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Stress changes of intervertebral disc after fusion of L4/5 facet joints: a finite element analysis/JIANG
Wei, LI Wei, YUAN Feng, et al/Chinese Journal of Spine and Spinal Cord, 2017, 27(5): 441-448

[Abstract] Objectives: A three—dimensional nonlinear finite element model of L.3-L5 based on biomechanical
characteristics was established, and to simulate the stress distribution of 14/5 intervertebral disc after the
non—fusion and fusion of the bilateral lumbar facet joint of 14/5, also to analyze the 14/5 segment activity.
Methods: A 27-year—old healthy adult male volunteer with 175¢m height, 70kg weight and no previous his-
tory of low back pain was selected. The L3-L5 vertebral two—dimensional image data were obtained by scan-
ning the T12-S1 vertebral body with 64 slice spiral CT. After simplification and smooth processing by Geo-
magic software, dividing surface and volume meshes by 3-matic software, and assignment by Mimics, the
three—dimensional finite element model of lumbar facet joint with non—fusion or fusion was reconstructed fi-
nally after importing Ansys software. While the surface anisotropy activity of L5 vertebra constrained, a 500N
surface load was given to the top surface of L3 vertebra and a moment of 7.5Nm was exerted to simulate the
normal human 7 motion state, including vertical compression, flexion, extension, left and right flexion, left and
right rotation. The stress distribution of 14/5 intervertebral disc after non—fusion and fusion, and the L[4/5
segment activity was analyzed after operation. Results: The model was established, and the ranges of motion

of L3/4 and 14/5 segments were corresponding to previous literatures on lumbar mobility. When compared to
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the facet non—fusion model, the posterior stress of facet fusion model decreased sharply and the activity of

[A/5 segment was significantly reduced in each different motion state,

and the difference was statistically

significant(P<0.05). Conclusions: Lumbar facet joint fusion can be a good way to reduce the posterior stress

of intervertebral disc, to maintain the stability of segment, to avoid the damage of the posterior intervertebral

disc and the tear of annulus fibrosus.
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Table 1 Material properties of lumbar vertebral

P Gl PR i (MPa) EEVYE
Grade Density (mg/em®)  Young's modulus Poisson ratio
Mat 1 105.52 127.65 0.29
Mat 2 255.70 447.54 0.29
Mat 3 405.88 767.43 0.29
Mat 4 556.06 1087.31 0.29
Mat 5 706.25 1407.20 0.29
Mat 6 856.43 1727.09 0.29
Mat 7 1006.61 2046.98 0.29
Mat 8 1156.79 2366.87 0.29
Mat 9 1306.98 2686.76 0.29
Mat 10 1457.16 12000.00 0.29
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Figure 1 Facet non —fusion model and facet
fusion model a, b The frontal and lateral position
of L3-L5 facet non—fusion model ¢, d The frontal
and lateral position of L3-L5 facet fusion model e

The nucleus pulposus and anulus fibrosus of L3/4

and 14/5



444 o[ R 2L R 2017 4EES 27 55 5 1)

Chinese Journal of Spine and Spinal Cord,2017,V0l.27,No.5

FE Tt N4 5] 4 A B SOON T #% faf ,  HE g 7 1) 3
LR AL B A M b 1) i 4 RS 26
500N [f 2 fif 77 A R BE T L3 MEAR b 3% 18 it fin
7.5N -m {9 I35 BEARLIE H AR LS 22
Ji AT ZEER: ATER: 6 Rz RS

x2 BEHEARTEEMBOAZSHRALTER
Table 2 Mechanical parameters and element types of

finite element models of lumbar spine
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Figure 2 Three dimensional finite element models a, b The three—dimensional finite element model of L3-5 facet non—

fusion model ¢, d The three—dimensional finite element model of L3-L5 facet fusion model, of which 14/5 bilateral facet

fusion, joint capsule ligament has been removed
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Table 4 Comparison of 14/5 intervertebral disc stress in the facet non—fusion model and
fusion model under 7 motion states
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Note: ®C(1mpared with the facet non—fusion model under the same motion states, P<0.05
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Figure 3 The mises stress cloud of 14/5 intervertebral disc under 7 motion state of the facet non—fusion model and

fusion model, stress areas changing from the posterolateral side of the facet non—fusion model to the anterolateral side of

the facet fusion model, the stress of posterior intervertebral disc was significantly reduced
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