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Abstract. Lumbar decompressive surgery is the gold standard
treatment for lumbar spinal stenosis. Minimally invasive
surgical techniques have been introduced with the aim of
reducing the morbidity associated with open surgery. The
purpose of the present study was to systematically search the
literature and perform a meta‑analysis of studies comparing
the outcomes between biportal endoscopic technique
and microscopic technique for lumbar canal stenosis
decompression. A comprehensive search of the PubMed,
Google Scholar, Web of Science, Embase and the Cochrane
Library databases was performed to identify relevant articles
up to 15th of December 2019. Eligible studies were retrieved,
data were extracted by two authors independently and risks of
bias were assessed. A total of six studies involving 438 patients
were selected for review. The results of the pooled analysis
indicated similar operative times [mean difference (MD),
‑3.41; 95% CI, ‑10.78‑3.96; P<0.36], similar complications
(MD, 0.70; 95% CI, 0.33‑1.46; P=0.34), similar visual
analogue scale scores for back and leg pain at the time of the
final follow‑up and similar Oswestry disability indexes (MD,
‑0.28; 95% CI, ‑1.25‑0.69; P=0.58) for the two procedures.
In conclusion, biportal endoscopic technique is a viable
alternative to microscopic technique for lumbar canal stenosis
decompression with similar operative time, clinical outcomes
and complications.
Introduction
Lumbar canal stenosis, a degenerative condition commonly
seen in older individuals, is characterized by pathological
spinal canal narrowing and compression of the canal sac along
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with the nerve roots (1). The usual clinical symptoms include
lower backache, neurogenic claudication, lower limb pain and
decreased walking ability. The disease not only affects daily
function but also has a significant impact on the overall quality
of life (2). Initial management usually consists of conservative
measures, such as physiotherapy, steroid injections and oral
medications (2,3). However, in patients with incapacitating
pain, gradually shortened walking distances, neurological
deficit progression and failed conservative management,
surgical treatment is usually recommended (3). Studies have
indicated better clinical outcomes with surgical treatment than
with conservative management (3,4).
The primary aim of surgical treatment is to decompress the
neural structures, thereby relieving symptoms and improving
function (5). However, conventional open surgery requires
extensive dissection and traction of paraspinal muscles that may
lead to muscle ischemia and denervation resulting in atrophy,
postoperative back pain and patient dissatisfaction (5,6). To
overcome these limitations, minimally‑invasive techniques
were developed. In such methods, arthroscopes, endoscopes or
microscopes are introduced through small incisions, providing
the operator with a clear working view with limited damage
to adjacent structures (6). These techniques preserve posterior
midline structures and achieve sufficient decompression
by unilateral laminotomy and bilateral decompression
(ULBD). Among the various minimally invasive methods,
a biportal endoscopic approach is an emerging technique
for managing disc herniation and lumbar canal stenosis (7).
Unlike conventional spinal endoscopy, where the working
as well as the visual channel are in a single portal, biportal
endoscopic technique utilizes two portals, of which one is
the endoscopic portal and the other is the working portal.
Thus, the working instruments may be moved independently
of the visualization portal offering a better range of motion
and convenience to the operator (7,8). The clear magnified
view and free handling of tissues allow for safe and adequate
neural decompression. Recent studies have demonstrated
favorable results with a biportal endoscopic technique for the
management of lumbar canal stenosis (7‑9). However, to date,
no meta‑analysis has compared outcomes of lumbar canal
stenosis decompression between biportal endoscopic and
microscopic techniques. Therefore, the purpose of the present
study was to systematically search the literature and perform
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a meta‑analysis of studies comparing the outcomes between
biportal endoscopic technique and microscopic technique for
lumbar canal stenosis decompression.
Data and methods
Search strategy. The present meta‑analysis was performed
according to the methods described in the Preferred
Reporting Items for Systematic reviews and Meta‑Analysis
statement (10). A total of two authors (GZ and ZC) independently searched the PubMed, Google Scholar, Web of
Science, Embase and the Cochrane Library databases for
relevant studies published in the English language from
database inception to the 15th of December 2019. The
following key words were used for the search: ‘Lumbar
canal stenosis’, ‘minimally invasive surgery’, ‘surgical
decompression’, ‘endoscopy’ and ‘biportal technique’. The
references within the included articles were also searched to
identify additional relevant studies. A third reviewer (XY)
was consulted to resolve any disagreements between the two
authors performing the literature search.
Study selection. Studies were selected according to the
Population, Intervention, Comparison and Outcomes
criteria (11). Studies performed on patients with lumbar canal
stenosis as the Population, comparing biportal endoscopy as
the Intervention with microscopic endoscopy for Comparison,
and assessing at least operating time or complications as
Outcomes were included. Studies were excluded if they
were: i) Single‑arm studies without any comparative group,
ii) studies not reporting relevant data or iii) case series, case
reports and review articles.
Data extraction and review. Two authors (GZ and ZC)
extracted data on study design, sample size, baseline features,
intervention details and outcome variables. Any disagreements
between the two authors were resolved through discussion
with the third investigator (XY). The primary outcomes
were operative time and complications. Secondary outcomes
were hospital stay, Oswestry disability index (ODI) and pain
measured on the visual analog score (VAS).
Quality assessment. The quality of studies that were not
randomized controlled trials (RCTs) was assessed using the
risk of bias assessment tool for non‑randomized studies (12).
Studies were rated as having a low risk, high risk or unclear
risk of bias in the following categories: Selection of participants, confounding variables, measurement of exposure,
blinding of outcome assessment, incomplete outcome data and
selective outcome reporting. RCTs were assessed using the
Cochrane Collaboration risk assessment tool for RCTs (13).
Studies were rated as having low risk, high risk or unclear risk
of bias in terms of the following points: Random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting and other biases.
Statistical analysis. Statistical analyses were performed
using Review Manager software (version 5.3; The Cochrane
Collaboration). For categorical variables, data were

