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Abstract: Chronic wounds are a major health problem because of delayed healing and cause hardships for the 

patient. The infection present in these wounds plays a role in delayed wound healing. Silver wound dressings 

have been used for decades, beginning in the 1960s with silver sulfadiazine for infection prevention for burn 

wounds. Since that time, there has been a large number of commercial silver dressings that have cleared FDA 

approval. In this review, we examine the literature involving in vitro, in vivo, and clinical studies with 

commercial silver dressings and attempt to glean the important characteristics of these dressings in treating 

infected wounds. The primary presentation of the literature is in the form of detailed tables. The narrative part 

of the review focuses on the different types of silver dressings, including the supporting matrix, the release 

characteristics of the silver into the surroundings, and their toxicity. Though there are many clinical studies of 

chronic and burn wounds using silver dressings that we discuss, it is difficult to compare the performances of 

the dressings directly because of the differences in the study protocols. We conclude that silver dressings can 

assist in wound healing, though it is difficult to provide general treatment guidelines. 

Keywords: Biofilms; Wound healing; Wound care; silver toxicity; Dressing Matrix 

 

1. Introduction 

Chronic wounds, i.e., non-healing wounds are a major health problem. Examples of chronic 

wounds are vascular, diabetic foot, and pressure ulcers. [1–3] More than 6 million people in the 

United States suffer from ulcers, and this problem is particularly acute amongst the elderly.[2,4] Cases 

of diabetes are also increasing, and by 2030, these numbers will exceed 20 million, and 15% of these 

cases will develop diabetic foot ulcers.[3–7] Chronic wounds are characterized clinically by increasing 

pain in the wound area along with bad odor, wound breakdown, and friable granulation tissue, and 

take longer than 3 months to achieve anatomical integrity. [2,3,5–7] The reason for the delayed healing 

is that normal phases of wound healing are disrupted in chronic wounds, infection is manifested by 

the presence of biofilms, and prolonged inflammatory response causes tissue damage. It is estimated 

that $96.8B is spent on wound care in the US, with about $7.2B for chronic wound care.[8] In 2014, it 

was estimated that 15% of Medicare patients had wound infections and 4% had surgical site 

infections.[9] Three million people have hard-to-heal pressure ulcers, which take months to years to 

complete healing, and costs for treating pressure ulcers are $26.8B annually.[10]Another class of 

wounds that can get infected are burns, which are considered to be acute wounds. Chemical, thermal, 

electrical, and radioactive exposures can cause burns.[11] Burn wounds lead to tissue necrosis and 

secondary infections.[11] 

Wound healing is a complex process involving hemostasis, inflammation, granulation, 

epithelization, contraction, and ending with remodeling.[2,4,12] Inflammation in the early stages 

prevents microorganisms and reduces necrosis.[13] Increased fibroblasts aid in the synthesis of 

collagen, elastin, glycoproteins, and proteoglycans, thereby promoting wound closure.[14] 

Inappropriate external and physiological interventions can disrupt this pathway, compromising the 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 August 2024                   doi:10.20944/preprints202408.1013.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202408.1013.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

healing process.[12,13] For example, if inflammation is prolonged, matrix metalloproteases and 

serine proteases secreted from fibroblasts can impair healing.[15] Major physiological changes in the 

wound include infection, altered blood flow, and hypoxia which influences phagocytosis, cellular 

failure and trauma, increased inflammation. 

In particular, infections can play a major role in thwarting the healing process in chronic and 

burn wounds. Wounds are heterogeneous, with slough, exudate, and necrotic tissue, all sites for 

bacteria and biofilm development.[16] Bacterial colonization of the wound can lead to the production 

of toxins, alkaline pH (7.3-8.9), and lower tissue oxygen levels and neutrophil activation.[17,18] Most 

infections are polymicrobial containing both aerobic and anaerobic bacteria, and the larger the 

number of pathogens, infection will increase. Figure 1 contrasts the wound healing process between 

an acute and chronic (biofilm-infected wound). 

 

Figure 1. Contrast between an acute wound and a biofilm-infected chronic wound (Taken with 

permission from Reference [34]). 

In this review, we focus on infected wounds treated with commercial silver-based 

dressings.[4,11,19–27] The goal of this review is to provide the reader with the potential of silver-

based dressings in treating wounds. We have focused only on commercial dressings, and though it 

is difficult to predict which dressings are most appropriate for a specific application, this review will 

provide some sense of the advantages and disadvantages of the dressings, based on in vitro, in vivo, 

and clinical studies. Tables 1-3 summarize the in vitro/in vivo and clinical studies of silver-based 

dressings. For the clinical studies, we have separated them into chronic and burn wounds (Tables 2 

and 3, respectively). By presenting most of the information in a systematic tabular form, it is relatively 

easy for the reader to find detailed characteristics of a dressing as well as clinical information on a 

particular dressing. However, it is difficult to compare the clinical performance of the different 

dressings, considering that the methodology of clinical studies varies considerably. The narrative 

part of the review focuses on the important features of silver-based dressings, their physical 
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characteristics, and the relevant structural features that explain the physiological activity of the 

dressings. General conclusions are drawn from clinical studies. This review will be useful in 

designing the next generation of silver-based wound dressings. 

Table 1. Descriptions of silver-based commercial dressings and their properties in In vitro studies (in 

alphabetical order). 

Dressings Silver content Description Notable Characteristics Findings related to Biofilms 

Aquacel® Ag+ 

Extra™ 

 

(ConvaTec) 

0.17 mg/cm2  

Hydrofiber™ Technology and Ag+ 

Technology –Two layers of a 

needle-punched nonwoven fleece 

of sodium silver CMC (carboxy 

methyl cellulose) fibers enhanced 

with EDTA and benzethonium 

chloride†, stitched with a high-

purity cellulose thread. CMC forms 

a gel in contact with wound fluid 

Dressing formulated for 

disruption of mature biofilms.[73] 

 

Combinations of metal chelators 

(binds ions) and surfactants 

(softens EPS layer).[73]  

 

Negative effect on fibroblast 

proliferation[22]  

 

EDTA+BT may cause 

cytotoxicity.[27]  

Biofilms were made with a colony-drip 

flow reactor. PA biofilms (72 h, 

confirmed by SEM) were exposed to 

dressing for 24 h and had 8.8 log10 

bacteria as compared to the control of 

9.2 log10 bacteria (not significant). With 

24 h biofilm, 9.2 log10 bacteria for control 

versus 6.6 log10 bacteria with dressing 

observed.[22]   

 

Biofilms were grown in a CDC reactor 

for 72 h. Dressings were effective against 

SA and PA biofilms and Candida yeast 

biofilms (high levels of extracellular 

material). Multispecies bacteria (SA, PA, 

CA) were grown on porous 

polycarbonate in a CDFR flow reactor 

for 72h, and the dressing was found to 

be effective.[83]  

 

With SA and PA biofilms a 4-log10 

decrease over 5 days (9 log10 to 4 log10, 1 

log10 every day), addition of bacteria on 

5th day did not result in biofilm re-

formation.[72]  

 

In a porcine ex-vivo model, a 72h grown 

biofilm was applied to the skin, and 

cultured for another 24 h. Biofilm 

viability was 13% as compared to 77% 

for control.[27]  

 

In an invivo murine model, colony 

biofilm was grown (72h) on membranes 

and applied to the full-thickness 
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excisional wound, and after 3 days of 

observation, no reduction in wound area 

or epithelization as compared to 

controls was noted.[27]  

 

PA and PA+SA infected dermal punch 

wounds were made in rabbit ears. Test 

dressing decreased bacterial counts, and 

improved wound healing (p<0.05), 

dressing was not effective against the SA 

within the wound.[114]  

Aquacel Ag Extra 

 

(ConvaTec) 

1.2% w/w ionic 

silver 

Composed of sodium 

carboxymethylcellulose (CMC) 

fibers impregnated with ionic 

silver, enforced within 

strengthening fibers. 

Ag+ released into broth (TSB) 

28.1± 1.4 μg/ml in 24 h and 1.4± 

0.1 μg/ml over 7 days.[24]  

 

In cell culture media with 10% 

FBS, Ag+ the release 18.1 μg/ml 

after 72 h of agitation.[83]  

 

107 ppm Ag into de-epithelized 

porcine skin explants in 24h.[83] 

 

Acute cytotoxic response towards 

HaCaT keratinocytes and 

primary human dermal 

fibroblasts.[83]  

 

EPS embedded colonies of 45-600 μm for 

PA (7.6 log10 bacteria) and for MRSA (6.2 

log10 bacteria) colony thickness of 54-88 

μm were formed. E. coli biofilm (5.6 

log10 bacteria)-and 10-70 μm in diameter 

with 5-12 μm thickness was formed. 

Upon exposure to the wound dressing, 

there were 2.8 log10 and 1.5 log10 

decrease for PA and 2.9 and 1.6 log10 

decrease MRSA, and 3.5 and 1.8 log10 

decrease for E.coli biofilms over 24 h 

and 7 days, respectively.[24]   

 

Biofilms were studied with an In vitro 

Drip Flow reactor. Dressing impeded 

new biofilm formation for PA (4.3 log10 

decrease) and SA (2.3 log10 decrease). 

For SA and PA mixed species biofilms 

grown on hydroxyapatite for 3 days 

prior to treatment, exposure to dressings 

for 24h  resulted in 3.4 log10 decrease 

for SA and 1.3 log10 decrease for PA.[55] 

 

Deep reticular dermal wound infected 

with MRSA for 72 h to form biofilm in a 

porcine model, debrided, and treated 

with wound dressing. 1 log10 decrease in 

MRSA on day 4, 2 log10 decrease in 

MRSA on day 8 and day 11 as compared 

to control. Day 11 observations were 
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90% reepithelization, marked 

angiogenesis and white cell infiltration, 

and granulation tissue formation 

approached 76%-100%.[51]  

Acticoat™ 

7 

(Smith & Nephew) 

1.70 mg/cm2  

Two rayon/polyester non-woven 

inner cores laminated between 

three layers of nanocrystalline 

silver-coated high-density 

polyethylene mesh, designed to be 

the barrier against bacterial 

invasion.  

