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ABSTRACT

Background data: The degenerative lumbar diseases form a burden on both the patients and the
society. The development of the degenerative process is highly linked to the aging process as
discussed by Kirkandly Willis where the degenerative spine passes through 3 phases of process
that results in the degenerative diseases. The management of the degenerative spine deformities
varies and depends on various factors. Traditional surgical management involves instrumentation,
decompression and fusion processes. Oblique Lumbar interbody fusion ‘OLIF’ is a novel technique
when used alone as in stand-alone OLIF ‘SA-OLIF’ it could achieve degenerative deformity
correction along with neural decompression, however, the final aim of SA OLIF where solid fusion is
required still is under evaluation and literature lacks the essential data for this approach. This study
aims to assess the fusion of the SA-OLIF in the management of degenerative lumbar scoliosis.
Study Design: A Prospective clinical case study.

Objective: To assess the fusion rates in patients suffering from degenerative lumbar scoliosis ADS
after SA-OLIF.

Patients and Methods: Patients with ADS following a specific inclusion criterion underwent SA
OLIF. Pre-, and Post-operative clinical data; back and leg pain ‘VAS score’ and ODI, radiological
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data; for fusion assessment. Intra-operative data: operative time, amount of blood loss,
complications ‘intra-operative or post-operative’ and hospital stay were all analyzed and compared
statistically.

Results: A total of 28 patients and 30 levels were operated by SA OLIF, with mean age 50.54+6.05
included 14 males and 14 females. The mean operative time/min, blood loss/ml and hospital
stay/day was 91.29+14.23, 195.54+42.299 and 2.78+0.875 respectively. The mean of Back Pain
‘VAS’, The mean of Leg Pain 'VAS’ and ODI changed from pre-operatively 7.36+0.98,
6.36+0.911and 68.615+8.72 to 4.07+1.01, 2.07+0.9 and 20.23+4.7 in 1-year respectively. In this
study we had 92.9% fusion rates after 1-year. Operative complications occurred in 3 cases with
segmental artery injury. Post-operative complications were 1 cage dislodgment immediately post-
operative and 2 cases of cage subsidence after 1-year.

Conclusion: SA OLIF can result in high rates of fusion. There are multiple factors that determine
the rate of fusion such as the quality of the vertebrae and endplate preservation during the
preparation procedure.

Keywords: OLIF; scoliosis; degenerative lumbar diseases; spinopelvic; Cobb angle; deformity; fusion.

ABBREVIATION Along to this process there is an important
concept of disease progression of the imbalance
ADS Adult Degenerative Scoliosis in the spine axial load causing the adult

ALIF Anterior Lumbar Interbody Fusion

DDD Degenerative Disc Disease

DXA Dual Energy X-ray Absorptiometry

LLIF Lateral Lumbar Interbody Fusion

MRI Magnetic Resonance Imaging

ODI Oswestry Disability Index

OLIF Oblique Lumbar Interbody Fusion

PLIF Posterior Lumbar Interbody Fusion

SAOLIF: Stand Alone Oblique Lumbar
Interbody Fusion

VAS Visual Analogue Scale

1. INTRODUCTION

Lumbar spine degenerative disease is developed
due to aging. Kirkandly Willis [1] in 1983
hypothesized that theory ‘the three-joint complex’
as the primary cause usually causes the
degeneration during the age progression and
causes for the spine degenerative processes.
Kirkandly also divided the degeneration diseases
into three steps beginning from the malfunction
of important structures including degeneration of
the intervertebral disk and facet arthropathy into
destabilization disease that results in segmental
instability until re-stabilization that is caused
mainly by formation of osteophytes and stenosis
of the canal [1]. Adult lumbar degenerative
scoliosis has at its beginning in the same manner
by broader definition of adult scoliosis which is a
deformity in the coronal plane of the spine where
Cobb angle of greater than 10 degrees
measured. However, it is especially for those
adults and who had a normal spine alignment
before [2,3]. Its process is very similar to the
process of degenerative disc diseases (DDD).

