
NEUROSURGICAL  

 FOCUS Neurosurg Focus 46 (5):E9, 2019

Lumbar spinal stenosis is one of the lumbar degen-
erative diseases presenting with radicular leg pain, 
back pain, and neurological intermittent claudica-

tion.15 The first treatment for symptomatic lumbar stenosis 
is conservative management including medication, physical 
therapy, and nerve-block procedures.15 Surgical treatments 

are considered for patients with severe radicular pain and 
walking disability refractory to conservative management.8 
Decompressive surgery may be effective in improving ra-
dicular pain and the quality of life of the patient.4 Recently, 
minimally invasive spine surgery via unilateral laminot-
omy with bilateral decompression (ULBD) has been per-
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OBJECTIVE Recently, minimally invasive unilateral laminotomy with bilateral decompression (ULBD) has been per-
formed for lumbar stenosis using endoscopic approaches. The object of this retrospective study was to compare the 
clinical and radiological outcomes of three types of minimally invasive decompressive surgery: microsurgery, percutane-
ous uniportal endoscopic surgery, and percutaneous biportal endoscopic surgery.
METHODS In the period from March 2016 to December 2017, minimally invasive ULBD was performed using micros-
copy, a uniportal endoscopic approach, or a biportal endoscopic approach to treat lumbar canal stenosis. Patients were 
classified into three groups based on the surgery they had undergone. The angle of medial facetectomy area and post-
operative dural expansion were measured using MR images. The visual analog scale (VAS) score for leg and back pain, 
Oswestry Disability Index (ODI), operation time, and complications were assessed. Clinical and radiological parameters 
were compared among the three groups.
RESULTS There were 33 patients in the microscopy group, 37 in the biportal endoscopy group, and 27 in the uniportal 
endoscopy group. Preoperatively stenotic dural areas were significantly expanded in each of the three groups after 
surgery (p < 0.05). Mean dural expansion in the uniportal endoscopy group was significantly lower than that in the mi-
croscopy or biportal endoscopy group (p < 0.05). The mean angle of the facetectomy in the biportal endoscopic group 
was significantly lower than that in the microscopic group or uniportal endoscopic group (p < 0.05). On the 1st day after 
surgery, the VAS score for back pain was significantly higher in the microscopic group than in the uniportal or biportal 
endoscopic group (p < 0.05). However, there were no significant differences in the VAS score for back pain, VAS score 
for leg pain, or ODI at the final follow-up among the three groups (p > 0.05).
CONCLUSIONS Although radiological results were different among the three groups of patients, postoperative clinical 
outcomes were significantly improved after each type of surgery. The percutaneous biportal or uniportal endoscopic ap-
proach offers the advantage of reduced immediate postoperative pain. A percutaneous uniportal or biportal endoscopic 
lumbar approach may be effective for the treatment of lumbar central stenosis and an alternative to conventional micro-
surgical decompression.
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formed to minimize trauma to the posterior musculo-lig-
amentous structures and prevent postoperative segmental 
instability, which can occur in traditional decompressive 
surgeries such as subtotal laminectomy.3,13,14 Endoscopic 
spinal surgeries are minimally invasive as well. Their in-
dications have been extended to include lumbar stenosis. 
Various endoscopic techniques have been tried to treat 
lumbar central stenosis and foraminal stenosis.7,9,11

It has been reported that endoscopic decompressive 
surgeries, including percutaneous uniportal and biportal 
endoscopic approaches, have good clinical results.1,9,12 
However, few studies have reported the radiological out-
comes of those approaches compared to those of conven-
tional decompressive surgeries.6,10 In addition, there are 
few studies on whether endoscopic decompression for 
lumbar stenosis can achieve complete neural decompres-
sion like the open decompressive surgeries.6

Therefore, the object of the present study was to com-
pare the clinical and radiological outcomes of three types 
of minimally invasive decompressive surgery: microsur-
gery, percutaneous uniportal endoscopic surgery, and per-
cutaneous biportal endoscopic surgery. Neural decompres-
sion such as dural expansion after surgery was assessed by 
measuring the decompressed neural area on MRI.

