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Abstract

Study Design: Randomized controlled trial

Objective: The primary objective of this study was to compare the short-term clinical and radiological outcomes of full-
endoscopic lumbar laminotomy (FEL) with those of subtotal lumbar laminectomy (STL) for lumbar spinal stenosis (LSS).

Methods: In this prospective randomized trial a total of 52 patients were enrolled from May 2016 to September 2021 after
providing written informed consent. The authors investigated 45 patients who were followed up for more than 6 months.

Results: There were significant improvements in visual analogue scale (VAS) and Oswestry Disability Index (ODI) scores after
the operation in both groups. The FEL group tended to have significantly shorter hospital stay. Interestingly, a statistically
significant increase in postoperative lumbar lordosis and segmental angle was observed in the FEL group and both groups,
respectively. Spondylolisthesis was exacerbated or newly developed in five of the 21 patients (24%) in the STL group. In
contrast, improvement in spondylolisthesis was observed in two of the 24 patients (8%) in the FEL group. There were no
complications that resulted in fatal sequelae and no significant difference in the complication rate.

Conclusions: The clinical results of FEL were similar to those of STL. In addition, the results of FEL were superior to those of
STL in terms of a decrease in the postoperative length of stay and radiologic instability, such as iatrogenic spondylolisthesis. The
results of this study indicate that FEL is a comparable surgical method to STL for LSS.
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Introduction

As the global society shifts toward an aging population,
various degenerative diseases are emerging as major social
problems. Recent research is focused on identifying more
efficient approaches for the treatment of degenerative dis-
eases. The use of current treatment methods not only increases
social costs but also greatly affects the quality of life in the
elderly population.1,2 Spinal stenosis, in which the spinal

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial
use, reproduction and distribution of the work as published without adaptation or alteration, without further permission provided the
original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

1 Department of Neurosurgery, Seoul St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, Seoul, Republic of Korea

Corresponding Author:
Jin-Sung Kim, Department of Neurosurgery, Seoul St. Mary’s Hospital, College
of Medicine, The Catholic University of Korea, Seoul, Republic of Korea
222, Banpo-daero, Seocho-gu, Seoul 06591, Republic of Korea.
Emails: mddavidk@gmail.com; mdlukekim@gmail.com

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/21925682231155846
https://journals.sagepub.com/home/gsj
https://orcid.org/0000-0001-5086-0875
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:mddavidk@gmail.com
mailto:mdlukekim@gmail.com


canal is narrowed due to degenerative changes in the spinal
canal, such as discs, yellow ligaments, and facet joints, is a
degenerative spinal disease that accounts for a significant
proportion of the disease in the elderly. These degenerative
changes cause dural sac and nerve root compression and
various symptoms, such as low back pain, radiating pain, limb
weakness, and/or neurogenic claudication.3,4

Surgical treatment is considered if symptoms persist or
worsen and continue to impair the patient’s quality of life
despite previous conservative treatment via various methods,
such as medication, steroid injection, and physical therapy. In
the past, classical open subtotal laminectomy (STL) was
considered the treatment of choice for spinal stenosis, but it
can damage paravertebral structures, such as muscles, liga-
ments, and facet joints, resulting in postoperative instability.5-9

As technology has developed, the choice of surgical treatment
has expanded to include minimally invasive techniques using
tubular retractors or full-endoscopic laminotomy (FEL).10,11

To date, a considerable number of studies have been con-
ducted on the advantages of endoscopic surgery, including
reduced blood loss, fast recovery, and short hospital stay.12

Among the existing studies, there are few randomized con-
trolled studies comparing FEL with other treatments. We
hypothesized that FEL is not inferior to STL, and the primary
outcome was visual analog scale (VAS)/Oswestry Disability
Index (ODI) after 6 months. Here, we compare the early
clinical results of FEL with STL for lumbar spinal stenosis
(LSS).

