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Abstract 

Background: Endoscopic lumbar decompression (ELD) is emerging as a minimally invasive alternative to traditio-
nal microdiscectomy, potentially offering faster recovery and reduced tissue damage. Our aim was to analyze 
clinical outcomes following the introduction of single-port ELD at our institution. Material and methods: A retro-
spective analysis of 28 consecutive patients undergoing single-port ELD (2019-2023) was conducted. Most sur-
geries involved the L5-S1 level (77.8%) and utilized a translaminar approach (85.7%). Primary outcomes included 
the Oswestry Disability Index (ODI) and Numerical Rating Scale (NRS) pain scores. Results: Mean ODI improved si-
gnificantly from 65.1% pre-operative to 15.1% post-operative (p < 0.0001). Mean NRS scores improved from 8.33 
to 2.36 (p < 0.0001). A minimal clinically important difference (MCID) was achieved in 92.9% of patients. Intra-
operative conversions to open surgery occurred in 10.7% of cases. Post-operative complications were observed 
in 10.7% of patients (2 instances of paresis and 1 recurrence), with one case requiring reoperation. Conclusions: 
Single-port ELD yields substantial improvements in both functional outcomes and pain relief. However, moderate 
complication and conversion rates reflect the technical learning curve. Extended follow-up is required to assess 
long-term recurrence and durability.
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    Introduction

Endoscopic lumbar decompression (ELD) has evolved 
considerably since Kambin and Gellman first described per-
cutaneous lateral discectomy of the lumbar spine in 1983 [1]. 
Over the subsequent four decades, advances in optics, in-
strumentation, and surgical technique have transformed ELD 
from an experimental concept into a  viable minimally inva- 
sive alternative to conventional open discectomy (OD) and 
microdiscectomy (MD) for the treatment of lumbar disc 
herniation and spinal stenosis [2-3]. Despite this progress, 
traditional techniques such as MD remain the predominant 
surgical method worldwide, as they are long-established and 
familiar to the majority of surgeons [4].

A growing body of evidence supports the benefits of ELD 
over conventional approaches. Comparative studies have 
demonstrated that ELD is associated with smaller incisions 
(often 10-16 mm), reduced paraspinal muscle disruption, 
less intraoperative blood loss, shorter operating times, and 
decreased post-operative pain compared to traditional mi-
croscopic discectomy [5-6]. These advantages lead to faster 
recovery, shorter hospital stays, and an earlier return to daily 
activities [7]. However, adoption of ELD remains limited due 
to the prolonged learning curve and the need for specialized 
instruments [3, 8]. For example, rigid endoscopy-assisted pro-
cedures require neurosurgeons to develop specialized skills 
for handling single-port endoscopes and adapting to two- 
dimensional video-guided navigation in confined surgical cor-
ridors (Figure 1) [9].

Despite these challenges, the continued development 
of less invasive surgical techniques has driven interest in ELD 
as the preferred alternative to MD and OD [10]. In this retro-
spective study, we aimed to assess the surgical outcomes of 
ELD and patient-reported feedback following the adoption of 
this technique at our institution.

    Materials and methods

Patient selection and demographics

We retrospectively analyzed 28 consecutive patients with 
complete pre-operative and post-operative outcome data 
who underwent single-port ELD between January 2019 and 
December 2023. These 28 patients were selected from a total 
of 40 endoscopic lumbar procedures performed at our institu-
tion during this period by 3 neurosurgeons in the early phases 
of acquiring endoscopic surgical expertise (< 100 cumulative 
endoscopic cases at study initiation).

The 28-patient cohort consisted of 14 males (50.0%) and 
14 females (50.0%), with a mean age of 46.1 ± 8.8 years (range, 

26-58 years). The following levels of the spine were operated: 
L5-S1 (n = 21, 77.8%), L4-L5 (n = 5, 18.5%), and L3-L4 (n = 1, 
3.7%). One patient’s operative level was not recorded in the 
database and was excluded from level-specific analysis (n = 27 
for level analysis).

Inclusion criteria

The patient inclusion criteria were: age (≥ 18 years at 
time of surgery), primary lumbar disc herniation confirmed 
on magnetic resonance imaging (MRI), lumbar spinal steno-
sis (with or without associated disc herniation) confirmed 
on MRI, radiculopathy or neurogenic claudication refractory 
to conservative management (≥ 6 weeks of non-operative 
treatment, including physical therapy and/or pharmacologic 
management), ODI score > 40% at baseline, sufficient cogni-
tive and language capacity to independently complete stand-
ardized outcome questionnaires during the pre-operative and 
post-operative assessments.