Ag+ release in broth (TSB) 

11.7±0.8 ug/ml in 24 h and 8.0±0.6 

ug/ml in 7 days.[24] 

 

In cell culture media with 10% 

FBS-18.1 μg/ml after 72h.[83]  

 

Ag+ in de-epithelized porcine skin 

explants was 143 ppm Ag in 24h. 

Acute toxic response towards 

HaCaT keratinocytes and 

primary human dermal 

fibroblasts 

 

Fibroblast proliferation 

decreased.[22]  

 

 

In a Drip Flow reactor, dressing 

impeded new biofilm formation for both 

PA and SA. With mature SA and PA 

mixed species biofilms grown for 3 days, 

exposure to dressings for 24h led to a 3.4 

log10 decrease for SA and a 1.3 log10 

decrease for PA.[55]  

 

PA biofilm had 7.6 log10 bacteria, MRSA 

biofilm 6.2 log10 bacteria, and E. coli 

biofilm had log 5.610. For PA biofilm 

there was a 4.2 log10 decrease in bacteria 

in 2 h, and a 4.5 log10 decrease after 7 

days, for MRSA 4.6 log10 decrease for 

both 24h and 7 days. For E.coli biofilms, 

there was a 4.8 and 5.0 log10 decrease in 

bacteria over 24h and 7 days, 

respectively.[24]  

There was significant silver 

accumulation in the biofilms.[24] 

 

Dressing did not destroy biofilms for 

MRSA and PA.[72]  

BDWG No silver  

PEG gel containing 

benzalkonium chloride (0.13 

wt%), citric acid (3.41%), and 

sodium citrate (3.57%).   

 

Manifested severe cytotoxicity 

towards fibroblasts, and 

fibroblast proliferation was 

compromised.[51]  

Using an In vitro Drip Flow reactor, the 

dressing impeded new biofilm 

formation for both PA and SA. With SA 

and PA mixed species biofilms exposure 

to dressings for 24h led to significant 

decrease in bacteria (5.9 log10 decrease 

for SA and 6.6 log10 decrease for PA).[55] 

 

In a deep reticular porcine dermal 

wound model infected with MRSA (72 h 

biofilms), was debrided and then treated 

with wound dressing. 2 log10 reduction 

in MRSA counts was observed after 4 

days, and 3 log10 decreased after 8 days 
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and 11 days. The wound approached 

80% reepithelization on day 11, along 

with marked angiogenesis, and 

granulation tissue formation 

approached 76%-100%.[51]  

Biatain Ag 

 

(Coloplast) 

1 mg/cm2 

Hydrophilic polyurethane hydro 

cellular, silver ions in the form of a 

complex (formerly Contreet Foam). 

  

Biatain Alginate 

Ag 

 

(Coloplast) 

0.95 mg/cm2 

An alginate dressing consists of 

calcium alginate, 

carboxymethylcellulose (CMC), 

and an ionic silver complex.  

  

Contreet Foam 

 

(Coloplast) 

1 mg/cm2 

A soft hydrophilic polyurethane 

foam containing silver. Foam 

bonded to a semi-permeable 

polyurethane film. Silver ions are 

hydro-activated in the presence of 

fluid or wound exudate. In vitro 

studies show that silver release is 

sustained for 7 days, and the 

release is proportional to the 

amount of exudate absorbed.  

  

Exufiber Ag+ 

 

(Mölnlycke) 

 

A dressing made with PVA and 

hydroxypropyl cellulose gel with 

Ag2SO4 

 

Biofilms were grown on plates in a CDC 

reactor for 72 h and exposed to 

dressings for 24 h. Dressings were 

effective against SA and PA biofilms 

separately, for multispecies biofilms, the 

dressings were not effective.[66]  

Ialugen SSD 120 μg/cm2 

A dressing impregnated with 

cream containing Na hyaluronate, 

SSD, macrogol 4000, and 85% 

glycerol. 

Silver in de-epithelized porcine 

skin explants: 188 ppm Ag in 

24h.[83]  

 

Dressing showed acute toxic 

response towards keratinocytes 

and primary human dermal 

fibroblasts 

 

Kerracel® Ag 

 

(3M) 

0.2 mg/cm
2 
/1.7% 

(w/w) Ag 

Oxysalts 

(Ag7NO11)[27] 

A dressing formulated with Ag 

oxysalts™, a non-woven sterile 

wound dressing using a mix of 

100% carboxymethylcellulose 

(CMC), cellulose fibers, and silver 

 

Biofilms were grown in a CDC reactor 

for 72 h. Dressings were effective against 

SA and PA biofilms separately and 

ineffective against Candida yeast biofilms 

(24 h exposure). With multispecies 

biofilms on nonporous polycarbonate, 
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to create a barrier against bacterial 

growth for as long as 7 days.  

the dressing was very effective, but not 

so when the biofilms were grown on 

porous polycarbonate (better 

representation of hard-to-heal exudating 

wound).[66]  

 

72h grown biofilm was placed in 

porcine ex-vivo skin, cultured for 24 h to 

allow attachment, and dressing applied 

for 24 h. Dressing led to 14% biofilm 

viability as compared to 75% for control. 

72 h colony biofilm grown on 

membranes was applied to the full-

thickness excisional wound in a murine 

model. Exposure to dressing for 3 days 

led to a smaller wound area in PA and 

SA biofilms, though not statistically 

significant. Wound area and re-

epithelization were 34% for PA, control 

15%, and 31%% for SA, control 14%. 

Macrophage reduction within the 

granulation tissue in SA biofilm-infected 

wounds was significant.[27]  

 

The study used an In vitro Drip Flow 

reactor. Dressing impeded new biofilm 

formation for both PA and SA. 

However, for SA and PA mixed species, 

exposure to dressings for 24h led to a 0.8 

log10 decrease for SA and a 0.3 log10 

decrease for PA.[55]  

Maxorb Ag+ Extra 

 

(Medline 

Industries) 

 
A dressing that uses CMC and 

calcium alginate with AgNaZrPO4 
 

Biofilms were grown in a CDC reactor 

for 72 h.  Exposure to dressing for 24h 

indicated that the dressings were 

effective against SA and PA biofilms 

separately, and ineffective against 

Candida yeast biofilms. For a 

multispecies biofilm grown in a CDFR 

flow reactor biofilm on porous 

polycarbonate (better representation of 
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hard-to-heal wound), the dressing was 

not effective.[66]  

Mepilex Ag 

 

(Mölnlycke) 

1.25 mg/cm2 

A dressing composed of absorbent 

polyurethane foam with a 

composite of silver and activated 

carbon. The silver source is silver 

sulfate which releases silver ions. 

The outer film is permeable to 

water vapor and impervious to 

liquids.[23] There is always a layer 

with silicone adhesives that stays in 

contact with the wound. 

 

The study was with partial thickness 

burn in rats. The effect of dressing on 

the inflammatory phase (7 days), 

proliferative phase (14 days), and 

remodeling of the wound (30 days) was 

examined.  Necrosis was noted, 

possibly due to poorer wound hydration 

due to absorption of the wound exudate. 

Observations: higher inflammatory 

infiltration of healing PMN cells during 

the 7 days, on day 14 less hemorrhage, 

more angiogenesis, and more 

granulation tissue, on day 30, more 

fibroblasts to promote wound 

closure.[23]  

Primatrix Ag 

 

(Integra) 

165 μg/cm2 
A dressing containing fetal bovine 

Type III collagen and silver. 
 

Deep reticular dermal wound porcine 

wounds infected with MRSA for 72 h to 

form a biofilm, debrided, and then 

treated with wound dressing. There was 

a 2-log10 decrease reduction in MRSA 

counts obtained from biofilms on days 4, 

8, and 11 as compared to controls. 

Wound approached 85% 

reepithelization on day 11.  Marked 

angiogenesis along with white cell 

infiltration was observed on day 11.  

Granulation tissue formation 

approached 76%-100% on day 11.[51]  

Procellera™ 

 

(Vomaris) 

Ag: 0.9 mg/cm2  

Zn: 0.3 mg/cm2  

Microcurrent-generating 

antimicrobial wound dressing 

consists of a matrix of alternating 

silver and zinc dots held in position 

on a polyester substrate with a 

biocompatible binder.  

 

Antibacterial efficacy against β-

lactamase bacteria, multidrug-resistant 

bacteria, and MRSA. Ineffective with 

Enterococcus bacteria.[115] 

Promogran™ 

PRISMA 

 

(3M) 

1% silver-ORC 

contains 25% 

w/w ionically 

bound Ag. 

Ag: 20 μg/cm2 

A sterile, freeze-dried composite of 

44% oxidized regenerated cellulose 

(ORC), 55% collagen, and 1% 

silver-ORC.  

Did not inhibit dermal fibroblast 

growth.[22]  

PA biofilms made with colony-drip flow 

reactor (72h, confirmed by SEM) upon 

exposure to dressing for 24 h led to 7.8 

log10 bacteria as compared to the control 

of 9.2 log10, not a significant effect. 
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Results for less mature 24 h biofilm were 

9.2 log10 bacteria with control gauze 

versus 6.5 log10 with dressing. 

Gentamycin-treated biofilm reduction in 

BPA (bacterial proteases) was 77% 

compared to control, possibly due to 

ORC/collagen matrix.[22]  

 

Not very effective against MRSA.[51]  

Polysheet metallic 

Ag 
<25 μg/cm2 

A dressing with polyelectrolyte and 

polyvinyl alcohol polymeric sheet 

containing ionic and metallic silver. 

 

Studies were done with an in vitro Drip 

Flow reactor. Dressing impeded new 

biofilm formation for PA, but not SA. 

For SA and PA mixed species biofilms, 

exposure to dressings for 24h led to a 0.5 

log10 decrease for SA and a 4.6 log10 

decrease for PA.[55]  

PU Foam Ag salt 0.35-0.4 mg/cm2  

A dressing with metallic silver and 

starch copolymers on a 

polyurethane membrane. 

The amount of silver released 

into the broth (TSB) Ag release: 

released 14.7 ± 0.7 ug/ml Ag 

release in 24h and then drops to 

2.6 ± 0.1 ug/ml in 7 days (TSB). 

