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INTRODUCTION

Objective: Oblique lumbar interbody fusion (OLIF) is a minimally invasive surgical technique
that is becoming popular due to lowering the risk of lumbar plexus injuries compared to
other transpsoas fusion techniques while yielding comparable clinical outcomes. We evalua-
ted the 1-year clinical and radiologic outcomes of OLIF performed in a single institution of
Korea. Methods: We retrospectively reviewed patients who underwent OLIF for degenerative
lumbar spinal disease at our institution between July 2015 and December 2018. Patients with
a follow-up period of longer than 1 year were included. Among 36 patients, 22 patients (9
male, 13 female) and 26 surgical levels were analyzed. The patients’ demographic data, surgi-
cal procedures, clinical outcomes and complications were reviewed. Results: The patients’
mean age was 64 years (range 44-78). Spinal stenosis was the most common pathology. In all
cases, the demineralized bone matrix was used for fusion. The disc height and sagittal angle
of the index level showed statistically significant increases at the 1-year follow-up (3.5 mm,
p<0.001; 5°, p=0.02, respectively), but the foraminal height did not. The 1-year fusion rate was
69.6%. Good clinical outcomes, as evaluated by visual analogue scale pain scores, Oswestry
disability index, EQ-5D-3L index and EQ-VAS, were observed throughout the 1-year follow-
up period. No serious complications were observed. Conclusion: OLIF appears to be a suita-
ble and safe surgical option for treating degenerative lumbar spinal disease. It showed good
clinical outcomes in the short-term follow-up. However, close-long term observations would
be necessary since the fusion rates were unsatisfactory.
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more than 1-year long-term clinical and radiologic outcomes,
especially among the Korean population. The aim of this study
was to report the 1-year clinical and radiologic outcomes of

After Ozgur et al.’s first technical report of extreme lateral
interbody fusion (XLIF) was published in 2006, lateral lumbar
interbody fusion (LLIF) became a popular minimally invasive lum-
bar fusion technique and is widely performed worldwide. As
surgical experience with this method has accumulated, there
have been more concerns about the risk of injuring the lumbar
plexus during the surgical procedures7'1°]_ Oblique lumbar inter-
body fusion (OLIF), which involves an oblique trajectory, was
implemented to overcome this shortcoming of LLIF*%2%) This
surgical modification of LLIF has been shown to be as effective
and vyield similar outcomes to LLIF in multiple studies®'"3 13
However, there had been limited humber of studies reporting

OLIF in a single institution of Korea.

MATERIALS AND METHODS

Between July 2015 and December 2018, 36 patients who re-
ceived OLIF surgery for degenerative lumbar spinal disease by
two neurosurgeons at our institution were retrospectively re-
viewed after institutional review board approval was obtained
(2019-10-028). We included patients who were followed-up for
at least 1 year and whose medical records and radiographic
images were available during the follow-up period.

The medical records were reviewed to retrieve patient in-

Copyright © 2020 The Korean Minimally Invasive Spine Surgery Society
This is an open access artidle distributed under the terms of the Creative Commons Attribution Non-Commerdial License (http://creativecommons, org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.21182/jmisst.2020.00087&domain=pdf&date_stamp=2020-04-30

Doyub Kim, et al.

formation, such as the age, sex, preoperative diagnosis, and
medical histories, which included previous spine surgeries, the
locations of the surgery levels, the number of operated levels,
details on the surgical procedures, the operation time, and the
postoperative complications. Preoperative dual-energy X-ray
absorptiometry scans were performed for every female patient
older than 65 years, male patient older than 70 years, and patient
suspected to have secondary osteoporosis for osteoporosis
evaluations. For the clinical assessments, back and leg pain
scores by the visual analogue scale (VAS), Oswestry disability
index (ODI), EQ-5D-3L index, and EQ-5D VAS were recorded
preoperatively and at the postoperative 3-, 6-, and 12-month
follow-up periods. The EQ-5D-3L index was calculated according
to the equation suggested by Lee et al. for a Korean populationm.
In addition, surgical outcomes at 1 year were evaluated using
Macnab criteria, and a descriptive analysis of the EQ-5D-3L
questionnaire was performed according to Devlin et al.’s work?.