degenerative scoliosis (ADS). [4]. This pathology
with no specific causes results from a multimodal
process of degenerative lumbar diseases [5].
Ralph Cloward was the first spine surgeon to
implement the basic ideas of interbody fusion in
1940s [6]. Since then enhancements in the spine
fusion methods have increased. The operations
of interbody fusion targets to stabilize the spine
and decompress the neural elements by
restoring the height of the disk [7-9]. Lumbar
spine interbody fusion can certainly deal with a
group of spine diseases like DDD, deformities
and tumors [10] Oblique lumbar interbody fusion
(OLIF) is one of the spine fusion methods used.
It was implemented to take over the side effects
of the commonly used interbody fusions like
anterior (ALIF), lateral (LLIF) or posterior (PLIF)
interbody fusio [11,12]. OLIF can obtain spinal
stability, improve sagittal or coronal alignment
and indirectly free the neural structures with less
disadvantages related to traditional transpsoas or
retropsoas approaches. OLIF technique gives
access to work from L1 to S1 [11]. Fusion is the
cornerstone of every spine surgery aimed to
manage deformity and posterior instrumentation
allows increasing spine stability to enhance
fusion [14]. The use of SA-OLIF is presumed a
novel techniqgue of former lateral lumbar
interbody fusion, where a natural corridor is
accessed to reach the intervertebral space
without the need to transect or injure the psoas
muscle, hence it is better in avoidance of the
injury of lumbar plexopathy [15,16]. However, it is
reported by Zeng et al. that the complications
rates with OLIF combined with posterior
instrumentation is less than SA-OLIF where



fusion rates are higher in the former group [17].
Consequently, The objective of this series is to
assess the fusion rates of the SA OLIF in the
correction of adult Ilumbar degenerative
deformity.

2. PATIENTS AND METHODS

This is a prospective study in between Suez
Canal University hospitals, Neurosurgery
department and Nottingham university hospitals,
Center for spinal studies from January 2019 to
January 2021. Patients attending the spine clinic
were examined and those who followed the
inclusion criteria were informed about the
approach with its advantages and
disadvantages, and they were given the right to
choose either the traditional ‘posterior
instrumentation of single or multiple levels and
fusion’ or the minimal invasive novel approach
‘SA-OLIF’. They were consented in written to join
the program. Inclusion criteria: |. Degenerative
lumbar spine diseases associated with deformity
in either sagittal or coronal plans including fresh
or recurrent pathology, Il. Age between 30-70
years of any sex, and lll. Failure of adequate
conservative therapy. Exclusion criteria: .
Osteoporosis ‘T-score <-2.5” and Il. Other
pathologies ‘Trauma, Tumor, metabolic diseases.
Through this study we followed the World

Medical Association (WMA) Declaration of
Helsinki — Ethical Principles for Medical
Research Involving Human Subjects. The

following data were obtained in a written format
in included in the departments computer systems
for the program.

2.1 Preoperative Evaluation

Clinical assessment of back and leg pain’s Visual
Analogue Score (VAS) score’, full neurological
examination, and Oswestry Disability Index
(ODI), and Il. Radiological evaluation included
Full spine X-ray AP, Lateral and dynamic views
‘flexion and extension’ to measure lumbar cobb
angle. An MRI lumbosacral spine and DXA were
also obtained.

2.2 Operative Technique

All patients underwent the OLIF procedures in
left lateral decubitus position with ipsilateral hip
flexion under general anesthesia on a radiolucent
operating table. Stabilizing the patient by the
operating table belt and additional tapping is
done. Jack knifing the table to distract the
intracoastal space for widening the surgical field.
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Fluoroscopy guided leveling is obtained and
marked on the skin over the center of the disc
space in AP and Lat. Views. Starting by surgical
sterilization and draping followed by oblique skin
incision anterior to the disc space mark. Incision
is 4-10 cm according to the number of levels
intended to be operated on followed by blunt
dissection of the obligue abdominal muscles.
After reaching the retroperitoneal space marked
by the fat appearance below the internal oblique
muscle, blunt dissection by Kelly Clamps until
reaching the Quadratus lumborum and the Psoas
muscles. Syn-Frame blades are inserted in a 4-
blade fashion 2 lateral and 2 in cranio-caudal
position. The operating field is between the
Psoas muscle and the abdominal Aorta.
Standard annulectomy and discectomy is
initiated. A wide intervertebral space is important
to acquire, consequently, discectomy is done in a
wide space. The Contra-lateral annulus is
carefully opened by a Cobb dissector and
confirmed by fluoroscopy. Trials are inserted until
reaching the desired intervertebral cage size,
followed by insertion of the Cage “Spineway Kili
cages®”. Hemostasis is done in case of any
bleeding, followed by removal of the Syn-Frame
blades and insertion of a suction drain. Fascial
and skin closure in layers is the final step Fig.1
[18].

