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ABSTRACT

Burn wounds shows complex healing challenge due to infection hazard, fluid loss,

inflammation, and late tissue rejuvenation. Progressive wound dressings produced by polymeric

biomaterials have arisen as effective solutions since they can preserve a moist environment, offer
antimicrobial shield, support cell growth, and supply therapeutic agents in a precise manner.

Both natural and synthetic polymers are extensively used to produce burn wound dressings,
mostly in the form of nanofibers-based dressings produced by multiple techniques such as
electrospinning. Natural polymers offer outstanding biocompatibility and bioactivity; however

synthetic polymers deliver mechanical strength and controlled degradation. Polymer composite

systems merge these benefits to produce ideal burn healing dressing. This review highlights main
polymers used in burn wound healing, their physiochemical and biological properties, and their

roles in enhancing tissue redevelopment and infection prevention.
Keywords: Polymers, degradable and nondegradable materials, Electrospinning, Burn
healing, polymeric patch, biocompatibility, Physiochemical properties.

Introduction and Background

Burn injuries signify a significant global health
problem, often important to extensive tissue
destruction, scar, functional loss, and prolonged
morbidity [1]. The multifaceted
pathophysiological processes involved, containing
infection risk, dehydration, and scarring, shows
considerable therapeutic challenges [2] (2 zamani
2025). Conventional wound dressings regularly
fall short in maintaining an optimal healing
microenvironment and lack sufficient
biocompatibility or antimicrobial properties [3].

Therefore, progressive wound care approaches
gradually focus on polymeric biomaterials due to
their customized physicochemical properties,
biocompatibility, and facility to actively control
wound healing [4]. These polymers provide
mechanical support, control moisture, and supply
therapeutic agents, so accelerating tissue
redevelopment and purposeful recovery [5].

Polymers used in burn wound healing are typically
categorized into natural and synthetic types, each
impact different benefits and limits [6]. Natural
polymers,  familiar  for  their  inherent
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biocompatibility, bioactivity, and structural
similarity to the extracellular matrix (ECM), are
frequently used in recreating medicine [7]. These
polymers vigorously stimulate wound healing
processes and help in tissue rebuilding [8]. In
contrast, synthetic polymers deliver enhanced
control over degradation, mechanical properties,
and drug release kinetics, allowing for tunable
applications [9].

Natural Polymers in Burn Wound Healing
Natural polymers are originated from biological
sources and are greatly valued for their
biocompatibility, biodegradability, and capability
to mimic the natural ECM, which is essential for
encouraging cell adhesion, proliferation, and
tissue redevelopment [10]. The wound healing
process includes complex collaborations between
several factors, and natural polymers can modify
these interfaces effectively [11].

Chitosan

Chitosan, derived from chitin, is widely used in
burn wound dressings due to its distinctive
properties. It
property, hemostatic capabilities, and promotes
cellular proliferation
redevelopment [12]. Chitosan's positive charge
permits it to intermingle with negatively charged
cell membranes, simplifying cellular processes
critical for wound healing [13]. It also practices a
protective barrier, reducing fluid loss and avoiding
bacterial invasion [14]. Researches have shown
that chitosan-based hydrogels can significantly
accelerate burn wound healing by retaining a
moist environment conducive to cell growth and
relocation [15]. For example, a novel thin film
merging chitosan, carboxymethyl cellulose, tannic
acid, and beeswax has been expressed to increase
wound healing applications [16]. Chitosan
nanoparticles, mainly when combined into
electrospun nanofibers with therapeutic agents,
have proven enhanced antibacterial activity and
cell growth elevation in progressive wound
dressings [15].

shows inherent antimicrobial

and tissue
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Collagen

Collagen, the most abundant protein in the ECM,
shows a crucial role in wound healing by providing
mechanical support and signaling signs for cellular

processes  [17]. It  stimulates  fibroblast
proliferation, angiogenesis, and re-
epithelialization [18]. Collagen-based wound

dressings increase the wound healing process and
help in skin restoration [7]. Nanofiber frameworks
prepared from collagen are mainly effective for

skin  regeneration and wound  dressing
applications due to their high surface area and
structural similarity to native tissue [17].

Composite of synthetic polypeptides with collagen
have also been examined for their wound healing
features, presenting promising miscibility and
physicochemical  properties [18].  Moreover,
merging collagen with mesenchymal stem cells
(MSCs) within hydrogels has presented an
accelerating effect on burn wound healing. [19].