Methods

Patients and Follow-Up

This prospective, randomized trial was approved by the
Institutional Review Board of the Catholic University of
Korea, Seoul, St. Mary’s Hospital, College of Medicine
(KC15OISI0594). A total of 52 patients were enrolled from
May 2016 to September 2021 in this study after providing
written informed consent. The inclusion criteria were as
follows: 1) symptomatic single-level LSS with symptoms,
such as radiculopathy and neurogenic intermittent claudi-
cation, and 2) radiologically diagnosed lumbar spinal ste-
nosis (LSS) based on magnetic resonance imaging (MRI).
The exclusion criteria were 1) spondylolisthesis with
slippage of 50% or greater, 2) previous surgery at the same
level, 3) lumbar degenerative scoliosis (Cobb angle > 20°),
4) non-degenerative stenosis but intervertebral disc her-
niation, 5) additional spinal disease at the same level of
stenosis (ankylosing spondylitis, tumor, compression
fracture, etc.), and 6) psychiatric disease (dementia, mental
retardation, severe drug addiction, etc.).

The authors investigated 45 patients who were followed
up for more than 6 months (Figure 1). The preoperative
VAS rating for the back and leg and ODI were recorded at
the outpatient clinic. The clinical research coordinator

(CRC), who was blinded to the allocation, recorded
postoperative VAS of the back and leg) and ODI at 1, 3,
6 months and the final follow-up after surgery. In addition,
the CRC investigated the following three items at the time
of the final follow-up:1) satisfaction score, rated on a scale
from 0 to 100; 2) ability to maintain daily activity; and 3)
patients recommendation of surgery to others suffering
from the same disease. Two spine clinical fellows inves-
tigated the radiologic features on the pre and postoperative
follow-up radiographs and postoperative computed to-
mography (CT) and MRI at the last follow-up.

Randomization

Allocation of patients by the surgical method was per-
formed through sealed envelopes 1 day before the surgery
using a randomized method. The researcher performed the
appropriate operation according to randomization. Ran-
domization was performed by the CRC to minimize bias,
and the operator was notified of the surgical assignment
1 day before surgery.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows (version 19.0; IBM Co. Somers, NY, USA). The
Mann–Whitney U test was used to determine statistical dif-
ferences in demographic data, preoperative clinical charac-
teristics, and degree of clinical improvement between the
groups. The Wilcoxon signed rank test was performed to
compare pre and postoperative VAS and ODI scores in both
groups to confirm surgical effectiveness. For radiological
parameters, the intraclass correlation coefficient (ICC) was
calculated to assess the reliability of the measurement. ICC for
the intra- and inter-observer reliability varied within .88 – .93
(P < .01) and .91 – .95 (P < .01), respectively. Statistical
significance was set at P < .05.

Surgical Technique

A single surgeon, who had sufficient experience with both
endoscopic and open decompression surgeries, performed
the operations under general anesthesia. STL was per-
formed as a classic open laminectomy as previously de-
scribed.13 In STL differs from total laminectomy in that
central laminectomy is performed while preserving both
facet joints as much as possible while leaving the upper
part of the spinous process and lamina. FEL was per-
formed as previously described.14-17 Briefly, a skin in-
cision of less than 1 cm was made on the symptomatic or
severe side, the obturator and the working cannula were
docked in the interlaminar space in sequence, and lam-
inotomy was performed for the stenotic lesion using an
endoscope.
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Results

Patient Demographics

A total of 79 patients were assessed for eligibility; 20
patients did not meet the inclusion criteria and seven patients
declined to participate. Finally, 52 patients were enrolled and
underwent a randomization procedure for inclusion in either the
STL or FEL surgical groups. Clinical and radiological analyses
were performed in 45 patients (21 with STL and 24 with FEL).
Six patients were lost to follow-up and one patient was ex-
cluded due to insufficient follow-up period. The characteristics
of the two groups were assessed preoperatively (Table 1). At the
time of surgery, the average age of the patients in the STL group
was 66.4 ± 10.1 years, and the average age of patients in the
FEL group was 64.3 ± 11.7 years. There were no significant
differences in the characteristics between the two groups (P >
.05). VAS scores for back and leg pain and ODI in the STL

group before surgery were 5.0, 6.7, and 42.6, respectively. In
the FEL group, the VAS scores for back and leg pain and ODI
were 5.3, 7.3, and 52.9, respectively.

Clinical Outcomes

The mean follow-up duration was 21.2 months for the STL
group and 18.6 months for the FEL group, respectively. There
were significant improvements in the VAS and ODI scores
after the operation in both the groups (Figure 2).

