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Objective: This study compared the radiological and clinical outcomes with transforaminal
lumbar interbody fusion (TLIF) to evaluate the effect of indirect decompression through
oblique lumbar interbody fusion (OLIF) as revision surgery.

Methods: We enrolled patients who underwent single-level fusion with revision surgery at
the same level as the previous decompression level. We retrospectively reviewed 25 patients
who underwent OLIF from 2017 to 2018 and 25 who received TLIF from 2014 to 2018. Ra-
diologic and clinical outcomes were evaluated by cross-sectional area (CSA) of the spinal
canal, thickness and area of ligamentum flavum (LF), subsidence, disc height, fusion rate,
Oswestry Disability Index (ODI), and visual analogue scale (VAS).

Results: Compared with OLIF, the thickness and area of the LF after surgery were signifi-
cantly less in TLIF, and the resulting CSA extension was also significantly higher. However,
both groups showed improvement in ODI and VAS after surgery, and there was no differ-
ence between the groups. Complications related to the posterior approach in TLIF were 4
cases, and in OLIF, there were 2 cases that underwent additional posterior decompression
surgery and 6 cases of transient paresthesia.

Conclusion: Since complications associated with the posterior approach can be avoided,
OLIF is a safer and useful minimally invasive surgery. Therefore, appropriate indications
are applied, OLIF is a good alternative to TLIF when revision surgery is considered.

Keywords: Oblique lumbar interbody fusion, Transforaminal lumbar interbody fusion, In-
direct decompression, Direct decompression, Revision surgery
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INTRODUCTION

Lumbar spinal stenosis (LSS) with or without low-grade spon-
dylolisthesis in degenerative spinal disease is found in a large
portion of the elderly population and is a major cause of chron-
ic low back pain, neurogenic claudication, and radiculopathy. It
has already been reported that surgical posterior decompres-
sion is more effective and superior to conservative treatment in
LSS, and it is performed as the primary surgical method when
conservative treatment is no longer effective."?

Postoperative progressive spondylolisthesis, recurrent steno-
sis, and recurrent herniated nucleus pulposus are the main in-
dications for reoperation, which has been reported to have a
rate of 9.5% at 4 years postoperatively and up to 19% at 11 years
postoperatively.*> Reoperation at the same level as the previous
decompression is preferably treated with fusion because lami-
nectomy had been performed previously and the remaining
facet joint is smaller.” Fusion is therefore often performed in
consideration of mechanical back pain and destabilization oc-
curring postlaminectomy good results have been reported in
long-term outcomes.®

The posterior lumbar interbody fusion (PLIF) or transforam-
inal lumbar interbody fusion (TLIF) is a direct decompression
method that removes the facet and ligamentum flavum (LF).
However, performing PLIF or TLIF as revision surgery is chal-
lenging for surgeons. Anatomical landmarks are obscured due
to previous surgery, and the risk of complications such as inci-
dental durotomy, neural injury, and surgical site infection may
be increased due to epidural adhesions.”"

Oblique lumbar interbody fusion (OLIF) is a minimally inva-
sive surgical technique using an oblique retroperitoneal appro-
ach which differs from PLIF and TLIE" OLIF uses a relatively
large cage compared to PLIF and TLIF cages, so it is advanta-
geous when forming solid intervertebral stability. The taller cage
used with OLIF also reduces disc bulging and increases the LF
to induce indirect decompression.'*"* Additionally, compared
to PLIF and TLIFE the surgical time is shorter, blood loss is less,
and paravertebral muscles are preserved.''s

When revision surgery is considered, OLIF takes an oblique
retroperitoneal approach rather than using the previous surgi-
cal site, so dural adhesions or altered anatomical landmarks are
not obstacles which reduces the risk of related complications.
When OLIF is performed at the same level as the previous sur-
gery, insufficient information exists on how adhesions caused
by previous decompression surgery affect indirect decompres-
sion, and on whether indirect decompression revision surgery
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is sufficient compared to traditional direct decompression. This
study compares the radiological and clinical outcomes of TLIF
and OLIF as revision surgery in recurrent stenosis that occurred
at the same level after previous posterior decompression sur-
gery and will help resolve these concerns about this technique.

