = 1.189 :

01 02 05 1 5 10

RR

Study, year RR (95% CI)  Weight, %
Pruttikul et al, 2024* 4(0.47-33.73) 35.1
Zhao et al, 20222 0.42 (0.01-20.45) 13.5
Takebayashi et al, 2023% ; 0.45 (0.09-2.16) 515
Overall (random effects) -<> 0.96 (0.21-4.4) 100
Heterogeneity: I = 28%; 12 = 0.531 :

01 02 05 1 5 10

RR

at the L4/L5 level, and together comprised
260 patients, of whom 189 underwent TELD and
711ELD. One study?' was an RCT and 2 were ret-
rospective cohort studies.??:2* Mean (SD) follow-
-up across the studies was 22.7 (2.3) months,
ranging from 20 to 24 months. Study character-
istics are presented in TABLE 2.

Operative time All studies reported operative
time. Two?223 demonstrated shorter operative du-
ration with TELD, whereas 1 study?' favored IELD.
In the pooled analysis, the MD was -12.6 minutes,
with a 95% CI of -34.6 to 9.4, and substantial het-
erogeneity (I? = 93%). Although operative time
tended to be shorter with TELD, the difference
did not reach significance (FIGURE 2).

Postoperative Visual Analog Scale leg pain  All
3 studies reported postoperative VAS leg pain
scores. TELD demonstrated slightly higher
postoperative VAS values, with a pooled MD of
0.32 points and a 95% CI of 0-0.63. Heteroge-
neity was low (I = 8%). Although the difference
reached marginal significance (P = 0.05), it re-
mained far below the minimal clinically impor-
tant difference, indicating no clinically meaning-
ful difference between the techniques (FIGURE 3).

Postoperative Oswestry Disability Index  All
studies provided postoperative ODI scores.
IELD showed marginally lower ODI val-
ues, with a pooled MD of 1.94 points and
a 95% CI of 0.94-2.94. No heterogeneity was
observed (I? = 0%). Despite achieving signifi-
cance (P <0.001), the effect size was well below
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the minimal clinically important difference, sup-
porting clinical equivalence (FIGURE 4).

Hospital stay LOS was similar across all studies.
The pooled MD was 0.007 days, with a 95% CI
of -0.15 to 0.16 and no heterogeneity (I = 0%).
These results demonstrate identical postopera-
tive LOS of TELD and IELD (FIGURE 5).

Complications Perioperative complications were
reported in all studies. After applying a continu-
ity correction for 0-event data, the pooled RR
was 1.48, with a 95% CI of 0.23-9.7 and moder-
ate heterogeneity (I? = 36%). The wide CIs and
low event rates indicate no significant or clini-
cally meaningful difference between the proce-
dures (FIGURE 6).

Reoperations Reoperation rates were also com-
parable between the groups. The pooled RR was
0.96, with a 95% CI of 0.21-4.4 and low het-
erogeneity (I? = 28%). A continuity correction
was applied due to 0-event studies. No signifi-
cant difference was observed between TELD and
IELD (FIGURE 7).

Summary of findings Across the 3 comparative
studies evaluating single-level L4/L5 LDH, clin-
ical outcomes, including VAS and ODI scores,
demonstrated equivalence between the transfo-
raminal and interlaminar endoscopic approach-
es. LOS was identical. Complication and reopera-
tion rates were similar, with no evidence of an in-
creased risk associated with either technique.
Operative time showed a trend favoring TELD
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TABLE 1 Risk of bias assessment for the included studies®

Randomized controlled trial (Cochrane Risk of Bias 2.0)

Study, year Randomization ~ Deviations from Missing Measurement of ~ Selection of Overall risk
process intended interventions outcome data  the outcome the reported result  of bias
Pruttikul et al, 2024%' Low Low Low Low Low Low

Observational studies (Newcastle—Ottawa Scale)

Study, year Study design Overall methodological quality Overall risk of bias
Zhao et al, 202222 Retrospective cohort Moderate Moderate
Takebayashi et al, 20223 Retrospective cohort Moderate Moderate

a For observational studies, higher methodological quality corresponds to higher NOS scores; NOS >7 was considered high methodological quality.
Given the limited number of included studies and the reporting format of the original articles, qualitative NOS-based ratings are presented.

Abbreviations: NOS, Newcastle-Ottawa scale

TABLE 2 Characteristics of the included studies

Study, year Country  Study design Age TELD,y  AgelELD,y  Follow-up, mo
Pruttikul et al, 20242 Thailand  Randomized controlled trial  L4/L5 30 30 37.7 (8.6) 39.3(7.9) 24 (0)

Zhao et al, 202222 China Retrospective cohort L4/L5 54 22 47.8 (9.2) 53.3(10.1) 20.4 (3.1)
Takebayashi et al, Japan Retrospective cohort L4/L5 105 19 44.8 (13.1) 46.4 (12.6) 24 (0)

202328

Data are presented as mean (SD) unless indicated otherwise.

Abbreviations: see FIGURE 1

TABLE 3 Summary of the pooled outcomes in the meta-analysis?

