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Abstract: Chronic wounds indeed present a high 

mortality risk, accompanied by annoying costs’ which 

is a literal paraphrase to the general belief that poor 

healing chronic wounds are common around the world 

which in turn also is common around the globe. If one 

delves into the three problems areas concerning 

chronic wounds – Lack of the appropriate conditions 

to trigger the processes of cell migration, proliferation 

and formation of new blood vessels, affliction due to 

bacterial infection, along with persistent and 

overactive inflammation. There is no doubt that 

current clinical methods of Chronic Wound Treatment 

Are Associated with Major Pitfalls. Barring a miracle, 

prospects for clinical deployment appear dismal. It is 

evident that over the past decade the science of 

nanomedicine had definitely assisted in dramatically 

changing the paradigm. Some of these things may be 

too good to be true. Those things include some of the 

claims proposed by authors on the effects of 

nanomedicine. These specifics target a variety of 

things. This review specifically features three areas: 

First – it discusses mechanisms and characteristics of 

the process concerning wounds. Second – this review 

intends to present not only the topical research but also 

research considering paediatric CWD.՛ 
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INTRODUCTION 

Inflammation, proliferation, remodeling, and 

hemostasis are the four sequential but overlapping 

biological steps that make up the highly coordinated 

process of wound healing. 1 – 4 

A chronic wound status may result from any 

disruption of any of the aforementioned wound-

healing phases, caused by both internal and external 

sources. This could prolong each step and result in 

an unsatisfactory outcome. When it comes to full 

wound healing, the most common problem is the 

colonization of contaminating bacteria at the site of 

skin damage during the natural healing process. 4. 

A chronic wound Is one that, in addition to 

unresolved inflammation and the presence of 

infection, is unable to heal and regain anatomical 

and functional integrity because of significant 

impairment of the healing processes of 

angiogenesis, epithelial migration, and cell 

proliferation. 5 – 8 With 5-year mortality rates of 

almost 50% and a prevalence of 1% to 2% of the 

general population, same to heart failure rates, 

chronic wounds are rapidly being recognized as a 

serious, life-threatening illness that has significant 

financial consequences. 8 

Clinical success in healing chronic wounds has been 

limited despite significant efforts to develop 

strategies and market various therapeutic products. 

This is primarily due to the complexity of the healing 

process and our incomplete knowledge of the 

biological, biochemical, immunological, and 

mechanical repair processes involved in skin 

regeneration. 8 -13 Our current approach to treating 

chronic wounds includes wound management 

techniques like debridement, the use of different 

dressing types including hydrocolloid, hydrogels, 

and foams, as well as mitigating the factors that lead 

to wounds such using off-loading devices or 

negative pressure wound therapy. Advanced 

treatments include growth hormones, bioengineered 

skin substitutes, and eventually autologous skin 

grafts are also required for more serious wounds. 14 

– 15 

 

Many commercially available products, such as 

Integra, Apligraf, Purilon, and Nu-gel, have been 

created to hasten the healing of chronic wounds. The 

outcomes of treating chronic wounds remain below 

ideal despite all of these treatments. Problems like 

bleeding, discomfort, or infections are linked to 

wound debridement. The catabolic wound 

environment and the presence of biofilms impede 

the topical administration of medicines like growth 

hormones or antibiotics. 16 

The limitations of the current wound dressings, 
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which include poor mechanical qualities and frailty in 

terms of adhesion, extensibility, and elasticity, make 

them subpar. Due to these deficiencies, secondary 

dressings must be applied, which further 

complicates the healing process by raising the 

possibility of infection or excessive damage.17–19 

Furthermore, most current products only target one 

of several compromised systems, which 

significantly hinders their ability to promote the 

healing of chronic wounds. 17-19 

Nanomedicine approaches have Introduced 

advances in the diagnosis and treatment of various 

Diseases including diabetes, cardiovascular disease, 

tissue Trauma, tissue engineering, regenerative 

medicine, inflammatory diseases, and wound 

healing. 20-25 

Nanotherapeutics, including the use of nanoparticles 

and nanofibers, can overcome the refractory chronic 

wound in multiple manners (Table 1). Nanoparticles 

as carrier materials can improve the efficiency of 

wound healing pharmaceuticals such as antibiotics, 

growth factors, or anti-inflammatory agents by 

enhancing their bioavailability via increasing their 

solubility, increasing their half-life, improving their 

stability, and preventing their degradation and 

minimizing their potential toxicity.26-27 

In this review, we focus on the physiological 

mechanisms And pathology of normal and chronic 

wounds. We also discuss The role of nanomedicine 

we addressing the main issues Associated with 

chronic wounds, offering a brief discussion of The 

challenges. 

