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Background: Oblique lateral interbody fusion (OLIF) is a type of minimally
invasive lateral lumbar interbody fusion technique used for treating lumbar
degenerative diseases. This study aimed to analyze the clinical and
radiographic efficacy of OLIF with anterolateral screw fixation alone and OLIF
requiring fixation with conventional posterior percutaneous pedicle screws
for lumbar diseases.
Methods: Medical records of consecutive patients admitted to Cheng-Hsin
Hospital who received OLIF between January 2019 and December 2020
were retrospectively reviewed. Patients were divided into two groups by
screw fixation: patients who received anterolateral screw fixation alone were
defined as one-stage OLIF (n= 9) and patients who received fixation with
conventional posterior percutaneous pedicle screw were defined as two-
stage OLIF (n= 16). Patient clinical characteristics, medical history,
intraoperative blood loss, length of hospital stay, peri-operative, and post-
operative complications were evaluated in all patients.
Results: During the study period, a total of 25 patients were successfully
treated with OLIF (n= 9 one-stage; n= 16 two-stage). Two-stage OLIF was
associated with longer operation times, longer hospital stays, shorter bed-
rest time, and a greater likelihood of having a blood transfusion compared
with the one-stage OLIF group. A higher proportion of grade I subsidence
was observed at 6 months and 1 year after surgery in the two-stage group
compared with the one-stage group. Post-operative complications included
Abbreviations

OLIF, oblique lateral interbody fusion; LBP, low back pain; ADH, anterior disc height; PDH, posterior disc
height; FH, foraminal height; FW, foraminal width; RI, retrolisthesis index; LL, lumbar lordosis; SD,
standard deviation.
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ileus, dystonia, and dystonia were higher in the two-stage OLIF group. Improvements in
radiographic parameters were demonstrated after OLIF, and the improvements were
comparable between one-stage and two-stage OLIF.
Conclusions: One-stage OLIF is a feasible and efficacious treatment method for single-
and multiple-level degenerative lumbar diseases. Additional clinical follow-up is
necessary to confirm long-term outcomes.

KEYWORDS

anterolateral screw fixation, posterior percutaneous screw fixation, heterogenous lumbar disease,

lumbar fusion, oblique lateral interbody fusion, navigation
Introduction

Low back pain (LBP) is the most common musculoskeletal

problem globally (1–4) and results in significant medical burden

and economic cost (2, 5). If patients are not responding to

conservative treatments and their quality of life is affected due

to LBP and lumbar diseases such as degenerative disc disease,

disc herniations, stenosis, spondylolisthesis, and scoliosis

surgery may be required. Oblique Lateral Interbody Fusion

(OLIF) is a type of minimally invasive lateral lumbar

interbody fusion technique with a route of insertion at the

psoas major used for indirect decompression of the neural

structures through interbody distraction and fusion in the

lumbar spine (6, 7). It utilizes a similar approach as anterior

lumbar interbody fusion (ALIF) but is also considered a

lateral lumbar interbody fusion (LLIF). When comparing the

surgical outcome of OLIF, LLF, and ALIF, the anterior

approach remains the most favorable technique for wide

fusion, indirect decompression, and segmental lordosis

reconstruction, however, the anterior approach is also heavily

dependent on the surgeon’s skill and experience in handling

the visceral and vascular structures. OLIF has several

noteworthy advantages, including less operative bleeding, a

lower rate of nerve injury, and faster recovery compared with

traditional posterior surgery (6, 8). A meta-analysis of 56

studies compared the radiographic and clinical outcomes of

OLIF and LLIF for degenerative lumbar disease concluded

that the two approaches are similar in terms of radiographic

outcomes, the incidence of perioperative complications,

operative blood loss, operative time, and the length of hospital

stay. Greater improvement in VAS and ODI scores was found

with the OLIF approach. Importantly, the incidence of main

complications is significantly different, a higher rate of nerve

injury and psoas weakness were found in LLIF, while the

complications associated with OLIF were minor vascular

injury (9) and cage subsidence (10), therefore supplemental

posterior percutaneous pedicle screw fixation following OLIF

is often recommended to improve spinal stability and

intervertebral fusion rates (11, 12). Currently, after lateral

access surgery, the patient is repositioned in the prone

position for pedicle screw fixation which requires a second
02
round of surgery preparation, which significantly increases

operation time, risk of complication, cost, and radiation

exposure (13). An alternative approach is anterolateral screw

fixation (14). Due to the larger OLIF cage and the stability of

the fixation interface, fixation can be achieved with

anterolateral screw-assisted fixation of the vertebral body

requiring no change of patient position (15, 16).

No clear guidance or clinical data exists regarding the choice

of fixation approach with OLIF, specifically whether to use a

one-stage or two-stage surgical approach. Furthermore, most

studies on this topic reported outcomes for single-level

lumbar disease. The current study examined the surgical

approach to treating lumbar diseases according to the position

of supplemental percutaneous pedicle screw fixation following

OLIF, including in patients with multiple-level and varied

medical histories and complications.
Methods

Patients

This is a retrospective observational study of patients who

underwent OLIF at our institution. The medical records of

patients admitted to Cheng-Hsin Hospital who received OLIF

between January 2019 and December 2020 were

retrospectively reviewed. The inclusion criteria were as

follows: (1) age >18 years, (2) patients who received OLIF,

and 3) follow-up duration >12 months. Patients were grouped

into those who received one-stage OLIF or two-stage OLIF.

One-stage OLIF was defined by having anterolateral screw

fixation alone and two-stage OLIF was defined by having

conventional posterior percutaneous pedicle screws. Patients

who received one stage OLIF include: (1) those without spinal

stenosis or only have mild spinal stenosis; (2) adjacent

segment disease who had previous TLIF or. PLIF. Patient

clinical characteristics, medical history, intraoperative blood

loss, length of hospital stay, and peri-operative and post-

operative complications were collected. This study was

approved by the Ethics committee of Cheng-Hsin Hospital

[IRB number: (857) 110-3] and was conducted in accordance
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with the Declaration of Helsinki and reported in line with the

STROBE criteria. Written informed consent was obtained

from all patients.
Surgical procedure

The same experienced clinician performed the surgery for

all patients. The surgery was performed in line with the

methods reported by Sato et al. (17) and Guo et al. 2022 (18).

Briefly, the patient underwent general anesthesia and was

placed in the right decubitus position, and the target segment

was identified using C-arm fluoroscopy. The abdominal

muscles were bluntly dissected ventrally from the target

intervertebral space to the retroperitoneal space. The fingers

pushed the peritoneum forward to the anterior edge of the

psoas major and ventrally to expose the space between the

psoas major and the abdominal aorta. The target

intervertebral disc was touched, and a needle and the C-arm

were positioned. After the target intervertebral disc was

confirmed, the OLIF tubular retractor system was placed.