Methods
This study was approved by the institutional review 

board of our hospital. It was a retrospective analysis of pro-
spectively collected data on patients treated in the period 
from March 2016 to December 2017. All patients reported 
claudication or pain radiating to the lower extremities that 
had been refractory to conservative treatments including 
physical therapy, medication, and epidural injection pro-
cedures for at least 12 weeks.6 Inclusion criteria were as 
follows: 1) lumbar central and lateral recess stenosis; 2) 
single-level stenosis at L4–5; and 3) follow-up for more 
than 1 year. Patients who had foraminal stenosis, infec-
tious disease from a thoracolumbar lesion, concomitant 
segmental instability, spondylolisthesis, revision surgeries 
at the same spinal level, concomitant traumatic conditions, 
or musculoskeletal disorders were excluded.6

Five experienced spine surgeons performed all surgi-
cal procedures. All five surgeons have at least 10 years 
of microscopic surgery experience and at least 5 years of 
endoscopic surgery experience. The operative procedure 
was determined according to the preference and experi-
ence of the operating surgeon. We provided information 
about the surgeries to each patient beforehand.

We performed three kinds of minimally invasive 
ULBD: microscopic ULBD using a spinal microscopic 
system; biportal endoscopic ULBD using percutaneous 
biportal endoscopic systems (Fig. 1 upper); and uniportal 
endoscopic ULBD using a modified uniportal interlami-
nar endoscopic system, which had a large-diameter work-
ing channel (Fig. 1 lower). Microscopic decompressive 
surgeries (ULBD) were performed using Caspar lumbar 
retractor or tubular retractor systems with a microscope. 
The percutaneous uniportal endoscopic approach utilized 
only one channel with a single skin incision (Fig. 1 lower).9 
We made a 10-mm-long small incision for the surgery. 

The same ULBD procedure has been performed using the 
uniportal interlaminar endoscopic approach.9

The percutaneous biportal endoscopic surgeries in-
volved the use of two portals: an endoscopic portal and 
a working portal (Fig. 1 upper).6,8 We made a 5-mm-long 
skin incision for the endoscopic portal and 7-mm-long 
skin incision for the working portal.5,6 The endoscopic 
portal was used for endoscopy and its sheath, whereas the 

FIG. 1. Intraoperative views of a percutaneous biportal endoscopic 
approach (upper) and a percutaneous uniportal endoscopic approach 
(lower).
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working portal was used as a channel for spinal operation 
instruments.8 Following partial hemilaminectomy, we al-
ways tried to totally remove the ligamentum flavum from 
the proximal end to the distal end. Contralateral decom-
pression was performed until full exposure of the contra-
lateral descending nerve root (Video 1).

VIDEO 1. Intraoperative video of percutaneous biportal endoscopic 
decompression for lumbar central stenosis. Contralateral decom-
pression was performed until full exposure of the contralateral 
descending nerve root. Traversing nerve roots and the central canal 
were confirmed to be decompressed, and the operation was com-
pleted. Copyright Dong Hwa Heo. Published with permission. Click 
here to view.

Analysis of Radiological and Clinical Parameters
We classified patients into three groups based on the 

surgical approach they had undergone:6 microsurgery 
group, biportal endoscopy group, and uniportal endoscopy 
group.

Magnetic resonance images were obtained the 1st or 

2nd day after surgery. The automatic area calculation pro-
gram of the picture archiving and communication system 
(Infinitt PACS, Infinitt Healthcare South Korea) was used 
for measuring the area of the dura (Fig. 2 upper).6 If the 
line was drawn outside of the dura, the area of the dura 
was automatically calculated by the program.6 Axial T2-
weighted MR images were obtained at 3-mm intervals, 
and the center of the axial images was in the middle of the 
intervertebral disc space. The area of the dura was mea-
sured on five axial MRI slices preoperatively and postop-
eratively. Two neurosurgeons blinded to patient informa-
tion measured the area of the dura twice.6 After summing 
the five areas, the difference between the postoperative 
area and the preoperative area was calculated to measure 
dural expansion.6 The mean area of dural expansion was 
compared among the three treatment groups.

