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Establishment of a normal human lumbar three-dimensional finite element model based on CT

image and reverse engineering methods

Hao Jian', Piao Zhe', Li Ji-hai', Li Wa-li", Mu Guang-tao', Hao Jun-hang', Shen Yi-xin?, Niu Wen-xin®

Abstract

BACKGROUND: Finite element method can analyze biomechanics of normal human spinal under stationary and activity, and
also can predict risk of stress.

OBJECTIVE: To establish a three-dimensional finite element model of normal human Ls-Ls motion segment.

METHODS: In this study, a detailed L3-Ls level three-dimensional finite element model of a normal aged 30 men was established
with the aid of two softwares, Geomagic and Ansys, which can derive a three-dimensional finite element model from CT images.
Then border conditions and load were set. Angular displacement and stress concentration sites were recorded. Average model

stiffness was calculated.

RESULTS AND CONCLUSION: A finite element model of the spinal segments (L3;—Ls) was developed, including vertebrae,
ligament, disc, fibrous ring and the facet joints. The model had 51 905 units. The model was validated by quantitative and
qualitative. Three-dimensional finite element model of Ls~Ls motion segment is approximate to the natural biomechanical of spine

and it can be used for further study.
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Table 1 Element type and material properties of the
finite element model (€: strain )
Site Element type Unit number
Cortical bones 10-node solid 31899
Cancellous bones 10-node solid 13010
End plate, anulus fibrosus ~ 10-node solid 4 546
Nucleus pulposus 10-node solid 2352
ALL Cable elements 20
ALL Cable elements 16
LFL Cable elements 16
Capsular ligament Cable elements 24
Supraspinal ligament Cable elements 6
Interspinal ligaments Cable elements 12
Intertrans verse ligaments ~ Cable elements 4
Site Young’s modulus  Poisson’s Section2
(MPa) ratio (u)  area (mm°®)
Cortical bones 12 000 0.3
Cancellous bones 100 0.2
End plate, anulus 175 0.45
fibrosus
Nucleus pulposus 1 0.499
ALL 7.8 (€<0.12), 0.45 63.7
20 (¢ >0.12)
ALL 10 (€ < 0.11), 0.45 20.0
20 (e >0.11)
LFL 15 (€ < 0.062), 0.45 40.0
19.5 (¢ > 0.062)
Capsular ligament 7.5 (¢ < 0.25), 0.45 30.0
32.9 (¢ > 0.25)
Supraspinal 8 (€ <0.20), 0.45 30
ligament 15 (¢ > 0.20)
Interspinal 10 (€ < 0.14), 0.45 40
ligaments 11.6 (¢ > 0.14)
Intertrans verse 10 (€ < 0.18), 0.45 18
ligaments 58.7 (¢ >0.18)
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Figure 1 Three-dimensional finite element model of
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Figure 2 Comparison of average rigidity between
the present study model and previous
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