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Abstracl = In this study, biomechanical responses for the anterior cervical plate fixation of the C5-C6 motion segment werc
investigated to evaluate the post-operative stability of the cervical spine in patients with and without osteoporosis. For this
purpose, A three-dimensional finite element model of the C5-C6 cervical spine was developed and validated. Results of the
intact model were agreed with those of literatures, thereby giving confidence in the validity of the model. Then the intact
C5-6 model was modified to simulate Smith-Robinson grafting technique with anterior plate fixation. Modified models inctuded
two types. (1)In the first model, the graft was attatched to the endplate using the contact element to simulate the immediate
pest-operative condition. (2}In the second model. the graft was fixed with vertebra to represent complete bony fusion. The
elastic modulug of the cancellous bone was changed in each model to predict the effect of the osteoporesis{normal: 100MPa,
osteoporosis: 40MPa). The flexion/extension, lateral bending. torsional moment load of 1.8Nm was applied separately along
with the compressive load of 73.6N on the superior surface of the C5 vertebra. The inferior suface of the C6 vertebra was
fixed in all directions. Overall results of the modified model showed that the relative angular motion, the sliding distance, and
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the von Mises stress in the bone graft were higher for the osteoporctic bone than the normal bone. Particularly, under torsicnal
moment, the increases of the relative angular motion and the sliding distance were highest when the graft was not fused,
which suggest that the fracture or non-union of the graft would likely occur when the anterior plate is used. The ven Mises
stress in the cancellous bone was higher than the ultimate strength under all Inading modes immediately after surgery and
under all loadings except the laterzl bending after the graft is fully fused for the osteoporosis model. Thizs suggesis that screw
loosening can be initiated for the osteoporotic patient. Therefore, it can be suggested that more closer post-operative attention
and rigid othosis such as hale are necessary to prevent the patient from excessive movements.

Key words : Cervical spine{Z3%), Anterior plate(B9 W3 ZA), Fusion(#3). Ostecporosis(ETHEE), Sliding distance(n] 1123
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Table 1. Ratios of Cb relative to C6 for the dimensions
cf the vertebral body

Ratio of A-P  Ratio of M-L  Ratio of S-1
distance distance distance
C6 1 1 1
C5 0.85 088 105

A @ anterior: P : posterior; M : medial; L : lateral:
S = superior; 1 inferior
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Fig. 1. 3-D finite element model of the C5-C6
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Table 2. Element types and material properties usad for the model

Young's Modulus(E)

Cross Sectional Area

Material Element type (MFa) Poisson’s Ratio( v) Y
Cortical bone 3D isotropic solid element 10,000 0.30 -
Plate and screw 3D isotropic solid element 114,000 0.33 -
Cancellous bone 3D isotropic solid element 450 0.25 -
Posterior elements 3D isotropic solid element 3500 0.25 -
Endplates 3D isotropic solid element 2.000 0.20 -
Disc annulus 3D isotropic solid element 3.8 0.45 -
Disc nucleus 3D isotropic solid element 1.0 0.49 -
ALL Z-node link element 4.5 0.39 6.1

PLL Z2-node link element 30 0.39 54

ISL Z-node link element 1.5 0.39 46.6

LF 2-node link element 1.5 0.39 50.1

CL 2-node link element 2 0.39 131

FaC:érf;ZtaCt contact element friction coefficient: 0.01

ALL : anterior longitudinal ligament; PLL ! posterior longitudinal ligament; ISL : interspinous ligament, LF : ligamentum

flavum, CL : capsular ligament

J. Biomed. Eng. Res: Vol. 22, No. 1, 2001
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Fig. 3. A surgery model with anterior plate and
interbody fusion
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Table 3. Comparisen of relative rotational stiffness and motion with the results from experimental studies

Loading modes

Flexion Extension Lateral bending Torsion
Rotational Our study 0.48 0.67 0.63 052
stiffness Moroney[11] 0.10-0.83 0.26-1.80 (.19-1.58 0.64-2.02
(Nm/degree) aoLiuf12] 0.02-1.40 0.04-1.6 0.02-2.20 0.76-2.44
Rotational Our study 403 2.89 283 3.47
motion Moroney 5.55(1.84) 3.52(1.94) 4.71(2.99) 1.85(0.67)
(degrees) Pelker(13] 7.6(3.24) 3.6(1.6) 3.601.4) 39(22)

o] &g A AH22HE, AH1E, 2001
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Table 4. Ratios of maximum von Mises stress relative to ultimate strength for the cancellous bone
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Flexion Extension Lateral bending lorsion
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Table 5. Ratios of maximum von Mises strain relative to 3 % ultimate strain for the cortical bone
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Flexion Extension Lateral bending Torsion
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Osteoporosis surgery C6 0.082 0.063 0.082 0.160
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