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Finite element analysis of the treatment of cervical spondylotic radiculopathy with three dimensional balanced manip-
ulation CA O Sheng-nan ,WANG Dan-dan ,WANG Cong-an ,SHI Bin ,and SUN Guo-dong™. *The Affiliated Hospital of Shan-
dong Academy of Medical Sciences , Jinan 250031 ,Shandong,China

ABSTRACT Objective: To explore the biomechanical characteristics of “three-dimensional balanced manipulation” for the
treatment of cervical spondylotic radiculopathy (CSR ). Methods: A CSR patient was treated with “three-dimensional balanced
manipulation” ,and the mechanical changes during the manipulation were monitored by mechanical testing system. Using spiral
CT to scan the neck of the patient to obtain DICOM data. The three-dimensional finite element model of cervical spondylotic
radiculopathy was established by using Mimics software , Geographic Studio software. The "three-dimensional balance manipu-
lation" was simulated and loaded ,and the mechanical parameters of each part were replaced into the finite element model ,and
the finite element analysis was carried out by using ANSYS software to study the internal stress changes and displacement de-
formation of vertebral body and intervertebral disc under the action of "three-dimensional balance manipulation". Results: The
established C;—C; finite element model of the CSR patient consisted of 5 vertebrae ,4 intervertebral discs and 3 ligaments, in-
volving 153 471 nodes and 64 978 units. The stress of C;—C; vertebral body was mainly located in anterior and root of Cs
spinous processes,arch,vertebral arch and the combination of the two after full loading of manipulation,and the maximum
stress was 17.781 MPa. The deformation sites were mainly concentrated in articular processes and anterior transverse processes
of Cs,superior articular processes and transverse processes of C,,articular processes of Cs. The stress of C;—C, intervertebral

disc mainly distributed in the anterior part of C;, intervertebral disc and the nucleus pulposus of Cy5 and Cs4. The displace
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mentextended to the middle and posterior part of C; 4 nucleus pulposus,around the nucleus of Cy 5 and Cs ¢ and anterior part of

cervical intervertebral disc. Conclusion:The establishment of three - dimensional finite element model of C;—-C; cervical

spondylotic radiculopathy can simulate the geometry and material properties of cervical spine,and also accurately reflects the

biomechanical characteristics of cervical spine,verifys the internal mechanism of "three-dimensional balanced manipulation"

on CSR, proves the safety and effectiveness of treatment, guides more standardized manipulation, and avoids medical accidents.
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Fig.1 Establishment of a finite element model of cervical vertebrae in the C;—C; segment of cervical spondylotic radiculopathy 1a. Side view of the CSR
model after smoothing by Mimics software ,including the established cervical vertebral body and intervertebral disc ~ 1b. Side view of the smoothed solid

1c. Side view of CSR model meshed by ANSYS Meshing software

model of the nurbs surface generated by Geomagic processing
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Fig.2 Stress analysis of vertebral bodies and intervertebral discs in the C;—C; segment under the act of “three-dimensional balanced manipulation”
2a. Side view of the stress distribution of the vertebral body in the Cs~C; when full loading of “three-dimensional balanced manipulation”. The stress of Cs—
C, vertebral body was mainly located in the anterior part of Cs spinous process, the root of spinous process , the vertebral arch and combination of the two,
and the articular process of C¢—"C; 2b. The top view of the stress distribution of the Cs vertebral body with full loading of ~“three-dimensional balanced
manipulation”. The stress reached the maximum value of 17.781 MPa  2c. The stress distribution map of the intervertebral disc under the action of full
loading of "three-dimensional balanced manipulation". The main changes were in the nucleus of the C, 5, the anterior part of the C; 4 disc and the nucleus of
the Cs ¢, and the posterior part of the Cq 7 disc
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Fig.3 Displacement deformation analysis of vertebral bodies and intervertebral discs in the C;—C; segment under the action of “three-dimensional bal-

anced manipulation”  3a. The side view of the displacement of the vertebral body in the C;—C; with full loading of the “three-dimensional balanced ma-

nipulation”, the displacement was mainly concentrated in the C;—Cs  3b. The top view of the C; vertebral deformation with full loading of the “three-di-

mensional balanced manipulation” ,the maximal displacement appeared in the front end of the articular process and the transverse process of C;  3c. The

distribution map of the intervertebral disc deformation with full loading of the “three-dimensional balanced manipulation” ,and the displacement of the nu-

cleus and the anterior part of the Cy 5,Cs ¢ disc gradually expanded
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