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Background: Biportal endoscopic unilateral laminectomy for bilateral decompression (ULBD) is an emerging minimally invasive
procedure for spinal stenosis. However, reports of the results associated with this surgical method are still lacking.

Methods: We conducted a retrospective study of 60 patients who underwent bilateral decompression for lumbar central canal
stenosis. The patients were divided into 2 groups according to the surgical method (endoscopic ULBD vs. microscopic ULBD). We
compared the outcomes between the 2 groups in terms of postoperative segmental spinal instability, dura expansion, operation
time, estimated blood loss, serum creatine kinase (CK), serum C-reactive protein (CRP), visual analog scale (VAS) score, Oswestry
Disability Index (ODI), modified MacNab score, and the incidence of complications.

Results: The mean VAS, 0DI, and modified MacNab score improved significantly from the preoperative period to the last follow-up
in both groups and were better in the endoscopic ULBD group until the first day after treatment. The degree of horizontal displace-
ment was lower in the endoscopic ULBD group than in the microscopic ULBD group at postoperative 12 months. Dura expansion,
operation time, and estimated blood loss did not differ significantly between the 2 groups. Serum CK and CRP on the first day after
treatment were lower in the endoscopic ULBD group than in the microscopic ULBD group.

Conclusions: This study shows that both endoscopic ULBD and microscopic ULBD can provide favorable outcomes for lumbar
central canal stenosis. However, compared to microscopic ULBD, endoscopic ULBD has advantages in terms of postoperative seg-
mental spinal instability, pain control, and serum CK and CRP.

Keywords: Spinal stenosis, Endoscopic ULBD, Microscopic ULBD, Postoperative spinal instability

Degenerative spinal stenosis is the most common indi-
cation for spine surgery in the elderly."” Degenerative
changes including ligamentum flavum hypertrophy, facet
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joint hypertrophy, and intervertebral disc bulging cause
nerve compression in the vertebral canal, intervertebral
foramen, or lateral recess, resulting in dysfunction and im-
paired quality of life.”” Several open surgical techniques—
open laminectomy with foraminotomy, partial facetec-
tomy and microscopic unilateral laminectomy for bilateral
decompression (ULBD), and endoscopic ULBD—have
been introduced, but the optimal treatment method re-
mains controversial.**® Microscopic ULBD is a minimally
invasive spinal canal decompression technique that mini-
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mizes any injury of the paravertebral muscle structures
because it requires only unilateral exposure.” However,
it may cause postoperative segmental spinal instability of
the spine by posterior restraint failure due to an iatrogenic
injury to the spine or its surrounding structures and may
increase the risk of chronic back pain.” New endoscopic
techniques using the unilateral biportal endoscopic ap-
proach for treating lumbar central canal spinal stenosis
have received more spotlights recently.”'” Of those, en-
doscopic ULBD has several advantages, such as excellent
magnification and illumination through a single portal as
in spinal endoscopic surgery. Furthermore, compared to
the conventional endoscopic surgery, it allows the surgeon
to have a wider field of view and move the instrument
freely.”) However, reports of the clinical results associated
with this surgical method are still lacking. To the best of
our knowledge, this is the first report since the introduc-
tion of endoscopic ULBD, comparing its clinical outcomes
with those of microscopic ULBD.

METHODS

We performed a retrospective study of 60 consecutive
patients who underwent bilateral decompression of the
lumbar central canal stenosis between September 2015
and March 2017. Thirty patients underwent microscopic
ULBD from September 2015 to August 2016 and another
30 patients underwent endoscopic ULBD from August
2016 to March 2017. The above 2 groups were divided
not by medical criteria but by surgeon’s preference. Since
August 2016, assuming that endoscopic ULBD would
have many advantages over microscopic ULBD, we have
performed endoscopic ULBD mostly except for cases that
inevitably require microscopic ULBD. The inclusion cri-
teria were central canal spinal stenosis with intermittent
neurologic claudication or radicular leg pain refractory to
conservative treatment. Patients who underwent concomi-
tant fusion or instrumentation placement, patients who
had previously undergone lumbar surgery at the same
level, patients who underwent lumbar laminectomy with
discectomy, and patients with any grade of spondylolisthe-
sis or degenerative scoliosis on dynamic radiographs were
excluded. Patients with abnormal C-reactive protein (CRP)
and serum creatine kinase (CK) preoperatively were also
excluded. The study was approved by the Institutional Re-
view Board of Daedong Hospital (IRB No. 2019-02), and
written informed consent was obtained from all patients.
Data were obtained using the electronic patient record and
patient management questionnaire. The questionnaire was
sent to patients with a letter explaining the purpose of the

