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* Objective: This study aimed to systematically review the literature for comparative and
non-comparative studies reporting on clinical outcomes of patients with lumbar foraminal >
stenosis treated by either endoscopic foraminotomy or fusion.

* Methods: In adherence with Preferred Reporting Items for Systematic reviews and Meta-
Analyses guidelines, a literature search was done on January 17, 2022, using Medline
and Embase. Clinical studies were eligible if they reported outcomes following fusion
or endoscopic foraminotomy, in patients with primary lumbar foraminal stenosis. Two
independent reviewers screened titles, abstracts, and full-texts to determine eligibility;
performed data extraction; and assessed the quality of eligible studies according to the

Joanna Briggs Institute (JBI) checklist.

* Results: The search returned 827 records; 266 were duplicates, 538 were excluded after
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title/abstract/full-text screening, and 23 were eligible, with 16 case series reporting on
endoscopic foraminotomy, 7 case series reporting on fusion, and no comparative studies.
The |BI checklist indicated that 21 studies scored >4 points. When comparing endoscopic
foraminotomy to fusion, pooled data revealed reduced operative time (69 vs 119 min,

P < 0.01) but similar Oswestry disability index (19 vs 20, P=0.67), lower back pain (2

vs 2, P=0.11), leg pain (2 vs 2, P=0.15), complication rates (10% vs 5%, P=0.22), and
reoperation rates (5% vs 0%, P=0.16). The proportions of patients with good/excellent
MacNab criteria were similar for endoscopic foraminotomy and fusion (82-91% vs

85-91%).

* Conclusions: There were high heterogeneity and no significant differences in clinical
outcomes, complication rates, and reoperation rates between endoscopic foraminotomy

and fusion for the treatment of lumbar foraminal stenosis; although endoscopic

foraminotomy has reduced operative time.
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Introduction

Endoscopic surgery is gaining popularity for spinal
procedures, with a number of systematic reviews
demonstrating satisfactory outcomes and considerable
benefits of endoscopic lumbar discectomy (1), as well
as endoscopic cervical discectomy and decompression
(2, 3). Endoscopy is also used to treat lumbar foraminal
stenosis, although the best treatment for this indication
remains unclear, and fusion remains commonly used.

Arecent meta-analysis by Giordan et al. (4) synthesized
the literature reporting outcomes of endoscopic
lumbar foraminotomy and reported satisfactory results
after pooling of complications, revisions, and clinical
improvements. Giordan et al. included 14 case series
and did not identify any studies that directly compared
the outcomes of endoscopic foraminotomy vs fusion for
lumbar foraminal stenosis, and the outcomes pooled
were limited to binary events such as complications and
revisions. It therefore remains unclear whether endoscopic
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foraminotomy has equivalent or superior outcomes
compared to fusion, and whether the additional costs and
complexity are justified.

At the authors’ clinic, foraminal stenosis has been
routinely treated by fusion. Two years ago, the authors
started performing endoscopic surgery to treat a variety of
indications, including foraminal stenosis; we are therefore
interested in understanding if there are differences in
outcomes between these two surgeries. The purpose of this
meta-analysis was to systematically review the literature
for comparative and non-comparative studies reporting
on the clinical outcomes of patients with lumbar foraminal
stenosis treated by either endoscopic foraminotomy or
fusion. The hypothesis was that endoscopic foraminotomy
and fusion produce equivalent postoperative Oswestry
disability index (ODI), postoperative lower back or leg
pain, and MacNab criteria.

Materials and methods

This systematic review was performed according to the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) criteria and registered with PROSPERO
prior to commencement of the study (CRD42022302028).

Search strategy

An electronic literature search was conducted on January
17,2022, using Medline (PubMed) and Embase. The search
strategy was based on the following key terms: lumbar
foraminal stenosis, fusion, and endoscopic foraminotomy
(Supplemental file, see section on supplementary
materials given at the end of this article).

Selection criteria

Duplicate articles were removed and then titles and
abstracts were screened independently by two readers
(MVK, SRP) to determine their relevance in accordance
with the following eligibility criteria:

Inclusion criteria:

* comparative and non-comparative studies that report
outcomes of interest following fusion, endoscopic
foraminotomy, or combined endoscopic foraminotomy
and discectomy, in patients with primary lumbar
foraminal stenosis (with or without lateral recess stenosis,
disc herniation, disc degeneration, spondylolisthesis, or
scoliosis) and

* studies that report at least one of the following outcomes
of interest: postoperative ODI, postoperative lower back
or leg pain on visual analog scale (VAS) or numerical
rating scale (NRS), and/or MacNab criteria.

Exclusion criteria:
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e studies that report on patients who have additional
concomitant conditions other than lateral recess stenosis,
disc herniation, disc degeneration, spondylolisthesis, or
scoliosis,

e studies that report on patients with secondary lumbar
foraminal stenosis following fusion surgery,

* studies on animals and computer simulations,

e studies published in languages other than English, due
to a lack of confidence of the researchers in analysis in
other languages;

e studies published more than 15 years ago, due to
advancements in surgical techniques and medical
devices, and

* narrative or systematic reviews, meta-analyses, editorials,
and expert opinions.

Full-text versions of the articles were retrieved if they were
found to be relevant, or if the title and abstract did not
provide sufficient information to establish final eligibility,
and these were screened independently by two readers
(MVK, SRP). Any disagreement between readers was
solved by review and consensus.

Data extraction and quality assessment

The following characteristics were extracted from the
included studies independently by two readers (MVK,
SRP): lead author, year of publication, journal, study
design, ethical approval, conflicts of interest, time
period during which surgeries occurred, country, main
indication for surgery, other indications, type of surgery,
cohort size, age, gender distribution, intraoperative
parameters, follow-up time, clinical outcomes,
complication rate, and reoperation rate. Extracted
data were compared between the two readers, and
if discrepancies were found, consensus was achieved
through review and discussion. Where two or more
studies were based on the same patient population,
the longest follow-up and/or most complete data were
presented, and shorter follow-up and/or incomplete
data were disregarded. When relevant data were missing
from the included articles, the authors were each
contacted up to three times by email, LinkedIn, and/or
Research Gate, to request missing data.

The methodological quality of the studies was
assessed according to the Joanna Briggs Institute (JBI)
clinical appraisal tools checklist for case series (5) and
cohort studies (6). The cohort study checklist was
modified by removing question 6 ‘were the groups/
participants free of the outcome at the start of the study
(or atthe moment of exposure)?’ as it was not applicable
for any of the included studies. Thus, a score of 10 points
on the JBI checklist indicated high quality/low risk of
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bias, while a score of 0 points indicated poor quality/
high risk of bias. Any discrepancies in appraisal were
resolved through discussion and consensus between the
two readers.

Statistical analysis

When available in the original articles, outcomes were
tabulated: continuous outcomes were reported as
means, S.D., and ranges, while categorical outcomes
were reported as proportions. Operative time,
postoperative ODI, postoperative pain on VAS/NRS,
complication rates, and reoperation rates were the only
outcomes consistently reported across studies, for which
forest plots were created on pooled data. Since outcome
measures can depend on follow-up, they were presented
separately for short- (mean follow-up <2 years) and mid-
(mean follow-up 2—6 years) term findings. Heterogeneity
was evaluated by visual inspection of forest plots,
and using the 12 statistic and its connected x? test, to
provide a measure of the degree of inconsistency across
studies (7). Pooled estimates of raw means and their
95% Cl were calculated using a random-effects model
framework. Pooled estimates of proportions and their
95% Cls were calculated via Freeman—Tukey double
arcsine transformation using inverse-variance weighting
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within a random-effects model framework. In cases

where the range was available, but the s.n. was not,
the latter was calculated according to Hozo et al. (8)
P-values <0.05 were considered statistically significant.
Statistical analyses were performed using R version 4.1.3
(R Foundation for Statistical Computing, Vienna, Austria)
using the meta package.

