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Objective: To compare the efficacy of oblique lateral interbody fusion (OLIF), OLIF com-
bined with anterolateral screw fixation (OLIF-AF), and OLIF combined with percutaneous 
pedicle screw fixation (OLIF-PF) in the treatment of single-level or 2-level degenerative 
lumbar disease.
Methods: Between January 2017 and 2021, 71 patients were treated with OLIF and com-
bined OLIF. The demographic data, clinical outcomes, radiographic outcomes, and com-
plications were compared among the 3 groups.
Results: The operative time and intraoperative blood loss in the OLIF (p < 0.05) and OLIF-
AF (p < 0.05) groups were lower than in the OLIF-PF group. Posterior disk height improve-
ment in the OLIF-PF group was better than in the OLIF (p < 0.05) and OLIF-AF (p < 0.05) 
groups. In terms of foraminal height (FH), the OLIF-PF group was significantly better than 
the OLIF group (p < 0.05), but there was no significant difference between the OLIF-PF and 
OLIF-AF groups (p > 0.05) or between the OLIF and OLIF-AF groups (p > 0.05). There 
were no significant differences in fusion rates, the incidence of complications, lumbar lordo-
sis, anterior disc height, and cross-sectional area among the 3 groups (p > 0.05). The OLIF-
PF group had significantly lower rates of subsidence than the OLIF group (p < 0.05).
Conclusion: OLIF remains a viable option with similar patient-reported outcomes and fu-
sion rates compared with surgeries that include lateral and posterior internal fixation while 
greatly reducing the financial burden, intraoperative time, and intraoperative blood loss. 
OLIF has a higher subsidence rate than lateral and posterior internal fixation, but most sub-
sidence is mild and has no adverse effect on clinical and radiographic outcomes.

Keywords: Lumbar vertebrae, Spinal fusion, Spinal stenosis, Pedicle screws, Patient Re-
ported Outcome Measures, Prognosis
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INTRODUCTION

Lumbar fusion has been widely used in treating lumbar de-
generative diseases. Oblique lateral interbody fusion (OLIF), an 
anterior, minimally invasive lumbar fusion, has received wide-
spread attention in clinical practice.1-3

He et al.4 suggested that OLIF and OLIF with percutaneous 
pedicle screw fixation (OLIF-PF) have equivalent clinical and 
radiographic outcomes and similar complication rates. Guo et 
al.5 reported that OLIF with anterolateral screw fixation (OLIF-
AF) had the same Oswestry Disability Index (ODI) score, im-
aging findings, and complication rates as OLIF-PF in the treat-
ment of single-segment lumbar degenerative disease.

Current literature,4-7 due to small sample sizes, heterogeneity 

of research objectives, short follow-up times, and low levels of 
evidence, is insufficient to determine whether OLIF or com-
bined methods are superior. Thus, it is difficult for clinicians to 
choose the most appropriate method. In this study, which to 
our knowledge is the first to include OLIF, OLIF-AF, and OLIF-
PF as comparison groups, we evaluate the clinical and radio-
graphic outcomes of OLIF and OLIF-AF and OLIF-PF and an-
alyze the differences among the 3 groups from multiple per-
spectives to provide recommendations on choosing the most 
appropriate approach in clinical practice.

MATERIALS AND METHODS

This study was reviewed and approved by the ethics commit-

Fig. 1. Flow diagram of the study selection and follow-up process. OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF com-
bined with anterolateral screw fixation; OLIF-PF, OLIF combined with percutaneous pedicle screw fixation; CT, computed to-
mography; MRI, magnetic resonance imaging.

194 Full-records screened 
Inclusion criteria:

1) ≤ 2 surgical levels;
2) �With the following one or more diseases: the degree I or II 

lumbar spondylolisthesis, lumbar degenerative disc herniation, 
lumbar spinal stenosis, and Degenerative lumbar scoliosis.

71 Eligible patients enrolled
25 OLIF group 

19 OLIF-AF group 
27 OLIF-PF group 

Perioperative and follow-up evaluation: 
1) �Clinical features: age, body mass index, bone density, operative 

time, intraoperative blood loss, postoperative hospital stay, 
complications, and operative stage 

2) �Semiquantify symptomatic evaluation: Visual Analogue Scale 
(VAS) and the Oswestry Disability Index (ODI)

3) �Radiological evaluation: lumbar x-ray, CT and MRI

Initial screening of records
306 Exclusion criteria

95 Lumbar tumor
47 Lumbar tuberculosis
152 Previous lumbar surgery
12 Other infectious diseases involved in lumbar region

 123 Incomplete data during postoperative follow-up
  23 No response during tele-follow-up
  45 No symptomatic relief evaluation
  55 No radiologic evaluation

500 Records identified through database searches 
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tee of the Beijing Xuanwu Hospital (approval number: 
[2022]020) with waiver of informed consent from patients giv-
en that its retrospective nature. From January 2017 to January 
2021, 71 patients were enrolled in this retrospective study, in-
cluding 25 in the OLIF group, 19 in the OLIF-AF group, and 27 
in the OLIF-PF group. Inclusion criteria were: (1) ≤ 2 surgical 
levels; (2) with the following one or more diseases: the degree I 
or II lumbar spondylolisthesis, lumbar degenerative disc herni-
ation, lumbar spinal stenosis, and degenerative lumbar scolio-
sis. Exclusion criteria were: with complicated lumbar tumor, 
lumbar tuberculosis or other infectious diseases, and a history 
of previous lumbar surgery (Fig. 1).

