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摘要：外科植入体易导致人体产生免疫反应，进而影响术后恢复时间，严重时甚至导致死亡。调

控免疫反应的关键在于调控植入体周边巨噬细胞的表型表达。巨噬细胞的抗炎表型表达可抑制

人体免疫反应，促进组织愈合。研究证实，材料表面微结构可调控巨噬细胞的表型，有效缓解免

疫反应。基于此，本研究提出在医用钛合金表面构建了微米-纳米跨尺度多维微结构，通过医用

钛合金表面微米-纳米多维度微结构实现巨噬细胞行为的调控，进而促进其抗炎表型的表达。研

究基于飞秒激光刻蚀技术，结合化学腐蚀加工，在医用钛合金表面成功构建了 4种多维度微纳结

构。通过扫描电镜、X 射线光电子能谱和接触角测量仪表征了激光-化学复合加工表面物理及化

学特性。并通过免疫细胞培养、细胞形态和分泌因子浓度检测，对不同密度微结构表面免疫调控

特性进行了表征，获得了具备高效诱导抗炎表型的医用钛合金表面微结构。研究结果表明，在医

用钛合金表面 10 line/mm和 20 line/mm密度微米结构下，通过 20分钟氢氟酸刻蚀处理的表面

可使得免疫细胞抗炎因子分泌浓度相对原始抛光面有显著提升，并且维持了原有的生物相容性，

有效调节材料在修复过程中的免疫反应。本研究为钛合金植入体免疫调控表面制造提供了理论

支撑和参考。 
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Abstract：Surgical implants can lead to an immune response in the human body, which in turn affects 

the recovery time after surgery. The key to regulating the immune response lies in regulating the 

phenotypic expression of macrophages around the implant. The anti-inflammatory phenotype expression 

of macrophages suppresses the human immune response and promotes tissue healing. Studies  

confirmed that the microstructure on the surface of the material can regulate the phenotype of 

macrophages and effectively alleviate the immune response. Therefore, we constructed a micro-nano 

cross-scale multi-dimensional microstructure on the surface of medical titanium alloy for leading the 

anti-inflammatory phenotype of macrophages using femtosecond laser-chemical etching technology. 

Four kinds of multi-dimensional micro-nano structures were successfully constructed on the surface of 

medical titanium alloy. The physical and chemical properties of the laser-chemical composite machining 

surfaces were characterized by scanning electron microscopy, X-ray photoelectron spectroscopy and 

contact angle measurement respectively. The immunoregulatory properties of the surface of 

microstructures with different densities were characterized, and the surface microstructures of medical 

titanium alloys with highly induced anti-inflammatory phenotypes were obtained. The results show that 

under the 10 line/mm and 20 line/mm density microstructure on the surface of medical titanium alloy, 

the surface treated by hydrofluoric acid etching for 20 minutes can significantly increase the secretion 

concentration of anti-inflammatory factors of immune cells compared with the original polished 

surface.Meanwhile, the original biocompatibility was maintained. This study provides theoretical 

support and reference for the fabrication of immunomodulatory surfaces for titanium alloy implants. 
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