Results

Literature search

The electronic literature search identified 827 references,
of which 266 were duplicates (Fig. 1). The titles and
abstracts of the remaining 561 references were screened,
and 506 were excluded because they did not meet the
inclusion criteria. The remaining 55 articles underwent
full-text screening, of which a further 28 articles were
excluded because 17 (9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25) were on patients with
foraminal stenosis and an excluded indication, 4 (26,
27, 28, 29) were on open decompression, 3 (30, 31,
32) reported no outcomes of interest, 2 (33, 34) were
letters to editors or surgical technique notes, 1 (35) was
on foraminal stenosis secondary to fusion surgery, and
1 (36) was on a combination of 2 or more procedures. A

266 Duplicates removed

506 Articles excluded based on title and abstract screening

28 Articles excluded based on full-text screening:

- Indication is foraminal stenosis and an excluded indication (n=17)
- Open decompression (n=4)

- No outcomes of interest (n=3)

- Letter to the editor / Surgical technique note (n=2)

- Foraminal stenosis secondary to fusion surgery (n=1)

- Combination of 2 or more procedures (n=1)

1 Article excluded because it was on a subset of a larger cohort

3 Articles excluded because the outcomes of interest were presented
graphically or as net changes, but they did not present specific
postoperative values (the authors were contacted at least three times
but none responded).

g 827 Potentially relevant articles after initial literature search
= - Articles from Medline (n=364)
2 - Articles from Embase (n=463)
=}
|
E |
561 Titles and abstracts assessed for eligibility
o0
.8
3
5 !
A |
A
55 Full text articles reviewed
g
2
o2
=i
o
Q
<
=
2 o . o .
— 23 Articles included in qualitative synthesis
Figure 1

Flowchart of the study selection procedure.
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Table 1 Continued.

Ethical

Specific surgery

Other indication

Main indication

Country

approval Col Time period

No

Study design

Reference

ALIF with instrumented

Foraminal stenosis and isthmic

Korea
spondylolisthesis

November 2002—
January 2008

None

Retrospective

Shim et al. (57)

posterolateral fusion, or ALIF with
percutaneous pedicle screw

fixation
ALIF

DDD,

Korea Foraminal stenosis

December 2004—

Retrospective

Cho et al. (46)

spondylolisthesis,
herniated disc

December 2007

Stand-alone PLIF

Foraminal and lateral recess

stenosis

Korea

January 2004—

Retrospective

Park et al. (55)

September 2007

ALIF, anterior lumbar interbody fusion; ASD, adjacent segment disease; COI, conflicts of interest; DDD, degenerative disc disease; PLIF, posterior lumbar interbody fusion; TLIF, transforaminal lumbar

interbody fusion; XLIF, extreme lumbar interbody fusion.
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further four articles were excluded because one (37) was
on a subset of a larger cohort (38), and three (39, 40, 41)
presented the outcomes of interest graphically or as net
changes but did not present specific postoperative values
(the authors were contacted at least three times but none
responded).

A total of 23 articles (38, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63)
were eligible for data extraction, all of which reported
on clinical outcomes of patients with lumbar foraminal
stenosis treated by either endoscopic foraminotomy or
fusion.

Characteristics of the included studies

Of the 23 included studies, 16 (38, 42, 43, 44, 47, 49, 50,
51, 52, 53, 54, 56, 59, 61, 62, 63) reported outcomes of
endoscopic foraminotomy and 7 (45, 46, 48, 55, 57, 58,
60) reported outcomes of fusion, but none compared
endoscopic foraminotomy vs fusion (Table 1). Studies
on endoscopic foraminotomy reported on procedures
performed between 2009 and 2020 in Asia (n =14) and
America (n=2), while studies on fusion reported on
procedures performed between 2002 and 2019 in Asia
(n=5), America (n=1), and Europe (n=1). For studies
on endoscopic foraminotomy, the main indication
for surgery was isolated foraminal stenosis (n=12),
foraminal or extraforaminal stenosis (n=1), coexisting
foraminal, extraforaminal and lateral recess stenosis
(n=1), foraminal stenosis with lateral recess stenosis
at the level below the foraminal stenosis (n=1), and
foraminal stenosis with coronal deformity >10° (n=1).
For studies on fusion, the main indication for surgery
was isolated foraminal stenosis (n=4), foraminal stenosis
with spondylolisthesis (n=2), and coexisting foraminal
and lateral recess stenosis (n =1).

Studies on endoscopic foraminotomy included the
following surgical techniques: uniportal outside-in
extraforaminal approach (n=9), both outside-inandinside-
out uniportal extraforaminal approaches (n=1), uniportal
translaminar approach (n=2), biportal extraforaminal
approach (n=2), biportal decompression of exiting and
traversing nerve roots through an interlaminar window
(n=1), and not specified (n=1). Studies on fusion
included the following surgical techniques: anterior
lumbar interbody fusion (ALIF) (n=4), posterior lumbar
interbody fusion (PLIF) (n=1), transforaminal lumbar
interbody fusion (TLIF) (n=1), and extreme lumbar
interbody fusion (XLIF) (n=1).

Quality assessment using the |Bl 10-point checklist
indicated that 16 studies (38, 42, 43, 44, 45, 46, 47, 48,
49, 52, 54, 57, 58, 59, 61, 63) scored >7 points, 5 studies
(51, 55, 56, 60, 62) scored between 4 and 6 points, while
2 studies (50, 53) scored <3 points (Table 2).

www.efortopenreviews.org
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Operative time

Operative time was reported in 12 studies (42, 43,
44, 47, 49, 50, 51, 52, 56, 59, 61, 62) on endoscopic
foraminotomy and 3 studies (55, 57, 58) on fusion. The
pooled data revealed significantly shorter operative time
for endoscopic foraminotomy compared to fusion (69 min
vs 119 min, P < 0.01) (Table 3, Fig. 2).

MacNab criteria

MacNab criteria were reported in ten studies (42, 43, 50,
51, 52, 54, 56, 59, 61, 62) on endoscopic foraminotomy
and one study (57) on fusion (Table 4). In the short term,
the proportions of patients with good or excellent MacNab
criteria were 81-100% for endoscopic foraminotomy (not
reported for fusion). In the mid term, the proportions
of patients with good or excellent MacNab criteria were
similar for endoscopic foraminotomy and fusion (82-91%
vs 85-91%).

SPINE

Oswestry disability index

Postoperative ODI was reported in 12 studies (38, 42,
43, 44, 47, 51, 52, 53, 56, 59, 61, 63) on endoscopic
foraminotomy and 5 studies (45, 46, 48, 55, 58) on fusion
(Table 4). In the short term, the pooled data revealed an
ODI of 18 for endoscopic foraminotomy (not reported for
fusion). In the mid term, the pooled data revealed similar
ODI for endoscopic foraminotomy and fusion (19 vs 20,
P=0.67) (Fig. 3).

Lower back pain

Six studies (42, 43, 51, 53, 54, 61) on endoscopic
foraminotomy and six studies (45, 46, 48, 57, 58, 60) on
fusion reported postoperative lower back pain on VAS/
NRS (Table 4). There were no significant differences in
lower back pain in the short term (2 vs 3, P=0.13) or in
the mid term (2 vs 2, P=0.11) (Fig. 4).

Table 2 Quality assessment using the Joanna Briggs Institute (JBI) critical appraisal tools.

Assessment questions*

References 1 2 3 4 5 6 7 8 9 10

Case series
Cofano et al. (48) Yes Unclear Unclear Yes Yes Yes Yes Yes Yes Yes
Kim et al. (51) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Song et al. (59) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Yang et al. (61) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Murata et al. (54) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Yoo et al. (63) Yes Yes Yes Yes Yes Yes Yes Yes Yes No
Youn et al. (38) Yes Unclear Unclear Yes Yes Yes Yes No Yes Yes
Akbary et al. (44) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Chung et al. (47) Yes Unclear Unclear Yes Yes Yes Yes Yes Yes Yes
Ishibashi et al. (49) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kim & Choi (50) No Unclear Unclear Yes Unclear No No No Yes No
Kim et al. (51) Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes Yes
Ahn et al. (42) Yes Unclear Unclear Yes Yes Yes Yes Yes Yes Yes
Madhavan et al. (53) No Unclear Unclear Unclear Unclear Yes No Yes No Yes
Alimi et al. (45) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Ahn et al. (43) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Shin et al. (58) Yes Unclear Unclear Yes Yes Yes Yes Yes Yes Yes
Cho et al. (46) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Park et al. (55) Yes Yes Yes Unclear Unclear Yes Yes No Yes No

Cohort studies
Shiet al. (56) Yes No Yes Yes No Yes No Yes NA Yes
Yeung et al. (62) No No Yes Yes No Yes Yes Yes NA Yes
Yamada et al. (60) No No Yes Yes No Yes No Yes NA Yes
Shim et al. (57) Yes No Yes Yes No Yes Yes Yes Unclear Yes

*The questions for the Case series was as follows:

1: Were there clear criteria for inclusion in the case series?; 2: Was the condition measured in a standard, reliable way for all participants included in the case
series?; 3: Were valid methods used for identification of the condition for all participants included in the case series?; 4: Did the case series have consecutive
inclusion of participants?; 5: Did the case series have complete inclusion of participants?; 6: Was there clear reporting of the demographics of the participants in
the study?; 7: Was there clear reporting of clinical information of the participants?; 8: Were the outcomes or follow up results of cases clearly reported?; 9: Was
there clear reporting of the presenting site(s)/clinic(s) demographic information?; 10: Was statistical analysis appropriate?

