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Abstract

Hydrogels are increasingly explored as functional wound-dressing materials because they combine high
water content, biocompatibility, structural tunability, and the ability to localize therapeutic delivery at
injured tissue. As biomaterial platforms, hydrogel dressings can maintain a moist microenvironment,
absorb exudate, protect the wound bed, and carry bioactive agents that modulate infection, inflammation,
oxidative stress, and tissue regeneration. This review examines hydrogel wound dressings from a materials
centered perspective. First, skin structure, wound-healing physiology, and major barriers to repair are
outlined to define the biological requirements for effective dressings. Next, the chemical composition of
natural, synthetic, and composite hydrogels, their crosslinking strategies, swelling behavior, and drug-
loading and release mechanisms are discussed in relation to wound healing performance. Recent progress
in infection responsive, stimuli responsive, growth factor delivering, antimicrobial peptide loaded, and self-
healing hydrogel systems is then summarized. The present review highlights how composition, network
architecture, and responsiveness govern biomedical function and localized drug delivery in wound care.
These insights provide a materials centered framework that connects hydrogel composition, network
architecture, responsiveness, and localized delivery behavior with wound healing performance, thereby
supporting the rational design of next generation hydrogel biomaterials for difficult to heal wounds.
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Introduction

Hydrogel wound dressings are best understood as functional biomaterials for localized therapy at injured
skin rather than as classical transdermal systems designed for systemic delivery across intact tissue. In
wound care, biomaterials maintain a hydrated protective interface while delivering bioactive agents
directly to the wound bed to control infection, attenuate inflammation, manage oxidative stress, and
promote regeneration. These materials centered view positions hydrogel dressings at the intersection of
wound-healing biology, soft biomaterials design, and localized drug delivery [1]. Unlike previous reviews
that mainly summarize hydrogel dressings according to polymer type, wound healing stage, or therapeutic
cargo, this review emphasizes the relationship between hydrogel composition, network architecture,
responsiveness, and localized drug delivery performance in wound care [2]. The unique contribution of this
article is to integrate materials design principles with wound healing requirements, showing how
crosslinking chemistry, swelling behavior, drug loading strategy, and stimuli responsive mechanisms
collectively determine biological performance. By connecting hydrogel structure to practical wound
dressing functions, this review provides a material centered framework for designing next generation
hydrogel systems for infected, diabetic, and difficult to heal wounds. To maintain focus, this review
emphasizes hydrogel systems designed for wound bed application and localized therapeutic delivery rather
than general hydrogel based drug delivery platforms for unrelated administration routes.

Skin structure and wound healing physiology
Skin architecture and function

The skin is the body’s largest organ and acts as a dynamic barrier against physical, chemical, and microbial
insults while limiting trans epidermal water loss [3]. Structurally, it consists of the epidermis, dermis, and
hypodermis, each of which contributes to barrier integrity, immune defense, and tissue homeostasis.
Because the skin is both a barrier and a therapeutic target, its architecture is relevant not only to
conventional transdermal delivery but also to wound-healing biomaterials. In hydrogel dressings, transport
is directed primarily toward the injured tissue and wound microenvironment rather than across intact skin
into the bloodstream. Nevertheless, skin structure, hydration, and local diffusion pathways remain
important design considerations because they influence drug retention, tissue contact, and local
therapeutic performance at the wound interface [4].

Physiology of wound healing

A wound can be broadly defined as any injury or disruption to the integrity of biological tissues, including
the skin, mucous membranes, and internal organs. Damage occurs when the protective epithelial covering
is broken, thereby impairing the structure and function of the underlying tissues. Prompt restoration of the
injured barrier is essential for maintaining homeostasis because untreated wounds may lead to infection
and other complications. Wounds range from minor tissue disruptions, such as incisions, to extensive tissue
damage, such as burns. Accurate wound assessment is therefore essential for selecting appropriate
treatment strategies [5]. Wounds can be classified according to their nature and healing pattern as either
acute or chronic. Acute wounds usually heal within 8-12 weeks and typically result from mechanical
injuries such as abrasions, avulsions, crush injuries, cuts, fishhook injuries, incisions, and lacerations [6]. By
contrast, chronic wounds heal slowly, often lack a predictable healing timeline, and frequently recur.
Delayed healing is associated with conditions such as diabetes, heavily exuding wounds, persistent
infection, and antibiotic resistance [7].

Despite the high prevalence, complexity, and diverse causes of wounds, establishing a universally
accepted classification system remains challenging. As summarized in Figure 1, wound classification
remains important for diagnosis, management, and treatment because it helps anticipate infection risk and
guides therapeutic selection [8]. Burn wounds represent a clinically important category of skin injury
because they involve thermal, chemical, electrical, or radiation related tissue damage and may vary
substantially in depth and severity. From a dressing-design perspective, burn wounds often require
protection from infection, maintenance of a moist environment, absorption of exudate, pain reduction, and
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support for re-epithelialization [9]. Hydrogel dressings are therefore relevant to burn management because
their high-water content can provide cooling, hydration, and a protective interface while enabling localized
delivery of antimicrobial, anti-inflammatory, or regenerative agents. However, the selection of a hydrogel
system should consider burn depth, exudate level, infection risk, and the need for mechanical stability.
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Figure 1. General classification of wounds.

Mechanism of wound healing

Healthy skin maintains a delicate balance between the epidermal and dermal layers. When this protective
barrier is disrupted, the wound healing cascade is initiated and proceeds through hemostasis,
inflammation, proliferation, and remodeling. These stages involve cell migration, angiogenesis, re-
epithelization, collagen deposition, and extracellular matrix remodeling. Numerous growth factors in these
events, as summarized in Table 1 [10]. Hemostasis begins with vasoconstriction, clot formation, and the
release of mediators that promote subsequent healing events [11]. The inflammatory phase includes an
early neutrophil dominated response followed by later monocyte and macrophage activity. During the
proliferative phase, fibroblasts migrate to the wound bed, deposit extracellular matrix, and support new
tissue formation. The final remodeling phase, illustrated in Figure 2, may last for weeks or longer and
involves collagen synthesis, reorganization, and degradation under cytokine regulation [12]. Together,
these tightly regulated events restore tissue integrity and improve the mechanical strength of healed skin.
These biological events define the key design requirements for hydrogel wound dressings, including
moisture regulation, exudate management, antimicrobial protection, inflammation control, oxygen
permeability, mechanical flexibility, and support for re-epithelialization and tissue remodeling.