After operation in the STL group, the mean pre- and
postoperative VAS score changed from 5.0 ± 2.7 to 1.3 ± 1.3
(back) and 6.7 ± 1.7 to 1.6 ± 2.1 (leg), respectively, and the
mean ODI changed from 42.6 ± 22.0 to 11.6 ± 15.0. Similar
results were observed in the FEL group. The mean pre- and
postoperative VAS score changed from 5.3 ± 2.4 to 2.0 ± 2.2
(back), 7.3 ± 1.7 to 1.7 ± 2.1 (leg), respectively, and the mean

Figure 1. Enrollment to follow-up flow diagram.
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ODI improved from 52.9 ± 16.3 to 15.3 ± 15.3 (all P-value <
.05). There was no significant difference between the two
groups in terms of either VAS or ODI changes postoperatively
(Table 2). However, there was a difference in the mean
postoperative length of stay. There was no specific protocol for
deciding when the patient should be discharged from the
hospital; the patient was discharged with consent from the
patient when they were judged to be clinically stable. The
group of patients who underwent endoscopic surgery tended
to have shorter hospital stays; mean postoperative length of

stay was 4.8 ± 1.5 days in the STL group and 3.8 ± 1.8 days in
the FEL group.

Radiologic Outcomes

We compared the preoperative radiograph and the last ra-
diograph that could be identified during postoperative follow-
up in all patients included in the study. All radiographs were
compared after at least 6 months, and the average follow-up
period was 20.5 months for the STL group and 19.5 months

Table 1. Patient demographics.

STL FEL P-valuea

Number of patients 21 24
Male/female ratio 11/10 9/15
Age (years), mean±SD 66.4 ± 10.1 64.3 ± 11.7 .516
Body mass index (kg/cm2), mean ± SD 24.1 ± 3.4 26.1 ± 3.7 .072
Mean follow up period (months) 21.2 ± 16.0 18.6 ± 11.8 .845
Operation level, N (%)
L3-4 0 4 (18%)
L4-5 19 (95%) 16 (73%)
L5-S1 1 (5%) 2 (9%)
Charlson Comorbidity Index (CCI) 1.1 ± 1.1 1.1 ± 1.5 .549
Preoperative VAS for back pain 5.0 ± 2.7 5.3 ± 2.4 .630
Preoperative VAS for leg pain 6.7 ± 1.7 7.3 ± 1.7 .285
Preoperative ODI 42.6 ± 22.0 52.9 ± 16.3 .185
Preoperative lumbar lordosis (o) 49.5 ± 10.0 44.0 ± 9.4 .023
Preoperative segmental lordosis (o) 18.6 ± 4.5 15.8 ± 4.8 .046
Preoperative CSA (mm2) 58.5 ± 21.6 60.4 ± 22.5 .880

bPreoperative central stenosis grade, N (%)
Grade B 4 (19%) 3 (13%)
Grade C 13 (62%) 17 (71%)
Grade D 4 (19%) 3 (13%)

aAll statistical analyses were performed by Mann– Whitney U-test.
bPreoperative central stenosis grading was classified based on Schizas grade.
Abbreviations: STL, subtotal laminectomy; FEL, full-endoscopic laminotomy; VAS, visual analogue scale; ODI, Oswestry Disability Index; CSA, cross-sectional
area.

Figure 2. Clinical status assessment. Graph showing preoperative and postoperative mean VAS back scores (A), VAS leg scores (B), and ODI
scores (C) for both the STL (black) and FEL (gray) groups. Footnotes*Wilcoxon signed-rank test was used. ** Significant difference, P-value
< .005. STL, subtotal laminectomy; FEL, full-endoscopic laminotomy; VAS, visual analogue scale; ODI, Oswestry Disability Index
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for the FEL group. The mean follow-up duration for all the
patients was 20 months.

First, we measured and compared the pre and postoperative
lumbar lordosis and segmental angles between the two groups
(Table 3). Interestingly, a statistically significant increase in
postoperative lumbar lordosis and segmental angle was

observed in the FEL group and both the groups, respectively
(Figure 3).

In the STL group, although there was a tendency for
increased postoperative lumbar lordosis, the result was not
statistically significant. In addition, when comparing the
difference in lumbar lordosis (LL difference =

Table 2. Clinical outcome VAS for back, leg pain and ODI.