For the Cohort studies, it was:

1: Were the two groups similar and recruited from the same population?; 2: Were the exposures measured similarly to assign people to both exposed and
unexposed groups?; 3: Was the exposure measured in a valid and reliable way?; 4: Were confounding factors identified?; 5: Were strategies to deal with
confounding factors stated?; 6: Were the outcomes measured in a valid and reliable way?; 7: Was the follow up time reported and sufficient to be long enough for
outcomes to occur?; 8: Was follow up complete, and if not, were the reasons to loss to follow up described and explored?; 9: Were strategies to address

incomplete follow up utilized?; 10: Was appropriate statistical analysis used?

www.efortopenreviews.org
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Table 3 Characteristics of the individuals participating in the studies included in the meta-analysis.

Age (years) Operative time (minutes)
Reference Cohortsize  Levels,n  Levels studied Mean + s.D. Range Males, n (%) ~“Mean =+ s.D. Range
Endoscopic foraminotomy
Short term
Kim et al. (52) 48 48 L5-S1 68 + 10 41-87 21 (44%) 74+6 56-97
Shiet al. (56) — Group 1 22 22 L4-L5, L5-S1 62+9 11 (50%) 75+13
Shiet al. (56) — Group 2 21 21 L4-L5, L5-S1 64+8 12 (57%) 68 + 12
Song et al. (59) 21 21 L5-S1 66 + 10 52-85 10 (48%) 64 + 26 33-114
Yang et al. (61) 22 22 L5-S1 65 50-77 4 (18%) 96 + 24 43-126
Yoo et al. (63) 24 25 L4-L5, L5-S1 68 58-74 15 (63%)
Akbary et al. (44) 30 30 12-13, L3-L4, L4-L5, 61 38-80 15 (50%) 103 + 44 45-180
L5-S1
Chung et al. (47) 24 27 L2-13, L3-L4, L4-L5, 75 65-82 5(21%) 69 34-110
L5-S1
Ishibashi et al. (49) 10 10 L5-51 62 47-80 7 (70%) 78 51-110
Kim & Choi (50) 12 12 L5-S1 55 45-70
Kim et al. (51) 31 35 L2-13, L3-L4, L4-L5, 71+9 51-89 14 (45%) 49 + 14
L5-S1
Madhavan et al. (53) 16 20 L1-L2, L2-13, L3-L4, 70+ 16 61-86 7 (44%)
L4-L5, L5-S1
Mid term
Murata et al. (54) 78 78 L5-S1 69 + 21 33-88 47 (60%)
Yeung et al. (62) 176 1 & 2levels L2-13, L3-L4, L4-L5, 61 + 14 19-84 108 (61%) 60 + 22 23-114
L5-S1
Youn et al. (38) 51 56 L2-13, L3-L4, L4-L5, 67 48-82 24 (47%)
L5-S1
Ahn et al. (42) 35 38 L3-L4, L4-L5, L5-S1 59 20-81 19 (54%) 59 20-135
Ahn et al.(43) 33 36 L2-13, L3-L4, L4-L5, 64 27-81 15 (45%) 56 +19 35-120
L5-S1
Fusion
Short term
Alimi et al. (45) 23 23 L2-13, L3-L4, L4-L5 66 + 2 13 (57%)
Yamada et al. (60) 38 38 L5-S1 69 + 16 21 (55%)
Mid term
Cofano et al. (48) 34 34 L5-S1 53+ 12 15 (44%)
Shinet al. (58) — Group 1 24 24 L4-L5, L5-S1 59 41-78 10 (42%) 272
Shin et al. (58) — Group 2 16 16 L4-L5, L5-S1 52 36-73 8 (50%) 246
Shim et al. (57) — Group 1 23 23 L5-51 68 + 2 65-73 9 (39%) 1375
Shim et al. (57) — Group 2 26 26 L5-S1 69 66-75 11 (42%) 83+4
Choet al. (46) 28 28 L5-S1 58 32-68 14 (50%)
Park et al. (55) 34 34 L5-S1 58 37-76 9 (26%) 137 122-197
Leg pain (Fig. 6). The complication rate reported by Kim et al. (52)

Ten studies (42, 43, 44, 47, 50, 51, 53, 54, 56, 61) on
endoscopic foraminotomy and seven studies (45, 46, 48,
55, 57, 58, 60) on fusion reported postoperative leg pain
on VAS/NRS (Table 4). In the short term, leg pain was
lower for endoscopic foraminotomy (1 vs 2, P < 0.01),
while in the mid term, there were no differences (2 vs 2,
P=0.15) (Fig. 5).

Complication rate

Fourteen studies (38, 43, 44, 47, 49, 50, 51, 52, 53, 54, 56,
59, 62, 63) on endoscopic foraminotomy and five studies
(46, 48, 55, 57, 58) on fusion reported complication rates
(Table 4). In the short term, the pooled complication
rate was 2% for endoscopic foraminotomy (not reported
for fusion). In the mid term, there were no significant
differences in complication rates (10% vs 5%, P=0.22)

was 23% (n=11), considerably higher than that reported
by other short-term studies on endoscopic foraminotomy,
and consisted of two cases of segmental instability, two
cases of incidental durotomy, one case of hematoma, and
six cases of postoperative dysesthesia.

Reoperation rate

Thirteen studies (38, 43, 47, 49, 51, 52, 53, 54, 56, 59,
61, 62, 63) on endoscopic foraminotomy and five studies
(46, 48, 55, 57, 58) on fusion reported reoperation rates
(Table 4). In the short term, the pooled reoperation rate
was 2% for endoscopic foraminotomy (not reported
for fusion). In the mid term, there were no significant
differences in reoperation rates (5% vs 0%, P=0.16)
(Fig. 7). The reoperation rate reported by Yeung et al.
(62) was 21% (n=37), considerably higher than that
reported by other studies on endoscopic foraminotomy. It
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Author, Year Cohort size Mean SD
Kim, 2021 48 73.50 6.4000
Shi, 2021 (Group 1) 22 75.20 12.5000
Shi, 2021 (Group 2) 21 67.50 12.3000
Song, 2021 21 63.57 25.7400
Yang, 2021 22 96.30 23.5000
Akbary, 2018 30 102.50 43.6600
Chung, 2018 24 69.00 19.0000
Ishibashi, 2018 10 77.60 17.0524
Kim, 2018a 12 55.00 7.2529
Kim, 2018b 31 48.70 13.9000
Yeung, 2020 176 60.32 21.6700
Ahn, 2017 35 58.70 28.7500
Ahn, 2014 33 55.60 19.1000
Shin, 2013 (Group 1) 24 272.00

Shin, 2013 (Group 2) 16 246.00 .
Shim, 2011 (Group 1) 23 136.80 4.6900
Shim, 2011 (Group 2) 26 82.50 3.6900
Park, 2010 34 137.00 18.7500

Figure 2

SPINE 8:2 80

Operative time Mean 95% CI

73.50
8 75.20
= 67.50 [62.24; 72.76]
= 63.57 [52.56; 74.58]

- 96.30 [ 86.48; 106.12]

= 102.50 [86.88; 118.12]
= 69.00 [61.40; 76.60]
- 77.60 [67.03; 88.17]
55.00 [50.90; 59.10]
48.70 [43.81; 53.59]
60.32 [57.12; 63.52]
58.70 [49.18; 68.22]
55.60 [49.08; 62.12]

[71.69; 75.31]
[69.98; 80.42]

v 272.00
' 246.00
136.80 [134.88; 138.72]
82.50 [81.08; 83.92]
137.00 [130.70; 143.30]
e —

| | | | | |
50 100 150 200 250 300

Forest plot presenting operative time stratified by surgery, endoscopic foraminotomy vs fusion.

isimportant to note that Yeung et al. studied two different
surgical approaches, with the inside-out technique
producing considerably higher reoperation rates than
the modified outside-in technique (8% vs 36%), this may
be because the inside-out technique places the cannula
inside the disc, which can cause iatrogenic damage.
Sensitivity analysis without including the study by Yeung
et al. showed no differences in mid-term reoperation rates
between endoscopic foraminotomy and fusion (1% vs 0%,
P=0.56).