Functional hydrogel materials for wound dressings and localized drug
delivery

Hydrogels are three dimensional crosslinked polymeric networks that absorb and retain large amounts of
water while maintaining structural integrity. In wound dressings, their high water content, soft tissue like
properties, and tunable porosity support moisture balance, exudate absorption, oxygen exchange, and
localized delivery of therapeutic agents. Major hydrogel based wound dressing systems and their localized

Explor BioMat-X. 2026;3:101368 | https://doi.org/10.37349/ebmx.2026.101368 Page 3



Table 1. Various growth factors involved in wound healing.

Sources Growth factors Properties

Macrophages, lymphocytes, keratinocytes, GM-CSF Promotes epidermal cell proliferation

fibroblasts

Macrophages, lymphocytes IL-1 Promotes fibroblast proliferation and neutrophil
chemotaxis

Platelets, macrophages, epithelial cells TGF-alpha Promotes cell proliferation and granulation tissue
formation

Fibroblasts, neutrophils, keratinocytes, TGF-beta Supports angiogenesis and collagen metabolism

platelets

Fibroblasts and plasma IGF-1 Mediates fibroblast proliferation and supports
collagen and sulfated proteoglycan synthesis

Platelets, endothelial cells, fibroblasts PDGF Stimulates collagen metabolism and the proliferation
of fibroblasts and neutrophils

Lymphocytes, fibroblasts, and monocytes G-CSF Promotes the production and function of monocytes
and neutrophils

Mast cells, T lymphocytes, macrophages  TNF Promotes fibroblast proliferation

Macrophages, keratinocytes, platelets EGF Promotes keratinocyte proliferation, differentiation,
and migration at the wound site

Endothelial cells, smooth muscle cells, FGF Promotes angiogenesis, fibroblast and epithelial cell

macrophages, fibroblasts proliferation, and wound contraction

Endothelial cells, keratinocytes, HGF Promotes neovascularization, granulation tissue

fibroblasts, tumor cells formation, and re-epithelialization

Fibroblasts KGF Promotes keratinocyte proliferation and migration

Platelets, neutrophils VEGF Promotes collateral vessel formation and

angiogenesis
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Figure 2. Stages of wound healing. Adapted with permission from https://doi.org/10.3390/life11070665. © 2021 by the
authors. Licensed under a CC-BY 4.0.

delivery functions are summarized in Table 2. The swelling and deswelling behavior can be regulated by
polymer composition, crosslinking density, pH, ionic strength, temperature, and wound specific
biochemical cues (Figure 3). Therefore, hydrogel design should be considered in relation to wound bed
requirements, including hydration, infection control, inflammation modulation, mechanical conformity, and
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controlled release. To clarify the differences among responsive hydrogel systems, Table 3 compares their
main triggers, release behaviors, wound care relevance, and limitations.

Table 2. Hydrogel based wound dressing systems for localized drug delivery.

Hydrogel system

Therapeutic function

Role

Mechanism

Application

Chitosan based
hydrogel [13]

Alginate based
hydrogel [14]
Hyaluronic acid
hydrogel [15]

Gelatin/collagen
hydrogel [16]

Composite hydrogel
[16]

Self-healing
hydrogel [17]

Antibacterial/anti-
inflammatory agents

Antimicrobials, growth
factors, ions

Growth factors,
antioxidants, peptides

Growth factors, cells,
hemostatic agents

Antimicrobials,
antioxidants,
nanozymes

Antibacterial
nanoparticles or
peptides

Infection control and
inflammation reduction

Exudate absorption and
moist healing

Cell migration and tissue
regeneration

ECM support and
granulation tissue
formation

Multifunctional wound
repair

Adhesion, flexibility, and
repeated wound
movement

Diffusion, degradation, or pH-

responsive release
Swelling controlled release

Enzyme- or degradation-
mediated release

Entrapment and sustained
diffusion

Combined swelling,
degradation, and stimuli
response

Dynamic covalent/reversible

bonding

Infected and
diabetic wounds

Exuding wounds

Chronic wounds

Regenerative
wound dressings

Infected diabetic
wounds

Irregular or mobile
wound sites

Figure 3. Classification of smart, responsive hydrogels for wound healing. ROS: reactive oxygen species; sol: solution.

Multifunctional hydrogel biomaterials can integrate several wound healing functions within a single
network. For example, injectable chitosan phenylboronic acid hydrogels incorporating catechol and
epigallocatechin gallate groups can scavenge reactive oxygen species and reduce oxidative stress. Self-
healing hyaluronic acid hydrogels releasing salvianolic acid B can attenuate inflammation and accelerate
diabetic wound repair in vivo. Antimicrobial effects can arise intrinsically, as in carboxymethyl chitosan
hydrogels that inhibit Escherichia coli and Staphylococcus aureus, or through photothermal strategies using
polydopamine nanoparticles. Rapid hemostasis may be promoted by bioadhesive catechol modified
chitosan systems, whereas magnetic curcumin releasing nanocomposite hydrogels can stimulate collagen
maturation and dermal reconstruction during the proliferative phase [18]. Li et al. reported a
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Table 3. Comparison of major responsive hydrogel types for wound dressing and localized drug delivery.

Hydrogel type

Trigger

Typical release
behavior

Wound-care relevance

Limitation

pH responsive

Acidic/basic wound pH

pH triggered swelling,

Infection and chronic

Variable wound pH

hydrogels degradation, or bond  wound microenvironments may affect predictability
cleavage

Temperature Local temperature change  Sol—gel transition or Injectable or in situ Limited response range

responsive thermally controlled forming dressings near physiological

hydrogels diffusion temperature

Glucose Elevated glucose/glucose Glucose-dependent Diabetic wound healing Requires careful

responsive oxidase reaction release and control of oxidative by-

hydrogels antibacterial activity products

ROS responsive

Excess reactive oxygen

Oxidative degradation

Inflamed and infected

Over-response may

hydrogels species and drug release wounds weaken the network
Enzyme- Bacterial enzymes or matrix Enzyme mediated Infection responsive and  Enzyme levels vary
responsive metalloproteinases degradation or cargo  chronic wound therapy between wounds
hydrogels release

Multi stimuli Combined pH, glucose, More selective and Complex chronic wound More complex
responsive ROS, enzymes, or adaptive release microenvironments formulation and
hydrogels temperature validation

multifunctional fluorescent hydrogel containing a multi enzyme like nanocomposite for diabetic wound
healing; the fabrication concept and cascade mechanism [19].

