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Background: Lumbar spinal canal stenosis (LSCS) is a common disease in the elderly. Although surgical
decompression using a posterior approach is commonly used to treat LSCS, there are several different
strategies. We compared the outcomes of uniportal full-endoscopic laminectomy (FEL) and microendoscopic
laminectomy (MEL) for treating LSCS.

Methods: FEL was performed using a 6.4-mm working channel endoscope and MEL was performed using
a 16-mm diameter tubular retractor and endoscope. Patients with LSCS treated with FEL (n=60) and MEL
(n=54) in our hospital during the same period were retrospectively reviewed. Patient background information
and operative data were collected. The satisfaction score was also recorded at discharge and 3 months
postoperatively.

Results: The mean operation time for FEL and MEL was 77.8 min and 54.6 min, respectively. The
mean hospital stay after FEL and MEL surgery was 2.1 days and 4.7 days, respectively. These outcomes
were significantly different between the two approaches. The satisfaction scores at both stages were not
significantly different between the two groups. A dural tear occurred in one patient who underwent FEL
and three patients who underwent MEL, but no symptoms resulted from the tear. Although postoperative
hematoma occurred in seven who underwent FEL and two who underwent MEL, only one patient who
underwent FEL required operative evacuation of the hematoma.

Conclusions: FEL using a 6.4-mm working channel endoscope can be used to treat patients with LSCS.
Shortening of the operation time and prevention of postoperative hematoma are essential for this approach

to be completely superior to MEL.
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Introduction

Lumbar spinal canal stenosis (LSCS) is a common disease
in the elderly, and considerable attention has been paid
to its minimally invasive treatment (1). Microendoscopic
laminectomy (MEL), which uses a 16-mm diameter tubular
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retractor and endoscope, is one of the established minimally
invasive treatment methods of LSCS (2,3). Although there
are small modifications to the approach (such as paramedian
and midline approaches), MEL is a widely performed

procedure, especially in Japan. Even in our hospital, almost
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all LSCS patients are treated using MEL. Recently, a
6.4-mm working channel endoscope for uniportal full-
endoscopic spine surgery (FESS) became available in Japan.
We therefore applied this system in the treatment of LSCS
from June 2019.

Uniportal FESS was originally developed for the
treatment of lumbar disc herniation and has recently
been used for spinal canal stenosis (4-17). It was initially
applied to treat foraminal and lateral recess stenosis; its
application has now expanded to treating central type
LSCS. Both technical refinements and the development
of new instruments, such as a large working channel
endoscope, have expanded FESS to the treatment of LSCS.
However, the facilities where central-type LSCS with cauda
equina symptoms can be treated using uniportal FESS
are still limited. Furthermore, there are only a few studies
comparing FESS and conventional operative strategies
such as open, microscopic, or MEL (4,5,7,15). In this
study, we retrospectively compared the operative outcomes
of two different operative procedures (6.4-mm working
channel FEL and MEL) and clarified the advantages and
disadvantages of this new strategy.

We present the following article/case in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jss-20-620).

Methods

Study design: retrospective case-control study.

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved. All procedures performed in this study were in
accordance with the Declaration of Helsinki and were
in accordance with the ethical standards of the research
committee of Iwai Medical Foundation. Informed consent
was obtained from all patients via the disclaimer text on the
internet home page of our hospital, according to the law of
the Japanese Ministry of Health, Labour & Welfare.

Two hundred and seventeen consecutive patients with
LSCS underwent posterior decompression using a 6.4-mm
working channel endoscope (TOKOBO CO., LTD., Tokyo,
Japan) or using the METRx endoscopic system (Medtronic
Sofamor Danek, Memphis, TN, USA) between June 2019
and February 2020. All patients had cauda equina symptoms
and/or radiculopathy resistant to medical treatment,
epidural steroids, and/or nerve block. All patients had LSCS
at only one vertebral level were treated via a paramedian
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approach using a 6.4-mm working channel endoscope.
We excluded patients treated by MEL via a midline
approach, because these two approaches have significant
differences, even when using same endoscopic system (18).
We also exclude patients treated by MEL at multi vertebral
levels and patients treated by hemilaminectomy (without
decompression of contralateral side). To concentrate on the
surgical benefits for posterior decompression, we excluded
patients who simultaneously underwent discectomy during
both procedures. We also excluded patients in whom we
could not distinguish that the radiculopathy was caused
by the combined foraminal stenosis. We also excluded
patients with lumbar spinal instability or moderate to severe
spondylolisthesis (Meyerding classification: grade > II).
The instability was judged by gross motion (>3 mm) on
flexion-extension lumbar lateral X-ray. In cases of severe
degenerative scoliosis (coronal Cobb angle >15°), we
also considered exclusion. Three patients treated using a
6.4-mm working channel endoscope dropped out because
of the difficulty to accumulate follow-up data (Figure I).