MATERIALS AND METHODS

1. Patient Demographics

All patients were provided with written informed consent
and the relevant Institutional Review Board of the Kyungpook
National University Hospital approved this study (KNUH 2022-
02-010). Patients were enrolled who had undergone previous
posterior lumbar decompression surgery (decompression lami-
nectomy, hemilaminectomy and discectomy, and a unilateral
approach with bilateral decompression) and who underwent
revision fusion surgery at the same level. Previous posterior de-
compression surgery was performed for spinal stenosis or her-
niated nucleus pulposus (HNP) without improvement in symp-
toms despite conservative treatment. Revision fusion surgery
was performed if recurrent or new-onset neurological symp-
toms and/or leg pain were present during follow-up and spon-
dylolisthesis with segmental instability, recurrent stenosis, and
recurrent HNP were diagnosed at the same level. The decision
criteria for TLIF and OLIF in revision fusion surgery were the
same. After explaining the pros and cons of each surgical pro-
cedure, the surgeon decided on the surgical procedure accord-
ing to the patients request and the surgeon’s discretion.

OLIF was introduced in 2016 in this institution with TLIF
being the primary technique prior to that. Cases in which TLIF
was performed as revision surgery were therefore selected from
2014 to 2018, and cases in which OLIF was performed were se-
lected from 2017 to 2018 to minimize the effects of the learning
curve. All surgeries were performed by 2 spine surgeons with
more than 10 years of experience.

For revision surgery, cases that received single-level fusion
from L3 to S1 were grouped into 2 groups and compared: TLIE
25 cases and OLIE 25 cases. High-grade spondylolisthesis, com-
bined sequestrated disc herniation, infection, trauma, and tu-
mor cases were all excluded.

Age, sex, symptom duration, diagnosis prior to revision sur-
gery, surgical level, bone mineral density (BMD), subsidence,
and additional posterior decompression surgery were investi-
gated in all of the 50 enrolled patients. BMD was defined using
a T-score as follows: greater than -1.0, normal; greater than -2.5
but less than -1.0, osteopenia; and less than -2.5, osteoporosis.
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2. Surgical Technique

Patients who underwent TLIE had the procedure through a
midline skin incision in the prone position after induction of
general anesthesia, and bilateral subperiosteal dissection to ex-
pose the facet joint while preserving the posterior midline struc-
tures. After bilateral facetectomy, discectomy, and endplate prep-
aration, 2 cages were inserted, one from each side, and auto-
bone was used as a fusion material, followed by pedicle screw
placement.

For OLIE, it performed through a left side retroperitoneal ap-
proach in the right lateral decubitus position. At the L3-4 and
L4-5, levels the cage was inserted through the corridor between
the psoas muscle and the aorta, and at theL.5-S1 level, it was in-
serted through the corridor between the right iliac artery and
the left iliac vein. In all OLIF cases, the OLIF system (Medtron-
ic, Mempbhis, TN, USA) was used, allobone (Grafton, Medtron-
ic) was used for the cage as a fusion material, and percutaneous
pedicle screw placement (longitude system, Medtronic) was
performed. Cage height was determined by preoperative com-
puted tomography (CT) in all patients: If intervertebral disc
height was greater than 6 mm, a cage 4 mm higher than the in-
tervertebral disc height was used and if the intervertebral disc
height was less than 6 mm, a 10-mm cage was inserted. Addi-
tional posterior decompression surgery was performed if the
patient’s symptoms did not improve after surgery, or if the im-
provement was insufficient. In our series, 2 patients were un-
derwent the additional posterior decompression at 6 and 8 days

LF thickness

after OLIF, respectively.

