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Background: In the past few decades, the minimally invasive technique for spine surgery has
developed extensively from the scope of decompression until fusion surgeries to reduce damages
to the normal anatomical structure. Unilateral biportal endoscopic lumbar interbody fusion
(ULIF) is one of the fusion options which is readily available without a sophisticated minimal
invasive instrument. Our aim is to introduce ULIF experience in our center and comparing the
result with conventional minimally invasive lumbar interbody fusion (MIS-TLIF).

Methods: This is a retrospective cohort study of 145 lumbar spondylolisthesis cases that
underwent fusion surgery with either ULIF or the conventional MIS-TLIF. All of the patients
were observed within a 12-month follow-up period to evaluate the back pain and leg pain
Visual Analogue Score (VAS), the Oswestry Disability Index (ODI), the 36-Item Short Form
Health Survey (SF-36), and fusion rate.

Results: The leg pain VAS was similarly improved in both groups. ULIF has a significant
back pain improvement on direct post operation and at the 3-months follow-up (p value
0.032 and 0.046 respectively). ULIF group also had a significantly better improvement of
ODI scores on the early post-operative period (p=0.045). However, both groups similarly
showed improvement of ODI score and the SF-36 at the 3-, 6-, and 12- months follow up.

Conclusion: Full endoscopic fusion surgery with ULIF offers a comparable long-term
outcome and a significantly better back pain VAS reduction in short-term follow up com-
pared to the conventional MIS-TLIF. ULIF, with further improvement, can be the next gold
standard in managing degenerative lumbar spine conditions.

Keywords: lumbar spine, degenerative spondylolisthesis, minimally invasive spine surgery,
lumbar interbody fusion, unilateral biportal endoscopy, full endoscopic spine surgery, MISS

Introduction

The lumbar interbody fusion technique has been developed extensively over the last 3
decades. The conventional open surgery, which has been the gold standard since the
1980s, is slowly being replaced by minimal invasive surgery to achieve better out-
comes and patient satisfaction.' The minimally invasive (MIS) technique can reduce
the disruption to posterior anatomical structures such as muscles, ligaments and the
bone itself.? Spinal decompression using full endoscopic technique has been proven to
have many advantages compared to the conventional technique. However, the evidence
for the endoscopic-assisted fusion is still lacking.**

Received: 14 September 2021
Accepted: 3 November 2021
Published: 24 November 2021

Orthopedic Research and Reviews 2021:13 229-239 229
© 2021 Gatam et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/ org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0003-3226-7992
mailto:dina.cia.aprilya@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Gatam et al

Dove

Recently, the full endoscopic lumbar spine fusion has
increased in popularity among surgeons, as it provides the
ability to better endplate preparation by direct vision to
achieve better fusion.” ® There are several techniques for
endoscopic-assisted lumbar interbody fusion by either
transforaminal or interlaminar approach. The transforam-
inal approach is done quite similar with uniportal percuta-
neous endoscopic discectomy (with or without superior
articular process [SAP] resection), followed by endplate
resection and cage insertion.” This technique allows
fusion with a stand-alone cage or in combination with
pedicle screw insertion.” The problem with this technique
is preparation of the endplate, because the endoscope is
relatively fixed. Thus, preparing a good fusion-bed is
sometimes difficult.

The spinal fusion with the interlaminar approach can
be done using either biportal endoscopic or uniportal
endoscopic procedure.'®'" The endoscopic view of both
procedures is quite easy to interpret compared with the
transforaminal approach, especially for surgeons who are
in the initial learning curve of endoscopic surgery. The
biportal technique has advantages of zero investment by
using standard arthroscopic lenses at either 0°, 30° or even
70° angle, more instrument mobility, and a wide viewing
angle. Furthermore, open surgery instruments such as for-
ceps, Kerrison punch, and end-plate curettes that are
usually available in the hospital.'>'* The main disadvan-
tage of this technique is having 2 portals instead of one,
which causes more soft tissue injury compared to the
uniportal technique.

The fusion rate for endoscopic lumbar interbody fusion
remains controversial. Most of the surgeons who have
been performing the conventional procedure for decades
do not believe in the endoscopic fusion procedure, even
though some of the research shows good to excellent
fusion within 12 months after the procedure. In this article,
we would like to share our technique for unilateral biportal
endoscopic lumbar interbody fusion (ULIF) and compare
the result with the conventional minimally invasive trans-
foraminal interbody fusion (MIS-TLIF).