The surgical procedures were performed as described by
Woods et al.”, All OLIF procedures were performed initially
through the left retroperitoneal space, followed by posterior
percutaneous pedicle screw fixation. In cases in which the ex-
ploration of the spinal canal or direct posterior decompression

Table 1, Subsidence grading criteria

was needed, laminectomy with or without facetectomy was
performed additionally prior to screw fixation. For cases requiring
surgery on levels 12-5, a Clydesdale cage (Medtronic, TN, USA)
was used, and for cases requiring surgery on level L5-S1, a
perimeter cage (Medtronic, TN, USA) was used. A demineralized
bone matrix (Grafton®, Medtronic, TN, USA) was filled in the
cage for fusion. No intraoperative neurophysiologic monitoring
was performed during the operation.

Radiologic parameters, including the index level of the average
disc and foraminal heights, coronal and sagittal angles, and
L1-S1 coronal and sagittal angles, were measured preoperatively,
postoperative within a week, and at the 3-, 6-, and 12-month
follow-ups with standing lumbar spine X-rays (Fig. 1)”. The pre-
sence of endplate breech was assessed with immediate post-
operative X-rays, Cage subsidence was identified with 12-month
follow-up X-rays and graded according to the subsidence grading
system suggested by Sharma et al. (Table 1)%". The fusion rates
were evaluated based on the computed tomography (CT) scans
at 12 months. Successful fusion was defined when bridging
bone between the vertebral bodies and the cage was detected
on a minimum of 2 contiguous sections and in at least 2 of
3 planes (axial, sagittal, or coronal)”,

Grade Criteria description

0 Normal endplate without fracture

| A breach of the end plate at one side (anterior or posterior)

I A fracture of the end plate at both the anterior and posterior sides of the cage

Il An end plate fracture with cage subsidence of more than 1/3 of the cage height in to the vertebral body

Foraminal
height

/

I ! Posterior
Anterior disc
disc height
height

Average disc height
=(A+P, height)/2
J—
o /@

Fig. 1. Methods for measuring the radiologic parameters. ® L1-S1 coronal Cobb angle. Disc coronal angle of the index
level. © L1-S1 sagittal lordotic angle. @ Disc sagittal angle of the index level. ® Average disc and foraminal heights of the

index level.

2 www,jmisst.org



Statistical Analysis

Performed to evaluate how each radiologic parameter changed
immediately after OLIF surgery and throughout the follow-up
periods over 1 year. The postoperative values of each clinical
assessment and radiologic parameter were compared with the
preoperative values using the #test. When the distribution of
a variable did not follow a hormal distribution, the Mann-Whitney
U test was used. The significance level was set at p<0.05. All
analyses were performed using MedCalc statistical software

Table 2. Demographics (n=22)

Characteristics Variables
Age (years) Mean: 64 (range: 44-78)
Gender (n) M: 9

F 13

Diagnosis (n, %) Spinal stenosis (13, 59%)
Spondylolisthesis (7, 31%)
HIVD, recur (1, 5%)
Instability after surgery (1, 5%)
Yes (3, 14%)

No (19, 86%)

Yes (6, 270%)

No (6, 27%)

Not evaluated (10, 46%)
118, 82%)

2 (4, 18%)

L3-4 (6, 23%)

L4-5 (18, 69%)

L5-ST (2, 8%)

Yes (5, 23%)

No (17, 77°%)

Operative time (hours) Mean: 3.1 (range: 1.6-5.3)

History of spine surgery (n, %)

Osteoporosis (n, %)

Number of surgery levels (n, %)

Surgery level (n, %)

Posterior decompression (n, %)

!—IIVD: herniated intervertebral disc.
Analyzed total number of surgery levels was 26 levels.

Table 3. Radiologic outcome (n=26 levels)

1 Year Outcome of OLIF

version 19.0.7 for Windows (MedCalc Software bvba, Ostend,
Belgium), and RStudio software version 1.1.463 for Windows
(RStudio, Inc., Boston, USA).