3. Radiological and Clinical Evaluation

Magnetic resonance imaging (MRI) was taken using a 1.5-T
EXCITE whole-body imaging system (General Electric, Mil-
waukee, WI, USA). The axial localizing sequence was taken
from the surgical site to identify the disc space gap, and 4 slices
were obtained with 4.0-mm slice thickness and 1.0 mm spacing
between slices per level. Images were displayed and analyzed
through PiView (INFINITT, Seoul, South Korea) digital image
viewing software. The cross-sectional area (CSA) of the spinal
canal and LF measured at the surgical site was measured using
a graphic cursor to measure the outline of the spinal canal. The
thickness of the LF was defined as the average of the longest
thicknesses of both ligaments (Fig. 1A). Spinal canal area and
LF thickness were evaluated by MRI scans performed immedi-
ately before and after surgery, and at 12 months after surgery.
Intervertebral disc height was defined as the distance between
the superior and inferior endplates, vertically connected from
the center of the anteroposterior diameter of the inferior verte-
bral body (Fig. 1B). Subsidence was classified according to post-
operative disc height loss as follows: none, < 10%; mild, 10%-
24%; moderate, 25%-49%; and severe, 50%-100% (Fig. 1C).”
Fusion rate was evaluated by radiography and CT scan. Solid
fusion was determined when there was continuous trabecular
bone in the cage and/or bone union of the facet joint was ob-
served without screw loosening (Fig. 2).

Subsidence

Fig. 1. (A) The cross-sectional area (CSA) of the spinal canal (red arrow and text) and the thickness (yellow arrow and text) and
area (green arrow and text) of the ligamentum flavum (LF) were measured at the mid-disc level of the axial sequence using T2-
weighted magnetic resonance imaging. (B) Intervertebral disc height (DH) was measured in lateral radiography as the length of
the line from the midpoint of the inferior endplate to the superior endplate vertically. (C) Subsidence was measured by the de-
gree of cage subsidence into the vertebral endplates on lateral radiography.
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Fig. 2. Evaluation of the fusion state through computed tomography (CT). CT scans of transforaminal lumbar interbody fusion
(TLIF) (A, B) and oblique lumbar interbody fusion (OLIF) (C, D) cases, showing fusion through coronal and sagittal images.

Clinical outcomes were evaluated preoperatively, 6 months,
12 months, and 24 months postoperatively using the Oswestry
Disability Index (ODI) and the visual analogue scale (VAS) for
both back and dominant leg pain.

4. Statistical Analysis

Variables between the TLIF and OLIF surgery groups were
compared using Mann-Whitney U-tests. A p-value of <0.05
was considered statistically significant. Statistical analyses were
performed using SPSS ver. 18.0 (IBM Corp., Armonk, New York,
USA).

RESULTS

1. Demographic Variables

The ages of the TLIF and OLIF surgery groups were similar.
There were 13 males and 12 females in the TLIF surgery group,
and 9 males and 16 females in the OLIF surgery group. Symp-
tom duration was 7.6+ 6.9 months in the TLIF surgery group
and 7.6 +2.6 months in the OLIF surgery group, and as such,
there was no difference between the 2 groups. The mean fol-
low-up durations of the TLIF and OLIF groups were 32.4+8.5
months (range, 24-58) and 28.9+ 5.8 months (range, 24-43),
respectively, and there was no statistical difference between the
2 groups (p=0.094). In the TLIF surgery group, there were 10
cases of spondylolisthesis, 8 cases of recurrent stenosis, and 7
cases of recurrent HNP. In the OLIF surgery group, there were
13 cases of spondylolisthesis, 10 cases of recurrent stenosis, and
2 cases of recurrent HNP. As for the operation level, 3 cases
were at L3-4, 20 were at L4-5, and 2 were at L5-S1 in the TLIF
surgery group, and 2 cases were at L3-4, 20 cases were at L4-5,

https://doi.org/10.14245/ns.2244242.121

Table 1. Demographics of the enrolled patients

TLIF surgery OLIF surgery

Variable croup|(n=25)) Sroup (M= 25) p-value
Age (yr) 63.6+£9.9 66.6+8.65 0.254
Sex, male:female 13:12 9:16 0.393
Symptom duration (mo) 7.6+6.9 7.6+2.6 0.978
Follow-up duration (mo)  32.4+8.5 289+58 0.094
(24-58) (24-43)

Diagnosis 0.183

Spondylolisthesis 10 13

Recurrent stenosis 8 10

Recurrent HNP 7 2
Operation level 0.819

L3-4 3 2

L4-5 20 20

L5-S1 2 3
BMD

Normal 15 8

Osteopenia (-2.5<T- 7 12

score<-1.0)
Osteoporosis 3 5 0.139
(T-score<-2.5)

Subsidence

None 8 16

Mild 8 3

Moderate 6 6

Severe 3 0 0.047*
Additional posterior 0(0) 2 (4.0) 0.490

decompression surgery

Values are presented as mean + standard deviation (range) or num-
ber (%).