questionnaire and the role of the participant. Data were
collected from preoperatively to 12 months postopera-
tively. Radiologic outcomes including horizontal displace-
ment and dura expansion were evaluated using dynamic
roentgenograms and magnetic resonance imaging (MRI)
respectively. Horizontal displacement (Fig. 1) was assessed
on X-rays obtained in standing flexion/extension pre-
operatively and 12 months postoperatively, and anterior
translation was also assessed.”” Dura expansion was cal-
culated with axial cuts of preoperative and postoperative
T2-weighted MRI. The results were evaluated by the area
calculation program of a picture archiving and commu-
nication system (INFINIT PACS, Seoul, Korea). Clinical
outcomes were quantified using the back and leg visual
analog scale (VAS; 0-10), modified MacNab criteria (ex-
cellent, good, fair, and poor), and Oswestry Disability In-
dex (ODI; 0%-100%) at 1-week, 1-month, 3-month, and
1-year follow-ups. Based on video records of endoscopic
and microscopic surgery, operative time was calculated
from the incision to the end of the decompression, exclud-
ing time to wound closure. Other perioperative data (es-
timated blood loss, serum CK, CRP, complications) were
evaluated using clinical lab values and clinical charts."”
Statistical analysis was performed by chi-square test and
independent sample t-test using IBM SPSS ver. 22.0 (IBM
Corp., Armonk, NY, USA). A p-value less than 0.05 was
considered statistically significant.

RESULTS

Sixty patients who underwent spinal surgery were in-
cluded in this study: 30 patients in the endoscopic ULBD

Fig. 1. Horizontal displacement (HD) is anterolisthesis (AQ) or retrolisthesis
(RO) over the mid-body width of the upper vertebrae. HD (%) = (AO or RO)
/W x 100.
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group and 30 patients in the microscopic ULBD group.
The demographic and preoperative characteristics of the
patients were not statistically different (Table 1). The ra-
diologic outcomes, surgical data, and laboratory results are
shown in Table 2 and clinical outcomes are shown in Table
3. The degree of horizontal displacement was lower in the
endoscopic ULBD group than in the microscopic ULBD
group (0.28% + 0.27% vs. 2.92% * 1.82%, p < 0.001) (Fig.
2A). Postoperative pain and ODI expressed in percentage
were significantly improved in both groups (p < 0.001).
There was a significant difference in the improvement of
pain (VAS) at 1 week after operation between the endo-
scopic ULBD group and the microscopic ULBD group
(38.37% + 4.40% vs. 52.50% + 7.95%, p = 0.00) (Fig. 2B).
There was a significant difference in the improvement of
ODI at 1 week after operation between the endoscopic
ULBD group and the microscopic ULBD group (38.37 +
4.40 vs. 52.50 + 7.95, p = 0.00) (Fig. 2C). However, there
was no significant difference in ODI at 1 month after op-
eration and 1 year after operation in both groups. There
was a significant difference in the modified MacNab
score at 1 week after operation between the endoscopic
ULBD group and the microscopic ULBD group (83.33%
vs. 66.66%, p = 0.00) (Fig. 2D). There was no significant
difference in the modified MacNab score expressed in
percentage from 1 month after operation to 1 year after

Table 1. Demographic and Preoperative Patient Data

Characteristic EnduoLsBcgpic Mic&?_sBCSpic p-value
Age (yr) 64.23 +5.26 66.20 + 6.01 0.18
Sex (male : female)  13(43.3): 17 (56.7)12 (40.0) : 18 (60.0) ~ 0.07
Symptom duration (wk)  13.07 + 4.51 12.40 +4.28 0.56
Level treated 0.78

L2/3 216.7) 4(13.3)

L3/4 8(26.7) 8(26.7)

L4/5 18(60.0) 16 (53.3)

L5/S1 2(6.7) 2(6.7)
Symptom (%)

Low back pain 25(83.3) 27 (90.0) 0.58

Radiculopathy 18 (60.0) 20 (66.7) 0.29
Cross sectional area 37248 +7386  388.72+93.14 0.38

(mm?) of thecal sac
(preoperative)

Values are presented as mean + standard deviation or number (%).
ULBD: unilateral laminectomy for bilateral decompression.

operation. There was no significant difference in dura ex-
pansion (329.71 £ 54.21 vs. 315.20 + 62.79, p = 0.15) (Fig.

