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Establishment and verification of three — dimensional finite element model of C, — T, vertebrae

DENG Zhen, WANG Huihao, WANG Kuan, LAN Tianying, NIU Wenxin,ZHAN Hongsheng

Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine ,Shanghai 201203, China
ABSTRACT Objective: To build and validate a three — dimensional finite element( FE) model of human C, — T, vertebrae. Methods : The
neck CT image of one healthy male volunteer was collected , then the C, — T, three — dimensional FE model was built by using Mimics 17.0
medical image processing software , Geomagic 12. 0 reverse engineering software and Abaqus 6. 13 finite element analysis software in turn.
Six degrees of freedom of all nodes in inferior endplate of T, vertebrae were restrained and it was used as boundary condition. The reference
point was built at 2 mm above the culminated point of odontoid process and was coupled with all unit nodes of C, odontoid process. The
torques( +/-0.5, +/-1, +/-1.5,and +/-2 Nm,respectively) were applied to the reference point to simulate 6 kinds of motion of cervical
vertebra, included anteflexion,backward extension, left — right rotation and left — right lateral flexion. The range of motion ( ROM ) of each
segment of cervical vertebrae in different states of motion were calculated ,and then the results were compared with those results of previous
in vitro experiment and finite element experiment. Meanwhile, the stress distribution of the model in each state of motion was observed.
Results ; Seven vertebraes, six intervertebral disks,five kinds of ligaments and six groups of articular cartilage and endplates of C, — T, were
simulated by the three — dimensional FE model, which included 60 459 units and 128 473 nodes. The ROM of the model in 6 kinds of states
of motion, including anteflexion ,backward extension,left — right rotation and left — right lateral flexion,were basically consistent with the lit-
erature data. The stress distribution of the model was consistent with that of cervical spine in normal activities. Conclusion; The three di-
mensional FE model of C, — T, vertebrae that we build in this study can literally simulate the geometric configuration and material attribute
of normal cervical vertebrae and accurately reflect the biomechanical characteristics of normal cervical vertebrae.
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