Materials and Methods

This is a retrospective study conducted at 3 public hospi-
tals in Jakarta, Indonesia. From the data collection
between January 2016 and April 2020, there were 170
patients who matched the inclusion criteria: Grade 1 or 2
single level degenerative spondylolisthesis with neurologi-
cal symptoms and mechanical back pain that were treated

with interbody fusion procedure. The exclusion criteria
were previous spinal instrumentation, spinal tumor, frac-
ture, and infection, were not included into the study.
Among those who are eligible for research subject, there
were 14 patients who declined to be involved and 11
patients were lost during follow-up. As many as 145
patients were successfully observed for 1 year, this
included 73 patients who underwent MIS-TLIF and 72
patients who underwent UBE-TLIF (ULIF).

All subjects underwent conservative management for at
least 3 months without clinical improvement. Anteroposterior,
lateral and dynamic (flexion and extension) lumbar plain
radiograph along with non-contrast lumbar magnetic reso-
nance imaging (MRI) was obtained before the surgery. The
radiological series other than MRI were repeated on the 3-, 6-,
and 12-month follow-up. The visual analog scale (VAS) for
back and leg pain, Oswestry Disability Index (ODI) and 36-
Item Short Form Health Survey (SF-36) were evaluated before
surgery, and at 3-, 6-, and 12-months after surgery. At the end
of follow-up (12 months), fusion was evaluated via CT scan
examination.

Surgical Techniques for Unilateral
Biportal Endoscopic Interbody
Fusion

Position, Anesthesia and Approach

The patient is prepared in the prone position with general
anesthesia. Two bolsters are placed on the chest and the
anterior superior iliac spine. This position opens the inter-
laminar window at the beginning of the procedure by
raising the table. Moreover, it also helps to maintain lum-
bar lordosis by neutralizing the table at the end of proce-
dure while inserting the interbody cage. The general
anesthesia provides more comfort for the patients and
easier for mean arterial pressure maintenance during sur-
gery. However, regional anesthesia can be used in patients
with several comorbidities.

Portal Placement

The viewing portal and working portal are positioned at the
level of pedicle above and below level of fusion (biportal
technique). Two 5 mm transverse incisions are made. For
a right-handed person, the portal on the right-hand side is
used as the working portal and on the left-hand side is used
as the viewing portal. Working space is created subperioste-
ally using periosteal elevator that is inserted on the working
portal and scope trocar are introduced through the viewing
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portal. The triangulation maneuver is completed after the
trocar and the periosteal elevator meet on the edge of the
lamina. The next step would be irrigating the water from the
trocar into the working space. The water should be able to
come out of the working portal (Figure 1).

Flavectomy and Foraminectomy

Using a high-speed burr, inferior edge of the lamina is drilled
until the insertion of the flavum ligament, base of spinous
process, and the inner cortex of contralateral lamina up to the
contralateral facet joint. The purpose of drilling is to thin out
and decorticate the outer cortex of the lamina. A combination
of the Kerrison punch and chisel is use to complete the
laminectomy and foraminectomy. Foraminectomy is begin
with removing the inferior articular process (IAP) until see-
ing base of SAP. The medial part of SAP which is also the
roof of lateral recess is also resected using either the Kerrison
punch or chisel. The tip of the SAP is removed to create
a bigger space on the foraminal area for easier discectomy,
end-plate removal and cage insertion.

Like the conventional MIS-TLIF, biportal endoscopic
TLIF can achieve a complete neural decompression
through laminectomy and facetectomy. After all the bony
work is finished, flavectomy is started either with an en
bloc resection or piece-by-piece removal using the
Kerrison punch (Figure 2). A total flavectomy is not rou-
tinely executed. It depends on the clinical symptoms, the
severity of flavum thickening and location of the stenosis.
The contralateral decompression is started by ipsilateral
flavectomy. The ligamentum flavum is detached with the
help of the bent probe and then the flavectomy proceed
medially passing the midline until reaching the contralat-
eral outer boundary of the spinal canal. Complete decom-
pression would have signs of a pulsating thecal sac,
traversing the nerve root and exiting the nerve root.