Biofilms were grown in a Drip Flow 

reactor. The dressing was effective for 

thwarting new biofilm formation for PA 

but not for SA.[55]  

Silvercel 

 

(3M) 

740 μg/cm2 to 

863 μg/cm2, 

diffuse coating of 

Ag, (Ag+ or Ag 

coated fibers[83] 

 

9 wt% silver in 

dressing[23]  

A dressing composed of nonwoven 

hydroalginate, calcium alginate, 

guluronic acid (high-G) strength of 

32%, sodium 

carboxymethylcellulose (8%), and 

nylon fibers (51%) covered with 

elemental silver (9%).  

Silver in the de-epithelized 

porcine skin explants: 111 ppm 

Ag in 24h  

 

Acute toxic response towards 

keratinocytes and primary 

human dermal fibroblasts. 

With dressing, a 1.9 log10 decrease in 24 

h, after 7 days 0.9 log decrease for PA, 

and 2.6 and 1.6 log10 decrease for MRSA 

biofilms, and a 3.1 and 1.4 log10 decrease 

for E.coli biofilms.[24]  

 

Did not destroy biofilms for MRSA and 

PA.[72]  

 

In a study involving partial thickness 

burns in rats, the dressing exhibited a 

decrease in necrosis, wound exudate, 

odor, and more granulation tissue 

helping wound healing. The presence of 

alginate is possibly promoting better 

wound hydration and autolytic 

debridement.[23]  

Silverlon 

 

(Silverlon) 

5.46 mg/cm2 
A dressing with silver on nylon 

cores.  

The release of Ag into broth (TSB) 

was 8.1±0.4 μg/ml in 24 h and 

13.9±0.7 μg/ml in 7 days. 

With dressing 1.2 log10 decrease in PA 

biofilms was observed over 24 h, and 

after 7 days, a 2.9 log10 decrease. 1.6 and 
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2.3 log10 decrease in MRSA biofilms. 1.0 

and 3.0 log10 decrease for E.coli biofilms 

for 24 h and 7 days.[24]  

Silver sulfadiazine 

1wt% 

micronized silver 

sulfadiazine in 

gel 

A gel with stearyl alcohol, 

polyethylene glycol hexadecyl 

ether, liquid petrolatum, propylene 

glycol, methylparaben, 

propylparaben, 

butylhydroxytoluene, and purified 

water. 

 

Partial thickness burns were induced in 

rats, and wounds were monitored 

during the inflammatory phase (7 days), 

proliferative phase (14 days), and 

remodeling phase (30 days).  Dressing 

increased necrosis, possibly the gel was 

not promoting hydration of the wound 

bed.[23]  

Tegaderm Ag 

mesh 

 

(3M) 

8 ml of silver per 

gram of dressing 

Particles of silver sulfate are coated 

on the surface of cotton fibers. 

When wound exudate, sterile 

normal saline, sterile water, or 

liquid hydrogel comes in contact 

with the dressing, the silver sulfate 

dissolves, releasing silver ions in 

the dressing rapidly and over time. 

  

UrgoClean Ag 

 

(Urgo Medical) 

 
A dressing with lipid-colloid and 

poly-absorbent fiber with Ag2SO4.  
 

Biofilms were grown in a CDC reactor 

for 72 h. The dressing was effective 

against SA and PA biofilms separately, 

ineffective against Candida yeast biofilms  

For multispecies biofilms (SA, PA, CA) 

grown in a CDFR flow reactor on porous 

polycarbonate (better representation of 

hard-to-heal wound), the dressing was 

not effective.[66] 

Urgotul Ag 

 

(Urgo Medical) 

3.5% ionic 

Ag[116] 

Non-occlusive, non-adhesive, 

flexible lipidocolloid dressing 

comprising a polyester mesh 

impregnated with hydrocolloid and 

petroleum jelly particles and silver. 

  

Table 2. Clinical Studies: Chronic Wounds (in chronological order). 

Dressings Clinical method summary Quantitative results Year[Ref] 

Contreet Foam 

Uncontrolled open study. Treatment of bacteria-

infected chronic venous leg ulcers, 25 patients over 

four weeks. Assessment: healing in terms of 

wound-bed tissue composition, odor, pain, 

4 weeks: A mean reduction of 56% in the ulcer area (15.6 to 

6.9 cm2) was noted. 

 

2003[117] 
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dressing performance, and effect on the per-ulcer 

area. 

Week 1 observations were a mean reduction of 25% in 

granulation tissue from dull to healthy and wound odor was 

significantly reduced.  

 

Half of the patients showed an increase in ulcer area after 

removal of Ag dressing (after 4 weeks). 

Contreet silver-based 

foam dressing as 

compared to a control 

dressing (Allevyn 

Hydrocelluar) 

A multicenter study (15 centers in 7 countries). 

Open block-randomized and controlled 4-week 

study of 129 patients (Contreet: 65, Allevyn: 64) 

with colonized chronic venous leg ulcers. 

A decrease in odor was noted after 1 week of treatment for 

83% with the Contreet versus 53% in the control group. 

 

Lower maceration was observed after 4 weeks in the Contreet 

foam (37%) as compared to control (48%). 

 

45% median reduction in ulcer area was observed as 

compared to 25% in the control group, suggesting a faster 

healing process. 

2005[101] 

 

Silvercel (silver-

hydroalginate) 

compared with 

control Algosteril 

(calcium-

hydroalginate)  

A multicenter (13 centers) randomized, two-arm 

parallel-group study over 4 weeks of 99 patients 

(51 test group, 48 control group) with venous leg 

ulcer (71) or pressure ulcer (28), assessment done 

over 4 weeks. 

Fewer patients developed clinical infection (33%) compared 

to control (46%, p=0.223). 

 

No patient in the test group required antibiotics as compared 

to control (10.5%). 

 

Greater wound closure rate for the test group (0.32 ± 

0.57cm²/day) as compared to control (0.16 ± 0.40cm²/day, 

p=0.024). 

 

Reduction in wound severity score was greater in the test 

group (-32 ± 17%) as compared to the control group (-23 ± 

25%; p=0.034). 

 

The total modified ASEPSIS score over 14 days did not 

significantly differ between the test (104.2 ± 72.8) and control 

groups (95.4 ± 62.2; p=0.791). 

2005[102] 

Contreet Foam 

Outcome Program 

Comparison with 

Aquacel Ag, Actisorb, 

Acticoat 

Control-local best 

practice 

Randomized controlled trial: A total of 619 

patients with ulcers of varying etiologies were 

treated for four weeks, Patients were either treated 

with the silver foam dressing (326 patients) or 

with local best practice (293). The objective was to 

assess the effects on wound area reduction, slough 

and maceration, exudate level, overall wound 

progress, exudate handling, ease of use, odor, 

Median ulcer area reduction upon final visit: Ag foam-47.1%, 

control-31.8% (p=0.0019). 

 

Mean slough on the final visit: Ag foam- 7% control -8,9%. 

 

Mean macerated peri-ulcer skin: Ag foam-10.9%, control 

16.7% (p=0.0383) 

 

The odor was absent within 1 week. 

2006[60] 
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pain, time spent on dressing changes, and mean 

wear time of the dressing. 

 

Superior exudate handling as compared to other Ag dressings 

was noted. 

Aquacel (1.2% ionic 

silver, AQ) and 

Algosteril (Calcium 

Alginate, CA) 

A prospective, stratified, randomized, open- label, 

controlled, multicenter study, diabetic patients 

with non-ischemic Wagner Grade 1 or 2 diabetic 

foot ulcers (> 1cm2 area). 134 patients, wound 

dimensions were measured at 0, 4, 8 weeks, and 

upon healing. 

Standardized surgical debridement, and callus 

removal. 

AQ-dressed ulcers showed a depth reduction of 0.25 ± 0.49 

cm compared to 0.13 ± 0.37 cm in CA-dressed ulcers (p=0.04), 

 

An 8-week ulcer area reduction of 58.1% (AQ) vs 60.5 (CA) 

(p=0.948) was noted. 

 

AQ group showed a healing speed of 0.29 ± 0.33 cm² per 

week, compared to 0.26±0.90 cm2/week for control (p=0.993). 

 

100% healing time was marginally lower for AQ (53 days) as 

compared to CA (58 days) (p=0.34). 

 

Infected ulcers had a more favorable outcome with AQ vs CA 

with systemic antibiotics. 

2007[56] 

Urgotul Ag vs 

Urgotul 

Open-labeled, randomized controlled trial. 

Venous leg ulcers with heavy bacterial 

colonization, 102 patients, 80% of the wounds 

were not progressing with previous treatment. 

Week 0: Mean ulcer area 20.0 ± 17.8 cm2  

Week 4: mean surface area decreased by 6.5 ± 13.4 cm2 

(median: 4.2 cm2) and 1.3 ± 9.0 cm2 (median: 1.1 cm2) in Ag 

dressing versus control groups, respectively (p = 0.023). 

 

Week 4: bacterial colonization was not clinically observed in 

39.2% of Ag dressing versus 16.7% in the control group. 

2008[118] 

Group 1: Acticoat; 

Group 2: Comfeet Ag 

hydrocolloid/Biatain 

Ag polyurethane 

foam; 

Group 3- Aquacel Ag 

Prospective, comparative study, 75 patients, with 

25 in each group. Wounds: leg ulcers, pressure 

ulcers, diabetic foot ulcers, and post-traumatic 

ulcers. All wounds showed clinical signs of 

infection. 

Resolution of clinical signs of infection: Group 1- 2.52 ±1.29 

weeks, Group 2- 3.88 ±0.44 weeks, Group 3- 3.80± 0.58 weeks 

 

No clinical sign of infection: Week 2- 60% for Group 1, 4% for 

Group 2 and 8% for Group 3 

 

Fewer treatments were required in Group 1 to eliminate 

infection. 

2008[99] 

Aquacel® Ag, 

Acticoat™, Acticoat™ 

7, Acticoat™ 

Absorbent, Contreet® 

Foam, Urgotul SSD 

versus non-silver 

dressings 

In a multicenter study, 213 patients with active 

ulceration of the lower leg were presented for > 6 

weeks (107 patients’ random assignment to Ag 

dressings). 