General outcomes

Five studies (42, 43, 44, 49, 59) on endoscopic
foraminotomy and three studies (55, 57, 58) on fusion
reported hospital stay; however, these data were not
very meaningful as they depended on hospital and
country policies (Supplementary Material Appendix
1, see section on supplementary materials given at
the end of this article). One study (44) on endoscopic
foraminotomy and three studies (55, 57, 58) on fusion

reported blood loss. Two studies (49, 54) on endoscopic
foraminotomy and one study (60) on fusion reported
Japanese Orthopedic Association scores. Six studies (38,
49, 52,59, 62, 63) on endoscopic foraminotomy and no
studies on fusion reported pain on VAS/NRS, without
specifying the location of pain. Two studies (38, 53)
on endoscopic foraminotomy and no studies on
fusion reported SF-36. No studies reported the cost
of surgery.

Discussion

The most important finding of this meta-analysis is
that there were high heterogeneity and no significant
differences in clinical outcomes, complication rates, and
reoperation rates between endoscopic foraminotomy and
fusion for the treatment of lumbar foraminal stenosis.
The two surgical techniques result in comparable
MacNab criteria, ODI, lower back pain, and leg pain, thus
confirming the hypothesis; but endoscopic foraminotomy
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Author, Year Cohort size Mean SD
Youn, 2019 51 18.60 .
Ahn, 2017 35 19.20 15.8000
Ahn, 2014 33 19.30 16.7000
Cofano, 2021 34 20.90 13.1000
Shin, 2013 (Group 1) 24 16.02 9.8000
Shin, 2013 (Group 2) 16 15.55 18.2400
Cho, 2010 28 28.30 13.1000
Park, 2010 34 14.20

Kim, 2021 48 25.80 5.5000
Shi, 2021 (Group 1) 22 13.40 9.0000
Shi, 2021 (Group 2) 21 13.20 5.8000
Song, 2021 21 22.44 4.9400
Yang, 2021 22 15.80 20.7500
Yoo, 2019 24 27.00 2.6250
Akbary, 2018 30 15.70 6.6000
Chung, 2018 24 10.24 6.7000
Kim, 2018b 31 17.39 1.2000
Madhavan, 2016 16 22.20 9.9000
Alimi, 2015 23 25.40 4.2000

Figure 3

SPINE 8:2 82

Postoperative ODI Mean 95% ClI
! 18.60
—— 19.20 [13.97; 24.43]
= 19.30 [13.60; 25.00]
]
- 20.90 [16.50; 25.30]
-+ 16.02 [12.10; 19.94]
—— 15.55 [6.61;24.49]
= 28.30 [23.45; 33.15]
' 14.20
L g
* 25.80 [24.24; 27.36]
—— 13.40 [9.64;17.16]
-+ 13.20 [10.72; 15.68]
+ 22.44 [20.33; 24.55]
— 15.80 [7.13;24.47]
27.00 [25.95; 28.05]
-+ 15.70 [13.34; 18.06]
-+ 10.24 [7.56; 12.92]
17.39 [16.97; 17.81]
—— 22.20 [17.35; 27.05]
<

25.40 [23.68;27.12]
]

20 40 60 80 100

Forest plot presenting postoperative Oswestry disability index (ODI) stratified by surgery, endoscopic foraminotomy vs fusion.

has reduced operative time. Therefore, the authors
of the present meta-analysis believe that endoscopic
foraminotomy could become the treatment of choice for
lumbar foraminal stenosis.

There is only one previous meta-analysis (4) that has
summarized the outcomes of endoscopic foraminotomy
for lumbar foraminal stenosis. It included 14 non-
comparative studies with patients having either primary
or secondary (developed after previous spinal surgery)
lumbar foraminal stenosis and reported only on MacNab
criteria, ODI, leg pain, and adverse events. That meta-

analysis (4) found no significant differences in clinical
outcomes and adverse events when comparing patients
with primary vs secondary lumbar foraminal stenosis and
concluded that endoscopic foraminotomy ‘is a useful
and safe method to achieve decompression in foraminal
stenosis. This technique is mainly indicated in the elderly
or patients not eligible for major surgery’. The authors of
the present study believe that endoscopic foraminotomy
is a useful and safe method that can be used to treat the
general population, not only elderly patients or patients
not eligible for major surgery.
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Postoperative

Author, Year Cohort size Mean SD lower back pain Mean 95% CI
Murata, 2020 78 2.18 2.2900 — 218 [1.67;2.69]
Ahn, 2017 35 2.00 1.2000 - 2.00 [1.60;2.40]
Ahn, 2014 33 2.09 1.7700 — 2.09 [1.49; 2.69]
<
Cofano, 2021 34 3.20 2.8000 — 3.20 [2.26;4.14]
Shin, 2013 (Group 1) 24 2.33 1.0500 — 2.33 [1.91;2.75]
Shin, 2013 (Group 2) 16 2.06 1.4400 — 2.06 [1.35;2.77]
Shim, 2011 (Group 1) 23 1.30 ! 1.30
Shim, 2011 (Group 2) 26 2.30 ! 2.30
Cho, 2010 28 2.30 2.2000 —=— 2.30 [1.49; 3.11]
Lo
Yang, 2021 22 1.80 1.9000 — 1.80 [1.01;2.59]
Kim, 2018b 31 1.52 1.0200 - 1.52 [1.16; 1.88]
Madhavan, 2016 16 3.50 3.2000 —_— 3.50 [1.93;5.07]
—_
Alimi, 2015 23 3.30 0.6000 3.30 [3.05; 3.55]
Yamada, 2014 38 2.60 1.8000 — 2.60 [2.03;3.17]
e
I I I I |
2 4 6 8 10
Figure 4

Forest plot presenting postoperative lower back pain on visual analog scale (VAS) or numeric rating scale (NRS) stratified by surgery,

endoscopic foraminotomy vs fusion.

The present meta-analysis has shown that the
short- and mid-term clinical outcomes of endoscopic
foraminotomy and fusion are comparable, although
endoscopic foraminotomy results in reduced operative
time. Nonetheless, this review was not able to assess
long-term complication and reoperation rates, because
none of the included studies reported long-term data.
It is important to note that fusion has specific long-
term risks, including pseudarthrosis, adjacent segment
disease, hardware-related complications, and metallic
wear related complications, while patients treated with
endoscopic foraminotomy may require fusion surgery

in the long-term (64, 65). Furthermore, the cost of
fusion surgery has increased over recent years, with
50% of the global cost being due to implants (66).
Moreover, in many countries, endoscopic foraminotomy
is an outpatient surgery, which can lead to a substantial
reduction in cost (4, 67).

The present meta-analysis has a number of limitations.
First, no included studies directly compared endoscopic
foraminotomy vs fusion; therefore, it is difficult to
ascertain that patients treated by fusion could have been
treated by endoscopic foraminotomy and vice versa.
Heterogeneity in patient indication was minimized by
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Postoperative

Author, Year Cohort size Mean SD legs pain Mean 95% ClI
Murata, 2020 78 2.15 2.3900 = 2.15 [1.62; 2.68]
Ahn, 2017 35 2.10 1.5000 = 2.10 [1.60; 2.60]
Ahn, 2014 33 1.97 1.8600 = 1.97 [1.34; 2.60]
o
Cofano, 2021 34 2.30 2.4000 — 2.30 [1.49; 3.11]
Shin, 2013 (Group 1) 24 1.96 1.2300 — 1.96 [1.47;2.45]
Shin, 2013 (Group 2) 16 1.88 1.1500 = 1.88 [1.32; 2.44]
Shim, 2011 (Group 1) 23 1.30 ) ! 1.30
Shim, 2011 (Group 2) 26 1.40 . ! 1.40
Cho, 2010 28 1.60 1.6000 —— 1.60 [1.01; 2.19]
Park, 2010 34 1.50 . ! 1.50
<
Shi, 2021 (Group 1) 22 110 1.2000 —+ 1.10 [0.60; 1.60]
Shi, 2021 (Group 2) 21 0.80 1.0000 0.80 [0.37;1.23]
Yang, 2021 22 141 1.2000 —+ 1.41 [0.91; 1.91]
Akbary, 2018 30 1.53 0.8600 -+ 1.53 [1.22; 1.84]
Chung, 2018 24 2.57 2.5000 — 2.57 [1.57; 3.57]
Kim, 2018a 12 1.80 . ! 1.80
Kim, 2018b 31 14512800 —+ 1.45 [1.00; 1.90]
Madhavan, 2016 16 1.90 3.5000 ———— 1.90 [0.19; 3.61]
<
Alimi, 2015 23 2.30 0.8000 2.30 [1.97; 2.63]
Yamada, 2014 38 2.20 1.4000 - 2.20 [1.75; 2.65]
S