Table 2. Comparison of Radiologic Outcomes and Surgical Details

between Endoscopic Decompression and Microscopic
Decompression

Endoscopic ~ Microscopic

Variable decompression decompression

p-value

Horizontal displacement (%)  0.28 +0.27 292+182  <0.001

Dura expansion (mm?) 329.71+5421 31520 +62.79 0.15

CK (mg/dL; postoperative

2 day) 130.87 +51.49

331.40+£118.09 <0.001

CRP (mg/dL; postoperative

2 day) 2.36+1.09

592+134  <0.001

Cﬁpvmg/ dLpostoperative gy 038 0854067 012

Operation time (min) 58.10 + 6.04 62.43 + 8.09 0.02

Mean blood loss (mL) 53.63 +10.08 59.47 +11.88 0.04

CK: creatine kinase, CRP: C-reactive protein.

Table 3. Comparison of Clinical Outcomes between Endoscopic

Decompression and Microscopic Decompression

Endoscopic Microscopic

Variable decompression decompressio

n p-value

Visual analog scale

Preoperative 7.13+0.86 7.27+0.83 0.54
Postoperative (1 wk) 1.87+0.82 3.70+0.75 <0.001
Postoperative (1 mo) 1.53+0.63 1.77 £0.73 0.19
Postoperative (3 mo) 1.37+0.49 1.47+0.68 0.52
Postoperative (1 yr) 1.23+£043 1.27 £0.45 0.77

Oswestry Disability Index (%)

Preoperative 71.20+4.29 72.00 +6.22 0.56
Postoperative (1 wk) 38.37 +4.40 5250+7.95  <0.001
Postoperative (1 mo) 27.70 £ 2.51 27.60 +5.85 0.93
Postoperative (3 mo) 26.27 +3.48 26.47 +5.07 0.86
Postoperative (1 yr) 23.53 +3.51 2470 +5.22 0.31

Modified MacNab score (%)

Postoperative (1 wk) 83.33 66.66 <0.001
Postoperative (1 mo) 83.33 76.66 <0.001
Postoperative (3 mo) 80.00 76.66 < 0.001
Postoperative (1 yr) 76.66 73.33 <0.001
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Fig. 2. The radiologic outcomes, surgical data, and laboratory results. (A) Horizontal displacement. (B) Visual analog scale (VAS) scores. (C) Oswestry
Disability Index (ODI). (D) Modified MacNab scrores. (E) Dura expansion. (F) Operation time. (G) Mean blood loss. (H) Serum creatine kinase (CK). (I)
Serum C-reactive protein (CRP).

2E) and operation time (58.10 + 6.04 vs. 62.43 + 8.09, p  (53.63 + 10.08 vs. 59.47 + 11.88, p = 0.04) (Fig. 2G). Serum
= 0.25) (Fig. 2F) between 2 groups. The estimated blood =~ CK and CRP on the first day after operation were lower
loss was not significantly different between the 2 groups  in the endoscopic ULBD group than in the microscopic
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ULBD group (CK: 130.87 + 51.49 vs. 331.40 + 118.09, p =
0.00; CRP: 2.36 + 1.09 vs. 5.92 + 1.34, p = 0.12) (Fig. 2H
and I). However, serum CRP at 6 days after operation was
not significantly different between the 2 groups (0.62 +
0.38 vs. 0.85 + 0.67, p = 0.12) (Fig. 2I). Preoperative and
postoperative MRI and endoscope images obtained from
a patient with lumbar central canal stenosis treated with
endoscopic ULBD are shown in Fig. 3. There were 2 cases
of cerebrospinal fluid leak in the microscopic ULBD group
and 1 case in the endoscopic ULBD group, all of which
were treated with conservative treatment including bed
rest and fluid replacement. Surgical site infection occurred
in 1 case in the microscopic ULBD group and was treated
with third-generation cephalosporin antibiotics.

DISCUSSION

Although the conventional open laminectomy is a stan-
dard effective treatment for lumbar central canal stenosis,
open surgery may have an adverse effect on anatomical
support tissues such as muscles or ligaments and cause
surgical damage to surrounding tissues, which may lead to
postoperative back pain and muscle atrophy.'** In addi-
tion, postoperative spinal instability occurs in an operated
intervertebral level after extensive decompression or at
a level adjacent to the fused one. Decompressive surgery
leads to muscular and ligamentous damage and any bone

Fig. 3. Preoperative (A, C) and postoperative (B, D) T2-weighted magnetic
resonance images obtained in patients who underwent L4/5 decom-
pression. The top row is a case of endoscopic laminectomy and the bottom
row is a case of microscopic laminectomy.