PHYSIOLOGY OF WOUND HEALING 

The skin has the largest surface area of any organ in 

the human body, which should come as no surprise. 

It offers a vital anatomical barrier that shields 

different interior tissues from infections, heat, and 

mechanical harm.Because of this, the skin is 

extremely susceptible to several kinds of damage, 

which significantly affects patients as well as the 

healthcare system’s financial situation. The delicate 

synchronization of several cell types, chemokines, 

cytokines, and growth factors in successive phases 

is necessary for the complex physiological process 

of skin restoration. Hemostasis, inflammation, 

proliferation, and remodeling are the four 

consecutive and overlapping processes that 

traditionally define the wound healing cascade. 28-

30 

 

Hemostasis, which reduces bleeding after vascular 

damage and stops bleeding altogether, is the initial 

reaction to injury at the wound site. The three stages 

of hemostasis—vasoconstriction, primary 

hemostasis, and secondary hemostasis—are 

accomplished by quick, simultaneous, and 

mechanistically linked pathways. Blood flow to the 

wounded area is slowed while the clot forms due to 

vasoconstriction, which is caused by the transient 

reflexive contraction of vascular smooth 

muscles.31.Reducing the rate at which blood 

reaches the wounded area while the clot develops. 

Endothelin, which is secreted from injured 

endothelium, is one of the several vasoconstrictors 

that cause vasoconstriction. However, it only stops 

bleeding temporarily because hypoxia and wound-

related acidosis cause passive muscular relaxation, 

which permits bleeding to continue.32 

 

 
Inflammation 

After an accident, inflammation occurs right away 

and can persist for up to three days. Platelet 

degranulation starts a complement cascade and the 

synthesis of strong complement peptides after the 

severe vasoconstriction of early hemostasis. These 

peptides encourage the release of histamine, 

serotonin, proteases, and other cellular mediators 

from mast cells and basophils. This causes 

vasodilation, which raises blood flow and vascular 

permeability and gives the appearance of heat and 

redness. Fluid buildup and swelling are caused by 

the release of fibrinogen and other plasma-derived 

substances that act as chemoattractants for the 

infiltration of inflammatory cells like neutrophils 

into the wound due to vasodilation and increased 

blood vessel permeability.33 

The first circulating inflammatory cells to reach the 
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wound site are neutrophils. Their main function is 

phagocytosis, which is the ingestion and elimination 

of dead cells, damaged matrix elements, bacteria, 

and other foreign particles. By releasing toxic 

granules, neutrophils further combat infectious 

threats by creating neutrophil extracellular traps in 

addition to an oxidative burst. Numerous chemical 

signaling mechanisms, such as the complement 

cascade, interleukin activation, and transforming 

growth factor-β (TGF-β) signaling, control this 

process and enable neutrophils to migrate into the 

wound along a chemical gradient— a process known 

as chemotaxis.34 The leukocyte recruitment 

cascade, which includes rolling, adhesion, crawling, 

and migration to the inflammatory tissue, is started 

when neutrophils attach to the endothelium through 

adhesion receptors such selectins/selectin ligands 

and integrins. This process attracts other neutrophils 

to the location. Monocytes and other mononuclear 

cells are quickly drawn from the spleen or bone 

marrow two days following an injury, when they 

frequently undergo differentiation into different 

kinds of dendritic cells and tissue macrophages.34 

Proliferation pgase 

The proliferation phase, whichh begins 4 days after 

wound development and lasts 21 days in serious 

wounds, involves tissue granulation, wound 

contraction, and angiogenesis. It is triggered by 

platelet production of TGF-β, PDGF, and FGF, 

which induces neovascularization and repair of 

blood vessels. Fibroblasts accumulate in the wound 

site.35 

Fibroblasts accumulate in wounds and lay down 

extracellular matrix proteins, generating collagen 

and fibronectin. Granulation tissue, developed 

during inflammation, replaces clots and aids in re- 

epithelialization. Inflammatory cytokines stimulate 

fibroblasts to release growth factors, allowing 

keratinocytes to migrate to the wound bed. 