Chemical composition of hydrogels

Hydrogels can be prepared from natural biopolymers such as polysaccharides (alginate, chitosan, cellulose,
and amylopectin) and proteins (collagen and gelatin), as well as from synthetic polymers such as
poly(ethylene glycol) (PEG), poly(vinyl alcohol) (PVA), and poly(acrylic acid) [20]. Composite hydrogels
that combine natural and synthetic polymers may offer the advantages of both classes, as summarized in
Table 4. Selecting an appropriate polymer system remains challenging because the structural diversity of
available materials must be balanced against the chemical, mechanical, biological, and interfacial properties
required for a given wound application. Thus, the selection of natural, synthetic, or composite hydrogel
matrices should be guided by the wound type, exudate level, infection risk, required residence time,
mechanical demands, and intended therapeutic release profile.

Composite hydrogels are particularly important in wound dressing design because they combine the
biological advantages of natural polymers with the mechanical strength, tunability, and reproducibility of
synthetic polymers. Natural components such as chitosan, alginate, collagen, gelatin, and hyaluronic acid
can improve biocompatibility, biodegradability, cell adhesion, hemostasis, and intrinsic wound healing
activity. Synthetic polymers such as PEG, PVA, polyacrylic acid, and PNIPAAM can improve mechanical
stability, elasticity, swelling control, and controlled release behavior. In composite systems, the balance
between natural and synthetic components allows modulation of porosity, degradation rate, adhesive
strength, exudate absorption, and drug-release kinetics. Such hybrid networks are therefore useful for
infected, exuding, diabetic, and irregular wounds where a single polymer hydrogel may not provide
sufficient mechanical durability and biological activity. Natural polymer based hydrogels are often favored
because of their biodegradability, biocompatibility, relatively low production cost, and environmental
friendliness. Biodegradable systems can also provide improved flexibility and better control over drug
stability and diffusion. In some cases, they enable site-specific delivery when the matrix is degraded by
biological triggers such as microbial enzymes [33]. These systems may respond to enzymes, temperature,
pH, and other cues while also exhibiting bioadhesive behavior, thereby supporting self-regulated delivery.
Techniques such as grafting, physical blending, and block copolymerization can be used to improve
mechanical performance and tune biodegradation rates. Naturally derived polymers typically show
excellent biocompatibility, low cytotoxicity, minimal immunogenicity, and the ability to promote cell
adhesion, tissue proliferation, and regeneration. In particular, polysaccharide-based hydrogels have
emerged as attractive wound biomaterials, as illustrated in Figure 4 [34, 35].
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Table 4. Natural and synthetic polymers used in hydrogel formulations and their properties.

Polymers Properties Uses Sources Reference

Natural polymers

Carrageenan Highly stable, biodegradable, Stimulates angiogenesis and Seaweeds [21]
biocompatible, bioadhesive, re-epithelialization and Algae
antibacterial, and characterized  supports wound healing 9
by high tensile strength Red marine algae

Guar gum Non-ionic, non-toxic, hydrophilic, Promotes epithelialization, Cyamopsis [22]
biocompatible, and differentiation, and tetragonolobus
biodegradable regeneration

Chitosan Biocompatible, biodegradable, Promotes keratinocyte and Fungal cell wall [23]
antibacterial, and anti- fibroblast activity and supports Crustacean exoskeleton
inflammatory wound healing and tissue

engineering

Sodium alginate Biocompatible and Absorbs wound fluid and Algae [24]
biodegradable; forms a facilitates the healing process
hydrophilic, porous gel with high
swelling capacity

Hyaluronic acid Stimulates cell motility and is Accelerates wound closure Animal tissues [25]
biocompatible, non- and promotes wound healing, Bacterial fermentation
immunogenic, biodegradable, as reflected by increased neo-
and strongly hydrophilic epidermal thickness

Collagen Natural polymer that is Promotes epithelialization and  Bovine [26]
biocompatible, hemostatic, non- wound healing Marine
toxic, and able to support tissue
development and fibroblast
activity

Dextran Biocompatible, biodegradable Promotes angiogenesis, skin Lactobacilli [27]
bacterial hydrophilic regeneration, and tissue repair Leuconostoc species
polysaccharide P

B-Glucan Antibacterial, antiviral, anti- Can reinitiate the healing Cell wall of bacteria [28]
inflammatory, biocompatible, and process and thereby reduce Lichens
capable of enhancing immune wound size
responses Oats and barley

Synthetic polymers

Polyethylene glycol Hydrophilic polymer, Shows potential in wound Condensed ethylene [29]
biodegradable, and non-toxic healing applications oxide

Polyvinyl alcohol High elasticity, water retention Accelerates chronic diabetic Polyvinyl acetate [30]
capacity and tensile strength wound healing

Polyvinylpyrrolidone Highly stable, non-toxic, and Promotes burn wound healing  N-Vinyl-2-pyrrolidone [31]
biocompatible monomer

PNIPAAM Thermally stable, hydrophilic May reduce scar formation Free radical [32]
polymer with high mechanical polymerization of N-
strength and good isopropylacrylamide
biocompatibility

Synthesis of hydrogels

Hydrogel synthesis methods can generally be classified into physical crosslinking and chemical
crosslinking. Physical crosslinking involves reversible interactions such as ionic interactions, hydrogen
bonding, hydrophobic association, and complex coacervation. Chemical crosslinking involves covalent bond
formation between polymer chains through chemical crosslinkers, enzymatic reactions, photo-
polymerization, or irradiation induced free radical reactions. Therefore, irradiation crosslinking is best
considered a chemical crosslinking method because high energy radiation generates reactive radicals that
form covalent network structures. The choice of crosslinking method should balance mechanical stability,
biocompatibility, sterilization compatibility, degradation behavior, and the ability to preserve the activity of
incorporated therapeutic agents for wound dressing applications.

Physical crosslinking

Physical crosslinking includes ionic crosslinking, complex coacervation, and hydrogen-bond-based network
formation. Ionic crosslinking relies on electrostatic interactions between oppositely charged polymers to
form hydrogels. Pessoa et al. developed ionically crosslinked alginate-chitosan hydrogel beads for oral
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Figure 4. Properties of polysaccharide-based hydrogels and their mechanisms in wound dressing applications.

insulin delivery [36], while carrageenan-based hydrogels have been fabricated using KCI and CaCl, as
crosslinkers [37]. The main advantages of ionic crosslinking are mild reaction conditions, avoidance of
potentially toxic chemical crosslinkers, cost-effectiveness, and ease of preparation. However, ionically
crosslinked networks often exhibit relatively weak mechanical properties and may be unstable under
conditions that disrupt ionic interactions [38].