RESULTS

A total of 22 patients were eligible for inclusion in this study.
The male to female ratio was 9:13, and the mean age was
64 years (range, 44-78). A total of 26 surgical levels were analy-
zed. The demographics of the study population are shown in
Table 2, Posterior decompression was performed in 5 patients;
4 patients were suspected of having inadequate decompression,
and 1 patient underwent the removal of a retained ruptured
disc in the spinal canal.

The radiologic outcomes are summarized in Tables 3 and 4.
The global sagittal and coronal angles from L1 to S1 and the
segmental coronal angle were not significantly different before
and after the operation. The segmental sagittal angle of the
index level and the average disc and foraminal height were
significantly increased after the operation and remained con-
sistent throughout the follow-up period. However, the difference
in the foraminal height was no longer statistically significant
at the postoperative 1-year follow-up. The subsidence rate at
1 year was 53.8%, and significant grade Il subsidence, which
might affect clinical outcomes negatively, were found in 8%
of surgical levels. The subsidence rates were not significantly
different between the patients with and without osteoporosis
(66% vs. 50%, p=0.64), and between the male and female patients
(30% vs. 68%, p=0.11). The fusion rate at 1 year was 69.6%
(16/23 levels, CT unavailable for 3 patients).

The clinical outcomes were mostly favorable (Table 5). The
VAS scores for back and leg pain and ODI showed statistically
significant decreases after the operation and remained con-
sistent throughout the 1-year follow-up period. The EQ-5D-3L
indexes and EQ-VAS scores also showed statistically significant
increases after the operation and remained consistent through-
out the follow-up period. When we descriptively analyzed the
EQ-5D-3L questionnaire and compared the results of the pre-
and postoperative 1-year follow-up periods (Table 6), none of
the 5 dimensions showed any aggravation in the outcomes.

Preop Postop POD 3 m POD 6 m POD 1Y

Height (mm)

Average disc 8.8+3.1 13.3+1.8 (p<0.001)  12.7+1.6 (p<0.001)  12.9+2.1 (p<0.001) 12.3+2.1 (p<0.001)

Foraminal 178435 204462 (p=0.002)  21.1%3.1 (p<0.001)  19.9+3.9 (p=0.04) 19.7+4.1 (p=0.07)
Angle ()

Disc level (coronal)  3.3+3.4 25421 (p=0.653)  2.6+2.4 (p=0.627)  2.4+2.6 (p=0.272)° 2.622.2 (p=0.647)"

Disc level (sagittal) 87489  159+7.3(p=0.003)  14.046.5 (p=0.002)  14.7+6.5 (p=0.008) 13.7+7.1 (p=0.029)

L1-S1 (coronal) 33+2.4 38429 (0=0.733)  3.6%39(p=0.562)  3.6+3.7 (p=0.934)" 3.62+2.8 (p=0.673)

L1-S1 (sagittal) 36.3+13.4 3854115 (p=0.565) 44.7+12.9 (p=0.02)  41.6+14.9 (p=0.221)  39.1%12.0 (p=0.469)

Preop: preoperative; POD: postoperative days; Postop: postoperative; 3 m=3 months; 6 m=6 months; 1 Y=1 year.

*I\/Ian-Whitney U test was used.
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[l Excellent
[l Good
O Fair
[ Poor

7 (32%)

4 (18%)

8 (36%)

Fig. 2. Clinical outcome evaluation performed according to
the Macnab criteria at the postoperative T-year follow-up.

It is notable that the usual activities dimension improved the
most and the pain/discomfort dimension improved the least.
According to the Macnab criteria, approximately 86% of the
patients showed better than fair clinical outcomes at the post-
operative 1-year follow-up (Fig. 2).

The complications are summarized in Table 7. There were
no serious complications related to the operation. Transient
left anterior hip flexor grade 4+ weakness and left anterior
thigh sensory change were observed in 2 (9%) and 1 (5%) pati-
ents, respectively. Unexplainable right knee extensor grade 4
weakness was observed in 1 patient. All 4 patients completely
recovered by the 3-month follow-up.

