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Abstract The finite element model for human lumbar spinal 1.3-1.4 is described by three-dimensional reconstruction
method—marching cubes (MC). With some vital soft tissues on spine, such as anterior ligament, opisthodetic
ligament, yellow ligament and fiber ring added, the complete three-dimensional finite element model of spine is
rebuilt precisely. Then the finite element model is divided into mesh and the corresponding material properties of all
parts are set. Finally, load and boundary conditions with different directions are defined to simulate the stress and
displacement of normal model and intervertebral disc swelling degeneration model under different conditions. Which
can provide biomechanical basis on the clinical diagnosis and treatment of intervertebral disc bulge and intervertebral
disc protrusion by analyzing its biomechanical properties.
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Fig. 1 Surface drawing process
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Fig. 2 Schematic of the human spine model after 3D reconstruction
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Fig. 3 Normal lumbar 1.3-1.4 segment model Fig. 4 Lumbar spine 1.3-1.4 segment model of

intervertebral disc bulge
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Fig. 5 Normal lumbar L.3-1.4 segment representation
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Table 1 Material properties of ligaments

Material Density /(10 ° kg * mm *) Young's modulus /MPa Poisson’s ratio

Posterior longitudinal ligament 1.0 9.12 0.4
Anterior longitudinal ligament 1.0 11.4 0.4
Yellow ligament 1.0 5.7 0.4
Nuclear marrow 1.0 1.0 0.495

Fiber ring 1.2 1 0.45
Cancellous bone 0.17 291 0.25

Dense bone 1.83 14000 0.3
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Fig. 6 Equivalent modeling of complete lubrication problems
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Fig. 7 XYZ axial schematic
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Fig. 8 Simulation diagram of the flexion movement of [.3-1.4 section. (a) Deformation cloud map;
(b) displacement cloud map; (c¢) stress cloud map
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Fig. 9 Simulation diagram of the extension movement of 1.3-1.4 section. (a) Deformation cloud map;

(b) displacement cloud map; (c) stress cloud map
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Fig. 10 Simulation diagram of the left flexion movement of 1.3-1.4 section. (a) Deformation cloud map;

(b) displacement cloud map; (c¢) stress cloud map
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Fig. 11 Simulation diagram of the right flexion movement of L3-L.4 section. (a) Deformation cloud map;
(b) displacement cloud map; (c) stress cloud map
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Fig. 12 Finite element model of the lumbar 1.3-1.4 section of intervertebral disc bulge
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Fig. 13 Simulation results of the flexion movement of intervertebral disc bulge model. (a) Deformation cloud map;

(b) displacement cloud map; (c¢) stress cloud map
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Fig. 14 Simulation results of the extension movement of intervertebral disc bulge model. (a) Deformation cloud map;

(b) displacement cloud map; (c¢) stress cloud map
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Fig. 15 Simulation results of the left flexion movement of intervertebral disc bulge model. (a) Deformation cloud map;

(b) displacement cloud map; (c¢) stress cloud map
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Fig. 16 Simulation results of the right flexion movement of intervertebral disc bulge model.

(a) Deformation cloud map; (b) displacement cloud map; (c) stress cloud map
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Fig. 17 Stress cloud map of the flexion movement of small joint. (a) Normal model; (b) intervertebral disc bulge model
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Fig. 18 Stress cloud map of the extension movement of small joint. (a) Normal model;

(b) intervertebral disc bulge model
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Fig. 19 Stress cloud map of the left flexion movement of small joint. (a) Normal model;

(b) intervertebral disc bulge model
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Fig. 20 Stress cloud map of the right flexion movement of small joint. (a) Normal model;

(b) intervertebral disc bulge model
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Table 2 Comparison of stress values between normal model and intervertebral disc bulge model
SMX
Movement state - -
Normal model /10° Intervertebral disc bulge model /10’
Flexion 12.4 1.08
Extension 9.19 1.41
Left flexion 7.03 2.15
Right flexion 2.88 1.13
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Table 3 Comparison of displacement deformation values between normal model and intervertebral disc bulge model
DMX
Movement state -
Normal model Intervertebral disc bulge model

Flexion 270 6122

Extension 1196 6195

Left flexion 461 6658

Right flexion 252 1106
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Table 4 Comparison of extension displacement changes

Part Normal displacement range Exceptional displacement range
L4 anterior vertebral body [0,398.898] [0,2065.08]
L4 rear structure [132.966,531.864 ] [688.36,2753.44 ]
Intervertebral disc [132.966,664.829] [688.36,3441.8]
L3 vertebral body [265.932,797.795] [1376.72,4130.16]
L.3 middle of the vertebral body [398.898,930.761 ] [2065.08,4818.52 ]
L3 top of the vertebral body [797.795,1063.73] [4130.16,5506.88 ]
L3 rear structure [930.761,1196.69] [4818.52,6195.24]
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Fig. 21 Comparison of displacement between normal spine Fig. 22 Comparison of stress between normal spine and
and intervertebral disc bulge model intervertebral disc bulge model
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