1. Surgical Technique
The patient was positioned on their right side. Their arms 

were placed in a 90°/90° position, and their lower limbs were 
protected by padding and fastened with a band. C-arm fluoros-
copy was used to locate the surgical segment. The localization 
line was marked on the body surface. We will describe the lum-
bar 4/5 segment operation as an example. After general anes-
thesia, the patient was placed in the right lateral decubitus posi-
tion. The right lower limb was straightened, the left lower limb 
was flexed, the hips and knees were bent, and the psoas major 
muscles were relaxed. After fixation, the C-arm located and 
marked the lumbar 4/5 space. A longitudinal incision of ap-
proximately 5cm was made at the midpoint of the lumbar 4/5 
gap. The subcutaneous skin tissue was cut, and the fascia of the 
external oblique muscle was cut. The deep internal oblique 
muscle and transverse abdominis muscle were bluntly separat-
ed along the direction of the muscle fiber. Outside the perito-
neum, the abdominal organs were ventrally pulled and the pso-
as major muscles were dorsally pulled, exposing the vertebral 
body laterally.

C-arm fluoroscopy was used to locate the lumbar 4/5 space, 
cut the annulus fibrosus, remove the nucleus pulposus, release 
the intervertebral space, treat the endplate cartilage with reamer 
and various scrapers, and cut the contralateral annulus fibrosus. 
The test mold was placed and inserted diagonally into the in-
tervertebral space gradually, vertically, and completely. After 
fluoroscopy, aspirated autologous bone marrow blood from the 
iliac crest was mixed with the allograft and bone morphogenet-
ic proteins to pack in a cage of appropriate size for implantation 
into the intervertebral space. When fluoroscopy showed that 
the cage was centered, the intervertebral space was spread, the 
physiological lordosis was restored, and slippage was reduced. 
Intraoperatively, antibiotic saline was repeatedly rinsed, bipolar 

electrocoagulation was used to completely stop bleeding, and 
layer-by-layer sutures were completed. For patients who under-
went anterolateral screw fixation, there was no need to change 
the position of the vertebrae. Using C-arm fluoroscopy, the 
screw was inserted along the surgical approach. Patients who 
underwent posterior percutaneous pedicle screw fixation were 
repositioned to the prone position, and the screws were im-
planted according to routine procedures, followed by C-arm 
fluoroscopy of the screw position.

2. Clinical Indicators
Relevant descriptive information such as age, body mass in-

dex, operative time, intraoperative blood loss, postoperative 
hospital stay, complications, and operative stage, was collected 
and analyzed. The visual analogue scale (VAS) and the ODI 
were used for preoperative, postoperative, and final follow-up. 
The final follow-up was at least 12 months after surgery. At this 
visit, computed tomography (CT) was used to assess pedicle 
screw position and fusion rate and to measure Hounsfield 
units. A combination of CT and magnetic resonance imaging 
(MRI) was used to assess the degree of decompression.

3. Imaging Parameter Measurement
All patients underwent lumbar x-ray, CT, and MRI at preop-

erative, postoperative, and final follow-up (Fig. 2). The sagittal 
angle of lumbar lordosis (LL) was measured by x-ray in the Pic-
ture Archiving Communication System (Fig. 3). Foraminal 
height (FH), cross-sectional area of the intervertebral foramina 
(CSAF), anterior disc height (ADH), and posterior disc height 
(PDH) were measured on the CT sagittal view (Fig. 4). The 
cross-sectional area (CSA) of the spinal canal was measured in 
the axial sections of T2-weighted imaging (Fig. 5). The degree 
of subsidence was graded using the grading system reported by 
Marchi et al.,8 where grades 0 and I were referred to as low-
grade and grades II and III as the high-grade subsidence.

4. Statistical Analysis
The normal distribution of parameters was compared between 

the 2 groups using a t-test and expressed as mean± standard de-
viation, while 1-way analysis of variance was employed for com-
paring the data among multiple groups. If there was a statistically 
significant difference between the groups, a post hoc comparison 
was performed using Bonferroni correction. Parametrics with 
nonnormal distribution were statistically described by the medi-
an. The Mann-Whitney U-test was used for assessing data be-
tween the 2 groups, and for multiple groups, the Kruskal-Wallis 
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H-test was used. If the difference between the groups was statis-
tically significant, a post hoc comparison was performed using 
Bonferroni correction. Categorical data were represented by fre-
quency. The chi-square test or Fisher exact test was used to com-
pare data between the 2 or more groups. If the differences be-

tween the groups were statistically significant, the chi-square test 
or Fisher exact test was further used for multiple comparisons, 
and the corresponding p-value was corrected using Bonferroni 
correction. Multivariate analysis was performed using linear re-
gression for linear variables and logistic analysis for categorical 