1 month STL FEL P-valuea

VAS for back pain 1.4 ± 1.9 1.5 ± 1.6 .693
VAS for leg pain 1.8 ± 2.0 1.9 ± 2.0 .988
ODI 27.0 ± 19.4 24.3 ± 11.7 .919
3 months
VAS for back pain 1.8 ± 2.0 2.4 ± 2.3 .472
VAS for leg pain 1.9 ± 1.5 2.6 ± 2.8 .821
ODI 22.8 ± 19.0 26.0 ± 18.5 .596

6 months
VAS for back pain 1.7 ± 1.7 1.3 ± 1.1 .682
VAS for leg pain 2.0 ± 2.6 1.5 ± 1.6 .984
ODI 20.4 ± 17.6 18.8 ± 14.0 .984

Last follow-up
VAS for back pain 1.3 ± 1.3 2.0 ± 2.2 .407
VAS for leg pain 1.6 ± 2.1 1.7 ± 2.1 .649
ODI 11.6 ± 15.0 15.3 ± 15.3 .220

Changes after surgery
VAS for back pain 3.6 ± 2.1 3.3 ± 3.4 .776
VAS for leg pain 5.0 ± 2.6 5.6 ± 2.2 .522
ODI 31.0 ± 22.6 36.8 ± 18.4 .511
Mean postoperative length of stay (days) 4.8 ± 1.5 3.8 ± 1.8 .033
Satisfaction rate (0 – 100) 87.1 ± 16.9 79.1 ± 24.8 .343
Return todaily activity (%) 100 91
Recommendation to others (%) 90 82

aAll statistical analyses were performed by Mann– Whitney U test.
All results included in the table were expressed as mean ± standard deviation.
Abbreviations: STL, subtotal laminectomy; FEL, full-endoscopic laminotomy; VAS, visual analogue scale; ODI, Oswestry Disability Index.

Table 3. Radiologic outcome.

STL FEL P-valuea

Preoperative LL (°) 49.5 ± 10.0 44.0 ± 9.4 .023
Postoperative LL (°) 52.0 ± 10.1 51.7 ± 7.3 .799
LL difference 2.5 ± 5.3 7.7 ± 7.4 .020
Preoperative SL (°) 18.6 ± 4.5 15.8 ± 4.8 .046
Postoperative SL (°) 20.9 ± 5.0 17.9 ± 5.4 .046
SL difference 2.3 ± 2.9 2.1 ± 2.7 .295
Preoperative DH (mm) 10.3 ± 2.2 9.8 ± 2.6 .540
Postoperative DH (mm) 9.8 ± 2.6 9.6 ± 2.6 .604
DH difference .5 ± 0.9 .2 ± 0.6 .076
Facet joint orientation (°) 39.6 ± 10.7 35 ± 10.8 .358
Facet joint preservation rate (%) 88.5 ± 7.3 93.3 ± 7.5 .019

aAll statistical analyses were performed by Mann–Whitney U test.
All results included in the table were expressed as mean ± standard deviation.
Abbreviations: STL, subtotal laminectomy; FEL, full-endoscopic laminotomy; LL, Lumbar lordosis; SL, Segmental lordosis; DH, Disc height; LL difference =
(postoperative LL – preoperative LL); SL difference = (postoperative SL – preoperative SL); DH difference = (preoperative DH – postoperative DH).
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postoperative LL – preoperative LL), it was confirmed that
lumbar lordosis improved by a significantly larger differ-
ence after surgery in the FEL group. We also investigated
the presence of preoperative spondylolisthesis on patients’
radiographs and iatrogenic spondylolisthesis after surgery.
Spondylolisthesis was defined as slippage of at least 2 mm
on imaging.

Fifteen of the 45 patients had preoperative spondylolis-
thesis (Table 4). Spondylolisthesis was exacerbated or newly
developed in five of 21 patients (24%), and no patient showed
improvement in slippage greater than 2 mm in the STL group
(Figure 4). In contrast, improvement in spondylolisthesis was
observed in two of 24 patients (8%), and no patient showed
slippage worsening more than 2 mm in the FEL group. The

degree of postoperative slippage decreased in two of 10 FEL
patients (20%) who showed preoperative spondylolisthesis,
including retrolisthesis (Figure 5).

In the STL group, the degree of slippage increased by an
average of 3.6 mm after surgery, and the difference was
statistically significant (P = .028). In the FEL group, a re-
duction of approximately 1 mm in slippage was observed after
surgery, but the difference was not statistically significant
(Table 5).

