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Purpose: Compare the efficacy of full-endoscopic lumbar decompression surgery (FELDS)
and open decompression and fusion surgery (ODFS) for lumbar spinal stenosis (LSS).
Patients and Methods: A retrospective analysis of 358 LSS patients treated by FELDS
(“FELD” group) or ODFS (“open” group) was undertaken. There were 177 patients in the
FELDS group with a mean age of 65.47±9.26 years and 181 patients in the open group with
a mean age of 64.18±10.24 years. Duration of follow-up was 38.63±11.88 months in the
FELDS group and 38.56±12.29 months in the open group. Visual analog scale (VAS) score,
Oswestry Disability Index (ODI), and Modified MacNab criteria were used to access clinical
outcomes. Surgical outcomes (duration of surgical procedure, blood loss, complications,
duration of postoperative hospital stay (DOPHS), prevalence of revision procedures) were
evaluated. Magnetic resonance imaging was used to evaluate the change in the Pfirrmann
grade at adjacent segments.
Results: VAS score (leg and back) and ODI improved significantly in both groups
(P<0.001). Success rate reached 86.55% and 90.60% in the FELDS group and open group
(P>0.05), respectively. Procedure duration (84.12 vs 112.08 min), blood loss (7.97 vs
279.67 mL), and DOPHS (2.68 vs 4.78 days) of the FELDS group were significantly better
than those of the open group (P<0.05). Total prevalence of complications and procedure
revisions was 14.69% and 10.73% in the FELD group, respectively, but did not show
a significant difference with that in the open group (12.15% and 9.39%, respectively). The
Pfirrmann grade increased in 13.04% of adjacent segments in the FELDS group, significantly
better than that in the open group (32.67%) (P<0.05).
Conclusion: FELDS had the same efficacy as ODFS for LSS treatment. FELDS had the
advantages of minimal invasiveness, less surgical trauma, rapid recovery, and lower risk of
degeneration of adjacent segments compared with that of ODFS.
Keywords: lumbar spinal stenosis, full-endoscopic lumbar decompression, fusion, clinical
outcome, adjacent segments degeneration
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Lumbar spinal stenosis (LSS) is caused by gradual degenerative changes of the
lumbar spine. These include hypertrophy of facet joints and ligamentum flavum,
disk herniation, collapse of the intervertebral space, and osteophyte formation.1–3
LSS can result in pain in the lower back, leg, as well as intermittent claudication
that can seriously affect the daily life of patients.1,3,4 Studies have shown that
surgical treatment is better than conservative treatment if patients are selected
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carefully.5,6 With the prolonged life expectancy and
increased number of older people in developed countries,
LSS has become the most common indication for spinal
surgery among older people.3,7
Open decompression and fusion surgery (ODFS) is
considered the “gold standard” treatment for LSS.8,9
However, it carries some disadvantages: surgical trauma,
complications related to screws and cages, and degenera
tion of adjacent spinal segments.3,10 More minimally inva
sive surgical treatments are required for LSS.
Full-endoscopic
lumbar-decompression
surgery
(FELDS) has several advantages: minimally invasive,
less surgical trauma, can be undertaken under local
anesthesia, rapid postoperative recovery and, theoretically,
non-degeneration of adjacent spinal segments.11–14 In
recent years, with the development of surgical methods
and instruments, FELDS has been used for LSS
treatment.12,14 However, there have been three main con
cerns about FELDS application for LSS: (i) whether the
extent of decompression is sufficient to achieve satisfac
tory clinical outcomes; (ii) decompression without fusion
might cause instability of the lumbar spine and influence
clinical efficacy; (iii) whether degeneration of adjacent
spinal segments is prevented.
Few studies have compared FELDS and ODFS for LSS
treatment. We aimed to evaluate and compare the safety and
efficacy of FELDS and ODFS for LSS treatment. The 3-year
follow-up outcomes of FELDS and ODFS for LSS were
compared. Furthermore, changes in degeneration of adjacent
spinal segments in the two groups were compared.

Patients and Methods
Ethical Approval of the Study
This study was conducted according to the Declaration of
Helsinki and approved by the Peking University Third
Hospital Medical Science Research Ethics Committee
(approval number: IRB00006761-M2020022). The written
informed consent was waived due to the retrospective
nature of the review, and the data was anonymized.