Fig. 2. Radiographic evaluation. Measurement of cross-sectional area (CSA), anterior disk height (ADH), posterior disc height 
(PDH), foraminal height (FH), lumbar lordosis (LL), and the cross-sectional area of the intervertebral foramina (CSAF). Mea-
surements of CSA, ADH, PDH, FH, and CSAF in the Picture Archiving Communication System (PACS) before the operation, at 
postoperative 1 day, and at last follow-up (A, F, and K). LL was measured in x-ray sagittal position, the head end measurement 
line was placed on the L1 superior end plate, the tail end measurement line was placed on the S1 superior end plate (B, G, and L). 
ADH and PDH were measured at the sagittal position in computed tomography (CT), the distance between the anterior/poste-
rior edges of the upper vertebrae and the end plate of the lower vertebrae is called the anterior/posterior disk height (C, H, and 
M). FH was measured in the sagittal planes of the bilateral foramen in CT images. The length between the upper and lower edg-
es is FH (D, I, and N). In the same plane of computed tomography CT, the foramen was outlined to read the CSAF (E, J, and O). 
CSA was measured in the axial sections of T2-weighted imaging. The central canal (including the thecal sac and epidural fat) 
was outlined in PACS to get the CSA.
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variables. Baseline variables that were considered clinically rele-
vant or that showed a univariate relationship with outcome were 
included in multivariate analysis.9 Statistical analysis was per-
formed using IBM SPSS Statistics ver. 24.0 (IBM Co., Armonk, 
NY, USA).

RESULTS

1. Demographic Data
The demographics data of the patients was shown in Table 1. 

A total of 71 patients (48 women and 23 men) were enrolled in 
the study, and the mean patient age was 64.8± 10.6 years (range, 
34–88 years). 51 cases had at least 12 months of follow-up, 12 
cases had at least 24 months of follow-up, and 8 cases had at 
least 36 months of follow-up.

Fig. 4. The computed tomography (CT) presentation in an 
operative patient. (A–C) The patient underwent OLIF. (D–F) 
The patient underwent OLIF-AF. (G–I) The patient under-
went OLIF-PF. Three groups in CT before the operation, at 
postoperative 1 day, and at last follow-up. OLIF, oblique later-
al interbody fusion; OLIF-AF, OLIF combined with anterolat-
eral screw fixation; OLIF-PF, OLIF combined with percutane-
ous pedicle screw fixation.

A B C

D E F

G H IFig. 3. The x-ray presentation in an operative patient. (A–C) 
The patient underwent OLIF. (D–F) The patient underwent 
OLIF-AF. (G–I) The patient underwent OLIF-PF. Three 
groups in x-ray before the operation, at postoperative 1 day, 
and at last follow-up.

A B C

D E F

G H I
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Fig. 5. The magnetic resonance imaging (MRI) presentation in an operative patient. (A–C) The patient underwent OLIF. (D–F) 
The patient underwent OLIF-AF. (G–I) The patient underwent OLIF-PF. Three groups in MRI before the operation, at postop-
erative 1 day, and at last follow-up. The yellow arrow points to the sagittal segment corresponding to the axial MRI image.OLIF, 
oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF combined with per-
cutaneous pedicle screw fixation.
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Table 1. The demographic data of the patients of OLIF, OLIF-AF, and OLIF-PF groups

Variable All (n = 71) OLIF (n = 25) OLIF-AF (n = 19) OLIF-PF (n = 27) p-value
Age (yr) 64.8 ± 10.6 (34–88) 65.2 ± 10.9 (34–88) 66.9 ± 8.7 (48–84) 62.8 ± 11.4 (43–85) 0.424
Female sex 48 18 (72) 18 (94.7) 12 (44.4)  0.001*
Overweight, BMI > 25 kg/m2 36 14 (56) 9 (47.4) 13 (48) 0.804
Diabetes 14 7 (28) 2 (10.5) 5 (18.5) 0.346
Smoker 9 2 (8) 1 (5) 6 (22) 0.160
Bone density† (CT H > 120) 28 11 (44) 3 (15.8) 14 (51.8) 0.075
Levels fused -
   L2–3 included (%) 6 4 (16) 2 (10.5) 0 (0)
   L3–4 included (%) 29 10 (40) 9 (47) 10 (37)
   L4–5 included (%) 59 21 (84) 18 (94) 20 (74)
Follow-up‡ -
   1-Year (%) 51 12 (48) 14 (73.4) 25 (92.5)
   2-Year (%) 12 11 (44) 1 (5) 0 (0)
   > 3-Year (%) 8 2 (8) 4 (21) 2 (7.4)

