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Background: Open microscopic laminectomy has been the standard surgical method for degenerative spinal stenosis without 
instability till now. However, it is associated with complications such as paraspinal muscle injury, excessive bleeding, and wound 
infection. Several surgical techniques, including microendoscopic decompression, have been introduced to solve these problems.
Methods: Authors analyzed retrospectively 55 patients presenting with neurological symptoms due to degenerative lumbar spinal 
stenosis refractory to conservative treatment. Patients with foraminal stenosis requiring foraminal decompression were excluded. 
Two or three portals were used for each level. One portal was used for viewing purpose and the others for instrument passage. 
Unilateral laminotomy was followed by bilateral decompression under the view of 30° arthroscopy. Clinical outcomes were evalu-
ated using modified Macnab criteria, Oswestry disability index (ODI), and visual analogue scale (VAS). Postoperative complications 
were checked during the 2-year follow-up. Plain radiographs before and after surgery were compared to analyze the change of disc 
height decrement and alignment.
Results: ODI scores improved from 67.4 ± 11.5 preoperatively to 19.3 ± 12.1 at 2-year follow-up (p < 0.01). VAS scores of the leg 
decreased from 7.7 ± 1.5 to 1.7 ± 1.5 at the final follow-up (p < 0.01). Per the modified Macnab criteria, 81% of the patients im-
proved to good/excellent. No cases of infection occurred. The intervertebral angle was significantly reduced from 6.26° ± 3.54° 
to 5.58° ± 3.23° at 2 years postoperatively (p = 0.027) and the dynamic intervertebral angle changed from 6.54° ± 3.71° to 6.76° ± 
3.59°, which was not statistically significant (p = 0.562). No significant change in slippage was observed (3.76% ± 5.01% preop-
eratively vs. 3.81% ± 5.28% at the final follow-up [p = 0.531]). The dynamic percentage slip did not change significantly, from 2.65% 
± 3.37% to 2.76% ± 3.71% (p = 0.985). However, intervertebral distance decreased significantly from 10.43 ± 2.23 mm to 10.0 ± 2.24 
mm (p = 0.000).
Conclusions: Full endoscopic decompression using a 30° arthroscopy demonstrated a satisfactory clinical outcome at the 2-year 
follow-up. This technique reduces wound infection rate and did not bring about postoperative segmental spinal instability. It could 
be a feasible alternative to conventional open microscopic decompression or fusion surgery for degenerative lumbar spinal steno-
sis.
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Spinal stenosis occurs when the neural structure is en-
croached on by surrounding soft tissue and bone.1-3) Lum-
bar spinal stenosis is more prevalent in the elderly. Open 
laminectomy and spinal fusion had been standard surgi-
cal treatment methods for various types of lumbar spinal 
stenosis.4) However, these procedures can cause several 
complications. The standard surgery procedure involves 
wide dissection of the paraspinal muscles to create an op-
erating space, followed by removal of excessive bone and 
ligament for decompression.5) Firm fusion can accelerate 
degeneration of the adjacent unfused segment.4) Adjacent 
segmental degeneration can also occur due to wide poste-
rior dissection that injures the paraspinal muscles during 
posterior lumbar fusion. Multifidus muscle injury and 
atrophy are common after posterior lumbar spine surgery 
and are associated with lower back pain and functional 
disability. Thus, microscopic bilateral decompression has 
been suggested as an alternative to open laminectomy 
and fusion. Several studies have reported favorable long-
term results,6-11) and the technique is currently considered 
the standard technique. Recently, bilateral decompression 
using unilateral biportal endoscopy has been reported by 
several authors and has begun to attract attention.12,13) So 
far, there are few studies on patients with a follow-up of 
more than 2 years after unilateral biportal endoscopic spi-
nal surgery. This study evaluates the short-term outcome 
of unilateral biportal endoscopic spinal surgery for degen-
erative spinal stenosis performed with 30° arthroscopy. 