TLIE, transforaminal lumbar interbody fusion; OLIF, oblique lumbar
interbody fusion; HNP, herniated nucleus pulposus; BMD, bone min-
eral density.

*p<0.05, statistically significant difference.
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and 3 cases were at L5-S1, in the OLIF surgery group. There
was no significant difference in BMD between the TLIF sur-
gery group and the OLIF surgery group, however, there was a
significant difference in subsidence (p=0.047) (Table 1). In the
OLIF surgery group, 2 cases did not show sufficient symptom
improvement, so additional posterior decompression surgery
was subsequently performed.

2. Clinical Outcomes

Clinical outcomes between the TLIF and OLIF surgery groups
were compared except for the 2 cases who underwent addition-
al posterior decompression surgery. In the TLIF surgery group,
the ODI score improved from 28.0+7.7 preoperatively to 16.0
+7.3 at 12 months postoperatively and 17.1 + 6.3 at 24 months
postoperatively. VAS for leg and back pain also improved from
7.3 1.7 and 5.0+ 2.5 preoperatively to 2.9+2.2 and 2.5+2.0 at
12 months postoperatively and 3.1 + 1.9 and 2.7 + 1.7 at 24 months
postoperatively.

In the OLIF surgery group, the ODI score improved from
25.6+5.9 preoperatively to 12.6+4.5 at 12 months postopera-
tively and 13.1 4.4 at 24 months postoperatively. VAS for leg
pain improved from 6.4+ 1.4 preoperatively to 3.4+ 1.2 at 12
months postoperatively and 3.3+ 1.0 at 24 months postopera-
tively, and VAS for back pain improved from 5.8 + 1.2 preopera-
tively to 2.9+ 1.1 at 12 months postoperatively and 2.8 +1.4 at
24 months postoperatively.

There were no significant differences in ODI score, VAS for
leg and back pain between the 2 groups before, 6 months, 12
months, and 24 months after surgery (Table 2).

3. Radiological Outcomes

The preoperative CSA of the spinal canal was 108.9 + 54.3 mm*
in the TLIF surgery group and 99.1 +45.2 mm’ in the OLIF sur-
gery group. At 12 months after surgery, the CSA of the spinal
canal was 173.5+38.6 mm’ and 125.62 +46.7 mm” in TLIF sur-
gery and OLIF surgery, respectively. The increase was higher in
the TLIF surgery group than in the OLIF surgery group, and
there was a statistically significant difference between the 2 groups
(p=0.023 and p <0.001). There were no significant differences
in LF thickness between the 2 groups, with the TLIF surgery
group at 4.54+ 1.75 mm and the OLIF surgery group at 3.53+ 1.4
mm before surgery. At 12 months postoperatively, the LF thick-
ness was significantly decreased in the TLIF surgery group com-
pared to the OLIF surgery group to 1.76+0.68 mm and 2.5+ 1.0
mm, respectively (p<0.001 and p <0.001). There were no sig-
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Table 2. Comparison of clinical outcome between TLIF and
OLIF surgery group (exclusion of additional posterior decom-
pression surgery)

TLIF surgery OLIF surgery

Variable s ——— p-value
ODI
Preoperative 28.0+7.7 25.6%+59 0.219
6 Months after surgery 16.8+6.5 14.8+4.2 0.225
12 Months after surgery ~ 16.0£7.3 12.6£4.5 0.057
24 Months after surgery  17.1+6.3 13.1+4.4 0.061
VAS-leg
Preoperative 73+1.7 6.4+1.4 0.075
6 Months after surgery 3.0+1.6 3.8+1.0 0.056
12 Months after surgery 29+22 34+12 0.329
24 Months after surgery 31£1.9 33+1.0 0.313
VAS-back
Preoperative 5.0%2.5 58+1.2 0.160
6 Months after surgery 26%15 3.3+0.8 0.075
12 Months after surgery 2.5%+2.0 29+1.1 0.354
24 Months after surgery ~ 2.7.+1.7 28+14 0.243

Values are presented as mean + standard deviation.

