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A wound is any injury that disrupts the structure of healthy skin tissue caused by chemical, 
mechanical, biological or thermal trauma. Wounds can be classified as acute or chronic, 
depending on their period of healing[1]. Acute wounds usually heal without complication 
within ten days; however, chronic wounds do not undergo normal healing processes, 
commonly have exaggerated inflammation, persistent infections or microbial biofilm 
formation and persist longer than six weeks[2–4]. The most frequent underlying causes of 
chronic wounds are pressure, diabetes and vascular diseases[5].  

Chronic wounds are a global problem, with annual cases rising dramatically owing to the 
ageing population and increased prevalence of diabetes and obesity[6]. It is estimated that 
up to 7% of the UK adult population has a chronic wound, costing the NHS £8.3bn each year 
in staff costs, wound dressings and medication[7]. Individual costs for wound management 
have been reported to vary, from £358 to £4,684 per patient for a wound that follows the 
normal healing trajectory, increasing to £831 to £7,886 per patient for a chronic, non-healing 
wound[7]. The majority of the costs account for GP and nursing time, with infected wounds 
costing an additional £1.39bn on antibiotics[7].  

Results from one study, published in 2020, found that 59% of chronic wounds healed if there 
was no evidence of infection, compared with 45% if infection was present or suspected [7]
. Health conditions, such as diabetes mellitus and vascular disease, can predispose people to 
wounds that are difficult to heal, which can become chronic unless the underlying causes are 
addressed. For example, people with diabetes are prone to have a high incidence of wounds 
on their feet, which are slow to heal because of the impact of diabetes on the immune system, 
circulation and diabetic neuropathy. Complex chronic wounds, such as venous leg ulcers and 
diabetic ulcers, can significantly impact quality of life, morbidity and mortality [7]. 

Physiology of wound healing  

Wound healing is a complex series of physiological reactions and interactions between 
numerous cell types and chemical mediators[8,9]. It comprises four coordinated and 
overlapping phases: haemostasis, inflammation, proliferation and remodelling [10].  



The Figure below shows the phases of wound healing [11]. 

Figure 1: Phases of wound healing  

The first stage, haemostasis, is instantly activated after injury to stop bleeding at the site and 
prevent the entry of pathogens. In primary haemostasis, within seconds of an injury occurring, 
damaged blood vessels vasoconstrict to reduce blood flow through the wound area and 
diminish blood loss. Platelets adhere to the sub-endothelium of the impaired vessels, initiated 
by the presence of von Willebrand factor. This binds to glycoprotein Ib receptors on the 
surface of platelets, causing a conformational change on the platelet surface, activating 
platelets. These activated platelets release chemicals, such as adenosine 
diphosphate, serotonin and thromboxane A2, from their dense granules to stimulate platelet 
recruitment and adhesion to form a platelet plug[12,13]. Secondary haemostasis is a 
sequence of events, described as a 'coagulation cascade', that consequently converts soluble 
fibrinogen into insoluble fibrin. A fibrin mesh sticks to the platelet plug producing a 
haemostatic plug to seal the inside of wound[12,14].  

At the beginning of the inflammatory phase, activated platelets also release pro-inflammatory 
cytokines and growth factors to stimulate the recruitment of immune cells to clean the wound 
area, initially involving infiltration of neutrophils and monocytes[15]. Monocytes undergo a 
phenotypic change to become macrophages. The previously constricted blood vessels also 
vasodilate because of increased prostaglandins, facilitating the chemotaxis of inflammatory 
cells[16,17]. The proliferation phase is charactered by re-epithelialization, capillary 
regeneration and the formation of granulation tissue (18). Fibroblasts and endothelial cells 
proliferate during this phase, stimulated by the numerous cytokines and growth factors 



released by the platelets and macrophages. This leads to the formation of new blood vessels 
in a process called angiogenesis[18].  

After migration to the wound site, fibroblasts begin to proliferate and synthesize collagen and 
extracellular matrix components, such as proteoglycans, hyaluronic acid, glycosaminoglycans, 
and fibronectin, to form granulation tissue[16–18]. The final stage is remodelling, which can 
last for several years. The formation of new capillaries slows, facilitating maturation of blood 
vessels in the wound. Type III collagen is replaced by type I collagen in the extracellular matrix 
to create a denser matrix with a higher tensile strength. The differentiation of fibroblasts into 
myofibroblasts causes the wound to physically contract. However, owing to differences in 
collagen type, new tissue after healing does not fully regain its original strength[16–18].  