Background information of the patients, including age,
sex, approach side, and the operated vertebral level, were
obtained from medical records (Table 1). Operation time,
postoperative hospital stay, and complications related to
the operation, were also collected (7able 2). Neurological
examination and preoperative computed tomography (CT)
and T2-weighted magnetic resonance imaging (MRI) were
used to identify the vertebral level of the LSCS and the
target area for decompression. The extent of decompression
was evaluated by performing pre- and postoperative CT
and MRI (Figure 24,B). Pre- and postoperative pain of
the legs was evaluated using the Numerical Rating Scale
(NRS) score. The postoperative NRS score was obtained
at discharge from the hospital. The satisfaction score was
also recorded at discharge and 3 months after the operation.
The satisfaction score was then obtained by a medical clerk
using an eleven-level rating scale, similar to the NRS (19).
Statistical analysis was performed using Students’ #-test and
Fisher’s exact test. P values less than 0.05 were considered
statistically significant.

Surgical technique

The patients were carefully logrolled into the prone
position. Surgery was performed under general anesthesia
combined with motor evoked potential monitoring. During
the operations, a fluoroscope was placed across the center of
the operative table to ensure appropriate timing.
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Figure 1 Flow diagram of study design. FEL, full-endoscopic laminectomy; MEL, microendoscopic laminectomy.

Table 1 Demographic data from 114 patients

Table 2 Operative outcomes in 114 patients

Variable FEL MEL P value Operative outcomes FEL MEL P value
Number of patients 60 54 Operation time (min) 77.8 54.6 <0.001
Average age (years) 69.7 71.8 0.3 Hospital stay (days) 2.1 4.7 <0.001
Male/female 39/21 29/25 0.15 Preoperative NRS 6.8 6.2 0.138
Approach side Postoperative NRS 2.4 2.2 0.418

R/L 31/29 32/22 0.27

Decompression level

L1/2 1 0

L2/3 4 1

L3/4 9 12

L4/5 35 40 0.06
L5/81 1 1

FEL, full-endoscopic laminectomy; MEL, microendoscopic
laminectomy; R/L, right/left.

For MEL, surgery was conducted by six skilled surgeons.
An 18-mm skin incision was made 10 mm lateral to the
midline. The basic operative procedure was described
previously (2,3). In addition to the basic paramedian
approach, we mainly used a chisel (width: 4 mm) for bone
removal (20,21).

For all FEL using a 6.4-mm working channel endoscope,
surgery was conducted by a single skilled surgeon
(H Koga). A 12-mm skin incision was made 10 mm
lateral to the midline of the target vertebral level under
fluoroscopic guidance (Figure 2C). The muscle attached to
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Degree of satisfaction
At discharge 7.1 7.3 0.662
3 months 7.5 6.9 0.246

Complications

Dural tear 1 3
Postoperative hematoma 7 2
SSI 0 0
Nerve injures 0 0

FEL, full-endoscopic laminectomy; MEL, microendoscopic
laminectomy; NRS, Numerical Rating Scale score; SSI, surgical
site infection.

the lower margin of the cranial vertebral laminae (VL) and
upper margin of the caudal VL was carefully detached using
a dilator, in a similar manner to the operating technique for
microendoscopic surgery (20,21). Next, an angled-working
sheath and endoscope were inserted into the exposed VL
and the VL was removed using a 4.0-mm diameter high-
speed drill (NSK-Nakanishi Japan, Tokyo, Japan) across the
cranial and caudal margin of the ligamentum flavum (LF).
We could locate the central part of the LF that combined
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Figure 2 Typical computed tomography (CT) T2-weighted magnetic resonance imaging (MRI) changes after full-endoscopic laminectomy
(FEL). (A) Preoperative axial CT (left) and MRI (right) findings of L4/5 LSCS (77-year-old woman); (B) postoperative CT and MRI
findings; (C) Paramedian skin incision of FEL. Note that the size is similar to the width of a thumbnail.

with the right and left LFs. The absence of adhesion to the
underlying dura mater was confirmed using a dissector or
blunt hook; the central part of the LF was then separated
using a small curette and Kerrison rongeur. First, the
ipsilateral LF was removed. To remove the LF as a single
mass, it was also necessary to expose the lateral margins
of the LF, as well as the cranial and caudal margins, using
a high-speed drill and Kerrison rongeur. After removal of
the inferior and superior articular processes (IAP and SAP),
we could locate the lateral part of the epidural fat tissue or
intact vertebral disc. After removal of all margins of the LE,
we moved the LF and confirmed the absence of adhesion
underneath the dura mater. If the dura mater moved
together with the LF, we detached the dura mater from the
LF using a dissector, blunt hook, and small curette. In such
cases, we removed the non-adhesion area of the LF using a
Kerrison rongeur, making it easier to detach the adhesion.
Finally, we could visualize the underlying dura mater, nerve
root, and vertebral disc (Figure 3).

