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Abstract

Background: To compare standalone oblique lateral interbody fusion (OLIF) vs. OLIF combined with posterior
bilateral percutaneous pedicle screw fixation (OLIF combined) for the treatment of lumbar spondylolisthesis.

Methods: This was a retrospective study of patients who underwent standalone OLIF or combined OLIF between
07/2014 and 08/2017 at two hospitals in China. Direct decompressions were not performed. Visual analog scale
(VAS), Oswestry Disability Index (ODI), satisfaction rate, anterior/posterior disc heights (DH), foraminal height (FH),
foraminal width (FW), cage subsidence, cage retropulsion, fusion rate, and complications were analyzed. All imaging
examinations were read independently by two physicians and the mean measurements were used for analysis.

Results: A total of 73 patients were included: 32 with standalone OLIF and 41 with combined OLIF. The total
complication rate was 25.0% with standalone OLIF and 26.8% with combined OLIF. There were no differences in
VAS and ODI scores by 2 years of follow-up, but the scores were better with standalone OLIF at 1 week and 3
months (P < 0.05). PDH and FW was smaller in the combined OLIF group compared with the standalone OLIF
group before and after surgery (all P <0.05). There were significant differences in FH before surgery and at 1 week
and 3 months between the two groups (all P < 0.05), but the difference disappeared by 2 years (P=0.111). Cage
subsidence occurred in 7.3% (3/41) and 7.3% (3/41) of the patients at 3 and 24 months, respectively, in the
combined OLIF group, compared with 6.3% (2/32) and 15.6% (5/32), respectively, in the standalone OLIF group at
the same time points (P=0.287). There was no cage retropulsion in both groups at 2 years. The fusion rate was
85.49%(35/41) in the combined OLIF group and 84.4% (27/32) in the standalone OLIF group at 3 months(P = 0.669).
At 24 months, the fusion rate was 100.0% in the combined OLIF group and 93.8% (30/32) in the standalone OLIF
group (P=0.066).
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a future prospective study, preferably an RCT.

outcomes

Conclusion: Standalone OLIF may achieve equivalent clinical and radiological outcomes than OLIF combined with
fixation for spondylolisthesis. The rate of complications was similar between the two groups. Patients who are
osteoporotic might be better undergoing combined rather than standalone OLIF. The possibilty of proof lies within
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Background

Degenerative lumbar spine disease (DSD) is an import-
ant cause of disability, affecting 3.6% of the world popu-
lation. The prevalence of DSD is four times higher in
low-and middle-income countries compared with high-
income countries [1].

Fusionis the corners to neither treatment of an un-
stable degenerative lumbar spinal disease, but various
techniques are available [2, 3]. Oblique lateral interbody
fusion (OLIF) is are gently introduced surgical technique
[4] that evolved from lateral lumbar interbody fusion
(LLIF) and anterior lumbar interbody fusion (ALIF) [5].
To avoid femoral nerve plexus injury during the trans-
psoas approach in LLIF, OLIF use a natural space be-
tween the left lateral border of the abdominal aorta (AA)
and the anterior medial border of the left psoas muscle
(PM), all owing access to the lesion discs from L2/3 to
L4/5 without splitting the left PM [6]. OLIF has advan-
tages over LLIF in that the larger lateral cage can achieve
greater fusion rate and angular correction. This surgical
procedure alleviate spost operative back pain, shortens
the time of operation and hospitalization, and also re-
duces bleeding compared with open surgery [5, 6].

It remains controversial as whether internal fixation is
required for OLIF [7]. The standalone OLIF approach is
associated with small trauma and short operation time
and hospital stay [8—11]. Zeng et al. [7] suggested that
the rate of complications was lower with the use of com-
bined screw fixation. Posterior pedicle screw fixation can
be indicated inpatients with endplate damage [7]. Ohtori
et al. [12] used posterior screws in all their patients and
reported good outcomes. Studies comparing standalone
OLIF and OLIF combined with pedicle screws are lack-
ing inpatients with spondylolisthesis.

Considering the emerging interest for OLIF, the present
study aimed to analyze the clinical experience with standa-
lone OLIF and OLIF combined with pedicle screws, and
to compare their clinical and radiological outcomes in the
management of primary spondylolisthesis.

