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Abstract

Backgrounds : Minimally invasive surgery develops very extensively in past few decades, not only in the scope of
decompression but until fusion surgery. Surgeon has been trying to reduce the damage to the normal anatomical structure.
In this study we performed unilateral biportal endoscopic lumbar interbody fusion (ULIF) as one of the fusion option which
is readily available without sophisticated minimal invasive instrument. The purpose of this study is to introduce unilateral
biportal endoscopic surgery and comparing the result with conventional minimal invasive lumbar interbody fusion (MIS-
TLIF)

Methods : This is a retrospective cohort study of 145 lumbar spondylolisthesis patient underwent conventional MIS-TLIF or
ULIF procedure. All patient were followed up until 12 months to evaluate the VAS of back pain and leg pain, ODI, SF-36 and
fusion rate.

Results : Back pain VAS were a little higher compared with the endoscopic group, but the VAS of leg pain were the same.
Both group had improvement in ODI score and SF-36 which shows both of the procedure were quite effective in managing
such cases.

Conclusion : Full endoscopic fusion offer benefit of minimal invasive surgery with better visualization of decompression
and endplate preparation. Long term follow up is still needed to evaluate the result of the procedure.

Introduction

The technique of lumbar interbody fusion has developed extensively since the last three decades. Conventional open
surgery, in which set as the gold standard in the 80’s, slowly replaced by the more minimal invasive procedure to get better
outcome and better patient satisfaction.[1] Minimal invasive technique had been proven to have less destruction in the
posterior anatomical structure such as muscles, ligaments and the bone itself.[2] Even though decompression using full
endoscopic technique had been proven to have a lot of advantages compared with conventional technique, but the evidence
for fusion are still lacking.[3, 4]

Full endoscopic lumbar fusion spine surgery start to steal the popularity among spine surgeon, as with endoscopy we can
prepare the endplate better by seeing directly the endplate plate itself to get better fusion result.[5-8] Recently, there are
several technique for endoscopic lumbar interbody fusion, in terms of approach, surgeons can choose either transforaminal
or interlaminar approach. The transforaminal approach is done quite similar with uniportal percutaneous endoscopic
discectomy with or without superior articular process resection continued with endplate resection and cage insertion.[5, 9]
This technique allows fusion with stand alone cage or in combination with supplemental pedicle screw insertion.[9] The
problem with this technique is preparation the endplate because the endoscope is relatively fixed and unmovable, there are
question among surgeon whether preparation is good enough to make good fusion bed.

The interlaminar approach for fusion can be done using either biportal endoscopic or uniportal endoscopic technique.[10,
11] The endoscopic views of both procedure are quite easy to interpret compared with transforaminal approach, especially
for surgeons who are familiar with open surgery or microscopic surgery. The biportal technique has advantages of zero
investment by using standard arthroscopic lenses either 0°, 30° or even 70° angle, more mobility, wide viewing angle and
open surgery instrument such as Kerrison punch, forceps, endplate curretes and etc which are usually already available in
the hospital performing orthopaedic and spine surgery.[12, 13] The main disadvantages of is having two portals instead of
one, in which some of the surgeon think of more soft tissue injury compared with uniportal technique.

The fusion rate for endoscopic lumbar interbody fusion remain controversial, most of the senior surgeon in Indonesia who
has been performing the conventional procedure for decades don't really believe in the endoscopic fusion procedure, even
though some of research showed good to excellent fusion within 12 months after the procedure. In this paper we would like
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to share our technique for unilateral biportal endoscopic lumbar interbody fusion (ULIF) and compare the result with
conventional minimal invasive transforaminal interbody fusion (MIS-TLIF).

Materials And Methods

This is a retrospective cohort non-inferiority study conducted on three hospital in Jakarta, Indonesia. Data were collected
from January 2016-April 2020; all patients were followed up until one year duration. On that period, we found 202 patients
eligible for interbody fusion procedure. The inclusion criteria were grade 1 or 2 single level degenerative spondylolisthesis
with mechanical back pain and neurological symptoms. Exclusion criteria were operation other than interbody fusion,
previous spinal instrumentation, spinal tumor, fracture or infection pathology, failed to be followed up until one year or
patients refused to be involved as a research subject.