There was 1 patient who required a revision surgery. Her
initial symptoms, which were pain in the back and left leg and
grade 4 motor weakness in ankle dorsiflexion, improved some-
what after the initial operation (Fig. 3A-D). However, she com-
plained that the amount of pain relief was not satisfactory. In
addition, the motor weakness status remained similar to the
preoperative status. At 6 months postoperatively, we performed
additive posterior decompression surgery (Fig. 3E-G). The leg

sagittal MRI of the lumbar spine. Spondylolisthesis with severe spinal canal stenosis at L4-5
are shown. © Immediate postoperative simple lateral radiograph. Improved disc height, but
partial reduction of the L4-5 spondylolisthesis was noted. Postoperative 6-month follow-up
® T2-weighted sagittal, and (® axial MRI showed still remaining stenosis. @ CT sagittal image
taken after the second operation. Partial laminectomy site was seen (white arrow).
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pain was reduced by an additional 50%. However, her left ankle
motor weakness did not improve even after the 2 surgery.

DISCUSSION

Lumbar interbody fusion is an established treatment option
for degenerative lumbar spinal diseases. Four main approaches,
which include posterior, transforaminal, anterior and lateral lum-
bar interbody fusion, are widely used. Currently, there is no
definite evidence of one approach being superior to another
in terms of the fusion rate or clinical outcomes'”, However,
each approach has its own clear advantages and disadvantages.
LLIF shares the advantages of other minimally invasive techni-
gues, such as reduced blood loss, a fast recovery, and decreased
postoperative pain, which enables early postoperative mobi-
lization for patientssl_ In addition, its advantages include easy
access to multiple lumbar levels, a short operation time, minimi-
zing posterior musculature injury, and ability to correct coronal
and sagittal deformities and restore the disc heights'm. Despite
all these advantages, LLIF also has unique shortcomings. Con-
cerns regarding its approach-related complications, such as sen-
sorimotor deficits of the thigh on the approached side caused
by injuries to the psoas muscle or the lumbar plexus, have been
most commonly described®®"”, Damage to intraabdominal or-
gans and major vessels can also occur. OLIF seems to inherit
these characteristics of LLIF and yield similar clinical and radio-
logic outcomes'"*1%%) There are concerns of a high risk of
injuring intraabdominal organs, sympathetic chains and major
vessels. However, both approaches showed similarly low rates

Table 4. Subsidence and fusion rate at postoperative 1-year
(n=26 levels)

Variables Numbers (%)
Endplate breech at postop 2 (7.7%)
Subsidence at 1-year 14 (53.8%)
Subsidence grade

0 12 (46%)

| 4 (15%)

Il 8 (31%)

1] 2 (8%)
Fusion at 1—year* 16 (70%)

CT at postoperative 1-year was not available in 3 patients.

Table 5. Clinical outcomes (n=15)

1 Year Outcome of OLIF

of such Complicationss'g'”'14'23]_ Moreover, OLIF appears to have
a significant advantage in preventing sensorimotor deficits of
the thigh compared to LLIFE Considering that OLIF enables
the approach to L5-S1, which is not possible with LLIF'®, OLIF
appears to have advantages over LLIF in some aspects.

The postoperative 1-year clinical outcomes reported in this
study appear to be acceptable compared with the historical
data from many studies covering various lumbar fusion techni-
ques3'19). The back and leg VAS scores and ODI scores signifi-
cantly decreased from the preoperative values throughout the
1-year follow-up period (Table 5). In addition, the EQ-5D-3L
indexes and EQ-VAS scores significantly increased postopera-
tively and remained consistent for one year. No specific quality
of life dimension score deteriorated 1-year postoperatively com-
pared with preoperatively (Table 6).