Complex coacervation produces hydrogels through electrostatic complexation between oppositely
charged polyelectrolytes. Zhao et al. [39] developed multilayer hydrogel beads composed of chitosan,
alginate, and octenyl succinic anhydride starch encapsulating Perilla frutescens L. essential oil using this
approach. The method offers facile preparation, good cytocompatibility, and high loading capacity for
bioactive agents, although the resulting coacervate systems can be highly sensitive to pH, polymer
concentration, temperature, and ionic strength. Hydrogen bonding can also create physically crosslinked
networks between polymers capable of forming reversible interactions. For instance, a dual-crosslinked
injectable carboxymethylated starch hydrogel incorporating Ca?* and Mg?* ions promoted in situ bone
formation by supporting cell migration and new bone regeneration after implantation [40]. Although
hydrogen bonded hydrogels can be prepared using simple and nontoxic chemistry and may display tissue
like, cell responsive behavior, their stability can be compromised under physiological conditions such as
changing pH or solvent environments.

Chemical crosslinking, including irradiation induced crosslinking

Chemical crosslinking forms covalent bonds between polymer chains, commonly through bifunctional
crosslinkers such as glutaraldehyde. Gelatin hydrogels, which are widely used in biomedical applications,
often require covalent crosslinking to improve thermal stability. Glutaraldehyde has been used to provide
functional groups for covalent immobilization in chitosan-based bead systems [41]. For wound dressing
applications, crosslinker selection should also consider network stability, residual reagent, and
biocompatibility. Irradiation crosslinking uses high-energy gamma or UV irradiation to generate free
radicals on polymer chains, thereby forming crosslinked networks. Wahba reported that incorporating
polyethylene glycol diacrylate improved the material properties of PEGDA/gelatin hybrid hydrogels, with
the final characteristics being tunable through changes in irradiation dose and PEGDA/gelatin composition
[42]. This approach enables precise control over hydrogel properties and facilitates cell encapsulation.
Although the required equipment can be complex and expensive, irradiation techniques offer a clean and
initiator free route for hydrogel fabrication. Prolonged irradiation may, however, induce polymer
degradation.
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Drug loading strategies

The effective delivery of therapeutic agents from a hydrogel matrix depends strongly on the chemical and
physical characteristics of both the cargo and the network. Three main drug-loading strategies are
commonly used: diffusion, entrapment, and tethering. In the diffusion method, the hydrogel is immersed in
a solution containing the therapeutic agent, and uptake depends on the size and chemical nature of the
molecule as well as the mesh structure of the hydrogel network [35]. Entrapment occurs during gelation
and is particularly suitable for large biomolecules, such as proteins and peptides, that cannot readily diffuse
through small pores. Because both diffusion and entrapment allow relatively free movement of the drug
within the network, they are often associated with an initial burst release. To reduce this effect, therapeutic
agents may be linked covalently or physically to the hydrogel network in a strategy known as tethering.
Tethering helps limit premature exposure and enables more controlled and sustained release [43].
Incorporating therapeutic agents such as antimicrobials, anti-inflammatory compounds, growth factors,
enzymes, and stem cells can further enhance hydrogel efficacy. For example, a multifunctional
chitosan/gallic acid glucomannan hydrogel promoted healing of antibiotic-resistant, bacteria infected
wounds in diabetic models by scavenging reactive oxygen species and modulating inflammation [44].
Hydrogel systems can also help prevent microbial invasion and proliferation at the wound site [45].

Swelling behavior

Swelling capacity and moisture retention are key hydrogel properties that determine wound hydration and
exudate absorption. Because swelling behavior is governed by the chemical and physical characteristics of
the network, it is also an important determinant of drug-delivery performance. Hydrogels containing
hydrophilic polymers generally exhibit high water uptake, whereas increasing the degree of crosslinking
typically reduces swelling. Owing to their high-water content, often exceeding 90%, these materials closely
resemble soft natural tissues and can be crosslinked through covalent bonds, van der Waals interactions,
physical entanglements, or hydrogen bonding. An optimal degree of crosslinking enables sufficient swelling
and fluid uptake while preventing premature degradation. For example, a hyaluronic acid/gelatin hydrogel
with an 11-fold swelling capacity enabled sustained thrombomodulin release and promoted diabetic
wound healing, whereas a pectin/Bletilla striata hydrogel with high moisture retention accelerated wound-
fluid absorption [9].

Drug release

Drug release from hydrogels commonly occurs by passive diffusion, although diffusion-controlled,
chemically controlled, and swelling controlled mechanisms may each become rate-limiting depending on
the system. Hydrogel mesh size is a key determinant of drug diffusion because it is influenced by the
chemical structure, degree of crosslinking, and responsiveness of the network to external stimuli.
Important physical properties such as mechanical strength, diffusivity, and degradability are all linked to
mesh size, which typically ranges from 5 to 100 nm in swollen biomedical hydrogels [9]. Drug release from
hydrogel wound dressings is controlled by several interrelated mechanisms. In diffusion controlled
systems, the therapeutic agent migrates through water filled pores of the hydrogel network, and the release
rate depends on mesh size, polymer concentration, crosslinking density, drug molecular weight, and drug
polymer interactions. In swelling controlled systems, water uptake expands the polymer network and
increases chain mobility, thereby allowing drug molecules to diffuse more readily from the matrix. In
degradation controlled systems, hydrolytic, enzymatic, or oxidative breakdown of the network gradually
releases entrapped or conjugated agents. Chemically controlled release may also occur when drugs are
linked to the hydrogel through cleavable covalent bonds or reversible physical interactions. In stimuli
responsive systems, wound-specific triggers such as acidic pH, elevated glucose, bacterial enzymes, matrix
metalloproteinases, reactive oxygen species, or temperature changes can accelerate network swelling, bond
cleavage, or matrix degradation. Therefore, release performance is influenced not only by the hydrogel
composition and crosslinking strategy but also by wound pH, exudate level, enzyme activity, infection
status, and the physicochemical properties of the loaded drug.

Explor BioMat-X. 2026;3:101368 | https://doi.org/10.37349 /ebmx.2026.101368 Page 9



Advanced functional hydrogel systems for wound healing

The traditional wound dressings mainly provide physical coverage and absorb exudate, advanced hydrogel
dressings can actively participate in healing because of their moisture management, gas exchange capacity,
and ability to incorporate therapeutic biomolecules.