All patients had already underwent conservative management for at least 3 months with no improvement in clinical
symptoms. Pre-operative examination consists of anteroposterior, lateral and dynamic (flexion and extension) lumbar xray,
non-contrast lumbar magnetic resonance imaging.

Evaluation of clinical parameter using back and leg visual analog scale (VAS), Oswestry Disability Index (ODI) and SF-36. All
clinical parameter was evaluated before surgery, 3rd, 6th, and 12th months after surgery. Radiological examination of
lumbar anteroposterior, lateral and dynamic xray were conducted concurrent with the clinical evaluation. On the 12th
months after surgery we did CT scan to evaluate fusion.

Of the 170 patients eligible for TLIF procedure, 14 patients refused to be research subject. There were 80 patients underwent
conventional MIS TLIF and 76 patients underwent unilateral biportal endoscopic lumbar interbody fusion (ULIF) procedure.
On final followed up, there were 73 patients on conventional MIS TLIF group and 72 patients on ULIF group, the rest of the
patients were loss to be followed up.

Surgical Techniques For Unilateral Biportal Endoscopic Interbody
Fusion

Position, anesthesia and approach

Patients were positioned prone with 2 bolsters lying transverse on the chest and the anterior superior iliac spine. This
position helps us opening the interlaminar window at the beginning of the procedure by jacking up the table and
maintaining lumbar lordosis by neutraling the table at the end of procedure while inserting the interbody cages. In our center
we mostly use general anesthesia for the procedure, even though in several patient with not good medical condition we
sometimes use regional anesthesia. We think that general anesthesia provides more comfort for the patients and easier for
mean arterial pressure maintenance during surgery.

Portal placement

We use biportal technique, in which the viewing portal and working are positioned at the level of pedicle above and below
level of fusion. (Fig. 1) Two transverse half centimeters incision are made, for the right handed person, portal in the right
hand side is used for working portal and in the left hand side is used for viewing portal. Working space on the subperiosteal
space are created using periosteal elevator inserted on the working portal and scope trocar are introduced through the
viewing portal. The triangulation maneuver is completed after trocar and periosteal elevator meet on the edge of lamina.
The next step would be irrigating the water from the trocar into the working space and the water should be coming out from
the working portal. (Fig. 2)

Flavectomy and foraminectomy
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Decompression are started with drilling the inferior edge lamina until insertion of flavum ligament, base of spinous process,
and inner cortex of contralateral lamina until the contralateral facet joint. Drilling is done only to thin out and decorticate the
outer cortex of the lamina. The next step would be doing the laminotomy and foraminectomy using combination of Kerrison
punch and chisel to have solid bone graft for fusion. Foraminectomy is started by removing inferior articular process (IAP)
until seeing base of superior articular process (SAP), medial part of SAP which is also the roof of lateral recess is also
resected using either kerisson punch or chisel. The tip of SAP is also removed to create bigger space on the foraminal area
for easier discectomy, endplate removal and cage insertion.

Flavectomy is started only after all the bony work finish, this is can be done either en bloc resection or piece by piece using
Kerrison punch. (Fig. 3) We do not routinely do total flavectomy, it is depends complains of the patients, the severity of
flavum thickening and location of the stenosis. Complete decompression would have sign of pulsating thecal sac,
traversing nerve root and exiting nerve root.

Discectomy, endplate removal and cage insertion

Radiofrequency probe is used to expose the disc, usually there are a lot of epidural veins and some adhesion of the dura to
the disc. Using the nerve retractor inserted from the working channel we can mobilize the traversing nerve root and the
thecal sac towards medial side. Annulotomy is started using radiofrequency probe and continue with discectomy using
shaver, currettes, forceps and endplate remover. (Fig. 4) Endplate preparation is finish until we can see multiple spot of bone
bleeding, this bone bleeding can only be seen by the aid of endoscopy because the lens can go to the disc space. (Fig. 5)
The next step would be trying the cage until the appropriate size, this cage trial are inserted through the working channel.
(Fig. 6) Insertion of the cage for the right handed person is preferably done through the right side of the patients, especially
on the level L45 or L5S1, because the working portal is located on the rostral side and in these level the intervertebral space
are tilted towards the caudal side. (Fig. 7,8,9)