Decompressing the neural structures in an indirect fashion
has proven to be effective in treating patients with degenerative
lumbar spinal stenosis in several studies™™"*® Our study also
showed similar results. There were 5 cases that we added posterior
decompression, There was one case in which we explored the
spinal canal to remove sequestrated disc material, but it remains
unclear whether the posterior decompression procedure was
truly a necessary procedure in the other 4 cases. However,
there was one revision case in which we performed additional
posterior decompression 6 months after the initial OLIF surgery.
In this case, the spondylolisthesis of the index level was not
sufficiently corrected, and the patient experienced some im-
provements in her symptoms after the 2™ surgery. This finding
indicates that additionally performing a posterior decompression
procedure is beneficial in some specific cases and should be
considered when the sufficiency of indirect decompression is
in question,

The noticeable findings in the radiologic outcomes include
the low fusion rate. The estimated fusion rate at the postoperative
1-year follow-up was approximately 70% in our study. However,
in the literature, Woods et al. reported a fusion rate of 98%
at 6 months following OLIF surgeryB]_ Although we have to
be very careful in directly comparing the results of two inde-
pendent retrospective studies, we presume that the most plau-
sible explanation for this difference in the fusion rate is that
the fusion material used was different. Woods et al, used bone
morphogenetic proteins for fusion in their studyB), whereas
we used a demineralized bone matrix only. We found one study
conducted in a Korean population in the literature reporting
a higher than that in our study when using a demineralized

Variables Preoperative 3-month 6-month 1-year

Back VAS (range: 0-10) 6.3+2.8 3.2+2.2 (p=0.003) 2.4+1.8 (p<0.001) 3.4+1.9 (p=0.005)
Leg VAS (range: 0-10) 7.9+2.2 2.6%2.3 (p<0.001) 2.5+1.9 (p<0.001) 3.0+1.9 (p<0.001)
ODlI (range: 0-45) 23.146.2 13.2+7.6 (p<0.001) 13.2+7.6 (p<0.001) 11.3+7.2 (p<0.001)
EQ-5D-3L index (range: 0.95- —0.171)  0.55+0.151  0.753+0.122 (p<0.001) ~ 0.779+0.113 (p<0.004)  0.778+0.134 (p<0.001)
EQ-VAS (range: 0-100) 35.87+£22 .91 65.0+14.46 (p<0.001)  67.31+15.49 (p<0.001)  67.27+21.25 (p<0.002)

*I\/Iann-Whitney U test was used.
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Table 6, Numbers and proportions reporting levels within EQ-5D dimensions: Pre-operation and 1-year follow-up

Mobility Self-care  Usual activities Pain/discomfort Anxiety/depression

Level

Preop 1-year Preop 1-year Preop 1-year Preop 1-year Preop  1-year
1 0 5 6 9 0 8 0 2 2 8

(0%) (33.3%) (40%) (60%) (0%) (53.3%) (0%) (13.3%) (13.3%) (53.3%)
2 15 10 9 6 10 6 8 13 1 7

(100%) (66.7%) (60%) (40%) (66.7%) (40%) (53.3%) (86.7%) (73.3%) (46.7%)
3 0 0 0 0 5 1 7 0 2 0

(0%) (0%)  (0%) (0%) (33.3%) (6.7%) (46.7%) (0%)  (13.3%) (0%)
Total 15 15 15 15 15 15 15 15 15 15

(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)  (100%)
Number reporting some problems* 15 10 9 6 15 7 15 13 13 7

(100%) (66.7%) (60%) (40%) (100%) (46.7%) (100%) (86.7%) (86.7%) (46.7%)
Change in numbers reporting problems -5 -3 -8 -2 -6
% change in numbers reporting problems -33.3% -20% -53.3% -13.3% -40%
Rank of dimensions in terms of % changes 3 4 1 5 2

“Some problems’=level 2+3

Table 7. Complications (n=22)

Complications Numbers (%)

Left anterior hip flexor transient weakness 2 (9%)"
Left anterior thigh transient sensory change 1(5%)
Neurologic injury

- Right quadriceps weakness 1(5%)
Revision surgery 1 (5%)
Postoperative ileus 1 (5%)
Vascular or ureter injury 0 (0%)
Retrograde ejaculation 0 (0%)
Wound infection 0 (0%)
Blood transfusion 0 (0%)

*All symptoms were completely resolved at postoperative 3
months follow-up.