Figure 1. Flow diagram depicting the process of selection of studies for the
present review and meta‑analysis.

summarized using the Mantel‑Haenszel odds ratio (OR) with
95% CIs. Continuous data are presented as mean differences
(MDs) and 95% CI. The I2 test was used to assess statistical
heterogeneity. I 2 values ≥ 50% were considered to indicate
significant heterogeneity and a random‑effect model was used
for meta‑analysis. However, if I 2 was <50%, a fixed‑effects
model was used.
Results
Selection of studies and bias assessment. Details of the literature search for the present review are presented in Fig. 1. After
excluding duplicates, 268 articles we screened based on the
inclusion and exclusion criteria. After excluding non‑relevant
studies, 17 articles were screened by their full texts and
11 studies were excluded as they did not fulfill the inclusion
criteria. Finally, 6 trials were included in the systematic review
and meta‑analysis (14‑19). The risk of bias assessment of the
included studies is presented in Table I. The overall quality
of the RCTs was moderate‑to‑high. For non‑RCTs, there was
low risk of bias for ‘selection of participants’, ‘incomplete
outcome data’ and ‘selective outcome reporting’ but a high
risk of bias for ‘blinding of outcome assessment’ owing to
their study designs. The only study that had low risk of bias for
‘confounding factors’ was that of Heo et al (18).
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Table I. Judgement of risk of bias in included studies.
A, RCTs

Study

Random		
sequence
Allocation
generation
concealment

Kang (2019)
Park (2020)

Low risk
Low risk

Unclear risk
Low risk

Blinding
of participants
and personnel
High risk
Low risk

Blinding
of outcome
assessment

Incomplete
outcome
data

Low risk
Low risk

Low risk
Low risk

Selective
reporting

Other
biases

Unclear risk Low risk
Low risk
Low risk

(Refs.)
(16)
(14)

B, Non‑RCTs
				
Blinding
Selection
Confounding Measurement of outcome
Study
of participants
variables
of exposure
assessment
Choi (2019)
Heo (2018)
Heo (2019)
Min (2019)

Low risk
Low risk
Low risk
Low risk

High risk
Low risk
High risk
Unclear risk

Unclear risk
Low risk
Unclear risk
Low risk

High risk
High risk
High risk
High risk

Incomplete
outcome
data

Selective
reporting
outcome		

(Refs.)

Low risk
Low risk
Low risk
Low risk

Low risk		
Low risk		
Low risk		
Low risk		

(19)
(18)
(17)
(15)

RCT, randomized control trial.