Pedicle screw insertion and listhesis reduction

Supplementation pedicle screw fixation are done using percutaneous technique under florouscopic guidance. (Fig. 10) In
order to reduce the listhesis, there are several technique that we can do :

1. The rostral pedicle screw are inserted deeper in order to help reducing the listhesis.
2. Patients are position on extension by neutraling the table

3. Inserting the rod for cantilever maneuver by tightening the caudal screw and then tightening the rostral screw.

Results

All patients had diagnosis of degenerative spondylolisthesis and already underwent interbody procedure either conventional
MIS-TLIF or ULIF. We did match control between both group in terms of age, sex, body mass index, operation level and
history of smoking. The mean age for conventional MIS-TLIF were 52.3 years and 55.1 years on ULIF group which had a p
value of 0.016. The ratio of male and female patient 0.66 on conventional MIS TLIF group and 0.8 on ULIF group with no
statistic difference in both groups. The most common location for fusion procedure on degenerative spondylolisthesis
patients was on L4-5 level with variation on body mass index level on all patients in both groups.

Pre-operative back and leg VAS, ODI, and SF-36 were similar in both groups with no difference in statistic p value. 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 operation the ULIF group consistently showed better back VAS with a mean of 2.7, compared to
conventional MIS-TLIF with the p-value on directly post op and 3rd months were 0.032 and 0.046, but on the 6th and 12th
months post operation the p value were not significant.
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Leg visual analog scale did not differ between both groups, the p value on directly post op, 3rd, 6th and 12th months were
0.700, 0.773, 0.603 and 0.067. All the leg visual analog scale in both conventional MIS-TLIF and endoscopic interbody
fusion showed improvement along the way. The leg pain improved significantly especially on the 6th months post
operation. The mean VAS on ULIF group were 1.8 and on the conventional MIS-TLIF group were 2.1, majority of the patients
showed only slight paresthesia as a residual symptom, but none of it were disturbing enough.

Patients with degenerative spondylolisthesis had a mean of ODI score 65% which showed moderate disability on the pre-
operation period. The ODI score improve significantly on both groups with the p value of 0.0012 and 0.0013 on conventional
MIS TLIF and ULIF respectively if we compared pre-and post-operation period. Comparison between both groups on 3rd, 6th
and 12th months post op had no statistic difference. SF-36 also showed comparable outcome between both groups.

Fusion rate at first year post operation were 93.3% in the conventional MIS TLIF and 92.7% in the ULIF group with the p
value of 0.067 on both groups. Most the patients in both groups had grade Il or IV fusion. On the conventional MIS TLIF
group there were 2 patients with posterior cage migration, but it was not symptomatic. We only observed whether cage
migration causing any symptoms.

There were several complications from the procedure. We had 3 patients with dural tear in the ULIF group, the tear was not
repaired primarily but only cover with dural patch with no post operation neurologic deficit. There were 2 patients with
infection in conventional MIS TLIF group. Both patients underwent debridement, removal of cage and maintenance of
pedicle screw for stability. Cage subsidence were also occurred in 2 patients in conventional MIS TLIF groups.

Table 1
General Characteristic of Degenerative Spondylolisthesis Patients Underwent Operations

Conventional MIS-TLIF  ULIF Mean Difference  P-Value
N=73 N=72 (C195%)
Age, years —means (SB) 52.3(6.13) 551(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/m2 —-means (SB) 248 (3:42) 23,6 (367) 12(-12-37) 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 11 (36,4) 17 (63,6)
No 62 (58,3) 55 (41,7)
Operation Level 0,586
L3-4 10 (11,42) 8 (10,52)
L4-5 48 (65,71) 56 (81,57)
L5-ST 15 (22,85) 8 (7,89)
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Table 2

Comparison of visual analog scale between Conventional MIS TLIF and ULIF

Visual analog scale

Back

Pre operation
Post operation
Directly

3 months

6 months

12 months
Leg

Pre operation
Post operation
Directly

3 months

6 months

12 months

Conventional MIS TLIF
N=73

54

3.9
2.4
1.6
0.9

4.5

4.6
3.6
1.8
0.8

ULIF
N=72

5.7

27
1.9
1.7
0.8

4.6

4.6
3.7
21
0.7

Mean Difference

(Cl 95%)