Exclusion Criteria
The exclusion criteria were: (i) symptoms caused only by
herniation of lumbar disks; (ii) instability at responsibility
level; (iii) grade-D stenosis of a lumbar central canal;15
(iv) isthmic lumbar spondylolisthesis or degree of degen
erative lumbar spondylolisthesis >1; (v) concomitant con
ditions affecting the lumbar spine (fracture, infection,
tumor, or neurological disease).

Study Design
This was a retrospective propensity score-matched study
comparing the efficacy of LSS treatment using FELDS
(“FELDS group”) and OFDS (“open group”). Patients
who met the inclusion and exclusion criteria were enrolled
in the study between 1 January 2015 and
31 December 2018.

Data Collection
Preoperative clinical-evaluation data and radiologicalevaluation data were collected during hospitalization.
Postoperative clinical-evaluation data and radiologicalevaluation data were collected through telephone question
aries and in the outpatient setting during follow-up.

Outcome Measurement
Clinical Evaluation
A visual analog scale (VAS),16 Oswestry Disability Index
(ODI),17 and Modified MacNab criteria were used to
access clinical outcomes. The VAS score and ODI were
evaluated at baseline, as well as at 3, 6, 12, 24, and 36
months (final follow-up). The modified MacNab criteria
were evaluated at the final follow-up. Procedure-related
measures (procedure duration, blood loss, complications,
1-day postoperative VAS score, duration of postoperative
hospital stay (DOPHS), and prevalence of revision proce
dures) were evaluated.

Radiological Evaluation
The grade of degeneration of the adjacent level was eval
uated by magnetic resonance imaging (MRI) preopera
tively and at the final follow-up according to the
Pfirrmann grade.18

Inclusion Criteria
The inclusion criteria were: (i) age >18 years; (ii) diag
nosis of LSS (including stenosis of the central canal,
lateral recess, or foramen); (iii) single level was affected;
(iv) symptoms with no relief from conservative treatment
for ≥12 weeks.
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Surgical Procedure
FELDS Group
Surgery was undertaken under local anesthesia. Patients were
placed in a lateral position for the transforaminal approach,
or placed prone for the interlaminar approach (Figure 1). The
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Figure 1 Unilateral laminotomy bilateral decompression via the posterior approach (schematic). The sequence of bony decompression was the ipsilateral lower lamina,
upper spinous, contralateral lower lamina, ipsilateral lateral recess, lower spinous, and contralateral lateral recess.

operating level and entry point were guided by fluoroscopy.
An 18-G spinal needle was inserted to the superior articular
process or posterior to the interlaminar ligamentum flavum.
A guidewire, a series of obturators, working cannula, and the
endoscope system were inserted in sequence. Decompression
of the foramen, lateral recesses, and central canal were car
ried out according to the stenosis (Figure 2).

Open Group
Surgery was undertaken under general anesthesia. Patients
were placed prone. After exposure to the lamina, a pedicle
screw was inserted. Decompression (laminectomy, resec
tion of lateral recesses, and foraminotomy) was done
according to the stenosis. Interbody fusion and posterolat
eral fusion were undertaken.

Matching of Propensity Scores
Matching of propensity scores was carried out to minimize
a selection bias between the FELDS group and open group
at baseline. The factors of propensity-score matching were
age, sex, LSS duration, and the affected level. According to
a suggestion in a previous study, the caliper width was set to

0.2.19 Cases in the FELDS group were matched in a 1:1 ratio
to those in the open group based on the propensity score.

Statistical Analyses
For variables measured at baseline and follow-up (VAS
score and ODI), the paired Student’s t-test was used for
variables with a normal distribution. Non-parametric tests
were used for variables with a non-normal distribution.
For comparison between the two groups, the Student’s
t-test was employed for variables with a normal distribution,
and the Mann–Whitney U-test was employed for variables
with a non-normal distribution. The chi-square test or
Fisher’s exact test were used for categorical variables.
Statistical analyses were conducted using SPSS 22.0 (IBM,
Armonk, NY, USA). P < 0.05 was considered significant.

