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Three dimensional finite element analysis of the biomechanics influence of L4 inferior articular process
and L5 superior articular process foraminoplasty under percutaneous endoscopy on the intervertebral
disc/XIE Yizhou, JIAN Qiang, WU Haoyang, et al/Chinese Journal of Spine and Spinal Cord, 2020,
30(2): 151-158

[Abstract]  Objectives: To evaluate the biomechanical effects of lumbar 4—facet arthroplasty and lumbar
S5—facet arthroplasty under percutaneous endoscopy using three dimensional finite element analysis. Methods: a
healthy young male volunteer was selected and scanned under the thin-layer spiral CT to establish a normal
L3-L5 three—dimensional finite element model. The above normal finite element model and classical literature
data were verified. The simulated lumbar percutaneous endoscopic technique was used to resect the LS5
superior articular process and 14 inferior articular process through the lateral posterior approach. The normal
model, [4 model (A model) and L5 model (B model) were obtained. The load of 400N was applied to the
endplate on the upper surface of L3 vertebral body to simulate the load—-bearing gravity of normal human
lumbar spine.  The pure torque of 7.5N +m was applied in the direction of forward bending, backward
stretching, left and right side bending and left and right rotation respectively. The stress changes of L3/4 and

LA4/5 intervertebral discs of the three models were compared under the conditions of forward bending,
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backward stretching, left/right side bending and left/right rotation. Results: The maximum stress of [A4/5
intervertebral disc was 0.390MPa, 0.520MPa, 0.450MPa, 0.430MPa, 0.510MPa and 0.498MPa respectively in
flexion, extension, left flexion, right flexion, left rotation and right rotation after LS superior articular process
was formed; the maximum stress of 1.4/5 intervertebral disc was 0.375MPa, 0.490MPa, 0.440MPa, 0.420MPa,
0.482MPa and 0.478MPa respectively in flexion, extension, left flexion, right lateral flexion, left rotation and
right rotation after 14 inferior articular process was formed. The maximum stress of L3/4 intervertebral disc
was 0.368MPa, 0.478MPa, 0.436MPa, 0.430MPa, 0.465MPa and 0.444MPa after L5 superior articular process
was formed under the condition of forward flexion,
rotation, respectively. The maximum stress of L3/4 intervertebral disc was 0.369MPa, 0.480MPa, 0.442MPa,
0.432MPa, 0.468MPa and 0.452MPa under flexion,

inferior articular process was formed, respectively. Conclusions: The biomechanics of L4/5 disc in the state of

backward extension, left flexion, left rotation and right

right flexion, left rotation and right rotation after 14

extension and rotation is more affected by the L5 superior articular process foraminoplasty through the lateral

posterior approach than that through 14 inferior articular processforaminoplasty through the posterior approach.

Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No. 2

Both of them have little effect on the six kinds of stress changes of L3/4 disc.

[Key words] Lumbar percutaneous endoscopy; Foraminoplasty; Three—dimensional finite element
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Figure 1 a, b L3-L5 bone three—dimensional finite el-
ement model after network division, with the addition of
intervertebral disc, anterior longitudinal ligament, posterior
longitudinal ligament, yellow ligament, interspinous liga-
ment, supraspinous ligament and intertransverse process

ligament
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Table 1 Finite element model material properties
PR A FER N4

Elasticity modulus Poisson’s ratio

gy

Cortical bone 12000 0.3
A BT

Cancellous bone 100 02
B E S

Cartilago articularis 25 04
HER%

Nucleus pulposus 1 049
Y

LRYERt 42 0.45
Fibrous rings

HES K

Anteriorlongitudinal 7.8 0.3
ligaments

EENL

Posterior longitudinal 10 0.3
ligaments

B

Ligamentum flavum 15 03
185 5[] ) i

Intertransverse 10 0.3
ligaments

Pk Sk 75 03
Capsule ligament

WERE 10 0.3
Interspinous ligaments

By 3 03

Supraspinal ligaments
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Table 2 Model verification results
Shim i A% 56 AT

The model of this study

Specimen test

L3/4 14/5 1L.3/4 1L4/5
i
Forward 4.2+0.8 5.4+0.9 4 4.9
flexion
S fif
Backward 2.9+0.5 2.9+0.5 3 32
extension
Vst
Left flexion 3.5£1.0 4.4+1.1 3.6 3.5
A1)
Right flexion 3.5«1.0 44+1.1 3.6 3.5
T T
Left rotation 2.8+0.6 3.8+1.0 2.8 2.9
fE 28:06  38:1.0 28 2.9

Right rotation
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Figure 2 a In the simulated lateral posterior approach, the superior articular process of L5 was used as the point of

puncture to establish an accurate guidance route for puncture, and the right superior articular process of LS was resected
at an angle of 30° in the coronal plane. Then the model of LS superior articular process formed in diameter of 7.5mm
was obtained from the facet(the diameter of resection was 7.5mm) b Model A after network partition ¢ In the simulated
posterior approach, the L4 inferior articular process was used as the point of puncture to establish an accurate guidance
route for puncture, and the 14 inferior articular process forming model(B model) was obtained by resection of the right

L4 inferior articular process(the diameter of resection was 7.5mm) d Model B after network partition
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Figure 3 a, b The mises stress cloud of L3/4 disc of A and B models in flexion ¢, d The mises stress cloud of L3/4

disc of A and B models in extension e, f The mises stress cloud of L3/4 disc of A and B models in left bending g, h

The mises stress cloud of L3/4 disc of A and B models in right bending i, j The mises stress cloud of L3/4 disc of A

and B models under the left rotation state k, 1 The mises stress cloud of L3/4 disc of A and B models in right rotation
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Figure 4 a, b The mises stress cloud of 14/5 disc of A and B models in flexion ¢, d The mises stress cloud of 14/5

disc of A and B models in extension e, f The mises stress cloud of 14/5 disc of A and B models in left bending g, h
The mises stress cloud of 14/5 disc of A and Bmodels in right bending i, j The mises stress cloud of 14/5 disc of A
and B models in left rotation k, 1 The mises stress cloud of [4/5 disc of A and Bmodels in right rotation
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