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The healing of chronic wound infections, especially cutaneous wounds, involves a complex cascade of events

demanding mutual interaction between immunity and other natural host processes. Wound infections are caused

by the consortia of microbial species that keep on proliferating and produce various types of virulence factors that

cause the development of chronic infections. The mono- or polymicrobial nature of surface wound infections is best

characterized by its ability to form biofilm that renders antimicrobial resistance to commonly administered drugs

due to poor biofilm matrix permeability. For the treatment of chronic wounds, extensive research is ongoing to

explore a variety of nanoplatforms, including metallic and nonmetallic NPs, nanofibers and self-accumulating

nanocarriers. As the use of the magnetic nanoparticle (MNP)-entrenched pre-designed hydrogel sheet (MPS) is

found to enhance wound healing, the bio-nanocomposites consisting of bacterial cellulose and magnetic

nanoparticles (magnetite) are now successfully used for the healing of chronic wounds. With the objective of

precise targeting, some kinds of “intelligent” nanoparticles are constructed to react according to the required

environment, which are later incorporated in the dressings, so that the wound can be treated with nano-

impregnated dressing material in situ. For the effective healing of skin wounds, high-expressing, transiently

modified stem cells, controlled by nano 3D architectures, have been developed to encourage angiogenesis and

tissue regeneration. In order to overcome the challenge of time and dose constraints during drug administration,

the approach of combinatorial nano therapy is adopted, whereby AI will help to exploit the full potential of

nanomedicine to treat chronic wounds.

nanocomposite  nanoparticle  artificial intelligence  chronic wound  biofilm

1. Introduction

Engineered nanoparticles are gaining importance in different fields of science, engineering and medicine 

. Skin, being the external lining of the body, is an effective barrier for preventing the infiltration of harmful

biological and physical components and moderates water loss of the biological entity . The tri-layered skin

structure encloses the outer epidermis, followed by the dermis and fatty subcutaneous tissue, thereby providing an

extended profile of protective barriers against external influences . Alterations in its constituents can cause a

downfall of its functions, undermining its immunizing potential . These alterations are often manifested by skin

injuries and the dysfunctional remodeling of the injury. The standard definition of a wound is described as an injury

to skin tissue accompanied by a cut, puncture or tearing of dermal layers in response to stimuli or trauma .
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Although cutaneous wounds usually relate to damage of the epidermis and dermis, deeper wounds lead to more

severe outcomes .

Wound dressings are one of the popular routes of wound treatment, the other being medicated topical applicants.

According to the Advanced Wound Care Market report, the largest share of wound care products were claimed by

the dressing segment in 2019 . However, the treatment options vary according to the specificity of wound

severity; it is of paramount importance to have appropriate wound care management. Inappropriate wound

treatments and dressings enact a recurring problem, and also lead to deaths. The World Health Organization has

documented 265,000 deaths per year due to burns and the insufficiency of their treatment options . Apart

from the inadequacy in treatment, it is necessary to emphasize the intricate nature of skin healing. Cutaneous

wounds create numerous limitations to treatment due to the intertwined complexity of a well-structured healing

cascade that requires prioritizing the pathogen inhibition while promoting recovery.

In that context, microbial invasions breaching the skin’s intact facility lead to delayed healing. These occur by

bacterial colonization in wounds that quickly progress into the development of biofilms. Biofilms hover an

advantage over its planktonic forms due to an external protective glycocalyx stigmatizing the wound by adhering to

its surface. There is a staggering difference in the presence of biofilm on the basis of the skin lesion. Biofilms are

detected in only 6% of acute wounds while over 90% among chronic wounds . Wound-endorsed biofilms delay

the healing and closure of the wound by preventing re-epithelialization, inducing extended chronic inflammation,

apoptosis and reactive oxygen species (ROS) at the local environment . The most frequently studied

cutaneous wound biofilm-forming pathogens are P. aeruginosa and S. aureus . Investigation regarding the

association of P. aeruginosa and S. aureus in chronic wounds reveal the fact that distribution of the bacteria in the

chronic wounds is non-random . There is an increasing need for treatment options that can restrict the growth of

biofilms to stimulate a wound-healing environment. Engineered nanomaterials suspend the applications of

nanotechnology in wound treatment by collaborating their bactericidal properties with accelerated wound recovery

promoters .