Results
Baseline Data
A total of 207 patients in the FELDS group and 694
patients in the open group met the inclusion and exclusion
criteria. All 207 patients in the FELDS group could be

Figure 2 Sufficient neural decompression of full-endoscopic unilateral laminotomy bilateral decompression of L4/5. (A) Intraoperative endoscopic view of the dorsal side of
neural decompression. (B) Intraoperative endoscopic view of the ventral side of neural decompression. (C) Postoperative CT (axial). (D) Postoperative CT (sagittal).
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Table 1 Baseline Data in 2 Groups
Endoscopy Group

Open Group

Test Value

P value

177

181

65.47±9.26

64.18±10.24

1.257

0.210

103/74

100/81

0.316

0.575

Duration of disease(mo)

52.63±61.07

53.78±67.26

0.170

0.865

Follow-up period(mo)

38.63±11.88

38.56±12.29

0.056

0.210

1.479

0.139

0
4

3
6

0.330

0.565

n
Age(yrs)
Male/Female

Level
L1/L2
L2/L3
L3/L4

25

6

L4/L5
L5/S1

115
33

129
37

85.51%

87.44%

Follow-up rate

Note: Significance difference (p<0.05).
Abbreviations: Endoscopy group, full-endoscopic lumbar decompression; Open group, open decompression and fusion; yrs, years; mo, months.

matched (1:1) to patients in the open group. A total of 177
patients (85.51%) in the FELDS group and 181 patients
(87.44%) in the open group who completed final follow-up
were enrolled in our study.
In the FELDS group, the mean age was 65.47±9.26 years,
the mean duration of LSS was 52.63±61.07 months, and the
mean duration of follow-up was 38.63±11.88 months. In the
open group, the mean age was 64.18±10.24 years, the mean
duration of LSS was 53.78±67.26 months, and the mean
duration of follow-up was 38.56±12.29 months. The differ
ence in data at baseline (age, sex, LSS duration, follow-up
period, affected level, and percentage of cases followed up)
in the two groups was not significant (Table 1).

Surgical Results
Compared with the open group, the FELDS group had
a significantly reduced duration of the surgical procedure
(84.12 vs 112.08 min), blood loss (7.97 vs 279.67 mL), and
DOPHS (2.68 vs 4.78 days). The overall prevalence of com
plications in the FELDS group was 14.69% (26 cases): new
neurological deficit (seven), postoperative dysesthesia (15),
wound infection (one), and dura tear (three). The overall pre
valence of complications in the open group was 12.15% (22
cases): new neurological deficit (four), postoperative dysesthe
sia (11), wound infection (four), postoperative hematoma
(one), implant-related (one), and dura tear (one). The preva
lence of a revision procedure in the FELDS group was 10.73%
(19 cases): insufficient decompression (three), new neurologi
cal symptoms caused by the adjacent level (seven), and new
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neurological symptoms caused by the index level (nine). The
prevalence of a revision procedure in the open group was
9.39% (17 cases): postoperative hematoma (one), insufficient
decompression (one), wound infection (two), and new neuro
logical symptoms caused by the adjacent level (13). The dif
ference in the total prevalence of complications (14.69% vs
12.15%) and revision of the procedure (10.73% vs 9.39%) in
the two groups was not significant (Table 2).

Clinical Outcomes
The preoperative VAS score for leg pain in the FELDS group
(6.46±0.94) and open group (6.72±0.92) improved signifi
cantly at 1 day (2.98±0.72 and 2.94±0.75), 3 months (2.71
±0.90 and 2.62±0.93), 6 months (2.38±0.90 and 2.17±1.05), 12
months (2.16±0.94 and 2.11±1.04), and 24 months (2.16±0.92
and 2.11±1.03) after the procedure, and at the final follow-up
(2.15±0.92 and 2.11±1.03) (P < 0.001 for all) (Figure 3A). The
preoperative VAS score for back pain decreased significantly
from 3.73±1.10 to 1.97±0.80, 2.37±0.72, 2.15±0.70, 2.11
±0.70, 2.11±0.71, and 2.12±0.70 in the FELDS group, and
decreased from 3.85±1.09 to 2.57±0.74, 2.45±0.68, 2.18±0.76,
2.14±0.75, 2.13±0.74, and 2.12±0.72 in the open group, at
1 day as well as 3, 6, 12, and 24 months after the procedure,
and at the final follow-up (P < 0.001 for all) (Figure 3B). The
preoperative ODI in the FELDS group (51.60%±6.49%) and
open group (51.92%±6.77%) improved significantly at 3
months (28.18%±4.53% and 30.08%±4.63%), 6 months
(26.06%±4.48% and 26.82%±4.22%), 12 months (25.62%
±4.43% and 25.82%±4.39%), and 24 months (25.52%
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Table 2 Surgical Outcomes in 2 Groups
FELD Group

