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ABSTRACT

Traumatic loading during car accidents or sports activities can lead to cervical spinal cord
injury. Experiments in spinal cord injury research are mainly carried out on rabbit or rat. Finite
element models that include the rat cervical spinal cord and adjacent soft tissues should be
developed for efficient studies of mechanisms of spinal cord injury. Images of a rat were
obtained from high resolution MRI scanner. Polygonal surfaces were extracted structure by
structure from the MRI data using the ITK-SNAP volume segmentation software. These sur-
faces were converted to Non-uniform Rational B-spline surfaces by the INUS Rapidform rapid
prototyping software. Rapidform was also used to generate a thin shell surface model for the
dura mater which sheathes the spinal cord. Altair’s Hypermesh pre-processor was used to gener-
ate finite element meshes for each structure. These processes in this study can be utilized in
modeling of other biomedical tissues and can be one of examples for reverse engineering on
biomechanics.
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Fig. 1 MRI data of a rat specimen
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Table 1 Summary of MRI image sets

Field of view (mm) Resolution (mm)

Scan

Height | Width | Depth | Vertical | Horizontal

1 40 40 25 10.15625| 0.15625

2 40 40 25 10.15625| 0.15625
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Fig. 2 The white and gray spinal cord after segmentation
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Fig. 4 Cervical spines (C1-C7) and upper thoracic spines
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Fig. 5 Spinal cord with white and gray matter
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Fig. 7 Cervical spine and IV disc of a rat

Fig. 8 STL model of C3 vertebrae
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(c) Bottom cross-section

Fig. 10 Generated curves of spinal cord
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Fig. 12 Finite element model of the spinal cord of white
and gray matter

Fig. 13 Finite element model dura mater with 1692 shell
elements
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Fig. 15 Finite element model of cervical spine and
adjacent tissues

Table 2 Volume and finite element information of tissues

Label No. of Volun}le No. of Element
voxels | (mm’) [elements type
Cl1 34029 | 129.81 4407 | Tetrahedral
C2 30405 | 115.99 4175 Tetrahedral
C3 22754 86.80 4605 Tetrahedral
C4 21048 80.29 4160 | Tetrahedral
C5 24366 92.83 4297 | Tetrahedral
C6 23729 90.52 3908 | Tetrahedral
Cc7 22619 86.28 4303 Tetrahedral
T1 22946 87.53 4629 | Tetrahedral
T2 16184 61.74 4312 | Tetrahedral
C2-C3 | 2230 8.01 2129 | Tetrahedral
C3-C4 | 3266 12.46 1963 Tetrahedral
C4-C5 | 2841 10.84 1836 | Tetrahedral
Cs5-C6 | 2377 9.07 1779 | Tetrahedral
C6-C7 | 3134 11.96 1956 | Tetrahedral
C7-T1 3871 14.77 2059 | Tetrahedral
T1-T2 | 3854 14.70 1738 | Tetrahedral
White | 36308 | 138.50 2916 Solid
Gray | 23273 88.78 2106 Solid
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