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Abstract: Fractures are common injuries of the skeletal muscle motor system and the bone screws are
common fracture fixation instruments. However, bone screw loosening can easily lead to the failure of
fracture fixation system, and its tightening stability during treatment directly affects the recovery effect.
Studies have shown that the cross-scale microstructure on material surface can promote the adhesion and
differentiation growth of bone cells, significantly improve the adhesion between tissue and material.
Therefore, we propose to use femtosecond laser direct writing technology to realize the fabrication of
micro-nano multi-dimensional cross-scale microstructures on the surface of TC4 titanium alloy bone screw
threads and increasing the reliability of fastening screw. In this study, three different multi-dimensional
cross-scale microstructures of periodic stripe-nanoparticles, micron mastoid-nanoparticles and
micro-ridge-nanoprotrusions were induced on the surface of bone screws by femtosecond laser with
different energy density. The surface morphology of multi-dimensional cross-scale microstructure was
characterized by scanning electron microscopy. The growth induction characteristics and cytotoxicity of
osteocytes were evaluated by mouse osteoblast culture experiments. Studies have shown that obvious
periodic stripe structure and micro-hump structure are induced at 0.1 J/mm? energy flow density,
micro-stripe-nanoparticle ~ structure is induced at 0.4 J/mm? energy flow density, and
micro-ridge-nanoparticle microstructure is induced at 0.7 J/mm? energy flow density. In vitro cell
experiments show that the micro-ridge-nanoparticle microstructure induced by 0.7 J/mm? energy flow
density has the best mouse osteoblast growth induction performance, and the cytotoxicity is not much
different from the original surface. This study provides a reference for the manufacture of high-reliability
bone screws.
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