Open Group

Test Value

P value

Operative time(min)

84.12±29.91

112.08±32.18

8.512

P<0.001

Blood loss(mL)

7.97±4.98

279.67±151.58

24.101

P<0.001

Postoperative hospital stay(d)

2.68±1.41

4.78±1.60

13.187

P<0.001

Complication

26(14.69%)

22(12.15%)

0.495

0.482

Re-operation

19(10.73%)

17(9.39%)

0.178

0.673

Note: Significance difference (p<0.05).
Abbreviations: FELD group, full-endoscopic lumbar decompression; Open group, open decompression and fusion; d, day; min, minute; mL, milliliter.

±4.39% and 25.82%±4.43%) after the procedure, and at the
final follow-up (25.52%±4.39% and 25.82%±4.43%) (P <
0.001 for all) (Figure 3C). The difference in the VAS score
(back and leg) and ODI in the two groups was below the
minimum clinically important difference.20
The difference in the preoperative VAS score (leg pain)
(t = 2.590, P = 0.010), VAS score (back pain) 1 day after
the procedure (t = 7.458, P < 0.001), VAS score (leg pain)
6 months after the procedure (t = 2.002, P = 0.046), and

ODI 3 months after the procedure (t = 3.939, P < 0.001)
between the two groups was significant.
At the final follow-up, according to the modified
MacNab criteria, the success rate (“excellent” and
“good” outcomes) reached 86.55% (148 cases) in the
FELDS group, and 90.60% (164 cases) in the open
group (Figure 3D). The difference in the score according
to the modified MacNab criteria in the two groups was not
significant.

Figure 3 Clinical outcomes in the two groups. (A) VAS score (leg pain). (B) VAS score (back pain). (C) ODI was improved significantly in both groups. (D) Modified
MacNab criteria of the two groups.
Abbreviations: Endo, FELDS group; Open, open group; Pre OP, preoperatively; d, daypostoperatively; m, month postoperatively; FU, follow-up.
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Radiological Outcomes
Forty-eight patients (92 adjacent spinal segments) in the
FELDS group and 53 patients in the open group (101
adjacent segments) completed MRI examination. At the
final follow-up, the Pfirrmann grade increased in 12 seg
ments (13.04%) in the FELDS group, and 33 segments
(32.67%) in the open group. The difference between the
two groups was significant (χ2 = 10.376, P = 0.01).

Discussion
FELDS for LSS
Application of FELDS used to be limited for herniation of
soft disks. In recent years, with the development of surgical
skills and instruments, FELDS has been used to treat
LSS.11,21 Lateral or posterolateral approaches, including
transforaminal and extraforaminal full-endoscopic lumbar
decompression, were employed mainly for lateral-recess ste
noses and foraminal stenoses. The posterior approach, includ
ing unilateral laminotomy bilateral decompression and
interlaminar full-endoscopic lumbar decompression, was sui
table for stenoses of the central canal and lateral recess.
McGrath et al22 reported the 1-year follow-up out
comes of 45 patients who underwent minimally invasive
laminectomy and 50 patients who underwent FELDS for
LSS. They discovered that FELDS had the same efficacy
as that of minimally invasive laminectomy. Calvin et al12
compared the long-term efficacy of unilateral laminotomy
for bilateral decompression and fusion surgery for LSS
and degenerative spondylolisthesis. They showed that the
two methods had similar efficacy, and that the prevalence
of reoperation was lower in the group that underwent
unilateral laminotomy for bilateral decompression.
We undertook a large sample, propensity scorematched cohort study comparing the long-term efficacy
of FELDS and conventional ODFS for LSS. The 3-year
follow-up outcomes of 177 patients who underwent
FELDS and 181 patients who underwent ODFS showed
that FELDS had the same efficacy as that of ODFS, and
could decrease the development of degeneration of adja
cent segments.

