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Abstract

Hydrogel wound dressings, characterized by high water content, soft conformability, shape adapt-
ability, and drug-loading capacity, have become an important material platform for wound manage-
ment. Following the framework of “materials-structures-functions-mechanisms-translation”, this
review summarizes the structural characteristics, modification strategies, and application scenar-
ios of natural and synthetic polymer-based hydrogels, and discusses how dynamic crosslinking,
double-network reinforcement, nanocomposites, injectable and sprayable systems, 3D printing,
and microneedles regulate adhesion, antibacterial activity, antioxidant capacity, controlled release,
and mechanical adaptation. On this basis, this review further analyzes the barriers encountered in
translating multifunctional hydrogels from laboratory research to clinical application, including
regulatory evaluation, sterilization compatibility, cost-effectiveness, and alignment with clinical
needs, from the perspectives of representative original case studies, technical trade-offs, and clini-
cal translation challenges. Hydrogels promote wound healing mainly by maintaining a moist micro-
environment, mimicking the extracellular matrix, inhibiting infection and inflammation, delivering
bioactive factors, and enabling dynamic mechanical adaptation. Future studies should shift from
simple multifunctional integration toward demand-oriented design, and strengthen structure-func-
tion validation, standardized fabrication, and translational evaluation to advance hydrogel dress-
ings toward safe, effective, and manufacturable precision wound repair.
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