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The scope of the project was to create a porous bone graft of polylactic acid (PLA) through additive 
manufacturing to replace a segment of defected long bone with a diameter and height of 30mm and 
60mm respectively, with various truss structures that could replicate the structural strength of bone 
under axial compressive stress. For the design of the interior porous structure the porosity will be 
approximately 70%. Three structural designs were considered based on literary research: tetrahedral 
truss, octet truss and diamond-TPMS (Triply Periodic Minimal Surface).  
Four samples of each design were 3D printed, of which three each were tested. The tetrahedral design 
structure showed the highest Youngâ€™s Modulus and Yield Strength, however the failure mechanisms 
showed that it failed layer by layer with an undulating stress-strain curve, which is not ideal. The d-TPMS 
structures provided an optimal combination of high yield stress and Youngâ€™s modulus, low variability 
amongst samples, and predictable post-yield behaviour. After a cost analysis of the process, the 3-D 
printed PLA structures were theorized to be at least 50-70% cheaper than other synthetic alternatives 
and about 90-95% cheaper than biological alternatives. Further recommendations of the project include 
testing the grafts under axial compressive stress, altering the pore size, and individual cell size of the 
trusses to improve strength, reliability and osteoconductivity. 
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