We measured the angle of the medial facetectomy area 
to investigate facet undercutting. We measured the angle 
of the cutting surface of the facet joint using two axial 
T2-weighted MRI slices (Fig. 2 lower). An angle < 90° in-
dicated facet undercutting. We compared the mean angle 

FIG. 2. Measurement of the area of the dural sac and angle of the facetectomy surface. The area was automatically calculated by 
drawing a line along the outer wall of the dura (upper). Measurement of the angle of the medial surface of the facetectomy (lower).
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of the cutting surface of the facet joint among the three 
groups.

The visual analog scale (VAS) score for back pain and 
leg pain were evaluated preoperatively and 1 day and 1 
year or more postoperatively. The Oswestry Disability In-
dex (ODI) was assessed preoperatively and 1 year or more 
postoperatively. Mean values for the VAS score and ODI 
were compared among the three groups. Complications 
related to the surgeries and the mean operation time of 
each surgical procedure were investigated and compared.

Statistical Analysis
We used nonparametric statistical analysis. All clini-

cal and radiological parameters were analyzed using the 
Pearson chi-square test, Wilcoxon signed-rank test, Mann-
Whitney U-test, and Kruskal-Wallis test. A p value < 0.05 
was considered statistically significant. We used R 3.1.2 
for Windows (R Foundation for Statistical Computing) for 
all statistical analyses.

Results
In the period from March 2016 to December 2017, 168 

patients with L4–5 lumbar stenosis were treated with min-
imally invasive ULBD. Ninety-seven patients among them 
were followed up for more than 12 months after surgery, 
including 33 patients who had undergone microscopic 
decompression, 37 who had undergone percutaneous bi-
portal endoscopy, and 27 who had undergone percutane-
ous uniportal endoscopy. These 97 patients were included 
in this study. The mean follow-up period was 12.5 ± 3.3 
months. There were no significant differences in age or 
sex among the three groups (p > 0.05; Table 1).

Radiological Outcomes
Dural areas were significantly expanded postoperative-

ly in each of the three groups: from 380.2 ± 66.9 to 713.5 
mm2 in the microscopy group, from 378.7 ± 79.2 to 702.1 
± 101 mm2 in the biportal endoscopy group, and from 
392.8 ± 73.6 to 653.5 ± 73.4 mm2 in the uniportal endos-
copy group (all p < 0.05; Table 1). Preoperatively stenotic 
dural areas were also significantly expanded after surgery 
in all three groups (all p < 0.05; Fig. 3).

Mean differences between postoperative and preop-
erative cross-sectional areas of the dural sac (dural expan-
sion) were as follows: 333.3 ± 72.8 mm2 in the microscopy 
group, 323.4 ± 69.7 mm2 in the biportal endoscopy group, 
and 260.7 ± 45.4 mm2 in the uniportal endoscopy group. 
Mean dural expansion in the uniportal endoscopy group 
was significantly lower than that in the microscopy or bi-
portal endoscopy group (both p < 0.05; Table 1).

The mean angle of facetectomy was 93.6° ± 3.8° in the 
microscopy group, 88.9° ± 2.7° in the biportal endoscopy 
group, and 92.9° ± 4.3° in the uniportal endoscopy group. 
The mean angle of facetectomy in the biportal endoscopy 
group was significantly lower than that in the microscopy 
or uniportal endoscopy group (both p < 0.05; Table 1).

Clinical Outcomes
The VAS back pain score on postoperative day 1 was 

significantly higher in the microscopy group than in the 
uniportal or biportal endoscopy group (both p < 0.05; 
Table 1). However, there were no significant differences 
in the VAS back pain scores, VAS leg pain scores, or ODI 
at the final follow-up among the three groups (p > 0.05).

The mean operation time was 56.4 ± 4.7 minutes in 
the microscopy group, 62.4 ± 5.7 minutes in the bipor-
tal endoscopy group, and 61.6 ± 3.0 minutes in the uni-
portal endoscopy group. The mean operation time in the 
microscopy group was significantly lower than that in ei-
ther endoscopy group (p < 0.05; Table 1). We experienced 
perioperative complications such as dural injury, transient 
weakness on ankle dorsiflexion, and postoperative epidur-
al hematomas. There was no significant difference in the 
incidence of perioperative complications among the three 
groups (p > 0.05).