Causes of delayed wound healing 

Delayed wound healing can be caused by local and/or systemic factors. Local factors in the 
wound site include oxygen deficiency (causing chronic hypoxia), excessive exudate (causing 
maceration) or insufficient exudate (leading to desiccation), local infection, foreign bodies 
intensifying the inflammatory response, repetitive trauma, pressure/shear, and impaired 
vascular supply to the injury area[16,19]. 

Systemic factors that delay the healing process include the following[16,19]:  

• Advanced age; 
• Psychological stress; 
• Ischemia; 
• Chronic diseases such as diabetes mellitus; 
• Cardiac, renal or hepatic failure; 
• Obesity; 
• High alcohol consumption; 
• Smoking; 
• Sex hormones. 

Oestrogen insufficiency, for instance in postmenopausal women, is known to impair all stages 
of wound repair process, especially inflammation and regranulation, with improved wound 
healing being a potential benefit of hormone replacement therapy. Androgens can repress 
cutaneous repair in both acute and chronic wounds, retarding the healing process and 
increasing inflammation[20]. 

The process can also be delayed in people with immunocompromised conditions, such as 
acquired immunodeficiency syndrome, cancer and malnutrition, with deficiencies in protein, 
carbohydrates, amino acids, vitamins A, C and E, zinc, iron, magnesium all having an effect
[16,19,21]. Certain medicines can also delay the process, such as glucocorticoid steroids, 
chemotherapeutic drugs and non-steroidal anti-inflammatory drugs[19,21].  

Common causes of delayed chronic wound healing are infection and biofilm formation: 
biofilms are microscopically identifiable in up to 60% of chronic and recurrent 



wounds, leading to significant morbidity and mortality and an escalated healthcare cost
[5,22,23]. 

A wound is considered infected when there are sufficiently large numbers of microbes 
presenting in wound environment or sufficient virulence to raise either a local or systemic 
immune response.  

The wound-infection continuum has three stages: contamination, colonisation and infection. 
In the contamination phase, micro-organisms are unlikely to replicate because of an 
unfavourable environment. Colonisation happens when microbes successfully multiply, but 
not in sufficient levels to destroy host defences. However, the accelerated loads and 
persistence of microbes in wound environments may prolong the inflammatory phase and 
delay wound healing. When bacteria invade deeper into the wound bed and proliferate 
speedily, they can provoke an immune reaction and initiate local infection. As pathogens 
proliferate beyond the boundaries of the wound, infection may spread into deeper tissues, 
adjacent tissues, fascia, muscle or local organs. Eventually, systemic infection, such as sepsis, 
can occur when microbes invade into the body via vascular vessels or lymphatic systems, 
affecting the entirety of the body[24,25].  

Biofilm is an extracellular polymeric substance produced by bacteria that acts as a physical 
barrier, enveloping bacteria and protecting them from host defences and antimicrobial 
agents. Several pathogens isolated from chronic wounds are typically capable of forming 
biofilms, such as Staphylococcus aureus and Pseudomonas spp[5,23,24,26]. Biofilms 
persisting within chronic wounds can continuously stimulate host immunity, resulting in the 
prolonged release of nitric oxide, pro-inflammatory cytokines such as interleukin-1 and TNF-
α, and free radicals, and activation of immune complexes and complement, causing the 
healing process to fail and convert to a chronic state[23,27]. Sustained inflammatory reactions 
also trigger an escalated level of matrix metalloproteases, which can disrupt the extracellular 
matrix[16]. 

Most of the time, wound infection is diagnosed via visual inspection based on clinical signs 
and symptoms, including the classic signs of heat, pain, swelling, suppuration, erythema and 
fever. Typical characteristics of an acute infected wound are pain, erythema, swelling, 
purulent drainage, heat and malodour. In addition, a chronic wound may display signs of 
delayed healing, wound breakdown, friable granulation, epithelial bridging and pocketing in 
granulation tissue, increasing pain and serious odour.  