Materials and method
Study design and patients
This was a retrospective study of patients who under-
went standalone OLIF or OLIF combined with posterior

bilateral percutaneous pedicle screw fixation (combined
OLIF group) between July 2014 and August 2017 at the
Beijing Jishuitan Hospital (combined OLIF group) and
the Shanghai Changzheng Hospital (standalone OLIF
group). Only one type of procedure was performed at
each hospital. The study was approved by the ethical
committees of the Beijing Jishuitan Hospital (approval
number: 201811-03) and the Shanghai Changzheng
Hospital (approval number: 201812-01). The need for
individual consent was waived by both committees be-
cause of the retrospective nature of the study.

Lumbar spondylolisthesis was diagnosed according to
plain X-ray examination [13]. The inclusion criteria
were: 1) patients who underwent surgery at the L4-5
level; 2) diagnosis of spondylolisthesis with symptoms; 3)
grade I spondylolisthesis (<25%) based on Meyerding
classification; 4) failure to >6 months of conservative
treatment; 5) no history of lumbar surgery at L4-5; and
6) > 24 months of follow-up. The exclusion criteria were:
1) lumbar spondylolysis; 2) lumbar canal stenosis; 3)
lumbar disc herniation; or 4) incomplete medical
records.

Surgical techniques

Surgeries were performed by chief physicians with > 20
years of surgical experience in both hospitals. In the
standalone OLIF group, surgery was performed based on
standard procedure [5, 6]. Presence of scoliosis did not
affect the side of the surgical approach. A4-cm skin inci-
sion was made 6-10 cm anterior to the mid-portion of
the marked disc. The surgeons approached the retroperi-
toneal space by blunt dissection and mobilization of the
peritoneum anteriorly to expose the anatomical oblique
lateral corridor, followed by intervertebral cage insertion
(Clydesdale spinal system, Medtronic, Memphis, TN,
USA; 12mm in heightx 50 mm in lengthx 18 mm in
width, 6°lordotic, 3.27 cc graft volume) filled with demi-
neralized bone matrix DBM (Wright Medical Technol-
ogy Inc., Arlington, TN, USA). Direct decompressions
were not performed.

In the combined OLIF group, OLIF surgery was per-
formed based on the standard procedure [5, 6], as above.
After fusion, the patients were placed in the prone pos-
ition to undergo posterior bilateral percutaneous pedicle
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screw fixation (CD Horizon Solera Voyager Spinal System,
Medtronic, Memphis, TN, USA). None of the patients in
either group underwent additional laminectomy.

Non-steroidal drugs were used for postoperative anal-
gesia with muscle relaxants. The back muscle function
was exercised by swimming and agymnastic named “sky
diver to superman to swimmer”, as recommended by the
North American Spine Society (NASS).

Data collection

The demographic data included sex, age, bone mineral
density (BMD), and fixation level. BMD was measured
by dual-energy X-ray absorptiometry (DEXA). The T-
score is the BMD when compared to the young normal
reference mean. T <-2.5 was defined as osteoporosis.
The patients’ clinical results were routinely assessed
based on visual analog scores (VAS) for leg pain and the
Oswestry disability index (ODILversion2.0) at 1 week, 3
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months, and 24 months. The patients were surveyed for
satisfaction: satisfied, unsatisfied, and feeling worse than
before surgery. All patients underwent routine preopera-
tive and postoperative standing anteroposterior (AP)
/lateral plain X-ray, flexion-extension plain X-ray, and
computed tomography (CT). Assessments were done for
cage subsidence and cage retropulsion. As the true foot-
print of the cage can be determined on CT images, CT
images were used to analyze the cage position. Cage sub-
sidence was evaluated using postoperative and serial
follow-up sagittal CT images, and was defined as a cage
sinking into an adjacent vertebral body by > 2 mm, based
on comparisons with previous CT images [14]. Cage mi-
gration was defined as posterior movement of the cage
by >3 mm compared with the immediate postoperative
estate. These data were collected before surgery, and at
1week, 3 months, and 2years postoperatively. In
addition, complications were recorded.