Values are presented as mean ± standard deviation, median (range), or percentages.
OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF combined with percutaneous 
pedicle screw fixation; BMI, body mass index; CT HU, computed tomography Hounsfield units.
*Statistically significant at p< 0.05. †The bone density was presented as continuous variable based on lumbar CT HU value. ‡Time from discharge 
to final follow-up (mo).
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2. Clinical Outcomes
Forty patients underwent single-level surgery, and 31 patients 

underwent double-level surgery; the operation time of the OLIF 
group (p< 0.05) and OLIF-AF group (p< 0.05) was shorter than 
that of the OLIF-PF group. The intraoperative blood loss in the 
OLIF group (p< 0.05) and OLIF-AF group (p< 0.05) was also 
less than that in the OLIF-PF group. The OLIF, OLIF-AF, and 
OLIF-PF groups showed no significant difference in VAS and 
ODI scores (p> 0.05), recorded preoperatively, 1 week postop-
eratively, and final follow-up, respectively (Table 2).

3. Radiographic Outcomes
There was no significant difference in preoperative and post-

operative ADH, PDH, FH, the CSAF, and CSA, LL among the 

OLIF, OLIF-AF, and OLIF-PF groups (p> 0.05). During follow-
up, the improvement of PDH in the OLIF-PF group was superi-
or to that in the OLIF (p< 0.05) and OLIF-AF groups (p< 0.05) 
(Table 3). In terms of FH, the OLIF-PF group was significantly 
better than the OLIF group (p< 0.05), but there was no statisti-
cal difference between the OLIF-PF group and the OLIF-AF 
group (p> 0.05) or between the OLIF group and the OLIF-AF 
group (p > 0.05). In the improvement of CSAF, the OLIF-PF 
group (p< 0.05) and OLIF-AF group (p< 0.05) were better than 
the OLIF group. There were 38 surgical segments in the OLIF 
group and 32 achieved bony fusion, with a fusion rate of 84.2% 
(32 of 38); 29 surgical segments in the OLIF-AF group involv-
ing 25 cases of bony fusion at a fusion rate of 86.2% (25 of 29), 
and a total of 35 segments were operated in the OLIF-PF group, 

Table 2. The clinical outcome data of the patients of OLIF, OLIF-AF, and OLIF-PF groups

Variable OLIF (n = 25) OLIF-AF (n = 19) OLIF-PF (n = 27) p-value

Procedural outcomes
   Fused segments 0.175
      Single 12 9 19
      Double 13 10 8
   Operative time (min) 97.2 ± 37.9 118.3 ± 48.0 195.8 ± 45.5 0.000*
   Intraoperative blood loss (mL) 20 (5–60) 40 (10–100) 50 (40–150) 0.000*
   Hospitalization (day) 8.8 ± 2.4 8.0 ± 2.0 8.5 ± 2.1 0.413
Complications 16 10 13 0.503
   Revision 2 0 0 NA
   Cage-associated infection 0 0 0 NA
   Cage migration 1 0 2 NA
   Subsidence 13 10 10 0.010*
   Pedicle screw breakage 0 0 1 NA
Rating
   Pre-VAS of low back 5.0 (2.0–7.0) 5.0 (0–7.0) 5.0 (0–8.0) 0.699
   Post-VAS of low back 2.0 (1.0–4.0) 3.0 (0–4.0) 2.0 (0–3.0) 0.694
   Follow-up VAS of low back 1.0 (0–2.0) 1.0 (0–2.0) 1.0 (0–3.0) 0.316
   Delta VAS of low back† 4.0 (2.0–6.0) 4.0 (0–6.0) 3.5 (0–5.0) 0.259
   Pre-VAS of leg 4.0 (0–6.0) 3.5 (0–6.0) 2.5 (0–7.0) 0.540
   Post-VAS of leg 1.0 (0–3.0) 1.5 (0–3.0) 1.0 (0–4.0) 0.687
   Follow-up VAS of leg 0 (0–2.0) 1.0(0–2.0) 0 (0–3.0) 0.686
   Delta VAS of leg† 3.0 (0–5.0) 3.0(0–5.0) 2.5 (0–5.0) 0.418
   Pre-ODI (%) 44.0 (22.0–60.0) 46.5 (21.0–57.0) 43.5 (24.0–58.0) 0.101
   Post-ODI (%) 16.0 (9.0–28.0) 21.0 (10.0–23.0) 16.5 (7.0–23.0) 0.459
   Follow-up ODI (%) 7.0 (4.0–17.0) 10.0 (5.0–22.0) 8.0 (4.0–18.0) 0.115

Values are presented as mean ± standard deviation or median (range).
OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF combined with percutane-
ous pedicle screw fixation; VAS, visual analogue scale; ODI, Oswestry Disability Index; NA, not available.
*Statistically significant at p < 0.05. †The delta VAS of low back/leg was calculated as the pre-VAS score minus follow-up VAS.
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of which 33 achieved bony fusion, with a fusion rate of 94.3% 
(33 of 35). There were no significant differences in fusion rates 
among the OLIF, OLIF-AF, and OLIF-PF groups (p> 0.05).