The focus was on assessing the effectiveness of 

silver-donating antimicrobial dressings as a 

category. 

No significant difference in the proportion of ulcers healed at 

12 weeks: 59.6% for silver and 56.7% for control dressings. 

 

The overall median time to healing was 67 days for 

antimicrobial dressings and 58 days for the control group 

(p=0.048).  

 

No significant differences were observed between the groups 

in terms of health-related quality of life. 

 

2009[104] 
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Significantly higher cost was associated with silver dressings. 

Acticoat™ compared 

with Iodosorb 

cadexomer iodine 

The study used a parallel-group open-label 

randomized-controlled trial (TBSA 

). Participants had a lower leg ulcer with an ankle 

brachial pressure index of 0.6 or above, the wound 

was 15 cm or less in diameter, and evidence of 

critical colonization. Sample of 281 participants, 

with 140 for Acticoat and 141 for Iodosorb, a 12-

week study. 

Similar overall healing rate for silver dressing (64%) 

compared to iodine (63%), with a similar daily healing rate. 

 

Acticoat and Iodosorb were comparable in terms of the 

number of wounds healed.  

 

Acticoat was associated with a quicker healing rate during the 

first 2 weeks of treatment, but not sustained beyond that time. 

 

Silver dressing showed a significantly higher rate of healing 

for wounds that did not heal in the 12 weeks (larger, older 

wounds). 

2010[95] 

Tegaderm Ag mesh 

dressing compared to 

silver sulfadiazine 

cream 

Randomized clinical trial in a single hospital for 8 

weeks with 40 patients for treating pressure ulcers, 

study conducted detailed microbiologic studies of 

the wounds. 

SSD cream application is labor-intensive and expensive. 

 

The mean healing rate at the eighth week was lower (25.06%) 

in the SSD group as compared to the mesh group (36.95%, not 

statistically significant, p=0.507). 

 

Pressure Ulcer Scale for Healing (PUSH) score, an indicator of 

ulcer severity, was higher initially and in the eighth week in 

the SSD group compared to the mesh group (p=0.473). 

 

Difficult to conclude anything definitive from the 

microbiologic studies and needs statistical analysis. 

2011[103] 

Urgotul Ag versus 

Urgotul (without Ag) 

This was an open-labeled randomized controlled 

trial (not double-blind) for 4 weeks (followed for 

additional 4 weeks). Patients with venous leg 

ulcers (VLUs) show at least 3 out of 5 clinical signs 

of bacterial colonization. A total of 99 patients (51 

with silver and 48 control) participated in the 

study. 

At week 4, the median wound closure rate was 0.145 cm²/day 

for Urgotul Silver vs. 0.044 cm²/day for the control group at 

week 4 (p=0.009). 

 

At week 8, the median decrease in wound size was 5.9 cm² for 

the Urgotul Silver group compared to 0.8 cm² for the control 

group (p=0.002). 

 

55% of ulcers showed a >40% decrease in wound area for the 

Urgotul Silver group compared to 35%% for the control 

group. 

 

At week 4, 39.2% of ulcers showed no clinical signs of 

colonization as compared to 16.7% in the control group. 

 

Local adverse events were comparable in both groups 

2012[98] 

Aquacel Ag dressing 

compared to Urgotul 

Ag 

Two-arm parallel multi-center open-label 

randomized controlled clinical trial for 8 weeks 

with 281 patients with chronic venous leg ulcers 

across 43 centers in multiple countries. 

After 8 weeks, relative wound size reduction of 49.65% ± 

52.53% in the Aquacel group as compared to 42.81% ± 60.00% 

in the Urgotul® group (p=0.3158). 

 

At week 8, 39.5% of ulcers in the Aquacel group showed no 

clinical signs of heavy bacterial colonization, 32.5% of ulcers 

in the Urgotul® Silver group (no significant difference). 

 

2012[119] 
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15% of subjects in the Aquacel group had healed ulcers. 15.9% 

of subjects in the Urgotul® Silver group had healed wounds 

(p=0.0899). 

 

The inclusion of a placebo/control group would have been 

useful. 

Biatain Ag vs Biatain 

The study was a double-blinded controlled study 

with 181 patients, (87 control) conducted across 38 

centers in five countries. 

Patients with venous or predominantly venous leg 

ulcers were recruited.  

The 6-week treatment period was followed by a 4-

week open study with only Biatain, observations 

on days 0, 28, 42, and 70. 

Biatain Ag demonstrated a greater wound area reduction 

(42%) compared to Biatain after 6 weeks of treatment (35%) 

(p=0.0853). This would be more significant if older, larger 

ulcers were considered. 

 

Healing rate: Biatain Ag showed a Gilman rate of 0.67 

mm/week compared to 0.53 mm/week for Biatain (French 

group: control 0.33 mm/week) (p=0.0852). 

 

Both groups reported similar frequencies of local 

inflammatory signs after 6 and 10 weeks of treatment. 

 

Adverse events (maceration, eczema, pain, and burn) were 

observed in 6 events in Biatain Ag versus 4 in Biatain. 

 

A country-wise discrepancy was evident in the study. 

2014[97] 

Aquacel Ag 

The study was designed to evaluate the systemic 

absorption of silver in patients (criteria: silver 

levels > 0.5 ug/ml) with chronic inflammatory 

wounds and its association with silver toxicity.  

The study was a longitudinal observational 

multicenter, open-label pilot study using 40 

elderly (patients mostly female, average age 74.3 

years) 

Dressing changed every 2 days between the initial day and 

day 28 of the treatment period. 

 

Mean wound surface area reduction was 22.8% (p=0.041), 

along with a decrease in the fibrin percentage (beneficial for 

wound healing) between day 0 and day 28. 

 

Half the patients showed increased silver levels. There was no 

argyria or systemic toxicity. Elimination of silver from the 

body was slow and could result in cumulative toxicity, 

especially for elder patients. 

 

The study recommends against long-term silver dressing use. 

2018[100] 

Aquacel® Ag+ Extra™ 

 

(All patients 

previously managed 

with traditional silver 

(26%), iodine (23%) or 

poly hexamethylene 

biguanide (PHMB) 

(11%) containing 

products or systemic 

antibiotics (12%)) 

The study recruited 65 patients with wounds 

ranging in duration from 1 week to 20 years 

(median duration: 12 months). 

47 cases (72%) had stagnant wounds, and 15 cases 

(23%) had deteriorating wounds, while 3 wounds 

were not recorded, observations were made for 1-

11 weeks.  

Participants also had clinical signs of infection or 

critical colonization.  

Observations: 17% of wounds healed, 62% of wounds showed 

improvement, 14% of wounds same and 8% of wounds 

deteriorated. 

 

Moderate exudate levels (52% n=24) and high exudate (37% 

n=34) before treatment led to low (31%, n=20) and moderate 

(43% n=28), respectively after treatment. 

 

Biofilms were observed in 49% and slough in 42% of wounds.  

After applying the dressing, wound bed tissue was 63% 

granulation.  

 

Healthy wound bed tissues increased from 33% to 67% after 

treatment. 

 

2020[26] 
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Necrotic, slough biofilm reduced from 92% to 40% following 

treatment. 

 

Peri-wound skin health improved in 67% of cases. 

 

Acticoat™ Flex 7 

(nano-Ag) with 

dressings without 

nano Ag 

Retrospective study: 330 patients and 2242 patients 

control group in community centers with various 

types of wounds, including pressure injuries, 

diabetic foot ulcers, and venous leg ulcers (used 

Bates-Jensen Wound Assessment Tool). 

Sustained silver release over 7 days 

 

The mean time between dressing changes was 3.98 days vs 

1.87 days in control (p<0.01), reducing nurse visits. 

 

The mean healing time for wounds treated with Acticoat 7 

was significantly shorter (10.46 weeks) compared to wounds 

with control dressing (25.49 weeks). 

 

Only 0.9% of patients treated with Acticoat 7 dressing 

developed a systemic infection, compared to 3% in the 

comparative group. 

 

Potential for bias, no control for confounding variables, e.g., 

concurrent treatments. 

2021[69] 

Biatain® Ag Non-

Adhesive Foam 

versus silver 

sulfadiazine 

60 adult patients diagnosed with type 2 diabetes 

mellitus, with diabetic foot ulcers (DFU) area of at 

least 1 cm² were recruited. 

Treatment Group: Biatain® Ag Non-Adhesive 

Foam dressing applied at least every two days (38 

patients). 

Control Group: 1% SSD cream applied once or 

twice per day (22 patients), 4-week study, 

debridement was performed during weekly visits, 

if necessary. 

Enterococcus faecalis and Staphylococcus aureus were isolated 

from the wound culture in both groups. 

 

The proportion of the wound healed at week 4 in the SSD 

group was 27.00 ± 4.95%, Biatain-76.43 ± 7.41% (p<0.0001). 

 

Silver foam facilitated wound closure faster than SSD in the 

patient population with HbA1c > 7% (59.94 ± 8.00% vs. 14.21 ± 

3.72%, p = 0.027) and in patients with positive microbial 

isolates in their wound culture (60.87 ± 4.06% vs. 37.50 ± 

5.89%, p = 0.020). 

2021[59] 

Biatain alginate Ag 

versus gauze (some 

with iodoform) 

40 patients in observation and 40 patients in the 

control group. 

Debridement and Biatain Alginate Ag were 

applied to the wound.  

Dressing changed every 1 to 3 days. Assessment at 

7, 14 days, and 1 month after treatment. 

The study observed the frequency of dressing 

changes, granulation tissue growth, wound 

formation, and healing time. 

Pain score (VAS) was significantly different between Bitain 

and the control group (p<0.05). 

 

Better outcomes in wound scar healing were observed as 

compared to the control group (p<0.05). 

 

Enhanced granulation tissue growth was significantly higher 

in observation vs control. 

 

Bacterial load was significantly lower than in the control 

group. 

2022[120] 
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Aquacel Ag+ versus 

Sorbact dressing 

(Cutimed Sorbact, 

Essity, retains 

exudate, no release of 

any antimicrobials)  

Retrospective Patient Chart Audit. 350 patient 

charts: 200 with Aquacel Ag+ and 150 with 

Sorbact. Data analyzed separately for Germany 

and the US (DFU and venous leg ulcers) 

Unclear why specific dressings were chosen for specific 

patients. 