removal impairs stability at the operated levels. Spinal fu-
sion has been shown to produce stress on the adjacent
cephalad or caudal unfused segments, which displaces the
center of rotation of the lumbar spine in a cephalad and
posterior direction.”” As a result, postoperative segmental
spinal instability after decompression surgery may cause
pain and necessitate additional fusion surgery.” In order
to overcome these drawbacks, minimally invasive surgical
techniques have been developed to reduce the damage to
surrounding tissues.*'*'”

Microscopic ULBD performed for degenerative
lumbar central canal stenosis has produced favorable re-
sults. However, this approach is disadvantageous in that
it requires muscle incision and it is difficult to obtain the
opposite view in patients with obesity or significant mus-
cular development. In addition, the microscopic ULBD
approach may require extensive laminectomy and adjust-
ment of the patient’s position to decompress the contralat-
eral traversing nerve root during surgery, since both the
view of the surgeon beyond the spinal canal and the oper-
ating range of the surgical instrument are limited.”

Recently, single-portal endoscopic decompression
has been attempted.'” However, since many surgeons
are not yet familiar with the single-portal endoscopic ap-
proach, inadequate decompression may occur.

Endoscopic ULBD combines the advantages of the
standard open surgery and endoscopic spinal surgery. This
operation is a fusion and modification of translaminar en-
doscopic decompression and microscopic unilateral lami-
nectomy. The endoscopic decompression approach allows
the surgeon to view the surgical site at high magnification
and to view the contralateral, sublaminar, and foraminal
areas as well. The advantages of endoscopic ULBD is that
the surgical view is similar to that of the microscopic
ULBD. And continuous pressure saline irrigation reduces
bleeding and facilitates bilateral foraminal decompression.
Further, by tilting the working portal, the surgeon can
perform similar volume decompression with less posterior
facet violation. Endoscopic ULBD system uses an inde-
pendent channel for the surgical instrument, so movement
is not restricted. In addition, it is possible to view the spine
from various angles using a 0° or 30° arthroscope. And the
endoscopic view is the same as that of the conventional
surgery. So experienced spine surgeons can learn surgical
techniques of endoscopic ULBD without difficulty."

In the operation of patients with a pathologic le-
sion on their right side, the working portal is located at
the surgeonss left side. So, it is difficult to control bleeding
and instrument without use of both hands, and the opera-
tion time may be longer. However, experienced surgeons
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can reduce the operation time by switching 2 portals. Our
results showed that there was no significant difference in
operating time between the endoscopic ULBD and micro-
scopic ULBD groups.

In this study, endoscopic ULBD showed some ad-
vantages as a form of minimally invasive spine surgery.
The results of this study were as follows: first, the incre-
ment of horizontal displacement was lower in the endo-
scopic ULBD group than in the microscopic ULBD group,
which demonstrates that endoscopic ULBD reduces sec-
ondary postoperative segmental spinal instability after sur-
gery. Second, pain (VAS), quality of life (ODI), and patient
satisfaction (modified MacNab) improved significantly in
a short-term period after endoscopic ULBD compared to
those after microscopic ULBD. The serum CK and CRP
on the first day after endoscopic ULBD were elevated less
than those after microscopic ULBD. Although muscle
damage during surgery is difficult to directly assess quan-
titatively, the serum CK has been used as a suitable param-
eter for evaluating muscle damage in a variety of spinal op-
erations. In previous studies, the CK level was significantly
correlated with the length and depth of surgical incision,"”
and there was a significant relationship between the serum
enzyme level and the duration and intensity of pressure
on the paraspinal muscle induced by retraction.”*” Based
on these findings, we could indirectly assess the degree of

muscle damage with serum CK. Thus, compared to micro-
scopic ULBD, endoscopic ULBD may provide improved
clinical outcomes by reducing tissue damage.

Limitations of this study include the retrospective
study design, small sample size, and short follow-up pe-
riod. In addition, owing to the nature of the retrospective
study, there was a risk of selection bias, and the surgeon’s
experience may have affected the outcomes. However, our
findings indicate that endoscopic ULBD may be a viable
alternative to microscopic ULBD based on good clinical
results and the convenience of new endoscopic equipment.
Further randomized prospective studies on endoscopic
ULBD are needed to validate our outcomes.

This study shows that both endoscopic and mi-
croscopic ULBD can be effective treatments for patients
with lumbar stenosis, especially the central canal type.
However, endoscopic ULBD can be a superior procedure
in terms of preventing postoperative segmental instability
and causing less postoperative pain. Therefore, endoscopic
ULBD could be an alternative surgical procedure for treat-
ing central canal spinal stenosis.
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