4. Complications
There were no vascular, ureteral, lumbar plexus, sympathetic 

nerve, abdominal organ injuries, or other serious complications 
in the 3 groups. There were 38 surgical segments in the OLIF 
group including 25 segments showing subsidence. Of which, 
68% (17 of 25) patients had grades 0–I and 32% (8 of 25) cases 
exhibited grades II–III subsidence. There were 29 surgical seg-
ments in the OLIF-AF group, and a total of 13 segments showed 
subsidence. Of which, 70% (9 of 13) cases reported grades 0–I, 
and 30% (4 of 13) presented grade II. A total of 35 segments 
were operated in the OLIF-PF group, and a total of 11 segments 
showed subsidence with grades 0–I. In the subsidence rates, 
OLIF-PF was superior to the OLIF group (p< 0.05), and there 
was no significant difference between the OLIF and OLIF-AF 
groups (p > 0.05), or the OLIF-AF and OLIF-PF groups (p >  
0.05). One patient who underwent OLIF was found to have cage 

displacement 2 weeks postoperatively without symptoms and 
was treated with posterior percutaneous pedicle screw fixation. 
Two patients who underwent OLIF-PF had cage displacement, 
but they were asymptomatic and did not receive treatment. One 
patient with OLIF-PF was found to have screw fractures at their 
final follow-up visit, but they were asymptomatic and required 
no treatment.

5. Subgroup Analysis
We conducted subgroup analysis based on numbers of fused 

surgical segments (single vs. double) (Supplementary Table 1), 
gender (male vs. female) (Supplementary Table 2), and age (≤ 65 
years old vs. > 65 years old) (Supplementary Table 3). However, 
there was no significant prognostic difference in these subgroups, 
which indicating the operation of OLIF, OLIF-AF, and OLIF-PF 
may have similar prognostic outcomes, regardless of numbers 
of fused surgical segments, gender, and age.

6. Multivariate Regression Analysis
Univariate analysis was explored to evaluate improvement of 

Table 3. The radiographic data of the patients of OLIF, OLIF-AF, and OLIF-PF groups

