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Mechanical properties on nanoindentation measurements of osteonic lamellae
in a human cortical bone
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Abstract

In the proposed research plan, the effects of anisotropic and time-dependent mechanical properties on nanoindentation

measurements of osteonic lamellae in a human cortical bone are investigated. The most popular method(Oliver-Pharr

method) in nanoindentation data analysis is based on the assumption of elastic isotropy. Since cortical bone has exhibited

anisotropy, it is necessary to consider the effects of anisotropy on nanoindentation measurement for cortical bone. By

comparison with the contact area obtained from monitoring

the contact profile in FEA simulations, the Oliver-Pharr

method was found to underpredict or overpredict the contact area due to effects of anisotropy. The mount of error

depended on the indentation orientation. The indentation modulus resuits and were also similar to moduli calculated from

mathematical model. The Oliver-Pharr method has been shown to be useful for providing first order approximations in

analysis of anisotropic mechanical properties of cortical bone,

anisotropy.
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Fig 1. A schematic representation of loda vs identer
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Table 1 The elastic Modulus and Strain rate results
regarding to different indentation rate.

Indentation | Elastic Strain rate
rate Modulus (GPa) (s™
10uN/s 18.60(0.92) 330(90)
30uN/s 25.78(1.90) 460(50)
50uN/s 24.66(0.41) 710(100)
100uN/s 26.50(0.98) 1270(140)

300uN/s 26.92(2.24) 4310(320)
500uN/s 28.91(1.51) 6440(680)
1000uN/s 32.22(1.51) | 13560(2360)

Fig. 2 Von Mises distribution of 3D model with work
ing hardening rate input
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