Granulation tissue hosts cellular-ECM interactions 

and releases biomolecules, facilitating fibroblast 

differentiation into myofibroblasts, which draw 

wound margins together.26 

The Remolding phase 

The last step of wound healing is The maturing or 

remodeling phase. This stage begins around Week 3 

postwounding and may take one year or longer, 

Depending on the wound type, and results in the 

growth of Natural epithelium and maturation of scar 

tissue.36 

The type III collagen (reticular collagen) laid down 

during the proliferation phase is gradually replaced 

by the more-stable type I collagen Fibroblasts then 

remodel their surroundings by degrading and 

depositing new collagen, which with further 

collagen cross-linking results in the realignment of 

collagen into organized networks that increase the 

tissue’s tensile strength, reaching maximum of 80% 

that of unwounded skin.37 Wound repair is a 

complex process involving a sequence of phases, and 

failure to follow or maintain optimal synchrony can 

lead to chronic wounds. 

 

 
C.proliferation           D The Remolding phase 

 

Nanomedicines strategies to address bacterial 

infection :- 

Chronic wounds are often infected. While the host 

defence system initially controls the growth and 

spreading of microorganisms, pathogens such as 

bacteria can rapidly evolve, adapt, or develop 

biofilms; the resulting microbial infection can 

Impair wound healing. nanomedicine has already 

demonstrated a promising capacity to eliminate 

infections(38-40) . nanomaterials are currently being 

used as direct antimicrobial agents, due not only to 

their “nano” features but also their intrinsic 

antimicrobial effect, and as carriers of antibiotics or 

other antimicrobial agents (42-45) 

The physical Interaction between NPs and cell walls 

of bacteria is mediated by van der Waals, 

Hydrophobic, or electrostatic forces and/or 

receptor−ligand Interactions that affect the 

permeability and/or integrity of the Membrane. NPs 

can also cross the cell membrane and Adversely 

interact with various subcellular components 

Including proteins and DNA. The NP-induced 

oxidative/ Nitrosativstress, protein deactivation, and 

up/down regulation entiation of cells, killing 

multidrug-resistant bacteria, and Preventing biofilm 

formation. The code livery of LL37 and serpin A1 

improved wound healing by suppressing 

inflammation in BJ fibroblast cells and keratinocytes, 
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increasing collagen-I deposition, and enhancing 

antibacterial effects against both Gram-positive (S. 

aureus) and Gram-negative (E. coli) bacteria. (46) 

In similar study, the LL37NPs with photodynamic 

properties are a new generation of antibacterial 

agents capable of killing bacteria through generating 

ROS (47-49). 

Which they do only under irradiation, Making it 

possible to control ROS production and minimize its 

Side effects. Simultaneous bacterial eradication and 

tissue Regeneration are effective in preventing the 

impairment of Normal tissues around the wound. 

Light-responsive multifunctional NPs were 

developed for simultaneous production of ROS and 

sustained release of magnesium ions, which is 

Necessary for the activation of crucial enzymes and 

proteins, Cell differentiation, and tissue regeneration. 

The multifunctional NPs were synthesized by 

conjugation of quaternary Ammonium chitosan and 

photosensitizer chlorin e6 (Ce6), and Then a 

Mg/(−)-epigallocatechin-3-gallate (EGCG) complex 

Was encapsulated into the NPs. At 660 nm laser 

irradiation, This NP produced ROS, eradicated both 

E. coli and S. aureus, And quickly reduced 

inflammation. It also released magnesium Ions, 

promoting the proliferation and migration of 

endothelial Cells and wound healing. The 

multifunctional NPs consisting of Photodynamic 

and chemical agents simultaneously improved 

Wound healing and destroyed bacteria without 

adverse Effects (50) . 

Thanks to its photodynamic properties (the surface 

plasmon Resonance effect), Ag/AgBr-loaded 

mesoporous silica NPs (Ag/AgBr/MSNs) killed S. 

aureus and E. coli after 15 min of Light irradiation 

by producing ROS and inducing oxidative Stress in 

critical biomolecules. Ag/AgBr/MSNs also released 

Ag+ ions that not only damaged bacteria but also 

activated an Immune response, eliminating the 

infection. Therefore, Ag/ AgBr/MSNs are promising 

candidates for simultaneous Disinfection and 

enhancement of healing in wounds. ( 51) 

Injectable in situ forming hydrogels with 

antibacterial Properties have proven to be effective 

wound- dressing agents. Methicillin-resistant 

Staphylococcus aureus (MRSA) infection is A 

challenging issue that can be addressed through the. 