Infection-responsive drug delivery systems

Prolonged infection with resistant organisms such as Pseudomonas aeruginosa, Staphylococcus aureus, and
Enterobacter species remains a major barrier to chronic wound healing. Infection-responsive carriers
therefore offer an attractive strategy for on-demand delivery directly at the wound site. For example, a
hyaluronic acid-based antibacterial hydrogel was designed to release the antimicrobial peptide epsilon-
poly-L-lysine in response to hyaluronidase produced by pathogenic bacteria [46]. In another study, a
glucose responsive hydrogel treated methicillin-resistant Staphylococcus aureus-infected diabetic wounds
in rats by combining glucose oxidase activity, pH-triggered release of copper nanoclusters, and enhanced
conductivity to improve antibacterial action and tissue repair [47].

Stimuli-responsive hydrogels for diabetic wound healing

A variety of stimuli responsive hydrogels have been explored for diabetic wound treatment, including pH
responsive hydrogels containing acidic or basic groups that swell or deswell in response to pH changes;
temperature responsive hydrogels such as poly(N-isopropylacrylamide), which undergo phase transitions
around their critical solution temperature; glucose-responsive hydrogels based on glucose oxidase,
phenylboronic acid, or concanavalin A; reactive oxygen species responsive hydrogels with bonds that
degrade in oxidative environments to release drugs; matrix metalloproteinase-responsive hydrogels that
are degraded by enzymes overexpressed in wounds; and dual or multi stimuli responsive systems that
combine pH, glucose, reactive oxygen species, or thermal sensitivity to better match the complex wound
environment. Collectively, these systems demonstrate the strong potential of smart hydrogels that sense
pathological microenvironments and regulate therapeutic delivery to accelerate healing [48]. Hu et al.
reported a photo-enzyme-polymerized hydrogel with photo-switchable redox behavior based on flavin
adenine dinucleotide-centered dihydrolipoamide dehydrogenase [49].

Growth factor delivery systems

Hydrogel-based carriers that enable sustained and localized delivery of regenerative growth factors such as
EGF, FGF, and VEGF represent an expanding area of research aimed at addressing the growth factor
deficiency associated with chronic wounds. For example, PDGF loaded hydrogel systems developed for

neuropathic diabetic foot ulcers have been reported to promote substantial granulation tissue formation
[50].

Delivery of antimicrobial peptides

Hydrogels loaded with naturally derived antimicrobial peptides, such as cathelicidins and defensins, can
disrupt critical bacterial processes while also promoting innate immune responses, making them promising
for the prevention and treatment of wound infection [51]. For example, a patented chitosan hydrogel
containing temporin antimicrobial peptides exhibited broad-spectrum activity against commonly isolated
multidrug-resistant wound pathogens [52].

Self-healing hydrogels

Liu et al. developed an ultra-stretchable, tissue-adhesive, shape-adaptive, self-healing, and on-demand
removable PBOF hydrogel dressing for infected wounds in highly mobile skin regions [53]. The hydrogel
was prepared through multiple reversible interactions among polyvinyl alcohol, borax, oligomeric
procyanidin, and ferric ions. The incorporation of ferric ion/polyphenol chelates endowed the hydrogel
with photothermal antibacterial activity, while the dynamic network provided tissue adhesion,
stretchability, shape adaptability, and self-healing behavior. Under near-infrared irradiation at 808 nm, the
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PBOF hydrogel showed strong antibacterial activity against both Staphylococcus aureus and Escherichia coll,
representing Gram-positive and Gram-negative bacteria, respectively [53].

Conclusion

Hydrogel wound dressings are evolving from passive coverings into functional biomaterial platforms that
integrate hydration control, structural compliance, and localized drug delivery. Across natural, synthetic,
and composite systems, composition, network architecture, and responsiveness strongly influence swelling,
cargo retention, release behavior, and biological performance. Recent advances in infection-responsive,
stimuli responsive, growth factor delivering, antimicrobial peptide loaded, and self-healing hydrogels
highlight the promise of materials informed design for difficult to heal wounds.

Future progress will depend on translating these materials from proof-of-concept platforms into
clinically practical systems with improved manufacturability, cost efficiency, and reproducible therapeutic
performance. Greater integration of advanced fabrication, bioresponsive design, and multifunctionality
should support next generation hydrogel biomaterials that better address the complexity of chronic wound
healing.

Declarations
Acknowledgements

During the preparation of this work, the authors used the Grammarly tool for language editing, grammar
improvement, and formatting assistance. After utilizing the tool/service, the authors reviewed and edited
the content as necessary and take full responsibility for the final content of the publication.

Author contributions

MF: Conceptualization, Supervision, Methodology, Investigation, Data curation, Visualization, Writing—
original draft, Writing—review & editing. SS: Conceptualization, Formal analysis, Validation, Writing—
review & editing. Both authors read and approved the final manuscript.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding
Not applicable.

Copyright
© The Author(s) 2026.

Explor BioMat-X. 2026;3:101368 | https://doi.org/10.37349/ebmx.2026.101368 Page 11



Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1.

10.

11.

12.

13.

14.

15.

Abedinia A, Serri A, Elahi M, G6mez AMA, Nurdiani R, Huda N. Poultry collagen: Structural and
functional properties, biomaterial potential, and the molecular mechanisms and biological
interactions of its hydrolysates in wound healing and tissue regeneration — A review. Int ] Biol
Macromol. 2026;359:151693. [DOI] [PubMed]

Zhang C, Zhang S, Wu B, Zou K, Chen H. Efficacy of different types of dressings on pressure injuries:
Systematic review and network meta-analysis. Nurs Open. 2023;10:5857-67. [DOI] [PubMed] [PMC]
Chakraborty R, Afrose N, Kuotsu K. Novel synergistic approaches of protein delivery through physical
enhancement for transdermal microneedle drug delivery: A review. ] Drug Deliv Sci Technol. 2023;84:
104467. [DOI]

Roberts MS, Cheruvu HS, Mangion SE, Alinaghi A, Benson HAE, Mohammed Y, et al. Topical drug
delivery: History, percutaneous absorption, and product development. Adv Drug Deliv Rev. 2021;177:
113929. [DOI] [PubMed]

Bai Q, Hu F, Gou S, Gao Q, Wang S, Zhang W, et al. Curcumin-loaded chitosan-based hydrogels

accelerating S. aureus-infected wound healing. Int ] Biol Macromol. 2024;259:129111. [DOI]
[PubMed]

Kabir A, Sarkar A, Barui A. Acute and Chronic Wound Management: Assessment, Therapy and
Monitoring Strategies. Regen Med. 2023:97-125. [DOI]

Liu T, Qin M, Lu Y, Sun W, Fu X, Huang S, et al. Heterojunction with Photo-Responsive Therapy against
Multidrug-Resistant Bacteria for Rapid Sterilization and Improved Burned Wound Healing. Adv
Healthc Mater. 2025;15:e02842. [DOI] [PubMed]