Fig. 1 Radiological measurements (CT and X ray) used in this study. a Sagittal computed tomography (CT) image of lumbar vertebrae. The red
line shows the foraminal height (FH). The yellow line shows the foraminal width (FW). b Sagittal CT image of lumbar vertebrae. The red line
shows the anterior disc height (ADH), (c) Sagittal CT image of lumbar vertebrae. The red line shows the posterior disc height (PDH), (d) Lateral X-
ray image of lumbar vertebrae. The red line shows the FW. e Lateral X-ray image of lumbar vertebrae. The red line shows the FH. f Lateral X-ray
image of lumbar vertebrae. The red line shows the ADH. The yellow line shows the PDH
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Lumbar radiological measurements

Figure 1 presents the radiological measurements. Radio-
logical outcomes were measured on lateral X-rays and
sagittal CT images, including anterior/posterior disc
heights (ADH/PDH), foraminal height (FH), foraminal
width (FW), fusion rate, and cage subsidence. All im-
aging examinations were read independently by two phy-
sicians (at least 12 years of experience) who were blind
to grouping and the mean measurements were used for
analysis. The calculated intra-class correlation coeffi-
cients were all > 0.85 for all variables. CT slice thickness
was 2mm, as per routine practice. ADH/PDH was de-
fined as the distance at the anterior/posterior position
from upper to lower endplate of the L4-5 level. FH was
defined as the distance from the lower position of the
pedicle of L4 to the upper position of the pedicle of L5.
FW was defined as the distance from the lower posterior
horn of the vertebral body of L4 to the vertex of the su-
perior joint of L5. The fusion rate grading criteria were
based on the Bridwell interbody fusion grading system
[15]. Grades I and II were considered as successful.

Statistic analysis

Statistical analysis was performed using SPSS 18.0 for
Windows (IBM, Armonk, NY, USA). Continuous data
with normal distribution are presented as means +
standard deviation, and were analyzed using the Student
t test. Continuous data with non-normal distribution are
presented as medians (range), and were analyzed using
the Wilcoxon test. Categorical variables are presented as
frequencies, and were analyzed using the Pearson chi-
square test or the Fisher exact test, as appropriate. Two-
tailed P values<0.05 were considered statistically
significant.

Results

Characteristics of the patients and clinical outcomes

The characteristics of the patients are presented in

Table 1. A total of 73 patients were included: 32 with

standalone OLIF and 41 with combined OLIF.
Satisfaction with surgery was 87.5% with standalone

OLIF and 92.7% with combined OLIF (P = 0.692). Patients

in the standalone OLIF group had better ODI scores than

Table 1 Baseline and clinical data of the patients according to
the surgical procedure they underwent

OLIF+fixation Standalone OLIF p
N 41 32
Sex 0679
Male 11 (26.8%) 10 (31.3%)
Female 30 (73.2%) 22 (68.7%)
Age (years) 61.0+93 598+13.7 0.669
Osteoporosis 15 (36.6%) 8 (25.0%) 0.290
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Table 2 Comparison of clinical outcomes between standalone
and combined OLIF

OLIF+fixation Standalone OLIF p

VAS (leg pain)
Pre-op 56+10 58+0.7 0.275
Post-op 1 week 32+08 30+£06 0.228
Post-op 3 months 29+09 15+0.7 <0.001
Post-op 2 years 22+05 12+£0.7 <0.001
ODI
Pre-op 448 +33 441+26 0.342
Post-op 1 week 336+ 2.1 309+20 <0.001
Post-op 3 months 207426 182+24 <0.001
Post-op 2 years 144+ 21 14618 0.716
Satisfaction 0.692
Satisfied 38 (92.7%) 28 (87.5%)
Unsatisfied 3 (7.3%) 4 (12.5%)

ODI Oswestry disability index, VAS visual analogue scale

patients in the combined OLIF group at 1 week (30.9 + 2.0
vs. 33.6+21, P<0.001) and 3 months (18.2+24 vs.
20.7 £2.6, P<0.001), but there was no significant differ-
ence in ODI at 2 years (14.6 + 1.8 vs. 14.4 + 2.1, P = 0.716).
Patients in the standalone OLIF group suffered less leg
pain at 3 months (1.5 +0.7 vs. 2.9 +0.9, P<0.001) and 2
years (1.2+0.7 vs. 2.2+0.5, P<0.001). The clinical out-
comes are summarized in Table 2 and Figs. 2-3.