Discectomy, End-Plate Removal and Cage

Insertion
A radiofrequency probe is used to help the disc exposure.
There are usually abundant epidural veins and some adhesion

Figure | (A and B) Location of incision at the level of the pedicle. (C) Triangulation of working and viewing portal above the lamina. (D) Waterflow from the working

portal.
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Figure 2 (A) Working position using unilateral biportal endoscopy. (B) Flavectomy piece by piece using Kerrison punch. (C) Contralateral decompression.

of the dura to the disc. The nerve retractor is inserted from the
working channel to mobilize the traversing root and the
thecal sac medially. Annulotomy is started using radiofre-
quency probe and continue with discectomy using shaver,
curettes, forceps and endplate remover. The endplate-
preparation is completed by the evidence of multiple spots
of bleeding from the bone. This bone bleeding can only be
seen by the aid of endoscopy because the lens can go into the
disc space (Figure 3). Cage trial(s) is then inserted through
the working channel until it is the appropriate size (Figure 4).
Preferably, the insertion of the cage for the right-handed
person is done through the right side of the patient, especially
on the level L4-5 or L5-S1, because the working portal is
located on the rostral side and on these levels the interverteb-
ral space is tilted caudally (Figure 5).

Pedicle Screw Insertion and Listhesis

Reduction
Supplementation pedicle screw fixation are done using
percutaneous technique under fluoroscopic guidance

(Figure 6). Several techniques can be done to reduce the
listhesis:

1. The rostral pedicle screw is inserted deeper in order
to help reduce the listhesis.

2. Patients are held in extension by neutralizing the
table.

3. The rod is inserted and a cantilever maneuver is
done by tightening the caudal screw before tighten-
ing the rostral screw.

All data were calculated using IBM SPSS Statistic 25 with
non-parametric statistics using Mann—Whitney U and pro-
portion data using the Fisher exact test. A p<0.05 was
considered statistically significant.

Results

All patients had degenerative spondylolisthesis and under-
went the interbody procedure either by the conventional MIS-
TLIF or ULIF. Match control was conducted between both

Figure 3 (A) Annulotomy using an annular cutter. (B) Preparation of endplate. (C) Endplate removal completed (asterisk).
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Figure 6 After pedicle screw insertion from AP (A) and lateral (B) view.
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groups in terms of age, sex, body mass index (BMI), operation
level and smoking history. The mean age for the conventional
MIS-TLIF and ULIF group were 52.3 years and 55.1 years,
respectively (p=0.016). The male to female ratio was similar
in both groups, 0.66 on conventional MIS TLIF group and 0.8
on ULIF group. There also similar BMI characteristics on
both groups. The most common fusion level is L4-5 (Table 1).

Pre-operative back and leg VAS, ODI, and SF-36 were
similar in both groups. All patients had a back VAS mean
of 5.6, leg VAS mean of 4.5, mean ODI of 64.3, all SF-36
score showed no statistic difference in both groups. Post-
operatively, the ULIF group significantly showed better
back VAS (mean 2.7) directly post op (p=0.032) and
after 3 months (p=0.046), but on the 6and 12-month fol-
low-ups, the p-value was not significant (Table 2).

Leg VAS was similar on both groups. The p-value on
directly post op, 3, 6 and 12 months were 0.700, 0.773,
0.603 and 0.067, respectively. All the leg VAS in both groups
showed improvement along the way. The leg pain improved
significantly especially on the 6th month post operation. The
mean VAS on ULIF group was 1.8 and on the conventional
MIS-TLIF group was 2.1 (Table 2). The majority of the
patients showed only slight paresthesia as a residual symptom.

The mean of ODI score of all patients was 65% which
showed moderate disability on the pre-operative period.
The ODI score improved significantly on both groups with

p=0.0012 and 0.0013 for the conventional MIS TLIF and
ULIF respectively. The comparison between both groups
on 3-, 6- and 12-months post op showed no statistical
difference (Table 3). The SF-36 result also showed
a comparable outcome between both groups (Table 4).

The fusion rate at the 12-month follow-up were 93.3%
in the conventional MIS TLIF and 92.7% in the ULIF
group (p=0.067). Most of the patients in both groups had
grade III or IV fusion (Figure 7). On the conventional MIS
TLIF group, there were 2 patients with asymptomatic
posterior cage migration. Those patients were observed
for any associated symptoms.

There were 3 patients observed with dural tear in the
ULIF group, the tear was covered with dural patch instead
of primary repair, with no post operation neurologic defi-
cit. Two patients in the conventional MIS TLIF group
developed post-operative infection. Both patients under-
went debridement and cage removal. The pedicle screws
were maintained for stability. Cage subsidence also
occurred in 2 patients in conventional MIS TLIF groups.