Microbiological analysis of a specimen from wound cultures (using tissue biopsy or wound 
swab, pus collection or debrided viable tissue) is performed to identify causative 
microorganisms and guide the choice of antimicrobial therapy. Traditional diagnostics can be 
time consuming, and some organisms can be difficult to culture, so molecular techniques 
including DNA sequencing may help with characterising genetic markers[25]. Other 
laboratory markers, such as C-reactive protein, have also been used as markers and imaging 
techniques, such as CT scanning and autofluorescence imaging, may help with real-time 
diagnosis[25,28].  

Chronic wound infection management 



In clinical practice, the evaluation and identification of underlying conditions that affect 
wound healing are vital to optimising wound care. Accurate assessment of causes and 
comorbidities will inform the best course of treatment, such as compression therapy for 
venous leg ulcers or offloading (relief of pressure points) for people with diabetic foot ulcers
[29]. The underlying pathologies of wounds are numerous and failure to address them can 
lead to a failure in healing[2,29]. 

Once any underlying conditions are identified, the wound bed should be prepared to optimise 
the chance of healing. A wound hygiene approach should be considered; its core principle is 
to remove or minimise unwanted materials, such as biofilm, devitalised tissue and foreign 
debris, from the wound bed to kickstart the healing process[30]. A holistic patient and wound 
assessment will ensure wound pathology and wound biofilm are managed simultaneously[30]
. The TIME framework (tissue, infection/inflammation, moisture balance, edges) is a 
systematic approach to wound management[31]. Wound-bed preparation and the TIME 
approach should be used alongside a holistic assessment of other patient factors such as pain, 
nutrition and hydration[2].  

Use of antimicrobials and challenges of antimicrobial 
resistance 

Effective management of infection in chronic wounds involves the removal of necrotic tissue, 
debris and biofilms using debridement plus the appropriate use of antimicrobials (including 
topical antiseptics and systemic antibiotics)[1,32]. 

Antiseptics 

Antiseptics have a broad spectrum of bactericidal activity and are used externally for the 
purposes of eliminating bacterial colonisation, preventing infection, and potentially 
stimulating wound healing. They are less likely to cause antimicrobial resistance (AMR) than 
antibiotics and inhibit the development of microbes by disrupting cell walls and cytoplasmic 
membranes, denaturing proteins, and damaging bacterial DNA and RNA[5,23,33,34]. An ideal 
antiseptic agent should have broad-spectrum activity, a fast onset of action, long-lasting 
activity, be safe for healthy surrounding tissue, possess minimal allergenicity, be stable in 
blood and tissue protein, persistently remain within the wound bed, and potentially be active 
against biofilms[23,35]. Antiseptics, antimicrobial washes or surfactants can be used to clean 
the wound and peri-wound skin and prepare the wound bed for debridement[30]. 

A variety of antiseptic agents are used in clinical practice[23,34]:  

• Anilides (triclocarban); 
• Bisphenols (triclosan;) 
• Alcohols (ethanol, isopropanol); 
• Biguanides (chlorhexidine, polyhexanide); 
• Halogen releasing compounds (polyvinyl pyrrolidone-iodine, cadexomer iodine); 
• Heavy mental compounds (silver, mercury derivatives); 
• Quaternary ammonium compounds (cetrimide, benzalkonium salts).  



Antiseptics can also be used as an adjunct to other therapies (e.g. negative pressure 
therapies) in treating complicated wound types (e.g. diabetic foot ulcers, venous leg ulcers 
and sternal wounds)[36]. 

Systematic antibiotics 

All open wounds will be colonised with bacteria, but antibiotic therapy is only required for 
those that are clinically infected[37]. Systemic antibiotic therapy should only be considered 
for the treatment of cellulitis, osteomyelitis, sepsis, lymphangitis, abscess, and invasive tissue 
infection. Inappropriate use of systemic antibiotics may increase the risk of side effects and 
contributes to emergence of AMR[5]. The choice of initial therapy and the duration is 
frequently empirical and should take into account the type of wound, severity of infection, 
suspected pathogens and local AMR[38]. With severe infections, broad-spectrum antibiotics 
should be used against both gram-positive and gram-negative organisms, while a relatively 
narrow spectrum agent is enough for most mild and many moderate infections[5]. 

A systematic review assessed the clinical and cost-effective efficacy of systemic and topical 
antibiotic agents in the treatment of chronic skin wounds. The authors of the review 
suggested that there was insufficient evidence to support any ‘routine’ use of systemic 
antibiotics in specific chronic wounds[39]. 