Exclusion criteria

The exclusion criteria were: recurrent disc herniation at 
the same operative level, spinal instability (spondylolisthesis 
> Grade 1, spondylolysis with translation, or scoliosis > 20°), 
prior surgical intervention at the same spinal level as the 
one considered for endoscopic treatment, cauda equina syn-
drome presenting as an emergency requiring urgent decom-
pression, severe systemic comorbidities (uncontrolled cardiac 
arrhythmia, severe pulmonary dysfunction, severe hepatic 
disease, uncontrolled diabetes), and active coagulopathy (or 
anticoagulation therapy that could not be safely discontinued 
perioperatively).

Anesthesia and positioning

Patients were positioned prone on a  radiolucent oper-
ating table under general endotracheal anesthesia. Neuro-
monitoring (including transcranial motor evoked potentials 
(tcMEP) and somatosensory evoked potentials (SSEP)) was 
recorded from bilateral lower extremities to assess nerve root 
and spinal cord function throughout the procedure. Vital and 
peri-operative parameters (including continuous electrocardi-
ography, pulse oximetry, end-tidal capnography and core tem-
perature) were monitored in accordance with the American 
Society of Anesthesiologists (ASA) standards.

Surgical technique and operative param-
eters

All procedures utilized a single-port rigid endoscopic ap-
proach. A rigid 4-mm single-port endoscope with integrated 
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visualization and bimanual working channels (Karl Storz SE & 
Co. KG, Tuttlingen, Germany) was connected to a  high-defi-
nition video system and an appropriate illumination source. 
Surgeon preference, anatomical considerations, and the site 
of pathology determined the selection of surgical approach 
(transforaminal vs. translaminar). Four patients (14.3%) were 
operated via transforaminal approach, while the translaminar 
approach was chosen in 24 patients (85.7%)

Translaminar approach (n = 24) 

Following skin sterilization, a  small midline skin incision 
(approximately 10-16 mm) was made over the lumbodorsal 
(thoracolumbar) fascia at the affected spinal level under fluor-
oscopic guidance. The fascia was incised, and sequential dila-
tion of the interlaminar space was performed using dilators. 
The endoscope was advanced into the interlaminar space, 
providing direct visualization of the ligamentum flavum, dura 
mater, nerve root, and any herniated disc material or osteo-
phytes. Endoscopic decompression was achieved through the 
removal of ligamentous and osseous structures using endo-
scopic graspers, curettes, and a  3000 RPM endoscopic burr 
under direct visualization. Hemostasis was maintained using 
bipolar radiofrequency coagulation. Adequate decompres-
sion was confirmed by direct visualization of the nerve root 
and traversing dura without compression.

Transforaminal approach (n = 4) 

Following fluoroscopic localization of the target foramen, 
a  small lateral skin incision was made. Sequential dilators  
(6 mm and 8 mm) were used to dilate the intervertebral fo-
ramen through the paravertebral musculature under fluoro-
scopic guidance in a progressive manner. The endoscope was 
advanced through the dilators, permitting visualization of the 
foraminal anatomy, exiting nerve root, and any herniated disc 
material within the foramen or subarticular space. Endoscop-
ic decompression involved the removal of disc material and 
osteophytes compressing the nerve root, followed by hemo-
stasis with bipolar coagulation.

Intraoperative conversion

If adequate decompression could not be achieved via the 
endoscopic approach (due to technical factors or anatomical 
constraints), conversion to open microscopic or open surgi-
cal approach was planned and documented. Three patients 
(10.7%) underwent intraoperative conversion: 2 to open mi-
croscopic decompression and 1 to wide surgical decompres-
sion.

Follow-up assessment

Post-operative clinical assessments were conducted at 
standardized intervals: at post-operative week 2 (wound 
assessment), week 6 (clinical evaluation), week 12 (clinical 
and functional assessment), and at final follow-up (mean  
4.5 months, range 3-6 months). Imaging included post-oper-
ative MRI at a mean of 6 weeks to assess adequacy of neural 
decompression, exclude recurrent or persistent herniation, 
and rule out complications.

Outcome measurement

Primary outcome measures

We used the Oswestry Disability Index (ODI) version 2.0, 
a  10-item condition-specific disability questionnaire that 
quantifies functional limitations attributable to low back  
pain [11]. Scores range from 0 to 100%, with higher scores 
indicating greater functional disability. Standard disability cat-
egories are defined as follows: 0-20% (minimal disability), 21- 

-40% (moderate disability), 41-60% (severe disability), 61-80% 
(very severe disability), and 81-100% (bedbound/extreme 
functional impairment).

To standardize the patients’ assessment of lower back and 
radicular pain intensity, we used the 11-point Numerical Rat-
ing Scale (NRS), ranging from 0 (no pain) to 10 (worst possible 
pain) [12]. The minimal clinically important difference (MCID) 
for NRS in lower extremity pain is generally considered to be 
≥ 2.0 points [13].