TLIFE, transforaminal lumbar interbody fusion; OLIE oblique lumbar
interbody fusion; ODI, Oswestry Disability Index; VAS, visual ana-
logue scale.

nificant differences in LF areas between the 2 groups preopera-
tively, 78.4+46.6 mm? for TLIF surgery and 75.8+44.6 mm?®
for OLIF surgery. At 12 months postoperatively, LF areas were
significantly decreased to 20.6+10.7 mm?® in the TLIF surgery
group and less so in the OLIF surgery group which decreased
to 53.9£29.9 mm’* (p<0.001 and p<0.001) (Table 3). Subsid-
ence was compared by evaluating the decrease in disc height af-
ter surgery between the 2 groups. In the TLIF surgery group,
mild (32.0%), moderate (24.0%), and severe (12.0%) subsid-
ence was observed, and in the OLIF surgery group, mild and
moderate subsidence was present at 13.0% and 21.7%. There
was no significant difference in disc height between the 2 groups
before surgery, but after surgery, the disc height of the OLIF
surgery group was 12.7+2.0 mm and that of the TLIF surgery
group was 10.7+2.2 mm, showing a more significant increase
than that of the TLIF surgery group (p <0.006 and p<0.001).
There were no significant differences in the fusion rates between
the 2 groups at 1 year and 1.5 years after surgery. The fusion
rates at 1.5 years in the TLIF and OLIF surgery groups were
80% (20 of 25) and 87% (20 of 23), respectively (Table 4).
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Table 3. Comparison of radiologic outcome between TLIF and OLIF surgery group (exclusion of additional posterior decom-

pression surgery)

TLIF surgery group

OLIF surgery group

Variable (n=25) (n=23) p-value
Cross-sectional area of spinal canal (mm?)
Preoperative 108.9+54.3 99.1£45.2 0.502
12 Months after surgery 173.5+38.6 125.62+46.7 <0.001*
Increasing percentage [(12 months - preop)/preop x 100] 90.9+87.6 41.7+50.3 0.023*
Increasing value (mm?) (12 months - preop) 64.6+454 26.5+14.2 <0.001*
LF thickness (mm)
Preoperative 4.54+1.75 353+1.4 0.033
12 Months after surgery 1.76+0.68 25+1.0 0.003*
Decreasing percentage [(preop — 12 months)/preop x 100] 57.8+19.4 26.5+17.2 <0.001*
Decreasing value (mm) (preop - 12 months) 2.77 +1.47 1.0£0.82 <0.001%
LF area (mm?)
Preoperative 78.4+46.6 75.8+44.6 0.847
12 Months after surgery 20.6+10.7 53.9+29.9 <0.001%
Decreasing percentage [(preop — 12 months)/preop x 100] 70.7£12.8 24.6%17.3 <0.001*
Decreasing value (mm?) (preop — 12 months) 57.7+38.5 21.9+21.9 <0.001%
Subsidence 0.186
None 8 15
Mild 8 3
Moderate 6 5
Severe 3 0
Disc height (mm)
Preoperative 9.0£2.3 8.1£1.9 0.134
12 Months after surgery 10.7+2.2 12.7£2.0 0.002*
Increasing percentage [(12 months — preop)/preop x 100] 28.5+46.4 63.3£359 0.006*
Increasing value (mm) (12 months - preop) 1.7+3.2 4.6+2.0 <0.001%

Values are presented as mean * standard deviation.

TLIE, transforaminal lumbar interbody fusion; OLIF, oblique lumbar interbody fusion; preop, preoperative; LF, ligament flavum.

*p <0.05, statistically significant difference.

Table 4. Comparison of radiologic fusion rate between TLIF
and OLIF surgery group (exclusion of additional posterior
decompression surgery)

Variable ;];1111;) S(iriegg’) ;g}; s(ir;gezrgl) p-value
Fusion at 1 year after surgery 0.687
Yes 14 10
No 11 13
Fusion at 1.5 year after surgery 0.661
Yes 20 20
No 5 3

TLIF, transforaminal lumbar interbody fusion; OLIE oblique lumbar
interbody fusion.

