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Reconstruction of jaw bone defects following cystic or tumoral lesion removal remains a major challenge in oral and maxillofacial surgery. Although autogenous bone grafting is considered the gold standard, it is associated with donor-site morbidity, limited graft availability, prolonged surgical time, and unpredictable resorption. Advances in regenerative medicine and additive manufacturing have enabled the development of patient-specific three-dimensional (3D) printed bioscaffolds combined with mesenchymal stem cells (MSCs) as a promising alternative for craniofacial bone regeneration. This study aimed to design and evaluate the biological and mechanical effectiveness of a 3D-printed composite bioscaffold seeded with MSCs for reconstruction of mandibular defects after lesion removal. Cone-beam computed tomography data were used to generate a customized scaffold model with controlled porosity and interconnected pore architecture. The scaffold was fabricated using a layer-by-layer additive manufacturing technique with a biodegradable bioceramic/polymer composite to ensure structural stability and osteoconductive properties. Human mesenchymal stem cells were isolated, expanded, and cultured under osteogenic differentiation conditions before being seeded onto the scaffold. In vitro analyses included assessment of cell viability, adhesion, proliferation, alkaline phosphatase activity, and calcium deposition. Mechanical properties were evaluated using compressive strength testing. In a preclinical defect model, radiographic and histological analyses were performed to assess new bone formation and integration with native tissue. Results demonstrated high biocompatibility, enhanced osteogenic differentiation, and significant mineralized matrix formation in the stem cell–loaded scaffolds compared with controls. Imaging findings confirmed improved vascularization and satisfactory structural integration within the defect site. Mechanical testing indicated adequate compressive strength compatible with mandibular functional demands. These findings suggest that 3D-printed stem cell–based bioscaffolds represent a viable and effective regenerative strategy for reconstruction of jaw bone defects, potentially reducing reliance on autogenous grafts and 
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associated complications. Further long-term clinical studies are warranted to validate safety and translational applicability.
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