Characteristics of included studies. Details of the studies
included are presented in Table II. A total of 438 patients with
lumbar canal stenosis were analyzed in the included studies,
233 of which underwent biportal endoscopic decompressions,
while 200 patients underwent microscopic decompression. All
studies were performed in Korea. With the exception of one
study (19), all studies performed single‑level surgeries.
Primary outcomes. A total of 5 studies (14‑18) compared the
operative time between biportal endoscopy and microscopic
endoscopy. The results of the pooled analysis demonstrated no
statistically significant differences between the biportal endoscopic and microscopic decompression groups (MD, ‑3.41;
95% CI, ‑10.78‑3.96; P=0.36; Fig. 2).
The total number of complications in each group was
pooled for meta‑analysis. The results indicated no statistically
significant differences in complication rates between the two
groups (OR, 0.70; 95% CI, 0.33‑1.46; P= 0.34; Fig. 3). Details of
complications in the included studies are presented in Table II.
Secondary outcomes. A total of 5 studies (14,15,17‑19)
reported on back pain VAS scores at the final follow‑ups.
The pooled analysis demonstrated no statistically significant difference in back pain scores between the two groups
(MD, ‑0.17; 95% CI, ‑0.3‑0.02; P=0.09; Fig. 4). Data on leg
pain VAS scores were reported by 5 studies (14,15,17‑19). The
meta‑analysis demonstrated no statistically significant differences in leg pain scores between the two groups at the final
follow‑ups (MD, ‑0.09; 95% CI, ‑0.27 to 0.09; P=0.35; Fig. 5).
A total of 4 studies (14,15,17,18) reported data on the ODI
scores at the final follow‑ups. Meta‑analysis indicated no
statistically significant difference between the biportal endoscopic decompression and microscopic decompression groups
(MD, ‑0.28; 95% CI, ‑1.25‑0.69; P=0.58; Fig. 6). Data on the

length of hospital stay were pooled from two studies (15,16).
The analysis indicated a significantly shorter length of hospital
stay in the biportal group (MD, ‑2.60; 95% CI, ‑3.39 to ‑1.81;
P<0.00001; Fig. 7).
Discussion
In the present meta‑analysis, the comparison of the outcomes of
biportal endoscopic technique and the microscopic technique
indicated that the two techniques may be equally suitable for
managing lumbar canal stenosis. No significant difference in
operative times, complication rates, back pain and leg pain
VAS scores or ODI scores were identified between the two
groups.
A number of different minimally‑invasive techniques
have been reported for lumbar degenerative disease (20,21).
The advantage of minimally invasive surgery lies in the
preservation of normal anatomical structures, leading to
faster post‑operative recovery (21). Several studies comparing
the microscopic ULBD technique with open surgery have
reported favorable outcomes with the former (22,23). Trials
have reported shorter operating times, reduced blood loss,
shorter hospital stay and fewer complications with ULBD
technique as compared to open surgery (22,24). However,
there are certain limitations to the microscopic technique.
First, instrument manipulation is difficult due to the use of a
single port. Second, while contralateral visualization may be
achieved, the microscope requires to be excessively tilted in
certain cases (15,25). In addition, there have been concerns
regarding inadequate exposure with the microscope, which
may lead to unsatisfactory decompression (23,26). The technique is also associated with a steep learning curve, which
may prolong the operative time in the hands of a novice
surgeon (27).

Case control
Korea
All
46/42
18/28:16/26
65.8±8.9/ 63.6±10.5
BESS:
prospective		
single				
Durotomy (n=1)
study		
level				
Post‑operative
							
hematoma (n=1)
							MD: Durotomy
							(n=1)
							Post‑operative
							
hematoma
							
(n=2)
								

Heo
(2018)

Retrospective Korea
All
37/30
15/22:12/21
66.7±9.4/ 63.4±11.1
BESS:
analysis of		
single				
Durotomy (n=1)
prospectively		
level				
Post‑operative
collected						
Hematoma
data						
(n=1)
							
MD: Durotomy
							(n=2)
							Transient
							
weakness (n=1)
							Post‑operative
							hematoma (n=2)

Heo
(2018)

Choi
Retrospective Korea
BSS:
(2019) study		
Single ‑24
35/30
14/21:17/13
65.4±11.8/ 65.2±12.0
BESS:
			
Multiple				Dural tear
			
levels‑11				(n=2)
			
MD: 				Root
			
Single				
injury (n=1)
			
Multiple				
MD: Dural
			
levels‑15				tear (n=2)

BESS is a safe
and effective
treatment for
lumbar spinal
stenosis.
Decompression
rates are
similar to those
of BESS
and MD.

Uniportal or
biportal
Endoscopic lumbar
approach may be
effective for the
treatment of
lumbar central
stenosis and
an alternative
to conventional
MD.

BESS produced
clinical
results not
inferior
to those
of MD in the
short‑term

									
Study		
No. of		
BESS/MD
Age, years			
Study
type
Country
levels
BESS/MD
(M/F)
(BESS/MD)
Complications
Conclusion

Table ⅠI. Key details of the studies included in the meta‑analysis.