https://doi.org/10.14245/ns.2244242.121

4. Complications

The TLIF surgery group had 4 cases of posterior approach-
related complications, 2 cases of wound dehiscence, 3 cases of
cerebrospinal fluid (CSF) leakage, and 1 case of nerve damage.
Two of the CSF leakage cases were accompanied by wound de-
hiscence and nerve damage, respectively. The OLIF surgery
group had 6 cases of transient paresthesia on the approach side,
which was significantly different from that in the TLIF surgery
group (p=0.022) (Table 5). There was no ureteral injury, vascu-
lar injury, sympathetic trunk injury, or superior hypogastric
plexus injury in the OLIF surgery group. Although it is not a
surgery-related complication, 2 cases in the OLIF surgery group
underwent additional posterior decompression surgery because
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Table 5. Complication related with surgical approach between
TLIF and OLIF surgery group

TLIF surgery ~ OLIF surgery

Variable Y iy p————c p-value
Posterior approach-related 4 Cases’ 0 Case 0.117
complication
Wound dehiscence 2 Cases 0 Case 0.490
CSF leakage 3 Cases 0 Case 0.235
Nerve damage 1 Case 0 Case 1.000
Transient paresthesia 0 Case 6 Cases 0.022*
(approach side)

TLIE transforaminal lumbar interbody fusion; OLIF, oblique lumbar
interbody fusion; CSE, cerebrospinal fluid.

*p<0.05, statistically significant difference. "Two CSF leakage cases
had wound dehiscence and nerve damage, respectively.

the symptoms did not improve sufficiently after surgery.

DISCUSSION

This study compares the radiological and clinical outcomes
between 2 surgical groups: direct decompression with TLIF and
indirect decompression with OLIE, for revision surgery at the
same level as previous posterior decompression. Traditional
posterior approach revision surgery, such as PLIF and TLIE is a
burden on the surgeon because of the high risk of incidental
durotomy and nerve root injury due to scar tissue and dural
adhesions from previous surgeries.

In the literature comparing primary surgery and revision sur-
gery in open TLIFE it was reported that the risk of inadvertent
dural tears increased by 3.2 times when one or more previous
lumbar decompressions were performed.” Similarly, the overall
complication rate of the group that underwent primary TLIF
surgery and the group that underwent revision TLIF surgery
was 59 of 287 (20.6%) and 76 of 244 (31.1%), respectively (odds
ratio [OR], 1.75; p<0.01), incidental durotomy was 32 of 287
(11.1%) and 44 of 244 (18%), respectively (OR, 1.75; p=0.03).}?
In a study that performed PLIF in 50 patients as revision surgery,
neurologic complications (leg pain or motor loss) occurred in
32% and permanent cases occurred in 8%."®

Similar results were reported in studies on primary and revi-
sion surgery of minimally invasive (MIS) TLIE According to
Kang et al.,” 4% of dural tears occur during primary surgery and
19% occur during revisional surgeries, Selznick et al.'’ reported
that CSF leakage per level was 5.9% in primary surgery and 21.4%
in revision.

In a meta-analysis study comparing OLIF and MIS TLIEF, there
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was no significant difference in overall complication rates be-
tween the 2 groups (13.8% in MIS TLIE 16.3% in OLIE p=0.45).”
In approach-related complications, dural tear and root injury
occurred in 4 cases (1.7%) of 232 patients in the MIS TLIF group,
and none in 240 patients in the OLIF group. Sympathetic chain
injury occurred in 3 cases (1.3%) in the OLIF group and none
in the MIS TLIF group. In the OLIF and MIS TLIF groups, dif-
ferent complications may occur depending on the approach, so
it is difficult to determine which surgical procedure is better.

As revision surgery, OLIF surgery is a retroperitoneal oblique
approach rather than an approach to the previous surgical site,
so altered anatomical landmarks and dural adhesions do not
interfere during surgery. In our study, there were 4 cases of pos-
terior approach-related complications in the TLIF surgery group,
whereas none occurred in the OLIF surgery group. In the OLIF
surgery group, there were 6 cases of transient paresthesia and
the incidence was significantly higher than that of the TLIF sur-
gery group, but all symptoms resolved within a few weeks after
surgery. Therefore, in terms of complications, OLIF can be a
safer alternative surgical technique compared to TLIE