Outcome TELD vs IELD  95% ClI P,% Interpretation

(MD or RR)
Operative time, min ~ MD, —12.6 -34.6t09.4 93 No difference
Postoperative VAS MD, +0.32 0-0.63 8 No clinically
leg pain score, meaningful difference
points
Postoperative ODI MD, +1.94 0.94-2.94 0 No clinically
score, points meaningful difference
Hospital stay, d MD, +0.007 -0.15t00.16 0 No difference
Complications RR, 1.48 0.23-9.7 36 No difference
Reoperations RR, 0.96 0.21-4.4 28 No difference

a MD represents TELD — IELD. A negative MD favors TELD for continuous outcomes.

Abbreviations: see FIGURES 1, 2, 3 and 6

but did not reach significance. Overall, the avail-
able evidence supports the clinical equivalence
of TELD and IELD at the L4/L5 level. Pooled
quantitative outcomes are summarized in TABLE 3.

DISCUSSION This systematic review and meta-
-analysis is the first to directly compare TELD and
IELD exclusively at the L4/L5 segment, the lev-
el most commonly affected by LDH. The find-
ings demonstrate that both approaches provide
equivalent outcomes in terms of postoperative
pain reduction, functional improvement, LOS,
as well as complication and reoperation rates.
Although TELD showed a trend toward shorter
operative time, this difference was inconsistent
across the studies and did not reach significance.

Previous meta-analyses evaluating full ELD
have generally compared these techniques across

multiple lumbar levels or against microdiscecto-
my. These analyses consistently reported com-
parable safety and effectiveness; however, none
stratified the outcomes by the spinal level. Be-
cause the L4/L5 segment has unique biomechan-
ical properties and is more susceptible to degen-
eration and instability than other lumbar levels,
the present level-specific synthesis provides more
clinically relevant evidence than aggregated anal-
yses. Recent technique-oriented reports in endo-
scopic spine surgery emphasize the importance
of individualized approach selection based on
anatomy and pathology rather than a universal
preference for a single endoscopic corridor, sup-
porting tailored decision-making in minimally-
-invasive spine surgery.225

Operative time demonstrated substantial het-
erogeneity (I? = 93%), indicating considerable
variability between the studies. This variability
likely reflects differences in case selection, sur-
geon experience, endoscopic equipment, and
herniation morphology. TELD may be more ef-
ficient in cases of foraminal or paracentral soft-
-disc herniations due to its extracanalar trajec-
tory, whereas IELD may be advantageous when
treating migrated or central disc fragments re-
quiring direct canal access.

Importantly, the high degree of heterogene-
ity precludes any definitive conclusion regard-
ing the time efficiency of either technique, sug-
gesting that operative time is more dependent
on anatomical and procedural factors than on
the surgical approach itself.

Complication and reoperation rates were com-
parable between the techniques. Although TELD
has been associated with a theoretical risk of
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exiting nerve root irritation and IELD with a po-
tential increased risk of dural injury, such com-
plications were infrequent and inconsistently re-
ported across the included studies. The low ab-
solute number of adverse events and wide Cls
limit robust statistical comparisons. Neverthe-
less, the available evidence suggests that both
approaches are safe when performed by experi-
enced endoscopic spine surgeons.

While marginal differences were observed for
certain outcomes, including postoperative VAS leg
pain and ODI scores, these differences remained
well below established minimal clinically impor-
tant difference thresholds.

This finding reinforces the concept of clinical
equivalence between TELD and IELD at the L4/L5
level despite isolated significant results.

These findings have important implications
for clinical decision-making. Given the compa-
rable mid-term outcomes, the choice between
TELD and IELD at the L4/L5 level should be guid-
ed primarily by patient-specific anatomy, hernia-
tion characteristics, and surgeon expertise rather
than expectations of superior clinical effective-
ness.26-31 Both techniques, therefore, represent
complementary tools within modern minimally-
-invasive spine surgery programs, including out-
patient and same-day discharge pathways.

This study has several strengths, including its
level-specific design, strict inclusion criteria, and
standardized quantitative synthesis. However,
several limitations must be acknowledged. Only
3 comparative studies met the eligibility criteria,
2 of which were retrospective, introducing a po-
tential risk of selection bias, as surgeons may have
preferentially selected the surgical approach based
on anatomical considerations or herniation mor-
phology. Additionally, operative time exhibited
substantial heterogeneity, and long-term func-
tional outcomes beyond 20-24 months were not
consistently reported.

Future prospective, level-specific randomized
trials with extended follow-up are required to
better define optimal patient selection and fur-
ther evaluate the long-term comparative effec-
tiveness of transforaminal and interlaminar en-
doscopic approaches.

CONCLUSIONS Both TELD and IELD provide
equally effective and safe treatment for single-
-level L4/L5 LDH. Clinical outcomes, function-
al improvement, complication and reoperations
rates, and LOS were comparable between both
techniques.

Although TELD showed a tendency toward
shorter operative time, the difference was incon-
sistent across the studies, demonstrated substan-
tial heterogeneity, and did not allow for a defini-
tive conclusion regarding time efficiency.

The choice between TELD and IELD at the
L4/L5 level should therefore be guided primari-
ly by patient anatomy, herniation characteristics,
and surgeon expertise rather than expectations of
superior clinical outcomes. Further high-quality,

META-ANALYSIS Neurosurgery TELD vs IELD at L4/L5

level-specific prospective studies are warranted to
refine anatomical selection criteria and optimize
surgical decision-making in full-endoscopic lum-
bar spine surgery.
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