 

Germany: Wound percent reduction and wound closure 

comparable, greater proportion of Sorbact users needed 

surgery (0 vs 11%, p=0.039). 

 

US: Wounds were worsening before the use of Aquacel (49% 

vs 34%, p=0.01), regression analysis suggests that 3.53 times 

more likely to have wound healed in Aquacel cohort 

(p=0.033). 

2023[121] 

Acticoat versus SoC 

Prospective, open-label, randomized, placebo-

controlled trial for acute diabetes-related foot 

ulcers. 63 patients with Acticoat and 55 with SoC. 

The primary endpoint was the proportion of 

ulcers healed at 12 weeks.  

Observation of ulcers healed at 12 weeks: 75% in the control 

group and 69% in the silver group (p=0.49). 

 

No significant difference in complete ulcer healing (p=0.53), 

osteomyelitis, need for amputation or antibiotic treatment 

between the silver and control groups. 

2023[106] 

 

Table 3. Clinical Studies: Burn and Other Wounds (in chronological order). 

Dressings Clinical method summary Quantitative results Year[Ref] 

Acticoat vs 0.5% silver 

nitrate  

Randomized, 30 burn patients with symmetric 

wounds. 

The frequency of burn wound sepsis (> 105organisms per gram 

of tissue) was less in Acticoat-treated wounds than in those 

treated with silver nitrate (5 vs 16) as well as observations of 

secondary bacteremia (1 vs 5). 

 

Dressing removal was less painful with Acticoat than with 

silver nitrate. 

1998[122] 

Aquacel Ag 

Phase II multicenter, open-label, 

noncomparative trial, 24 patients with fresh 

superficial, mid-dermal, or mixed partial-

thickness burns covering 5% to 20% of total 

body surface area, trial lasted for 158 days. 

77% of patients achieved over 95% re-epithelialization within 14 

± 3 days. The mean time for complete healing was 11.6 days 

 

Significant reduction in pain between baseline and post-burn 

days three and five. 

 

Positive reviews of conformability and ease of use were noted. 

2004[111] 

Acticoat vs SSD 

Prospective Randomized Trial of adults with 

partial-thickness burns, 14 patients with a focus 

on pain management during dressing change. 

Mean pain scores for wounds treated with Acticoat were 

significantly lower (3.2) as compared to those treated with SSD 

(7.9) (P < .0001). 

2005[123] 

Aquacel Ag versus 

SSD 

A comparative cost-effectiveness study 

comparing Aquacel Ag and SSD for superficial 

mid-dermal or mixed partial-thickness burns 

Aquacel® Ag dressing had 73.8% of patients achieving full re-

epithelialization, compared to 60.0% achieving full re-

epithelialization in the silver sulfadiazine group (not significant, 

p=0.222). 

2006[124] 
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covering 5% to 40% TBSA (total body surface 

area). 

The 21-day study involved 84 patients, with 42 

patients randomly assigned to each of the two 

treatment groups (mean age of 26.8 years, and 

69.5% were men). 

 

Silver sulfadiazine was found to have significantly greater 

flexibility and ease of movement. 

 

Adverse events were comparable between the two dressings, 

though Aquacel was associated with lower pain 

 

Total cost with Aquacel found to be less than SSD. 

Acticoat versus SSD  

Multi-center randomized experimental design 

with blinding and positive parallel control. 

Work was performed at four burn centers 

across the country, with 98 patients with 166 

residual wounds, comprising 79 men and 19 

women, aged 18-63 years, with an average burn 

size of 54.17% TBSA. (5 g of SSD-Ag per 80 

cm²), 20 days of medication. 

Healing time for wounds treated with Acticoat was 12.42 ± 5.40 

days, 3.35 days less than the control group (p<0.01). 

 

15 days post-treatment, the healing percentage for the Acticoat 

group was 97.37%, higher than the control group, but not 

significantly different. 

 

6th-day post-treatment, the bacterial clearance rate for the 

Acticoat group was 16.67%, and on the 12th day, it was 26.67%, 

both significantly higher than the control group, though no 

differences at the end of the study. 

2007[112] 

Aquacel Ag and SSD 

39 pediatric patients with partial-thickness 

burns treated with Aquacel Ag, 40 with SSD, 

the objective was to compare the hospital length 

of stay. 

Patients treated with Aquacel Ag had a significantly shorter 

mean hospital stay (3.8 days) compared to those treated with 

SSD (5.9 days) (p=0.001). 

 

Aquacel Ag adhered to the burn, reducing pain. 

2007[125] 

Urgotul SSD vs 

Contreet Ag 

A retrospective cohort study was performed 

with 2 groups of 20 burns until wounds healed 

or grafted. 

Pain was “absent or slight” in 61 (92%) dressing changes with 

Urgotul SSD and in 60 (85%) of the dressing changes with 

Contreet Ag. 

 

The dressing application was comparable. 

 

Contreet Ag had a greater ability to absorb exudate than 

Urgotul SSD.  

2008[126] 

Silvasorb gel vs 

Silvadene SSD 

In a prospective, randomized study of 24 

patients aged 2 months to 18 years, TBSA burns 

ranging from 1% to 40% were observed for 21 

days or until full re-epithelialization. 

SilvaSorb Gel was associated with significantly less pain 

compared to Silvadene, respectively (p = 0.004). 

 

No significant differences in the number of dressing changes 

(p=0.383), re-epithelialization (p=0.449), and rate of infection 

between the two dressings. 

2009[77] 

Urgotul SSD 

(petroleum jelly with 

SSD) versus Silvadene 

SSD 

68 patients with partial thickness burn wounds 

less than 15%, Monitored percent of wound 

infection, total cost of wound dressing, pain 

medication, level of pain, and time of wound 

healing. 

Time of wound closure was significantly shorter in the Urgotul 

SSD treated group (10 ± 4 days bin Urgotul SSD versus 12±6 in 

1% silver sulfadiazine treated group) between both groups 

(p<0.05). 

 

Average pain scores and pain medication in Urgotul SSD 

treated group were significantly lower than the silver 

sulfadiazine treated group (3± 1 versus 6±2), p < 0.05. 

2009[127] 

Aquacel Ag vs 1% SSD 

A prospective, randomized trial, 70 patients 

were equally divided, all with partial thickness 

burns. 

Time-to-wound closure was significantly shorter in the 

Aquacel® Ag-treated group compared to the silver sulfadiazine-

treated group (10 ± 3 days vs. 13.7 ± 4.3 days, p < 0.02). 

 

Number of hospital visits for dressing changes was significantly 

lower in the Aquacel® Ag-treated group (3.5 ± 1 visits) 

2010[128] 
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compared to the silver sulfadiazine-treated group (13.7 ± 4 

visits, p < 0.001. 

 

Average pain scores during dressing changes were significantly 

lower in the Aquacel® Ag group than in the silver sulfadiazine 

group on days 1, 3, and 7. The scores were 4.1 ± 2.1, 2.1 ± 1.8, 

and 0.9 ± 1.4 for the Aquacel® Ag group, versus 6.1 ± 2.3, 5.2 ± 

2.1, and 3.3 ± 1.9 for the silver sulfadiazine group, respectively 

(p < 0.02). 

 

Total cost of treatment was significantly lower for the Aquacel® 

Ag group (52 ± 29 US dollars) compared to the silver 

sulfadiazine group (93 ± 36 US dollars, P < 0.01). 

Askina Calgitrol Ag 

(silver 

alginate/polyurethane 

foam) vs SSD 

65 patients with partial thickness burn wounds, 

less than 24 hours post-burn, TBSA less than 

15%, Askina Calgitrol Ag® group (30), dressings 

changed every 5 days, in the SSD group (35), 

dressings were changed daily. 

Time to healing was significantly shorter in the Askina Calgitrol 

Ag® group (7 ± 3.51 days) compared to the 1% Ag SD group (14 

± 4.18 days) (p<0.02). 

 

Askina Calgitrol Ag® group had significantly lower pain scores 

compared to the 1% SSD group (2.23 ± 1.87 vs. 6.08 ± 2.33) 

(p<0.02). 

 

Nursing time was significantly reduced in the Askina Calgitrol 

Ag® group (p<0.02). 

2010[90] 

Mepilex Ag vs SSD 

Open, parallel, randomized, comparative, 

multicenter study with patients 5 years and 

older with partial-thickness thermal burns (2.5-

20% TBSA), 101 patients. 

Mean healing rates were 71.7% for the Mepilex Ag group and 

60.8% for the SSD group. 

 

Mean time to discharge from inpatient hospital care was shorter 

for the Mepilex Ag group (5.62 days) compared to the SSD 

group (8.31 days) (p=0.034), no significant difference in average 

healing time. 

 

Less pain at application and during wear in the acute stages of 

wound healing with Mepilex Ag (statistically significant). 

 

More cost effective than SSD (data from subsamples of 

patients). 

2011[109] 

Aquacel Ag vs moist 

open burn ointment 

(MEBO) 

40 patients with partial-thickness facial burns 

were equally divided between silver dressing 

and control. 

Aquacel® Ag group had a mean time of 10.5 days for 

reepithelization, compared to 12.4 days for the MEBO® group (p 

< 0.05). 

 

Aquacel® Ag group had softer, better-quality scars, though with 

some hyperpigmentation. 

Higher patient comfort was observed with Aquacel® Ag. 

 

2011[129] 

Aquacel Ag Burn 

Glove 

Phase II non-comparative assessment of the 

management of partial thickness hand burns 

using a glove. 

23 patients (mean age 41.2 years, male 

participants 74%) participated. 

The duration of treatment was 21 days 

A mean decrease in hand burn area from 29.4% at baseline to 

8.6% at the final evaluation, with 70% of hand burns fully re-

epithelialized over 15.6 days. 

 

The mean pain score was 1.15 at rest and 2.29 during movement 

(0-10 range). 

 

Glove was well tolerated by patients. 

2012[130] 
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Aquacel Ag vs SSD 

Randomized trial of superficial partial-thickness 

burns, 24 subjects, 18 men and 6 women, aged 

between 19 and 53 years. 