Radiological outcomes

There were no significant differences in ADH between
the two groups during follow-up (all P >0.05). PDH and
FW was smaller in the combined OLIF group compared
with the standalone OLIF group before and after surgery
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Fig. 2 Visual analogue scale of leg pain. Comparison between standalone
oblique lateral interbody fusion (OLIF) and OLIF combined with pedicle
screw fixation, from base line to 24 months after surgery
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Fig. 3 Oswestry disability index. Comparison between standalone
oblique lateral interbody fusion (OLIF) and OLIF combined with
pedicle screw fixation, from base line to 24 months after surgery

(all P<0.05). There were significant differences in FH
before surgery and at 1 week and 3 months between the
two groups (all P<0.05), but the difference disappeared
by 2 years (P =0.111) (Table 3).

Cage subsidence occurred in 7.3% (3/41) and 7.3% (3/41)
of the patients at 3 and 24 months, respectively, in the com-
bined OLIF group, compared with 6.3% (2/32) and 15.6%
(5/32), respectively, in the standalone OLIF group at the
same time points (P =0.287). There was no cage retropul-
sion in both groups at 2 years.

The fusion rate was 85.4%(35/41) in the combined
OLIF group and 84.4% (27/32) in the standalone OLIF
group at 3 months(P =0.669). At 24 months, the fusion
rate was 100.0% in the combined OLIF group and 93.8%
(30/32) in the standalone OLIF group (P = 0.066).

Complications

The total complication rate was 26.8% (11/41) in the
combined OLIF group and 25.0% (8/32) in standalone
OLIF group (Table 4). In the combined OLIF group, five
patients had transient sympathetic injury and leg numb-
ness, but they needed no specific treatment and recov-
ered spontaneously within 3 months. Three cases of L4
segmental artery injury were noticed intraoperatively
and immediate hemostasis was achieved using a hemo-
clip. Three cases of L4/5 endplate injury were noticed
intraoperatively (Fig. 4). In the standalone OLIF group,
four patients(L4/5) complained of leg pain or numbness
at 1 day after OLIF. Two cases of L4 segmental artery in-
jury were noticed intraoperatively and immediate
hemostasis was achieved using a hemoclip. Two cases of
L4/5 endplate injury were noticed intraoperatively. None
of the patients in either group had intraoperative dural
tear, screw malposition, transient erebrospinal fluid leak,
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Table 3 Comparison of radiological outcomes between
standalone and combined OLIF

OLIF+fixation  Standalone OLIF P
ADH
Pre-op 49+16 68+25 <0.001
Post-op 1 week 128+12 127+07 0.737
Post-op 3 months 128+15 126 £05 0.991
Post-op 2 years 125+12 120+04 0.055
PDH
Pre-op 4120 6.1+£23 0.010
Post-op 1 week 87+1.7 102+12 <0.001
Post-op 3 months 86+ 1.7 10.1+£1.0 <0.001
Post-op 2 years 83£16 99+12 <0.001
FH
Pre-op 12.7 3.7 145+£19 0.009
Post-op 1 week 166 +4.0 187+32 0014
Post-op 3 months 166+ 4.0 184+33 0.032
Post-op 2 years 164+39 178+33 0111
FwW
Pre-op 74+23 86+1.7 0.017
Post-op 1 week 9615 108+ 1.8 0.018
Post-op 3 months 94+22 10.7+18 0011
Post-op 2 years 94+22 106+1.7 0.016
Fusion rate at 3 months 0.669
Gradel 35 (85.4%) 27 (84.4%)
Grade Il 4 (9.8%) 2 (6.3%)
Grade Il 2 (4.9%) 3 (9.4%)
Grade IV 0 0
Fusion rate at 2 years 0.066

Grade | 41 (100.0%) 30 (93.8%)
Grade || 0 2 (6.2%)
Grade Il 0 0

Grade IV 0 0

ADH anterior disc height, PDH posterior disc height, FH foraminal height, FW
foraminal width