Variable OLIF (n = 25) OLIF-AF (n = 19) OLIF-PF (n = 27) p-value

Pre-LL (°) 25.3 (2.4–57.4) 25.4 (4.6–52.8) 30.4 (2.1–46.5) 0.562

Post-LL (°) 26.6 (2.5–48.5) 25.1 (5.4–53.8) 25.7 (3.9–60.6) 0.985

Follow-up LL (°) 27.9 (2.2–56.0) 28.9 (5.7–48.5) 25.9 (7.9–49.4) 0.801

Pre-ADH (cm) 0.80 ± 0.24 0.83 ± 0.26 0.89 ± 0.29 0.394

Post-ADH (cm) 1.16 ± 0.18 1.14 ± 0.27 1.17 ± 0.21 0.794

Follow-up-ADH (cm) 0.98 ± 0.22 1.01 ± 0.23 1.09 ± 0.20 0.084

Pre-PDH (cm) 0.51 ± 0.15 0.58 ± 0.18 0.61 ± 0.21 0.108

Post-PDH (cm) 0.81 ± 0.18 0.81 ± 0.20 0.92 ± 0.25 0.058

Follow-up-PDH (cm) 0.61 ± 0.14 0.68 ± 0.29 0.83 ± 0.21 0.000*

Pre-FH (cm) 1.59 ± 0.22 1.67 ± 0.24 1.61 ± 0.23 0.261

Post-FH (cm) 1.88 ± 0.21 1.89 ± 0.29 1.93 ± 0.24 0.575

Follow-up-FH (cm) 1.68 ± 0.21 1.72 ± 0.25 1.86 ± 0.27 0.008*

Pre-CSAF (cm2) 1.03 ± 0.26 1.17 ± 0.29 1.14 ± 0.27 0.083

Post-CSAF (cm2) 1.41 ± 0.29 1.54 ± 0.31 1.46 ± 0.34 0.252

Follow-up-CSAF (cm2) 1.15 ± 0.24 1.35 ± 0.28 1.45 ± 0.35 0.000*

Pre-CSA (cm2) 1.32 ± 0.45 1.21 ± 0.42 1.35 ± 0.46 0.351

Post-CSA (cm2) 1.71 ± 0.44 1.56 ± 0.57 1.67 ± 0.46 0.405

Follow-up-CSA (cm2) 1.63 ± 0.46 1.50 ± 0.55 1.80 ± 0.52 0.063

Values are presented as median (range) or mean ± standard deviation.
OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF combined with percutane-
ous pedicle screw fixation; LL, lumbar lordosis; ADH, anterior disc height; PDH, posterior disc height; FH, foraminal height; CSAF, cross-sec-
tional area of the intervertebral foramina; CSA, cross-sectional area.
*Statistically significant at p < 0.05.
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clinical outcomes (Supplementary Table 4) and radiographic 
outcomes (Table 4). We found that age, gender, numbers of fused 
surgical segments, and bone mineral density did not show statis-
tically significant differences in clinical outcomes and radiologi-
cal outcomes, and the choice of internal fixation did not show 
statistically significant differences in the improvement of clinical 
outcomes, but the choice of posterior internal fixation was sig-
nificantly better than OLIF in terms of avoiding subsidence in 
the radiological outcomes (p< 0.05). Using multivariate analysis, 
compared with the OLIF group, the risk of subsidence in the 
OLIF-PF group was lower (odds ratio, 0.272; 95% confidence in-
terval, 0.082–0.904; p< 0.05). In the other words, the choice of 
posterior internal fixation was an independent protective factor 
in terms of avoiding subsidence (Table 5), while there were no 
factors independently associated with clinical outcomes (Supple-
mentary Table 5).

DISCUSSION

With the development of the OLIF technique, OLIF and 
OLIF combined with internal fixation have been widely used 
and have achieved satisfactory results (Table 6).4,6,7,10-18 Never-

theless, research comparing the advantages of OLIF and OLIF 
combined with different internal fixations is urgently needed. 
To our knowledge, this is the first retrospective study to date 
which evaluate outcomes in the OLIF, OLIF-AF, and OLIF-PF. 
In our study, we used a multivariate analysis to investigate the 
effects of age, gender, and single or double surgical level on clin-
ical and radiological outcomes. In addition, the follow-up time 
in this study is longer than that reported in similar literature.

Our study found that the OLIF group and OLIF-AF group 
outperformed the OLIF-PF group in terms of shorter operation 
duration and less intraoperative blood loss. Similar findings 
have been reported in the previous studies.5,19 Because patients 
in the OLIF-PF group must be adjusted from the lateral posi-
tion to the prone position, the surgical procedure is longer. 
Without the need for a change in position or an extra incision, 
the OLIF-AF group's total operation time and blood loss were 
reduced. Because of enhanced recovery after surgery, there was 
no significant difference in the length of hospital stays across 
the 3 groups.

In our study, low-grade subsidence was observed in all 3 
groups but high-grade subsidence was only observed in the 
OLIF group. By implanting an interbody fusion device, OLIF 

Table 4. Univariate analysis of radiographic outcomes

Variable No. Fused condition 
(yes or no) p-value Subsidence condition 

(yes or no) p-value

Surgery 0.654 0.043*

   OLIF 25 21/4 17/8

   OLIF-AF 19 17/2 10/9

   OLIF-PF 27 25/2 9/18

Age (yr) 0.773 0.390

   > 65 30 27/3 17/13

   ≤ 65 41 36/5 19/22

Sex 0.259 0.177

   Male 23 19/4 9/14

   Female 48 44/4 27/21

Fused segment 0.766 0.397

   Single 39 35/4 18/21

   Double 32 28/4 18/14

Bone density† 0.662 0.432

   Normal 28 26/2 12/16

   Low 43 37/6 25/18

OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF combined with percutane-
ous pedicle screw fixation.
*Statistically significant at p < 0.05. †The bone density was presented as continuous variable based on lumbar computed tomography Houn-
sfield units value.
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can restore the height of the intervertebral space, achieve indi-
rect decompression, and alleviate neurological symptoms.20 
Subsidence, on the other hand, may impede the effects of indi-
rect decompression by restoring disc height and result in dis-
comfort, nonfusion, and other negative effects. In OLIF, the 
problem of the loss of interbody height brought on by fusion 
subsidence cannot be avoided.21,22 Subsidence has been demon-
strated to be a significant predictor of revision after OLIF.23 Pit-
zen et al.24 show that the use of posterior fixation can boost axial 
compressive strength, which lowers the likelihood of subsid-
ence. According to Ge et al.,19 additional lateral plate fixation is 
ineffective at preventing subsidence. In this study, we found that 
posterior internal fixation is superior to lateral fixation in avoid-
ing subsidence, and lateral fixation outperforms OLIF alone, 
which is consistent with the findings of Guo et al.5 and He et al.4

We found that the fusion rate of OLIF-PF was better than that 
of OLIF-AF and OLIF, but not significantly so. This indicates 
that OLIF-PF may be superior at fostering fusion and maintain-
ing intervertebral stability. We suggest that posterior percutane-
ous pedicle screw internal fixation can effectively maintain the 
stability of the 3 columns, restrict flexion and extension of the 
operative segment, distribute the stress of the fusion device, and 

establish a stable external environment for bone graft fusion.23 
The lateral screw also promotes fusion and lowers the likeli-
hood of subsidence because it can greatly lessen the stress on 
the fusion device, even if it is not as effective as the posterior bi-
lateral pedicle screw.18

In the present study, we found improvements in VAS and 
ODI after surgery and at follow-up in all 3 groups, while there 
were no statistically significant differences in ODI and VAS 
scores between groups. We hypothesize that the recurrence of 
symptoms after OLIF is due to excessive loss of reconstructed 
intervertebral height caused by subsidence. Intervertebral fusion 
may prevent the occurrence of these symptoms. Recent studies 
have also shown that fusion is associated with better clinical 
outcomes.25,26 In all 3 groups, the fusion rate rose as time passed 
after surgery, which led to an improvement in symptoms.

