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Optimization study of Young®s-modulus gradient stem for preventing bone loss after
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Stress shielding-related proximal femoral bone loss after total hip arthroplasty
occurs because of differences in the stiffness of metallic alloy stems and host bone. To overcome this,
we fabricated a low-modulus stem from newly developed (3 -type Ti-33.6Nb-4Sn alloy STNS) We evaluated its
compressive and bending stiffness, stress shielding, and initial stability compared with a similar
Ti-6Al-4V alloy stem. Bending stiffness of the TNS stem decreased gradually from the proximal to the
distal region and was < 53% that of the Ti-6Al-4V stem, indicating gradation of Young’ s modulus. The TNS
stem decreased stress shielding in the proximal calcar region. The initial stabilities of the stems were
comparable. With regard to reduction in stem length, there is a tradeoff between stress shielding and
initial stability. These findings indicate that the TNS stem with gradation of Young’ s modulus minimizes
the proximal femoral bone loss and improves long-term stability.
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