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Impact Analysis of the Cervical Spine using a Finite Element Model
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ABSTRACT

A three dimensional finite model of a human neck has been developed in an effort to study
the mechanics of cervical spine while subjected to vertical impact. This model consisting of the
vertebrae from C1 through C7 including posterior element and ligaments was constructed by
2mm thick transverse CT cross-sections and X-ray film taken at lateral side. Geometrical
nonlinearity was also considered for the large deformation on the disc. ABAQUS package was
used for calculation and its results were verified comparing with responses of a model under
static loading condition with published in-vitro experimental data. There were more cervical
fracture in the restrained (compression) mode than in the nonrestrained (flexion-compression and
extension-compression) mode. Upper cervical(C1-C2) injuries  were observed under
compression-extension modes, while lower cervical injuries occurred under compression-flexion
modes. Posterior ligament distractions without bony damage at the upper cervical spine(C1-C2)
were observed secondary to C5-C7 trauma in compression-flexion modes.

2 q7)&4o] : Cervical Spine(§ %), Finite Element Model(f+% 242 4), Vertical Impact(5*
2 %7), Facet Joint(¥ ¥4 7 %), Ligament Force(1t} 17 3)
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Table 1 List of elements used for cervical spine

model
Component Erl\]eom(?r{t
Cortical
112
shell Shell($4R)
Endplate 120
Vertebra | posterior 294
element, 3D-brick :
Cancellous (C3D8)
core 100
Nucleus 3D-brick 60
Disc Annulus (C3D8) 89
Fiber Truss(T3D2) 360
CL 48
S8L 12
LF 17
: Truss
Ligament ALL (T3D2) 45
PLL 30
TL 10
I8L 8
Facet Contact 32
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Fig. 1 Developed 3-D cervical spine FE model
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Table 2 Material properties

. Young's Density | Poisson’s
Material | \roduls (MPa) | (ka/om) Ratio
Cortical Bone 12,000 1.832E-6] 03
Cancellous 100 T.000E-6| 02
Endplate 12,000 1.832E—6 | 03
Annulus Malrix 3 1.200E-G | 045
Annulus Fibers 450 0.020E—6 (Affn}jo-m
Nucleus 32 1.342E—6 0.45
Ligaments Cmffmg?;%o nal
15(<12%)
ALL 30(>12%) 13
10(<12%)
PLL 20(>1284) 6.7
7(<12%) :
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: 5.0(<25%)
LF 10(>25%) 10
4(<40%)
ISL 8(>40%) 5
TL 10 15
SSL 80 10
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Fig. 2 Comparison with in-viro experimental data
in case of compression-distraction mode for
C2-C5 motion segments
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Fig. 3 Comparison with in-vitro experimental data
in case of flexion-extension mode for
(C2-C5 motion segments
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Fig. 4 Comparison with in-vitro experimental data
in case of axial rotation mode for CI1-C2

motion segment
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