Clinical and Radiological Outcomes
In our study, early, mid-term, and long-term postoperative
VAS scores (back and leg) and ODI showed considerable
improvement in both groups. According to the modified
MacNab criteria, the success rate (excellent and good out
comes) was >85% in both groups. The VAS scores (back
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and leg) and ODI 1 year after surgery showed no signifi
cant difference between the two groups. These clinical
outcomes demonstrated that the endoscopic decompres
sion surgery used for LSS had satisfactory mid-term and
long-term efficacy.
Although the mid- and long-term clinical outcomes were
similar in the two groups, the immediate and early postopera
tive outcomes were different. Compared with ODFS, FELDS
reduced back pain immediately and significantly, and
improved the quality of life at the early stage after the proce
dure. This might have resulted from the reduced surgical
trauma and rapid recovery after FELDS. These clinical out
comes were similar to those reported previously that compared
endoscopic decompression surgery and other types of surgical
procedures for LSS.23,24 We also found that recovery from leg
pain was quicker at the early stage after the procedure in the
open group. This might have been caused by the shorter time of
waistline protection and rapid return to normal activities of
cases in the FELDS group. However, the results at ≥1 year
showed the relief from leg pain in the two groups to be similar.
The results for back pain also demonstrated that FELDS
did not lead to symptomatic spinal instability.25,26 The radi
ological outcomes also showed that, compared with ODFS,
FELDS could prevent degeneration of adjacent segments. The
mean duration of the procedure, DOPHS, and blood loss in the
FELDS group were better than those in the open group.

Complications and Influencing Factors
There are several concerns about the potential complications of
FELDS for LSS. Some surgeons are concerned that the limited
visualization of the dura and nerve roots as well as the rela
tively narrow operative space might lead to dura tears, iatro
genic neural injuries, and insufficient decompression.27,28 In
our study, the total prevalence of complications in the FELDS
group (14.69%) was similar to that in the open group (12.15%).
The prevalence of revision procedures was 10.73% in the
FELDS group, which was not significantly different to that in
the open group.
The total prevalence of complications and revision proce
dures was similar to that reported previously.12,24,29,30 The
success rate of FELDS reached 86.55%, which was similar
to that for ODFS. Furthermore, we undertook FELDS to treat
LSS at a relatively earlier phase; a lack of experience and
appropriate instruments could lead to a prolonged procedure,
neural injury, and insufficient decompression. Moreover, as
pointed out previously, FELDS has a steep learning curve
(especially in the early stage of learning).31 In our study,
most complications and revisions occurred in the early stage.
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However, with the accumulation of experience and the devel
opment of instruments (including visualized burrs and
trephines32,33), efficient and adequate decompression could
be achieved. The success rate of FELDS for LSS after the
early stage of learning could be >86.55%. The relatively nar
row surgical field of FELDS increased the difficulty of the
procedure. Besides, bony decompression under the endoscope
angle can hamper the manipulation of endoscopic instruments,
which could result in neurovascular injury and insufficient
decompression, especially at the early stage of learning.

Limitations
Our study had three main limitations. First, the prevalence
of radiological follow-up was relatively low. Due to the
pandemic of coronavirus disease-19, many patients were
unwilling to return to hospital to complete the radiological
evaluation. Second, the different endoscopic approaches
(transforaminal and interlaminar) and kinds of stenosis
(foraminal, lateral recess and central) were included in
the study, which might have influenced the final results.
However, compared with ODFS, the overall efficacy of
FELDS was satisfactory. Third, this was a retrospective
study and not randomized. Although we matched propen
sity scores to balance the baseline, there was some selec
tion bias between the two groups at baseline. Large-sample
randomized controlled trials will be needed to evaluate the
efficacy of FELDS for LSS.

Conclusions
FELDS is a safe and efficacious treatment for LSS. Our
3-year follow-up results showed that FELDS had the same
efficacy as ODFS for LSS treatment. Compared with
ODFS, FELDS was minimally invasive, led to rapid
recovery, caused less surgical trauma, had a shorter dura
tion, and could prevent degeneration of adjacent segments.
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