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ABSTRACT

An ideal synthetic bone graft acts as a temporary template (scaffold) to regenerate
bone. The scaffold should have an interconnected pore structure with similar mechan-
ical properties to the bone. The scaffold should be fabricated with a biocompatible,
biodegradable, and bioactive material. Bioactive glasses and hybrids have been identi-
fied as promising materials for synthetic bone grafts as they form a bond with the bone
and stimulate new bone formation. Although the properties of bioactive glasses and
the production processes of bioactive glass and hybrid scaffolds have been improved
over the last five decades, producing patient-specific scaffolds with ideal properties is
still a challenge. Optimizing the topology, production process, and chemical structure
of bioactive glass and hybrid scaffolds is an iterative process with a comprehensive
characterization of structural, bioactive, and biological properties. Micro-CT imag-
ing can be used to characterize the production process, the structure of the scaffold,
and the bone in-growth into the scaffold. Preparation of samples, selection of imag-
ing parameters, the image reconstruction method, denoising, detection and tracking
of Volumes of Interest, accurate image segmentation, and quantification of descriptors
are vital in the characterization process conducted using micro-CT. This work presents
a new multiscale and 4D (3D over time) micro-CT image analysis framework to char-
acterize 3D-printed bioactive glass and hybrid scaffolds and demonstrate the effective
use of micro-CT imaging in analyzing the production process of 3D printed bioactive
glass and hybrid scaffolds. The Image analysis framework contains image processing
components for denoising, tracking volumes of interest, and machine learning-based
segmentation of micro-CT images to characterize bioactive and hybrid scaffolds from
micro to macro scale. All the image processing components were evaluated using ap-
propriate performance measures. Two studies were conducted to demonstrate the im-
age analysis framework and effective use of micro-CT in the characterization process.
The first study was a four-dimensional analysis of bioactive glass sintering within a
3D printed scaffold, conducted using synchrotron-sourced micro-CT. This study deliv-
ered new insights on the sintering of bioactive glass composition ICIE16. The second
study was conducted to optimize the printing window of 3D-printed hybrid scaffolds
using lab-based micro-CT. The results of this study identified the printing window that
produces the best quality 3D printed hybrid scaffolds.

Keywords: Bioactive glass, 3D printing, Micro-CT, 3D image analysis
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