Lastly, the expanding trocar was connected to the serpent arm

and fixed on the operating table. Stabilizing pins were placed

at the lower endplate level of the upper vertebral body to

secure the working channel, which was moderately extended

to fully expose the target disc. Residual disc tissue was treated

with a reamer and the endplate cartilage was processed. The

mold of the cage was tested and examined under a

fluoroscope. A suitable cage mixed with allograft bone was

loaded into the target intervertebral space and positioned

through fluoroscopy.
Radiographic evaluation

Imaging data were collected before surgery, 1-week, 3-, 6-,

and 12 months after surgery, as well as at the final follow-up

visit. Fusion rates were evaluated at 12 months post-surgery,

and grading was defined based on the Bridwell interbody

fusion scoring system from grade I to IV (grades I and II are

indicative of successful fusions) (19).

Subsidence was evaluated at 3-, 6- and 12 months after

surgery. Subsidence grade was defined according to Sharma

et al. (2011) (20) from grade 0 to grade III. Grade 0

represents a normal end plate without fracture; Grade I

represent a breach of the end plate at one side (anterior or

posterior) of the cage; Grade II represents a fracture of the

end plate at both the anterior and posterior sides of the cage,

and Grade III represents an end-plate fracture with cage

subsidence of more than one-third of the cage height into the

vertebral body.

Changes in anterior disc height (ADH), posterior disc

height (PDH), foraminal height (FH), foraminal width (FW),
Frontiers in Surgery 03
retrolisthesis index (RI), angle of L1-S1, angle of disc level

coronal/sagittal, lumbar lordosis (LL), between pre- and post-

op were evaluated using x-ray imaging. All images were

examined by two independent physicians with >10 years of

experience blinded to each other’s results, the interobserver

reliability for all measurements was good to excellent as

determined using the intraclass correlation coefficient.
Statistical methods

Continuous variables are presented as mean and standard

deviation (SD). Categorical variables are presented as counts

and percentages. Shapiro-Wilk test was used to test the

normality for continuous variables. Wilcoxon sign rank test

was used to evaluate radiographic parameters before and after

surgery. A t-test was used to evaluate differences between

groups over time. Intraclass correlation coefficients were used

to assess interobserver reliability. Results were considered

significant at p < 0.05. All statistical analyses were performed

using SAS version 9.4, Windows NT version (SAS Institute,

Inc., Cary, NC, United States).
Results

A total of 25 patients underwent the OLIF surgical

procedure and were included in the study population. Nine

patients underwent the one-stage procedure and 16

underwent the two-stage procedure. Patient baseline

characteristics are presented in Table 1. Overall, patients were

similar in age (mean: 68.1 years). The majority of patients

who underwent the two-stage surgery, compared with those

who underwent the one-stage procedure, were male (31.3% vs.

22.2%), had hypertension (50% vs. 33.3%), stenosis (6.3% vs.

0%), spondylolisthesis (81.3% vs. 77.8%), degenerative disc

disease (12.5% vs. 0%), no history of spine surgery (93.8% vs.

66.7%), osteoporosis (43.7% vs. 33.3%), BDM≤−3.0 (31.3%

vs. 11.1%), treated for 2 levels (25% vs. 11.1%), L4-5 surgery

(68.8% vs. 33.3%), and posterior decompression (62.5% vs.

11.1%).

The peri-operative characteristics and complications are

shown in Table 2. Patients who underwent the two-stage

surgery compared with the one-stage procedure had longer

operation times (355.4 vs. 196.6 min), and longer hospital

stays (6.5 vs. 4.7 days). In addition, the two-stage surgery was

associated with a greater likelihood of having a blood

transfusion compared with the one-stage surgery (12.5% vs.

0%). Following OLIF surgery, 96% of patients were without

subsidence 3 months after surgery. At 6 months, 80% of

patients were without subsidence, and 1 year after surgery this

was reduced to 72% (Table 3). 96% of patients achieved

fusion at 1-year follow-up. At 1-year after OLIF treatment,
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https://doi.org/10.3389/fsurg.2022.989372
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


TABLE 1 Baseline and clinical data.

Total,
n = 25

One-stage,
n = 9

Two-stage,
n = 16

Age (year) 68.1 ± 8.8 67.8 ± 9.8 68.3 ± 8.6

Sex

Male 7 (28.0) 2 (22.2) 5 (31.3)

Female 18 (72.0) 7 (77.8) 11 (68.8)

Hypertension 11 (44.0) 3 (33.3) 8 (50.0)

Hyperlipidemia 6 (24.0) 4 (44.4) 2 (12.5)

DM 5 (20.0) 3 (33.3) 2 (12.5)

Chronic renal
disease

1 (4.0) 1 (11.1) 0

Diagnosis (n, %)

Stenosis 1 (4.0) 0 1 (6.3)

Spondylolisthesis
20 (80.0) 7 (77.8) 13 (81.3)

Degenerative
disc disease

2 (8.0) 0 2 (12.5)

Rupture disc
with stenosis

1 (4.0) 1 (11.1) 0

Compression
fracture with
stenosis

1 (4.0) 1 (11.1) 0

History of spine surgery (n, %)

Yes 4 (16.0) 3 (33.3) 1 (6.3)

No 21 (84.0) 6 (66.7) 15 (93.8)

Osteoporosis (n, %)

Yes 10 (40.0) 3 (33.3) 7 (43.7)

No 14 (56.0) 6 (66.7) 8 (50.0)

Missing 1 (4.0) 0 1 (6.3)

T score −2.02 ± 1.17 −1.69 ± 1.28 −2.22 ± 1.10

BMD >−2.5 14 (56.0) 6 (66.7) 8 (50.0)

−3.0 < BMD≤
−2.5

4 (16.0) 2 (22.2) 2 (12.5)

BMD ≤−3.0 6 (24.0) 1 (11.1) 5 (31.3)

Missing 1 (4.0) 0 1 (6.3)

Number of OLIF surgery level

1-level 18 (72.0) 7 (77.8) 11 (68.8)

2-level 5 (20.0) 1 (11.1) 4 (25.0)

3-level 2 (8.0) 1 (11.1) 1 (6.3)

Surgery level (n, %)

L1-2 1 (4.0) 1 (11.1) 0

(continued)

TABLE 1 Continued

Total,
n = 25

One-stage,
n = 9

Two-stage,
n = 16

L2-3 2 (8.0) 2 (22.2) 0

L3-4 2 (8.0) 1 (11.1) 0

L4-5 14 (56.0) 3 (33.3) 11 (68.8)

L3-4-5 4 (16.0) 1 (11.1) 3 (18.8)

L2-3-4-5 2 (8.0) 1 (11.1) 1 (6.3)

L2-3, L4,5 1 (4.0) 0 1 (6.3)

Posterior decompression (n, %)

Yes 11 (44.0) 1 (11.1) 10 (62.5)

No 14 (56.0) 8 (88.9) 6 (37.5)

Value expressed as count (%) or mean ± standard deviation.

