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Simulation calculation on biomechanical properties of lumbar disc
herniation

HUANG Ju-ying', LI Hai-yun', Wu Hao’(1. Computer Simulation and Medical Imaging Laboratory,
College of Biomedical Engineering, Capital Medical University, Beijing 100069, China; 2. Department of Neuro-
surgery, Xuanwu Hospital Affiliated to Capital Medical University, Beijing 100053, China)

Abstract: Objective To establish a numerical calculation and analysis model of lumbar disc herniation so as to
provide a method of detecting and assessing the mechanical mechanism of lumbar disc herniation. Methods
Based on CT of a healthy adult, the vertebra and intervertebral disc of lumbar 4 ~ 5 segment were reconstructed
by Mimics 10.01 software and Geomagic 10.0 software, respectively. By adding the lumbar attaching ligaments
and transforming the corresponding material properties of the extruded disc in Ansys software, the finite element
model of L4 ~5 was established to create the intact disc and extruded disc model. The finite element method was
employed to simulate the biomechanical properties of the two models under the loads of axial compression, flex-
ion, lateral bending, extension and rotation. Results After the lumbar disc was extruded, the stress distribution
on the disc and the ability of load transfer were changed. The stress was concentrated at the posterior lateral of
annulus fibrous. Under the same loads, the maximum deformation of the extruded disc was larger than that of the
intact disc. The contact forces of the facet joints in the extruded disc model were larger than that in the intact disc
model. Conclusions After the lumbar disc was extruded, the load-bearing capacity was decreased and the
stress level of the articular process was increased, and the loads on the facet joints were also enhanced, leading
to the decline of stability in the lumbar vertebrae.

Key words.: Lumbar; Disc herniation; Mechanical properties; Finite element analysis; Stress distribution;
Deformation; Loads
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Fig.1 Finite element model of the lumber L4 ~5 segment
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Tab.1 Material parameters of finite element model

kot SR, E/MPa LAY E
BPE 12 000 0.3
WABUE 100 0.2

AT 25 0.4

Btk 1 0.499 9
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Fig.2 Finite element model of the lumbar disc herniation
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Fig.3 Comparison between finite element results and results from
experimental studies: the maximum displacement of the vertebrae
under different axial loads
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Tab.2 Comparison between FE results with the results from ex-
perimental studies: the rotation degree of the vertebrae under dif-
ferent loads

WE/(c) JE/C) wE/(C) T/ ()
k[ 12] 8.9 5.8 5.9 2.5
k[ 13] 4.5 4 2 2
A RoTER 6.7 6 3.7 1.95
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Tab.3 Comparson between finlte element resulis and results
from experimental studles: the rotation degree of the vertebrae un-
der different loads

/() Bfl/(°) ®B/(°)  HER/(°)
k[ 14] 4.4 1.8 1.3 1.2
FIRTER 5.2 2.2 1.6 1.3
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Tab.4 Maximum stresses on the Intervertebral disc under five dif-
ferent loads In two models
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Fig.4 Distribution of Von Mises stress under 1 kN axial compres-
slon force (a) The intact disc model, (b) The extruded disc
model
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Fig.5 Distribution of Von Mises stress under lateral bending
(a) The intact disc model, (b) The extruded disc model
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Fig.6 Distribution of Von Mises siress under extension (a)
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Fig.7 Distribution of Von Mises stress under flexion
intact disc model, (b) The extruded disc model
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Fig.8 The distribution of Von Mises siress under rotation
(a) The intact disc model, (b) The extruded disc model
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Tab.5 Maximum deformation on the intervertebral disc under five
different loads in two models
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Tab.6 Changes of facet contact forces under five different loads
in two models
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