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Abstract

based nanocomposite systems for effective wound management.

Wound healing is a complexand dynamic biological process involving hemostasis, inflammation, proliferation, and tissue remodeling. Conventional
wound dressings, such as cotton gauze and bandages, primarily provide physical protection but fail to actively support the healing process,
particularly in chronic and infected wounds. To address these limitations, advanced wound dressings have been developed with the ability to
maintain a moist wound environment, regulate exudate, prevent microbial infection, and promote tissue regeneration. Recent advancements in
material science have enabled the design of multifunctional wound dressings using natural and synthetic polymers, bioactive molecules, and
nanomaterials. Natural polymers such as chitosan, gelatin, alginate, and collagen offer excellent biocompatibility and intrinsic bioactivity, while
synthetic polymers contribute enhanced mechanical strength and structural stability. This review provides a comprehensive overview of recent
developments in advanced wound dressing materials, fabrication strategies, and functional modifications, with particular emphasis on polymer-
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Introduction

Skin, the largest organ of the human body, serves as a
primary barrier against mechanical injury, microbial invasion,
and environmental stress. Disruption of skin integrity due to
trauma, burns, surgery, or chronic conditions such as diabetes can
lead to acute or chronic wounds, posing a significant clinical and
economic burden worldwide [1]. Effective wound management
is essential to accelerate healing, reduce infection, and restore
normal tissue function. Traditional wound dressings, including
gauze and cotton pads, have been widely used for decades due to
their low cost and ease of application. However, these dressings
often adhere to the wound surface, cause pain upon removal,
provide poor moisture retention, and offer limited protection
against microbial contamination [2]. Additionally, they cannot
actively interact with the wound microenvironment, making them
unsuitable for chronic and non-healing wounds [3].

Advanced wound dressings have emerged as a promising
alternative, aiming to create an optimal healing environment by
maintaining moisture balance, enabling oxygen permeability,
absorbing excess exudate, and delivering bioactive agents. These
dressings are designed not only to protect the wound but also

to actively participate in the healing process by promoting cell
proliferation, angiogenesis, and extracellular matrix formation [4].
Polymer-based materials play a crucial role in the development of
advanced wound dressings. Natural polymers such as chitosan,
gelatin, alginate, collagen, and hyaluronic acid are extensively
investigated due to their biodegradability, biocompatibility, and
resemblance to the extracellular matrix [5].

In recent years, the integration of nanotechnology into wound
dressing design has led to the development of multifunctional
nanocomposite systems. This review aims to summarize recent
progress in advanced wound dressing materials, focusing
on polymer-based systems and nanocomposite approaches.
Emphasis is placed on material selection and functionalization
strategies, highlighting their potential for next-generation wound
care applications.

Commercially Available Wound Dressings

Commercially available wound dressings include films (e.g.,
Tegaderm™ and Opsite™), foams (e.g., Allevyn™ and Mepilex™),
hydrocolloids (e.g, DuoDERM™), hydrogels, alginates,
antimicrobial dressings, each designed to address specific

and
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wound requirements. Film dressings provide a protective, semi-
permeable barrier for superficial wounds, while foam and alginate
dressings are widely used for moderate to highly exuding wounds
due to their high absorbency. Hydrocolloid dressings promote
autolytic debridement by forming a gel at the wound interface,
whereas hydrogel dressings maintain hydration and are beneficial
for dry or burn wounds. Antimicrobial dressings incorporating
agents such as silver or iodine are commonly applied to infected
and chronic wounds. Despite their widespread clinical use, most
commercial dressings offer limited bioactivity and regenerative
capability, underscoring the need for advanced polymer-based
and nanocomposite wound dressing systems.

Classification of Advanced Wound Dressings

Advanced wound dressings are broadly classified based on
their material composition, structure, and functional properties.
These dressings are designed to address specific wound needs,
including moisture control, infection prevention, and tissue
regeneration.