2.3 Postoperative Evaluation

Clinical assessment included back and leg pain
VAS, ODI and full neurological examination after
6 months and 12 months. Radiological evaluation
included spine Xray erect in AP and lateral view
and MSCT of the Ilumbosacral spine. The
following outcome parameters were recorded at
each visit, segmental coronal Cobb angle, and
fusion grades. Il. According to MSCT scan,
fusion grading was as following; grade 1:
Bridging trabecular bone, grade 2: Continuous
bony density, grade 3: Marginal Radiolucency,
grade 4: Secondary signs of motion, grade 5:
Hardware loosening and fatigue, and grade 6:
Subsidence [19].

2.4 Statistical Analysis

The SPSS (Statistical Package for the Social
Sciences) 18.0 software package was used for
the statistical analysis of the data. Chi-squared
statistics were employed in the comparison of
categorical measurements between groups, and
independent t tests were employed for the
comparison of numerical measurements between
groups. The statistical significance level was
taken as 0.05 in all tests.
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Fig. 1. A. Skin incision marked from anterior axillary line to the left lateral side of the rectus
muscles, and as shown cage mark is the disc space intended. B. OLIF approach “anterior to
psoas”.[8] C. A closeup view for the Cage inside the intervertebral disc space

3. RESULTS

28 patients (14 males and 14 females) were
recruited for this study after exclusion of who
have lost during the follow up. All patients
suffered from single level disc disease except
two patients who had two level pathology (Figs
2,3 and 4). Demographic data, pre-operative
clinical data (Back and leg pain VAS, ODI)
and co-morbidities are shown in (Tables 1 and
2).

The mean operative time was 91.29+14.23 min
and the mean blood loss was 195.54+42.499 ml.
The mean back pain VAS decreased from 7.36 +
0.99 preoperative 5.64 + 0.87 in 6-months and
4.07+1.02 in 1 year follow up. The mean leg pain
VAS decreased from 7.36 + 0.99 preoperative to

5.9 + 0.54 immediately post-operative, 4.01 + 0.9
in 6-months and to 2.07+0.9 in 1 year follow up.
The mean ODI also decreased from 68.615+8.72
preoperative to 41.38+8.5 in 6-months and to
20.23+4.7 in 1 year follow up (Tables 2 and 3).

Operative complications were reported in 4
cases. Three cases had vascular injuries to
radicular ‘segmental’ arteries during blunt
dissection over the vertebral bodies and
managed by monopolar electrocautery without
clinical sequel. One patient had one of his two
cages anterior dislodgment post-operatively and
this cage was removed, and the patient
underwent posterior instrumentation in the same
setting (Fig. 5). Two patients had cage
subsidence and refused to have further surgery
(Table 4).

Table 1. Demographic data, Clinical presentation and Co-morbidities

Parameters Results
Agelyears 50.54+6.05 (38-60)
Sex Male 50%

Symptom’s duration/months
Presentation Back pain

Leg pain
Sensory deficit
Reflexes deficit
Motor deficit

Sphincter’s deficit

Female 50%
34.44+16.68 (12-84)
67.85% (19 patients)
57.14% (16 patients)
17.8% (5 patients)
10.7% (3 patients)
3.5% (1 patient)
3.5% (1 patient)

Comorbidities HTN 42.8% (11 patients)
DM 21.4% (6 patients)
IHD 32.1% (9 patients)
Obese 35.7% (10 patients)
Smoking 28.5(8 patients)
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Table 2. Clinical data between Pre-operative and 6-month follow-up

Item Pre-operative 6-months follow-up t p value
VAS (Back) 7.36+£0.98 5.64+0.870 10.115 <0.05*
VAS (Leg) 6.36+£0.911 4+0.903 17.06 <0.05*
ODI% 68.615+8.72 41.38+8.5 12.24 <0.001*

Data are in mean £SD
*Statistically significant <0.05 at 95 CI.

