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Research advances in multifunctional microneedle system for

chronic wound management
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[Abstract] Chronic wounds, such as diabetic ulcers, venous ulcers, and infected wounds , bring a heavy burden to the world, with the
following pathological features : prolonged inflammation , high risk of infection, compromised angiogenesis, and excessive protease activ-
ity, and conventional therapies are often limited by inadequate tissue penetration, the propensity for inducing drug resistance, and the
requirement for frequent dressing change. As an innovative transdermal delivery technique , microneedles have the advantages of pain-
less stratum corneum penetration, targeted drug delivery, improved drug bioavailability , and minimally invasive operation. This review
focuses on the “multi—functionalized” microneedle system engineered to incorporate multiple functions such as antimicrobial , anti—
inflammatory , pro—angiogenic , immunomodulatory, and stimuli-responsive properties and discusses the latest advances in the design
rationale , mechanism of action, application effect, and future challenges of the microneedle system in the treatment of chronic wounds,
highlighting its great potential in addressing the complex pathological environment of chronic wounds , realizing synergistic therapy, and
improving the quality of wound healing.
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