Although OLIF has the advantage of indirect decompression 
fusion and causes little damage to the posterior anatomical 
structure of the lumbar spine, the risk of injury to abdominal 
organs, great vessels, psoas major muscle, and lumbar plexus 
nerve from this approach cannot be ignored.10,27,28 However, in 
our cohort, there were no serious complications, and there was 
no statistically significant difference in the probability of com-

Table 5. Logistic regression analysis of radiological outcomes

Variable No.
Fused condition (yes or no) Subsidence condition (yes or no)

OR (95% CI) p-value OR (95% CI) p-value

Surgery

   OLIF 25 1.00 1.00

   OLIF-AF 19 1.083 (0.150–7.808) 0.937 0.448 (0.124–1.619) 0.221

   OLIF-PF 27 3.649 (0.519–25.647) 0.193 0.272 (0.082–0.904) 0.034

Age (yr)

   > 65 30 1.00 1.00

   ≤ 65 41 1.542 (0.310–7.677) 0.597 1.386 (0.500–3.841) 0.530

Sex

   Male 23 1.00 1.00

   Female 48 4.552 (0.687–30.150) 0.116 1.556 (0.469–5.160) 0.470

Fused segment

   Single 39 1.00 1.00

   Double 32 0.563 (0.106–2.996) 0.501 1.089 (0.375–3.165) 0.875

Bone density†

   Normal 28 1.00 1.00

   Low 43 1.280 (0.210–7.819) 0.789 1.133 (0.346–3.716) 0.836

OR, odds ratio; CI, confidence interval; OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; 
OLIF-PF, OLIF combined with percutaneous pedicle screw fixation.
†The bone density was presented as continuous variable based on lumbar computed tomography Hounsfield units value.
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a. plications among the 3 groups.
This study has a few limitations. Firstly, our sample size is 

small, which may affect the statistical analysis. Second, some 
patients who met the inclusion criteria were lost to follow-up. 
Third, this is a retrospective study with no long-term follow-up 
results, so we hope to conduct a large, prospective randomized 
control trial with long-term follow-up to conduct a more com-
prehensive evaluation. Finally, we currently consider OLIF for 
patients without osteoporosis, without isthmic lysis, spondylo-
listhesis ≤ Meyerding grade I and fusion segment ≤ 2. Other-
wise, we prefer to use supplement fixation. In our experienced, 
sometimes we need to choose posterior fixation instead of an-
terior construct due to limited space/bleeding during the ap-
proach. However, since this study was retrospective, not all pa-
tients followed this selection criterion for the choice of internal 
fixation.

CONCLUSION

For 2 or fewer surgical levels, we believe that OLIF remains a 
viable option. This technique has similar patient-reported out-
comes and fusion rates as compared with the addition of lateral 
and posterior instrumentation, while it also substantially reduc-
es the patient's financial burden, intraoperative time, and intra-
operative blood loss. The subsidence rate of OLIF is higher than 
that of lateral and posterior internal fixation, but most of the 
subsidence is mild and has no adverse effects on clinical and ra-
diographic outcomes. The long-term effects still need to be 
evaluated via long-term follow-up in a large number of cases.
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Supplementary Table 1. Subgroup analysis of prognosis in patients with single/double fused segment

Group No.
Prognosis evaluation

Delta VAS 
of low back† p-value Delta VAS 

of leg† p-value Fused 
(yes/no) p-value Subsidence 

(yes/no) p-value

Single segment

  OLIF 13 4.0 (3.0–6.0) 0.262 3.0 (0–5.0) 0.592 11/2 0.811 8/5 0.440

  OLIF-AF 7 3.0 (0–4.0) 4.0 (0–4.0) 7/0 3/4

  OLIF-PF 19 3.0 (0–5.0) 3.0 (0–6.0) 17/2 7/12

Double segments

  OLIF 12 4.0 (2.0–5.0) 0.458 3.0 (0–4.0) 0.761 10/2 0.648 9/3 0.091

  OLIF-AF 12 4.0 (1.0–6.0) 2.0 (0–5.0) 10/2 7/5

  OLIF-PF 8 4.0 (2.0–4.0) 2.5 (0–4.0) 8/0 2/6

Values are presented as median (range).
VAS, visual analogue scale; OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF 
combined with percutaneous pedicle screw fixation.
†The delta VAS of low back/leg was calculated as the pre-VAS score minus follow-up VAS.
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Supplementary Table 2. Subgroup analysis of prognosis in male and female patients