VAS Back:
BESS:1.98±0.80
MD: 2.04±0.88
VAS Leg: BESS:
2.07±0.77
MD: 2.21±0.95
ODI: BESS:
21.98±2.82
MD: 22.59±3.16

VAS Back:
BESS:1.98±0.80
MD: 2.04±0.88
VAS Leg: BESS
2.07±0.77
MD: 2.21±0.95
ODI: BESS
21.98±2.82
MD: 22.59±3.16

6

Final
follow‑up
months

(18)

(17)

(19)

(Refs.)
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Randomized Korea
All
32/30
18/14: 14/16
65.1±8.6/ 67.2±9.5
BESS:
controlled		
single				
Revision (n=1)
trial		
level				
MD: Revision
							
(n=1)
								
								
								
								
								
Min
Case
Korea
All
54/35
27/27: 19/16 65.74±10.52/ 66.74±7.96
BESS:
(2019)
control		
single				
Dural tear
study		
level				
(n=2)
							
Post‑operative
							
epidural
							
hematoma
							
(n=1)
							
MD: Microsurgery:
							
Dural tear (n=1)
							
Post‑operative
							
epidural hematoma
							
(n=1)
								
								
								
Park
Randomized Korea
All
32/32
13/19:18/14
66.2/ 67.1
BESS:
(2020)
controlled		
single				
Incidental
trial		
level				
durotomy
							
(n=2)
							
Symptomatic
							
hematoma
							
with revision
							
surgery (n=1)
							
MD:
							
Incidental
							
duroctomy (n=2)
							
Symptomatic

Kang
(2019)

Final
follow‑up
months

BESS resulted		
6
in favorable
clinical
outcomes, less
pain and a
shorter
hospital stay
compared
to MD.
Similar
BESS: 27.2±5.4
outcomes with
MD: 31.5±7.3
BESS and MD.
However,
BESS leads
to less
postoperative
back pain
than MD
and may
allow early
ambulation
and a shorter
hospitalization
period.
BESS is an
12
alternative to MD
with similar
clinical
outcomes.

									
Study		
No. of		
BESS/MD
Age, years			
Study
type
Country
levels
BESS/MD
(M/F)
(BESS/MD)
Complications
Conclusion

Table ⅠI. Continued.

(14)

(15)

(16)

(Refs.)
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BESS, biportal endoscopic spine surgery; MD, microscopic decompression; M, males; F, females; n, number of patients; VAS, Visual analogue scale; ODI, Oswestry disability index.

hematoma
with revision
surgery (n=1)
Revision
surgery due to
recurrent
pain (n=1)
							
							
							
							
							
							
							

									
Study		
No. of		
BESS/MD
Age, years			
Study
type
Country
levels
BESS/MD
(M/F)
(BESS/MD)
Complications
Conclusion

Table ⅠI. Continued.

Final
follow‑up
months

(Refs.)
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In recent times, endoscopic decompression has been introduced to manage patients with lumbar stenosis (28). However,
the requirement for specialized instruments and extensive
training to reach surgical competency is a disadvantage (29).
On the other hand, the instruments used in the biportal technique are the same as those used for knee arthroscopies and
conventional spine surgeries, which may potentially reduce
hospital costs (14,30). As biportal endoscopic technique shares
the principles of arthroscopy, the learning curve is thought to be
comparable with that of microscopic methods (17). According
to Heo et al (17), around 30 operations under supervision
are required to complete the learning curve associated with
this technique. In addition, the field of view provided by the
biportal technique is wider than that of single‑port endoscopes
and is comparable to the view offered by a microscope (14).
The separation of viewing and working portals in the biportal
technique enable the surgeon to use both hands freely, making
instrument manipulation easier as compared to the uniportal
or microscopic technique. The contralateral sublaminar
and foraminal spaces may be visualized more conveniently,
particularly with the use of a 30˚ endoscope (31). However,
pooled analysis of 5 studies did not identify any significant
differences in operating times as compared with the biportal
and the microscopic technique. The operative time was
significantly shorter with the biportal technique as compared
to microscopic technique in a study by Kang et al (16). The
authors reported that with the biportal technique, the use of
fluoroscopy may be avoided after the preoperative level check,
which saves time. Furthermore, the clear and wide visualization provided by the biportal technique and free movement of
instruments may also contribute to reduced operative time.
In the present analysis, no significant difference in ODI
scores and VAS scores for back pain and leg pain was identified between the two groups. In this context, a study has
reported lower opioid use in the early postoperative period
in patients undergoing surgery with the biportal technique
as compared to the microscopic technique (31). In addition,
Choi and Kim (19) reported a lower postoperative elevation of
C‑reactive protein (CRP) in patients undergoing endoscopic
procedures in comparison with the microscopic procedures.
The authors suggested that lower CRP levels may indicate
reduced muscle injury and better irrigation with the biportal
technique. On the other hand, Park et al (14) did not obtain
any statistically significant difference in serum creatine phosphokinase levels between the two groups. According to the
authors, even the biportal technique requires a small incision
and muscle stripping during the procedure, which is sufficient
to elevate serum creatine phosphokinase levels. While both
techniques require minimal soft‑tissue dissection, there may
be concerns regarding the persistence of symptoms with
minimally invasive procedures due to inadequate decompression (15). However, the lack of differences in VAS and ODI
scores in the present analysis indicates that both the biportal
and microscopic technique result in similar outcomes.
In the present analysis, patients in the biportal group
had a significantly reduced hospital stay than those in the
microscopic technique group. However, the results must be
interpreted with caution, as only two studies reported data on
the length of hospital stay. In addition, the length of hospital
stay may be confounded by numerous other factors, including
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Figure 2. Forest plot of operation times for the biportal endoscopic vs. microscopic technique. Green symbols indicate the mean difference. Horizontal lines
indicate 95% confidence intervals. The black diamond indicates the overall effect size. SD, standard deviation; IV, inverse variance; df, degrees of freedom.