In this study, the preoperative CSA of spinal canal in the TLIF
and OLIF surgery groups was 108.9+54.3 mm?® and 99.1+45.2
mm?’, respectively. Considering that the symptomatic LSS of the
CSA of spinal canal from previous studies is <77.5 mm?? it is
considered that the preoperative CSA of spinal canal in both
groups is larger than 77.5 mm? because our subjects underwent
previous posterior decompression (Figs. 3A, 4A). In another
report, 3 weeks after OLIF surgery, the median CSA extension
ratio was confirmed to be 30.2%, and all subjects showed clini-
cal improvement.” In this study, the OLIF surgery group showed
a CSA extension of 41.7% + 50.3%, and the TLIF surgery showed
a CSA extension of 90.9% + 87.6%. The reason CSA extension
showed greater results in the TLIF surgery group is thought to
be due to posterior direct decompression (Figs. 3C, 4C). This is
supported by our results that the TLIF surgery group showed a
greater reduction in LF thickness (57.8% + 19.4% in TLIE 26.5%
+17.2% in OLIF) and LF area (70.7% + 12.8% in TLIF, 24.6% +
17.3% in OLIF) before and 12 months after surgery than the
OLIF surgery group. Although the CSA extension was greater
in the TLIF surgery group than in the OLIF surgery group, there
were no significant differences between the 2 groups in clinical
outcomes, including ODI, VAS for leg, and VAS for back. Our
results suggest that even in revision, the CSA extension neces-
sary for clinical improvement can be sufficiently obtained by
indirect decompression.

In this study; both the number and grade of subsidence showed
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Fig. 3. Illustrative case of revision transforaminal lumbar interbody fusion (TLIF). (A) Axial image of T2-weighted magnetic
resonance imaging (MRI) showed spinal stenosis with herniated nucleus pulposus in the left subarticular zone at the L4-5 level.
(B) MRI performed after left side decompression via a posterior approach. Restenosis was observed in the left lateral recess. (C)
Cross-sectional area extension and decompression of the left lateral recess were observed after TLIF.

Fig. 4. Illustrative case of revision oblique lumbar interbody fusion (OLIF). (A) Axial image of T2-weighted magnetic resonance
imaging (MRI) showed spinal stenosis with herniated nucleus pulposus (HNP) in the right subarticular zone at the L4-5 level.
(B) An axial image of MRI performed after right side decompression via a posterior approach. Restenosis with HNP was observed
in the right lateral recess. (C) Cross-sectional area extension and decompression of the right lateral recess were observed after

OLIE.

worse outcomes in the TLIF surgery group than in the OLIF
surgery group. Subsidence was observed in 17 cases in the TLIF
surgery group, among which 8 cases were mild, 6 cases were
moderate, and 3 cases were severe, On the other hand, in the
OLIF surgery group, 3 cases were mild, 5 cases were moderate,
and there were no severe cases. This is thought to be advanta-
geous for subsidence because the OLIF cage can use a longer
length than the TLIF cage, and the cage can be placed on the
cortical rim of the vertebral body to support it. Although there
was no statistical significance, VAS of leg preoperatively was
higher in the TLIF surgery group than in the OLIF surgery group
(7.3+1.7 in TLIE, 6.4+ 1.4 in OLIE, p=0.075), and at 6 months
postoperatively, the TLIF surgery group was lower than the OLIF
surgery group (3.0+ 1.6 in TLIE 3.8+ 1.0 in OLIE, p=0.056).
This suggests that although the TLIF surgery group may be at a
disadvantage compared to the OLIF surgery group in terms of
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subsidence, the TLIF surgery group was better in terms of nerve
root decompression. In a study evaluating radiographic out-
comes according to cage type in TLIF reported that the increase
in foraminal height obtained through TLIF was small, but that
the more important key was direct decompression.” This study
provides evidence to support our claim.

In a recent report on revision OLIF surgery performed on 34
patients at the same level after previous lumbar decompression,
the CSA extension increased from 136.4+57.9 mm?® to 194.1 +
58.6 mm’ before and after surgery, the clinical improvement rate
was 59.0%, and fusion rates of 93.0% were reported.”” These re-
sults suggest that indirect decompression is sufficient in revi-
sion surgery when performed with OLIF and that OLIF can be
a good alternative for revision surgery. However, this study is
different from our study in that the L5-S1 level, which has a
relatively high frequency of LSS, was excluded from the study,
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and 2 level, not a single-level, was included in the study object.