Discussion
Various kinds of minimally invasive spine surgeries 

have been attempted for lumbar degenerative disease.2,14 
Minimally invasive spine surgery can preserve normal 
structures and lead to fast recovery after operation.2,12,14 

TABLE 1. Comparison of radiological and clinical results among 
microscopy, biportal endoscopy, and uniportal endoscopy 
groups

Variable
Microscopy 

Group

Biportal 
Endoscopy 

Group

Uniportal 
Endoscopy 

Group

No. of patients 33 37 27
Sex: M/F 12/21 15/22 11/16 
Age in yrs 63.4 ± 11.1 66.7 ± 9.4 67.3 ± 9.9
Dural expansion after op 

in mm2*
333.3 ± 72.8 323.4 ± 69.7 260.7 ± 45.5

Angle of facetecomy 
in °*

93.6 ± 3.8 88.9 ± 2.7 92.9 ± 4.3

Mean op time in mins* 56.4 ± 4.7 62.4 ± 5.7 61.6 ± 3.0
VAS back pain score
 Preop 6.64 ±1.45 7.02 ± 1.34 7.04 ± 1.48
 1 day after op 3.39 ± 1.12 1.78 ± 0.78 1.74 ± 0.71
 Final FU 2.03 ± 0.92 1.95 ± 0.81 1.81 ± 0.68
VAS leg pain score
 Preop 7.67 ± 1.08 8.05 ± 1.08 7.93 ± 1.07
 1 day after op 2.30 ± 0.92 1.83 ± 0.76 2.15 ± 0.95
 Final FU 1.94 ± 0.79 2.16 ± 0.79 1.89 ± 0.80
ODI
 Preop 56.36 ± 5.91 58.68 ± 5.57 56.70 ± 5.66
 Final FU 22.58 ± 4.57 23.14 ± 2.69 23.54 ± 2.67
Complications
 Postop instability 0 0 0
 Durotomy 2 1 1
 Transient weakness 1 0 1
 Postop hematoma 2 1 1

FU = follow-up.
* p < 0.05.
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Among such procedures are percutaneous endoscopic ap-
proaches, which usually have been used to treat herniated 
disc disease. Recently, indications for percutaneous endo-
scopic spine surgeries have expanded and replaced some 
microsurgeries.5,9 Lumbar central stenosis has been treat-
ed via percutaneous endoscopic approaches.8,12 Minimally 
invasive decompressive surgery like ULBD can be per-
formed using modified interlaminar endoscopic systems. 
Basically, endoscopic decompressive surgery for lumbar 
stenosis is the same as the unilateral approach with de-
compression of bilateral traversing roots as in microscop-
ic ULBD. Minimally invasive ULBD procedures can be 
performed via the percutaneous uniportal or biportal en-
doscopic approach.1,8 The purpose of endoscopic decom-
pressive surgery for lumbar stenosis is to perform wide 
decompression of the neural canal and minimize injury to 
the posterior musculo-ligamentous structures.9

Although favorable clinical outcomes of endoscopic 
decompressive surgeries have been documented, few stud-
ies have reported radiological outcomes or whether the 
endoscopic approach can achieve enough decompression 
for lumbar stenosis like other conventional decompressive 
surgeries.6 In the percutaneous biportal endoscopic ap-
proach, we have tried to achieve complete decompression. 
The ligamentum flavum was removed from its proximal 
to distal end after full exposure was achieved. Ipsilateral 

laminotomy and medical facetectomy were performed 
until full exposure of the traversing nerve root. Bilateral 
medial borders of pedicles were checked to confirm full 
decompression of the bilateral traversing nerve roots (Vid-
eo 1).6

Dural expansion after endoscopic decompressive pro-
cedures was measured using MRI. The degree of dural 
expansion was significantly increased after the three dif-
ferent decompressive surgeries. There was no significant 
difference in dural expansion between the microscopic 
group and the biportal endoscopic group. However, mean 
dural expansion in the uniportal endoscopy group was 
significantly lower than that in either the microscopy or 
biportal endoscopy group. Percutaneous uniportal endo-
scopic decompression may involve technical difficulty 
with a steep learning curve and instrument limitations. 
Reasons for the inferior canal decompression in the uni-
portal endoscopic surgery compared to that obtained with 
the other procedures may be related to the restricted use of 
surgical instruments and the relative difficulty in remov-
ing bone since movement of the surgical instruments is 
possible only for straight forward and back.