Discussion

The conventional open surgery for spinal stenosis with
instability still remains the gold standard for achieving
a complete decompression and fusion. This type of procedure
is considered to be the workhorse for the management of

Table | General Characteristic of Degenerative Spondylolisthesis Patients Underwent Operations

Conventional MIS-TLIF | ULIF Mean Difference (Cl 95%) | P-value
N=73 N=72
Age, years—means (SB) 52.3 (6.13) 55.1 (5.12) 4.5 (-1.9-10.9) 0.160
Sex 0.130
Male 28 (37.5) 26 (62.5)
Female 45 (63.2) 46 (36.8)
Body Mass Index (BMI), kg/m* —means (SB) | 24.8 (3.42) 23.6 (3.67) 1.2 (-1.2-3.7) 0.319
BMI Category 0.494
Normal 39 (40.0) 40 (60.0)
Overweight 30 (66.7) 29 (33.3)
Obese 4 (57.1) 3 (42.9)
Smoking History 0.227
Yes Il (36.4) 17 (63.6)
No 62 (58.3) 55 (41.7)
Operation Level 0.586
L34 10 (11.42) 8 (10.52)
L4-5 48 (65.71) 56 (81.57)
L5-SI 15 (22.85) 8 (7.89)
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Table 2 Comparison of Visual Analog Scale Between Conventional MIS TLIF and ULIF

Conventional MIS TLIF N=73 ULIF N=72 Mean Difference (Cl 95%) P-value
Visual analog scale
Back
Pre operation 54 5.7 0 (—I-1I) 0.708
Post operation
Directly 39 27 0 (=1-1) 0.032
3 months 24 1.9 0 (-1-1) 0.046
6 months 1.6 1.7 0 (-1-1) 0.660
12 months 0.9 0.8 0 (0-1) 0.386
Leg
Pre operation 45 4.6 0 (—=I1-1I) 0.909
Post operation
Directly 4.6 4.6 0 (0-1) 0.700
3 months 3.6 37 0 (0-1) 0.773
6 months 1.8 2.1 I (0-1) 0.603
12 months 0.8 0.7 I (0-2) 0.067
Table 3 Comparison of ODI Between Conventional MIS TLIF and ULIF
Conventional MIS TLIF ULIF Mean Difference (Cl 95%) P value
N=73 N=72
Oswestry Disability Index
Pre operation 62 (56.5-70.5) 60 (52-63.5) 6 (—2-14) 0.103
Post operation
Directly 54 (37-49) 41 (49-60.5) I (=3-17) 0.045
3 months 16 (5.5-14.5) 12 (8-32.5) —4 (-12-2) 0.232
6 months 12 (4-12.5) 8 (4-19) -2 (—84) 0.483
12 months 8 (1.5-10) 6 (3.5-17.5) -3 (—10-2) 0.184

degenerative lumbar conditions. However, this is not without
disadvantages: Muscle injury which could lead to posterior
tension band disruption; Epidural fibrosis that could cause re-
stenosis; Intra-operative blood loss and a long hospital stay
which results in long functional recovery and expensive
patient and hospital care. Minimally invasive spine surgery
(MISS) has been developed to counter such problems.*'*
The development of MISS is very extensive in the last 2
decades. Evolving from simple discectomy, decompression
only procedure and fusion procedure using air-based medium
surgery until the very recently water-based medium
surgery.”’ The conventional MIS-interbody fusion, either
standard posterior lumbar interbody fusion (PLIF) or trans-
foraminal lumbar interbody fusion (TLIF), provides a 360-
degree fusion using a dorsal muscle-sparing approach
through tubular retractor system. End-plate preparation and
interbody cages insertion are achieved through the tube using
customized surgical instruments. The TLIF technique allows

interspace preparation with less neural retraction than the
more medial exposure by the PLIF technique. Thus, it has
become more popular than MIS-PLIF. '