We also confirmed that the disc height of the STL group
and the FEL group decreased gradually from 10.3 and
9.8 mm, respectively, to 9.8 and 9.6 mm at the last follow-
up after surgery, which was not statistically significant
(Table 3).

Figure 3. Radiologic status assessment. Graph showing preoperative and postoperative mean LL (left), and SL (right) for both the STL (black)
and FEL (gray) groups. Footnotes* Wilcoxon signed-rank test was used** Significant difference, p-value < 0.005.STL, subtotal laminectomy;
FEL, full-endoscopic laminotomy; LL, Lumbar lordosis; SL, Segmental lordosis

Table 4. The changes in spondylolisthesis.

Group Preoperative Spondylolisthesis Postoperative Spondylolisthesis

1 STL None Grade II (13.7 mm)
2 STL None Grade I (5.1 mm)
3 STL None Grade I (2.6 mm)
4 STL 5.0 mm 9.2 mm
5 STL 8.6 mm 10.7 mm
6 STL 6.2 mm 6.8 mm
7 STL 4.9 mm 4.9 mm
8 STL 7.3 mm 7.3 mm
9 FEL 7.5 mm 5.0 mm
10a FEL 7.5 mm 5.5 mm
11 FEL 4.0 mm 4.0 mm
12 FEL 3.3 mm 4.7 mm
13 FEL 3.2 mm 1.7 mm
14 FEL 5.3 mm 5.2 mm
15 FEL 5.5 mm 5.7 mm
16 FEL 6.4 mm 6.4 mm
17 FEL 7.4 mm 6.0 mm
18 FEL 4.5 mm 3.1 mm

aRetrolisthesis case.
Abbreviations: STL, subtotal laminectomy; FEL, full-endoscopic laminotomy.
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We performed MRI scans after surgery and compared
them with preoperative images (Table 6). To check the
degree of dural sac expansion at the mid-disc level after
surgery, we measured the cross-sectional area (CSA) and
recorded the expansion rate compared to the preoperative

value. Among the 45 patients, postoperative MRI was
performed in 43 patients (one patient who could not be
taken for MRI owing to personal reasons and another, who
had an implantable pulse generator underwent a myelo CT
scan instead). For 35 patients (78%), MRI or myelo CT

Figure 4. One patient (serial number 3, subtotal laminectomy [STL] group) had no preoperative spondylolisthesis but grade I
spondylolisthesis is newly observed after surgery (From the left, preoperative, postoperative, 6 months, 1 year, 5 years later. In a separate,
visual analogue scale [VAS] back and leg, Oswestry Disability Index [ODI] improved from 6, 7, 52 to 0, 0, 4, respectively at the last follow-up).

Figure 5. In one case (serial number 27, full-endoscopic laminotomy [FEL] group), spondylolisthesis was present before surgery, but slight
improvement in spondylolisthesis is observed on serial follow-up images after surgery. (From the left, preoperative, postoperative,
3 months, 17 months later. In a separate, visual analogue scale [VAS] back, leg, and Oswestry Disability Index [ODI] improved from 2, 8, 52 to
3, 3, 14, respectively at the last follow-up).

Table 5. Comparison between groups: the changes in spondylolisthesis.

STL (n = 8)

P-valuea

FEL (n = 10)

P-valueaPreoperative Postoperative Preoperative Postoperative

Slippage (mm) 4.0 ± 3.5 7.6 ± 3.5 .028 5.7 ± 1.6 4.7 ± 1.6 .074
Difference 3.5 ± 4.5 �1.0 ± 1.4 0.009‡