Second, the contralateral LF was removed. For the
contralateral side, the dura mater and adjacent LF were
always exposed in the operative field. We thus safely
removed the inner layer of the contralateral VL before
removal of the contralateral LE. After removal of the IAP
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and SAP, LF was easily removed using a Kerrison rongeur.
If we found dural adhesion in this step, we carefully
detached the dura mater from the inner LF surface (Figure 4)
using dissector, blunt hook, and forceps. Finally, we could
visualize the contralateral nerve root (Figure 3).

Bleeding from the epidural fat tissue and surface of the
resected bone was electrocoagulated using a bipolar radio-
frequency electrode system (Elliquence, Baldwin, NY,
USA). After decompression, the endoscope and working
sheath were carefully removed and the skin was closed using
a single suture.

Results

Demographic data are summarized in Table 1. This case
series consisted of 60 patients in the FEL group (male: 39,
female: 21) and 54 in the MEL group (male: 29, female: 25).
The mean age at surgery was 69.7 years in the FEL group
and 71.8 years in the MEL group. The most commonly
affected vertebral level was L4/5 in both groups (FEL:
58.3%, MEL: 74.1%). There were no significant differences
in patient background between the FEL and MEL groups.
There was a significant difference in the mean operation
time between the FEL group (77.8+18.8 min) and MEL
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Figure 3 Intraoperative photographs after partial removal of the superior articular process (SAP) using full-endoscopic laminectomy (FEL).

(A) Left nerve root (NR) was visualized without retraction; (B) Right NR was also visualized without retraction. Residual margin of the SAP

can be seen at lateral to the NR. Yellow arrowheads indicate the lateral border of both nerve roots.

Cranial

Figure 4 Intraoperative photographs after removal of the ipsilateral ligamentum flavum (LF) using full-endoscopic laminectomy (FEL).
(A) Dorsal surface of the dural sac (DS) was exposed. The ATA (yellow arrow) can be observed between the DS and contralateral LF; (B)
after moving the LF to the contralateral side, the DS also moved to the same side due to traction applied through the ATA.

group (54.6+17.6 min) (P<0.001). There was a significant
difference in the mean postoperative hospital stay between
the FEL group (2.13+1.38 days) and MEL group (4.74+
1.67 days) (P<0.001) (1able 2). Regarding complications,
seven patients in the FEL group and two in the MEL group
were clinically diagnosed with postoperative hematoma,
which presented with increasing low back and/or leg pain/
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paresthesia after surgery or removal of drainage. Although
most patients recovered after conservative treatment,
emergency hematoma evacuation was required for one
patient in the FEL group. Dural tear was observed in
one patient in the FEL group and three in the MEL
group. Human fibrinogen compound (BOLHEAL) and a
polyglycolic acid (NEOVEIL) sheet were used for repair in
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the MEL group, but direct repair was not performed in the
FEL group. In both groups, patients exhibited no symptoms
originating from the dural tear and were discharged
within 8 days after the operation. No other postoperative
complications, such as surgical site infection or nerve
injures, were observed. The overall complication rate was
13.3% in the FEL group and 9.3% in the MEL group.

The preoperative NRS score in the FEL group of 6.8+1.8
improved significantly postoperatively to 2.5£1.9 (P<0.001)
(Table 2). The preoperative NRS score in the MEL group
of 6.2x+2.4 also improved significantly postoperatively
to 2.2£2.1 (P<0.001) (Table 2). There was no significant
difference between the two groups. The mean satisfaction
scores in FEL and MEL groups at discharge were 7.1x2.5
and 7.3x2.4, respectively. The mean scores in the FEL and
MEL groups 3 months after the operation were 7.5+2.1 and
6.9£2.7, respectively. There was no significant difference
between the two groups or different time points.

Discussion

Uniportal FESS was originally developed for the treatment
of lumbar disc herniation and has recently been used
for lumbar spinal canal stenosis (LSCS). Both technical
refinements and the development of new instruments
have expanded target diseases for FESS. However, studies
using uniportal FESS for the treatment of LSCS have
been limited (4-17). Furthermore, only a few comparative
analyses with conventional operative procedures, such as
open, microscopic, and MEL, have been reported (4,5,7,15).
We therefore retrospectively compared the outcomes of
FEL and MEL.