Figure 5

Forest plot presenting postoperative leg pain on visual analog scale (VAS) or numeric rating scale (NRS) stratified by surgery,
endoscopic foraminotomy vs fusion.

including only patients with primary lumbar foraminal =~ approaches of endoscopic foraminotomy (uniportal,
stenosis (with or without lateral recess stenosis, disc biportal, outside-in, and inside-out) and fusion (ALIF, PLIF,
herniation, disc degeneration, spondylolisthesis, or  TLIF and XLIF), which may have created heterogeneity
scoliosis) but excluding patients with other concomitant  across studies. Third, included studies on fusion had
conditions. Second, included studies had different an overall longer follow-up time than the studies
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Author, Year Complications Cohort Size

Murata, 2020 5 78
Yeung, 2020 24 176
Youn, 2019 5 51
Ahn, 2014 2 33

SPINE 8:2 85

Proportion 95%-ClI

= 0.06 [0.02; 0.14]
B 0.14 [0.09; 0.20]

0.10 [0.03; 0.21]
0.06 [0.01;0.20]

Cofano, 2021 1 34 —— 0.03 [0.00; 0.15]
Shin, 2013 (Group 1) 0 24— 0.00 [0.00; 0.14]
Shin, 2013 (Group 2) 1 16 0.06 [0.00; 0.30]
Shim, 2011 (Group 1) 3 23 0.13 [0.03; 0.34]
Shim, 2011 (Group 2) 1 26 ———— 0.04 [0.00; 0.20]
Cho, 2010 1 28 —V—m 0.04 [0.00; 0.18]
Park, 2010 5 34 0.15 [0.05; 0.31]
_
Kim, 2021 1" 48 0.23 [0.12; 0.37]
Shi, 2021 (Group 1) 0 22— 0.00 [0.00; 0.15]
Shi, 2021 (Group 2) 0 21— 0.00 [0.00; 0.16]
Song, 2021 1 21 0.05 [0.00; 0.24]
Yoo, 2019 0 24— 0.00 [0.00; 0.14]
Akbary, 2018 0 30 ————— 0.00 [0.00; 0.12]
Chung, 2018 1 24 0.04 [0.00; 0.21]
Ishibashi, 2018 0 10 0.00 [0.00; 0.31]
Kim, 2018a 0 12 0.00 [0.00; 0.26]
Kim, 2018b 0 3N 0.00 [0.00; 0.11]
Madhavan, 2016 2 16 0.12 [0.02; 0.38]
<=

Figure 6

0.1 0.2 0.3 0.4

Forest plot presenting complication rates stratified by surgery, endoscopic foraminotomy vs fusion.

on endoscopic foraminotomy. The effect of this was
reduced by separating the studies into those with short-
term and mid-term outcomes. None of the included
studies reported long-term outcomes, and thus, it is
not possible to conclude if differences in complication
and reoperation rates will exist in the long-term. Fourth,
certain studies with relevant outcomes could not be
included in the meta-analysis, because the necessary
data were not reported. The authors of the present meta-
analysis contacted the authors of the relevant clinical
studies at least three times, but received no response.
Fifth, two of the included studies scored three points or

less on the |BI 10-point checklist, indicating poor quality/
high risk of bias.

Conclusions

This meta-analysis found high heterogeneity and no
significant differences in clinical outcomes, complication
rates, and reoperation rates between endoscopic
foraminotomy and fusion for the treatment of lumbar
foraminal stenosis; although endoscopic foraminotomy
resulted in reduced operative time. Therefore, endoscopic
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Author, Year Reoperations Cohort Size

SPINE 8:2 86

Proportion 95%-ClI

Murata, 2020 0 78 — 0.00 [0.00; 0.05]
Yeung, 2020 37 176 S 0.21 [0.15; 0.28]
Youn, 2019 2 51 =— 0.04 [0.00; 0.13]
Ahn, 2014 1 33 &+ 0.03 [0.00; 0.16]
P ——
Cofano, 2021 1 34 —— 0.03 [0.00; 0.15]
Shin, 2013 (Group 1) 0 24— 0.00 [0.00: 0.14]
Shin, 2013 (Group 2) 0 16— 0.00 [0.00; 0.21]
Shim, 2011 (Group 1) 0 23— 0.00 [0.00; 0.15]
Shim, 2011 (Group 2) 0 26— 0.00 [0.00; 0.13]
Cho, 2010 0 28— 0.00 [0.00;0.12]
Park, 2010 0 34— 0.00 [0.00; 0.10]
Kim, 2021 2 48 —— 0.04 [0.01; 0.14]
Shi, 2021 (Group 1) 0 22— 0.00 [0.00; 0.15]
Shi, 2021 (Group 2) 0 R — 0.00 [0.00; 0.16]
Song, 2021 1 21 ——mm 0.05 [0.00; 0.24]
Yang, 2021 2 22 ———mm 0.09 [0.01;0.29]
Yoo, 2019 0 24 —— 0.00 [0.00; 0.14]
Chung, 2018 1 24 ——m 0.04 [0.00; 0.21]
Ishibashi, 2018 0 10 0.00 [0.00; 0.31]
Kim, 2018b 1 31 —-— 0.03 [0.00; 0.17]
Madhavan, 2016 0 16— 0.00 [0.00; 0.21]

Figure 7
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Forest plot presenting reoperation rates stratified by surgery, endoscopic foraminotomy vs fusion.

foraminotomy could become the treatment of choice for
lumbar foraminal stenosis.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/EOR-
22-0093.

ICMJE conflict of interest statement

MVK —no conflicts of interest; SRP — no conflicts of interest; MS — no conflicts of
interest; HA — consultancy fees and royalties from Clariance; VF — consultancy
fees and royalties from Clariance and Medicrea; MSz — consultancy fees and
royalties from Clariance, and consultancy fees from Zimmer.

Funding

This work was supported by ‘GCS Ramsay Santé pour I’Enseignement et la
Recherche’, which provided funding for data collection and manuscript
preparation.

References

1.Feng F, Xu Q, Yan F, Xie Y, Deng Z, Hu C, Zhu X & Cai L. Comparison of 7 surgical
interventions for lumbar disc herniation: a network meta-analysis. Pain Physician 2017 20
E863—E871.

2. Ahn Y. The current state of cervical endoscopic spine surgery: an updated literature
review and technical considerations. Expert Review of Medical Devices 2020 17 1285—1292.
(https://doi.org/10.1080/17434440.2020.1853523)

www.efortopenreviews.org


https://doi.org/10.1530/EOR-22-0093
https://doi.org/10.1530/EOR-22-0093
https://doi.org/10.1080/17434440.2020.1853523

EFORT Open revieuls

3. Alomar SA, MaghrabiY & Baeesa SS. Outcome of anterior and posterior endoscopic
procedures for cervical radiculopathy due to degenerative disk disease: a systematic review and
meta-analysis. Global Spine Journal 2021. (https://doi.org/10.1177/21925682211037270)

4, Giordan E, Billeci D, Del Verme J, Varrassi G & Coluzzi F. Endoscopic
transforaminal lumbar foraminotomy: A systematic review and meta-analysis. Pain and
Therapy 2021 10 1481-1495. (https://doi.org/10.1007/540122-021-00309-1)

5. Munn Z, Barker TH, Moola S, Tufanaru C, Stern C, McArthur A,
Stephenson M & Aromataris E. Methodological quality of case series studies: an
introduction to the JBI critical appraisal tool. JBI Evidence Synthesis 2020 18 2127-2133.
(https://doi.org/10.11124/JBISRIR-D-19-00099)

6. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al.
Systematic reviews of etiology and risk. In Aromataris E, Munn Z, eds. J8/ Manual for
Evidence Synthesi. JBI; 2020. Available at https://synthesismanual.jbi.global/