Alginate

Alginate, a polysaccharide originated from brown
algae, forms hydrogels upon interaction with
exudates, forming a moist wound environment
vital for healing [20].It shows superb
biocompatibility, biodegradability, and hemostatic
properties [10]. Alginate dressings are recognized
for their great absorption capacity, building them
appropriate for highly exuding wounds, and can
be combined with other polymers like polyvinyl
alcohol (PVA) to improve their biological physical,
and mechanical properties [20].

Cellulose and Derivatives

Cellulose and its products, such as carboxymethyl
cellulose, are extensively used in wound care due
to their biocompatibility, low cost, and capability
to absorb wound exudates [21]. They contribute to
preserving a moist wound environment and
avoiding bacterial adhesion. In spite of their
use, conventional cellulose-based
dressings usually have limitations in supporting
recreating healing and inhibiting infection [1].

extensive

Other Natural Polymers
Other natural polymers consist of silk hyaluronic
acid, keratin, and exopolysaccharides from marine
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bacteria [22]. Hyaluronic acid is important for
tissue hydration and cellular migration. .Keratin, a
protein, offer cell attachment and proliferation
[23]. Silk has shown potential in film development
for wound healing, mainly when amplified with
agents like honey and recombinant human
epidermal growth factor (thEGF) [24]. Bacterial
exopolysaccharides, such as those produced
by Halomonas malpeensis, are developing as
biopolymers with major potential for burn wound
healing due to their useful physicochemical and
biological properties [25].

Synthetic Polymers in Burn Wound Healing
Synthetic polymers provide significant benefits in
terms of accurate control over their mechanical,
structural, and degradation properties, which can
be custom-made for particular wound healing
applications [26]10 . This custom made property
allows for the development of progressive wound
dressings with improved functionality [9].

Polyvinyl Alcohol (PVA)

PVA is a synthetic polymer
commonly used in hydrogel formulations for
wound dressings due to its biocompatibility and
capability to produce form stable hydrogels [27].
PVA based hydrogels can produce a moist
environment, stimulate autolytic debridement,
and assist cell migration [28]. Composite PVA
with polymers like alginate
additionally increase the mechanical strength and
biological performance of the dressings. PVA is
employed in electrospun nanofibers, in some
applications in combination with other polymers
like polycaprolactone (PCL), to produce advanced
wound dressings with growth-promoting and
antimicrobial properties [29].

water-soluble

natural can
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Polycaprolactone (PCL)

PCL is a biodegradable polyester recognized for its
outstanding  mechanical ~ properties  and
biocompatibility [15]. It is broadly used in
electrospun nanofiber based scaffolds for tissue
engineering and wound healing applications,
offering a structural framework that mimics the
ECM [30]. PCL can be merged with other
polymers and agents to produce
multifunctional dressings. Such as , PCL
nanofibers fused with Centella asiatica extract and
silver nanoparticles (AgNPs) have
enhanced burn wound healing ability and broad-
spectrum antibacterial activity [31]. Moreover,
PCL membranes treated with  chitosan
oligosaccharides and AgNPs have been produced
for skin wound care, proposing antibacterial
properties and stimulating healing [32].

active

proven

Poly (lactic-co-glycolic acid) (PLGA)

PLGA is a copolymer of lactic acid and glycolic
acid, popular for its biodegradability and
biocompatibility. Its degradation rate can be
specifically controlled by modifying the ratio of
lactic to glycolic acid, creating it appropriate for
various drug delivery and tissue engineering uses.
PLGA-based materials help to form the scaffolds
for cell growth and proliferation, contributing to
wound healing and tissue redevelopment [28].

Polyurethanes

Polyurethanes are useful synthetic polymers used
in wound dressings because of their custom-made
breathability, properties,
obstruction They produce
hydrogels, foams, and films, adjusting to different
types of wounds. They are offering marvelous
biological properties, old polyurethane dressings
might lack the vibrant adaptability required for
complex clinical requirements, dynamic research
into supplementary functionalized alternatives

(33].