bone matrix in OLIF surgery. Lin et al. reported a fusion rate
of approximately 88% with the use of demineralized bone matrix
only at 1 year after OLIF surgery”]. However, this was a small
number, matched-pair comparison study that the authors did
not include their whole patient series. Therefore, hidden bias
may be present in the study, and we should interpret the results
with caution,

A delay in fusion seems to affect other radiologic parameters,
such as the subsidence rate and disc and foraminal heights.
Although most of the subsidence cases that occurred were
minor (subsidence grade Il or lower), it was observed in over
50% of the patients (Table 4). Although patients with osteoporo-
sis seemed to be prone to subsidence (66% vs. 50%), the diffe-
rence was hot statistically significant. Notably, 50% of patients
without evidence of osteoporosis had experienced subsidence
to least a minimal degree. Compared with the preoperative
values, the average disc height gradually decreased, and the
mean value of the foraminal height was no longer significant

6 www,jmisst.org

at the 1-year follow-up (Table 3). Fortunately, the clinical out-
comes did not show any signs of deterioration. However, it
is worrisome that a gradual decrease in the indirect decompre-
ssion effect might lead to clinical deterioration in the long term.
The use of a larger cage, positioning the cage on both sides
of the hard cortical vertebral rim and saving the posterior spinal
structures are thought to be key features of LLIF and OLIF
which provide more resistance to subsidence and great ability
to correct deformity compared with other lumbar fusion techni-
quesmg)_ It has been suggested that these features allowed
us more freedom in selecting fusion materials. However, our
data indicates that this may not true. Although it is too early
to determine the adequacy of use of a demineralized bone
matrix and more long-term follow-up data is required for a
proper evaluation, our preliminary data suggest that seeking
an alternative strategy rather than using a demineralized bone
matrix alone as the fusion material is necessary.

Approach-related complications, especially left thigh motor
and sensory deficits, were observed in 3 of 22 patients, and
all of the complications completely resolved by the 3-month
postoperative follow-up. As several studies have reported, we
think that OLIF can be safely performed without intraoperative
neurophysiologic monitoringg'M'B). We think that manipulating
the psoas muscle during the surgery might have caused transient
hip flexor weakness which was persisted only immediate post-
operative period. Also, we presume that a left anterior thigh
sensory change happened in one patient might be caused by
manipulation or retraction of the genitofemoral nerve, No grave
complications, such as large vessel injuries, occurred in our
series. However, there have been several reports concerning
intraoperative venous injurie528'16), and surgeons must be careful
in presurgical planning and open-minded in modifying the plan
if radiographic vessel studies suggest a high risk of vessel inju-
ries, especially at the L5-S1 level.

This study has several limitations. First, it is a retrospective,
single-arm study without a control group for comparison.



Second, we could only include approximately 60% of the patients
in the study, and it is possible that the results from this study
may not represent the whole patient group. Third, the number
of patients used in the clinical data analysis was smaller than
the number of patients used in the radiologic data analysis.
Therefore, it is possible that the evidence of deterioration shown
in the radiographic parameters, such as the decrease in the
foraminal height and low fusion rates, might not be properly
reflected in the clinical outcomes, Fourth, the small number
of study population limited overall credibility of the study results.
In addition, this had limited thorough analysis of known mean-
ingful factors, such as gender, osteoporosis, and several tech-
nical aspects of OLIF surgery. Lastly, this is a preliminary result
of a single center for only a 1-year follow-up period. For a pro-
per evaluation of OLIF outcomes in treating lumbar degenerative
spine diseases, more long-term follow-up data should be ac-
quired though future studies.

CONCLUSION

Oblique lumbar interbody fusion is a safe surgical procedure
for treating degenerative lumbar spinal diseases. It yielded good
clinical outcomes at the 1-year follow-up. The fusion rate at
1 year was approximately 70% when only a demineralized
bone matrix was used. Close long-term follow-up would be
necessary. If deteriorations of the clinical outcomes observed
in longer follow-ups, then we may need an alternative strategy
to achieve earlier fusion.
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