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[Abstract] Repair of orofacial tissue remains a clinical challenge, as conventional materials often fail to meet mul-
tiple requirements such as biocompatibility, antibacterial activity, anti-inflammatory effects, and tissue regeneration.
Zinc (Zn)-containing biomaterials have recently emerged as a research focus due to their unique biological properties,
offering new strategies to address this challenge. This article summarizes the latest research on Zn-containing bioactive
materials in this field. It first elucidates the mechanisms by which these biomaterials exert antibacterial, anti-
inflammatory, and tissue-regenerative effects. The Zn>* released during degradation inhibits bacterial growth by interfer-

ing with bacterial metabolism, remodels the immune microenvironment by regulating macrophage polarization and re-
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cruiting neutrophils, promotes fibroblast proliferation to accelerate soft tissue repair by activating signaling pathways
such as PI3K/Akt, and enhances osteogenic differentiation through pathways such as Wnt/ -catenin. Based on these
mechanisms, this review further elaborates on the design strategies of zinc-containing biomaterials for treating maxillofa-
cial bone defects, fractures, periodontitis, peri-implantitis, and oral mucosal diseases, analyzing how to modulate the re-
lease behavior of Zn** to achieve antibacterial, anti-inflammatory and tissue-regenerative functions. Despite this prog-
ress, challenges remain, including imprecise Zn** release, inadequate temporal regulation, insufficient long-term bio-
safety data, and lack of standardized clinical translation protocols. Future research can focus on developing smart Zn*-
controlled release systems, constructing biomimetic spatiotemporal regulatory platforms, assessing long-term biosafety
using advanced technologies such as organoids or organ chips, and establishing systematic clinical translation evalua-

tion frameworks. This review aimed to provide research frameworks for further development and clinical application of

Zn-containing biomaterials in orofacial reconstruction.
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NF-kB: nuclear factor kappa-B; ROS: reactive oxygen species; PI3K: phosphatidylinositol 3-kinase; Akt: protein kinase B; HIF-1a: hypoxia induc-

ible factor-1a; MMP: matrix metallo proteinase; MAPK: mitogen-activated protein kinase; ERK: extracellular regulated protein kinases; RANKL: re-

ceptor activator of nuclear factor kappa-B ligand; RANK: receptor activator of nuclear factor kappa-B; OPG: osteoprotegerin

Figure 1  Biological functions and mechanisms of Zn**
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Figure 2 The classification, application forms, and biological functions of Zn-containing bioactive materials
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