Prior to this study, we compared the clinical and radiological
outcomes of primary OLIF surgery and revision OLIF surgery.”’
In previous studies, OLIF as revision surgery showed accept-
able clinical outcomes, but the effect of indirect decompression
was less than that of primary OLIE which is thought to be due
to perineural adhesions and scar formation from previous sur-
gery. In this study, the clinical and radiological outcomes of TLIF
and OLIF performed as revision surgery were compared, and
there were no differences in clinical outcomes between the 2
groups. These results suggest that perineural adhesion and scar
formation caused by previous surgery may have slightly less im-
provement in clinical outcomes during revision surgery com-
pared to primary surgery, but this suggests that there is no dif-
ference in the effects of perineural adhesion and scar formation
on both direct decompression and indirect decompression.

The disadvantage of indirect decompression through OLIF
compared to TLIFE is that if symptoms do not improve after sur-
gery, additional posterior decompression surgery may be re-
quired. In our study, 2 cases in the OLIF surgery group under-
went additional posterior decompression surgery. They did not
show any improvement in symptoms after surgery, and both
patients complained of dominant radiculopathy on the same
side as the previous decompression side. They underwent addi-
tional posterior decompression surgery within 2 weeks after
OLIF surgery, and their symptoms improved after the subse-
quent surgery. These results are the basis for supporting the con-
tent of our previous study that, as revision surgery, OLIF reduced
the effects of indirect decompression due to perineural adhesion
and scar formation in the same side as the previous decompres-
sion compared to the virgin side.”!

If symptoms persist or residual symptoms remain on the same
side as the previous decompression side, additional posterior
decompression surgery may be required after OLIE, which is a
limitation of OLIE On the other hand, good outcomes can be
expected when revision OLIF is considered as a symptom of
the virgin side. Therefore, if appropriate indications are applied,
OLIF can be a good alternative to TLIF in revision surgery. How-
ever, to support our claim, a comparative study on the risks of
additional posterior decompression surgery on the same side
and virgin side in revision OLIF is indicated.

First, it is a single-center, retrospective study, and the number
of subjects is small. In this study, there were no posterior appro-
ach-related complications in the OLIF surgery group, but there
were no statistically significant differences compared to the TLIF
surgery group, which is expected to be significant if the number
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of subjects increase. Moreover, the subsidence between the 2
groups was worse in the TLIF surgery group than in the OLIF
surgery group. However, in this study, when 2 patients who un-
derwent additional posterior decompression were included, there
was a significant difference in subsidence between the 2 groups,
but there was no significant difference between the 2 groups
when excluded. It is also expected that there will be a significant
difference between the 2 groups as the number of subjects in-
creases. Second, selection bias may occur in the method of de-
termining surgical procedures. We considered the following 3
factors in determining the surgical procedure. (1) After fully
explaining the pros and cons of each surgical procedure, the
patient’s request was given priority. (2) If there was a history of
previous abdominal surgery, TLIF was performed. (3) TLIF
was performed when the corridor between the right iliac artery
and the left iliac vein was narrow at L5-S1 level. Even if suffi-
cient explanation is provided to the patient for each surgical
procedure, there may be other factors that may influence the
decision of the surgical procedure. These factors must be ad-
justed appropriately to obtain generalizable results, but since
these factors were not analyzed, they could compromise the re-
sults. Finally, this study lacks information on the pathophysio-
logical effects of perineural adhesions and scar formation caused
by previous surgery on outcomes after revision surgery. This
needs to be elucidated through additional research.

CONCLUSION

Since complications associated with the posterior approach
can be avoided, OLIF is a safer and useful minimally invasive
surgery. Transient paresthesia after OLIF surgery may occasion-
ally occur, but is acceptable as it usually improves. However,
due to perineural adhesions or scar formation, there may not
be sufficient symptom improvement, and in some cases, addi-
tional posterior decompression surgery may be required, which
is a limitation of OLIE Therefore, appropriate indications are
applied, OLIF is a good alternative to TLIF when revision sur-
gery is considered.
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