Abbreviation: DM, diabetes mellitus; BMD, bone marrow density; OLIF, oblique

lateral interbody fusion; L, lumbar.

Wu et al. 10.3389/fsurg.2022.989372
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there was a higher proportion of grade I subsidence (25% vs.

11.1%) and grade II fusion (43.83% vs. 22.2%) in the two-

stage OLIF, compared with the one-stage OLIF.
TABLE 2 Perioperative parameters and complications.

Total,
n = 25

One-stage,
n = 9

Two-stage,
n = 16

Blood loss (ml)

Minimal 12 (48.0) 5 (55.6) 7 (43.8)

50–150 9 (36.0) 3 (33.3) 6 (37.5)

>150 4 (16.0) 1 (11.1) 3 (18.8)

Blood transfusion 2 (8.0) 0 2 (12.5)

Operation time
(min)

285.4 ± 122.4 196.6 ± 87.4 335.4 ± 111.7

1-level 239.4 ± 87.0 173.6 ± 78.0 281.4 ± 65.2

2-level 400.2 ± 144.9 214 446.8 ± 116.4

3-level 412.5 ± 102.5 340 485

Length of hospital
stay (day)

5.8 ± 3.2 4.7 ± 2.5 6.5 ± 3.4

Peri-operative complication

Endplate damage 0 0 0

Segmental artery
injury

0 0 0

Bed-rest time (h)a 16.2 ± 3.5 18.3 ± 3.4 15.0 ± 3.1

Value expressed as count (%) or mean ± standard deviation.
aFor early mobilization, patients were encouraged to walk on post-operative

day-1. Therefore, the longer the operation time, the bed rest time would

appear shorter, relatively.
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TABLE 3 Subsidence and fusion rate.

Total,
n = 25

One-stage,
n = 9

Two-stage,
n = 16

Subsidence grade (3 months)

No Subsidence 24 (96.0) 9 (100.0) 15 (93.7)

Grade I 1 (4.0) 0 1 (6.3)

Grade II 0 0 0

Grade III 0 0 0

Subsidence grade (6 months)

No Subsidence 20 (80.0) 8 (88.9) 12 (75.0)

Grade I 4 (16.0) 0 4 (25.0)

Grade II 0 0 0

Grade III 1 (4.0) 1 (11.1) 0

Subsidence grade (1 year)

No Subsidence 18 (72.0) 7 (77.8) 11 (68.8)

Grade I 5 (20.0) 1 (11.1) 4 (25.0)

Grade II 1 (4.0) 0 1 (6.3)

Grade III 1 (4.0) 1 (11.1) 0

Fusion grade (1 year)

No Fusion 1 (4.0) 1 (11.1) 0

Grade I 15 (60.0) 6 (66.7) 9 (56.3)

Grade II 9 (36.0) 2 (22.2) 7 (43.8)

Wu et al. 10.3389/fsurg.2022.989372
Post-operative complications are shown in Table 4.

Postoperative ileus (40%), cage subsidence (28%), and

dystonia (12%) were the most common in both groups. In the

two-stage OLIF group, 43.8% of patients had postoperative

ileus, whereas, in the one-stage OLIF group, 33.3% of patients
TABLE 4 Post-operative complications.

Total,
n = 25

One-stage,
n = 9

Two-stage,
n = 16

Transient leg
weakness

0 0 0

Transient sensory
change

1 (4.0) 0 1 (6.3)

Postoperatve ileus 10 (40.0) 3 (33.3) 7 (43.8)

Revision surgery 0 0 0

Wound infection 0 0 0

Dystonia 3 (12.0) 0 3 (18.8)

Cage subsidence 7 (28.0) 2 (22.2) 5 (31.3)

All symptoms were completely resolved at postoperative-3, 6-month

follow-up.

Frontiers in Surgery 05
had postoperative ileus. Clinical characteristics at baseline for

patients with and without fusion 1 year after OLIF surgery are

summarized in Table 5. A total of 8 patients had fusion and

only one patient was with no fusion 1 year after one-stage

OLIF surgery.

Exemplary preoperative and postoperative images obtained

from patients who underwent one-stage OLIF or two-stage

OLIF are shown in Figures 1, 2, respectively. Follow-up

radiographic outcomes after OLIF are summarized in Table 6.

Among all patients, anterior disc height (ADH), posterior disc

height (PDH), and foraminal height (FH) significantly

improved 1-week after OLIF, while retrolisthesis index (RI)

and lumbar lordosis (LL) were significantly decreased. At the

1-year follow-up, decreased PDH and FH, and increased RI

and LL were observed compared to the 1-week post-OLIF. For

patients who underwent the one-stage OLIF, ADH (1.52 vs.

0.87 mm) and PDH (0.79 vs. 0.31 mm) significantly increased

at 1-week after OLIF compared to baseline values. PDH (0.56

vs. 0.79 mm) and FW (0.96 vs. 1.03 mm) significantly

decreased after 3 months compared to those values collected

1-week after OLIF. FH (1.79 vs. 2.09 mm) was significantly

decreased after 6 months compared to 1-week after surgery.

LL (42.89 vs. 34.57) was significantly increased after 6 months

compared to 1 week after surgery. For patients who

underwent two-stage OLIF, ADH (1.58 vs. 1.13 mm), PDH

(0.92 vs. 0.40 mm), and FH (2.09 vs. 1.56 mm) significantly

increased 1 week after OLIF compared to baseline values. RI

(6.54 vs. 15.01 mm) and LL (39.28 vs. 43.41 mm) were

significantly decreased 1-week after OLIF compared to

baseline. In addition, PDH was significantly decreased at 3

months and 1 year after OLIF compared to 1 week after the

surgery (0.76, 0.67 and 0.68 vs. 0.92 mm). LL was significantly

increased 3 months and 6 months after OLIF compared to 1

week after surgery (44.23 and 47.20 vs. 39.28). The differences

between radiographic parameters were not statistically

different between one-stage and two-stage OLIF.
Discussion
It is generally accepted that anterolateral fixation provides

satisfactory clinical outcomes and advantages, however, there

is no clear guidance for choosing posterior or anterolateral

fixation. In our present study, the clinical and radiographic

efficacy of OLIF with anterolateral screw fixation alone (one-

stage OLIF) and OLIF with conventional posterior

percutaneous pedicle screw (two-stage OLIF) was evaluated in

a group of patients with heterogenous lumbar diseases.

