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Abstract

Background: The most common complication of oblique lumbar interbody fusion (OLIF) is cage
subsidence. OLIF combined with internal fixation could help decrease the cage subsidence and increase
the fusion rate. The aim of this study was to evaluate the biomechanical feasibility and safety in the
patients undergoing OLIF surgery with anterolateral screw fixation (ASF).

Methods: Based on our previous validated model , L4-L5 functional surgical models corresponding to the
ASF and Bilateral pedicle screw fixation(BPSF) methods were created. A 500 N compression force was
applied to the superior surface of the model to represent the upper body weight, and a 7.5 Nm moment
was applied to simulate the six movement directions of the lumbar spinal model: flexion/extension,
right/left lateral bending and right/left axial rotation. Finite element (FE) models were developed to
compare the biomechanics of the ASF and BPSF groups.

Results: Compared to the range of motion (ROM) of the intact lumbar model, that of the ASF model was
decreased by 82.0% in flexion, 60.0% in extension, and the BPSF model was decreased by 86.7% in
flexion, 77.3% in extension. Compared to the BPSF model, the maximum stresses of the L4 inferior
endplate (IEP) and L5 superior endplate (SEP) were greatly increased in the ASF model; The contact
surface between vertebrae and screw (CSVS) in the ASF model produced nearly100% more stresses than
the BPSF model in all moment .

Conclusions: OLIF surgery with ASF could not reduce the maximum stresses on the endplate and CSVS,
which may be a potential risk factor for cage subsidence and screw loosening.

1. Background

Oblique lumbar interbody fusion(OLIF) was introduced in 2012 by Silvestre [1]. The stand-alone (SA)
procedure is associated with a low risk of post treatment trauma or bleeding and offers good stability
and quick recovery. However, complications associated with this technique have been frequently reported
[2-5]. The most common complication was endplate fracture/subsidence (18.7%) [6]. Malham [7] found
that for patients with osteoporosis, the combination of internal fixation could help decrease the cage
subsidence and increase the fusion rate. OLIF combined with bilateral pedicle screw fixation (BPSF)
significantly increased the operative time, medical expenditure and risks associated with pedicle screw
placement [8]. Anterolateral screw-rod fixation (ASF) procedure enabled to reduce the operative time,
blood loss, radiological exposure, and soft tissue disruption, because instrumentation could be applied
through the same surgical corridor without extra incision and exposure[9] .But the stability and safety of
OLIF surgery with a ASF procedure have never been explored. Few literatures reported the biomechanical
evaluation about the OLIF with ASF.

Recently, FEA of lumbar biomechanics had become an important test for the evaluation of surgical
feasibility and the design of instruments. [10]. The purpose of this study was to evaluate stability and
safety of OLIF surgery with ASF by Finite element analysis (FEA).
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2. Methods
2.1 Development of the OLIF FE model

Base on our previous validated model[11], an OLIF cage (10 mm in height, 55 mm in length, 18 mm in
width ,5-degree sagittal angle) was assembled based on the L4-L5 functional spinal unit (FSU) model
(Fig. 2) to simulate the SA model. Two screws (6.5 mm in diameter and 45 mm in length) and one rods
(5.5 mm in diameter and 45 mm in length) were assembled on left lateral sides of the SA model to
simulate the ASF model ,and four pedicle screws and two rods were assembled on both sides of the
posterior of SA model to simulate the BPSF model (Fig. 1). The properties were also adopted from the
literature (Table 1) [10]. The bottom of the L5 vertebral body was fully constrained(Fig. 1).

Table 1

Assigned Material Properties for the Finite Element Models
Tissues Modulus (MPa) Poisson'sratio Elementtype Thickness
Cortical bone 12000 0.3 Shell 1T mm
Cancellous bone 100 0.2 Solid /
Bony endplate 12000 0.3 Shell 0.8 mm
Facet 35 0.4 Shell 0.2 mm
Annular ground substance c1=0.18,c2=0.045 / Solid /
Nucleus pulposus c1=0.12,¢2=0.03 / Solid /
Annular collagen fiber 450 0.3 Surface /
PEEK (polyetheretherketone) 3700 0.3 Solid /
Titanium (Ti-6Al-4V) 110000 0.3 Solid /

2.2 Finite element analysis

The load process consisted of two steps. In the first step, a 500 N compression force was applied to the

superior surface of the model to represent the upper body weight. In the second step, a moment of

7.5 N m was applied to the surface of the model to test the six movement directions of the lumbar spinal
model: flexion/extension, right/left lateral bending and right/left axial rotation. The biomechanics of the
SAASF and BPSF groups were compared to evaluate the risk of cage subsidence.