2. Wound-Healing Paradigm

The healing of wounds combines the indulgence of various intricate factors and cell types, connective tissue,

cytokines and the vascular system, along with growth and coagulation factors. As wound healing recasts the skin, it

undergoes orderly meticulous phases. The major phases are hemostasis, inflammatory, proliferative and

maturation . Haemostasis occurs immediately after an injury by forming a blood clot to restrict bleeding. The

clotting is assisted by thrombin activation, which in turn activates intravascular platelets . The platelets

eventually release growth factors, cytokines and vasoactive substances. The releasates, such as the fibroblast

growth factor (FGF), platelet-derived growth factor (PDGF), platelet-derived angiogenesis factor, transforming

growth factor-ß (TGF-ß), endothelial growth factor (EGF), bradykinin, thromboxane A2, platelet factor IV, platelet-

activating factor, histamine, serotonin and prostaglandins, initiate the early wound-healing processes (Figure 1) 
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Figure 1. Mechanism of wound healing in the presence of various factors.

3. Impact of Biofilms on Wounds

A prolonged open wound creates an inviting environment for opportunistic pathogens to adhere, proliferate and

develop into mature biofilms capable of dodging immune systems or antimicrobials. The presence of necrotic

debris, absconding blood circulation and a hypoxic environment offer a suitable surface for adhesion and growth

media for proliferation to the microbes . The repercussions of biofilm infections can range from mild discomfort

to amputations, especially in the case of diabetic cutaneous wounds. According to an estimate, 80% of lower-limb

amputations are succeeded by biofilm-infected foot ulcers . Biofilms are noted to claim at least half of all chronic

wounds  and an in vivo meta-analysis study reported the presence of biofilms among a minimum of 78% of all

chronic wounds . Similar evidences arise from reports on animal models, suggesting a persistent discomfort, as

biofilms create a constant low inflammatory response and retard epithelialization and granulation of tissue

formation . Hence, wound-remodeling strategies must be able to identify and respond to the local infection

without restricting tissue formation.
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There is a correlation between the nonhealing of wounds and the bacterial existence of four or more species .

Such occurrence can transform into a multispecies biofilm, hampering cutaneous healing. Polymicrobial biofilm

significantly delays wound closure by 12 more days than single-species biofilms, as observed in a murine model

with four species infestations . The non-healing wounds have a weakened molecular pathobiological

mechanism, triggering abnormal cellular infiltration, hyperproliferation and infections arising from the colonization of

polymicrobial biofilms. Such wounds hamper the ECM remodeling, fibroblast senescence and repress stem cell

activation . Typically, a wound infection marks the site of wound by the presence of replicating pathogenic

organisms, capable of inducing host injury by dispersing virulence for their survival . The virulence factors

expressed by biofilms create hindrance in the recovery process. The biofilm-forming Staphylococci expresses a

fibronectin receptor. This receptor is capable of blocking the migration of keratinocytes to the wound site, thereby

disrupting the re-epithelialization of tissues .

Another advantage of biofilms is that they remain unaffected by the host immune phagocytes by promoting the

production of leucocyte-inactivating substances, frustrating the phagocytosis that triggers inflammation .

Similarly, macrophage (M1) types are associated with the production of pro-inflammatory cytokines to confer

appropriate host defences against pathogens.

4. Nanoparticles as Antimicrobials

Nanoparticles (NP) are observed to be efficient employees for escaping AMR , in addition to delivering

antimicrobial agents  and growth promoters . The generation of cost-effective biocompatible and

biodegradable NPs and the route of biogenic synthesis is being encouraged . The only setback of NPs is the

compromised efficiency caused by the pre-mature or unintended release of drugs and promoters. Hence, the

cultivation of localized response-inclusive strategies is necessary to attend this challenge. Engineering NPs with an

inherent capability to activate in relation to their microenvironment or on being triggered by an external stimulus

has surfaced as a remedy. Other nanoscale establishments also supplement benefits to wound reformation and

biofilm extirpation. The undertone of nanomaterial-assisted wound therapy usually entails one of the two routes,

one that possesses intrinsic properties that aid in wound closure and the other being delivery vehicles for

therapeutic agents . As described earlier, wound closure is at the mercy of microbial incompetence at the site.