In our patients with heterogenous and multiple-level

lumbar diseases, successful clinical outcomes were observed

using the one-stage anterolateral surgical approach. Follow-up

at 1 year after one-stage OLIF demonstrated radiographic
frontiersin.org
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TABLE 5 Summary of one-stage-OLIF patients.

Total,
n = 9

Fusion,
n = 8

No fusion,
n = 1

Age (year) 67.8 ± 9.8 65.9 ± 8.5 83.0 ± 0

Sex

Male 2 (22.2) 2 (25.0) 0

Female 7 (77.8) 6 (75.0) 1 (100.0)

Comorbidities

Hypertension 3 (33.3) 3 (37.5) 0

Hyperlipidemia 4 (44.4) 4 (50.0) 0

DM 3 (33.3) 2 (25.0) 1 (100.0)

Chronic renal disease 1 (11.1) 1 (12.5) 0

Diagnosis (n, %)

Stenosis 0 0 0

Spondylolisthesis 7 (77.8) 7 (87.5) 0

Degenerative disc
disease

0 0 0

Rupture disc with
stenosis

1 (11.1) 0 1 (100.0)

Compression fracture
with stenosis

1 (11.1) 1 (12.5) 0

History of spine surgery (n, %)

Yes 3 (33.3) 2 (25.0) 1 (100.0)

No 6 (66.7) 6 (75.0) 0

Osteoporosis (n, %)

Yes 3 (33.3) 3 (37.5) 0

No 6 (66.7) 5 (62.5) 1 (100.0)

T score −1.69 ± 1.28 −1.61 ± 1.34 −2.3 ± 0

BMD >−2.5 6 (66.7) 5 (62.5) 1 (100.0)

−3.0 < BMD≤−2.5 2 (22.2) 2 (25.0) 0

BMD ≤−3.0 1 (11.1) 1 (12.5) 0

Number of OLIF surgery level

1-level 7 (77.8) 6 (75.0) 1 (100.0)

2-level 1 (11.1) 1 (12.5) 0

3-level 1 (11.1) 1 (12.5) 0

Surgery level (n, %)

L1-2 1 (11.1) 1 (12.5) 0

L2-3 2 (22.2) 1 (12.5) 1 (100.0)

L3-4 1 (11.1) 1 (12.5) 0

L4-5 3 (33.3) 3 (37.5) 0

L3-4-5 1 (11.1) 1 (12.5) 0

(continued)

TABLE 5 Continued

Total,
n = 9

Fusion,
n = 8

No fusion,
n = 1

L2-3-4-5 1 (11.1) 1 (12.5) 0

Perioperative
complications

0 0 0

Posterior decompression (n, %)

Yes 1 (11.1) 0 1 (100.0)

No 8 (88.9) 8 (100.0) 0

Hernia 0 0 0

Subsidence 2 (22.2) 2 (25.0) 0

Value expressed as count (%) or mean ± standard deviation.

Abbreviation: DM, diabetes mellitus; BMD, bone marrow density; OLIF, oblique

lateral interbody fusion; L, lumbar.

Wu et al. 10.3389/fsurg.2022.989372
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evidence of satisfactory outcomes for all patients. One-stage

OLIF was associated with shorter operation times and less

blood loss, although the length of hospital stay and bed-rest

time was similar to the two-stage OLIF group. Neither study

group had peri-operative complications such as endplate

damage or segmental artery injury. Less post-operative

complications (e.g., cage subsidence, postoperative ileus,

dystonia) were reported in patients who underwent one-stage

OLIF compared to two-stage OLIF.

OLIF with supplement percutaneous pedicle screw fixation

is widely used to improve fusion rates. Anterolateral screw

fixation has been proposed to possibly attenuate the unwanted

effects of OLIF with posterior pedicle screw fixation, such as

increased operative time and the amount of intraoperative

bleeding and fluoroscopy (21). In our study, screw fixation

was performed with navigation assistance to improve accuracy

and further reduce operative time, radiation exposure. Many

factors contribute to the success of interbody fusion

procedures. The OLIF-implanted cage is generally larger than

those used in variations of this procedure, thus increasing the

contact area with the endplate. It also plays a role in

supporting the interbody axial pressure, stabilizing the

anterior and central spinal columns, providing a good

environment for interbody fusion, and improving the

interbody fusion rate (22, 23). A recent study by Guo et al.

reported lower fusion rates in OLIF with anterolateral screw

fixation (AF) compared with posterior percutaneous screw

fixation (PF) and suggested that PF may improve stability and

interbody fusion. However, this result may have been due to

an insufficient follow-up period to detect significant changes

in fusion rates or the inability of anterior vertebral fixation to

effectively avoid lumbar spinal lateral flexion and extension.

Routine monitoring and avoidance of lateral flexion and

extension activities within 3 months after surgery was

recommended (18). In our present study, a high and

satisfactory fusion rate was demonstrated in patients who
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FIGURE 1

Preoperative and postoperative images of a 52-year-old man with L3-4 spondylolisthesis grade I who underwent one-stage OLIF. (A) Preoperative
radiographs. (B) Preoperative MRI, (C) one-month postoperative radiographs, (D) 2-week postoperative MRI and (E) 5-month follow-up CT scan.

Wu et al. 10.3389/fsurg.2022.989372
underwent posterior (two-stage OLIF) (fusion rate 100%) and

anterolateral (one-stage OLIF) (fusion rate 88.9%) screw

fixation. Only one case of non-fusion occurred in the one-

stage OLIF group at the one-year follow-up.
Frontiers in Surgery 07
Improved outcomes following OLIF include intervertebral

space height, intervertebral foramen area, and vertebral canal

area (24, 25). However, little is known regarding the impact

of the position of fixation on these improved outcomes. Sato
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FIGURE 2

Preoperative and postoperative images of a 55-year-old woman with L4-5 spondylolisthesis grade II who underwent two-stage OLIF. (A)
Preoperative radiographs. (B) Preoperative and MRI. (C) One-month postoperative radiographs. (D) 15-Month postoperative MRI and (E) 12-Month
follow-up CT scan showed ankylosis of bilateral facet joint.
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et al. (2017) performed OLIF on 20 patients with lumbar

degenerative diseases, demonstrating intervertebral space

height, foramina height, and anteroposterior diameter of the

thecal sac were significantly increased after surgery in two

groups with different positions of fixation (OLIF + AF; OLIF

+ PF). However, no significant differences were reported

between groups regardless of fixation position. These results

suggest that OLIF + AF can maintain stability after lumbar
Frontiers in Surgery 08
fusion and achieve similar imaging outcomes as OLIF + PF

(17). In our present study, 1 week after surgery the evaluated

radiographic parameters ADH, PDH, FH, RI, and LL were

significantly corrected. Over time there was a trend of gradual

loss of correction for PDH, FH, RI, and LL; however, the

observed loss of correction was similar between one-stage and

two-stage OLIF groups, except for LL. The LL angle was

larger in those patients who underwent posterior fixation,
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TABLE 6 Radiologic outcome.