Development of wound dressing hydrogels. (52) 

Silver NPs Decorated with reduced graphene oxide 

were incorporated into A poly(N- 

isopropylacrylamide166-co-nbutylacrylate9)-poly 

(ethyleneglycol)-poly(N-isopropylacrylamide166-

co-n- butyl Acrylate9) (PEP) copolymer scaffold 

to produce a thermosensitive hydrogel with 

antibacterial properties. The sol−gel Transition 

temperature, LCST (lower critical solution 

temperature), was adjusted to be below body 

temperature byCopolymerization N-isopropyl 

acrylamide with polyethylene Glycol and a small 

amount of a hydrophobic monomer, Hydrophobic n-

butyl acrylate. Interestingly, the incorporation Of 

Ag@rGO Nano sheets into the micelle network of 

the PEP Hydrogel, resulted in the formation of a 

reinforced and Physically cross-linked 

inorganic/polymeric dual network, thus Inducing the 

irreversibility in the cooling cycle. This skin 

Temperature-responsive hydrogel was then sprayed 

on the skin, And its stability on human hand skin at 

warm temperatures (indoors) and cold temperatures 

in the winter (outdoor) was demonstrated. This 

hydrogel was shown to rapidly destroy MRSA and 

enhance the healing of sharp and deep MRS infected 

wounds (within 2 weeks of the study time).( 53) 

In a similar study, tebium ions (Tb3+) and reduced 

graphene Oxide were incorporated into a poly(vinyl 

alcohol) hm (PVA)− Alginate (SA) hydrogel to treat 

biofilm-infected diabetic Wounds. Once a biofilm 

forms, wound healing is complicated And delayed, 

since the biofilm impedes the access of 

Therapeutics, including immune cells and drugs 

used for Disinfection, to the bacteria buried 

underneath.( 54) 

Therefore biofilm-disrupting Nano composites were 

developed. Rare earth Elements such as Tb3+ attach 

to peptidoglycan and destroy the Bacterial 

membrane. Although they are relatively stable, they 

Do not induce bacterial resistance. A combination of 

reduced Graphene oxide and Tb3+ showed 

synergistic bactericidal Effects and disrupted the 

biofilm of both Gram-negative (Aeruginosa) and 

Gram-positive (S. aureus) bacteria and Promoted 

diabetic wound healing. (55) 

A hydrogel Nano fibrous membrane composed of a 

photoactive polymer NP-in-classical polymer 

nanofiber robustly Killed Gram-negative (E. coli K-

12) and Gram-positive (Bacillus Subtilis) bacteria 

and prevented biofilm growth when exposed To 

visible light. The disinfecting ability of these light-

responsive Nano fibrous membranes is based on 

their capability of Producing active oxygen species 
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(1O2) under light irradiation.(56) 

Photo thermal therapy under NIR irradiation is a 

non-invasive And convenient approach to kill 

bacteria through localized Hyperthermia.(57) 

A hybrid hydrogel consisting of 3-

(trimethoxysilyl)propyl methacrylate and 

mesoporous silica modified CuS NPs showed photo 

thermal and photodynamic Properties. Under NIR 

irradiation, it increased in temperature, Induced 

oxidative stress, and released ROS (such as 

hydroxyl Radicals) that denatured structural proteins 

and disrupted the Bacterial membrane (both S. 

aureus and E. coli). In addition, This hybrid 

hydrogel released copper ions that not only 

Degraded bacterial DNA and proteins but also 

triggered cell Proliferation, angiogenesis, and tissue 

regeneration at the Wound site (Figure 5)( 58) 
 

 
Photo thermal therapy is a controllable localized 

heating/ Killing of bacteria under irradiation. It is 

very unlikely to induce Drug resistance and does not 

have systemic effects. However, High 

irradiation/local temperature is required for the 

Eradication of all bacteria in the wound, which may 

damage The adjacent area. Therefore, photo thermal 

therapy is usually considered a supportive approach 

rather than the main goal in the development of 

multifunctional NPs. MoS2 Nano sheets Modified 

with polydopamine (PDA) and silver eradicated S. 

