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1. Introduction

As the application of bone tissue engineering
scaffolds becomes widespread, experimental
studies on the effects of different materials and
production methods are becoming increasingly
complex. Computational models [1] can
substantially reduce both the costs and the
duration of the development process of these
devices.

The morphological and mechanical properties
of glass-ceramic scaffolds manufactured
through foam replication have been investigated
through pCT-based computational models.

2. Materials and Methods

The scaffolds characterized were obtained using
an experimental composition of SiO,-based
glass-ceramic called 47.5B-32 [2]. Six different
temperatures, ranging from 600°C to 850°C,
were used during the sintering process.

The 3D reconstruction of the scaffolds was
carried out through pCT images (pixel size 5
um); two scaffolds for each sintering
temperature were considered. The porosity,
strut thickness and pore size were determined to
characterize the morphology of each cylindrical
scaffold, one of which is shown in figure 1.
The mechanical characterization was carried
out through finite element based simulations
with the ParOSol solver. Through an iterative
algorithm allowing for damage-based material
evolution [1], longitudinal compression was
applied to obtain elastic and strength properties.
To appropriately represent the tension-
compression strength mismatch of the material,
the Drucker-Prager criterion was used.

3. Results

The scaffold porosity varies between 50% and
80%. The average pore dimension for sintering
temperatures lower than 700°C is 200-800 um,
while higher temperatures present both large

pores (200-800 um) and smaller pores (<100
um). Strut thickness decreases with sintering
temperature from 400 pm to 60 pum.

The elastic and strength values of the scaffolds,
normalized in respect to the composing material
values, also vary between different sintering
temperature, ranging from 0.5 to 0.15 and from
0.05 and 0.2 respectively.

4. Discussion and Conclusions

Two sets of scaffolds have been defined, based
on sintering temperatures due to morphological
and mechanical differences: scaffolds sintered
below 690°C, the material’s crystallization
temperature [2], evidence large pores and thick
struts; scaffold sintered at higher temperatures
present both large and small pores, reducing the
average strut thickness and pore size.

The algorithm used allows for the visualization
of the fracture patterns inside the structure.
Comparisons with experimental data [2,3]
obtained from the same scaffolds that were
computationally reconstructed were carried out
to confirm the validity of the methodology.

Figure 1: 3D computational reconstruction of a
scaffold sintered at 600°C.
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