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Three —dimensional finite element analysis of oblique lateral lumbar interbody fusion combined with
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[Abstract] Objectives: To validate whether oblique lateral interbody fusion(OLIF) combined with unilateral
pedicle screw —rod fixation can provide sufficient interbody stability for corresponding fusion and fixation
segment through three—dimensional finite element analysis. Methods: To establish a three—dimensional finite
element model of 1.3-S1 segments by Mimics, Geomagic, and 3-Matic software based on CT scan data of
L3-S1 of healthy people, and it was set as normal control group(M0). On such basis, combined with Freeform
and other software, OLIF stand alone model (M1) of 14/5, OLIF with unilateral pedicle screw-rod fixation
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(Wiltse approach) model(M2), and OLIF with bilateral pedicle screw-rod fixation(Wiltse approach) model(M3)
were set up. 500N preload was applied on the upper surface of L3 and 10N -m moment was applied to
simulate the physiological activities of lumbar spine in standing position, flexion, extension, lateral flexion and
rotation. The above loading conditions were applied on both the MO, to validate the effectiveness of the
model, and all finite element models, to observe the 14/5 segment range of motion(ROM), stress distribution of
cage and pedicle screw-rod under different working conditions. The maximum stress of cage and pedicle
screw—rod should be recorded. Results: It was validated that the finite element model was effective compared
with the literature data. The ROM values of 4 groups in each movement state(flexion, extension, left and right
lateral flexion, left and right rotation) were ranked from small to large: M3, M2, M1, and MO. M2 showed
the variation ranges under flexion

and 58.88%
and 70.39% respectively comparing to M1. M3 showed better stability in flexion and extension than M2, and

better stability in flexion and extension than MO and M1. To be specific,

and extension condition of M2 ROM were 75.43% and 85.20% respectively comparing to MO,

the variation ranges of M3 ROM were 25.55% and 25.33% under flexion and extension respectively
comparing to M2.  Except smaller difference of variation range under right bending and right rotation
conditions, the variation range of ROM of M2 comparing with MO was much larger than that comparing with
M3. Under all working conditions, the variation ranges of ROM of M2 when compared with MO were 14.08%
—-85.20%, and that were 16.44%-25.55% when compared with M3.

except that it was slightly higher in M2 than in M1 under condition of standing,

In terms of the peak stress of the cage,
in other motion states, it
showed a decreasing trend with the increase of the number of additional pedicle screw—rod, which was most
obvious in extension with a decreasing range of 109.14%. In terms of the peak stress of the screw-rod
system, it was higher in M2 than in M3 under other states, except that peak stress value of M2 significantly
lower than that of M3 in right lateral flexion and slightly lower than that of the M3 in left lateral bending.
The differences of peak stress of screw—rod system between M2 and M3 were larger in right lateral bending
and retroextension which were -33.09% and 76.79%.

the three surgery groups was far from their yield strength respectively. Conclusions: The model of OLIF with

The peak stress of the screw-rod and cage in each of

unilateral pedicle screw-rod fixation can provide sufficient intervertebral stability for the corresponding fusion
fixation segment.
[Key words] Finite element analysis; Lumbar fusion; Oblique lateral interbody fusion; Unilateral pedicle
screw—rod fixation
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Figure 1 13-SI1 finite element model of normal human(MO, the frontal and lateral position) Figure 2 Model of OLIF

Stand alone(M1, the frontal and lateral position) Figure 3 Model of OLIF with unilateral pedicle screw fixation(M2, the

frontal and lateral position)
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Figure 4 Model of OLIF with bilateral pedicle screw fixation(M3, the frontal and lateral
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Table 1 Mechanical parameters of spinal model and

implants
[ZEs SRPEAE B (MPa) FEEVY
Materials Young's modulus  Poisson ratio
HEAR B 51
Vertebral cortical bone 12000 0.30
HEH A BT
Vertebral cancellous bone 100 0.20
HER L AR
Vertebral endplate 2000 0.20
Ji5 i 45
Posterior structure 3500 0.30
B ST
Fiber of annulus fibrosus 2 I
2 2 PR EE T
Matrix of annulus fibrosus 42 0.45
% 1.0 0.499
Nucleus pulposus
HI
Anterior longitudinal ligament 78 0.30
IEEN L
Posterior longitudinal ligament 10 0.30
L )
Supraspinal ligament and 8 0.30
interspinous ligament
tone Il Bl 15 0.30
ntercapsular ligament
A
Ligamentum flavum 10 0.30
fﬁﬂélﬁﬂfﬂfﬁ 10 0.30
Intertransverse ligament
HEAR 1] 5C 45
Facet joint cartilag 10 0.30
cage PEEK 3500 0.30
ETHE (Ti—6A 1 —
FTHE(Ti-6A1-4V) 113000 0.30

Screw and rod

R2 EEEHREBP S TEREEZDIEES
Yamamoto  Xiao % #f 5% #1451 L &2
Table 2 The comparison of [4/5 segment activity
ranges among the normal spine model and

Yamamoto's and Xiao's data

B Eﬁﬁ’&’f;ﬁﬁﬂ Yamamoto Xiao%
s Normal spine  Yamamoto, et .
Motion state Xiao, et al
model al
JE+JE AT (°)
Flexion and 12.84 14.8+2.10 14.20
extension
e+ A ()
Left and right 11.58 12.2+2.25 13.23
lateral flexion
I+ AT HERE (°)
Left and right 5.11 3.7+1.50 4.23
rotation
M2 cage i /] = B UL EL 5,M1 cage L JJ {8 AH 4%
M2 7E B N7 H S A Ae A W R A A e A i

1 725 Ak 43 9 K —1.88% 9.66% 40.49% 25.44% .
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Table 3 Comparison of intervertebral motion degrees
of LA/5 in each finite element model under different

motion states

MO M1 M2 M3
FEXJEH 721 6.53 4.11 3.06
Exﬁﬂon 5.63 5.18 3.04 227

Left li?ﬂlﬂ%ﬂexion 591 5.82 4.49 3.55
Right Elfﬁ%:ﬂexion 5.67 5.64 497 3.81
Leé‘{ f}flifion 2.66 245 2.19 1.83
e 245 231 2.13 1.77

Right rotation

K4 BEFAREB cage L AR EXFLE  (MPa)
Table 4 Comparison of the maximum stress value of

cage in each surgical model

M1 M2 M3
=
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Flﬁm?uj 8.97 8.18 6.18
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E o 9.23 6.57 2.06
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7
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A
Right lateral flexion 7.78 6.44 4.66
iy
Left rotation 12.7 9.47 742
et . " -
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Figure 5 The mises stress cloud of cgae of M2(OLIF with unilateral pedicle screw fixation) under 7 motion states, as

indicated as A, standing; B, flexion; C, extension; D, left lateral flexion; E, right lateral flexion; F, left rotation; G, right

rotation
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Table 5 Comparison of the maximum stress value of

pedicle screw and rod in each surgical model

MO M1 M2 M3
BT
Upright / / 20.5 16.8
i FH / / 324 25.7
Flexion
E 7 ﬁi / / 69.8 46.7
xtension
e
Left lateral flexion / / 26.8 27.6
A
Right lateral flexion / / 16.8 29.7
7e i
Left rotation / / 23.7 22.6
filiest / / 26.2 22.4

Right rotation
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Figure 6 The mises stress cloud of pedicle screw—-rod of M2 (OLIF with unilateral pedicle screw fixation)

under 7

motion states, as indicated as A, standing; B, flexion; C, extension; D, left lateral flexion; E, right lateral flexion; F, left

rotation; G, right rotation
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