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Summary: Introduction 
There is a compelling argument in favour of designing bone tissue engineering (BTE) scaffolds 
able to drive optimised bone formation by stimulating the mechanotransduction processes of the 
osteogenic cells in a controlled manner. However, in current BTE techniques, local control over 
the mechanical environment created within the scaffold is insufficient. The importance of scaffold 
design parameters such as stiffness, pore size and pore shape for tissue growth has been established 
[1] but most scaffold designs still neglect the considerable heterogeneity observed in native bone 
architecture. In addition, scaffold design routinely relies on trial and error approaches, associated 
with substantial costs in time and expenses. The main objective of this work was to establish a proof 
of concept for automated digital design and additive manufacturing of BTE scaffolds with tailored 
heterogeneous local properties. 
Methods and results
The 3D design software Rhinoceros 3D and its algorithmic modelling platform Grasshopper were 
used for the scaffold design, via the implementation of a plugin written in C#. This plugin supports 
automatic cellular topology generation and optimisation of thicknesses of the individual cell struts 
to meet both local strain and porosity targets under a specified load case, building on a heuristic 
strain-based optimisation algorithm derived by the authors [2]. The capabilities of this design 
framework were assessed in-silico and in-vitro for compression and three-point bending scenarios 
by comparing the resulting optimized designs with controls, defined as homogeneous scaffolds with 
same outer shape and same mass as the optimized designs. Finite element comparative analyses 
were run using Abaqus. CAD models of all designs were manufactured in a photocurable acrylic 
resin using a SLA 3D printing process and mechanically tested using the simulated load cases.
The control samples presented catastrophic fracture under loading when the optimized samples 
preserved their structural integrity. In addition, finite element analyses indicate that the lightest 
homogeneous scaffold achieving mechanical integrity under the three-point bending scenario 
simulated contains seven times more material and presents a 43% decrease in porosity compared to 
the optimized heterogeneous design.
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