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Bio metamaterials for orthopedics
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In orthopedics, stainless steel, cobalt chromium and titanium are the three main metals used for prostheses. While each 
metal presents specific advantages and disadvantages including wear resistance, ultimate tensile strength, and cost, none 

of the materials accurately replicate cortical bone. Metamaterials, commonly known as artificially engineered materials, are 
physically structured to produce specific mechanical properties. While these materials have been used in various mechanical 
engineering applications, the development of bio metamaterials incorporates biocompatibility, existing architectures, and 
mechanical properties to enhance biomedical applications, such as hip and knee prostheses. Combining the mechanical 
properties of the structure with physical biological properties required for invasive biomedical devices, it is believed the 
development of bio metamaterials is incremental to the use of prosthetics. By comparing the mathematical models of the 
gyroid, triangular pyramid, and antiwrapping structures, we have standardized each architecture to a simple cubic figure. After 
printing a 3D model of each, the structures endured several mechanical testing techniques to assess the various properties of 
yield strength and tensile strength. To solidify these results, computer simulations were also conducted in solidworks using 
basic force applications. While research is still underway, the development of this material is essential to the use of both knee 
and hip prosthetics in simulating cortical bone. 
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