Total,
n = 25

One-stage,
n = 9

Two-stage,
n = 16

ADH (mm)

Pre-op 1.04 ± 0.33 0.87 ± 0.37 1.13 ± 0.28

Post-op (1 week) 1.56 ± 0.29a,* 1.52 ± 0.26a,* 1.58 ± 0.32a,*

Post-op (3 months) 1.55 ± 0.32 1.42 ± 0.30 1.62 ± 0.32

Post-op (6 months) 1.59 ± 0.25 1.55 ± 0.30 1.62 ± 0.22

Post-op (1 year) 1.60 ± 0.19 1.55 ± 0.14 1.63 ± 0.22

Differencec 0.12 ± 0.22 0.10 ± 0.24 0.13 ± 0.22

PDH (mm)

Pre-op 0.37 ± 0.24 0.31 ± 0.19 0.40 ± 0.27

Post-op (1 week) 0.87 ± 0.29a,* 0.79 ± 0.38a,* 0.92 ± 0.22a,*

Post-op (3 months) 0.69 ± 0.34b,* 0.56 ± 0.27b,* 0.76 ± 0.35b,*

Post-op (6 months) 0.66 ± 0.24b,* 0.64 ± 0.30 0.67 ± 0.21b,*

Post-op (1 year) 0.65 ± 0.24b,* 0.61 ± 0.27 0.68 ± 0.23b,*

Differencec −0.24 ± 0.26 −0.15 ± 0.29 −0.23 ± 0.26

FH (mm)

Pre-op 1.67 ± 0.47 1.88 ± 0.46 1.56 ± 0.45

Post-op (1 week) 2.09 ± 0.40a,* 2.09 ± 0.28 2.09 ± 0.46a,*

Post-op (3 months) 1.95 ± 0.30b,* 1.86 ± 0.15 2.00 ± 0.35

Post-op (6 months) 1.93 ± 0.25 1.79 ± 0.19b,* 2.02 ± 0.26

Post-op (1 year) 1.88 ± 0.31b,* 1.82 ± 0.28 1.91 ± 0.34

Differencec −0.14 ± 0.42 −0.22 ± 0.31 −0.10 ± 0.47

FW (mm)

Pre-op 0.89 ± 0.31 0.79 ± 0.37 0.95 ± 0.26

Post-op (1 week) 1.01 ± 0.22 1.03 ± 0.21 0.99 ± 0.23

Post-op (3 months) 1.00 ± 0.29 0.96 ± 0.16b,* 1.02 ± 0.34

Post-op (6 months) 1.15 ± 0.29 1.03 ± 0.16 1.22 ± 0.33

Post-op (1 year) 1.16 ± 0.29 1.13 ± 0.24 1.17 ± 0.32

Differencec 0.13 ± 0.34 0.07 ± 0.16 0.16 ± 0.41

Angle of L1-S1 (coronal)

Pre-op 3.21 ± 2.89 3.38 ± 2.69 3.12 ± 3.07

Post-op (1 week) 3.10 ± 2.98 3.15 ± 2.11 3.08 ± 3.45

Post-op (3 months) 2.81 ± 2.60 2.43 ± 1.93 3.00 ± 2.91

Post-op (6 months) 2.72 ± 2.71 1.99 ± 1.57 3.14 ± 3.18

Post-op (1 year) 3.15 ± 2.66 3.20 ± 2.22 3.12 ± 2.99

Differencec −0.21 ± 3.01 −0.63 ± 2.61 0.03 ± 3.31

Angle of disc level (coronal)

Pre-op 1.64 ± 1.97 1.90 ± 2.65 1.49 ± 1.54

(continued)

TABLE 6 Continued

Total,
n = 25

One-stage,
n = 9

Two-stage,
n = 16

Post-op (1 week) 1.33 ± 0.88 1.90 ± 1.04 1.00 ± 0.58

Post-op (3 months) 1.26 ± 0.98 1.76 ± 1.50 1.00 ± 0.49

Post-op (6 months) 1.44 ± 1.07 1.90 ± 1.38 1.17 ± 0.80

Post-op (1 year) 1.90 ± 1.51 2.18 ± 1.63 1.75 ± 1.49

Differencec 0.47 ± 1.77 −0.07 ± 1.91 0.79 ± 1.69

Angle of disc level (sagittal)

Pre-op 7.30 ± 4.66 6.48 ± 4.37 7.77 ± 4.87

Post-op (1 week) 8.07 ± 4.60 7.90 ± 4.05 8.16 ± 5.01

Post-op (3 months) 9.71 ± 3.63 9.54 ± 4.45 9.79 ± 3.30

Post-op (6 months) 10.19 ± 5.82 9.87 ± 7.10 10.40 ± 5.14

Post-op (1 year) 9.77 ± 4.14 9.15 ± 5.08 10.10 ± 3.72

Differencec 1.78 ± 4.26 1.33 ± 4.46 2.03 ± 4.31

RI (mm)

Pre-op 12.88 ± 8.31 9.09 ± 6.19 15.01 ± 8.76

Post-op (1 week) 5.35 ± 4.89a,* 3.23 ± 4.71a,* 6.54 ± 4.72a,*

Post-op (3 months) 7.12 ± 6.11 4.79 ± 5.05 8.29 ± 6.40

Post-op (6 months) 6.68 ± 5.65 4.97 ± 4.39 7.83 ± 6.26

Post-op (1 year) 8.48 ± 6.83b,* 6.18 ± 5.15 9.72 ± 7.48

Differencec 2.65 ± 4.33 2.03 ± 3.44 2.99 ± 4.83

LL (angle)

Pre-op 41.53 ± 12.61 38.19 ± 14.73 43.41 ± 11.32

Post-op (1 week) 37.59 ± 13.51a,* 34.57 ± 16.87 39.28 ± 11.48a,*

Post-op (3 months) 44.83 ± 12.23b,* 46.03 ± 18.58 44.23 ± 8.19b,*

Post-op (6 months) 45.48 ± 13.79b,* 42.89 ± 19.42b,* 47.20 ± 8.95b,*

Post-op (1 year) 42.17 ± 14.82 45.51 ± 21.22 40.37 ± 10.62

Differencec 4.77 ± 11.93 8.60 ± 15.35 2.70 ± 9.71

Abbreviation: ADH, anterior disc height; PDH, posterior disc height; FH,

foraminal height; FW, foraminal width; RI, retrolisthesis index; LL, lumbar

lordosis.
aEvaluated the difference between 1-week post-op and pre-op.
bEvaluated the difference between each followed-up timepoint of post-op and

1-week post-op.
cThe difference between 1-year post-opand 1-week post-op.