Aureus biofilms and accelerated infected wound 

healing. Photo thermal therapy weakens or destroys 

the protective Structures of biofilms and bacteria, 

making them leakier to Silver ions. Therefore, photo 

thermal therapy increases the Bactericidal effects of 

silver ions in a synergic manner. (59) 

Therefore, the formulation of antibacterial, Pro-

angiogenic, and other wound-regenerative Nano 

therapeutic Agents may solve the conundrum of 

intervening in the complex Orchestration of the 

wound healing process. While the discussed NPs 

have antibacterial properties, the Contradictory 

reports on their biocompatibility may inhibit Their 

clinical translation.(60-61) . 

Since numerous parameters Including size, charge, 

composition, and shape of nanomaterials can affect 

their toxicity, part of the discrepancy in results May 

be attributed to a lack of full characterization or other 

Ignored factors influencing the cytotoxicity of NPS 

(62-63) 

Still, The potential toxicity of NPs, especially 

metallic or metal oxides NPs, can be an alarming 

factor, limiting the usefulness of Antibacterial NPs. 

In fact, silver-containing dressings are not. 

Generally recommended to be used for the long-

term. (64) 

Generally recommended to be used for the long-

term(65). Several studies have shown that the 

release of Ag+ ions from Sliver NPs especially 

above the toxic threshold concentration Can be toxic 

to cell lines, damaging DNA and breaking the DNA 

strand.(66-68) 

Interference with DNA repair pathways or Damage 

to mitochondria can also induce toxicity in cell lines 

Exposed to silver nanoparticles. Besides, NP 

properties such as Shape have been shown to 

influence the toxicity, and therefore, Care should be 

paid when using the silver NPs for biomedical 

Applications. For example, Holmes et al. showed 

that Ag NPs With different shapes and 

crystallographic structures have a Different 

cytotoxicity effect on both bacteria and 

keratinocytes Cells with the truncated plate-shaped 

Ag NPs, resulting in the Highest cytotoxicity.(69) . 

Moreover, in addition to the intrinsic Toxicity, 

residual impurities may also contribute to the 

toxicity Response of NPs. For example, the toxicity 

study of Ag NPs With various sizes, ranging from 20 

to 80 nm, purity state (washed or unwashed), and 

carbon-coated against primary Human keratinocytes, 

indicated that the main cause of toxicity Is the 

residual contaminants, formaldehyde rather than the 

particle itself. (70) . 

Among all of the NPs discussed here, silver NPs are 

the only Nanomaterials that have been used 

commercially in wound Dressing products. 

Nanocrystal silver used in wound dressing Such as 

Anti coat is produced by physical vapour deposition, 

Which yields nanocrystals deposition on the surface 

with about 15 nm across, which is between 30 and 
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50 atoms.(71) 

These Products are reported to be nontoxic 

compared to silver Sulfadiazine or silver nitrate 

containing products, since silver Nanocrystals are 

designed to dissolve slowly and release the Silver 

ion (with a maximum concentration of 70 ppm) that 

is Still within the toxic range for keratinocytes and 

fibroblasts. (72-73) 

Nano medicine strategies to improve angiogenesis 

During angiogenesis, new blood vessels grow from 

the existing Vasculature to allow the delivery of 

oxygen and nutrients as Well as components of the 

inflammatory response during Wound healing. 

Angiogenesis occurs throughout life in both Health 

and disease and plays a key role in the 

pathophysiology Of different disease processes such 

as tumour promotion, Metastasis, retinopathy, and 

coronary artery disease. Angiogenesis is a normal 

and vital component of the proliferative Phase of 

wound healing, during which new capillaries grow 

Into a wound space after injury and form 

granulation tissue. Without angiogenesis, skin 

healing would be limited to the Most superficial 

wounds. While acute wound healing produces 

Normal granulation tissue, impaired angiogenesis in 

chronic Wounds results in defective granulation 

tissue, delaying Progression to the proliferation 

phase. Angiogenesis is deficient In virtually all 

chronic wounds such as diabetic foot ulcers, Venous 

insufficiency ulcers, and ischemic ulcers. (74) . 

Alternatively, simulation of the Nano topographic 

features of primary blood vessel cells as well as the 

Delivery of chemical signals by nanomaterials can 

also stimulate Angiogenic effects, facilitating the 

creation of new blood vessels In chronic wounds, 

which suffer from reduced vascularity and Blood 

flow. Nanomaterials, in general, can stimulate 

angiogenesis by promoting endothelial cell 

migration, activating Redox signalling, regulating 

cytoskeleton rearrangement, or by Forming focal 

adhesions.(75). 