Group No.
Prognosis evaluation

Delta VAS 
of low back† p-value Delta VAS 

of leg† p-value Fused 
(yes/no) p-value Subsidence 

(yes/no) p-value

Male

  OLIF 7 4.5 (3.0–6.0) 0.272 3.0 (1.0–5.0) 0.865 5/2 0.640 4/3 0.620

  OLIF-AF 1 NA NA 1/0 0/1

  OLIF-PF 15 3.0 (0–5.0) 3.0 (0–6.0) 13/2 5/10

Female

  OLIF 18 4.0 (2.0–5.0) 0.310 3.0 (0–4.0) 0.375 16/2 0.660 13/5 0.111

  OLIF-AF 18 4.0 (0–6.0) 3.0 (0–5.0) 16/2 10/8

  OLIF-PF 12 4.0 (2.0–4.0) 2.0 (0–4.0) 12/0 4/8

Values are presented as median (range).
VAS, visual analogue scale; OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF 
combined with percutaneous pedicle screw fixation.
†The delta VAS of low back/leg was calculated as the pre-VAS score minus follow-up VAS.
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Supplementary Table 3. Subgroup analysis of prognosis in elderly patients

Group No.
Prognosis evaluation

Delta VAS 
of low back† p-value Delta VAS 

of leg† p-value Fused 
(yes/no) p-value Subsidence 

(yes/no) p-value

More than 65 yr

  OLIF 11 4.0 (2.0-6.0) 0.153 3.0 (0-4.0) 0.524 9/2 0.621 8/3 0.423

  OLIF-AF 10 4.0 (3.0-6.0) 2.5 (1.0-4.0) 10/0 5/5

  OLIF-PF 9 4.0 (0-5.0) 4.0 (0-6.0) 8/1 4/5

Less than 65 yr

  OLIF 14 4.0 (3.0-5.0) 0.445 3.0 (0-5.0) 0.603 12/2 0.494 9/5 0.120

  OLIF-AF 9 4.0 (0-5.0) 3.0 (0-5.0) 7/2 5/4

  OLIF-PF 18 4.0 (0-5.0) 2.5 (0-4.0) 17/1 5/13

Values are presented as median (range).
VAS, visual analogue scale; OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF 
combined with percutaneous pedicle screw fixation.
†The delta VAS of low back/leg was calculated as the pre-VAS score minus follow-up VAS.
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Supplementary Table 4. Univariate analysis of clinical outcomes

Variable No. Delta VAS of low back‡ p-value Delta VAS of leg‡ p-value

Surgery 0.102 0.915

   OLIF 25 4.0 (2.0–6.0) 3.0 (0–5.0)

   OLIF-AF 19 4.0 (0–6.0) 3.0 (0–5.0)

   OLIF-PF 27 3.0 (0–5.0) 3.0 (0–6.0)

Age (yr) 0.147 0.477

   > 65 30 4.0 (0–5.0) 3.0 (0–5.0)

   ≤ 65 41 4.0 (0–6.0) 3.0 (0–6.0)

Sex 0.644 0.239

   Male 23 4.0 (0–6.0) 3.0 (0–6.0)

   Female 48 4.0 (0–6.0) 3.0 (0–5.0)

Fused segment 0.323 0.569

   Single 39 4.0 (0–6.0) 3.0 (0–6.0)

   Double 32 4.0 (1.0–6.0) 3.0 (0–5.0)

Bone density† 0.268 0.334

   Normal 28 4.0 (0–5.0) 3.0 (0–5.0)

   Low 43 4.0 (0–5.0) 3.0 (0–6.0)

Values are presented as median (range).
VAS, visual analogue scale; OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixation; OLIF-PF, OLIF 
combined with percutaneous pedicle screw fixation.
†The bone density was presented as continuous variable based on lumbar computed tomography Hounsfield units value. ‡The delta VAS of low 
back/leg was calculated as the pre-VAS score minus follow-up VAS.
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Supplementary Table 5. Multivariate linear regression analysis of clinical outcomes

Variable No.
Delta VAS of low back‡ Delta VAS of leg‡

β SE p-value β SE p-value

Surgery

   OLIF 25 1.00 1.00

   OLIF-AF 19 -0.170 0.371 0.223 0.063 0.476 0.658

   OLIF-PF 27 -0.259 0.345 0.070 -0.092 0.443 0.552

Age (yr)

   > 65 30 1.00 1.00

   ≤ 65 41 0.134 0.294 0.274 0.111 0.377 0.374

Sex

   Male 23 1.00 1.00

   Female 48 0.010 0.345 0.942 -0.200 0.443 0.153

Fused segment

   Single 39 1.00 1.00

   Double 32 0.074 0.308 0.566 -0.053 0.395 0.690

Bone density†

   Normal 28 1.00 1.00

   Low 43 0.165 0.391 0.268 0.119 0.469 0.426

VAS, visual analogue scale; SE, standard error; OLIF, oblique lateral interbody fusion; OLIF-AF, OLIF combined with anterolateral screw fixa-
tion; OLIF-PF, OLIF combined with percutaneous pedicle screw fixation.
†The bone density was presented as continuous variable based on lumbar computed tomography Hounsfield units value. ‡The delta VAS of low 
back/leg was calculated as the pre-VAS score minus follow-up VAS.