*Statistically significant between pre-op and each time point of post-op by

Wilcoxon sign rank test (p < 0.05).

Wu et al. 10.3389/fsurg.2022.989372
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thus suggesting posterior fixation can maintain LL angle

correction and minimize any loss of correction for a longer

period.

In our study, both one-stage and two-stage OLIF groups

and their associated fixation positions had a similar incidence

of complications. Cage subsidence was observed in a total of 2

patients (22.2%) and 3 patients (31.3%) in the one-stage and

two-stage OLIF groups, respectively. These results suggest that
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one-stage OLIF does not result in a greater incidence of

subsidence. This is consistent with the radiographic findings,

which also showed a similar loss of correction over time

between groups, and imaging outcomes, which indicated

similar maintenance of stability.

Fijubayashi et al. (2017) have reported the complication rate

associated with OLIF was 15.3%, with the most common

complications being sensory nerve injury and psoas major

weakness, most of which gradually resolved (26). A multi-

center retrospective study by Abe et al. (2017) reported an

OLIF complication rate of 48.3%. Most of these complications

were surgery-related and self-limiting, such as endplate injury

collapse (18.7%), and temporary psoas major muscle weakness

and thigh numbness (13.5%). The incidence of serious

surgical complications of OLIF was 1.9% which included

vascular, nerve, and ureteral injuries (27). No cases of peri-

operative complications in either group were reported in our

present study nor were peri-operative complications (e.g.,

endplate damage or segmental artery injury). The most

common postoperative complication in our study was post-

operative ileus and dystonia (for two-stage OLIF, but not one-

stage OLIF). No postoperative residual low back pain was

reported in our patients with posterior fixation, suggesting

posterior incision of the paravertebral muscle for screw

positioning did not result in significant paravertebral muscle

injury or denervation (28). All complications resolved after

treatment, suggesting the safety of both one-stage and two-

stage OLIF for lumbar diseases.
FIGURE 3

Cascade of surgery complexity.

Frontiers in Surgery 10
Ankylosis of facet joint and facet joint degeneration is a

well-known consequence of spinal fusion. When evaluating

fusion, complete ankylosis of the zygoapophyseal joints also

indicates true spinal fusion as defined by evaluation criteria

e.g., Pathria classification system grade III. This is because the

disc and the zygapophyseal constitute an articular complex,

once the anterior fusion is achieved, posterior ankylosis is

expected, thus, increased immobilization due to screws may

determine higher chances for segmental fusion, in other

words, anterior fusion or a solid fixation of the segment due

to the implants may determine immobilization and

zygapophyseal ankylosis (as discussed in the Proletti et al.,

2020 study (29). A recent study investigating the risk factors

affecting the incidence of facet joint degeneration found that

fixation time is a risk factor. They found that the earlier bony

union occurs, and internal fixation was removed, the

incidence of facet joint degeneration was lowered (30).

Further studies are required to clarify the effect of

intersegmental pedicle screw fixation and to evaluate various

risk factors that may predict the possibility of degeneration of

the intervertebral disc and facet joints.

Based on the current results, one-stage OLIF should be

considered for patients with spondylolisthesis (≤Grade 1),

herniated intervertebral disc (disc height < 1/2 requires

fusion), or patients with multiple previous posterior operation

who subsequently had adjacent segment degeneration). At this

time, we can’t make a recommendation for patients with

osteoporosis to be potential candidates for one-stage OLIF.
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Considering the learning curve for performing OLIF, specifically

how the lateral incision tends to be more difficult than expected,

we suggest that for one-stage OLIF the initial series of cases

should be less complex (e.g., single-level L3-4, L2-3, L4-5).

With experience and skill, more complex cases are feasible

(multi-level, L1-2) (Figure 3). In our case series, we

demonstrated success with one-stage OLIF for patients

requiring multi-level surgery, as well as the single level at L1-

2. It should be noted that even though the OLIF approach

provides safe access to nearly all lumbar levels because the

wide interval between the psoas and aorta allows for a

straightforward left-sided oblique approach to the discs above

L5. However, for L5-S1 segments, modifications in the

technique are required (31), and ALIF approach is the

preferred approach currently for L5-S1 (32). Furthermore,

because OLIF is performed from an oblique trajectory, one of

the difficulties of this approach has been the decrease in

direct visualization of the surrounding anatomy. Navigation

could be applied as an alternative approach to fluoroscope, for

guidance for localization and orientation (33, 34).

There are several strengths and limitations to the current

study worth noting. The study was a single-center,

retrospective study design, with a small sample size.

Considering a preoperative VAS score was not available in the

medical records, post-operative improvement in low back pain

was not examined between one-stage and two-stage OLIF.

However, because one-stage OLIF does not require

paravertebral muscle dissection, it was assumed patients

would have lower postoperative VAS scores. There were no

complaints of pain from patients in either group noted during

follow-up visits. This study included heterogenous lumbar

diseases with surgery performed on a variety of segments of

the spine. Different spinal segments may have varying levels

of complexity and potential for complications. Our study

demonstrated that patients with heterogenous lumbar disease

can be suitable for one-stage OLIF. Clinical and radiographic

outcomes were improved at one-year post-surgery; however,

longer follow-up is required to ensure positive long-term

clinical outcomes.