METHODS

We conducted this study in compliance with the principles 
of the Declaration of Helsinki. The protocol of this study 
was reviewed and approved by the Institutional Review 

Board of Andong Hospital (IRB No. 2018-003). We re-
ceived informed consent from all patients before surgery. 
All patients who underwent unilateral biportal endoscopic 
decompression (UBED) provided a signed consent form 
prior to surgery. The clinical outcomes including Oswestry 
Disability Index (ODI), Modified Macnab criteria, visual 
analogue scale (VAS), operation time, and complica-
tion rate were analyzed in patients who were treated with 
UBED using 30° arthroscopy. Authors compared plain 
radiographs taken before and 2 years after surgery. Plain 
radiographs of flexion and extension postures before and 
after surgery were compared and analyzed to confirm disc 
height reduction, percentage of slip, and intervertebral 
angles. Intervertebral distance was measured between two 
vertebrae at the midpoint of the end plates (Fig. 1). Among 
the 91 patients that underwent UBED from our institute, 
patients that were lost during follow-up and patients with 
other diagnoses such as lumbar disc herniation, adjacent 
segmental degeneration, and moderate or higher grade 
foraminal stenosis were excluded; eventually 55 patients 
were enrolled in this study (Fig. 2). The index level was 
L2–3 in three cases (5.4%), L3–4 in 13 (23.6%), L4–5 in 
29 (52.7%), and L5–S1 in 10 (18.1%). The main symptom 
of the patients was neurologic claudication in 43 cases 
(78.1%) and paresthesia in 12 cases (21.8%). No cases had 
lower extremity weakness or back pain as a main symptom 
(Table 1). UBED was performed by a single surgeon (JEK). 
Basic spine surgery instruments, including a 30° 4-mm ar-
throscopy, which is commonly used in joint arthroscopic 
surgery, and a radiofrequency, 4.2-mm arthroscopic burr, 
along with a shaver, were used for surgery. Surgery was 
performed under spinal or general anesthesia with the pa-
tient in the prone abdomen free position so that the spine 
could be flexed to widen the interlaminar spaces. Spinal 
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Fig. 1. Measurement of radiological data. 
(A) Intervertebral distance: vertical distance 
between the vertebrae at 50% (white 
line) of the anteroposterior diameter of 
each vertebral body (gray line). (B) Slip 
percentage: slip% = (B – A / B) × 100. 
White line: anteroposterior diameter of 
the vertebral body of the lower vertebra. 
Gray line: anteroposterior diameter of the 
vertebral body of the upper vertebra. Dotted 
line: end of vertebra. (C) Intervertebral 
angle.
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anesthesia was performed only for the index level of L4–5 
or L5–S1 when the patient requested.

Operation Technique
Level confirmation was conducted using the C-arm before 
surgery. On the C-arm anteroposterior view, a proximal 
portal was created just below the pedicle level of the lami-
na that was to be laminotomized; a distal portal was creat-
ed just below the pedicle level of the lamina 1 level below. 
The two portals were 0.5 cm in length, large enough to 
insert instruments and endoscope. The distance between 
two portals differed depending on patient height and level. 
The distal portal was located at an average of 2 cm caudal 
to the proximal portal (Fig. 3). 

The trocar of the scope was introduced into the 
proximal portal and a round, smooth periosteal elevator 
was inserted into the distal portal through the paraspi-
nal muscle without any dissection until it was situated at 
the end of the lamina. The muscle overlying the lamina 
and interlaminar space was then pushed aside using the 
periosteal elevator to create a visual surgical field. Water 
inflow with a pressure of less than 30 mmHg was initiated 
through the proximal portal. The pressure of water inflow 
could be achieved using gravity instead of an infusion 
pump. The outflow of the water was maintained through-
out the procedure directing through the distal portal 
to achieve continuous irrigation and prevent soft tissue 
congestion due to water accumulation. Identification of 
the facet joint, which is a significant landmark during 
surgery, was performed. The lamina was identified along 
the facet joint. A shaver or radiofrequency catheter was 
used to clean the soft tissue and debris over the lamina. 
The arthroscopic 4.2-mm burr or chisel was used to thin 
out the ipsilateral lamina and a part of the spinous process, 
which was followed by remnant laminectomy by the Ker-

rison punch to achieve a laminotomy. Partial laminectomy 
was performed to expose the ligament flavum sufficiently 
before flavectomy. The partial medial facetectomy was 
performed if the lateral recess was compressed according 
to magnetic resonance imaging (MRI). The ligamentum 
flavum was not resected as it functions as a protective bar-
rier until the bony work at the contralateral lamina was 
completed. During 30° arthroscopy, the 12 o’clock position 
was used to visualize the base of the contralateral lamina 
and the spinous process, while the 6 o’clock angle was 
used to visualize the inferior articular process and inferior 
lamina. Ipsilateral decompression was performed with an 
arthroscopic burr and Kerrison rongeur until the proximal 
end of the ligamentum flavum was exposed, followed by 
undercutting of the contralateral lamina and the base of 

91 UBED
(central, foraminal decompression)

n = 87

6 Adjacent segmental
degeneration

8 Lumbar disc herniation

4 Follow-up loss

3 Foraminal stenosis

15 Multilevel
decompression

55 Single-level
central decompression

Fig. 2. Flowchart of patient inclusion. UBED: 
unilateral biportal endoscopic decompres
sion.