Agrawal P, Soni S, Mittal G, Bhatnagar A. Role of Polymeric Biomaterials as Wound Healing Agents. Int
] Low Extrem Wounds. 2014;13:180-90. [DOI] [PubMed]

Kolipaka T, Pandey G, Abraham N, Srinivasarao DA, Raghuvanshi RS, Rajinikanth PS, et al. Stimuli-
responsive polysaccharide-based smart hydrogels for diabetic wound healing: Design aspects,

preparation methods and regulatory perspectives. Carbohydr Polym. 2024;324:121537. [DOI]
[PubMed]

Steed DL. THE ROLE OF GROWTH FACTORS IN WOUND HEALING. Surg Clin N Am. 1997;77:575-86.
[DOI] [PubMed]

Tiwari N, Kumar D, Priyadarshani A, Jain GK, Mittal G, Kesharwani P, et al. Recent progress in
polymeric biomaterials and their potential applications in skin regeneration and wound care
management. ] Drug Deliv Sci Technol. 2023;82:104319. [DOI]

Wu SH, Rethi L, Pan WY, Nguyen HT, Chuang AE. Emerging horizons and prospects of polysaccharide-
constructed gels in the realm of wound healing. Colloids Surf B: Biointerfaces. 2024;235:113759.
[DOI] [PubMed]

Hosseinkhani A, Molaei R, Roosta A, Mansouri Ghader Abad N, Saberian M. Molecular modulation of
cell migration via chitosan-based hydrogels: Toward smart biomaterial for wound regeneration. ]
Appl Biomater Funct Mater. 2026;24:22808000261431513. [DOI] [PubMed]

Liang X, Chen S, Liang Y, Wang M, Wang Q, Chen D, et al. Alginate-Based Hydrogels: Recent Progress in
Preparation, Property Tuning, and Multifunctional Applications. Gels. 2026;12:182. [DOI] [PubMed]
[PMC]

Yang X, Wu K, Liu Y, Liu Y, Fu Y, Lin W, et al. Versatile Hyaluronic Acid Hydrogels via pH-Induced

Gelation for Multifaceted Cutaneous Wound Healing. Adv Healthc Mater. 2025;15:e03120. [DOI]
[PubMed]

Explor BioMat-X. 2026;3:101368 | https://doi.org/10.37349 /ebmx.2026.101368 Page 12


https://dx.doi.org/10.1016/j.ijbiomac.2026.151693
http://www.ncbi.nlm.nih.gov/pubmed/41903630
https://dx.doi.org/10.1002/nop2.1867
http://www.ncbi.nlm.nih.gov/pubmed/37386783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10416006
https://dx.doi.org/10.1016/j.jddst.2023.104467
https://dx.doi.org/10.1016/j.addr.2021.113929
http://www.ncbi.nlm.nih.gov/pubmed/34403750
https://dx.doi.org/10.1016/j.ijbiomac.2023.129111
http://www.ncbi.nlm.nih.gov/pubmed/38176495
https://dx.doi.org/10.1007/978-981-19-6008-6_6
https://dx.doi.org/10.1002/adhm.202502842
http://www.ncbi.nlm.nih.gov/pubmed/41472387
https://dx.doi.org/10.1177/1534734614544523
http://www.ncbi.nlm.nih.gov/pubmed/25056991
https://dx.doi.org/10.1016/j.carbpol.2023.121537
http://www.ncbi.nlm.nih.gov/pubmed/37985111
https://dx.doi.org/10.1016/s0039-6109(05)70569-7
http://www.ncbi.nlm.nih.gov/pubmed/9194881
https://dx.doi.org/10.1016/j.jddst.2023.104319
https://dx.doi.org/10.1016/j.colsurfb.2024.113759
http://www.ncbi.nlm.nih.gov/pubmed/38280240
https://dx.doi.org/10.1177/22808000261431513
http://www.ncbi.nlm.nih.gov/pubmed/41930473
https://dx.doi.org/10.3390/gels12020182
http://www.ncbi.nlm.nih.gov/pubmed/41745054
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12940349
https://dx.doi.org/10.1002/adhm.202503120
http://www.ncbi.nlm.nih.gov/pubmed/41215631

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29,

30.

31.

32.

33.

34.

Basso F, Perotto G, Contardi M, Summa M, Paknezhad N, Ceseracciu L, et al. Healing from the Ocean:
Engineered Hydrogels from Marine Collagen and Gelatin for Burn Wound Therapy. ACS Sustain
Resour Manag. 2026;3:972-84. [DOI]

Pareek A, Sahu A, Malani P, Chuturgoon A, Pareek A. Recent advances in Konjac Glucomannan-based
self-healing hydrogels for effective wound management. Carbohydr Polym Technol Appl. 2026;13:
101106. [DOI]

Ding C, Liu X, Zhang S, Sun S, Yang ], Chai G, et al. Multifunctional hydrogel bioscaffolds based on

polysaccharide to promote wound healing: A review. Int ] Biol Macromol. 2024;259:129356. [DOI]
[PubMed]

Li Q, Dong M, Han Q, Zhang Y, Yang D, Wei D, et al. Enhancing diabetic wound healing with a pH-
responsive nanozyme hydrogel featuring multi-enzyme-like activities and oxygen self-supply. ]
Control Release. 2024;365:905-18. [DOI] [PubMed]

Kasai RD, Radhika D, Archana S, Shanavaz H, Koutavarapu R, Lee D, et al. A review on hydrogels
classification and recent developments in biomedical applications. Int ] Polym Mater Polym Biomater.
2022;72:1059-69. [DOI]

Neamtu B, Barbu A, Negrea MO, Berghea-Neamtu CS, Popescu D, Zdhan M, et al. Carrageenan-Based
Compounds as Wound Healing Materials. Int ] Mol Sci. 2022;23:9117. [DOI] [PubMed] [PMC(]

Ghosh Auddy R, Abdullah MF, Das S, Roy P, Datta S, Mukherjee A. New Guar Biopolymer Silver
Nanocomposites for Wound Healing Applications. BioMed Res Int. 2013;2013:912458. [DOI]
[PubMed] [PMC]

Ahmed S, Ikram S. Chitosan Based Scaffolds and Their Applications in Wound Healing. Achiev Life Sci.
2016;10:27-37. [DOI]

Kurakula M, Rao GK, Kiran V, Hasnain MS, Nayak AK. Alginate-based hydrogel systems for drug
releasing in wound healing. Alginates Drug Deliv. 2020:323-58. [DOI]

