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ABSTRACT

Two decades ago a first conceptual framework for artificial development of three-dimensional living
human tissue has been published. Since then, tissue engineering is a rapidly expanding
interdisciplinary field of biotechnology where two main strategies have emerged: While the scaffold-
based approach relies on the use of a temporary biomaterial construct to support the cells throughout
their tissue formation process, the scaffold-free method is a bottom-up strategy using prefabricated
multicellular building blocks with the ability to fuse into larger constructs. However, in recent years a
third strategy has arisen, building on a synergy of the two classic approaches: Tissue spheroids,
capable of tissue fusion, fabricated within cage-like microscaffolds with appropriate material
properties, serve as building blocks and thereby combine the advantages of the two classic
approaches [1].

The implementation of the new synergetic strategy is envisioned in bone tissue engineering: Using
minimally invasive procedures, the scaffold-cell conglomerate serves as filling for bone defects and
subsequently regenerates the defective tissue. For successful clinical application, the mechanical
properties of the conglomerate have to match those of the bone it replaces. This leads to a need to
predict the stiffness of the scaffold-cell packing based on the properties of its constituents.

Since the spheroids have inferior mechanical properties during their proliferation process, the
conglomerate's mechanical properties are initially determined almost exclusively by the properties of
the microscaffold and its packing. Within this work, the microscaffolds are considered to correspond
to the edges of a truncated icosahedron, which are arranged in different periodic lattice packings.
Each packing is defined by a basic repetitive unit, a so-called “unit cell”.

In order to facilitate the design process of the scaffolds for clinical applications, we investigate the
effects of varying scaffold-materials and dimensions and different packings on the overall “effective”
stiffness properties of the conglomerate. We use the unit cell method based on periodic
homogenization [2] by means of the Finite Element Method to predict the stiffness of the different
scaffold packings with varying individual properties.

The resulting correlations between the single scaffold and the overall construct allow for a much
faster scaffold-design process in order to achieve a final construct with desired properties for the
target clinical application.
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