aWilcoxon signed rank test was used for comparing changes between pre and postoperative score within groups.
Mann–Whitney U test was used for comparing changes within groups.
Abbreviations: STL, subtotal laminectomy; FEL, full-endoscopic laminotomy.
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scans were performed within 1 month. Due to personal
reasons, five patients underwent MRI within 3 months and
four between 1 and 2 years. In majority of the patients,
overall central canal widening was assessed to confirm
radiologic improvement based on the Schizas grade.18 In
both groups, the expansion of the CSA after surgery was
statistically significant. When comparing the average ex-
pansion rates, it was confirmed that the STL group in-
creased by approximately 51.1% more than the FEL group,
but it wasn’t statistically significant. In addition, early
complications, such as hematoma or recurrence, were
identified. The authors investigated the orientation of the
facet joint and facet preservation rate of the surgery
through a CT comparison before and after surgery
(Table 3). To confirm the orientation of the facet joint, the
measurement method was selected according to a previ-
ously published paper.19 The angles of the facet joints on
both sides were measured and the average value was ob-
tained. The angles of the facet joints in the STL group was
confirmed to be 39.6 ± 10.7 °and the FEL group was 35 ±
10.8 °. In addition, the preoperative and postoperative areas
of the facet joint were obtained and compared to determine
the facet joint preservation rate according to the surgical
method. The area of the inferior/superior articular process
in the axial CT image, based on the upper endplate of the
caudal level, was calculated. The facet preservation rate of
the STL group was 88.5 ± 7.3%, and that in the FEL group
was 93.3 ± 7.5%, and there was a statistically significant
difference between the two groups. (P = .019).

Complications

No dural tear occurred intraoperatively; however, some
complications occurred. One patient (serial number 18, FEL
group) was diagnosed with an asymptomatic hematoma on
postoperative MRI one day after the operation, but the he-
matoma resolved spontaneously on follow-up MRI 4 months
later. In one patient (serial number 25, FEL group), an
operation-level mismatch occurred, and repeat surgery was
performed. Acute embolic cerebral infarction occurred in one

patient (serial number 23, STL group), but there were no
persistent sequelae, and the patient was able to return to daily
living without disability. In one patient in the STL group
(serial number 43), an asymptomatic synovial cyst was
identified at the same level on an MRI 1 year later. Also, two
patients (1 from STL group and 1 from FEL group) underwent
fusion surgery during the follow-up period. One patient (serial
number 20, FEL group) received FEL for radiating pain in the
left leg in 2016. After this radicular pain improved, the patient
underwent fusion surgery after diagnosis of right foraminal
disc extrusion with newly developed radiating pain in the right
leg after 17 months (Figure 6). One patient (serial number 6,
STL group) underwent open decompression surgery in 2016;
after 2 years without pain, right leg pain reoccurred, for which
fusion surgery was conducted 4 years later.

Discussion

Over the past decade, minimally invasive decompressive
surgery has become popular for the treatment of various
lumbar spinal disorders. Studies using various techniques
have compared existing and new minimally invasive surgical
methods, andmany surgeons are now performing less invasive
surgery.20,21 However, randomized controlled trials are rela-
tively difficult to perform; hence, the actual number of studies
that can clearly suggest treatment directions for surgeons is
insufficient. In addition, there are studies comparing endo-
scopic and other surgical methods, but the number of ran-
domized controlled trials comparing conventional subtotal
laminectomy with endoscopic laminotomy is insufficient.

In this randomized controlled trial, which included 45
patients with single-level LSS, we compared the clinical
outcomes between classic open STL and FEL more than
6 months after surgery. Significant postoperative improve-
ments in low back and radiating pain, and ODI were confirmed
in both the groups and within groups. In addition, there was no
statistical difference in the degree of improvement after sur-
gery between the two groups, confirming that FEL had a
similar surgical effect as STL. In addition, the difference
between the two groups was confirmed in the postoperative

Table 6. The changes in central canal stenosis.

STL FEL

P-valuePreoperative Postoperative Preoperative Postoperative

Ba 4 (19%) 11 (55%) 3 (13%) 12 (55%)
Ca 13 (62%) 0 17 (72%) 2 (9%)
Da 4 (19%) 0 3 (13%) 0
CSA (mm2) 58.5 ± 21.6 119.0 ± 28.8 60.4 ± 22.5 102.8 ± 35.1 < .005b

CSA expansion rate (%) 234.7 ± 116.4 183.6 ± 14.7 .110‡

aThe degree of central canal stenosis was evaluated based on Schizas grade.
bWilcoxon signed rank test was used to confirm the CSA expansion effect of two surgeries.
Mann–Whitney U test was used for comparing changes between the two groups.
Abbreviations: STL, subtotal laminectomy; FEL, full-endoscopic laminotomy; CSA, cross-sectional area.
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length of stay, which was 1 day shorter for FEL than STL.
These results are consistent with the previous studies.14,22-25

However, we believe that the absence of a well-established
discharge protocol can lead to a risk of bias. Recording and
comparing postoperative progress, such as surgical site pain
immediately after surgery, is required to explain this differ-
ence, and omission of this comparison is a limitation of this
study.