Figure 3. Forest plot of complications associated with the biportal endoscopic vs. microscopic technique. Blue symbols indicate odds ratios. Horizontal lines
indicate 95% confidence intervals. The black diamond indicates the overall effect size. M‑H, Mantel‑Haentzel; df, degrees of freedom.

Figure 4. Forest plot of back pain visual analogue scale scores for the biportal endoscopic vs. microscopic technique at the final follow‑up. Green symbols
indicate the mean difference. Horizontal lines indicate 95% confidence intervals. The black diamond indicates the overall effect size. SD, standard deviation;
IV, inverse variance; df, degrees of freedom.

Figure 5. Forest plot of leg pain visual analogue scale scores for the biportal endoscopic vs. microscopic technique at the final follow‑up. Green symbols
indicate mean differences. Horizontal lines indicate 95% confidence intervals. The black diamond indicates the overall effect size. SD, standard deviation;
IV, inverse variance; df, degrees of freedom.

patient co‑morbidity, complications with the procedure and
local hospital protocols.

The complication rate of the biportal technique in the
present analysis was 5.9%, while that of the microscopic
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Figure 6. Forest plot of Oswestry disability indexes for the endoscopic vs. microscopic technique at the final follow‑up. Green symbols indicate the mean difference. Horizontal lines indicate 95% confidence intervals. The black diamond indicates the overall effect size. SD, standard deviation; IV, inverse variance;
df, degrees of freedom.

Figure 7. Forest plot of lengths of hospital stay for the endoscopic vs. microscopic technique. Green symbols indicate the mean difference. Horizontal lines
indicate 95% confidence intervals. The black diamond indicates the overall effect size. SD, standard deviation; IV, inverse variance; df, degrees of freedom.

method was 8.4% with no statistically significant difference.
Complication rates may be higher during the learning phase
of minimally invasive procedures and adequate supervision
is highly recommended (17). Furthermore, complications are
higher when the surgical field is unclear due to bleeding (9).
Bleeding with the biportal technique may be minimized by
utilizing the high magnification of the surgical field along
with continuous saline irrigation. While continuous irrigation
reduces bleeding and keeps the surgical field clean, high‑pressure irrigation is not recommended, as it may lead to increased
intracranial pressure and delay postoperative recovery (32). A
saline pressure at 30 mmHg usually maintains a clear surgical
field and causes minimal compression of the thecal sac,
avoiding potential iatrogenic damage (32).
The limitations of the present study require to be acknowledged. First, only 6 studies were included in the present
analysis, of which there were only two RCTs. The inherent bias
of non‑RCTs may have skewed the results. Furthermore, the
sample size of the included studies was not large. In addition,
there was no consistency in the results of the included studies,
indicating high variability of the outcomes. Finally, the influence of the surgical experience of the operators on the study
outcomes cannot be neglected. The difference in operative techniques and surgical skills may have influenced the outcomes.
To conclude, the present study indicates that the biportal
endoscopic and microscopic techniques for lumbar canal
stenosis decompression do not differ in terms of operative
time, clinical outcomes and complications. The biportal
endoscopic technique may be considered as an alternative to
the microscopic decompression technique. However, further
well‑designed RCTs with larger sample size are required to
strengthen the current evidence.
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