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Design and control of microstructure signifies a major challenge in the development of porous
tissue scaffolds. Past studies have established a range of porosity requirements for cell survival and
proliferation [1]. Numerous biofabrication techniques have been developed to date and employed to
produce the required scaffold structures, 3D printing in particularly is one of such techniques
widely used for such purpose [2]. In the recent years, topology optimization methods are also
applied to this field of research in an effort to determine the best possible microstructures with
desirable stiffness and diffusivity/permeability [3, 4]. However, the concept of an ideal tissue
scaffold has yet been fully realized, partly because the model quality of common topology
optimization methods do not meet the manufacturing requirements, and partly due to the technical
limitations in current fabrication techniques to accurately build the desirable microscopic details.

To resolve design realization issue, this study develops a topology optimization method using
isosurface modeling technique which allows determining a clearly defined optimal microstructure
for biofabrication purpose (e.g. direct 3D-printable output). This method creates computational
models with an implicitly defined level set and an explicitly defined isosurface, on which the
simulation and design optimization are performed in a more boundary accurate way. The models
are optimized using the level set representation to maximize the effective material properties. A
range of optimal microstructures with various combinations of effective diffusivity and bulk
modulus have been thereafter defined in isosurface form. A smooth Pareto front is also generated.
The results show that both the maximum diffusivity model and the maximum bulk modulus model
cannot be physically fabricated due to phase discontinuity, otherwise all intermediate models may
be considered feasible candidates. With the distinct definition of the surface boundary, this metho is
found to be able to better clarify the geometric features of the optimal microstructures and cleared
some speculations raised by the past density based topology optimization studies. In addition, the
isosurface models and solutions are generated in a triangulated form equivalent to the
stereolythography format, conforming to the rapid prototype standard, making the direct exportation
to the 3D printable format possible without the need of further processing or human interpretation.
The proposed technique is therefore recommended for the design optimization of products such as
porous tissue scaffolds that require 3D printing and rapid prototyping.
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