Table 1. Treated Disc Level and Main Patient Symptom

Characteristic No. (%)

Disc level treated

L2–3  3 (5.4)

L3–4  13 (23.6)

L4–5  29 (52.7)

L5–S1  10 (18.1)

Main symptom

Neurogenic claudication 43 (78.1)

Paresthesia (numbness, sense of tingling, pricking) 12 (21.8)

Leg weakness 0

Back pain 0

Values are presented as number (%).
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the spinous process to create sufficient space to handle the 
contralateral lamina. After confirming there was no adhe-
sion between the ligamentum flavum and dura, flavectomy 
was performed using the Kerrison punch and pituitary 
forceps for ipsilateral neural structure decompression. For 
contralateral side decompression, both the arthroscopy 
and working instrument should pass the midline to the 
contralateral lamina to approach the contralateral liga-
mentum flavum. A smooth curette was used to detach the 
ligamentum flavum from the contralateral lamina wall and 
to create a free space between the dura and ligamentum 
flavum to prevent iatrogenic durotomy during flavectomy. 
The ligamentum flavum was removed using a Kerrison 
punch and pituitary forceps only after complete detach-
ment from both the dura and lamina wall. If the bony 
work or flavectomy was not done in the desired direction 
during the operation, an auxiliary portal was made below 
1.5 cm distal from the working portal. Surgery was consid-
ered complete after confirmation of bilateral decompres-
sion using a blunt probe. After removing the instruments 
and arthroscope, the skin was repaired (Fig. 4). Postopera-
tive MRI was performed after drain removal.

Statistical Analysis 
All statistical analyses were performed using the SPSS ver. 
18.0 (SPSS Inc., Chicago, IL, USA). Values are presented as 
mean and standard deviation. Patient data were analyzed 
using the paired t-test. A p < 0.05 was regarded as statisti-
cally significant.

RESULTS

A total of 55 patients (26 males and 29 females; mean age, 
70.7 ± 14.3 years; range, 55 to 86 years) were enrolled in 
this study. Blood loss could not be accurately checked due 
to the continuous water irrigation. The mean follow-up 
period was 29 months. The mean operative time for 1 level 
was 53 ± 11.5 minutes. Complications occurred in three 
cases: two cases of dural tear and one case of epidural 
hematoma. Regarding the two dural tear cases, authors 
immediately recognized them intraoperatively, and they 
were both small sized tears (less than 5 mm). The patients 
complained of headache the day after the operation, which 
improved after 3 days of bed rest. One patient who devel-
oped neurological symptoms due to postoperative epidural 
hematoma underwent revision surgery. Endoscopic hema-
toma evacuation was performed using the portal used in 

A

B C

Caudal Cranial

2 cm

Fig. 3. (A) Setup for unilateral biportal endo
scopic decompression surgery. (B) Loca
tions of viewing (upper) and working 
(lower) portals. (C) Intraoperative photo 
showing the arthroscope and arthrosco
pic burr introduced through viewing and 
working portals.
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previous surgery instead of an open surgery. All postoper-
ative complications occurred within 1 week after surgery; 
no revision surgery was necessary afterwards (Table 2). 
The mean VAS of the legs improved from 7.7 ± 1.5 preop-
eratively to 3.1 ± 1.3 after surgery (p < 0.01); it was 1.7 ± 1.5 
(p < 0.01) at the 2-year follow-up. The postoperative mean 
ODI significantly improved from 67.4 ± 11.5 to 28.5 ± 13.2 
(p < 0.01); it was 19.3 ± 12.1 (p < 0.01) at the 2-year follow-
up. Among the patients, 81% reported improvement per 
the Macnab criteria; the recorded outcomes were excellent 
in 25 patient (45%), good in 20 (36%), fair in nine (16%), 
and poor in one (2%) (Fig. 5). 

Radiological Results
The intervertebral angle reduced significantly from 6.26° ± 
3.54° to 5.58° ± 3.23° at 2 years postoperatively (p = 0.027). 
The dynamic intervertebral angle decreased slightly to 
6.54° ± 3.71° from 6.76° ± 3.59°, but the difference was 
not statistically significant (p = 0.562). Preoperative per-
centage of slip was 3.76% ± 5.01%, with a slip of 3.81% ± 
5.28% at the 2-year follow-up (p = 0.531), which was not a 
significant change. The preoperative dynamic percentage 
of slip (gap in the percentage of slip between the flexion 
and extension views) was 2.65% ± 3.37% preoperatively 
and at 2 years postoperatively, it was 2.76% ± 3.71% (p = 
0.985), which was not a significant change. However, at 2 
years postoperatively, the intervertebral distance reduced 
significantly from 10.43 ± 2.23 mm to 10.0 ± 2.24 mm (p 
= 0.000) (Table 3). Pre- and postoperative MRI and radio-
logical changes in one of the enrolled patients are shown 
in Fig. 6.