The ODI and NRS questionnaires were administered in 
a structured format using a standardized script to minimize in-
terviewer variability. Patients were asked to respond to each 
item independently without guidance or suggestion.

Secondary outcome measures

Secondary outcomes included: return to work status 
(percentage of patients returning to baseline occupation 
or equivalent duties), resumption of activities of daily living 
without significant limitation, and patient satisfaction with 
surgical outcome, (assessed using a 5-point Likert scale: very 
dissatisfied, dissatisfied, neutral, satisfied, very satisfied) [14]. 
Structured interviews were administered by trained research 
staff at baseline (pre-operatively) and at final follow-up (mean  
4.5 months post-operatively).
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Primary outcome: pain (Numerical Rat-
ing Scale)

The mean reduction in pain was 5.97 points on the NRS 
scale (95% CI: 5.09-6.85). A paired t-test demonstrated statis-
tical significance: t(27) = 19.2, p < 0.0001, representing a large 
effect size (Cohen’s d = 3.64). In the current cohort, 26 of 28 
patients (92.9%) met the MCID threshold of ≥ 2.0 points, in-
dicating substantial clinically meaningful improvement in pain 
(Table 3 and Figure 3).

Secondary outcomes: functional recov-
ery and satisfaction

Of the 28 patients, 24 (85.7%) reported return to their 
baseline occupation or equivalent employment duties by fi-
nal follow-up assessment. Twenty-six of 28 patients (92.9%) 
reported the successful resumption of activities of daily  

Parameter Pre-operative Post-operative

Range 41-82% 2-48%

Mean ± SD 65.1% ± 11.2% 15.1% ± 14.6%

95% CI 60.8-69.4% 9.8-20.4%

Median 68% 10%

Parameter Pre-operative Post-operative

Range 6-10 0-6

Mean ± SD 8.33 ± 1.69 2.36 ± 2.44

95% CI 7.85-8.81 1.39-3.33

Median 8.0 2.0

Disability Category Pre-operative n (%) Post-operative n (%)

Minimal (0-20%) 0 (0%) 23 (82.1%)

Moderate (21-40%) 5 (17.9%) 5 (17.9%)

Severe (41-60%) 7 (25.0%) 0 (0%)

Very severe (61-80%) 12 (42.9%) 0 (0%)

Bedbound (81-100%) 4 (14.3%) 0 (0%)

Total 28 (100%) 28 (100%)

Table 1. Summary of Oswestry Disability Index (ODI) scores before and after endoscopic lumbar decompression (n = 28)

Table 2. Distribution of patients by ODI disability category before and after endoscopic lumbar decompression (n = 28)

Table 3. Summary of Numerical Rating Scale (NRS) pain scores before and after endoscopic lumbar decompression (n = 28)
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    Results

Primary outcome: disability (Oswestry 
Disability Index)

Table 1 presents the ODI scores before and after ELD. The 
mean change in the ODI score from baseline to post-oper-
ative assessment was 50.0 percentage points (95% CI: 44.3- 

-55.7). A  paired t-test demonstrated that this change was 
statistically significant: t(27) = 27.3, p < 0.0001, representing 
a large effect size (Cohen’s d = 5.14). Table 2 presents the dis-
tribution of patients across ODI disability categories before 
and after surgery (see Figures 2.1 and 2.2). This represents 
a clinically and statistically significant shift toward lower dis-
ability categories, with 82.1% of patients achieving minimal 
disability status post-operatively compared to 0% pre-opera-
tively.
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Figure 2.1. Preoperative Oswestry Disability Index (ODI) scores recorded 
before ELD (n = 28)

Figure 2.2. ODI Score after ELD

Figure 3. Chart comparing patient self-assessment of pain on the numerical 
rating scale (NRS) before and after (ELD) (n = 28) 
blue bars – NRS assessment before ELD, orange bars – NRS assessment after ELD

early adoption phase of this procedure at our 
institution. Mean ODI scores decreased by 
50.0 percentage points (from 65.1% to 15.1%,  
p < 0.0001), with 82.1% of patients transitioning 
from severe or very severe disability categories 
to minimal disability post-operatively. Similarly, 
mean NRS pain scores decreased by 5.97 points 
(from 8.33 to 2.36, p < 0.0001), with 92.9% of 
patients achieving the MCID threshold. These 
results demonstrate that even when performed 
by surgeons in the early stages of their learning 
curve, the ELD procedure can produce clinically 
meaningful improvements in patient-reported 
outcomes.