The number of treatments required for 100% re-epithelialization 

was higher for the SSD group (10.27 ± 7.46) compared to the 

Aquacel Ag group (4.10 ± 1.38) (p=0.02). 

 

SSD group reported a mean pain score of 4.70 ± 2.22, while the 

Aquacel Ag group reported a score of 2.92 ± 1.12.(p=0.03). 

2013[110] 

Aquacel® Ag and 

Acticoat 

A prospective, randomized, controlled study of 

100 patients with partial thickness burns. 

No significant differences between the dressings in terms of 

wound healing and bacterial colonization (p= 0.226-0.941),  

 

Aquacel® Ag had advantages regarding nurse experience (p < 

0.001 to 0.125). 

 

Patients experienced similar baseline pain with both dressings. 

 

Reduced frequency of dressing changes in Aquacel group 

should be beneficial for the patient and nurse. 

2014[113] 

Mepilex™ Ag vs 

Acticoat™ and 

Acticoat™ + Mepitel™ 

Ag 

Children aged 0-15 years with acute partial 

thickness burns (superficial partial to deep 

partial thickness) and TBSA of ≤10%, 103 

participants. 

Median days to 95% re-epithelialization were 9.50 days for 

Acticoat™, 10.00 days for Acticoat™ + Mepitel™ and 7.00 days for 

Mepilex AgTM (statistically significant) 

 

Mepilex Ag™ silicone dressings decreased the FLACC score 

(nurse’s observation of pain) by 37%, as compared to Acticoat™, 

(p=0.002). 

 

Silicone-based dressings useful for pediatric population since it 

reduces pain and wound trauma. 

2015[131] 

Acticoat™ vs Aquacel 

Ag 

A single-blind, randomized controlled study in 

a Pediatric Emergency Department, included 89 

children with superficial or mid-dermal burns 

(<10% TBSA), who were randomized to receive 

either the Acticoat™ (n = 45) or Aquacel® Ag (n 

= 44) dressing groups 

No significant difference between the groups in terms of 

percentage epithelialization by day 10, with Acticoat™ showing 

93 ± 14% and Aquacel® Ag showing 94 ± 17% (p = .89). 

 

No significant difference in infection and escalation of care. 

 

Aquacel® Ag dressings (59) required significantly fewer 

dressing changes compared to Acticoat (102) (p = .03) 

2016[132] 

Procellera™ + 

Standard of Care 

(SoC) versus SoC 

(moleskin and 

Tegaderm) 

A prospective randomized controlled Two-Arm 

Clinical Study for blister management. 

The study involved 80 Ranger recruits as 

participants, 14 days study. 

No significant difference in wound healing rates between the 

SoC group and the SoC + Procellera group (p=0.528). 

 

No significant difference in pain management between the SoC 

and SoC + Procellera groups. 

2017[133] 

Mepilex A vs 

Suprathel (DL-

polylactic acid 

membrane) 

A prospective randomized controlled trial 

comparing the outpatient treatment of pediatric 

and adult partial-thickness burns. 

29 adults and 33 pediatric patients (almost 

equally split between two dressings). TBSA: 1-

29% in Meiplex Ag and 1-20% in Suprathel 

group. 

The median time to complete reepithelialization was 12 days for 

both groups (p=0.75). 

 

Suprathel reported better overall scar quality, and Mepilex Ag 

increased stiffness of burned skin at 1-month post-burn. 

 

Patients experienced less pain with Suprathel (only for first 5 

days, p=0.03). 

2018[108] 

Silverlon vs SSD or 

mafenide acetate 

(considered topical 

antimicrobials) 

10-year Retrospective analysis.  

A total of 987 combat burn casualties, with 184 

patients in Group 1 (Silverlon) and 803 in 

Group 2 (topical antimicrobial)).  

49% of the cohort had third-degree burns.  

The incidence of wound infection was 5.4% in Group 1 and 

9.5% in Group 2 (p = .08), the overall mortality rate did not 

differ significantly between the groups (8% in Group 1). 

 

2018[78] 
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The incidence of bacteremia was 4.3% in Group 1 and 5.5% in 

Group 2, showing no significant difference (p = 1.0). 

 

Topical antimicrobials application was painful. 

Acticoat Flex 3 vs 1% 

SSD 

A randomized, single-center, single-blind trial 

involving 100 adults aged 18-65 with second-

degree burns. 

Reepithelization: Acticoat: 48% (24/50 patients), SSD: 52% (26/50 

patients) (p= 0.56). 

Number of dressing changes: Acticoat fewer than SSD (p < 

0.001) 

2022[134] 

Procellera™ versus 

SoC (Standard of 

Care) 

A single-center prospective, randomized 

controlled clinical trial with 38 patients with 

dermal burn/traumatic wounds. Procellera 

dressing compared with SOC: silver nylon, SSD 

ointment, bacitracin, xeroform, 5% sulfamylon 

solution, and Manuka honey, observations at 7-

day. 

In 52% of the Procellera-treated wounds, little to no biofilm 

could be detected by scanning electron microscopy, compared 

to only 24% of SoC-treated wounds, Procellera lowered 

increase of biofilm versus SoC (p<0.05). 

2024[135] 

2. Bacterial Infection and Biofilms 

Bacteria’s self-defense mechanism in a natural environment is to create three-dimensional 

structures referred to as biofilms, in which the bacterial colonies are enclosed by a self-generated 

extracellular polymeric substance (EPS) matrix that protects the bacteria. [16,17,28] Biofilms attached 

to surfaces harbor more bacteria than what is in the surroundings, e.g., in a slime layer rock in a 

Canadian alpine stream, the amount of bacteria in the biofilm exceeded the planktonic bacteria by a 

factor of 1000-10000. [29,30] Biofilms are ubiquitous and impact human and animal health, 

agriculture, food processing, wastewater treatment, and marine infrastructure. The costs to the 

economy due to biofilms are estimated to be $5T globally.[31] Biofilms can appear on catheters, 

prosthetic joints, cardiac valves, and implants, and are estimated to cause $1.6B in expenses.[8,31] 

The EPS matrix is mostly water (97%), and contains in decreasing order, polysaccharides, lipo-

associated teichoic acids, and cellulose followed by proteins and extracellular DNA and ions. EPS 

layer thickness can range from tens of microns to hundreds of microns, with varying morphology, 

including flat, fluffy, filamentous structures along with pores and channels for nutrient transport. 

The EPS enclosure promotes cell-to-cell contact, which promotes bacterial genetic alterations. 

Biofilms are diverse, containing polymicrobial colonies, with phenotypes referred to as persister 

cells,[32] that have high antimicrobial tolerance as well as small colony variants effective at forming 

new biofilms.[16,17] In the polymicrobial biofilms, the interaction of the bacteria promotes 

survival.[1] The presence of the EPS matrix also leads to over-expression of stress-responsive genes, 

and altered oxygen gradients.[33] Bacteria trapped within the biofilm cannot be reached by 

phagocytic neutrophils and macrophages.[34] The immune system’s extended fight with biofilms can 

cause damage to the host tissue.[18] Antimicrobial agents that are active against planktonic bacteria 

are not effective in killing the EPS-enclosed bacteria.[17] Systematic antibiotic therapy is not useful 

for biofilm-infected chronic wounds.[35] Diverse microflora and multispecies biofilm formation are 

reasons that wounds become hard to treat by antibiotic therapy. [33,35] 

The clinical definition of bacterial infection is dependent on the bacterial population, with the 

level of >105 bacteria (CFU/mm3 of tissue) being considered as infective.[36] Twenty-eight bacterial 

species were identified in wound swab samples from 213 patients with different types of wounds, 

the most common being Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa), 

Proteus mirabilis, Escherichia coli (E. coli), and Corynebacterium spp,[37] Chronic venous leg ulcers were 

found to contain S. aureus (93.5% of the investigated ulcers), Enterococcus faecalis (71.7%), P. aeruginosa 

(52.2%), coagulase-negative Staphylococci (45.7%), proteus species (41.3%), and anaerobic bacteria 

(39.1%).[38] The distribution of bacteria in polymicrobial wounds is not uniform, e.g., P. aeruginosa 
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occurs deeper in wounds (50-60 μm), whereas S. aureus was found more on the surface of the wound 

(20-30 μm).[1,39,40] 

Immunocompromised humans are ideal hosts for biofilms, providing the appropriate nutrients, 

humidity, and temperature for the biofilms to thrive.[34] Biofilm formation is evident in diseases, 

such as cystic fibrosis, osteomyelitis, conjunctivitis, vaginitis, urethritis, endocarditis, pediatric 

respiratory infections, and oral diseases.[17] NIH estimates that 80% of microbial infections contain 

biofilms,[17] Biofilms are associated with 78.2% of chronic wounds and 6% of acute infections. For 

hospital-acquired infections, 1.7M were associated with biofilms.[34] 

Biofilm formation in wounds is a dynamic process, and a mature biofilm can develop in 24 h.[34] 

There are many reports of the presence of biofilms in chronic wounds. [38,39,41] In an electron 

microscopy study, 30 out of 50 chronic wound specimens from human subjects were found to contain 

biofilms, whereas only one of 16 acute wound specimens from human subjects had biofilms.[42] S. 

aureus and P. aeruginosa were found in human chronic wound samples with the latter penetrating 

deeper into the wounds.[43] The presence of polymicrobial biofilms impedes the healing process and 

increases the costs of wound care.[44,45] The wound bed is also ripe for providing nutrients via 

exudates and the necrotic tissues can act as sites for biofilm attachment.[46] Biofilms lead to low-

grade and persistent inflammation and slow down epithelization and granulation tissue formation, 

critical to wound healing.[1,41] Biofilms also impair the host immune response.[46] Clinically, 

biofilms in wounds are detected by the presence of yellow exudate and necrotic tissue.[34]However, 

the presence of biofilms in wounds is not without controversy, with at least one analysis stating that 

in vivo proof is not conclusive, primarily because no established method for the detection of biofilms 

in a clinical setting is available.[47] 