mechanical and

function. can
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Table:1 Different types of polymers and their properties and advantages [34] [27, 35]
Benefits in B
Polymer Type Key Properties enctits 1‘n um Limitations
Healing
Antibacterial, Prevents infection, )
) Natural ) , Poor mechanical
Chitosan , biodegradable, promotes tissue
(biopolymer) . . strength alone
hemostatic regeneration
, Highly absorbent, Mam.tams molst Low mechanical
Alginate Natural elformin environment, seabili
g £ absorbs exudate v
Biocompatible, Enhances tissue Expensive, weak
Collagen Natural promotes cell regeneration and mechanical
adhesion skin formation strength
Natural _ Supports cell growth i
) Biodegradable, Rapid
Gelatin (collagen hvdronhilic and wound Jeoradation
derivative) yarop hydration &
Hydrating, Accelerates healing )
. . Poor mechanical
Hyaluronic Acid Natural promotes cell and reduces
L . . strength
migration inflammation
Strong, Supports tissue .
1 T . . . . Requires
Silk Fibroin Natural protein biocompatible, repair and oxygen N,
breathable permeability P £
Cellulose High mc?lsture Maintains moist L_lmlted,
) Natural retention, > antibacterial
(Bacterial/Plant) . i wound environment o
biocompatible activity
.1» . .
Polyvinyl Alcohol ) Hydroph.l ¥ Brovides mospure Needs blending
Synthetic flexible, film- balance and .
(PVA) : ; for bioactivity
forming mechanical strength
Biodegradable, Provides structural
Polycaprolactone Synthetic strong mechanical support and Slow degradation
(PCL) ¥ & . controlled drug g
properties
release
Polylactic Acid Svnthetic Biocompatible, Supports tissue Brittle when used
(PLA) Y biodegradable regeneration alone
Polyethylene Svnthetic Hydrophilic, non- | Enhances hydration | Weak mechanical
Glycol (PEG) Y toxic and drug delivery strength
Non-
1 .
Polyurethane (PU) Synthetic Elastic, breathable, Protects wound and biodegradable
durable allows gas exchange :
types exist

Hydrogels in Burn Wound Healing

Hydrogels, either natural, synthetic, or hybrid,
diversified class of polymeric materials commonly
applied in burn wound healing [28]. Their 3D
cross-linked polymer linkages have great water
retention, generating a moist healing environment
that encourages cell immigration, proliferation
[36]. This moist environment is crucial for

preventing dehydration, reducing scar formation,
and supporting the natural healing force [28].

Hydrogels can be loaded with different therapeutic
drugs, comprising antimicrobials, growth factors,
and anti-inflammatory agents, allowing for precise
and sustained discharge at the wound site [37].
This targeted delivery therapeutic
efficiency and reduces local and systemic side
effects. For example, chitosan hydrogels can

improves
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combine antimicrobial agents, addressing the
serious challenge of infection in burn wounds

(38].

-
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i
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Nanomaterials and Advanced Inventions

The mixture of polymers with nanotechnology has
focused to the expansion of advanced wound
dressings with better properties [37]. Polymeric
nanoparticles and electrospun nanofibers offer
greater surface area-to-volume ratios, permitting
operative drug loading and precise release [39].
Nanofiber scaffolds, made up of dissimilar natural
and synthetic polymers, mimic the native ECM,
offering the premium environment for cellular
dispersion and tissue redevelopment [40].
Electrospinning is a commonly used technique to
fabricate polymeric nanofibers, often merged with
bioactive compounds to accelerate wound healing
[39]. Samples include PCL/PVA electrospun
nanofibers with chitosan-LL37 and chitosan-
VEGF nanoparticles for improved antibacterial
and cell growth-promoting properties. Recreating
protein nanoscaffolds, such as alpha-lactalbumin
(ALA) founded electrospun nanofibrous scaffolds,
have revealed better efficacy in burn wound
healing compared to former protein scaffolds [41].
The wound healing progression is complex,
including
proliferation, and tissue renovation [42]. Burn
wounds existing a unique experiment due to the
damage of skin layers and adnexal structures,
possibly leading to deep partial-thickness or full-
thickness wounds somewhere natural restoration

hemostasis, inflammation,

is compromised or terrible. These deeper burns
often need surgical interpolation, such as excision
and skin grafting, to attain closing and inhibit
extreme scarring and contractures [43]. In a burn
wound, where tissue is damaged but possibly
salvageable, is a dangerous target for polymeric
mediations aimed at avoiding more tissue loss and
encouraging recovery [44].

The progress of pioneering polymeric materials is
important for addressing the challenges in burn
wound administration [45]. These materials not
only deliver physical safeguard but also actively
contribute in controlling the biological processes
of healing, involvement a promising avenue for
successful results for burn patients [46].

Volume 4, Issue 4, 2026

The efficiency of polymers in burn wound healing
is recognized to a blend of important properties
that report the complex and energetic biological
process of tissue repair, with hemostasis,
inflammation, proliferation, and tissue restoration
[22]. These properties allow polymers to produce
an ideal microenvironment for healing, shield the
wound, and deliver therapeutic agents efficiently.