Table 4 Complications after standalone and combined OLIF
Standalone OLIF P

OLIF+fixation

Intraoperative
Segmental artery injury 3(7.3%) 2 (6.3%) 0.857
Endplate damage 3 (7.3%) 2 (6.3%) 0.857
Post-operative
Leg weakness 5 (12.2%) 4 (12.5%) 0.969
Sympathetic chain injury 5 (12.2%) 4 (12.5%) 0.969
Cage subsidence 3 (7.3%) 5 (15.6%) 0.287
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Fig. 4 Intraoperative endplate damage. a White arrow: normal superior
endplate of L5. Yellow arrow: the trial mold breaks in the vertebral body.

b White arrow: normal superior endplate of L5. Yellow arrow: the trial mold
breaks through the cortex of the endplate. ¢ Yellow arrow: normal superior
endplate of the vertebral body. Blue arrow: a cavity between the lower
margin of the cage and the upper endplate of the vertebral body after the
endplate is damaged and collapsed. The cavity was filled with DBM. White
arrow: the cage

infection, adjacent segment disease, deep vein throm-
bosis, or cage retropulsion.

Discussion

OLIF has been found to result in a 30.2% median in-
crease in the cross-sectional area of the dural sac [16]
and a 30.0% average increase in the neural foramen area
[17]. The results suggest that the standalone OLIF group
achieved better clinical outcomes in the early postopera-
tive term (1 week and 3 months), but the differences dis-
appeared by 2vyears. The probable reason is that
standalone OLIF does not invade the muscle groups on
both sides of the spine and does not cause intra muscu-
lar hematoma, leading to better early recovery [18]. The
difference disappeared by 2 years once the muscles and
hematoma healed in the combined OLIF group.

In the present study, the rate of cage subsidence in the
standalone OLIF was 15.6% while it was 7.3% in the com-
bined OLIF group. Zeng et al. [7] reported a rate of cage
subsidence with standalone OLIF of 36.3%, higher than in
the combined OLIF group (29.9%). Good clinical results
of the OLIF without additional posterior pedicle screw fix-
ation have been reported, but an indication was the
absence of endplate damage [8—11]. Although the sample
size was small in the present study, our results are sup-
ported by Zeng et al. [7] and the main reason for cage sub-
sidence is probably endplate damage during surgery.

In total, there were three cases of cage subsidence in
the standalone OLIF group and five in the combined
OLIF group. All of them had a T score < — 2.5 on DEXA.
Standalone OLIF inpatients with mild lumbar spondylo-
listhesis could be associated with a concern about com-
plications, especially cage subsidence. Based on the
present study, a T score warning line of <-2.5 or body
mass index (BMI) >30kg/m?> could be associated with
worse outcomes of standalone OLIF [19]. Of course,
cage subsidence may occur after OLIF combined with
pedicle screw fixation as well, but theoretically pedicle
screw fixation could add more protection. Patients who
are osteoporotic or obese might be better undergoing
combined rather than standalone OLIF. On the other
hand, for patients without those risk factors, standalone
OLIF could be enough. Formal analyses of T values and
BMI should be performed in future studies. In addition,
the three patients with cage subsidence in the standalone
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OLIF group were elderly (88, 81, and 77 years of age). Of
course, osteoporosis is associated with age, and we can-
not rule out which factor is more important based on
three cases. Nevertheless, other authors reported similar
results. Li et al. [20] and Lee et al. [21] showed that
lower BMD could result in cage migration. Pan et al.
[22] and Lee et al. [23] reported that BMI of patients
with cage retropulsion was higher than that in those
without. Future studies could examine whether add-
itional posterior pedicle screw fixation could be applied
in the operation.

Lin et al. [24] evaluated 52 patients who underwent
standalone OLIF without posterior instrumentation and
reported a fusion rate of 81.9% at > 12 months after sur-
gery when assessed by CT. Kim et al. [25] reported a 12-
month fusion rate of 92.9% in 29 OLIF patients with
posterior pedicle screw fixation when assessed with CT.
In this study, we found that the low fusion rate in both
OLIF group was related to cage subsidence, and the poor
clinical effect was mostly inpatients who suffered from
cage subsidence. The pedicle screw and the rod system
are widely accepted and used to achieve stable and rigid
fixation in patients undergoing fusion surgery, but there
was no difference in fusion rate between the two groups,
at least within 2 years of follow-up. The reason could be
that despite the fact that standalone OLIF is more un-
stable compared with OLIF combined with screw im-
plantation, the bilateral muscles remain intact with
standalone OLIF, which could help stabilize the spine.
Therefore, both methods achieved a similar fusion rate.