7. Higgins JP, Thompson SG, Deeks JJ & Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003 327 557-560. (https://doi.org/10.1136/bmj.327.7414.557)

8. Hozo SP, Djulbegovic B & Hozo I. Estimating the mean and variance from the
median, range, and the size of a sample. BMC Medical Research Methodology 2005 5 13.
(https://doi.org/10.1186/1471-2288-5-13)

9. Ahn JS, Lee HJ, Choi DJ, Lee KY & Hwang SJ. Extraforaminal approach of biportal
endoscopic spinal surgery: a new endoscopic technique for transforaminal decompression
and discectomy. Journal of Neurosurgery. Spine 2018 28 492—498. (https://doi.org/10.31
71/2017 8.SPINET7771)

10. Kim EH & Kim HT. En bloc partial laminectomy and posterior lumbar interbody fusion
in foraminal spinal stenosis. Asian Spine Journal 2009 3 66—72. (https://doi.org/10.4184/
as).2009.3.2.66)

11. Kim HS, Patel R, Paudel B, Jang JS, Jang IT, Oh SH, Park JE & Lee S.
Early outcomes of endoscopic contralateral foraminal and lateral recess decompression
via an interlaminar approach in patients with unilateral radiculopathy from unilateral
foraminal stenosis. World Neurosurgery 2017 108 763—773. (https://doi.org/10.1016/].
wneu.2017.09.018)

12. Kim M, Park JU, Kim W, Lee HS, Chung HT, Kim MW & Chung NS. Can
unilateral-approach minimally invasive transforaminal lumbar interbody fusion attain
indirect contralateral decompression? A preliminary report of 66 MRI analysis. Furopean
Spine Journal 2014 23 1144-1149. (https://doi.org/10.1007/500586-014-3192-3)

13. Knight MT, Jago I, Norris C, Midwinter L & Boynes C. Transforaminal
endoscopic lumbar decompression & foraminoplasty: a 10 year prospective survivability
outcome study of the treatment of foraminal stenosis and failed back surgery. International
Journal of Spine Surgery 2014 8. (https://doi.org/10.14444/1021)

14. Lee SH, Hwang SH, Moon YK, Bae HM & Moon DE. Assessment of clinical
outcome of lumbar transforaminal foraminoplasty in patients with lumbar spinal stenosis.
Pain Physician 2021 24 E1119-£1128.

15. Lewandrowski KU. "Outside-in" technique, clinical results, and indications with
transforaminal lumbar endoscopic surgery: a retrospective study on 220 patients on applied
radiographic classification of foraminal spinal stenosis. International Journal of Spine Surgery
2014 8. (https://doi.org/10.14444/1026)

16. Lin JH & Chiang YH. Unilateral approach for bilateral foramen decompression in
minimally invasive transforaminal interbody fusion. World Neurosurgery 2014 82 891-896.
(https://doi.org/10.1016/j.wneu.2014.06.009)

17. Lin YP, Wang SL, Hu WX, Chen BL, Du YX, Zhao S, Rao SY, Su GY, Lin R,
Chen S, et al. Percutaneous full-endoscopic lumbar foraminoplasty and decompression by

SPINE 8:2 87

using a visualization reamer for lumbar lateral recess and foraminal stenosis in elderly patients.
World Neurosurgery 2020 136 e83—89. (https://doi.org/10.1016/j.wneu.2019.10.123)

18. Park D, Mummaneni PV, Mehra R, Kwon Y, Kim S, Ruan HB, et al.
Predictors of the need for laminectomy after indirect decompression via initial anterior or
lateral lumbar interbody fusion. Journal of Neurosurgery: Spine 2020 1-6. (https://doi.
0rg/10.3171/2019.11.5PINE19314)

19. Seong YJ, Lee JS, Suh KT, Kim JI, Lim JM & Goh TS. Posterior decompression
and fusion in patients with multilevel lumbar foraminal stenosis: a comparison of segmental
decompression and wide decompression. Asian Spine Journal 2011 5 100-106. (https://
doi.org/10.4184/as}.2011.5.2.100)

20. Wu AM, Zhang K, Li XL, Cheng XF, Zhou TJ, Du L, Chen C, Tian HJ, Sun XJ,
Zhao CQ, et al. The compression of L5 nerve root, single or double sites?—radiographic
graded signs, intra-operative detect technique and clinical outcomes. Quantitative Imaging
in Medicine and Surgery 2018 8 383—390. (https://doi.org/10.21037/qims.2018.05.08)

21. Wu PH, Kim HS, Lee YJ, Kim DH, Lee JH, Jeon JB, Raorane HD & Jang IT.
Uniportal full endoscopic posterolateral transforaminal lumbar interbody fusion with
endoscopic disc drilling preparation technique for symptomatic foraminal stenosis secondary
to severe collapsed disc space: a clinical and computer tomographic study with technical
note. Brain Sciences 2020 10 1-17. (https://doi.org/10.3390/brainsci10060373)

22.Yeung A, Roberts A, Zhu L, Qi L, Zhang J & Lewandrowski KU. Treatment of
soft tissue and bony spinal stenosis by a visualized endoscopic transforaminal technique under
local anesthesia. Neurospine 2019 16 52—62. (https://doi.org/10.14245/n5.1938038.019)

23. Lewandrowski KU, De Carvalho PST, De Carvalho P, Jr & Yeung A. Minimal
clinicallyimportant difference in patient-reported outcome measures with the transforaminal
endoscopic decompression for lateral recess and foraminal stenosis. International Journal of
Spine Surgery 2020 14 254—266. (https://doi.org/10.14444/7034)

24. Lewandrowski KU, Dowling A, Calderaro AL, dos Santos TS,
Bergamaschi JPM, Leon JFR & Yeung A. Dysethesia due to irritation of the dorsal root
ganglion following lumbar transforaminal endoscopy: analysis of frequency and contributing
factors. Clinical Neurology and Neurosurgery 2020 197 106073. (https://doi.org/10.1016/].
clineuro.2020.106073)

25. Lewandrowski KU & Ransom NA. Five-year clinical outcomes with endoscopic
transforaminal outside-in  foraminoplasty techniques for symptomatic degenerative
conditions of the lumbar spine. Journal of Spine Surgery 2020 6(Supplement 1) S54—S65.
(https://doi.org/10.21037/j55.2019.07.03)

26. Merter A & Shibayama M. Does "coronal root angle" serve as a parameter in the
removal of ventral factors for foraminal stenosis at L5-S1. In Spine (Phila Pa 1976) 2020 45
1676—1684. (https://doi.org/10.1097/BRS.0000000000003653)

27. Morimoto D, Isu T, Kim K, Sugawara A, Matsumoto R & Isobe M.
Microsurgical medial fenestration with an ultrasonic bone curette for lumbar foraminal
stenosis. Journal of Nippon Medical School 2012 79 327-334. (https://doi.org/10.1272/
jnms.79.327)

28.Yamada K, Matsuda H, Nabeta M, Habunaga H, Suzuki A & Nakamura H.
(linical outcomes of microscopic decompression for degenerative lumbar foraminal stenosis:
a comparison between patients with and without degenerative lumbar scoliosis. Furopean
Spine Journal 2011 20 947-953. (https://doi.org/10.1007/500586-010-1597-1)

29. Yoshimoto M, lesato N, Terashima Y, Tanimoto K, Oshigiri T, Emori M,
Teramoto A & Yamashita T. Mid-term clinical results of microendoscopic decompression
for lumbar foraminal stenosis. Spine Surgery and Related Research 2019 3 229-235. (https://
doi.org/10.22603/ssrr.2018-0076)

www.efortopenreviews.org


https://doi.org/10.1177/21925682211037270) 
https://doi.org/10.1007/s40122-021-00309-1
https://doi.org/10.11124/JBISRIR-D-19-00099
https://synthesismanual.jbi.global/
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.3171/2017.8.SPINE17771
https://doi.org/10.3171/2017.8.SPINE17771
https://doi.org/10.4184/asj.2009.3.2.66
https://doi.org/10.4184/asj.2009.3.2.66
https://doi.org/10.1016/j.wneu.2017.09.018
https://doi.org/10.1016/j.wneu.2017.09.018
https://doi.org/10.1007/s00586-014-3192-3
https://doi.org/10.14444/1021
https://doi.org/10.14444/1026
https://doi.org/10.1016/j.wneu.2014.06.009
https://doi.org/10.1016/j.wneu.2019.10.123
https://doi.org/10.3171/2019.11.SPINE19314) 
https://doi.org/10.3171/2019.11.SPINE19314) 
https://doi.org/10.4184/asj.2011.5.2.100
https://doi.org/10.4184/asj.2011.5.2.100
https://doi.org/10.21037/qims.2018.05.08
https://doi.org/10.3390/brainsci10060373
https://doi.org/10.14245/ns.1938038.019
https://doi.org/10.14444/7034
https://doi.org/10.1016/j.clineuro.2020.106073
https://doi.org/10.1016/j.clineuro.2020.106073
https://doi.org/10.21037/jss.2019.07.03
https://doi.org/10.1097/BRS.0000000000003653
https://doi.org/10.1272/jnms.79.327
https://doi.org/10.1272/jnms.79.327
https://doi.org/10.1007/s00586-010-1597-1
https://doi.org/10.22603/ssrr.2018-0076
https://doi.org/10.22603/ssrr.2018-0076