Appropriate and judicious use of antimicrobials must be considered when managing wounds. 
The use of topical antibiotics is not recommended for eliminating bacterial colonisation or 
wound infections because of their limited effectiveness, high risk of resistance and potential 
to cause contact allergy[5,35]. 

AMR occurs when microorganisms naturally evolve in ways that cause medicines used to treat 
infections to become ineffective, and these micro-organisms become resistant to most[40,41]
. The misuse and overuse of antibiotics is a major cause of the emergence of AMR, via four 
key mechanisms[42]: 

• Altering the target of drug; 
• Enzymatic inactivation of antimicrobial compounds; 
• Reduced permeability of the bacterial membrane; 
• Increasing efflux of antibiotics.  

Moreover, the multicellular nature of biofilm matrix is likely to give extra protection to 
bacteria communities, makes them resistant to antibiotics. There are several proposed 
mechanisms for AMR related to biofilm: the alteration of chemical environment within 
biofilm, slow or inadequate diffusion of the antibiotics into the biofilm, and a differentiated 
biofilm subpopulation[43].  

Topical antimicrobial use plays an important role when the wound is clinically infected or 
there is a suspected biofilm. The British Society for Antimicrobial Chemotherapy and 
European Wound Management Association position paper highlighted antimicrobial 
stewardship (AMS) — a set of strategies to improve the appropriateness and minimise the 
adverse effects of antibiotic use — as being central to wound care treatment to improving 



patient outcomes, reducing microbial resistance and decreasing the spread of infections 
caused by multidrug-resistant organisms[37]. Effective AMS avoids the use of antimicrobial 
therapy when not indicated while enabling the prescribing of appropriate antimicrobial 
interventions when they are indicated to treat infection. 

The UK government has outlined a 20-year vision for reducing AMR, proposing a lower burden 
of infection through better treatment of resistant infections[44]. This includes the optimal 
use of antimicrobials and good stewardship across all sectors and appropriate use of new 
diagnostics, therapies, vaccines and interventions in use, combined with a full AMR research 
and development pipeline for antimicrobials, alternatives, diagnostics, vaccines and infection 
prevention across all sectors.  

The use of alternatives to traditional antibiotic therapy is of huge interest for combating 
increasing AMR, including bacteriophage therapy, phage-encoded products, monoclonal 
antibodies and immunotherapy[45]. Among these, endolysins — phage-encoded 
peptidoglycan hydrolases selectively targeting bacterial taxa — have been identified as 
promising antimicrobial agents because of their ability to kill antimicrobial-resistant bacteria 
and lack of reported resistance However, challenges restrict the widespread use of endolysin 
therapy, such as limited drug-delivery methods, their specificity to particular bacteria types, 
and bioavailability via IV administration[46,47].  

Debridement 

Debridement is the physical removal of biofilm, devitalised tissue, debris and organic matter 
and is a crucial component of wound care. The presence of non-viable tissue in the wound 
bed prevents the formation of granulation tissue and delays the wound healing process. The 
removal of non-viable tissue encourages wound healing. The type of tissue found in the 
wound bed (e.g. whether necrotic or sloughy) will determine whether debridement is 
required. Factors such as bioburden, wound edges and the condition of peri-wound skin can 
also influence whether debridement is required[48]. A range of techniques can be used, 
dependent on the clinician’s ability level: these include autolytic, larval, mechanical, sharp 
and surgical methods[49,50]. 

Wound dressings 

The concept of moist wound healing is not new and can lead to healing up to 2–3 times 
quicker than that of dry wound healing[51,52]. Wound dressings such as cotton wool, gauze, 
plasters, bandages, tulle or lint should not be used, as they do not promote a moist wound 
healing environment, require excessive changes, and can cause skin damage and pain during 
dressing changes. They have therefore been replaced by newer types of wound dressings that 
can play a role in autolysis and debridement, maintain a relatively stable local temperature, 
keep the wound hydrated, promote wound repair and prevent bacterial infection[14,53,54].  

Wound dressings should keep the wound free from infections, excessive slough, 
contaminants and poisons, keep the wound at the ideal temperature and optimum pH for 
healing, be permeable to water, but not microbes, come away from wound trauma during 



dressing changes, not be painful and be comfortable[55]. There are a variety of dressings 
available for managing chronic wounds, such as hydrogels, hydrocolloids, alginates, foams, 
and film dressings[56]. Dressings can also be used carriers for active agents including growth 
factors, antimicrobial agents, anti-inflammatory agents, monoterpenes, silver sulfadiazine or 
silver nanoparticles[57].  