Neuman MG, Nanau RM, Orufia-Sanchez L, Coto G. Hyaluronic Acid and Wound Healing. ] Pharm
Pharm Sci. 2015;18:53-60. [DOI] [PubMed]

Chattopadhyay S, Raines RT. Collagen-based biomaterials for wound healing. Biopolymers. 2014;101:
821-33. [DOI] [PubMed] [PMC(]

Sun G, Zhang X, Shen YI, Sebastian R, Dickinson LE, Fox-Talbot K, et al. Dextran hydrogel scaffolds
enhance angiogenic responses and promote complete skin regeneration during burn wound healing.
Proc Natl Acad Sci. 2011;108:20976-81. [DOI] [PubMed] [PMC]

Muthuramalingam K, Choi SI, Hyun C, Kim YM, Cho M. 3-Glucan-Based Wet Dressing for Cutaneous
Wound Healing. Adv Wound Care. 2019;8:125-35. [DOI] [PubMed] [PMC(]

Hutanu D. Recent Applications of Polyethylene Glycols (PEGs) and PEG Derivatives. Mod Chem Appl.
2014;02:e02. [DOI]

Gao T, Jiang M, Liu X, You G, Wang W, Sun Z, et al. Patterned Polyvinyl Alcohol Hydrogel Dressings
with Stem Cells Seeded for Wound Healing. Polymers. 2019;11:171. [DOI] [PubMed] [PMC]
Chinatangkul N, Tubtimsri S, Panchapornpon D, Akkaramongkolporn P, Limmatvapirat C,
Limmatvapirat S. Design and characterisation of electrospun shellac-polyvinylpyrrolidone blended
micro/nanofibres loaded with monolaurin for application in wound healing. Int ] Pharm. 2019;562:
258-70. [DOI] [PubMed]

Ansari M]J], Rajendran RR, Mohanto S, Agarwal U, Panda K, Dhotre K, et al. Poly(N-
isopropylacrylamide)-Based Hydrogels for Biomedical Applications: A Review of the State-of-the-Art.
Gels. 2022;8:454. [DOI] [PubMed] [PMC(]

Liu Y, Wang ], Chen H, Cheng D. Environmentally friendly hydrogel: A review of classification,
preparation and application in agriculture. Sci Total Environ. 2022;846:157303. [DOI] [PubMed]
Bustamante-Torres M, Romero-Fierro D, Arcentales-Vera B, Palomino K, Magafia H, Bucio E.
Hydrogels Classification According to the Physical or Chemical Interactions and as Stimuli-Sensitive
Materials. Gels. 2021;7:182. [DOI] [PubMed] [PMC]

Explor BioMat-X. 2026;3:101368 | https://doi.org/10.37349/ebmx.2026.101368 Page 13


https://dx.doi.org/10.1021/acssusresmgt.5c00397
https://dx.doi.org/10.1016/j.carpta.2026.101106
https://dx.doi.org/10.1016/j.ijbiomac.2024.129356
http://www.ncbi.nlm.nih.gov/pubmed/38218300
https://dx.doi.org/10.1016/j.jconrel.2023.12.015
http://www.ncbi.nlm.nih.gov/pubmed/38092256
https://dx.doi.org/10.1080/00914037.2022.2075872
https://dx.doi.org/10.3390/ijms23169117
http://www.ncbi.nlm.nih.gov/pubmed/36012381
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9409225
https://dx.doi.org/10.1155/2013/912458
http://www.ncbi.nlm.nih.gov/pubmed/24175306
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3794655
https://dx.doi.org/10.1016/j.als.2016.04.001
https://dx.doi.org/10.1016/b978-0-12-817640-5.00013-3
https://dx.doi.org/10.18433/j3k89d
http://www.ncbi.nlm.nih.gov/pubmed/25877441
https://dx.doi.org/10.1002/bip.22486
http://www.ncbi.nlm.nih.gov/pubmed/24633807
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4203321
https://dx.doi.org/10.1073/pnas.1115973108
http://www.ncbi.nlm.nih.gov/pubmed/22171002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3248550
https://dx.doi.org/10.1089/wound.2018.0843
http://www.ncbi.nlm.nih.gov/pubmed/31737411
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6855293
https://dx.doi.org/10.4172/2329-6798.1000132
https://dx.doi.org/10.3390/polym11010171
http://www.ncbi.nlm.nih.gov/pubmed/30960155
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6401986
https://dx.doi.org/10.1016/j.ijpharm.2019.03.048
http://www.ncbi.nlm.nih.gov/pubmed/30910635
https://dx.doi.org/10.3390/gels8070454
http://www.ncbi.nlm.nih.gov/pubmed/35877539
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9323937
https://dx.doi.org/10.1016/j.scitotenv.2022.157303
http://www.ncbi.nlm.nih.gov/pubmed/35839887
https://dx.doi.org/10.3390/gels7040182
http://www.ncbi.nlm.nih.gov/pubmed/34842654
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8628675

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Freedman BR, Kuttler A, Beckmann N, Nam S, Kent D, Schuleit M, et al. Enhanced tendon healing by a
tough hydrogel with an adhesive side and high drug-loading capacity. Nat Biomed Eng. 2022;6:
1167-79. [DOI] [PubMed] [PMC]

Pessoa B, Vanzan D, Cabral L, Ribeiro A]. Quality-by-Design Optimization of Mucoadhesive Trimethyl
Chitosan-Coated Alginate/Dextran Sulfate Nanoparticles for Oral Insulin Delivery. Mar Drugs. 2026;
24:196. [DOI]

Loukelis K, Papadogianni D, Chatzinikolaidou M. Kappa-carrageenan/chitosan/gelatin scaffolds
enriched with potassium chloride for bone tissue engineering. Int ] Biol Macromol. 2022;209:
1720-30. [DOI] [PubMed]

Yang J, Chen Y, Zhao L, Zhang ], Luo H. Constructions and Properties of Physically Cross-Linked
Hydrogels Based on Natural Polymers. Polym Rev. 2022;63:574-612. [DOI]

Zhao Y, Li H, Wang Y, Zhang Z, Wang Q. Preparation, characterization and release kinetics of a
multilayer encapsulated Perilla frutescens L. essential oil hydrogel bead. Int ] Biol Macromol. 2023;
249:124776. [DOI] [PubMed]

YuT, HuY, He W, Xu Y, Zhan A, Chen K, et al. An injectable and self-healing hydrogel with dual
physical crosslinking for in-situ bone formation. Mater Today Bio. 2023;19:100558. [DOI] [PubMed]
[PMC]