Physiochemical and Biological Properties of
Polymers

One of the most important properties is
biocompatibility, which confirms that the
polymeric material does not cause adverse
immune responses or cytotoxicity in the human
body  [38]. Biocompatible polymers, mainly
natural ones, mimic the extracellular matrix
(ECM) and assist cellular processes such as
adhesion, cell division and proliferation, which
are crucial for tissue redevelopment [5]. This
property is essential for stimulating the integration
of the dressing with the nearby tissues and
reducing inflammation.

Biodegradability is an additional vigorous
characteristic, allowing the polymer to naturally
degrade and be absorbed by the body over time
without needing removal, thus decreasing patient
discomfort and potential trauma to the healing
wound. The degradation rate can be regulated in
synthetic polymers like poly(lactic-co-glycolic acid)
(PLGA) by altering their composition, which is
useful for regulating the release of integrated drugs
and matching the rate of tissue restoration [28].
The capability to maintain a moist wound
environment is dominant for ideal burn wound
healing. Polymers, specifically those formulated as
hydrogels, attain this due to their greater water
content and hydrophilic nature [47]. A moist
inhibits
stimulates cell migration, autolytic
debridement, and decreases scar formation.
Antimicrobial properties are necessary for
inhibiting and managing infections, which are a
key problems in burn wounds [48]. Some
polymers, such as chitosan, keep intrinsic
antibacterial activity. Furthermore, polymers can
be planned to provide antibacterial agents, like
silver nanoparticles (AgNPs) or antimicrobial

environment wound  desiccation,

enables
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peptides (e.g., LL-37), to the wound site, offering membranes comprising AgNPs and coated with
persistent security against bacterial colonization chitosan  oligosaccharides  display  durable
[32]. For instance, studies have proven that antibacterial activity against both Gram-positive
electrospun poly(g-caprolactone) (PCL) and Gram-negative bacteria [49].

A
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Fig: 3 Multilayer membrane (PCL-Ag/POX/COS)Source: [19].
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Mechamcal properties, containing elasticity,
tensile strength, and flexibility, are critical to
deliver structural support to the healing tissue and
imitate to uneven wound surfaces [19]. Polymers
can be fabricated into many forms, such as,
nanofibers, films and foams, and, to offer suitable
mechanical stability while permitting for
association without causing further damage. PCL
nanofibers are valued for their exceptional
structural properties and ability to mimic the
ECM, proposing a robust scaffold for tissue
redevelopment [50].

The proficiency for precise drug release is
important advantage of polymeric
Polymers can act as transport vehicles for broad
range of therapeutic drugs, comprising growth
factors, anti-inflammatory agents, and antibiotics,
approving their continuous and localized presence
at the wound site. This concise targeted transfer of
drug can increase therapeutic efficiency and
reduce systemic side effects. Nanotechnology, in

systems.

Volume 4, Issue 4, 2026

specific, experts for the encapsulation of bioactive
within polymeric nanoparticles and nanofibers,
improving their strength and bioavailability [12].
Porous structure and abundant surface area,
mainly in nanofibrous scaffolds produced through
methods like electrospinning, enable cell
infiltration, nutrient interchange, and waste
elimination, systematically mimicking the innate
skin structure [51]. This may stimulate effective
cellular colonization and neo-tissue development.
Recreating protein nano-scaffolds, made from
alpha-actalbumin ~ (ALA), have exhibited
promising results in stimulating wound recovery
by providing an ideal environment for cellular
remodeling [52].

The Hemostatic properties are useful, mostly in
severe burn wounds where bleeding can be a
concern. Polymers like chitosan keep hemostatic
capabilities, facilitating in blood clotting and

stopping extreme blood loss [53].

Table: 2 Review matrix of different Polymers used in wound dressings

Ke Advantage Example Key
Polymer Type v s in Burn Limitations | Applicatio | Referenc
Properties )
Healing ns es
Prevents
Biocompati | infection, Poor
ble, Promotes | 4 o i Nanofiber
, Natural biodegradab cell i P s,
Chitosan . , .| lity alone, weak [54]
polysaccharide le, proliferatio mechanical hydrogels,
antibacterial n, screncth films
, hemostatic | accelerates g
healing
High Excellent
absorbency exudate
) l .
, Natural gelforming, | manageme LOW, Ca cum
Alginate ) ) mechanical alginate
polysaccharide moist nt, )
. , strength dressings [52]
environmen | soothing
t effect
Biocompati Enhances
ble P fibroblast Ranid
) Natural ’ growth & pic Electrospu
Gelatin ) promotes i degradation, [55]
protein tissue . n scaffolds
cell regeneratio weak stability
adhesion g
n
https://nmsreview.org | Mukhtiar et al., 2026 | Page 12


https://nmsreview.org/

*””"»J%

« RINMSR

A)

