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Abstract

Introduction: Currently, a variety of nanomaterials, including silver, gold,
copper, and zinc oxide, have been explored for innovative applications in
wound dressings. These nanomaterials primarily serve as antibacterial agents
to combat infections, while also exhibiting anti-inflammatory and healing
properties. Additionally, this technology facilitates controlled drug delivery
and promotes new tissue growth. Overall, nanomaterials have the potential to
significantly enhance the quality of treatment and improve healing outcomes,
particularly for complex wounds.

Methods: This review examined recent studies on various nanomaterials,
including silver, gold, copper, and zinc oxide, used in wound dressing
applications. Literature searches were conducted across databases such as
PubMed, Scopus, and Web of Science using keywords like "nanomaterials,"
"wound healing," "antibacterial," and "infection." The studies reviewed in
this article were selected from 2000 to 2025 to comprehensively cover the
progress and recent innovations in the use of nanomaterials in wound
dressings. Inclusion criteria focused on studies published in the last decade
that evaluated the antibacterial, anti-inflammatory, and healing properties of
nanomaterials in wound dressings. Data extraction involved assessing the
types of nanomaterials used, their synthesis methods, functionalization
techniques, and their reported biological activities and healing outcomes.
The review also analyzed the effectiveness of these nanomaterials in
controlled drug delivery and tissue regeneration.

Results: The analysis revealed that silver, gold, copper, and zinc oxide
nanoparticles exhibit significant antibacterial activity, which is crucial in
preventing infection in wound management. Silver nanoparticles
demonstrated the most consistent antibacterial effects, alongside anti-
inflammatory and wound healing properties, often enhancing tissue
regeneration when integrated into dressings. Gold and copper nanomaterials
showed promising results in stimulating cell proliferation and promoting
angiogenesis, respectively. Zinc oxide nanostructures contributed to rapid
wound closure and reduced inflammation. Overall, nanomaterials facilitated
controlled drug release, improved antimicrobial efficacy, and supported
tissue growth, indicating their potential to improve treatment outcomes for
complex wounds.

Conclusion: The aim of this review article is to provide an overview of
advances in antimicrobial wound dressings with nanoparticles.
Keywords: Nanoparticles, Wound Dressing, Antimicrobial,
engineering, Infection, Biofilm
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