Hence, overviewing the key strategies of nanotechnology to obstruct microbial growth and encourage wound

healing is imperative.

Typically, NPs are <100 nm in size . This size renders them novel properties due to a large surface area–mass

ratio . Researchers have reported the rapid diffusion of smaller NPs through the pores of P. fluorescens biofilm,

further stating an exponential decrease in the relative self-diffusion coefficients with an increase in the square of

the radius of the nanoparticle . Better prevention of biofilms is achieved with shapes delivering a higher surface

area-to-mass ratio. For example; rod-like NPs destruct biofilms more effectively than spherical NPs .

Researchers have compared gold NP with different shapes to check their antibiofilm activity against S. aureus. The

gold nano-stars and nanoflowers had higher antimicrobial activity than gold nanospheres. The authors attributed
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the difference to increased surface area, which generated a greater probability of interactions with the bacterial cell

and biofilm components .

The mere availability of an alternative antimicrobial is not enough to consider against available agents. Silver

sulfadiazine is a standard antimicrobial for burn wounds. However, this topical agent can cause adverse effects,

such as leucopenia, argyria, renal and hepatic toxicity, making this unfit for long-term applications . The major

advantage of NPs against classical treatments is the ability to generate superior antimicrobial as well as healing

properties.

Another route adopted by nanoparticles is to trigger the production of reactive oxygen species (ROS), succeeded

by the phospholipid oxidation damaging the cell wall integrity before finally collapsing the internal nucleic acids

and/or proteins, thereby staging a bactericidal impact .

Considering the ease of cost-effectiveness, nanoparticles can also be synthesized via the eco-friendly route. The

topical application of green synthesized copper oxide NPs revealed antibacterial activity against S. dysenteriae, K.

pneumoniae, S. aureus, S. typhimurium and E. coli through accelerating wound healing among Wistar Albino rats

, thereby illustrating the antimicrobial effectivity of metallic and non-metallic nano topical agents. Another mode

of tackling injuries is by the usage of bio-films that keep the toxicity in check. Investigation of the titanium oxide NP

seeded in the gallium gum as a wound film dressing projected a versatile antimicrobial and healing potency. The

biopolymer matrix of Gallium gum enacts as a suitable structure for skin regeneration, as it enhances cell

proliferation and viability . Meanwhile, the nano-titanium dioxide has an affinity for DNA. This was indicated

by molecular docking that led to the proposition of TiO  NPs binding to the G–C bonds of the DNA, creating

hindrance in the bacterial multiplication . The bio-film dressing was effective against S. aureus and E. coli, with

no cytotoxicity on mouse fibroblast cells . The in vivo and in vitro evidence declares nanotechnology to have a

diversity of antimicrobial weaponry against wound biofilm remediation.

5. Nanoparticles in Chronic Wound Treatment

Cutaneous wound management grants biofilm formation as a major ingredient contributing to the chronicity of

wounds . Initially, the interaction of nanoparticles with the biofilm surface occurs at a bulk phase. It

interacts with the lipids, lipopolysaccharides (LPS) or cell membrane proteins of the bacteria. The maturity, surface

composition and chemistry of the biofilm are primary quotients governing the penetration of the NP. Further, the

entry within the biofilm matrix is also dependent upon the physical and chemical characteristics of the NP, such as

size, shape, charge, concentration, hydrophobicity and surface chemistry .