Table 3. Clinical data between 6-months and 1-year follow-up

Item 6-months follow-up 1-year follow-up t p value
VAS (Back) 5.64+0.870 4.07+1.01 12.563 <0.05*
VAS (Leg) 4+0.903 2.07+0.9 11.9 <0.05*
ODI% 41.38+8.5 20.23+4.7 11.9 <0.001*

Data are in mean £SD
*Statistically significant <0.05 at 95 CI.

Table 4. Fusion grading according to MSCT of the lumbosacral spine [19]

Grade of fusion 6 months post-operative  1-year post-operative
Grade I: Bridging trabecular bone N=10 35.7% N=17 60.7%
Grade II: Continuous bony density N=15 53.6% N=9 32.2%
Grade lll: Marginal Radiolucency N=2 7.1% N=0 0%

Grade IV: 2ry signs of motion N=0 0% N=1 3.6%%
Grade V: Hardware Loosening and fatigue N=1 3.6% N=0 0%

Grade IV: Subsidence N=1 3.6% N=2 7.1%

Fig. 2. Case 1 a 45 years old female presented with back pain and right lower limb pain of 24
months duration. Back pain is increasing in intensity and aggravated by sitting, standing and
relieved by analgesics. Right lower limb pain is found at rest and increased by walking. A: Pre-
operative AP L/S X-ray Cobb angle was15.5 degrees. B: Pre-operative Lat. L/S X-ray shows
SVA: 13 mm, PT: 25 degrees, PIl: 53 degrees, SS:28 degrees, LL:16 degrees, PI/LL mismatch:
37 and anterior disc height: 6.2 mm. C: AP L/S Xray 1-year follow up Cobb angle 6 degrees,
Sugrimap software A. Cobb angle in AP X-ray is 15.5 pre-operative. B. Post-operative follow up
in 1-year period with Cobb angle 6. D: Lat. L/S Xray 1-year follow up shows SVA: 8 mm, SS: 29
degrees, PT: 24 degrees, LL 21 degrees, anterior disc height: 8.1 mm and PI/LL mismatch: 32
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Fig. 3. Case 2 A. MRI pre-operative T2W Axial cuts showing facet effusion and disc prolapse,
B. MRI pre-operative T2W sagittal cuts showing canal stenosis at L3/L4 and decreased desc
height. C: pre-operative lateral lumbar X-ray showing degenerated intervertebral disc L3/L4,
SVA: 10 mm, PT: 27 degrees, SS:33 degrees, LL:18 degrees, PI/LL mismatch: 38 and anterior
disc height: 5 mm. D: pre-operative AP lumbar X-ray shows Cobb angle of 28 degrees, E:
demonstrates AP lumbar X-ray 1-year follow up with corrected Cobb angle to 7.3 degrees after
stand-alone OLIF L3/L4 and F: demonstrates lateral lumbar X-ray 1-year follow up; SVA: 6 mm ,
SS: 35 degrees, PT: 25 degrees, LL 22 degrees, anterior disc height: 14 mm and PI/LL
mismatch: 35

Fig. 4. Case 3;31 old male patient with degenerative scoliosis L2/L3 and L3/L4 complaining of
back pain and leg pain of 12 months duration A: AP X-ray L/S spine denoting degenerative
scoliosis Cobb angle 24 degrees, B: Lat. X-ray L/S spine with decreased disc spaces and
straightening of lumbar spine, SVA: 10 mm, PT: 16 degrees, SS:42 degrees, LL:24 degrees,
PI/LL mismatch: 27 and anterior disc height: 7.2 mm L2/3 and 8.3 mm L3/L4 C: AP L/S spine
after OLIF levels L2/L3/L4 1-year follow up shows improved Cobb angle to 9 degrees, and D:
Lateral X-ray L/S spine 1-year follow-up shows increased anterior disc heights 11.5 mm L2/L3,
12 mm L3/L4on L2/L3 and L3/L4, SVA: 8 mm , SS: 43 degrees, PT: 14 degrees, LL: 35 degrees
and PI/LL: mismatch: 18