EFORT Open relieuls

30. Fujibayashi S, Neo M, Takemoto M, Ota M & Nakamura T. Paraspinal-
approach transforaminal lumbar interbody fusion for the treatment of lumbar foraminal
stenosis. Journal of Neurosurgery. Spine 2010 13 500-508. (https://doi.org/10.3171/201
0.4.SPINE09691)

31. Jeong KS, Cho SA, Chung WS & In (B. Effectiveness of percutaneous lumbar
foraminoplasty in patients with lumbar foraminal spinal stenosis accompanying redundant
nerve root syndrome: a retrospective observational study. Medicine 2020 99 21690.
(https://doi.org/10.1097/MD.0000000000021690)

32. Watanabe K, Yamazaki A, Morita 0, Sano A, Katsumi K & Ohashi M. Clinical
outcomes of posterior lumbar interbody fusion for lumbar foraminal stenosis: preoperative
diagnosis and surgical strateqy. Journal of Spinal Disorders and Techniques 2011 24
137-141. (https://doi.org/10.1097/BSD.0b013e3181e1cd99)

33. Tee J, Li C, Chan P & Etherington G. Consideration of foraminal stenosis in
decompression alone versus decompression plus fusion for claudication secondary to lumbar
spinal stenosis. Spine Journal 2020 20 830. (https://doi.org/10.1016/}.spinee.2020.01.004)

34. Nam HGW, Kim HS, Lee DK, Park CK & Lim KT. Percutaneous Stenoscopic lumbar
decompression with paramedian approach for foraminal/extraforaminal lesions. Asian Spine
Journal 2019 13 672-681. (https://doi.org/10.31616/a5.2018.0269)

35. Kapetanakis S, Floros E & Gkantsinikoudis N. Extreme cases in percutaneous
transforaminal endoscopic surgery: case series and brief review of the literature. British
Journal of Neurosurgery 2021 1-5. (https://doi.org/10.1080/02688697.2021.1944981)

36. Lewandrowski KU. Readmissions after outpatient transforaminal decompression for
lumbar foraminal and lateral recess stenosis. International Journal of Spine Surgery 2018 12
342-351. (https://doi.org/10.14444/5040)

37.YounMS, ShinJK, Goh TS & Lee JS. Clinical and radiological outcomes of endoscopic
partial facetectomy for degenerative lumbar foraminal stenosis. Acta Neurochirurgica (Wien)
2017 159 1129-1135. (https://doi.org/10.1007/500701-017-3186-0)

38. Youn MS, Shin JK, Goh TS & Lee JS. Predictors of clinical outcome after endoscopic
partial facetectomy for degenerative lumbar foraminal stenosis. World Neurosurgery 2019
126 14821488 (https://doi.org/10.1016/j.wneu.2019.03.126)

39. Kim HJ, Jeong JH, Cho HG, Chang BS, Lee CK & Yeom JS. Comparative
observational study of surgical outcomes of lumbar foraminal stenosis using minimally
invasive microsurgical extraforaminal decompression alone versus posterior lumbar
interbody fusion: a prospective cohort study. Furapean Spine Journal 2015 24 388—395.
(https://doi.org/10.1007/500586-014-3592-4)

40. Lee SC, Kim WJ, Lee CS & Moon JY. Effectiveness of percutaneous lumbar
extraforaminotomy in patients with lumbar foraminal spinal stenosis: a prospective,
single-armed, observational pilot study. Pain Medicine 2017 18 1975—1986. (https://doi.
0rg/10.1093/pm/pnw355)

41. Sclafani JA, Raiszadeh K, Laich D, Shen J, Bennett M, Blok R, Liang K &
Kim CW. OQutcome measures of an intracanal, endoscopic transforaminal decompression
technique: initial findings from the MIS prospective registry. International Journal of Spine
Surgery 20159 69. (https://doi.org/10.14444/2069)

42. Ahn Y, Kim WK, Son S, Lee SG, Jeong YM & Im T. Radiographic assessment
on magnetic resonance imaging after percutaneous endoscopic lumbar foraminotomy.
Neurologia Medico-Chirurgica 2017 57 649—657. (https://doi.org/10.2176/nmc.0a.2016-
0249)

43, Ahn Y, Oh HK, Kim H, Lee SH & Lee HN. Percutaneous endoscopic lumbar
foraminotomy: an advanced surgical technique and clinical outcomes. Neurosurgery 2014
75 124-133. (https://doi.org/10.1227/NEU.0000000000000361)

SPINE 8:2 88

44. Akbary K, Kim JS, Park CW, Jun SG & Hwang JH. Biportal endoscopic
decompression of exiting and traversing nerve roots through a single interlaminar window
using a contralateral approach: technical feasibilities and morphometric changes of the
lumbar canal and foramen. World Neurosurgery 2018 117 153-161. (https://doi.
0rg/10.1016/j.wneu.2018.05.111)

45, Alimi M, Hofstetter CP, Tsiouris AJ, Elowitz E & Hartl R. Extreme lateral
interbody fusion for unilateral symptomatic vertical foraminal stenosis. Furopean Spine
Journal 2015 24(Supplement 3) 346—352. (https://doi.org/10.1007/500586-015-3940-2)

46. Cho (B, Ryu KS & Park CK. Anterior lumbar interbody fusion with stand-alone
interbody cage in treatment of lumbar intervertebral foraminal stenosis : comparative study
of two different types of cages. Journal of Korean Neurosurgical Society 2010 47 352-357.
(https://doi.org/10.3340/jkns.2010.47.5.352)

47. Chung J, Kong C, Sun W, Kim D, Kim H & Jeong H. Percutaneous endoscopic
lumbar foraminoplasty for lumbar foraminal stenosis of elderly patients with unilateral
radiculopathy: radiographic changes in magnetic resonance images. Journal of Neurological
Surgery. Part A, Central European Neurosurgery 2019 80 302-311. (https://doi.
0rg/10.1055/5-0038-1677052)

48. Cofano F, Langella F, Petrone S, Baroncini A, Cecchinato R, Redaelli A,
Garbossa D & Berjano P. (linical and radiographic performance of indirect foraminal
decompression with anterior retroperitoneal lumbar approach for interbody fusion (ALIF).
Clinical Neurology and Neurosurgery 2021 209 106946. (https://doi.org/10.1016/j.
clineuro.2021.106946)

49. Ishibashi K, Oshima Y, Inoue H, Takano Y, Iwai H, Inanami H & Koga H. A
less invasive surgery using a full-endoscopic system for L5 nerve root compression caused
by lumbar foraminal stenosis. Journal of Spine Surgery 2018 4 594—601. (https://doi.
0rg/10.21037/js5.2018.06.18)

50. Kim JE & Choi DJ. Bi-portal Arthroscopic Spinal Surgery (BASS) with 30° arthroscopy
for farlateral approach of L5-51-Technical note. Journal of Orthopaedics 2018 15 354-358.
(https://doi.org/10.1016/j.jor.2018.01.034)

51. Kim JE, Choi DJ & Park EJ. Clinical and radiological outcomes of foraminal
decompression using unilateral biportal endoscopic spine surgery for lumbar foraminal
stenosis. (linics in Orthopedic Surgery 2018 10 439—447. (https://doi.org/10.4055/
(105.2018.10.4.439)

52. Kim JY, Kim HS, Jeon JB, Lee JH, Park JH & Jang IT. The novel technique of
uniportal endoscopic interlaminar contralateral approach for coexisting L5-S1 lateral recess,
foraminal, and extraforaminal stenosis and its clinical outcomes. Journal of Clinical Medicine
2021 10. (https://doi.org/10.3390/jcm10071364)

