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Effects of artificial disc replacement with angles on stress of adjacent intervertebral disc BAI Chuan-yi*,ZHANG Wei-
jie ,WEI Wen-bo,LING Wei,TIAN Zhen-xing, DANG Xiao-qian,and WANG Kun-zheng. * The First Department of Or-
thopaedics ,the Second Affiliated Hospital of Medical College ,Xi’ an Jiaotong University ,Xi’ an 710004 , Shaanxi , China
ABSTRACT Objective:To evaluate stress changes of intervertebral space and adjacent intervertebral space after artificial
disc replacement with angles. Methods : Artificial disc replacement with angles were designed according to existing data. Axial
pressure , flexion/extension, lateral bending and torsion loading were applied on finite element models of normal cervical discs
on C, 5 segments, C, 5 segments with 0°artificial cervical discs and C, 5 segments with 10°artificial cervical discs,then stress
changes of C, 5 space was observed. The same loadings were applied on finite element models of normal cervical discs on C4;—Ce
segments, C, s segments with 0°,C, 5 segments with 10°, then stress changes of replaced segments space and adjacent segment
space were observed. Results: For C, 5 segments, 80 MPa/0°artificial discs and 80 MPa/10°artificial discs had the similar e-
quivalent shear stress(Se) , and were both larger than that of normal discs,when lateral bending were performed, 80 MPa/0°ar-
tificial discs were closed to normal discs when axial pressure and flexion/extension were carried out,while 80 MPa/10°artifi-
cial discs had a larger Se than that of normal ones,when torsion loading were applied,Szx/Szy stress of 80 MPa/0°and 80
MPa/10°artificial discs were closed to normal ones. For C;—Cg segments, the axial pressure ,flexion/extension and lateral bend-
ing of Cs ¢ were all lower than normal discs after C, 5 discs were replaced by 80 MPa/10°artificial discs,while Szx/Szy of torsion
loading were closed to normal ones. Conclusion: Artificial discs with 10° have less influences on stress of adjacent interverte-
bral space and closer to mechanical property after being implanted into intervertebral space.
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Fig.1 Stress map of C, s intervertebral space when Cys disc was
replaced by 80 MPa/0° prosthesis (axial loading,flexion,lateral

bending and rotation condition)
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R1 C,; TEEH 80 MPa/0°,80 MPa/10°B & B/ AR R MEL KT HF 1R (MPa)
Tab.1 Stress of vertebral disc when C, ; disc was replaced by 80 MPa/0°,80 MPa/10° prosthesis under different loading
models (MPa)

- Al i/ f5 (S %

Se Sz Se Sz Se Sz Se Szx/Szy
FERARTFARHA 1.0 1.3 10.7 9.4 45 6.4 3.6 1.65
B 80 Mpa/0°f 144 24 0.4 14.0 13.6 4.4 6.5 12 1.56
B 80 Mpa/10°fRIKL 26 0.3 14.0 47 8.0 0.7 8.7 1.4

B2 i 80 MPa/10°BUA Cys 9 BHEIRIBR J1 = 8 (R
i 7S )

Fig.2 Stress map of C,5 intervertebral space when Cysdisc was
replaced by 80 MPa/10° prosthesis (axial loading, flexion, lateral

bending and rotation condition )
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Tab.2 Displacement when C, s disc was replaced by 80 VT TE B AR TR AS 5 HIE I 5 TE % HiMAR R . 025 3
MPa/0°,80 MPa/10° prosthesis under different loading K 3-4 ) ° ’
del N
models(mm) 3 i
kil i/ 5 A (S Eilks 3.1 HEM A2 M 28 K m A [ < 5 v s
SERATFAA 0.08 0.01 0.03 WEFERE HEI] B 4 N ) Tufar s K, R4 i T
HH 80 MPa/0°fBA41 0.11 0.02 028 FF I S 8 fin 381 e 113% 485 BT 14%, )25 i)
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Tab.3 Stress of vertebral disc when C, s disc was replaced by 80 MPa/10° prosthesis under different loading models(MPa)

13 - ey fin i /f5 s %
Se Sz Se Sz Se Sz Se Szx/Szy
SERERFARH Cas 2.80 1.50 15.80 4.60 15.00 7.50 0.16 0.01
Cse 0.43 0.74 5.60 7.90 2.00 2.30 2.80 1.00
E L 80 MPa/0fBIAL Cas 1.30 0.28 13.10 6.30 5.92 3.89 6.63 0.88
Cse 0.21 0.42 4.10 4.73 1.12 1.98 2.23 0.96
B 80 MPa/10°{B R4 Cus 1.50 0.32 13.80 6.60 6.70 4.50 7.00 0.90

Cs6 0.30 0.54 4.60 4.80 1.33 2.10 3.10 1.00
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Fig.3 Stress map of Cs; intervertebral space when intacting on

C4—Cs model  (axial loading,flexion, lateral bending and rotation
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Fig.4 Stress map of Csg facet joints when Cy5 disc was replaced

by 80 MPa/10° prosthesis (axial loading, flexion ,lateral bending

and rotation condition )
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