Clinical isolates of S. aureus, P. aeruginosa, S. epidermidis and Enterococcus spp. are the most predominant skin

wound infections . Thus, nanotechnology has to eradicate multiple species of bacteria at the same time and

space. This can be achieved by modulating the wound microenvironment by inducing biophysical and biochemical

alterations that can aid the removal of biofilms. For instance, the use of usnic acid derived from lichens is a

bioactive compound with numerous biological activities, such as antioxidant, anti-inflammatory, wound healing and
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antimicrobial properties . Clinical evidence has demonstrated accelerated healing and higher collagen

deposition in porcine burn wounds by the application of usnic acid/liposomes based on gelatin membrane

compared to silver sulfadiazine ointment and duoDerme  dressings . Apart from addressing wound recovery,

usnic acid demonstrates both a antibiofilm nature and the biocompatibility of nanocomposites. The study used

anionic polymer dressings of carboximethylcellulose (CMC) or sodium alginate (AlgNa) with usnic acid-loaded

magnetic NPs (Fe O @UA) to eradicate S. aureus biofilms. However, the exact mechanism of action by usinc acid

on the biofilm is not clear. Further, they demonstrated biocompatibility against human endothelial cell lines and

foetal progenitor cells to suggest the tissue regeneration capacity of the dressing .

6. Nanoplatforms against Wound Biofilms

The diversity of nanoplatforms delivers antibiofilm activity, according to the physiological condition of the wound

site. The nature, depth, state, exudates, comorbidities and healing pace of the wound will suggest the necessary

nanoplatform (Figure 2) to be allocated for infection control.

Figure 2. Nanopartile associated wound healing.

6.1. Organic Nanoplatforms

6.1.1. Nanoemulsions
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Lipid nano formulations are the go-to carriers for antibacterial drugs, as they offer a variety of modes to choose

from, namely—nano emulsions, solid lipid NPs, liquid lipid NPs and liposomes . Liposome NPs can mimic the

bacterial cell membrane structure, accelerate cellular uptake and prolong drug circulation time, casting it as a

competent drug delivery vehicle . Daptomycin-encapsulated nanoliposomes were found to be better at

inhibiting S. aureus biofilm growth compared to the intravenous administration of daptomycin for treatment of

subcutaneous infection in the mouse model .

6.1.2. Biopolymer NPs

The viability of polymeric nanomaterials is due to the privileges they encase, as both wound dressings and as

enhancement conveyors that deliver antibacterial and reepithelialization benefits . A carbohydrate polymer,

chitosan has been used in several occasions of wound therapy, due to its enumerated biocompatibility. Chitosan

has an inherent antibiofilm property owing to its polycationic nature that facilitates the disruption of the bacterial

membrane . The concoction of beneficial materials at a nanoscale improves the chances of restricting biofilm

synthesis and helps in stimulating endothelial proliferation.

6.1.3. Synthetic Polymer NPs

The synthetic polymers recruited for skin tissue regeneration are: poly (lactic-co-glycolic acid) PLGA, PCL, poly (3-

hydroxybutyrate-co-3-hydroxy valerate), poly (glycerol sebacate) and poly (etherurethane urea) . PLGA is

biocompatible , hence, it is vastly used as a delivery vector against infections, as microbial invasion is a

determinant of wound repair. In 2019, Hasan et al. used cationic clindamycin-loaded PLGA-PEI

(polyethyleneimine) NPs to reduce the bacterial burden in MRSA-infected wounds. The formulation was effective in

demonstrating a sustained drug release >2 days, accelerated re-epithelization in a mouse wound model and was

non-toxic to fibroblast cells. The wound model demonstrated higher bactericidal efficiency on being subjected to

cationic NP compared to its anionic form, as the former bound more readily to MRSA surface .

6.2. Inorganic Nanoplatforms

6.2.1. Metal NPs

The most extensively studied metallic NPs are silver, gold and zinc ; among them, silver NPs act as a dual-

edged sword. They are a potent antibacterial agent  and can modulate rapid wound closure  without

increasing scarring. They also decrease keratinocyte viability and cell differentiation in a dose-dependent manner

. In order to overcome this shortfall, combinatorial or sustained release of the NP reduces its internalization in

non-target cells. For instance, Ag NPs embedded in hydrogel delivered non-toxicity due to the sustained release of

the NP. After treating the S. aureus wound biofilms with the nano-hydrogel, live/dead staining was performed. The

staining gave remarkably superior results of reduced cell viability of mature biofilms and incurred a dispersion of

biofilms within in vivo mice wounds.