Potential factors that may influence dressing selection include:  

• Type of wound/cause;  
• Wound characteristics (e.g. granulating, epithelialising, sloughy, necrotic);  
• Treatment goals (e.g. to manage exudate, manage infection risk);  
• Anatomical location; 
• Patient-related factors (e.g. pain levels, fragile skin, capacity to self-care); 
• Cost. 

Antimicrobial dressings impregnated with iodine, silver and honey are available[58]. They can 
be divided into two categories: those that release an antimicrobial into the wound and those 
that bind bacteria and remove them from the wound into the dressing. A more detailed 
overview can be found in a recent consensus document on wound care and dressing selection 
for pharmacists[57].  

It is essential wound dressings do not inadvertently lead to moisture-associated skin damage 
– an umbrella term encapsulating incontinence-associated dermatitis, intertriginous 
dermatitis (or intertrigo), peri-wound maceration and peristomal dermatitis. Practitioners 
should ensure the dressing can manage any exudate and protects the peri-wound area. Skin 
barriers can be used to protect the peri-wound area and prevent skin damage[59].  

Negative-pressure wound therapy 

Widely used to aid the healing of acute, chronic and traumatic wounds, negative-pressure 
wound therapy (NPWT) removes interstitial fluid/oedema and excessive exudate, provides a 
moist environment, improves blood flow and tissue perfusion, and stimulates angiogenesis 
and granulation tissue formation[4,60]. Results from several studies have demonstrated the 
selective effect of NPWT in eliminating non-fermentative gram-negative bacilli in wounds[36]
. Additionally, NPWT can be combined with additional topical antimicrobial solutions, 
reducing bacteria load, stimulating wound closure and decreasing wound size faster than 
conventional NPWT[36,61,62].  

Hyperbaric oxygen therapy 

Hyperbaric oxygen therapy was first proposed as an additional treatment for chronic wounds 
in the mid-1960s. Treatment involves the intermittent exposure of the body within a large 
chamber to 100% oxygen at a pressure between 2.0 and 2.5 atmosphere absolute, leading to 
an increase in oxygen levels within haemoglobin and elevating oxygen tissue tension at the 
wound site[63]. A Cochrane review published in 2015 reported a significant improvement in 



the healing of diabetes ulcers in the short term when treated with hyperbaric oxygen therapy. 
However, further high-quality studies are needed before clinical benefits can be proven[64].  

Electrical stimulation 

For chronic wound healing, electrical stimulation is the most frequently studied biophysical 
therapy[4]. It uses direct current, alternative current, and pulsed current. Electrical 
stimulation has been shown to benefit every stage of the wound-healing process, both at 
cellular and systemic levels. During the inflammation phase, electrical stimulation promotes 
vasodilation and increases the permeability of blood vessels, thereby facilitating cellular 
movement to the wound site and so promoting a shorter inflammatory response.  

Studies have reported an inhibition in bacterial proliferation after electric stimulation. In the 
proliferation phase, electrical stimulation raises the migration, proliferation and 
differentiation of endothelial cells, keratinocytes, myofibroblasts and fibroblasts. At the 
systemic level, it promotes revascularisation, angiogenesis, collagen matrix organisation, 
wound contraction, and re-epithelialisation. Ultimately, electrical stimulation promotes the 
contractility of myofibroblast and converts type III collagen into type I, along with rearranging 
collagen fibres to optimise the scar’s tensile strength[8,65,66].  

A prospective clinical study conducted across the UK suggested that using an externally 
applied electroceutical device, combined with compression bandaging and dressings, was a 
cost-effective treatment for venous leg ulcers, compared with conventional treatments[67].  

Low-frequency ultrasound 

Low-frequency ultrasound has been used as an adjunct treatment for chronic wounds. It has 
a debriding effect, removing debris and necrotic tissue (primarily via cavitational and acoustic 
streaming phenomena). Ultrasound is also reported to disrupt biofilm in vitro, thus increasing 
the sensitivity of bacteria to antimicrobials[68]. It is proposed to be effective in stimulating 
collagen synthesis, increasing angiogenesis, diminishing the inflammatory phase as well as 
promoting cellular proliferation[69]. Several clinical studies have shown a reduction in wound 
size when wounds are treated with low-frequency ultrasound therapy[70–72]. 