DISCUSSION

The surgical goal of treatment for symptomatic lumbar 

spinal stenosis is alleviation of symptoms through proper 
neural decompression while preserving the original anat-
omy and biomechanics of the spine. Several surgical tech-
niques have hitherto been used for the same purpose.13-15) 
Although traditional open laminectomy can be used to 
treat lumbar spinal stenosis with excellent results in 64% 
of the cases,16) back pain and muscle atrophy can be caused 
by excessive dissection of the paraspinal muscle.2) Bony 
destruction due to open laminectomy can cause spinal col-
umn instability.17) The number of posterior lumbar fusions 
also increases due to the inevitable iatrogenic instability 
that is caused by wide decompression including facetecto-
my.18) Several studies have reported that a large dead space 
due to open spinal surgery increases the infection rate or 
contributes to scarring on neural structures.6,8,19) Further-
more, adjacent segmental degeneration can occur after 
posterior lumbar fusion. These complications can lead to 
chronic back pain or failed back syndrome.20) 

Unilateral laminectomy bilateral decompression 

A B

Fig. 4. (A) Intraoperative endoscopic ima
ge showing decompression of the central 
canal and ipsilateral laminotomy. (B) 
Postoperative photo showing the skin 
incision point in unilateral biportal endo
scopic decompression.

Table 2. Clinical and Demographic Data of Patients

Characteristic Value

Age (yr), mean ± SD (range) 70.7 ± 14.3 (55–86)

Male:female 26:29

Operation time for 1 level (min), mean ± SD 53 ± 11.5

Complication 

Dura tear 2

Epidural hematoma 1

Infection 0

SD: standard deviation.
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(ULBD) has been used to achieve bilateral decompression 
without contralateral dissection as well as to reduce mus-
cle dissection with satisfactory results.7-9,11) The concept 
of minimally invasive surgery has been applied to various 
surgical fields and has shown good results. The clinical 
outcome of ULBD using microscopy has been satisfactory 
in several studies.11,20-22) The decompression method us-

ing the unilateral biportal endoscopic technique was then 
introduced.12,13) However, till now, the clinical and radio-
logical reports after more than 2 years of follow-up after 
UBED for degenerative lumbar spinal stenosis have not 
been studied. 

The results of our series were relatively superior to 
data shown in other studies on conventional open lami-
nectomy with wider dissection and laminectomy, which 
have a success rate of 56%–64%.16) A clinical study on bi-
lateral laminotomy showed a success rate of about 90%23) 
and another showed a success rate of 80%.24) A study 
on ULBD demonstrated a success rate of approximately 
67.6%–81%.6,25-27) Our study showed results similar to 
those obtained in a study of Pao et al.11) on patients who 
underwent microendoscopic decompressive laminectomy, 
a similar minimally invasive technique. In the study, more 
than 80% of the patients reported good or excellent results. 

In our study, a significant improvement was seen 
in the ODI score in patients undergoing UBED, and > 
81% of patients reported good or excellent scores per the 
modified Macnab criteria, which is an indicator of patient 
satisfaction. There was no significant difference in the 
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Fig. 5. (A) Visual analogue scale (VAS) pain scores assessed preope
ratively and at 2 months and 2 years postoperatively. (B) Oswestry 
disability index (ODI) scores assessed preoperatively and at 2 months and 
2 years postoperatively. (C) According to modified Macnab criteria, 81% 
of patients who underwent unilateral biportal endoscopic decompression 
experienced excellent or good results. 