The results suggest that cage subsidence and adjacent
vertebral fractures could be mutually causal. Endplate
damage further causes trabecular bone fracture in the
vertebral body, causing the vertebral body to be weakly
supported, resulting in cage subsidence. Before calcifica-
tion of vertebral hematoma, vertebral trabecular fracture
and cage subsidence form a vicious circle. The interver-
tebral endplate and the cage are slightly moving, result-
ing in a decrease in the fusion rate (Fig. 5). Until the
cancellous bone of the vertebral body is compressed to a
certain density and reaches the support cage strength, a
stable state is reached and the artificial bone in the cage
ensures fusion when the growth of the upper and lower
vertebral bodies starts. Micro-fractures in the vertebral
body can produce hematoma, and the patient can feel
pain and discomfort [18].

Despite the fact that fusion has been shown to achieve
similar outcomes to those of conservative approaches
[26], surgery was attempted in the patients included in
the present study because those patients had failure to at
least 6 months of conservative treatments. In addition,
direct decompressions were not performed. Indeed, all
patients included here suffered from grade I lumbar
spondylolisthesis, and the instability of the lumbar spine
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Fig. 5 Postoperative spine CT scan. There was potential translucency
present at top and bottom of graft(L4/5 cage). There were vertebral
compression fractures in both lower endplate and vertebral body of
the L4 and upper endplate and vertebral body of the L5. The portion
between the two white arrows is the transparent strip. The blue arrow
indicates the normal cancellous bone manifestation of the vertebral
body. The orange arrow indicates the “hardening“that occurs after a
compressive fracture of the cancellous bone inside the vertebral body

mainly causes low back pain and only mild lower limb
symptoms. For this kind of condition, OLIF can be used,
and the clinical results are generally satisfactory. But for
patients with concomitant conditions such as lumbar
spinal stenosis or lumbar disc herniation, the lower limb
symptoms may be more significant, therefore, and stan-
dalone OLIF cannot be used. The reason for using OLIF
combined with pedicle screw fixation is that for osteo-
porosis patients, adding posterior internal fixation can
reduce cage subsidence and increase the early fusion
rate. Of course, the addition of posterior internal fixation
will increase the economic burden on the patients.
Therefore, for patients without osteoporosis or obesity,
standalone OLIF is probably enough and should avoid
damage to the back muscles and improves recovery, but
additional studies are necessary to confirm those results.
In addition, whether direct decompression could provide
additional benefits should be examined.

Demineralized bone matrix (DBM) is a key factor in
promoting fusion, and both groups received this growth
factor, limiting the intergroup variability. In elderly



He et al. BMC Musculoskeletal Disorders (2020) 21:184

patients with osteoporosis who received posterior ped-
icle screw fixation, the use of DBM increases the local
stability and avoids compression fracture of the endplate
caused by the cage, leading to a higher fusion rate. In
this study, no allograft, autograft, or other bone substi-
tute was used, and it should be examined in the future
whether their use result in similar outcomes.

The present study has limitations. There trospective de-
sign introduces a degree of uncertainty due to missing and
erroneous data. Especially, imaging examinations were
performed routinely and the exact parameters were at the
radiologists’ discretion at the time of examination, possibly
introducing some bias in the measurements. Second, the
small sample size likely affects the power of the statistical
analysis of the demographics and radiological parameters.
Third, the follow-up was short because OLIF has been in-
troduced only a short time ago. Finally, even if the sur-
geons share a common education and training and
regularly assist each other with cases and have a long his-
tory of cooperation, the patients were from two hospitals,
possibly introducing bias. The possibilty of proof lies
within a future prospective study, preferably an RCT.

Conclusion

Standalone OLIF may achieve equivalent clinical and
radiological outcomes compared to OLIF combined with
fixation for spondylolisthesis. The rate of complication
was similar between the two groups. Standalone OLIF
does not invade the paraspinal muscle groups, possibly
leading to better clinical effect and faster recovery, sav-
ing social and personal medical costs. Patients who are
osteoporotic might be better undergoing combined ra-
ther than standalone OLIF.
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