Later on, the water-based endoscopic procedure regain
popularity due to easier bleeding control and clearer image
(compared with the conventional MIS and air-based sur-
gery). The better mobility of the endoscope and instrument
creates a wider working space and a better evaluation of
decompression and fusion bed preparation (in spinal
fusion surgery).*'* ULIF takes advantage of endoscopic
system which preserves the paravertebral muscle and the
bony structures as much as possible. This technique com-
bines endoscope and the standard working spine instru-
ment such as the Kerrison punch, reamers, nerve
retractors, etc. ULIF uses the biportal endoscopic techni-
que which provides more mobility and bigger working
easier fusion

space which makes preparation for

procedure.
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Table 4 Comparison of SF-36 Score Between MIS TLIF and ULIF
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In this study, the result of ULIF was comparable with
the conventional MIS-TLIF as described by Park et al.'’
The result also supports the evidence that ULIF has
a significantly better short-term improvement compared
to the conventional MIS-TLIF. The conventional MIS-
TLIF still has higher post-operative back pain compared
with the ULIF procedure. This is probably due to more
muscle injury in the conventional MIS-TLIF. The ULIF
procedure also has a better visualization for the lateral
recess and foraminal area without the need to increase
tissue dissection as in the conventional MIS-TLIF proce-
dure. In the conventional MIS-TLIF, bilateral approach is
sometimes needed to achieve adequate decompression.

Endoscopic spine procedure which seems easy in the
literature has its own learning curve.'®'® The biportal
endoscopic technique needs triangulation because of
a separate working portal and viewing portal just like
arthroscopy. Thus, surgeons who are familiar with arthro-
scopy can adapt more easily. The technique also requires
single-handed instrument handling which causes delicate
procedures to become more complex to execute and com-
plications such as dural tear and nerve root injury could
occur, especially for less-experienced surgeons.

End-plate preparation is important in the interbody
fusion procedure. The endoscopic procedure enables the
operator to view the intervertebral space directly and
remove the remaining nucleus and annulus after blind

removal.'”

Bleeding from end-plates is the sign of com-
plete preparation.””' The capacity of viewing bony
bleeding with other procedures such as conventional MIS-
TLIF, open TLIF, OLIF, and ALIF is virtually impossible
due to limited working space. Surgeons usually estimate
the completeness of the preparation by feeling the rough
surface of the end-plates. In order to achieve a solid
fusion, a bone graft consisting of an autograft from the
lamina and facet and demineralized bone matrix allograft
is inserted through a special funnel into the disc space.”

The biportal endoscopic spine surgery is not without
disadvantages, during the process several issues were
encountered. Dural tears, even though rare, happened in
5 cases with severe flavum ligament thickening. We put
a dural patch directly over the torn dura without primary
repair. The patient healed uneventfully without neurologi-
cal deficit.?' Epidural hematoma is another complication
that might happen during an endoscopic procedure, espe-
cially a procedure with quite a lot of bony work. In our
study, there were 3 cases of postoperative epidural
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Radiological Outcome of Lumbar Interbody Fusion
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Figure 7 Fusion rate comparison showed no significant difference between ULIF group (orange line) and the conventional MIS-TLIF group (blue line).

hematoma. This is most likely due to oozing from the bone
that is trapped under the intact posterior tension band
which leads to increased pressure inside the epidural
space. The epidural hematoma is usually resolved by itself.
However, it may cause post-operative pain and
discomfort.**

Other possible complication of ULIF that might occur
later is the new onset of radicular pain (after pain-free
period) due to instability pain related to the implant
subsidence, migration, or new pain generators (i.e.,
bony and scar tissue formation behind the interbody
fusion cage and bulging of the remaining annulus
fibrosus).”® Improvements of the implant have been
made to overcome the risk of subsidence and migration
problems seen with the conventional fusion cages.”** No
recurrent radicular pain or implant failure that were
observed in both clinical and radiological follow-up of
ULIF group in our study. Otherwise, this complication
occurred in the conventional MIS-TLIF group.

The limitation of this study is that we did not take
sagittal balance into account. Some literature
suggests that sagittal balance parameters abnormality has
a significant role in the degeneration of adjacent segments
after lumbar fusion.”® Further studies which include these
parameters and a longer follow-up time are needed to

evaluate the procedure thoroughly.

Conclusion
The unilateral biportal endoscopic procedure gives another
option in achieving nerve decompression and bony fusion.

Our study showed that this procedure had a comparable
long-term outcome and a significantly better back pain
VAS reduction in short-term follow up compared to the
conventional MIS-TLIF. Thus, with further improvement,
ULIF can be the next future standard in managing degen-
erative lumbar spine conditions.

Abbreviations
ULIF, Unilateral Biportal Endoscopic Lumbar Interbody
Fusion; VAS, Visual analog scale; ODI, Oswestry

Disability Index; MIS-TLIF, minimally invasive lumbar
interbody fusion; SAP, Superior Articular Process; IAP,
Inferior Articular Process.
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