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Recently, local Young’s modulus of nano-
composites is mainly done by load-displacement 

curve resulting from the nanoindentation process. 
The problem for obtaining Young’s modulus by 
indentation method is the difficulty in evaluating 
Poisson’s ratio of the bulk composite. The present 
evaluation refers to the importance for Poisson’s 
ratio of implant longevity of hip prosthesis in 
orthopedics. Different from actual orthopedics, ultra 
high molecular weight polyethylene (UHMWPE)/
hydroxyapatite (HA) composite was prepared as 
a substrate layer by the solution-gel method. HA 
is bioceramic with good bioactivity. Hence the 
composites have the advantage of overcoming the 
problems of brittleness as well as adverse pathological 
reaction. The four layers (Phase I ~ IV) with different 
HA contents (shown in Figure 1) were prepared by 
a sol-gel process, and the four components were 
hot-molded to make a composite with HA gradient 
content without disappearing spongy-like structure. 
The friction coefficient decreases with increasing 
HA content indicating better condition as a bearing 

material in the femoral. To obtain complex Poisson’s 
ratioυ  * of the resultant gradient composite (GC), 
the complex tensile modulus E* and shear modulus 
G* were measured. The evaluation was done as a 
function of temperature as follows:

The values of  ( ) **** 22 GCGCGCGC GGE −=υ and  ( ) **** 22 GCGCGCGC GGE −=υ  were calculated based on 
the concept that each layer lies adjacent to the other 
layers with the interface parallel to external excitation 
direction, so that the strains at the boundary are 
identical. Figure 2(a) and (b) show temperature 
dependence of real part ( 'υ ) and imaginary part ( "υ
) of the Phase I ~ IV and (c) and (d) show gradient 
composite for 'υ and "υ , respectively. The calculated 
values of the gradient composite are in good 
agreement with the experimental ones. The increase 
in negative 'υ with increasing HA content indicates an 
increase in the number of voids forming the spongy-
like structure. This plays an important role to avoid 
the cracking under bending stress and shock wave.
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Figure 1: (a) Hip prosthesis in orthopedics used for operation, (b) acetabular cup, (c) a model of gradient composite as 
the cup, (d) composite in the present experiment. HA content. phase. I, 0%, phase II, 13.3%, phase III, 23.5%, phase IV, 

31.5%.
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