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Contact mechanics performance of hip joint replacements with

different material combinations
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Abstract: Objective To study the contact performance of hip joint replacements with different material combina-
tions typically used in clinic. Methods The finite element model of spherical conformal contact of hip joint re-
placements was developed to analyze the different contact mechanics performance of hip joint replacements with
different material combinations by simulation test under a vertical constant load within one normal walking gait.
The corresponding wear prediction was also evaluated. Results The contact mechanics performances of hip
joint replacements with the material combination of metal-on-metal (MOM) , metal-on-ceramic (MOC) , ceramic-
on-ceramic (COC) , metal-on-polyethylene ( MOP) and ceramic-on-polythene (COP) were analyzed. The re-
sults obtained from the simulations showed that contact stress was decreased in the order of COC > MOC > MOM
>COP > MOP, while contact area was decreased in the order of MOP > COP > MOM > MOC > COC.
Conclusions Hip joint replacement with the material combination of high elastic modulus and low Poisson’ s ratio
has smaller deformation, but could induce larger local stress, while flexible material polythene of low elastic mod-
ulus and high Poisson’ s ratio might have smaller concentrated contact stress, but cause larger deformation and
edge contact phenomenon on the acetabulum cup of hip joint replacements. In addition, hip joint replacements
with MOC and MOM material combination may have lower contact bearing performance, which provides refer-
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ences for material choices of typical artificial hip joints in clinic.
Key words: Hip joint replacements; Material combinations; Contact mechanics; Elastic modulus; Deformation;
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Tab.1 Structural parameters of typical hip joint replacement with

different material combinations

Jed Sk EAR/mm AR TR/ /mm AR/ mm

&It 4R 28 0.03 5
& JE XS 28 0.03 5
W 2 % B 32 0.03 5
PEEE R IR A 28 0.1 5
BRI TR LI 28 0.1 5

R2 ANIBEXTH R R

Tab.2 Mechanical properties of different hip joint materials

FVERE R/ GPa HEL/NAA g/ Hv
&8 210 0.3 820
Bhy 35 392 0.2 1410
RO 0.8 0.4 20
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Fig.4 Contact stress distributions of hip joint replacements with different material combinations
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Fig.5 Contact stress distributions on cup bearing of hip joint replacements with different material combinations
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Fig.6 Contact stress distributions on head bearing of hip joint replacements with different material combinations
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of hip joint replacements with different material combinations
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Tab.3 Wear factors of hip joint replacements with different mate-

rial combinations
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