6.2.2. Non-Metallic
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There are numerous inorganic non-metallic antibiofilm variants. Metallic quantum dots (QD) can create a hassle in

terms of toxicity. A better biocompatible substitute is the use of carbon QDs , which are arranged carbon QDs in

self-healing hydrogels with anti-inflammatory and wound-healing benefits. They were studied as an injectable to

hinder S. aureus and E. coli biofilms and enhance full-thickness wound healing. Additionally, they were relatively

better at inhibiting mature S. aureus biofilms than gentamicin. The inference suggests the mechanism to be due to

the cationic activity of the QD and its low drug resistance . Other forms of carbon, such as fullerene, are also

potent wound infection eliminators. Researchers have designed a fullerene NP that is functionalized with sulfur to

terminate the MDR P. aeruginosa biofilm isolated from clinical chronic wounds, in order to explore the ascendary of

the NP over the expression of toxA gene, which is encoding for exotoxin A, an important virulence factor of the

strain. It reduced the gene expression .

7. Nanotechnology in Regeneration

7.1. Intrinsic Regenerative Properties

There are endless designs derived from nanotechnology. Nanoscale architecture helps in remodeling its

microenvironment and liberating healing benefits to an injury. Interestingly, scholars have shed light on purposing

nanotopography as a cell-aligning agent at the wound site . The system was integrated with a microfluidic setup

to which the nano-engraved patterns were aligned in parallel and perpendicular directions. This was used as a

biomimicking profile of collagen fibers and fibroblasts to cue the swift migration of NIH-3T3 fibroblast cells to the

wound site. The nanopattern that lay perpendicular to the microchannel of the setup displayed a speedy recovery

due to collective migration guided by the nanotopography. Thus, the intrinsic capability of nanoengineered

materials offer limitless sophisticated approaches to the remodeling of an injury.

7.2. Transdermal Nanocarriers

The use of transdermal drug deliveries is one of the recent and attractive methods that have a very convenient

application, fewer systemic side effects and a less-pass effect. Due to its non-invasive properties, the transdermal

carriers demonstrate the highest clinical potential, with very high drug delivery efficiency .

For an ideal shipment system, it is crucial to have a nontoxic vehicle that protects therapeutic integrity and

increases its access to the injured site . For instance, thrombin is an important tissue repair essential .

Conjugating magnetite (γ-Fe O ) NP with thrombin is a means to expand its bioavailability without compromising

its therapeutic value. In addition, the in vivo wound response on treatment with the conjugated NP resulted in

heightened tensile strength. That, in turn, is essential for reducing wound dehiscence compared to treatment with

free thrombin .

7.3. Nano Scaffold Tissue Engineering
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Molding the topography at a nanoscale paves the way to directional remodeling of an injured site. The directional

movement was put to test using uniformly spaced nanoscaffolds. The spaces were defined as dense (300–400

nm), intermediate (500–600 nm) and sparse (700–800 nm) based upon an increasing width range . In an in vitro

wound model, the healing trend displayed a direct correlation of fibroblast migration with dense nanotopography.

Bioengineered alternatives in wound care offer a plethora of substitutes, processes and conjugates. This makes

them an enormous economic healthcare resource. Stem cell-based therapy facilitates the re-epithelialization of

cutaneous wounds and boosts angiogenesis . Delivery of mesenchymal stem cells at the site of the wound can

result in its fastened cell death. Biomimetic delivery vehicles can overcome this challenge . The engineered

nanofiber-stem cell serves as an efficient mode for promoting wound healing. The bio nanocomposite was framed

with mesenchymal stem cells derived from bone marrow that are functionalized over nanofiber scaffolds,

demonstrating an escalated epidermal differentiation of burn wounds .

7.4. Nanotopography in Prevention of Biofilm

The topography of the surface greatly influences the development of biofilm by the sessile microbial colonies .

Various studies have demonstrated that the adhesion of the bacterial cells to a surface varies greatly with the

change in the topography. Effective contact angle and surface hydrophilicity or hydrophobicity are key factors in the

mechanism of the development of biofilm. The nanostructured materials prevent the adherence of the cells by

setting off physicochemical changes, resulting in the development of cell deformation. The topographic changes

brought about by nanostructures also develop gradient changes that prevent the adherence of the cells .