Although microscopic decompressive surgery for dural 
expansion is superior to uniportal or biportal endoscopic 
surgery, endoscopic decompression may have the advan-
tage of facet preservation (facet undercutting) while mini-

FIG. 3. An 82-year-old female presented with left-sided leg pain with claudication. Preoperative axial T2-weighted MR images 
showing severe central canal stenosis at L4–5 (A and B). Postoperative MR images showing that the central canal is widely 
decompressed after percutaneous biportal endoscopic decompression. The left-sided facet joint was undercut and well preserved 
(C and D).
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mizing muscle injury (Fig. 3). Medial facetectomy was 
necessary for decompression of the ipsilateral traversing 
nerve root. However, laminotomy with medial facetec-
tomy can induce postoperative segmental instability.4 We 
measured the angle of the cutting surface in the medial 
facetectomy for the three groups. Percutaneous biportal 
endoscopic surgery had better results of facet undercut-
ting than microsurgery (Fig. 1 and Table 1). Biportal en-
doscopic approaches can use various instruments includ-
ing conventional ones. Partially curved Kerrison punches, 
rotation punch, and angled curette can be used to perform 
undercutting and preserve the ipsilateral facet joint in per-
cutaneous biportal endoscopic surgery. However, based on 
our experience, facet joint preservation and wide neural 
decompression seem to somewhat depend on the surgeon’s 
ability rather than the type of surgical approach.

The uniportal or biportal endoscopic approach may 
have better clinical results in the immediate postoperative 
periods. This means that surgery-related posterior mus-
culo-ligamentous injury may be lower in the biportal or 
uniportal endoscopic technique than in the microsurgical 
procedure, thus allowing for early recovery.

Perioperative complications are also important. There 
were no statistical differences in the incidence of postop-
erative complications between the endoscopic and micro-
scopic groups. However, the incidence of surgical compli-
cations may be higher in learning-curve periods of the en-
doscopic spinal approaches. We strongly recommend that 
endoscopic spine procedures be done with supervision to 
prevent complications in the learning-curve periods. Al-
though postoperative instability was not found during the 
follow-up period in our three groups, longer follow-up is 
needed to evaluate postoperative instability.

Study Limitations
Our study has several limitations. First, it was a ret-

rospective analysis. Second, it was not a randomized or 
blinded study. Third, the sample size was small, and the 
follow-up period was relatively short. In addition, there 
may be selection bias in determining the surgical pro-
cedures. Thus, a randomized controlled study should be 
performed in the future. Long-term studies in large popu-
lations should be conducted to evaluate postoperative mus-
cle atrophy, postoperative segmental instability, restenosis 
after the first surgery, and long-term clinical outcomes. 
Moreover, a double-blind study is needed to reduce biases 
and ensure accurate comparative studies.

Conclusions
We were able to achieve significant lumbar canal de-

compression with all three minimally invasive surgical ap-
proaches. Microsurgery for lumbar central stenosis may be 
better than endoscopic approaches for postoperative spinal 
canal and dural expansion. The percutaneous biportal en-
doscopic approach may have benefit in terms of avoiding 
postoperative facet joint violation. Although radiological 
results were different among the three types of surgeries, 
clinical outcomes were significantly improved after each 
type. Percutaneous biportal or uniportal endoscopic ap-
proaches may offer the advantage of reduced immediate 

postoperative pain. A percutaneous uniportal or biportal 
endoscopic lumbar approach may be effective for the treat-
ment of lumbar central stenosis and an alternative to con-
ventional microsurgical decompression.
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