Extracorporeal shock wave therapy 

Extracorporeal shock wave therapy (ESWT) has been proposed to aid wound healing by 
transmitting acoustic pulsed energy to tissues. ESWT seems to promote angiogenesis, 
stimulate circulation, reduce anti-inflammatory response, and upregulate cytokine and 
growth-factor reactions[4]. A clinical trial demonstrated the feasibility and tolerability of 
ESWT in wounds with different aetiologies[73]. Furthermore, a review concluded that ESWT 
brings more benefits for patients with diabetic foot ulcers than hyperbaric oxygen therapy, 
based on increased angiogenesis, tissue perfusion and cellular reactions with reduced cell 
apoptosis, as well as a higher ulcer healing rate[74].  

Advanced therapies 



More recent developments include introducing nanomedicine to wound-healing approaches. 
It has been used to achieve controlled delivery, stimulate chronic wound healing and control 
microbial infections[14,75]. Nanotechnology-based wound dressings like nanogels and 
nanofibers offer a larger surface area and greater porosity, potentially enhancing absorption 
of wound exudate. They can also facilitate collagen synthesis and ultimately re-epithelisation 
through supporting the migration and proliferation of fibroblasts and keratinocytes.  

Nanomedicines also seem to aid healing through molecular and cellular pathways[75]. For 
example, a methacrylated gelatin (MeGel)/poly(L-lactic acid) hybrid nanofiber synthesised 
has been reported to stimulate the recruitment and proliferation of human dermal 
fibroblasts, thereby promoting wound healing[76]. Nanoparticles can not only act as carriers 
of antimicrobial agents, they can also have an intrinsic antimicrobial effect[75,77,78]. In 2021, 
Qiu et al. successfully developed an antibacterial photodynamic gold nanoparticle (AP-AuNPs) 
that demonstrated antibacterial effects on both Gram-negative Escherichia coli and Gram-
positive Staphylococcus aureus, as well as potentially inhibiting biofilm formation in vitro[79]
.  

Growth factors 

Growth factors such as vascular endothelial growth factor (VEGF), platelet-derived growth 
factor (PDGF), and fibroblast growth factor (FGF) are down-regulated in chronic wounds, 
suggesting that topical administration of growth factors and cytokines could improve wound 
healing[80].  

Growth factors can improve wound repair through several mechanisms[81]: 

• By acting as chemo-attractants to promote the recruitment of inflammatory cells and 
fibroblasts into the wound site; 

• By acting as mitogens to stimulate cellular proliferation; 
• By stimulating angiogenesis and regeneration of blood vessels; 
• By facilitating the synthesis of extracellular matrix;  
• By affecting the cytokines and growth-factor-regulated synthesis of surrounding 

tissues.  

Growth factors that have been studied in wound healing are EGF, VEGF, FGF, PDGF, 
transforming growth factor-beta 1 (TGF-β1) and granulocyte-macrophage colony stimulating 
factor[82]. Becaplermin (rhPDGF-BB) was the first growth-factor therapy approved by the US 
Food and Drug Administration, after it demonstrated effectiveness in treating complex 
wounds when combined with standard wound care[80]. A systematic review and meta-
analysis indicated that growth factors were effective in healing venous stasis ulcers, 
increasing wound healing by 48.8% compared with placebo and showing no difference in 
adverse effects compared with controls[83].  

Stem-cell therapies 



Stem cells may have certain advantages in wound healing because of their ability to 
differentiate into specialised cells and secrete numerous mediators including cytokines, 
chemokines, and growth factors[84,85]. This makes them a promising approach for treating 
chronic wounds.  

Mesenchymal stem cells can be extracted from bone marrow, adipose tissue, umbilical cord 
blood, nerve tissue, or dermis and used both systemically and locally[86]. They release growth 
factors that stimulate blood-vessel and granulation tissue formation, fibroblast and 
keratinocyte migration, collagen synthesis, and fibroblast activation, increase re-
epithelialisation, exert immunomodulatory properties, regulate inflammatory responses, and 
display antibacterial activities[85,87–89].  