Studies have revealed that both 3D and 2D nanostructures have played an important role in the mechanism of

inhibiting the development of biofilm. The 2D nanomaterials help in inhibiting the effective surface area of contact

and air entrapment, thereby preventing the biofilm development on the biotic and abiotic surfaces. TiO  NP and

nanopillars help in the prevention of the development of biofilm .

8. Intelligent Nanotechnology

8.1. Wound Healing

8.1.1. Physically Responsive Nanomaterials

The use of thermo-responsive and photo-responsive nano therapy may lead to an uneven targeting of Gram-

positive and Gram-negative bacteria. Coupling the two has proven to enact faster wound closure.

8.1.2. Chemically Responsive Nanomaterials

One of the environmental cues come from the fact that bacterial wound infestations create alkaline ambience. The

pH of the wound bed needs to be considered while framing remedial dressings for chronic wound infections .

This pH is also indicative of bacterial proliferation . Pathological conditions, such as diabetes and venous leg

ulcers, can impair angiogenesis .
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8.1.3. Bio-Responsive Nanomaterial

The usage of wound site facilities improvises the treatment processes. The generation of ROS at wounds

orchestrates the healing cascade and may also result from an infection at the plot . The development of ROS-

reactive nanomaterials ensures the targeted release of wound-healing stimulants. One such example is that of the

ROS-responsive nanomaterial poly-(1,4-phenyleneacetone dimethylene thioketal) loaded with the stromal cell-

derived factor-1α (SDF-1α). Subsequently, the release of SDF-1a from the NPs stimulates a chemotaxis of bone

marrow MSCs at the wound site. This recruitment was demonstrated among full-thickness skin wounds of mice

and resulted in wound vascularization and accelerated healing .

8.2. Anti-Microbial Wound Care

The mechanism of bacterial colonizations can act as breeding grounds for intelligent wound care. The best

proposal is to deliberately utilize the by-products of a pathogenic bacterial invasion, thereby framing “smart” wound

dressings that act upon interaction with microbial prospects.

α-toxin, secreted by S. aureus, drills pores to impair cellular membranes. This virulence is incorporated in a

liposome-based nanoreactor to ward off MDR bacteria. The components of the nanoreactor were calcium peroxide

and rifampicin, which are then coated with lecithin and DSPE-PEG3400. Upon their interaction with a pathogenic

environment, the a-toxins pierce through the nanoreactors. The pores then drown the nanoreactor with water,

releasing hydrogen peroxide upon reaction with calcium peroxide. The decomposition of the H O  buds off oxygen,

which liberates rifampicin. This smart nano system staged an anti-MRSA impact on the in vitro mode, alongside a

significantly higher wound closure rate in the in vivo mode . Apart from utilizing virulence, the enzyme-

responsive bactericidal nano agents are also potent ammunition. This is based upon the secretion of hyaluronidase

from pathogens as instigators for the nano agent . On that note, for the development of a chemo-photothermal

nano system to annihilate MDR bacteria, hyaluronic acid (HA) was preliminarily coated on ascorbic acid (AA), then

the drug formulation was loaded in a mesoporous ruthenium NP. The nanocarrier was then mounted by catalyst—

the ciprofloxacin-coated molybdenum disulphide (MoS ). On reaching the infection site, bacterial hyaluronidase

decomposed the HA and subsequently liberated the AA that generated the in situ hydroxyl radicles by the MoS2

catalysis. This antibacterial strategy was increased by being accompanied with the photothermal nature of Ru NPs.

Further, the AA@Ru@HA-MoS  nanosystem was investigated against a skin-infected model. The results not only

showcased the accelerated healing of the wound but also inhibited the formation, growth and multiplication of

biofilms .

