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Bone defects resulting from trauma or age-related conditions such as osteoporosis
present a significant and increasing clinical challenge. Although autologous bone grafts
remain the clinical gold standard, their application is constrained by donor site morbidity
and limited tissue availability. This study proposes a bioinspired synthetic alternative:
calcium phosphate scaffolds with triply periodic minimal surface (TPMS) architectures,
fabricated using high-resolution masked stereolithography (mSLA). Five TPMS
geometries (Neovius, Gyroid, Diamond, Primitive, and IWP) were designed and 3D
printed in B-tricalcium phosphate (B-TCP), followed by sintering. Structural and
mechanical properties were evaluated via scanning electron microscopy (SEM), X-ray
diffraction (XRD), helium pycnometry and uniaxial compression testing. Among the
tested architectures, Neovius demonstrated the most favorable mechanical performance
and was selected for further optimization. Critical fabrication parameters (including
sintering temperature, UV exposure duration, designed porosity and unit cell size) were
systematically varied. Optimal conditions yielded scaffolds with approximately 6 MPa
compressive strength at ~80% porosity. Neovius scaffolds were also fabricated in
hydroxyapatite (HA) and B-TCP/HA composites. Pure B- TCP scaffolds exhibited
superior mechanical stability. Biocompatibility was assessed in vitro using Live/Dead
assays with human adipose-derived stem cells (hRADSCs), revealing robust cell viability
and proliferation, with Neovius outperforming Primitive in the early-stage cellular
response. These results demonstrate the promise of B-TCP Neovius scaffolds, optimized
via mSLA, as mechanically competent and cytocompatible constructs for bone tissue
regeneration.
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