Many studies have investigated the efficacy of stem-cell therapies for a variety of wounds, 
including burns, non-healing ulcers, and critical limb ischemia[90–96]. A systematic review 
published in 2020 that investigated the clinical application of stem-cell therapy for the 
treatment of chronic wounds showed the potential of a variety of stem cells in the restoration 
of impaired wound healing, both in vitro and in vivo, despite the clinical evidence being very 
limited. As the recorded studies were on case-by-case basis, there is a lack of comprehensive 
guidelines for the use of stem cells in different wounds[97].  

Auto-transplantation of adipose tissue-derived mesenchymal stromal cells has been 
proposed as a safe, alternative method to treat chronic venous ulcers[96]. Bioscaffold 
matrices comprising hyaluronic acid, collagen or other bio-polymeric materials have 
increasingly been applied for stem-cell transplantation. These matrices not only provide 
wound coverage, but also offer protection for stem cells and controlled delivery[86].  

Bioengineers tissues and skin equivalents 

Skin equivalents are polymeric biomaterials increasingly adopted for both acute and non-
healing ulcers, such as venous ulcers, diabetic foot ulcers or pressure ulcers, to temporarily 
or permanently substitute the structure and function of human skin. Skin substitutes are 
designed to increase wound healing, provide a physical barrier that protects the wound from 
trauma or bacteria, provide a moist environment for the repair process, replace impaired skin 
components and decrease morbidity from more invasive treatments like skin grafting[98,99]
. 

They can usually be classified as one of three major types: dermal replacement, epidermal 
replacement, and dermal/epidermal replacement[98]. Epidermal replacements (substitutes) 
comprising isolated autogeneous keratinocytes cultured on top of fibroblasts include Myskin 
(Regenerys), Laserskin (Fidia Advanced Biopolymers) and Epicel (Genzyme Tissue Repair 
Corporation). Dermal replacements include Dermagraft (Smith and Nephew) and 
Transcyte (Shire Regenerative Medicine)[98].  

Epidermal/dermal skin replacements (also called composite skin substitutes) contain both 
epidermal and dermal layers that mimic the histological structure of original skin. The bi-
layered bioengineering skin Apligraf (Organogenesis) was the first living skin equivalent for 
the management of complex chronic wounds like diabetic foot ulcers and venous leg ulcers. 



It is made up of a dermal layer of human fibroblasts embedded in a bovine type I collagen 
matrix and an epidermal layer generated by human keratinocytes[100]. Some other 
commercial products of composite substitutes are OrCel (Forticell Bioscience) 
and PermaDerm (Regenicin)[98]. In general, the current high cost of such dressings and 
limited evidence on effectiveness restricts them from being widely adopted[101]. Recently, 
technologies such as electrospinning or 3D-printing have been used to fabricate skin 
substitutes. Electrospinning can create nanofibers with high oxygen permeability, variable 
porosity, a large, exposed surface area and a morphology similar to the extracellular matrix, 
making them interesting candidates for skin substitutes[102,103]. 

Conclusion and future perspectives  

The National Wound Care Strategy Programme, which was implemented by NHS England in 
2018, has made progress in reducing unwanted variation in care and addressing suboptimal 
wound care. 

Through its workstreams, the involvement of stakeholders, patients and carers, and the 
publication of the core capabilities for educating a multi-professional workforce, wound care 
has become a national priority. There are still many challenges in the management of chronic 
wounds — the complexity of wound environment, limited knowledge of the biological, 
biochemical, and immunological healing processes, and the increasing complexity of disease 
pathophysiology that comes with ageing populations.  

The development of standardised and clinically relevant testing for wound dressings, along 
with high-quality clinical trials, would enable useful comparisons of treatments. The whole 
episode of care should be considered in assessments of the cost-effectiveness of different 
dressings and devices, rather the simple cost of the individual entity. All these complex 
concerns restrict success in wound management, which in turn negatively impacts the quality 
of life of the patients and places a burden on global healthcare systems[75,104]. 
Organisations and healthcare providers should share best practice and education of 
healthcare professionals is needed to get the best outcomes for patients with preventable 
chronic wounds. 

Key points 

• Effective wound-management strategies should be individual for each patient with 
specific circumstances; 

• Accurate assessment of the wound and holistic assessment of the patient should 
inform the process; 

• Best practice for wound care must provide the optimal healing environment; 
• Antimicrobial stewardship policies should inform the appropriate use of 

antimicrobials; 
• Different approaches to design novel skin substitutes may result in new approaches 

to the management of chronic wounds. 
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