Biofilms are difficult to eradicate.[1]Wounds infected by bacteria and bacterial biofilms take 

longer to heal. [46,48,49] The EPS layer in biofilms in chronic wounds is structurally robust and 

behaves like viscoelastic solids, requiring mechanical disruption for access to the entrapped 

bacteria.[16,50] Ultrasound debridement is also possible.[34] It is also possible to target the 

constituents of the EPS layer, including the eDNA, polysaccharides, and proteinaceous adhesins and 

this is an area of active research.[16] Other strategies for biofilm disruption include photodynamic 

therapy and electrically generated peroxides[16], and chelating agents, e.g., ethylene diamine tetra 

acetic acid (EDTA).[34] Though mechanical debridement is effective, it can cause damage to healthy 

tissues, pain, and the spread of bacteria.[34,50] 

Typical treatment of chronic wounds (BBWC- biofilm-based wound care) involves removing the 

debris and eschar with saline/wound cleaners (which contain surfactants), mechanical debridement, 

and treatment with topical antimicrobials and or antimicrobial wound dressings to kill the 

pathogenic bacteria set loose (planktonic) by debridement.[50] The bacteria released during 

debridement needs to be killed since biofilms can form back in hours to days.[41]Debridement alone 

can decrease bacteria by one-two log10, not sufficient to impede bacterial regrowth.[51,52] It is unclear 

if antimicrobial wound dressings can have an impact on wound healing without wound 

debridement.[28] 

3. Wound Dressings 

The purpose of using wound dressings is to promote wound healing. However, because of the 

complexity of wound healing, a single wound dressing may not be appropriate for all types of 

wounds. Thus, many wound management strategies are being developed.[53] A healed wound 

cannot sometimes be determined by visual observation as the skin barrier function in a visually 

healed wound may not be functioning properly.[28] A wound dressing can function in different 

ways, including removing wound exudates, keeping the wound environment moist, preventing 

infections, protecting from external hazards, as well as promoting the reconstruction of the wound 

by influencing epidermal migration, angiogenesis, and tissue formation.[54] In 2019, antimicrobial 

wound dressings was a $570M market with a compound annual growth rate (CAGR) of 9.1% 

predicted from 2020 to 2027.[34] There are numerous commercial wound dressings, with a 12.2% 

CAGR predicted for 2022-2029.[55] The ability of a dressing to absorb, hold, and kill bacteria present 
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in infected wound fluid can work in tandem with systemic antibiotics, which may not reach the 

wound surface.[56] 

4. Silver-Based Dressings 

Silver is often used as an antimicrobial in wound dressings, gels, lotions, and coatings for 

medical devices. Based on the FDA 510K Premarket Information, there are about 123 silver wound 

dressings. Figure 2 shows the various aspects of a silver wound dressing that are relevant in 

designing these dressings and are addressed in this review. Though silver is effective against both 

gram-positive and gram-negative bacteria, activity towards gram-negative bacteria is more 

pronounced.[9,55,57] The silver mechanism of action is mediated through silver ions, which bind to 

tissues and intracellular proteins (N, O, or S functionalities), bacterial DNA, and RNA influencing 

respiratory chains. Cellular toxicity can be mediated through reactive oxygen species (ROS), and 

structural changes become possible in cell walls and intracellular and nuclear membranes. As an 

effective antimicrobial, silver should be helpful for the reduction of secondary infections.[23] Silver 

is shown to have anti-inflammatory effects,[25] as well as anti-angiogenic[58] and also affects the 

immune response.[27] Early intervention with silver dressing may decrease biofilm formation, 

though it is unclear what silver dressing alone can do if biofilms are already formed.[59,60] 
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Figure 2. Possible roles played by a silver-based wound dressing. 

Table 1 is a summary of the silver dressings described in this review (information primarily 

obtained from the web) and the studies of these dressings in in vitro and in vivo studies. In vitro 

models include the colony biofilm model and Duckworth Biofilm Device. Since pig skin is 

representative of human skin with similar anatomies, ex-vivo porcine skin has been used in in vitro 

model systems. Limitations of in vitro biofilm studies are that they lack the dynamic and complex 

nature of the wound system, including the host immune system. 

Animal models include the mouse chronic wound model, rabbit ear wound healing model, and 

porcine models.[41] Even though no animal model captures all the features of human skin, the wound 

reconstruction process, and the immune response, the porcine models come closest to that of 

humans.[61] The similarities between humans and pigs are the dermal to epidermal thickness 

(though the dermis in pigs lacks eccrine glands), lack of panniculus carnosus (wound closure is 

achieved by re-epithelization), sparse body hair with hair follicles, and immune systems (though with 

a few disparities). In addition, other similar morphological characteristics of porcine skin with human 

skin include minimal hair coat, epidermal turnover time, a well-differentiated papillary body, and 

elastic tissue, similar mechanisms of erythema and wound exudates. [62] However, the comorbidities 

in humans such as diabetes, atherosclerosis, lifestyles, and the healing of human wounds over long 

time frames such as months to years cannot be modeled readily in animals.[1,17] Animal models that 

take into account comorbidities include ischemic wounds, ischemic reperfusion wounds, pressure 

ulcers, and diabetic wounds.[1,63,64] 

In order to study how wound dressings affect biofilms, scanning electron microscopy (SEM) is 

useful.[24] The EPS layer can be studied by visualization and staining.[1] Other methods to study 

biofilms include light microscopy, confocal microscopy, and fluorescence microscopy, using selective 

staining agents. [41] Colony-forming unit assays are also commonly examined to investigate biofilms 

in wounds, but it should be noted that persister bacteria may be non-culturable.[28] 

Important characteristics of silver-based dressings are 1) how quickly the silver is released, 2) 

how long the silver release lasts 3) the concentration of the silver being released 4) the efficiency of 

the silver reaching the bacteria 5) if other actives present in the dressing are being released into the 

wound, and 6) the role played by the matrix of the dressing. Silver is released from the dressing on 

contact with exudate and wound fluid. Multispecies biofilms are more difficult to treat because of the 

virulence of the organisms due to interspecies competition leading to proteases and cytotoxic 

molecules that degrade the wound.[65,66] An advantage of using silver is that biofilm bacteria that 

survive silver are “damaged” and more susceptible to antibiotic attack.[24] In treating biofilm-

infected wounds, silver has difficulty penetrating the EPS layer. [58,67] 

Investigations of Pseudomonas putida biofilms at three different levels of maturity show that 

mature biofilms have considerably reduced susceptibility to silver as compared to immature 

biofilms.[68,69] Thus, it is possible that silver dressings may not be effective for wounds that have 

established biofilms.[68] 

Forms of silver and additives in dressings: Typical forms of silver used in wound dressings 

include ionic silver, in its common +1 form, as well as higher valent silver, and metallic silver in bulk 

or nanoparticle morphology, the latter chosen because the release characteristics can be enhanced as 

compared to metallic silver.[24] AgNP (silver nanoparticles) were found to be better prophylaxis of 

infection as compared to silver ion dressings.[25] Strategies for delivery of AgNP via microneedles 

have been attempted, with the elimination of the bacterial burden after administration for 60 hours 

in a rat skin model.[34] Nanoparticles have the potential to reach biofilms in deep tissues.[16] Studies 

have shown that some bacterial species, e.g., Pseudomonas aeruginosa will release surfactant-like 

rhamnolipids that promote the dispersal of the biofilm so that bacteria can find new anchoring 

sites.[16,17,70,71] Given this knowledge, surfactant-based wound dressings along with silver have 

been developed.[16] A silver dressing with benzethonium chloride that can better disrupt biofilms as 

compared to silver-only dressing has been commercialized.[72] In addition, along with surfactants, 

chelating agents such as citrate and EDTA that can complex metal ions (e.g., Ca2+) and weaken the 

EPS layer are reported.[55,72–74] 
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Silver sulfadiazine (SSD) dressings were the first commercial silver dressing, 1% SSD was first 

used in 1968 for infection minimization in burn wounds.[75] Silver sulfadiazine combines silver and 

antimicrobial sulfadiazine and shown to reduce the microbial burden in a rat burn model.[25] A 

surfactant-based wound dressing along with silver sulfadiazine has been shown to eradicate mature 

biofilms.[76] SSD needs to be changed twice daily, and there are also reports of more pain for 

patients.[77] This has led to the introduction of silver dressings with more controlled release than 

SSD dressings and also these dressings do not need to be changed every week.[78] Silver along with 

antibiotics (e.g., tetracycline, gentamicin) shows enhanced antimicrobial properties, and there is a 

report of AgNP combined with aztreonam to disrupt P. aeruginosa biofilms.[79–81] 

Release Characteristics: The release characteristics of the silver into the wound environment are 

critical since it is necessary to kill bacteria, but ideally with minimal collateral damage to the cells 

necessary for wound healing. Rapid release of silver from SSD dressing in burns slows down 

epithelization and promotes scar formation, whereas dressing with AgNP did not, indicating that the 

release characteristics of silver play a role in wound healing.[82] 

It is proposed that the ideal dressing should release 10-40 ppm (<60 ppm required for more 

resistant bacteria) in a sustained manner over days. In the lower part of this concentration range, 

silver may promote re-epithelization since it will have lower cytotoxicity and prevent microbe 

contamination.[55] The idea is to have enough silver to kill bacteria, but not cause cytotoxicity.[67,82] 

However, blanket recommendations for concentration ranges have to be considered carefully since 

the environment into which the silver is released is critical. Since the wound environment will have 

proteins, the formation of silver-protein complexes will alter the release of silver from the 

dressing.[83] Related observation is that silver penetration into porcine skin was dependent not on 

the amount of silver in the dressing, but on how much silver is released into a protein-rich 

medium.[83] 

How the protein-rich silver wound exudate deposits will release silver is not well 

understood.[24,25] However, there is the recognition that because of the wound exudate binding of 

the silver, the silver may need to be orders of magnitude greater concentration for manifesting 

antimicrobial activity.[24] On the positive side, the silver bound by wound exudate and wound scale 

may release silver slowly and offer protection from cytotoxicity. If the silver wound exudate deposits 

do not release silver, then the dressings will not result in germ-free wounds. Wounds have complex 

three-dimensional topology, and the distribution of bacteria in polymicrobial wounds is not uniform. 