3. Results
3.1 ROM and displacement in the OLIF model
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Compared to ROM of the intact lumbar model, that of the SA model was decreased by 79.6% in flexion,
54.5% in extension, 57.2% in lateral bending, and 50.0% in axial rotation, and the ASF model was
decreased by 82.0% in flexion, 60.0% in extension, 74.0% in left lateral bending and 68.8% in right lateral
bending, 72.2% in left axial rotation and 71.4% in right axial rotation, and the BPSF model was decreased
by 86.7% in flexion, 77.3% in extension, 76.2% in lateral bending, and 75.0% in axial rotation. (Fig. 2).
These results showed that the OLIF procedure with BPSF could considerably reduce the ROM of the
fusion segment. However, OLIF with the SA procedure could not effectively reduce the extension, lateral
bending and axial rotation motion, and OLIF with the ASF procedure could not effectively reduce the
extension motion (no more than 60%).

3.2 Stress in the models

Compared to the SA model, the maximum stresses of L4 IEP and L5 SEP were significantly decreased in
the BPSF model; the L4 IEP max stress was decreased to 11.25 MPa in extension, and the L5 SEP max
stress was increased to 28.89 MPa in flexion (Fig. 3, Fig. 4, Fig. 5 and Fig. 6). Compared to the SA model
,the maximum stresses of L4 IEP and L5 SEP were slightly decreased in the ASF model,L4 IEP max stress
was 41.72 MPa in extension and L5 SEP max stress was 40.51 MPa in flexion (Fig. 4, Fig. 6).The L4 IEP
of the SA model produced 339% greater stress than the BPSF model in the extension moment, and the L5
SEP of the SA model produced 64% greater stress than the BPSF model in the flexion moment. The L4
IEP of the ASF model produced 270.84% greater stress than the BPSF model in the extension moment,
and the L5 SEP of the ASF model produced 40.22% greater stress than the BPSF model in the flexion
moment. These results indicated that OLIF with SA and ASF was associated with a higher risk of
endplate fracture/subsidence in the flexion and extension motions than OLIF with BPSF. OLIF with BPSF
could greatly decrease the von Mises stress of the endplate, which may reduce the risk of endplate
fracture.

The maximum von Mises stresses of the contact surface between vertebrae and screw (CSVS) were
significantly increased in the ASF model in all moments compared to the BPSF model. The CSVS in the
ASF model produced nearly100% more stresses than the BPSF model in all moment (Fig. 7 and

Fig. 8).The maximum von Mises stresses of CSVS were 33.68 MPa in ASF model and 16.45 MPa in BPSF
model in flexion moment.

The maximum von Mises stresses of the screw increased slightly in the BPSF model in the flexion,
bending and rotation moments compared to the ASF model. In the extension moment , The maximum
stresses of the screw in the BPSF mode decrease 10.20% compared to the ASF model (Fig. 9 and

Fig. 10).The max stresses of screw were 141.7 MPa in flexion moment in BPSF model and 116.45 MPa in
ASF model(Fig. 10).

The maximum von Mises stresses of the cage increased slightly in the ASF model in the flexion,
extension, right bending and rotation moments compared to the SA model and decreased 58.3% in the
left bending moment. The max stresses of cage decreased largely in the BPSF model in all moments,
especially in the extension moment, the max stresses decrease 83.9% compared to the SA model. In the
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extension moment, the max stresses of cage were 68.64 MPa in extension moment in SA model
,47.88 MPa in ASF model and 11.08 MPa in BPSF model (Fig. 11 and Fig. 12).

4. Discussion

OLIF surgery has become popular recent years. Nevertheless, complication rates range from 3.7-66.7%
[2-5, 12-13]. The cage subsidence incidence in the stand-alone group was higher than that in the OLIF
combined with posterior pedicle screw fixation group [7]. OLIF surgery with bilateral pedicle screw fixation
(BPSF) may be an alternative solution to reduce the complication [7]. Liu JP reviewed 15 patients
underwent OLIF surgery with ASF and only 1 case of endplate damage (6.7%) was founded and inter-
body fusion rate was 95%[8]. Compare to BPSF procedure, ASF procedure could reduce the total operative
time, blood loss, radiological exposure, and soft tissue disruption. It seemed OLIF with ASF was a
promising procedure. But Biomechanical evaluation about the OLIF with ASF had never been reported.