In conclusion, the current study demonstrated satisfactory

clinical outcomes in the short term and over 1 year of follow-

up in patients who underwent one-stage OLIF. This surgical

approach could be considered for patients with

spondylolisthesis (≤Grade 1), or patients with multiple

previous posterior fixation who subsequently had adjacent

segment degeneration. One-stage anterolateral fixation can

also be considered in cases with greater operative complexity
Frontiers in Surgery 11
with an experienced surgeon. Longer clinical follow-up is

necessary to confirm long-term outcomes.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further

inquiries can be directed to the corresponding author.
Ethics statement

The studies involving human participants were reviewed

and approved by Cheng-Hsin Hospital [IRB number: (857)

110-3]. The patients/participants provided their written

informed consent to participate in this study.
Author contributions

Conceptualization of the study: MT-W and TJ-K; Data

acquisition and collection/Formal analysis/Funding

acquisition/Drafting of the manuscript: MT-W; Provision of

resources/materials and methodology: TT-C; Provision of

software and project administration: SC-C; Validation: SC-C

and TJ-K; Critical revision and editing of the manuscript:

MT-W and WS-S; Supervision/Visualization: WS-S. All

authors contributed to the article and approved the submitted

version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fsurg.2022.989372
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Wu et al. 10.3389/fsurg.2022.989372
References
1. Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic
review of the global prevalence of low back pain. Arthritis Rheum. (2012)
64:2028–37. doi: 10.1002/art.34347

2. Deyo RA, Cherkin D, Conrad D, Volinn E. Cost, controversy, crisis: low back
pain and the health of the public. Annu Rev Public Health. (1991) 12:141–56.
doi: 10.1146/annurev.pu.12.050191.001041

3. Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet.
(2017) 389:736–47. doi: 10.1016/s0140-6736(16)30970-9

4. Hoy D, Brooks P, Blyth F, Buchbinder R. The epidemiology of low back pain.
Best Pract Res Clin Rheumatol. (2010) 24:769–81. doi: 10.1016/j.berh.2010.10.002

5. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S,
et al. What low back pain is and why we need to pay attention. Lancet. (2018)
391:2356–67. doi: 10.1016/s0140-6736(18)30480-x

6. Li R, Li X, Zhou H, Jiang W. Development and application of oblique lumbar
interbody fusion. Orthop Surg. (2020) 12:355–65. doi: 10.1111/os.12625

7. Silvestre C, Mac-Thiong JM, Hilmi R, Roussouly P. Complications and
morbidities of Mini-open anterior retroperitoneal lumbar interbody fusion:
oblique lumbar interbody fusion in 179 patients. Asian Spine J. (2012) 6:89–97.
doi: 10.4184/asj.2012.6.2.89

8. Woods KR, Billys JB, Hynes RA. Technical description of oblique lateral
interbody fusion at L1-L5 (OLIF25) and at L5-S1 (OLIF51) and evaluation of
complication and fusion rates. Spine J. (2017) 17:545–53. doi: 10.1016/j.spinee.
2016.10.026

9. Aguirre AO, Soliman MAR, Azmy S, Khan A, Jowdy PK, Mullin JP, et al.
Incidence of major and minor vascular injuries during lateral access lumbar
interbody fusion procedures: a retrospective comparative study and systematic
literature review. Neurosurg Rev. (2022) 45:1275–89. doi: 10.1007/s10143-021-
01699-8

10. Li H-M, Zhang R-J, Shen C-L. Differences in radiographic and clinical
outcomes of oblique lateral interbody fusion and lateral lumbar interbody
fusion for degenerative lumbar disease: a meta-analysis. BMC Musculoskelet
Disord. (2019) 20:582. doi: 10.1186/s12891-019-2972-7

11. Li HJ, Ge DW, Zhang S, Aisikeerbayi AJ, Wang H, He YL, et al. Comparative
study between mini-open TLIF via Wiltse’s Approach and conventional open
TLIF in lumbar degenerative diseases. Eur Rev Med Pharmacol Sci. (2018)
22:53–62. doi: 10.26355/eurrev_201807_15364

12. Ohtori S, Orita S, Yamauchi K, Eguchi Y, Ochiai N, Kishida S, et al. Mini-
Open anterior retroperitoneal lumbar interbody fusion: oblique lateral interbody
fusion for lumbar spinal degeneration disease. Yonsei Med J. (2015) 56:1051–9.
doi: 10.3349/ymj.2015.56.4.1051

13. Drazin D, Kim TT, Johnson JP. Simultaneous lateral interbody fusion and
posterior percutaneous instrumentation: early experience and technical
considerations. Biomed Res Int. (2015) 2015:458284. doi: 10.1155/2015/458284

14. Ziino C, Konopka JA, Ajiboye RM, Ledesma JB, Koltsov JCB, Cheng I.
Single position versus lateral-then-prone positioning for lateral interbody fusion
and pedicle screw fixation. J Spine Surg. (2018) 4:717–24. doi: 10.21037/jss.2018.
12.03

15. Xie T, Wang C, Yang Z, Xiu P, Yang X, Wang X, et al. Minimally invasive
oblique lateral lumbar interbody fusion combined with anterolateral screw fixation
for lumbar degenerative disc disease. World Neurosurg. (2020) 135:e671–e78.
doi: 10.1016/j.wneu.2019.12.105

16. Liu J, Feng H. Oblique lateral interbody fusion (OLIF) with supplemental
anterolateral screw and rod instrumentation: a preliminary clinical study. World
Neurosurg. (2020) 134:e944–50. doi: 10.1016/j.wneu.2019.11.046

17. Sato J, Ohtori S, Orita S, Yamauchi K, Eguchi Y, Ochiai N, et al.
Radiographic evaluation of indirect decompression of mini-open anterior
retroperitoneal lumbar interbody fusion: oblique lateral interbody fusion for
degenerated lumbar spondylolisthesis. Eur Spine J. (2017) 26:671–78. doi: 10.
1007/s00586-015-4170-0

18. Guo Y, Wang X, Li Y, Jiang K, Chen B, An J, et al. Oblique lateral interbody
fusion with anterolateral screw fixation is as effective as with posterior
Frontiers in Surgery 12
percutaneous pedicle screw fixation in treating single-segment mild degenerative
lumbar diseases. Med Sci Monit. (2022) 28:e934985. doi: 10.12659/msm.934985

19. Bridwell KH, Lenke LG, McEnery KW, Baldus C, Blanke K. Anterior fresh
frozen structural allografts in the thoracic and lumbar spine. Do they work if
combined with posterior fusion and instrumentation in adult patients with
kyphosis or anterior column defects? Spine. (1995) 20:1410–8. doi: 10.1097/
00007632-199506020-00014

20. Sharma AK, Kepler CK, Girardi FP, Cammisa FP, Huang RC, Sama AA.
Lateral lumbar interbody fusion: clinical and radiographic outcomes at 1 year: a
preliminary report. J Spinal Disord Tech. (2011) 24:242–50. doi: 10.1097/BSD.
0b013e3181ecf995

21. He W, He D, Sun Y, Xing Y, Wen J, Wang W, et al. Standalone oblique
lateral interbody fusion vs. Combined with percutaneous pedicle screw in
spondylolisthesis. BMC Musculoskelet Disord. (2020) 21:184. doi: 10.1186/
s12891-020-03192-7

22. Ko MJ, Park SW, Kim YB. Effect of cage in radiological differences between
direct and oblique lateral interbody fusion techniques. J Korean Neurosurg Soc.
(2019) 62:432–41. doi: 10.3340/jkns.2018.0142

