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Analysis of Contact Pressure for Material Combination
Unicompartmental Knee Implant

Tae-Heon Noh' and Heoung-Jae Chun'"

]Department of Mechanical Engineering, Yonsei Univ., Seoul, 03722, Korea

Abstract

In knee implants, contact pressure has a significant effect on wear. In this study, finite element analysis is performed using the
knee implant model developed in the previous research. The contact pressures for a total of 10 knee implant materials combinations
were analyzed using the combinations actually used in research and industry. In order to calculate the contact pressure, The load
was applied when the flection angle of knee was 30°, 45° and 60°. The result of contact pressure revealed the smallest contact
pressure in the titanium alloy-UHMWPE combination. In the case of UHMWPE, contact pressure did not change much with any
material used in the femur. Compared the combination with the largest contact pressure and the smallest contact pressure, the
difference was 0.77%. On the other hand, Carbon / PEEK composites showed 5.3% difference when the contact pressure was the
largest and the smallest. It can be seen that when the Carbon / PEEK composite material is used as the bearing part, the material
of the femoral part affects the wear. This study will contribute to the prediction of knee implant wear and minimization of wear.
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FE 2dS #&317] YalA DePuy Sigma High Perfor-
mance Unicompartmental Knee Replacement(Johnson
& Johnson medical, New Jersey, USA)< 7|8ko 2 %7]

Y-S wEQtt, UKR FE 29 UG NX9(Siemens
PLM software, Torrance, CA, USA)¢} Solidworks

— Femur

—— Bearing

Fig. 1 Boundary condition
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-#lo}H A2 Alumina-Alumina, Alumina-UHMWPE,
Alumina-Carbon/PEEK Composite, Zirconia-UHMWPE,
Zirconia-Carbon/PEEK Composite, CoCrMo-CoCrMo,
CoCrMo-UHMWPE, CoCrMo-Carbon/PEEK Composite,
Ti6AI4V-UHMWPE Z12] 1L Ti6Al4V-Carbon/PEEK Com-
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Fig. 2 Loading condition
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2013). T3 T2 A8 vHlaf v]-$ =& nfr A3AS AU
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Yttria-stabilized Zirconia(Y-TZP)= Alumina®l H|z]
FANY 2 TR HAEE AU vk FEgE Az
gt 540 gitk. 23y Zirconia® A§ Adsige=
BAE 7HA3 K (Piconi et al., 2003).
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Ti6AI4Ve] A= 112GPa Z8]al FolgH|= 0.36
Alsamhan, 2013), Alumina®] ¥/3715= 380GPa 18]1L
o] 0.25(Bal, 2009), Zirconia®l BHIAIGE 214GPa
a3 o= 0.3(Jonbergen et al., 2012; Zhang et
al., 2012) Z8lx2 UHMWPEE &A= 1GPa 181
FolgHlE 0.46(Mattila., 2012 Fregly et al., 2005) %
A7t vEAIG== CoCrMo9t UHMWPE Atelel] 0.042
473 tH Crockett et al., 2009). CoCrMo%} CoCrMo
Atelol s 0.25(Crockett et al., 2009), Ti6A14V2
UHMWEPE Ate]dll= 0.08(Long et al., 1998), Alumina$}
Alumina Atolelli= 0.054(Zhou et al., 1997), Alumina<}
UHMWPE Atolelli= 0.03 Z18]al Zirconia®t UHMWPE
Atolell= 0.045% 3t THCho et al., 2003).

Table 1 Material combination

Femoral component Bearing component
CoCrMo CoCrMo
CoCrMo UHMWPE
Ti6AI4V UHMWPE
CoCrMo Carbon/PEEK composite
Ti6Al4V Carbon/PEEK composite
Alumina Alumina
Alumina UHMWPE
Zirconia UHMWPE
Alumina Carbon/PEEK composite
Zirconia Carbon/PEEK composite

Table 2 Material properties

Materials Elastic Modulus(MPa) | Poisson’s ratio
CoCrMo 240,000 0.31
Ti6Al4V 110,000 0.36
Alumina 380,000 0.25
Zirconia 214,000 0.3
Carbon/PEEK 19.500 0.4
Composite
UHMWPE 1,000 0.46
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Table 3 Contact pressure on bearing surface

Femoral-Bearing

15°(MPa) | 45°(MPa) | 60°(MPa)
component

Alumina-Alumina 496.1 1667 1320
Alumina-UHMWPE 50.14 71.93 68.53
Zirconia-UHMWPE 50.03 71.69 68.43
Alumina-Composite 230.8 517.5 382.9
Zirconia-Composite 226 507.1 374.8

CoCrMo-CoCrMo 469.3 1259 994.3
CoCrMo-UHMWPE 50.06 71.73 68.46
Ti6Al4V-UHMWPE 49.85 71.38 68.23
CoCrMo-Composite 227.1 509.8 377
Ti6Al4V-Composite 219.2 490.3 360.7
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