Based on the our previous validated lumbar model[11], OLIF models including SA, ASF and BPSF
procedures at the level of the FSU (L4-L5) have been developed. The simulation showed that BPSF could
extensively reduce the ROM of the lumbar segment. However, SA OLIF procedure could not effectively
reduce the extension, lateral bending and axial rotation motion of the lumbar segment (less than 60%).
ASF OLIF procedure could not effectively reduce the extension of lumbar segment (no more than 60%).

Under 500 N of compression force and 7.5 N m moment loading, in the SA model, the maximum stress of
the L4 IEP was 47.6 MPa in extension movement, the maximum stress of the L5 SEP was 46.2 MPa in
flexion movement, and in the ASF model, in L4 IEP max stress was 41.7 MPa in extension and L5 SEP
max stress was 40.5 MPa in flexion. Compared to OLIF with SA, the maximum stresses of L4 IEP and L5
SEP of OLIF with ASF were slightly decreased which suggested OLIF ASF could not reduce the cage
subsidence effectively. The L4 IEP of the BPSF model exhibited 77.2% less stress than the SA model in
extension moment, and the L5 SEP of the BPSF model showed 39.0% less stress than the SA model in
the flexion moment; therefore, BPSF could efficiently reduce the maximum stress on the endplate. This
indicated that OLIF with BPSF was safer than OLIF with SA and ASF regarding cage subsidence. The
maximum von Mises stresses of CSVS were 33.68 MPa in ASF model and 16.45 MPa in BPSF model in
flexion moment. The CSVS in the ASF model produced nearly100% more stress than the BPSF model in
all moment which meant CSVS of ASF procedure was easier to be broken than BPSF procedure in the
patients with poor bone quality and had high risk of screw loosening. In clinical practice, Xie [14] reviewed
65 patients underwent OLIF surgery with ASF and 5 cases of cage subsidence (7.7%) were founded. He
concluded cage subsidence was the most common complication in the OLIF with ASF.

Overall, the FEA revealed that the SA and ASF procedure could not provide sufficient rigidity in OLIF
surgery. Compared to OLIF with SA, OLIF with ASF could not reduce the max stresses of endplate and
could not reduce the cage subsidence effectively.

In conclusion, from the FEA study, OLIF with ASF could not reduce the cage subsidence effectively. BPSF

is important for OLIF surgery, although it is time-consuming and may result in other complications such
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as fixation failure, infection, and neurological deficits [15], compared to the greater risk of cage
subsidence, the additional risks of BPSF are lower and less destructive.

From this study, for patients with excellent bone quality, OLIF with ASF procedure may be a good solution.

OLIF with ASF procedure is not suitable for patients with poor bone quality, such as osteoporosis, and
have high risk of cage subsidence and screw loosening. OLIF with BPSF is the best choice for them. OLIF
with BPSF is an ideal solution for patients with cage subsidence after undergoing OLIF with ASF

(Fig. 13). The FEA does not provide actual clinical outcome evidence. Further clinical studies should be
done in the future to verify the FEA results. Due to multiple risk factors for endplate fracture may exist,
including endplate damage, obesity, high iliac crest, and poor stability of lesion segments [7], the specific
surgical plan is more complex in clinical experience.

Limitations

The postoperative residual annular fibrous was not constructed in the stand-alone OLIF model. The
muscles were not considered in this study, which play an important role in supporting the stability of
lumbar spine. The FEA does not provide actual clinical outcome evidence. Further clinical studies should
be done in the future to verify the FEA results.

Conclusions

The FEA indicated that the OLIF with ASF procedure could not reduce the complication of cage
subsidence in the patients with poor bone quality and OLIF with BPSF was very important for the patients
with poor bone quality. Since the FEA does not provide actual clinical outcome evidence, further clinical
studies should be done in the future to verify the FEA results.
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Figure 1

The models of OLIF with SA, BPSF (A:SA geometric model B:ASF geometric model C: BPSF geometric
model D: SA FE model E:ASF FE model F: BPSF FE model)
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The maximum von Mises stress of L4 IEP in all models
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Distribution of maximum stresses and strain in L4 IEP in extension motions
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Figure 7
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Distribution of maximum stresses of CSVS in flexion moment

The maximum von Mises stress of screw in all models
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Figure 10
Distribution of maximum stresses of screw in flexion moment
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The maximum von Mises stress of cage in all models
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Figure 12

Distribution of maximum stresses of cage in extension moment
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Figure 13

A 65 year-old patient who underwent OLIF with ASF suffered from cage subsidence one month after
surgery and revised with BPSF 2months later.(A: lateral X-ray image of lumbar 2days after surgery
B:lateral X-ray image of lumbar Tmonth after surgery C:lateral X-ray image of lumbar 2month after
surgery)

Page 14/14



