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ABSTRACT

The repair of oro-facial bone critical-sized defects remains a major clinical challenge. Current
therapeutic strategies-based on allografts as the gold standard, present significant limitations
including restricted tissue availability and limited integration with the host tissue. Consequently,
the development of personalized scaffolds has become a major focus in biomedical research. In
this context, three-dimensional printing has emerged as a promising technology for the fabrication
of patient-specific implants matching the morphology of the defects, with controlled porosity,
pore interconnectivity, and tunable mechanical properties enabling vascularization, cell adhesion,
bioactive molecule delivery, subsequently osteogenesis.

The use of biopolymer-based hydrogels as inks has enabled the development of biomimetic
matrices that closely resemble the native extracellular matrix due to their biocompatibility, high
water content, and ability to encapsulate and control the release of bioactive molecules.
Furthermore, the incorporation of a mineral phase into the hydrogel matrix, particularly biphasic
calcium phosphate (BCP), allows the fabrication of osteoconductive biomaterials with enhanced
mechanical properties, while also promoting cell adhesion and proliferation. In addition, the
incorporation of growth factors, especially Bone Morphogenetic Protein-2 (BMP-2), enhances
osteoblastic differentiation and activates molecular pathways involved in osteogenesis. Moreover,
integrating BMP-2 into 3D-printed hydrogel composites offers a promising altealternative to
collagen sponges currently used in clinical practice, overcoming several of their limitations.

The aim of this thesis is to develop 3D-printed osteoconductive biomaterials with osteoinductive
potential to promote oro-facial bone defects regeneration.
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