53. Madhavan K, Chieng LO, McGrath L, Hofstetter (P & Wang MY. Farly
experience with endoscopic foraminotomy in patients with moderate degenerative deformity.
Neurosurgical Focus 2016 40 E6. (https://doi.org/10.3171/2015.11.FOCUS15511)

54. Murata S, Minamide A, lwasaki H, Nakagawa Y, Hashizume H, Yukawa Y,
et al. Microendoscopic decompression for lumbosacral foraminal stenosis: a novel surgical
strategy based on anatomical considerations using 3D image fusion with MRI/CT. Journal of
Neurosurgery: Spine 2020 1-7. (https://doi.org/10.3171/2020.5.5PINE20352)

55.Park JH, Bae CW, Jeon SR, Rhim SC, Kim CJ & Roh SW. Clinical and radiological
outcomes of unilateral facetectomy and interbody fusion using expandable cages for
lumbosacral foraminal stenosis. Journal of Korean Neurosurgical Society 2010 48 496—500.
(https://doi.org/10.3340/jkns.2010.48.6.496)

56. Shi C, Sun B, Tang G, Xu N, He H, Ye X, Xu G & Gu X. Clinical and radiological
outcomes of endoscopic foraminoplasty and decompression assisted with preoperative

www.efortopenreviews.org


https://doi.org/10.3171/2010.4.SPINE09691
https://doi.org/10.3171/2010.4.SPINE09691
https://doi.org/10.1097/MD.0000000000021690
https://doi.org/10.1097/BSD.0b013e3181e1cd99
https://doi.org/10.1016/j.spinee.2020.01.004
https://doi.org/10.31616/asj.2018.0269
https://doi.org/10.1080/02688697.2021.1944981
https://doi.org/10.14444/5040
https://doi.org/10.1007/s00701-017-3186-0
https://doi.org/10.1016/j.wneu.2019.03.126
https://doi.org/10.1007/s00586-014-3592-4
https://doi.org/10.1093/pm/pnw355
https://doi.org/10.1093/pm/pnw355
https://doi.org/10.14444/2069
https://doi.org/10.2176/nmc.oa.2016-0249
https://doi.org/10.2176/nmc.oa.2016-0249
https://doi.org/10.1227/NEU.0000000000000361
https://doi.org/10.1016/j.wneu.2018.05.111
https://doi.org/10.1016/j.wneu.2018.05.111
https://doi.org/10.1007/s00586-015-3940-z
https://doi.org/10.3340/jkns.2010.47.5.352
https://doi.org/10.1055/s-0038-1677052
https://doi.org/10.1055/s-0038-1677052
https://doi.org/10.1016/j.clineuro.2021.106946
https://doi.org/10.1016/j.clineuro.2021.106946
https://doi.org/10.21037/jss.2018.06.18
https://doi.org/10.21037/jss.2018.06.18
https://doi.org/10.1016/j.jor.2018.01.034
https://doi.org/10.4055/cios.2018.10.4.439
https://doi.org/10.4055/cios.2018.10.4.439
https://doi.org/10.3390/jcm10071364
https://doi.org/10.3171/2015.11.FOCUS15511
https://doi.org/10.3171/2020.5.SPINE20352) 
https://doi.org/10.3340/jkns.2010.48.6.496

EFORT Open revieuls

planning software for lumbar foraminal stenosis. International Journal of Computer Assisted
Radiology and Surgery 2021 16 1829—1839. (https://doi.org/10.1007/511548-021-
02453-7)

57. Shim JH, Kim WS, Kim JH, Kim DH, Hwang JH & Park CK. Comparison of
instrumented posterolateral fusion versus percutaneous pedicle screw fixation combined
with anterior lumbar interbody fusion in elderly patients with L5-S1isthmic spondylolisthesis
and foraminal stenosis. Journal of Neurosurgery. Spine 201115 311-319. (https://doi.org/1
0.3171/2011.4.SPINE10653)

58. Shin SH, Choi WG, Hwang BW, Tsang YS, Chung ER, Lee HC, Lee S) & Lee SH.
Microscopic anterior foraminal decompression combined with anterior lumbar interbody
fusion. Spine Journal 2013 13 1190—-1199. (https://doi.org/10.1016/j.spinee.2013.07.458)

59. Song QP, Hai B, Zhao WK, Huang X, Liu KX, Zhu B & Liu XG. Full-endoscopic
foraminotomy with a novel large endoscopic trephine for severe degenerative lumbar
foraminal stenosis at L5571 level: an advanced surgical technique. Orthopaedic Surgery 2021
13 659-668. (https.//doi.org/10.1111/05.12924)

60.Yamada K, Aota Y, Higashi T, Ishida K, Nimura T, Konno T & Saito T. Lumbar
foraminal stenosis causes leg pain at rest. Furopean Spine Journal 2014 23 504-507.
(https://doi.org/10.1007/500586-013-3055-3)

61. Yang CC, Yeh KT, Liu KC & Wu WT. Ameliorated full-endoscopic transforaminal
decompression for L5-S1 foraminal and extraforaminal stenosis. Clinical Spine Surgery 2021
34 197-205. (https://doi.org/10.1097/BSD.0000000000001137)

SPINE 8:2 89

62. Yeung A & Lewandrowski KU. Five-year clinical outcomes with endoscopic
transforaminal foraminoplasty for symptomatic degenerative conditions of the lumbar spine:
a comparative study of inside-out versus outside-in techniques. Journal of Spine Surgery
2020 6(Supplement 1) S66—583. (https://doi.org/10.21037/j55.2019.06.08)

63. Yoo Y, Moon JY, Yoon S, Kwon SM & Sim SE. Clinical outcome of percutaneous
lumbar foraminoplasty using a safety-improved device in patients with lumbar foraminal
spinal stenosis. Medicine (Baltimore) 2019 98 e15169. (https://doi.org/10.1097/
MD.0000000000015169)

64. Wan ZY, Shan H, Liu TF, Song F, Zhang J, Liu ZH, Ma KL & Wang HQ.
Emerging issues questioning the current treatment strategies for lumbar disc herniation.
Frontiers in Surgery 2022 9 814531. (https://doi.org/10.3389/fsurg.2022.814531)

65. Roh YH, Lee JC, Hwang J, Cho HK, Soh J, Choi SW & Shin BJ. Long-term
clinical and radiological outcomes of minimally invasive transforaminal lumbar interbody
fusion: 10-year follow-up results. Journal of Korean Medical Science 2022 37 €105. (https://
doi.org/10.3346/jkms.2022.37.e105)

66. Hwang RW, Golenbock SW & Kim DH. Drivers of costin primary single-level lumbar
fusion surgery. Global Spine Journal 2021. (https://doi.org/10.1177/21925682211009182)

67. Lewandrowski KU. Incidence, management, and cost of complications after
transforaminal endoscopic decompression surgery for lumbar foraminal and lateral recess
stenosis: a value proposition for outpatient ambulatory surgery. International Journal of Spine
Surgery 2019 13 53-67. (https://doi.org/10.14444/6008)

www.efortopenreviews.org


https://doi.org/10.1007/s11548-021-02453-7
https://doi.org/10.1007/s11548-021-02453-7
https://doi.org/10.3171/2011.4.SPINE10653
https://doi.org/10.3171/2011.4.SPINE10653
https://doi.org/10.1016/j.spinee.2013.07.458
https://doi.org/10.1111/os.12924
https://doi.org/10.1007/s00586-013-3055-3
https://doi.org/10.1097/BSD.0000000000001137
https://doi.org/10.21037/jss.2019.06.08
https://doi.org/10.1097/MD.0000000000015169
https://doi.org/10.1097/MD.0000000000015169
https://doi.org/10.3389/fsurg.2022.814531
https://doi.org/10.3346/jkms.2022.37.e105
https://doi.org/10.3346/jkms.2022.37.e105
https://doi.org/10.1177/21925682211009182
https://doi.org/10.14444/6008

	Introduction
	Materials and methods
	Search strategy
	Selection criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature search
	Characteristics of the included studies
	Operative time
	MacNab criteria
	Oswestry disability index
	Lower back pain
	Leg pain
	Complication rate
	Reoperation rate
	General outcomes

	Discussion
	Conclusions
	Supplementary materials
	ICMJE conflict of interest statement
	Funding
	References