From our analysis, the effects on pain relief and
postoperative satisfaction scores were almost identical
between the FEL and MEL groups. Although FEL was
superior in terms of a shorter postoperative hospital stay, the
operation time was significantly longer than that of MEL
(77.8 vs. 54.6 min). One of the reasons is that this case series
is the initial 60 cases of FEL performed by one surgeon (H.
Koga) and the procedure is technically difficult with a steep
learning curve. As 77.8 min is not significantly different
to previously reported operation times of MEL (77.0 and
66.1 min) using a high-speed drill (2,3), our MEL approach
using a chisel (width: 4 mm) for bone removal might be
faster than that of other groups. En bloc removal of the LF
and hemostasis are sometimes the time-consuming steps of
FEL. Further development of endoscopic instruments for
these steps might reduce the operation time.

© Journal of Spine Surgery. All rights reserved.

As for complications, it is possible to reduce dural tears
in FEL. Because there is a clear operative field under saline
irrigation in FEL, surgeons can confirm dural adhesion and
the ligament between the LF and dura mater (referred to
as the ATA or dorsal meningovertebral ligaments) (22,23).
As the endoscope of FEL comes nearer to deeply located
structures, such as the dura mater, than that of MEL, we
can magnify those structures. Figure 4 clearly shows the
presence of the ATA. Surgeons must carefully cut the ATA
before LF removal, otherwise a dural tear may occur. The
tilting and rotation techniques using oblique-viewing type
endoscope have maximal merit when the endoscope comes
as close as possible to the target structures (20,21).

The most critical complication of FEL is postoperative
hematoma. We observed seven cases of symptomatic
hematoma in FEL group. Only two cases were confirmed
using postoperative MRI and myelo-CT, we clinically
diagnosed the cases presenting with increasing low back
and/or leg pain/paresthesia as hematoma. Although
six patients recovered from the pain/paresthesia only
with conservative treatment, we performed emergency
evacuation in one case on the day of initial FEL. Compared
with the other conventional procedures, the dead space
in the dorsal area of the VL created by the FEL operative
approach is extremely narrow. A small amount of hematoma
may easily compress dural sac and/or nerve roots. In the
case that require emergency evacuation, we only found
a small blood clot. To prevent postoperative hematoma,
intraoperative hemostasis seems to be most important.
Especially bleeding from the surface of the resected bone
should be persistently electrocoagulated using a bipolar
radio-frequency electrode system (Video ). If the bleeding
from the bone cannot be stopped using the system, we
recommend compressing the bone using a Kerrison rongeur
(Video 2). It is also necessary to develop an instrument to
put bone wax on the surface from a small working channel.
Furthermore, postoperative hematoma in FEL frequently
occurred with a delayed onset (several days after discharge,
4/7 cases); careful confirmation of hemostasis is important
in the final stage of the operation. Reducing the pressure
or stopping saline irrigation in the final stage may also help
identify small bleeds.

The 6.4-mm endoscope has sufficient power to preserve
the facet joint. The sharp angle of the facet joint on axial
CT imaging is a frequently observed finding on LSCS,
together with facet arthropathy. Especially for L1/2 and
L2/3, partial facetectomy is sometimes performed during
conventional decompressive laminectomy. The 6.4-mm
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Figure 5 Pre- and postoperative computed tomography (CT)
images. (A) Preoperative sagittal (left) and axial (right) CT findings
of L1/2 LSCS (69-year-old man); (B) postoperative sagittal (left)
and axial (right) CT findings. Note that both facet joints showing

the sharp angle were completely preserved.

working channel FEL can easily preserve a degenerated
facet joint. It is a great advantage of this new strategy.
Figure 5 shows the complete preservation of both L1/2
facet joints (Figure 4, right angle =79.7°, left angle =86.6°).
Another advantage of the 6.4-mm working channel FEL is
the ability to minimize the retraction of the dural sac and
nerve root. As an endoscope was of the 30° oblique-viewing
type and the lens was located on the top of the endoscope,
we can visualize both nerve roots without retraction (1.4/5
LSCS, Figure 3). This suggests that FEL is more minimally
invasive than MEL, not only for the surrounding tissues
(muscle, facet joint, and interspinous ligament), but also for
nerve tissues.

We are also planning on applying FEL to multi-
vertebral LSCS as reported by other investigators (6,13,16).
However, the present 6.4-mm working channel FEL system
is too short to perform two levels decompression through
one small incision. On the other hand, MEL is possible
to decompress two vertebral levels through one 18-mm
incision. For a similar reason, we cannot perform FEL in
moderately obese patients (BMI >30), but can perform
MEL in moderately obesity patients. Therefore, we only
perform FEL for single level LSCS in non-obese patients
at the moment. The development of new instruments
promises the application of FEL in these more complicated
situations.
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Conclusions

Preliminary results over a short follow-up period showed
that the operative outcomes of 6.4-mm working channel
FEL were not inferior to those of MEL for the treatment of
LSCS. FEL is less invasive than MEL not only with respect
to the surrounding tissues, such as the facet joint, but also
the nervous tissue. Postoperative hematoma is the most
critical complication of FEL and should be prevented using
several hemostasis techniques.
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