4. DISCUSSION

Since its first description in 1977, OLIF has been
found effective and safe utilizing a natural

corridor between psoas muscle and great
vessels retroperitoneally in various studies [20-
23]. In this series, stand-alone OLIF has proven
to be effective in managing cases of
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Fig. 5. Case 4; a 31 year old male patient complaining of back pain and leg pain of 24 months
duration A: AP X-ray L/S spine with Degenerative scoliosis L3/L4 and L4/L5 and Cobb angle
was 21 degrees B: Lat. X-ray L/S spine with lumbar spine decreased lordosis and degenerative
pattern in L3/L4 disc and LL was 10 C: AP X-ray L/S after first session shows improved Cobb
angle to 4 degrees, D: Lat. X-ray L/S spine shows L3/L4 cage dislodgment and stable L4/L5
cage, E: CT 3D reconstruction, and F: Lat. X-ray L/S spine shows posterior instrumentation
and cage re-application anteriorly

degenerative lumbar spine diseases. The Mean
age for the patients were 50.54+6.05 years, 50%
were males and 50% were females, and the
mean duration of the symptoms was
34.44+16.68 months. Xi et al. [24] in a study
comparing ALIF to OLIF on 127 patients with
mean age of 63.73+£10.80 and 66 patients who
underwent OLIF were 24 males and 42 were
females .He et al. [25] in a study of SA OLIF
versus combined OLIF with percutaneous
fixation had 32 patients underwent SA OLIF,
males were 31.3% and females were 68.7%. The
mean age for the SA OLIF group was 59.8+13.7
years.

In this study total number of OLIF was 30 levels,
L2/L3 were 8, L3/L4 were 17 and L4/L5 were 5.
Xi et al. in their comparative study between ALIF
and OLIF showed that OLIF was done in 66
patients were 31 patients were operated from L4
to S1, 12 were operated from L3 to S1 and 23
were operated from L2 to S1. Xi et al. [24] Liu et
al. [26] in a study of Modic changes with SA
OLIF, had 78 patients underwent OLIF with 92
levels operated as following; L2/L3 were 6, L3/L4
were 28 and L4/L5 were 58. Pre-operative
clinical findings statistically improved at 6-months
and 1-year follow-ups as following; back pain
VAS changed from 7.36+0.99 pre-operatively to
5.64+0.870 at 6 months and 4.07+1.01 at 1 year,
leg pain VAS changed from 6.36+0.91 pre-
operatively to 4+0.903 at 6 months and 2.07+0.9
at 1 year and ODI changed from 68.615+8.72

preoperative to 41.38+8.5 at 6-months and to
20.23+4.7 at 1 year. Anand et al. in a prospective
study of 111 patients with ASD from January
2015 to January 2019 underwent OLIF L5, S1
[27] showed statistically significant improvement
in the clinical findings in their series. He et.al. in a
retrospective cohort study of patients underwent
OLIF or OLIF and posterior instrumentation
between July 2014 and October 2017 showed a
significant VAS and ODI improvement after 1
week and 3 months post-operatively in SA OLIF
group [25]. Abbasi et al. [28] in a retrospective
study of 37 cases with ADS operated with OLIF
in 2017, reported improvement in the pain scale
from 8.3 to 3.7 and ODI decreased from 53% to
32%. Zhang et al. in a study between October
2016 to January 2017 of 45 OLIF levels, showed
significant improvement in ODI and VAS as well
[29] Kanno et al. [30] in a case report study in
2014 showed a successful improvement in his
series of back pain and leg pain of 2 cases
with spinal stenosis at levels L5/S1. Hospital stay
in this study was 2.78+0.875 (2-5) days. Xi et al.
[24] in their study had mean hospital stay
for their patients 7.02+2.65 days, the possible
cause is that they use posterior instrumentation
along with OLIF. Xi et al. Zhu et al. in their
comparative study between SA OLIF and PLIF
proved that SA OLIF was superior over
PLIF in operative time, Intraoperative bleeding,
bed rest postoperative and hospital stay as the
mean operative time was 52.24+6.24 min.
for SA OLIF and 134.32+15.84 min. for PLIF