Review Journal of Neurological
& Medical Sciences Review

Volume 4, Issue 4, 2026

ECM Accelerates
mimicking, fssue ) . Skin
Natural regeneratio | Expensive, low .
Collagen protein promotes & stability substitutes [18]
. creltli X granulatio , scaffolds
gratio a
Hydrating, | Promotes
Hyaluronic I Natrl;il I anti- angiogenes Fast I—éyildrotgiels, (56]
Acid SYCOSAMMNOEY i flammator | is & scar degradation oactive
can , dressings
y reduction
High Supports
Natural mechanical tt Cﬁﬁl nt Compl Nanofiber
Silk Fibroin atura strength, atacame omplex anotbe [57]
protein biocompatib & processing s, films
1 b regeneratio
¢ n
1. Enhances
Polyvinyl Suntheti Hyf(li rq;}juhc, mechanical | Lacks intrinsic Electrl;ospu
Alcohol yhthetie et .e, strength & | antimicrobial i [58]
polymer good film- i . nanofibers
(PVA) ) moisture activity
forming ) , hydrogels
retention
Provides
Biodegradab | structural Nanofib
Polycaprolact Synthetic le, strong | stability & | Hydrophobic ANOMBTO (59]
one (PCL) polymer mechanical slow surface us
3 scaffolds
support degradatio
n
Improves Poor
Polyethylene Synthetic Hydrophilic, | hydration mechanical Hydrogel 501
Glycol (PEG) polymer non-toxic & drug systems
delivery strength alone
. Controlled
Polylactic Synthetic B1i)edeg0rgzllab drug Brittle & Electrospu (60]
Acid (PLA) polymer st;regn h release & hydrophobic n fibers
g support
Conclusion (PLA), Polycaprolactone (PCL), polyvinyl alcohol

Burn wound administration continues to progress
with the improvement of progressive polymer-
based dressings intended to enhance infection
control, rapid healing, and minimize scarring.
Evidence from recent studies (2020-2023) proves
that natural polymers such as chitosan, alginate,
collagen, silk, fibroin, and gelatin stimulate
cellular attachment, angiogenesis, and
extracellular matrix (ECM) rejuvenation, making
them more suitable for natural healing. In
contrast, synthetic polymers like polylactic acid

(PVA), and offer more structural stability,
mechanical strength, and precise degradation,
which are important for preserving dressing
reliability and secondary tissue repair. Hydrogel
systems have developed as predominantly effective
due to their greater water retention, moisture
ability, and capability to transport
therapeutic drugs in a controlled manner, making
an ideal environment for burn wound healing.

Recent progresses highlight multifunctional and
hybrid composite systems like chitosan PCL

balance
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hydrogels, PLA Gelatin-based nanofibers, and
polymer-composite blend electrospun scaffold that
integrate biological activity with mechanical
strength. These hybrid systems mimic the inherent
ECM, boost re-epithelialization, and provide
antibacterial and anti-inflammatory effects. The
custom-made and adaptability of polymers allow
for the production of customized dressings that
can deliberately adjust to  altering wound
environment 2027. This contains  stimuli-
materials that can  discharge
therapeutics based on definite environmental
cues, or materials that can modify their properties
as the wound heals 2820. The main property
consists of flexibility which represents a new
periphery in wound maintenance. The significant
properties of polymers for burn wound injuries
include custom-made  physiochemical and
biological properties such as biodegradability,
structural strength, biocompatibility, the ability to
balance the moist environment, antibacterial
activity, suitable mechanical properties, precise
drug release facilities, and a spongy structure
beneficial to cell proliferation and

responsive

tissue
remodeling.

Although substantial advancement, challenges
remain in optimizing mechanical properties,
degradation rates, large-scale manufacturing, and
Upcoming
should emphasis on smart bioactive dressings,
stimuli-responsive  hydrogels, and low cost
manufacturing methods to improve availability
and therapeutic products. Generally, polymeric
burn wound dressings signify a promising and fast
advancing approach for advance burn care
management and hazel free patient recovery
within short time frame.

clinical transformation. research

The characteristics
features in burn wound dressing collectively help
to the improve the phases of healing and provide
the next generation wound care management to
the healthcare industry.
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