0(-1-1)

0(1-1)
0(1-1)
0(-1-1)
0 (0-1)

0(-1-1)

0(0-1)
0(0-1)
1(0-1)
1(0-2)

P-Value

0.708

0.032
0.046
0.660
0.386

0.909

0.700
0.773
0.603
0.067

Table 3

Comparison of Oswestry Disability Index between Conventional MIS TLIF and ULIF

Oswestry Disability Index

Pre operation
Post operation
Directly

3 months

6 months

12 months

Conventional MIS TLIF

N=73

62 (56.5-70.5)

54 (37-49)
16 (5.5-14.5)
12 (4-12.5)
8 (1.5-10)

Mean Difference

ULIF

N=72 (C195%)
60 (52-63.5) 6 (-2-14)
41 (49-60.5)  11(:3-17)
12 (8-32.5)  -4(-12-2)
8 (4-19) 2 (8-4)
6 (3.5-17.5) -3 (-10-2)

P Value

0.103

0.045
0.232
0.483
0.184
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Table 4

Comparison of SF-36 score between MIS TLIF and ULIF

SF-36 3 months 6 months 12 months
Coventional  ULIF P Coventional  ULIF P Coventional  ULIF P
MIS TLIF Value MIS TLIF Value MIS TLIF Value
PF 66.5+4.9 65.2+4.1 0.067 70.3t5.4 71.5¢49 0.071 73.3x5.0 69.4+4.9 0.070
RFP 57.4+7 37.4+6.8 0.078 72.416.9 63.5t7.0 0.073 68.9+6.9 66.3+7.1 0.075
Eec\)icri1”y 55.8t4.1 53.5+3.7 0.066 61.844.3 64.5t79 0.086 65.7t5.4 66.416.7 0.088
General 65.6%£3.9 61.2+3.2 0.079 66.814.8 67.9t54 0.081 73.8%4.9 75.4£6.9 0.069
health
Vitality 76.315.9 59.5+4.2 0.088 69.5%3.7 72451 0.075 73.3t4.6 73.415.7 0.083
SRF 75.6t5.4 78.3t5.1 0.083 87.615.0 88.4t6.7 0.089 82.4+59 83.415.3 0.086
ERF 75.616.5 70.5£8.3 0.072 84.5t3.4 83.8t2.1 0.076 93.3%5.3 92.1+4.2 0.092
Mental 77.2£3.5 70.3t4.5 0.075 77.4+3.5 79.3t4.5 0.062 83.2%4.3 82.1+6.3 0.068
health
PCS 42.8112.6 40.2+11.5 0.077 43.5t9.6 445+7.2 0.055 48.0t11.0 48.7t7.3 0.077
MCS 51.6x12.9 4861129 0.079 50.6+12.1 51.3t5.6 0.086 55.1£13.8 54.8+10.4 0.088
Table 5
Radiological outcome of Lumbar Interbody Fusion
Overall Conventional MIS TLIF  ULIF P Value Power
N=145 N=73 N=72
Fusion 135(92.8) 67 (47.7) 68 (52.2) 0.076 83%
Not fusion 10(7.18) 6 (50.0) 4 (50.0)
Fusion Grading 0.072
| 4 (8.6) 2 (33.3) 2 (66.7)
[ 6 (14.3) 3(66.7) 3(33.3)
[ 30 (40.0)  15(50.0) 15 (50.0)
\Y 105 (37.1) 53 (47.2) 52 (52.8)
Discussion

Conventional open surgery for spinal stenosis with instability still remain the gold standard for achieving complete
decompression and fusion. This kind of procedure, although remain the workhorse for management of lumbar degenerative
condition, is not without disadvantages such as muscle injury which could cause loss of posterior tension band, epidural
fibrosis after the operation that could cause re-stenosis in the future, loss of blood during operation and long hospital stay
which result in long functional recovery rehabilitation phase and expensive patient and hospital care.