group, the mean intraoperative bleeding was
34.94+4.05 ml for SA OLIF and 340.68+15.84 ml
for PLIF, the mean bed rest 2.47+0.51 days for
SA OLIF and 6.95+0.91 days for PLIF and The
mean hospital stay was 6+1.12 days for SA OLIF
and 13.10+1.40 days for PLIF. Published data on
SA OLIF complications has ranged between
3.7% to 66.7%. 19,39. Zeng ZY et al. [31] in a
review of 235 patients with OLIF between
October 2014 to May 2017, had 22 cases of
endplate damage and a higher prevalence of
cage subsidence than the posterior instrumented
group. The specific pathophysiology of endplate
damage is still  unknown, consequently,
avoiding such complication needs more
biomechanical studies of SA OLIF. Fang et al.
[32] in a finite element study between SA OLIF
and posterior instrumentation with OLIF in 2020,
found that in SA OLIF models had less limited
range of motions than posterior instrumented
group. In addition, they concluded that
posterior instrumented group with OLIF had
better outcomes in cage subsidence and SA
OLIF has higher risk for endplate damage and
cage subsidence. However, He et al. [33] in a
study of the paraspinal muscle atrophy between
SA OLIF and posterior instrumentation with OLIF
found that SA OLIF had superior clinical
outcomes at 1 week and 3 months over the other
group and SA OLIF may not result in paraspinal
muscle atrophy at 24 months post-operatively.
SA OLIF provided 30.2% increase in dural sac
cross-sectional area and 30% increase in
foramen cross sectional area [34]. However, SA
OLIF advantages over combined method
disappeared by the 2-year follow up period. This
may be due to that SA OLIF does not include
muscular manipulation of the spine like the
posterior instrumentation, and by the 2-year
follow-up when muscle hematomas disappear,
and healing is full both methods had equal
results.25 Kai et al. [35] in their study of 13
patients underwent SA-OLIF between December
2016 to January 2019, reported that all patients
had achieved fusion during their follow-up
periods and 2 patients had cage subsidence. In
this study we had 92.9% fusion rates after 1-
year, 2 cases had cage subsidence (7.1%) after
1-year were found although clinically not troubled
much but the radiological finding during follow-up
detected them. Huo et al. [36] in a prospective
study of 154 patients underwent OLIF in 2019,
had 2.4% cage subsidence in his series and they
studied the cases with subsidence and proved
that their T-score on DEXA was < -1.0,
consequently, they found that patients with T-
score <-1.0 are at higher risk of cage
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subsidence, they performed DEXA as a routine
pre-operative  evaluation for all patients
undergoing SA OLIF. Abbasi et al. [28] had
100% fusion rate in his retrospective series. He
et al. [25] had 15.6% cage subsidence in his
series of SA OLIF compared with 7.3% in the
OLIF combined with posterior instrumentation.
Zeng et al. [29] reported 36.3% cage subsidence
and he directed the cause to the endplate
damage done during surgery. Lin et al. [37]
reported 81.9% fusion rate in his series at 1-year
follow-up. Kim et al. [38] reported 92.9% fusion
rates at 1-year follow-up. Xi et al. [24] in a
comparative study between ALIF and OLIF, they
used posterior instrumentation in both groups
had the fusion rates of OLIF group 76.3%. Liu et
al. [39] in their retrospective study of the
correlation between SA  OLIF, Modic
changes and risk of subsidence found that 34.8%
of their patients had Modic changes at the 1-
year follow up duration. In these 34.8% with
Modic changes only 1 patient had cage
subsidence, while the remaining patients
with no Modic changes had 6 patients with
subsidence.

Limitations of this study are, first the small
sample size that likely affected the statistical
power, then the expensive cage used for OLIF
technique and the short follow-up duration. Large
sample size prospective and long-term
case control studies are required to give a
wide prospect about the efficacy and validity of
OLIF.

5. CONCLUSION

In this study, SA OLIF achieved high rates of
fusion after 12-month follow-up. There are
multiple factors that determine the rate of fusion
such as the quality of the vertebrae and
endplate preservation during the preparation
procedure.
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