Table 3. �Changes in Radiological Parameters of Preoperative and 
Postoperative 2 Years

Variable Preoperative Postoperative 
2 years p-value

IVA (°) 6.26 ± 3.54 5.58 ± 3.23 0.027

Dynamic IVA (°) 6.54 ± 3.71 6.76 ± 3.59 0.562

Slip (%) 3.76 ± 5.01 3.81 ± 5.28 0.531

Dynamic slip (%) 2.65 ± 3.37 2.76 ± 3.71 0.985

IVD (mm) 10.43 ± 2.23 10.0 ± 2.24 0.000

Values are presented as mean ± standard deviation.
IVA: intervertebral angle, IVD: intervertebral distance.
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results of unilateral and bilateral laminotomy. The UBED 
is as effective as the microendoscopic decompressive lami-
nectomy in relieving neurological symptoms and improv-
ing patient life quality. There are several factors that are 
responsible for this. First, since 30° arthroscopy was used, 
it was possible to view the spine from various angles, en-
abling complete decompression of the neural structures. 
Second, the muscle damage was minimal. Unlike open 
surgery, there were few potential muscle injuries because 
the procedure was performed percutaneously with a small 
incision. Decompression was sufficiently performed under 
an enlarged arthroscopic field, reducing iatrogenic laminar 
fractures and excessive facet injuries.

Although the concept of preservation of the spinal 
structure is considered important in decompression sur-
gery using the minimally invasive technique, there has 
always been concern about incomplete decompression 
in this technique. However, the symptomatic improve-
ment was satisfactory immediately after the operation, 
and the results were satisfactory even after 2 years in this 
study. The fact that the symptoms did not deteriorate af-
ter 2 years shows that there was sufficient decompression 
through good visualization in arthroscopy, and restenosis 

did not occur even 2 years after surgery.
Postoperative instability due to laminectomy is a 

major concern in decompression surgery. In our study, 17 
of 55 patients were diagnosed with grade I mild degen-
erative spondylolisthesis, but no postoperative instability 
occurred at the last follow-up. This is mostly because dy-
namic intervertebral angle and dynamic slip percentage 
did not significantly increase after the operation. Another 
reason for the absence of lumbar instability is that this 
technique is less invasive, minimizing destruction of pos-
terior elements and facet joints. UBED could limit facet 
destruction and prevent excessive resection of the bone 
in a magnified operation field. In Oertel et al.’s study,28) 
instability occurred in only two of 133 patients with spi-
nal stenosis who underwent ULBD. Sasai et al.’s study10) 
demonstrated that the increases in dynamic intervertebral 
angles and dynamic slip were not statistically significant 
in patients undergoing a microscopic bilateral decompres-
sion via the unilateral approach. Our study confirmed that 
UBED is a good surgical option to decompress the stenosis 
while preserving the intrinsic stabilizer.

The UBED technique allows decompression of the 
contralateral side and identification of the contralateral 
facet as well as the traversing root without excessive resec-
tion of the bony structure. The portals created in the inter-
muscular plane of the multifidus provide space between 
the multifidus and the lamina in order to prevent damage 
to the posterior ligament complex and the paraspinal 
muscle. Although the prevalence of spinal surgical site 
infection was reported to be 3.5% in a validation cohort 
study,29) our study did not have a single case of infection. 
There were no complications associated with general 
anesthesia such as pneumonia due to the relatively short 
operation time. Intraoperative bony and soft tissue debris 
did not create any congestion due to the continuous water 
irrigation, which could also be a factor reducing the possi-
bility of infection. Authors assumed that the inflammatory 
environment did not develop due to continuous saline ir-
rigation. 

Unintentional dural tears are another concern dur-
ing decompression surgery although long-term results are 
mostly positive.30) The frequency of dural tears was lower 
in UBED (3.6%) than in microendoscopic lumbar decom-
pression (8.3%)11) and in open laminectomy (18%).16) Re-
garding UBED, the visual field is relatively good because 
arthroscopy is used. The possibility of dural tears is also 
likely to be reduced because the contralateral side can be 
easily accessed. In our study, dural tears occurred in two 
patients early in the learning curve, and fortunately the 
tears were within 5 mm. Both patients showed symptom-

A B

C D

Fig. 6. Preoperative (A, B) and postoperative (C, D) T2-weighted magnetic 
resonance imaging scans obtained in a patient who underwent L4–5 
decompression.
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atic improvement after conservative treatment 3 days after 
operation. No revision surgeries have been needed due to 
dura tears so far. No patient required transfusion due to 
postoperative bleeding. 

There are some limitations to this study. The first is 
the absence of a control group for comparison. Second, the 
follow-up is not long enough to conclusively determine 
the long-term benefits. Third, this study did not include 
patients diagnosed with higher grade spondylolisthesis. 
UBED using 30° arthroscopy provided favorable clinical 
outcomes, and postoperative instability did not occur af-
ter 2 years. It can be a useful procedure to reduce surgical 

infection through continuous irrigation and prevent post-
operative segmental spinal instability. Therefore, UBED 
could be an alternative minimally invasive spine surgery 
method instead of conventional open decompression or 
fusion surgery for treating degenerative lumbar spinal ste-
nosis.
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