ROS formation has also been Shown to be involved 

in redox signalling pathways during Angiogenesis. 

(76). 

Various nanomaterials have been reported to 

promote Angiogenesis in tissue regeneration 

scenarios such as bone Repair, nerve tissue repair, 

repair after ischemia reperfusion, And wound 

healing. (77). 

 

In fact, the use of nanomaterials to Promote 

angiogenesis may become a welcoming alternative 

to The traditional use of growth factors such as 

VEGF-A or PDGF, Which may promote pathological 

angiogenesis, thrombosis, And fibrosis.(78) 

Nano medicine strategies to improve chronic 

Inflammation-: 

Nano devices are a promising approach to manage 

inflammation and aid healing in chronic wounds. Au 

NPs were used to deliver carbon monoxide-

releasing molecules into bovine serum albumin 

(BSA), which have low water solubility and rapid 

release of CO. Gold NPs were used to extend their 

circulatory half-life and improve targeted delivery 

and sustained release of loaded CO.79-80 

Persistent inflammation, leading to overexpression of 

inflammatory factors and generation of extra reactive 

oxygen species (ROS/RNS), is another challenge to 

wound healing. Chitosan-coated CeO2 nanotubes 

(CCNs) enhanced wound healing by preventing 

persistent inflammation. CCNs accelerated wound 

healing by reducing the expression of inflammatory 

cytokines (TNF-α) and increasing the expression of 

anti-inflammatory and antioxidant enzymes. 

Fullerenes and carbon nanotubes are powerful 

antioxidants with a strong capacity to scavenge and 

detoxify ROS.81-83 

NP systems can be beneficial in all stages of wound 

healing, such as accelerating haemostasis through a 

Nano bridging effect, adsorbing onto polymers or 

protein chains, and eradicating bacterial infections. 

They can also capture excess ROS and release their 

loaded arginine under the catalysis of inducible NO 

synthase (iNOS), producing nitric oxide (NO), 

which in combination with L-arginine can promote 

the proliferation stage of wound healing.84 

Persistent inflammation in diabetic wounds can 

hinder wound healing after surgery. Anti- 

inflammatory drugs can be cleared through oral or 

intravenous administration. Nano porous 

nanoparticles (NPs) coated with mannose can 

deliver the loaded drug to activated macrophages, 

reducing inflammation and promoting wound 

healing. Cur cumin-loaded chitosan can enhance 

wound healing by inhibiting macrophage-mediated 

inflammation and disinfecting the wound area. 

MicroRNAs, like MiR-146a, can regulate gene 

expression and suppress inflammatory factors at the 
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RNA level. NP-mediated delivery of MiR-146a 

could be a promising approach to suppress 

inflammatory factors in diabetic patients. 

Mesoporous silica nanoparticles (MSNs) can restore 

tissue integrity without suturing due to their ability 

to absorb on tissue fibres and act as connectors.85-

86 

NANOMEDICINE STRATEGIES FOR 

IMPROVING SCAFFOLDING:- 

 

Many topological formulations have been used in 

studies of chronic skin wound healing, including 

hydrogel dressings, membranes, or sponges made 

from collagen, hyaluronic acid, or other 

biopolymers. However, these topological 

formulations do not represent the innate architecture 

of skin ECM and lack the ability to recapitulate it. 

Chronic wounds with an inadequate mass of dermal 

appendages may require engineered dressings that 

mimic the skin’s architecture and stimulate cell 

migration into the defect site.87-88 

Moisture became a key parameter in the design and 

development of wound dressings, which are 

classified as passive, interactive, advanced, or 

bioactive. Passive meshes simply support wound 

healing by covering the wound, interactive meshes 

create a moist wound environment and facilitate the 

flow of moisture and gas, while offering protection 

from trauma and pathogens. Advanced dressings 

provide and sustain a moist wound environment and 

promote the healing process.89 

Nanoparticle-filled designing materials have shown 

promising potential for wound healing. Nano fibrous 

dressings containing nanoparticles have shown 

promising potential due to their large surface area, 

interconnected porosity, and ECM-like architecture. 