Wahba MI. Glutaraldehyde-copper gelled chitosan beads: Characterization and utilization as covalent
immobilizers. Biocatal Agric Biotechnol. 2023;50:102668. [DOI]

Sener Raman T, Kuehnert M, Daikos O, Scherzer T, Krommelbein C, Mayr SG, et al. A study on the
material properties of novel PEGDA/gelatin hybrid hydrogels polymerized by electron beam
irradiation. Front Chem. 2023;10:1094981. [DOI] [PubMed] [PMC]

Kim HS, Jang J, Oh ]S, Lee EJ, Han CM, Shin US. Injectable remodeling hydrogels derived from
alendronate-tethered alginate calcium complex for enhanced osteogenesis. Carbohydr Polym. 2023;
303:120473. [DOI] [PubMed]

Saeedi M, Moghbeli MR, Vahidi O. Chitosan/glycyrrhizic acid hydrogel: Preparation, characterization,

and its potential for controlled release of gallic acid. Int ] Biol Macromol. 2023;231:123197. [DOI]
[PubMed]

Falbo F, Spizzirri UG, Restuccia D, Aiello F. Natural Compounds and Biopolymers-Based Hydrogels
Join Forces to Promote Wound Healing. Pharmaceutics. 2023;15:271. [DOI] [PubMed] [PMC]

Chen |, SuY, Huo ], Zhou Q, Li P. Bacteria-responsive hydrogel for on-demand release of antimicrobial
peptides that prevent superbug infections and promote wound healing. Colloid Interface Sci Commun.
2023;57:100752. [DOI]

Li X, Meng Z, Guan L, Liu A, Li L, Nesi¢ MD, et al. Glucose-Responsive hydrogel optimizing Fenton
reaction to eradicate multidrug-resistant bacteria for infected diabetic wound healing. Chem Eng J.
2024;487:150545. [DOI]

Zhang S, Ge G, Qin Y, Li W, Dong ], Mei ], et al. Recent advances in responsive hydrogels for diabetic
wound healing. Mater Today Bio. 2023;18:100508. [DOI] [PubMed] [PMC(]

Hu M, Wang X, Tang Y, He X, Shen H, Pan H, et al. Photo-enzyme-polymerized hydrogel platform
exhibits photo-switchable redox reversibility for diabetic wound healing. Nano Today. 2023;53:
102028. [DOI]

Mullin JA, Rahmani E, Kiick KL, Sullivan MO. Growth factors and growth factor gene therapies for
treating chronic wounds. Bioeng Transl Med. 2023;9:e10642. [DOI] [PubMed] [PMC]

Cui X, Huang Y, Peng Z, Li Z, Cen S. Mammalian antimicrobial peptides: defensins and cathelicidins.
Mol Med Microbiol. 2024:551-73. [DOI]

Wang X, Duan H, Li M, Xu W, Wei L. Characterization and mechanism of action of amphibian-derived
wound-healing-promoting peptides. Front Cell Dev Biol. 2023;11:1219427. [DOI] [PubMed] [PMC]

Explor BioMat-X. 2026;3:101368 | https://doi.org/10.37349 /ebmx.2026.101368 Page 14


https://dx.doi.org/10.1038/s41551-021-00810-0
http://www.ncbi.nlm.nih.gov/pubmed/34980903
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9250555
https://dx.doi.org/10.3390/md24060196
https://dx.doi.org/10.1016/j.ijbiomac.2022.04.129
http://www.ncbi.nlm.nih.gov/pubmed/35461864
https://dx.doi.org/10.1080/15583724.2022.2137525
https://dx.doi.org/10.1016/j.ijbiomac.2023.124776
http://www.ncbi.nlm.nih.gov/pubmed/37169047
https://dx.doi.org/10.1016/j.mtbio.2023.100558
http://www.ncbi.nlm.nih.gov/pubmed/36747579
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9898439
https://dx.doi.org/10.1016/j.bcab.2023.102668
https://dx.doi.org/10.3389/fchem.2022.1094981
http://www.ncbi.nlm.nih.gov/pubmed/36700077
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9868307
https://dx.doi.org/10.1016/j.carbpol.2022.120473
http://www.ncbi.nlm.nih.gov/pubmed/36657863
https://dx.doi.org/10.1016/j.ijbiomac.2023.123197
http://www.ncbi.nlm.nih.gov/pubmed/36639089
https://dx.doi.org/10.3390/pharmaceutics15010271
http://www.ncbi.nlm.nih.gov/pubmed/36678899
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9863749
https://dx.doi.org/10.1016/j.colcom.2023.100752
https://dx.doi.org/10.1016/j.cej.2024.150545
https://dx.doi.org/10.1016/j.mtbio.2022.100508
http://www.ncbi.nlm.nih.gov/pubmed/36504542
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9729074
https://dx.doi.org/10.1016/j.nantod.2023.102028
https://dx.doi.org/10.1002/btm2.10642
http://www.ncbi.nlm.nih.gov/pubmed/38818118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11135157
https://dx.doi.org/10.1016/b978-0-12-818619-0.00103-9
https://dx.doi.org/10.3389/fcell.2023.1219427
http://www.ncbi.nlm.nih.gov/pubmed/37397255
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10309037

53. LiuK, Zhang C, Chang R, He Y, Guan F, Yao M. Ultra-stretchable, tissue-adhesive, shape-adaptive, self-
healing, on-demand removable hydrogel dressings with multiple functions for infected wound healing
in regions of high mobility. Acta Biomater. 2023;166:224-40. [DOI] [PubMed]

Explor BioMat-X. 2026;3:101368 | https://doi.org/10.37349/ebmx.2026.101368 Page 15


https://dx.doi.org/10.1016/j.actbio.2023.05.025
http://www.ncbi.nlm.nih.gov/pubmed/37207743

	Abstract
	Keywords
	Introduction
	Skin structure and wound healing physiology
	Skin architecture and function
	Physiology of wound healing
	Mechanism of wound healing

	Functional hydrogel materials for wound dressings and localized drug delivery
	Chemical composition of hydrogels
	Synthesis of hydrogels
	Physical crosslinking
	Chemical crosslinking, including irradiation induced crosslinking

	Drug loading strategies
	Swelling behavior
	Drug release

	Advanced functional hydrogel systems for wound healing
	Infection-responsive drug delivery systems
	Stimuli-responsive hydrogels for diabetic wound healing
	Growth factor delivery systems
	Delivery of antimicrobial peptides
	Self-healing hydrogels

	Conclusion
	Declarations
	Acknowledgements
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