The difference in lumbar lordosis after surgery was sig-
nificantly larger in the FEL group. This is probably because of
the large degree of improvement in sagittal alignment due to
relatively low preoperative lumbar lordosis in the FEL group.
Overall, lumbar lordosis and segmental angle increased after
surgery, and when the Wilcoxon signed rank test was per-
formed to determine significant differences in lumbar and
segmental lordosis after surgery in each group, postoperative
lumbar lordosis in the FEL group and segmental lordosis in
both groups increased significantly. This finding is consistent
with previously published studies.26-28 Hatakka et al.26 con-
cluded that decompression can have a small but statistically
significant effect on sagittal alignment, including lumbar
lordosis. However, they also reported that the clinical impact
of this effect was probably insignificant. Considering
studies28,29 that show a relationship between thoracolumbar
spine alignment and the clinical course, including back pain,
we believe that improvement of alignment is an indicator of
clinical improvement.

It is not clear why positive changes in the overall global
sagittal alignment were confirmed in both groups after surgery,
but we suspect that these changes were due to changes in
posture due to reduced pain. Additional studies focusing on
this outcome are needed to confirm the exact relationship and
provide evidence.

A few studies have analyzed the relational aspects of
spondylolisthesis and decompressive surgery.9,30 Here, we

attempted to indirectly confirm the benefits of FEL in light of
the finding that conventional subtotal laminectomy can
worsen spondylolisthesis. In this study, 15 of 45 patients had
mild spondylolisthesis, all of which involved less than 25%
slippage (Meyerding grade I). Majority of the patients ex-
perienced no aggravation of spondylolisthesis, but more than
2 mm of slippage aggravation was confirmed in five of 21
patients (24%) in the STL group. In addition, two patients in
the STL group had no preoperative spondylolisthesis but
developed grade I or II spondylolisthesis during the follow-up
period. On the other hand, slippage improved by more than
2 mm in two of 24 patients (8%) in the FEL group. The study
by Kim31 indicated that minimally invasive spine surgery for
lumbar decompression has advantages in terms of reducing
muscle crush injury and minimizing osseotendinous complex
disruption compared to conventional open surgery. In com-
parison of the facet joint preservation rates between the two
groups, it was confirmed that the rate was significantly higher
in the FEL group than in the STL group. Based on these
results, we hypothesized that endoscopic lumbar laminotomy
has an advantage over open subtotal laminectomy in terms of
preventing iatrogenic spondylolisthesis after surgery by
minimizing damage to facet joints and musculotendinous
structures. However, since the number of samples was small, a
study with a larger sample is needed.

In this study, complications occurring during the follow-up
period were described for all eligible patients. There were no
complications that resulted in fatal sequelae, and no significant
difference in complication rates between the two groups.

Study Limitations

The limitations of this study are as follows:1) the relatively
small sample size and as such these are preliminary results; 2)
a short follow-up period (mean follow-up duration was

Figure 6. A patient (serial number 20, full-endoscopic laminotomy [FEL] group) underwent FEL for the left leg radiating pain in 2016, which
improved; however, he had to undergo fusion surgery after diagnosis of right foraminal disc extrusion with newly developed right leg
radiating pain after 17 months. (A: preoperative magnetic resonance imaging, B: 17 months later, C: postoperative radiographs).
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19.8 months, but some patients whose symptoms improved
after surgery did not visit the hospital after 6 months); 3)
unknown degree of early postoperative surgical site pain or
difference in use of painkillers; and 4) unfortunately, the
authors made a single-level mismatch error in the endoscopy
group during this study. After a few days, surgery was per-
formed on the right segment that was originally planned to
correct this mistake, but this mistake will definitely affect the
results and is a major limitation of this study. Further studies
are required to address these limitations and reduce future
confusion regarding the establishment of surgical methods.

Conclusions

In summary, FEL showed clinical results similar to STL in
LSS, including the complication rate. In addition, the re-
sults of FEL were superior to those of STL in terms of a
decrease in the postoperative length of stay and radiologic
instability, such as iatrogenic spondylolisthesis. The results
of this study indicate that FEL is a comparable surgical
method to STL for LSS.
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