Minimal invasive spine surgery has been developed to encounter such of problems, development of minimal invasive spine
surgery is very extensive in the last 2 decades from simple discectomy, decompression only procedure and fusion procedure
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using air based medium surgery and recently water based medium surgery.[5, 9] Water based endoscopic procedure regain
popularity due to easier to control bleeding, clearer image compared with air medium surgery and mobility of the endoscope
and instrument which give wider working space and better evaluation of decompression and preparation of fusion bed in
the case of fusion surgery.[4, 14]

In this paper we tried to evaluate the result of biportal endoscopic interbody fusion compared with conventional MIS-TLIF.
Using biportal endoscopic fusion we tried to preserve as much as possible the paravertebral muscle and removing the bony
structure at the very minimum. This technique uses the advantage of endoscopic procedure combined with the standard
working spine instrument such as kerisson punch, reamers, nerve retractors and etc. Compared with the uniportal
endoscopic technique, in which the optics and working portal shares the space, the biportal technique has more mobility
and bigger working space which makes preparation for fusion becomes easier.

Conventional MIS-TLIF still has higher post op back pain compared with ULIF procedure. This is probably due to more
muscle injury in the conventional MIS-TLIF procedure. Unilateral biportal endoscopic lumbar interbody fusion procedure
also has advantage in the procedure of decompression, we can see clearly the space for lateral recess, foraminal area
without the need to increase tissue destruction as in conventional MIS-TLIF procedure. In conventional MIS-TLIF, sometimes
we need bilateral approach in order to achieved adequate decompression.

Endoscopic spine procedure which seems easy on the paper, has it's own learning curve.[15—17] The biportal endoscopic
technique needs triangulation because of separate working and viewing portal just like arthroscopy, surgeon familiar with
arthroscopy can adapt more easily. The technique also require single handed instrument handling which cause delicate
procedure becomes more complex and complication such as dural tear and nerve root injury could happen especially for
beginner.

Endplate preparation is of importance in interbody fusion procedure. Endoscopic procedure enables us to view directly into
the intervertebral space and remove remaining nucleus and annulus after blind removal.[10] Bleeding from endplate is the
sign of complete endplate preparation.[5, 9, 18] In order to see bony bleeding with other procedure such as conventional
MIS-TLIF, open TLIF, OLIF, and ALIF are usually impossible due to limited working space. We usually just feel using the
reamer whether it is already the endplate yet. In order to achieve solid fusion we always insert bone chips combination of
autograft from lamina and facet joint and allograft in the form of demineralized bone matrix using special funnel inserted
into the disc space.[19]

Biportal endoscopic procedure is not without disadvantages, during the process we encounter several problems. Dural tear,
even though rare, happen in 5 cases with severe flavum ligament thickening. We manage that complication using dural
patch without direct primary repair, the result of this management were quite good without neurologic deficit.[20] Epidural
hematoma is another complication that happen during endoscopic procedure, especially procedure with quite a lot of bony
work, 3 cases of post operation epidural hematoma. This is probably due to oozing from the bone and intact posterior
tension band which result in increasing pressure inside the epidural space, even though it could resolve by it self but it could
cause pain and discomfort to the patient after the procedure.[21]

Conclusion

Unilateral biportal endoscopic procedure gives surgeons another option in achieving decompression of the nerve and
fusion. This procedure, even though still needs improvement, can be the next future standard in managing degenerative
lumbar spine condition. However, the long term follow up and larger studies is needed are needed to further evaluate the
procedure.

Abbreviations
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VAS : Visual analog scale ; ODI : Oswestry Disability Index ; MIS-TLIF : Minimal invasive lumbar interbody fusion ; ULIF :
Unilateral Biportal Endoscopic Lumbar Interbody Fusion ; IAP : Inferior Articular Process ; SAP : Superior Articular Process
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Figures

Figure 1

Location of incision at the level of pedicle and Triangulation of working and viewing portal above the lamina
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Figure 2

Water flow from viewing portal to working portal

Figure 3

Working position using unilateral biportal endoscopy, Flavectomy piece by piece using kerisson punch, and contralateral
decompression
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Figure 4

Annulotomy using annular cutter

Figure 5

a. Insertion of curette to prepare the endplate, b. Remnant of annulus and endplate after curretage
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Figure 6

Insertion of reamer under fluoroscopic view

Figure 7
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Cage insertion under endoscopic view

Figure 8

Figure 9
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Interbody cage inside the disc space
SR -
F ]

Figure 10

Skin Incision and Post op xray
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