Our findings are consistent with those 
reported by Leyendecker et al., who demon-
strated significant early improvements in both 
ODI and NRS scores after full endoscopic spine 
surgery in a larger cohort [7]. The magnitude of 
improvement observed in our study (Cohen’s  
d = 5.14 for ODI and 3.64 for NRS) indicates 
large effect sizes, suggesting that the clinical 
benefits of ELD are substantial and not merely 
statistically significant. The high rate of return 
to work (85.7%) and patient satisfaction (92.9%) 
further supports the clinical effectiveness of this 
approach.

However, equally notable are the 10.7% 
intraoperative conversion rate and the 10.7% 
complication rate (2 instances of post-operative 
paresis and 1 recurrence) in our series. Both 
rates are higher than those reported in large- 

-volume centers with experienced endoscopic 
surgeons and likely reflect the early learning 
curve of our surgical team [5-6]. Sun et al. have 
previously documented that complication rates 
decrease as surgeons progress along the learn-
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Figure 1. A compressed nerve root (red arrow) in the endoscopic 
view

living (including household activities, self-care, and personal 
hygiene) without significant functional limitations at final fol-
low-up.

Patient satisfaction, assessed via a Likert scale, was highly 
favorable: 26 of 28 patients (92.9%) reported being satisfied 
or very satisfied with the procedure, 2 of 28 patients (7.1%) 
reported neutral satisfaction, and zero patients (0%) reported 
dissatisfaction.

    Discussion

In this retrospective study we observed significant im-
provements in both functional disability and pain outcomes 
of 28 patients, who underwent single-port ELD during the 
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ing curve for percutaneous endoscopic lumbar discectomy [8]. 
Similarly, Kang et al. found that outcomes of endoscopic sur-
gery improve significantly with increasing surgeon experience 
[4]. Our surgeons reported subjective improvement in their 
endoscopic skills during the study period, however, we lacked 
specific analytical data, such as changes in operating time, to 
objectively quantify this progression.

The long-term recurrence rate of disc-related pathology 
following endoscopic procedures remains an important area 
of ongoing investigation. Several studies have reported recur-
rence rates ranging from 3% to 12% [15-17], but extended fol-
low-up data beyond 5 years remain limited [18]. 

Study limitations

Our study has several limitations that should be acknowl-
edged when interpreting the results. The small sample size  
(n = 28) limits the generalizability of our findings to larger 
patient populations. Although the data shows promising 
improvements in both pain and disability, larger cohorts are 
needed to confirm these findings with more robust statistical 
power.

We tracked outcomes during a short post-operative peri-
od (mean 4.5 months), and therefore we did not collect long-
term follow-up data (e.g. recurrence) of disc-related issues 
or lasting functional improvements. We assessed cases from 
a  single center, focusing on the experiences of a  particular 
surgical team. Therefore, our findings may not apply to other 
settings with different levels of ELD expertise or resources.

Patient-reported outcome measures (e.g. the ODI and 
NRS) may demonstrate only subjective improvements. We 

were unable to assess objective functional tests 
or radiological images systematically, which 
could have enhanced the thoroughness and rel-
evance of the results.

The early stage of adopting ELD at our center 
involved a  significant learning curve (Figure 4). 
Operator experience and skill levels during this 
initial period could have influenced the surgi-
cal results (e.g. differences in surgery duration, 
complication rates) and patient outcomes. We 
lacked specific data to quantify the surgeons’ ac-
tual improvement on this procedure’s learning 
curve (e.g. decrease in operating time over the 
years), therefore, our findings regarding learn-
ing curve progression were based solely on the 
surgeons’ self-reported opinions.

To confirm these preliminary findings and to better un-
derstand the full scope and limits of ELD, multicenter studies 
with larger cohorts, standardized methods, and extended fol-
low-up are needed.

    Conclusions

Single-port ELD yielded substantial and statistically sig-
nificant improvements in both functional outcomes and 
pain relief in this cohort of 28 patients, as demonstrated by 
a  50.0 percentage-point mean reduction in ODI scores and 
a 5.97-point mean reduction in NRS pain scores, with 92.9% 
of patients achieving the MCID threshold. However, the mod-
erate complication rate (10.7%) and intraoperative conversion 
rate (10.7%) reflect the challenges associated with the early 
stages of the technical learning curve. Extended follow-up 
with larger, multicenter cohorts is required to assess long-
term recurrence rates, durability of clinical outcomes, and the 
trajectory of the learning curve for this procedure.

    Funding
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    Conflicts of interest

None to report.

Figure 4. The increasing number of endoscopic spine surgeries performed by 
our team  
This upward trend reflects the learning curve associated with the adoption of 
the technique, as well as the growing experience and confidence of the surgical 
team in performing these procedures.
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