If silver is tied up with the exudate, the silver may not reach the bacteria in the deeper tissues of 

chronic wounds. All of these conflicting parameters explain why the amount of silver in the dressing 

may not correlate with wound-healing activity.[22] 

Since the Ag release characteristics of the dressing and thereby performance depends on 

multivariate factors, including the silver content, composition of the dressing, nature of the substrate 

as well as the surrounding medium in the wound,[83] it is not surprising that in a rat partial thickness 

burn study, different silver-based dressings showed better results during different phases of the 

healing process, and influenced the closure of the wound, inflammation, collagen production, and 

scar formation differently.[23] 

Toxicity: The optimal performance of silver-based wound dressing on infected wounds will 

depend on how effectively the bacteria is killed and how that environment is sustained without 

interfering with the healing process.[84] Because of the cytotoxicity of silver. the use of silver-based 

dressings on non-infected wounds can have a detrimental effect.[82] There are reports of impaired in 

vivo wound healing with silver dressings.[85–88] Renal and hepatoxicity have also been associated 

with silver dressings. There are reports of silver causing oxidative stress and correlated with 

oxidative stress in cell lines.[89] In vitro studies of dermal fibroblasts suggest that subtoxic 

concentrations of silver released from the dressings may induce senescence which can delay wound 

healing due to the pro-inflammatory phenotype of senescent cells.[83] Though systemic silver 

absorption is low, silver dressings applied to large surface area wounds or with infants may lead to 

argyria.[25] It can take several weeks for silver to disappear from the skin.[67] Silver resistance is 

rarely encountered due to its multimodal mode of antimicrobial activity.[25] The additives used in 
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silver dressings such as surfactants can accumulate at the wound site and delay wound healing.[16] 

Surfactants demonstrate severe cytotoxicity (90%) and adverse effects on cell proliferation.[51] 

Role of the dressing matrix: The ability of wound dressing needs to be balanced with exudate 

management, without compromising antimicrobial properties. Wound dressing material can 

influence exudate management, debridement of wound debris during dressing change, and wound 

management.[24,41,67] There are a variety of substrates that are used in the silver dressings. As a 

class, hydrophilic dressings will lose activity since they can get contaminated by the wound exudates, 

and the silver gets bound. Hydrophobic dressings will release silver slowly but may not get 

deactivated.[24] Gel supports release silver very quickly and can be useful for highly infected 

wounds, whereas silver that is matrix-bound releases silver more slowly. Gel-based wound dressings 

may need more frequent application. The wound exudates can cause the formation of necrosis/crusts 

that impair the healing process due to the prevention of cell migration and reepithelization, interfere 

with granulation, and prolong inflammation.[23] Dressings with carboxymethyl cellulose and 

hydrofiber can absorb wound exudate. Alginate dressings can promote better wound hydration and 

autolytic debridement.[23] Alginates can provide a moist environment, converting wound exudates 

into a gel.[90] Collagen-based extracellular matrix (ECM) substrates promote wound healing by 

stimulating proteins related to collagen type I, II, and V and dermal fibroblasts[51,82], and reduce 

pain levels.[51] They provide a lowering of pH, promote bacteriostatic, and support tissue repair and 

replacement by the breakdown of ECM proteins and cellular content.[51,91] There is a possibility of 

hypersensitivity with these xenogeneic ECM dressing matrices.[53] Amongst the matrices for silver 

wound dressings are charcoal-containing dressings that reduce odor. Silicone and membrane 

matrices are gentle on the skin and can conform to different wound shapes and sizes.[92] 

5. Clinical Studies 

Tables 2 and 3 list the clinical studies with silver dressings, and several aspects need to be noted. 

First, it is difficult to compare different clinical reports. Second, for any particular study, the 

important issues to consider are: 

 Treatment duration 

 Sample size and diverse demographics 

 Potential biases in the study, including where the funding is coming from 

 Safety profile of the dressing 

 Bacterial load, depth of wound 

 Consideration of both the patient and physician perspective 

 Statistical methods used to analyze results, i.e., are results of statistical significance? 

 Description of the limitations of the study 

 Comparison of what worked and what did not work provides insight 

 Placebo/control effects are not always studied, as in comparing two silver dressings 

 Time to healing for participants who did not heal during the study are often excluded 

These points are elaborated in Tables 2 and 3. This discussion highlights some of the broader 

observations from Table 2. In clinical trials, the important issues are: 1) Nature of trial (method of 

randomization: was allocation concealed, blinding to participants, care provider, assessor [93,94], 

setting, location, source of funding) 2) Participants, including number, sex, wound type, how the 

infection was determined, how long the infection lasted, wound size, wound duration, follow-up 

until wound healing, and comorbidities 3) Intervention including the type of dressing, silver 

content/dosage, frequency of dressing changes, co-interventions uniformly to all groups) 4) 

Treatment of incomplete outcome data 5) Drop-out rate should be < 20%, 6) Similarity of patient 

groups at baseline. 

The primary outcome for wound healing is the time to complete healing and is the only fact 

important for the patient. Wound healing trajectories (wound surface area/volume per unit time) 
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provide important clinical information.[95] A 20-40% reduction in wound area between 2-4 weeks is 

a good predictor of healing.[96] Other important issues are the rates of wound infection as measured 

by localized pain/swelling, erythema, purulent exudate, and bacterial counts > 105 CFU/mm3 of tissue. 

Multiple measurements during the healing process increase the chance of false positive results due 

to drawing inconclusive conclusions about efficacy. Several features are relevant for secondary 

outcomes. These include adverse events, the need for systemic antibiotics, pain, patient satisfaction 

(very important), health-related quality of life, length of hospital stays, and cost minimization. 

Several suggestions for clinical use of silver dressings can be gleaned from Table 2. Use of silver 

dressing for wounds that are locally infected or contaminated with antibiotic-resistant pathogens or 

at risk of infection is recommended. The procedure suggested is that wound be cleaned/debrided and 

treated with silver-based dressings for 14 days, and then assessed to figure out if the therapeutic goal 

is being achieved. If not, other strategies should be considered.[69,92] The hypothesis is that silver 

dressings may decrease the bacterial load to prevent the chronicity of the wound by reducing the 

inflammation, and then followed by other treatments to promote wound healing.[97] The silver 

dressing can get wounds unstuck in the inflammatory stage.[98] For infected wounds, early silver 

antimicrobial intervention and then possible discontinuance of dressing is a strategy.[99] Application 

of silver dressings without debridement may lead to non-adherence of the dressing to the wound 

surface.[53] The age of the patient is relevant, long term silver dressing use in elderly patients can 

lead to silver accumulation.[100] 

Within a clinical trial, there are often observations that the dressing is not working for a 

particular set of wounds. A possibility that has been pointed out is that the active element silver is 

not penetrating deeper into these wounds, where bacterial colonization has occurred.[101] This could 

occur because silver can readily precipitate in the wound fluid and thus strategies to promote silver 

penetration deeper into wounds would be useful. The duration of the clinical trial varies in studies, 

with the optimal period being unclear.[102] Bacterial load in the presence of the same wound dressing 

is patient-dependent,[103] making interpretations difficult as to the efficacy of the dressing. 

There are several retrospective studies, which can be useful, but a cautionary note is that it can 

suffer from bias, and control of confounding variables from the patient end is lacking.[69] 

Analysis of random controlled trials suggest that silver-based dressings or cream may not be 

clinically effective for 1) contaminated/infected wound 2) has no effect on preventing infection, and 

3) does not promote wound healing.[93,94] VULCAN trial found no advantage of silver dressing for 

venous ulcers.[104] Silver dressings are not recommended by the International Working Group of 

Diabetic Foot Ulcers for routine ulcer management. [105] There was no evidence for healing in 

diabetic foot ulcers at the 12-week mark in the largest randomized controlled trial reported.[106] 

However, an international group of clinicians suggests that silver dressings have an important role 

in reducing bioburden in wounds, and have implications for shorter hospital stays.[107] 

Table 3 deals with burn wounds. Typically, partial-thickness burns heal within 2-3 weeks, 

without significant scarring. An ideal burn wound dressing should prevent transdermal fluid loss, 

prevent infection, promote re-epithelization, be cost-effective, and lower pain be comfortable to use, 

and not interfere with other treatment modalities.[108,109] Partial-thickness burns often present a 

dilemma of treatment with surgical intervention since some of these wounds may heal on their own. 

In these latter cases, moisture-retentive or occlusive dressings provide an alternate treatment route. 

Wound dressings that provide moist healing can prevent scab formation. The mortality rate in burn 

populations is 38-45%, and after antimicrobial therapy was introduced dropped to 14-25%.[110] 

Large amounts of exudates can increase bacterial load. Including silver in dressings as a prophylactic 

antimicrobial agent is of value.[111,112] It is difficult to compare different dressings for burn wounds 

because it is not easy to select burns with comparable depths for comparing different dressings, laser 

Doppler imaging is a technique to measure depth but is difficult to use clinically.[113] 

6. Concluding thoughts on Silver Dressings 

Antimicrobial action can be a helpful intermediary step in the process of wound healing, though 

the critical issue is the impact of the dressing on the complete wound healing process. Dressings that 
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release silver rapidly are preferable for wounds with heavy exudate and bacteria. Silver released over 

several days is relevant for moderate to severe pathogenic bacteria. Low silver content dressings can 

be helpful for low-grade infections or as a barrier to infections. Highly infected wounds can benefit 

from silver dressing since killing bacteria is more important than cytotoxic damage. Silver dressing 

with additives such as surfactant and chelating agents can be useful for biofilm-infected wounds. 

Silver dressings are relevant for infected non-healing wounds and not for well-managed and already 

healing wounds, where silver toxicity can be detrimental to rapidly proliferating fibroblasts and 

keratinocyte cells in the granulation and reepithelization stage. Contact between dressing and wound 

is important, thus attention to the conformability of the dressing. Also, how the silver and the 

additives are spread on the dressing is important. There may not be a single ideal dressing for the 

entire wound healing period. New technologies for silver delivery are required for silver in the 

wound dressings to penetrate unchanged deeper into the wound. Increasing the analgesic and anti-

inflammatory properties of silver dressings would be useful. No one treatment can likely address all 

the deficits in a hard-to-heal wound. 
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