23. Soriano-Baron H, Newcomb A, Malhotra D, Martinez Del Campo E, Palma
Jr. AE, Theodore N, et al. Biomechanical effects of an oblique lumbar PEEK cage
and posterior augmentation.World Neurosurg. (2019) 126:e975–81. doi: 10.1016/j.
wneu.2019.02.200

24. Patel RS, Suh SW, Kang SH, Nam KY, Siddiqui SS, Chang DG, et al. The
radiologic and clinical outcomes of oblique lateral interbody fusion for
correction of adult degenerative lumbar deformity. Indian J Orthop. (2019)
53:502–09. doi: 10.4103/ortho.IJOrtho_655_17

25. Fujibayashi S, Hynes RA, Otsuki B, Kimura H, Takemoto M, Matsuda S.
Effect of indirect neural decompression through oblique lateral interbody fusion
for degenerative lumbar disease. Spine. (2015) 40:E175–82. doi: 10.1097/brs.
0000000000000703

26. Fujibayashi S, Kawakami N, Asazuma T, Ito M, Mizutani J, Nagashima H,
et al. Complications associated with lateral interbody fusion: nationwide survey
of 2998 cases during the first 2 years of its use in Japan. Spine. (2017)
42:1478–84. doi: 10.1097/brs.0000000000002139

27. Abe K, Orita S, Mannoji C, Motegi H, Aramomi M, Ishikawa T, et al.
Perioperative complications in 155 patients who underwent oblique lateral
interbody fusion surgery: perspectives and indications from a retrospective,
multicenter survey. Spine. (2017) 42:55–62. doi: 10.1097/brs.0000000000001650

28. Ross JS, Robertson JT, Frederickson RC, Petrie JL, Obuchowski N, Modic
MT, et al. Association between peridural scar and recurrent radicular pain after
lumbar discectomy: magnetic resonance evaluation. ADCON-L European study
group. Neurosurgery. (1996) 38:855–61; discussion 61–3. doi: 10.1227/00006123-
199604000-00053

29. Proietti L, Perna A, Ricciardi L, Fumo C, Santagada DA, Giannelli I, et al.
Radiological evaluation of fusion patterns after lateral lumbar interbody fusion:
institutional case series. Radiol Med. (2021) 126(2):250–7. doi: 10.1007/s11547-
020-01252-5

30. Meng H, Gao Y, Lu P, Zhao GM, Zhang ZC, Sun TS, et al. Risk factor
analysis of disc and facet joint degeneration after intersegmental pedicle screw
fixation for lumbar spondylolysis. J Orthop Surg Res. (2022) 17:247. doi: 10.
1186/s13018-022-03082-9

31. Berry CA, Thawrani DP, Makhoul FR. Inclusion of L5-S1 in oblique lumbar
interbody fusion-techniques and early complications-a single center experience.
Spine J. (2021) 21:418–29. doi: 10.1016/j.spinee.2020.10.016

32. MiscusiM, Trungu S, Ricciardi L, Forcato S, Ramieri A, Raco A. The anterior-to-
psoas approach for interbody fusion at the L5-S1 segment: clinical and radiological
outcomes. Neurosurg Focus. (2020) 49:E14. doi: 10.3171/2020.6.Focus20335

33. Park P. Impact of spinal navigation on the oblique lumbar interbody fusion.
Neurospine. (2020) 17:268–69. doi: 10.14245/ns.2040518.059

34. Choy W, Mayer RR, Mummaneni PV, Chou D. Oblique lumbar interbody
fusion with stereotactic navigation: technical note. Global Spine J. (2020)
10:94s–100s. doi: 10.1177/2192568220910181
frontiersin.org

https://doi.org/10.1002/art.34347
https://doi.org/10.1146/annurev.pu.12.050191.001041
https://doi.org/10.1016/s0140-6736(16)30970-9
https://doi.org/10.1016/j.berh.2010.10.002
https://doi.org/10.1016/s0140-6736(18)30480-x
https://doi.org/10.1111/os.12625
https://doi.org/10.4184/asj.2012.6.2.89
https://doi.org/10.1016/j.spinee.2016.10.026
https://doi.org/10.1016/j.spinee.2016.10.026
https://doi.org/10.1007/s10143-021-01699-8
https://doi.org/10.1007/s10143-021-01699-8
https://doi.org/10.1186/s12891-019-2972-7
https://doi.org/10.26355/eurrev_201807_15364
https://doi.org/10.3349/ymj.2015.56.4.1051
https://doi.org/10.1155/2015/458284
https://doi.org/10.21037/jss.2018.12.03
https://doi.org/10.21037/jss.2018.12.03
https://doi.org/10.1016/j.wneu.2019.12.105
https://doi.org/10.1016/j.wneu.2019.11.046
https://doi.org/10.1007/s00586-015-4170-0
https://doi.org/10.1007/s00586-015-4170-0
https://doi.org/10.12659/msm.934985
https://doi.org/10.1097/00007632-199506020-00014
https://doi.org/10.1097/00007632-199506020-00014
https://doi.org/10.1097/BSD.0b013e3181ecf995
https://doi.org/10.1097/BSD.0b013e3181ecf995
https://doi.org/10.1186/s12891-020-03192-7
https://doi.org/10.1186/s12891-020-03192-7
https://doi.org/10.3340/jkns.2018.0142
https://doi.org/10.1016/j.wneu.2019.02.200
https://doi.org/10.1016/j.wneu.2019.02.200
https://doi.org/10.4103/ortho.IJOrtho_655_17
https://doi.org/10.1097/brs.0000000000000703
https://doi.org/10.1097/brs.0000000000000703
https://doi.org/10.1097/brs.0000000000002139
https://doi.org/10.1097/brs.0000000000001650
https://doi.org/10.1227/00006123-199604000-00053
https://doi.org/10.1227/00006123-199604000-00053
https://doi.org/10.1007/s11547-020-01252-5
https://doi.org/10.1007/s11547-020-01252-5
https://doi.org/10.1186/s13018-022-03082-9
https://doi.org/10.1186/s13018-022-03082-9
https://doi.org/10.1016/j.spinee.2020.10.016
https://doi.org/10.3171/2020.6.Focus20335
https://doi.org/10.14245/ns.2040518.059
https://doi.org/10.1177/2192568220910181
https://doi.org/10.3389/fsurg.2022.989372
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Oblique lateral interbody fusion in heterogenous lumbar diseases: Anterolateral screw fixation vs. posterior percutaneous pedicle screw fixation – A single center experience
	Introduction
	Methods
	Patients
	Surgical procedure
	Radiographic evaluation
	Statistical methods

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