Passive and interactive dressings

Passive dressings, including traditional gauze and lint, provide
only physical protectionand are now largely considered inadequate
for modern wound care. In contrast, interactive dressings such as
films, foams, hydrocolloids, and hydrogels actively interact with
the wound environment by maintaining moisture balance and
allowing oxygen permeability [6,7]. These dressings reduce pain,
enhance epithelialization, and minimize scar formation.

Bioactive wound dressings

Bioactive dressings are designed to actively stimulate the
wound healing process. They incorporate materials that can
release growth factors, antimicrobial agents, or extracellular
matrix components. Natural polymers such as collagen, gelatin,
and chitosan are widely used due to their inherent biological
activity, promoting cell adhesion, proliferation, and angiogenesis
[8].

Nanocomposite and smart dressings

Nanocomposite wound dressings integrate nanomaterials,
such as metal or metal oxide nanoparticles, within polymeric
matrices to enhance antimicrobial activity and mechanical
performance. Smart dressings further incorporate stimuli-
responsive systems that respond to pH, temperature, or enzymatic
changes, enabling controlled drug release and real-time wound
monitoring.

Materials Used in Advanced Wound Dressings
Natural polymers

Natural polymers have gained significant interest due to
their biocompatibility, biodegradability, and similarity to the
extracellular matrix. Chitosan is particularly attractive owing to its
antimicrobial, hemostatic, and wound healing properties. Gelatin

and collagen support cell attachment and tissue regeneration,
while alginate and hyaluronic acid are effective in managing highly
exuding wounds.

Synthetic polymers
Synthetic polymers such as poly (vinyl alcohol), polyurethane,
polycaprolactone, and polyethylene glycol offer superior

mechanical strength, flexibility, and durability. However, their lack
of intrinsic bioactivity often necessitates blending with natural
polymers or functionalization with bioactive molecules.

Polymer blends and composites

Polymer blending is an effective strategy to combine the
advantages of natural and synthetic polymers. Such blends improve
mechanical stability, degradation behaviour, and processability
while maintaining biological functionality, making them suitable
for advanced wound dressing applications.

Fabrication Techniques for Advanced Wound Dressings

Various fabrication techniques are employed to design wound
dressings with tailored properties.

Solvent casting and crosslinking

Solvent casting is widely used for preparing polymeric
films and membranes. Crosslinking using physical, chemical, or
enzymatic agents improves mechanical strength, water resistance,
and stability under physiological conditions.

Electrospinning

Electrospinning enables the fabrication of nanofibrous mats
that closely mimic the extracellular matrix. These structures offer
high surface area, porosity, and enhanced cell adhesion, making
them ideal for wound healing applications.

Hydrogel formation and freeze drying

Hydrogels provide a moist environment conducive to wound
healing. Freeze-drying techniques are often used to produce
porous scaffolds and sponges with high fluid absorption capacity.

Mechanism of Action of Advanced Wound Dressings

Advanced wound dressings promote healing through multiple
mechanisms, including moisture retention, exudate management,
microbial inhibition, and stimulation of cellular responses.
Polymer-based dressings support fibroblast proliferation and
keratinocyte migration, while nanoparticles enhance antibacterial
efficacy and reduce inflammatory responses. The synergistic
interaction between polymers and bioactive agents facilitates
accelerating reepithelialization and tissue remodeling

Challenges and Limitations

Despite significant progress, several challenges remain in
the development of advanced wound dressings. Issues such as
scalability, long-term stability, potential nanoparticle toxicity, and
regulatory approval limit clinical translation. Achieving an optimal
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balance between antimicrobial efficacy and cytocompatibility
remains a critical concern.

Conclusion

Future research is expected to focus on multifunctional, smart

wound dressings capable of real-time monitoring and on-demand
therapeutic delivery. The integration of biodegradable polymers,
metal oxide nanoparticles, and advanced fabrication techniques

holds great promise for next-generation wound care. Continued
interdisciplinary research and clinical validation are essential to
translate these advanced materials from laboratory to market.
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