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Establishment and validity verification of a finite element model of normal cervical spine
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Abstract: Objective To establish a three-dimensional finite element model of cervical vertebrae C2-C7, and analyze its
biomechanical characteristics for validity verification. Methods A healthy volunteer was recruited as the modeling object. The
continuous CT scan of cervical spine was carried out with 64-slice spiral CT, with the scanning area set as the occipital bone to C7
vertebral vertebra. The DICOM files of the obtained images data were imported into Mimics image segmentation software for
extracting the bony structure of cervical spine. After the cervical bony structure model was processed with Geomagic studio software
(such as de-denoising, smoothing, patching and filling), curved solid was fitted and offset to generate cortical bone and cancellous
bone, and the results were saved as STEP files. The establishments of nucleus pulposus, fibrous ring and articular cartilage, and the
assembly and matching of models were completed in SolidWorks. The material properties, contact relationships, boundary
conditions, and loads were assigned using Ansys Workbench. The displacements of cervical spine were measured under 6 kinds
of stresses: forward flexion, backward extension, left and right lateral flexions, and left and right rotations. Results The finite element
model of C2-C7 cervical vertebrae was successfully established. The angular displacements of C2-C3 in flexion and extension,
lateral flexion, and rotation were 7.2°, 8.2° and 5.3°, respectively, and those were 7.2°, 8.1°, 6.2° for C3-C4, 8.1°, 7.9°, 7.8° for C4-
C5,6.9°,5.4°,5.2° for C5-C6, 5.7°, 4.8°, 3.7° for C6-C7, which were basically consistent with the previous biomechanical model
test reports. Conclusion The finite element model of the normal cervical spine can be successfully established using finite element
modeling software. The validation shows that the established model is reliable, with good biomechanical properties.
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Figure 1 Mimics displays the cervical spine in coronal, axial and sagittal planes
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Figure 2 Measurements of Cobb angle, SVA and T1 inclination angle of cervical spine in sagittal plane
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Figure 3 Segmentation and three—dimensional reconstruction of cervical vertebrae
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Figure 4 Contour lines of cervical vertebrae C2—C7 draw by Geomagic software
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Figure 5 Construction of cortical bone surface sheet of cervical vertebrae C2—C7 using Geomagic software
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Figure 6 Construction of cancellous bone surface sheet of cervical vertebrae C2—C7 using Gomagic software
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cervical spine model
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Figure 10 Displacement of the cervical spine, and the stress distribution of the intervertebral disc under a load of 74 N

e: L%
B 11 #EH0 1.8 N-m T EHHMBIER

Figure 11 Displacements of the cervical spine under a load of 1.8 N-m
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Table 3 Intervertebral ROM in flexion and extension (°)

HMEMER  Suikl16]  SGR[17] ARSCREBRIE
C2~C3 4.93+3.20 6.242.3 7.2
C3~C4 6.98+2.98 7.745.0 7.2
C4~CS 7.14£2.40  10.1+4.9 8.1
C5~C6 6.80+2.99 9.9+4.8 6.9
C6~C7 5.17£2.39 7.124.0 5.7
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Table 4 Intervertebral ROM in left and right lateral flexions (°)

STHERE 1A SCHR[16] SCER(17] AR
C2~C3 7.10£2.57 9.6+1.8 8.2
C3~C4 5.69+2.11 9.0+1.9 8.1
C4~C5 5.07£2.73 9.3+1.7 7.9
C5~C6 4.66+2.15 6.5+1.5 54
C6~C7 4.97+2.42 5.4+1.5 4.8
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Table 5 Intervertebral ROM in rotation (°)

SHEMENA SCHRL16] SCRRLL7] ARSCERBTST
C2~C3 6.00+2.93 3.3+0.8 53
C3~C4 8.04+2.05 5.141.2 6.2
C4~C5 9.16+1.32 6.8+1.3 7.8
C5~C6 7.06+2.96 5.0+1.0 5.2
C6~C7 5.8842.42 2.940.8 3.7
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