9. Advanced Nanotechnology

9.1. Wireless Monitoring

The upliftment of point-of-care wound monitoring requires hassle-free access to the injury-dependent factors. This

is devised by either monitoring the microbial intensity or the wound in situ changes. This foresight in the wound
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care set-up can improvise the prompt healing of skin injuries. The detection accuracy is modified with the

assistance of intelligent NPs to wirelessly indicate the physiology at wound site. Such a wireless-mediated outlook

mostly employs a color-changing apparatus. For instance, antimicrobial agents with lipid vesicles were implanted in

UV-photocrosslinkable methacrylated gelatin. The vesicles contained self-quenching fluorescent dyes resulting in a

calorimetric indication upon interplay with infection. The toxins/enzymes secreted by P. aeruginosa and S. aureus

disrupts the membrane bilayer of lipid vesicles, resulting in the expulsion of antimicrobials with a visual color

alteration in the microenvironment . Similar strategies were taken against the detection of wound biofilms with

the help of intelligent WDs . Researchers have designed a pH-responsive fluorescence scheme in a rabbit S.

aureus wound model and terminated the biofilm presence with simultaneous imaging of the same. Such detection

is critical, as it governs the success of the nanosystem in wound healing by an accompanying monitoring strategy

.

The remote supervision of the state of healing dispatches easy and rapid diagnosis for the medical staff and the

wounded victim. Real-time monitoring by wireless communication technology revolutionizes WD to a “smart” WDs

. The substrate-integrated circuit is the key to flexible surveillance of an injury. It has been reported that the

combination of a biomimetic nanofiber membrane, a microenvironment sensor and a gelatine methacryloyl

(GelMA)- β-cyclodextrin (β- cd) UV-crosslinked hydrogel is an integrated smart dressing. The dressing promotes

angiogenesis and wound healing with instantaneous monitoring. While the GelMA -β- cd UV-crosslinked hydrogel

boosts reformation , an integrated-chip supervises the wound microenvironment via transmission of

data to a Bluetooth low-energy (BLE) 4.0 antennae on a smartphone mediated customized app . Wound

telemonitoring may encompass a wireless magnetic sensor using calor as a biomarker to develop smart WD

technology .

The expansion of mobile surveillance of wound is infinite given the countless combinations of nanoscale operations

from which to choose. One of them are the peroxide-sensing single-walled carbon nanotubes (SWCNTs) fabricated

as wearable textiles . The nanotubes were encapsulated within a polymer shell and soluble in organic solvent,

enhancing its biocompatibility. This nanocomposite demonstrated a shift in NIR fluorescence in detecting

physiologically relevant levels of peroxide in wounds. A differential response to hydrogen peroxide results from

different bandgap energies of SWCNTs. The spectral attribute arises from their variable DNA sequence and

chirality, as a response to the local environment .

9.2. Artificial Intelligence

Artificial intelligence (AI) can also be integrated into the functioning of nanoparticle-based dressings . AI

avails of health benefits by automated learning and proctoring myriads of clinical records for manging wound care

decision making with predictive data . Deep learning algorithms, such as the convolutional neural network

(CNN), require low pre-processing time for differentiating input images . This creates an advantageous

mechanism for the automated detection of biofilms. In a rhinology diagnostic support study, a CNN-based biofilm

scanning system results in an accuracy of ~98%, granting swift identification of biofilm in the images . Existing

machine learning also partakes in detection of biofilms. Machine learning and quantitative structure-activity
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relationship (QSAR) models predict the performance of different quorum-sensing compounds. This system

accesses the trajectory of the range of effectiveness of the compounds across a biological setup, thus encouraging

the intuitive design of countering biofilms . Under similar contexts, AI can be replicated across platforms for

monitoring cutaneous injuries. For example, it can be used as a diagnostic tool to aid the experts in evaluating the

condition of the wound. Although there can be errors in the system, they can be escaped with the progression of

the tool . Combining AI with nanotechnology is a leap forward towards better health care.

There are immeasurable resources waiting to be discovered in the form of AI-nanoconjugate synergy. Volatile

organic compounds (VOCs) are potential biomarkers for the diagnosis and surveillance of diabetic wounds .

Researchers have devised an ultra-selective detection of volatile organic compounds (VOCs) via an AI-

nanomaterial sensor system. The system uses a modified Si nanowire field effect transistor (SiNW FETs) that is

functionalized with varied saline molecules for the classification of VOCs. The model enables the selective

detection of gas-phased chemical components in single component as well as a multicomponent environment.

When conjugating an artificial neural network (ANN) model, the sensors were capable of recognizing 11 VOCs and

retained its efficiency upon physical/chemical interferences. This enacts a beaming prospect to detect VOCs in

wounds .
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