Studies have shown that nanofibers, used as 

granulation tissue substitute, improve endothelial 

angiogenic potential and neovascularization in 

diabetic wound healing models.90-92 

Various techniques for fabricating Nano fibrous 

meshes have been reported, such as electrospinning, 

which has been used in the production of fibrous 

membranes for the treatment of chronic wounds. 

Electro spun hyaluronic acid (HA) has been shown to 

have numerous advantages for the treatment of full-

thickness wounds in pig models compared to 

common dressings such as solid HA film, adhesive 

bandage, gauge with petroleum jelly (Vaseline), and 

antibiotic dressinging.93 

Future accepts& challenges:- 

Chronic wound treatment remains a challenge due to 

infection, inflammation, and lack of proper 

angiogenesis. Despite advances in wound dressings, 

many are mono functional and designed to maintain 

moisture, control bacterial overburden, or promote 

cell migration. A multifunctional dressing is needed 

to address infection, inflammation, and angiogenesis 

simultaneously. This dressing should combine a 

suitable physic mechanical environment with multi 

therapeutic biomolecules to accelerate healing, 

identify infection and healing indicators, release 

drugs or bioactive molecules, minimize microbial 

biofilm formation, and have essential extracellular 

components like collagen and elastin. 

Nanotechnology has the potential to design 

multipurpose dressings and shed light on the 

pathophysiology of chronic wounds at the molecular 

level. Nano probes could detect factors in wounds, 

such as pH, ROS, inflammatory cytokines and 

enzymes, or identify changes in inflammatory 

status. However, no dressing is currently capable of 

detecting specific proteins in the wound. 

Nanomedicine could play a pivotal role in designing 

smart delivery systems for controlled release of anti-

inflammatory and angiogenetic factors into wounds, 

protecting them against harsh conditions, degrading 

enzymes, or extreme pH, and stimulating fibroblast 

and keratinocyte proliferation.94-95 

 

However, there is still a long way to go before we 

can fully leverage nanotechnology in treating 

chronic wounds. The application of nanotechnology 

in commercial wound dressings is mainly limited to 

antibacterial wound dressings containing silver 

nanocrystals. The majority of approved 

nanoparticles for nanomedicine are designed for 

cancer treatment, and very few inorganic 

nanoparticles are currently approved for clinical use 

or in clinical trials.96,97 

One main challenge is the lack of necessary and 

accurate data on the fate and toxicity of 

nanomaterials (NPs), due partly to the complex 

nature of NPs and the challenges inherent to their 

characterization. Factors such as the formation of 

bio molecular corona on NPs designed for chromic 

wound applications need to be studied in detail 

before proceeding to clinics.98 

CONCLUSION  
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In conclusion, the exploration of nanotechnology in 

chronic wound care provides landscape rich with 

opportunities, challenges, and potential innovations. 

The introduction highlighted the important need for 

advanced therapeutic strategies in managing chronic 

wounds, setting the stage for the subsequent 

exploration. The examination of various 

nanoparticle types elucidated their mechanisms in 

wound healing, exhibits the resources fullness of 

lipid-based, polymeric, and inorganic nanoparticles. 

Real-world efficacy was demonstrated through case 

studies and clinical trials, affirming 

nanotechnology’s success in promoting wound 

healing. opportunities in nanomedicine for chronic 

wounds, particularly targeted drug delivery and 

enhanced cellular uptake, emerged as key avenues 

for precision interventions. However, challenges, 

including biocompatibility concerns and regulatory 

hurdles, were acknowledged, emphasizing the 

importance of rigorous evaluation and streamlined 

regulatory pathways. Looking to the future, 

advancing nanotechnologies and potential 

breakthroughs, such as nano engineered scaffolds 

and the integration with AI, offered glimpses into a 

dynamic landscape where personalized approaches 

and innovative technologies converge to redefine 

chronic wound management. This comprehensive 

review underscores the cruciall role of 

nanotechnology in renewing chronic wound care. By 

understanding mechanisms, applications, 

challenges, and future possibilities, the work lays 

the foundation for a new era in precision wound 

management.  

Collaboration between interdisciplinary teams is 

paramount as we navigate the complexities, 

ensuring responsible and effective integration of 

nanotechnology into routine clinical practice. This 

exploration serves as a roadmap for researchers, 

clinicians, and policymakers alike, guiding the 

ongoing efforts to harness the full potential o 

nanotechnology in addressing the persistent 

challenges posed by chronic wounds. 
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