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Abstract
Purpose of Review The purpose of this review is to discuss commonly used dressings for burn treatments, including short-acting
topicals and long-acting silver dressings.
Recent Findings Recent literature supports the use of long-acting silver dressings over traditional daily use topical treatments.
Longer acting topical dressings result in less frequent dressing changes, less pain, and greater ease of use, but have similar results
in wound healing and infection prevention.
Summary There are many topical agents on the market for use on burn wounds. Short-acting topicals can be divided into
3 generalized classes: antiseptics, antimicrobials, and enzymatic debridement agents. Longer acting applied dressings
include silver-bonded nylon and fiber (Silverlon® Argentum, Clarendon Hills, IL); multilayer rayon, polyester silver-
coated mesh polyethylene (Acticoat™ Smith & Nephew London, UK); silver sodium carboxymethylcellulose (Aquacel®

Ag, ConvaTec, Greensboro, NC); silver-containing soft silicone foam (Mepilex® Ag; Mölnlycke Health Care,
Gothenburg); soft silicone silver (Mepitel Ag® Mölnlycke Health Care, Gothenburg). Tradition and surgeon preference
are major influences on frequency of use. While recent literature supports using long-acting silver-based dressings over
short-acting topicals, more research, particularly randomized controlled trials, is needed to provide evidence-based
recommendations regarding their use.
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Introduction

From its origins, humanity has had a persistent and compel-
ling urge to apply all types of materials to burn wounds. John
A. Moncrief, third president of the American Burn
Association, described how early Egyptians used oily strips
of linen, Chinese in the fifth and sixth centuries utilized tea
leaves, and old Jewish cultures of the Middle East used ink,
and the devastating period of topical tissue poisons such as
picric acid, carbolic acid, and tannic acid among others
through the mid-twentieth century [1].

There are many topical agents on the market for use on
burn wounds. They include both short-acting topicals, with a

24-h or less action of duration, and long-acting topicals. The
short-acting topicals can be divided into 3 generalized classes:
antiseptics, antimicrobials, and enzymatic debridement
agents. The difference between antiseptics and antibacterial
agents is that the antiseptics are non-selectively toxic to all
biologic matter and may have significant toxic manifestations.
Antimicrobial agents have significantly less cytotoxic effect
and more specific antibacterial, antifungal, and antiviral activ-
ity. Enzymatic topicals act to debride wounds.

Although this discussion will focus on topical short-acting
and long-acting antimicrobials, a brief synopsis of antiseptics
and enzymatic agents will more fully acquaint the reader to
topical agents used in burn care.

Short-Acting Topicals

The most common antiseptics in burn care include emul-
sifiers, peroxygens, oxidizers, halides, and organic acids.

The most typical emulsifying agents in burn care are soaps,
surfactants, and biguanides.
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Soaps are cleansing and emulsifying substances which
consist of sodium or potassium salts produced by the reaction
of alkali on fats or fatty acids [2].

Soaps are used to cleanse the wound of surface microor-
ganisms and to disrupt biofilm layer which may produce a 2-
log (99%) decrease in colony counts [3].

Biguanides are cationic emulsifiers with biocidal properties
and permeate cell walls and cytoplasmic inner membranes.
Chlorhexidine is the most commonly used biguanide [4].

PluroGel is a non-ionic detergent consisting of a surfactant
which apparently disrupts biofilms [5].

Oxidizers are a broad class of antiseptics which produce a
free radical mediator that disrupts biofilms, cell walls, cyto-
plasmic membranes, proteins, and DNA. These materials have
broad spectrum activity, but because of their high reactivity
and host toxicity have a narrow therapeutic index. They
should be used with caution due to this toxicity [4].

The subclass of oxidative halides includes sodium hypo-
chlorite (NaOCl; Dakin’s Solution), hypochlorous acid
(HOCl; PhaseOne, Vashe, Puracyn), and iodine (I2;
povidone–iodine, betadine, iodosorb).

Sodium hypochlorite (Dakin’s) is effective in dissolving
biofilms and has broad bactericidal coverage against
Pseudomonas aeruginosa, Staphylococcus aureus, MRSA,
and enterococci [6].

Betadine (povidone–iodine), the active principle of which
is iodine, is another oxidative halide with broad antimicrobial
spectrum activity including gram-negative and gram-positive
bacteria as well as fungi and yeasts in burns [7].

Blanco pooled the clinical experience of 39 investiga-
tors who used povidone–iodine to treat 1079 patients [8].
Several studies related an effective reduction in surface
wound quantitative cultures, especially when povidone–
iodine was applied every 6 h [9]. The disturbing implica-
tion of cell organ toxicity with high serum iodine levels
from absorption through wounds was not demonstrated
[10, 11]. This topical is cytotoxic to fibroblasts and
keratinocytes which may lead to inhibition of wound
healing [12].

Peroxygens are a subclass of oxidizers. Hydrogen peroxide
(H2O2) is the most commonly applied constituent of this class
and is generally used as a 3% aqueous solution with broad
activity against bacteria, yeasts, and viruses [13].

Weak acids include acetic acid (AA), the active ingredient
of vinegar, which has been used as a topical antimicrobial
since antiquity with a description by Hippocrates [14]. It is
distinctly bactericidal to gram-negative bacteria especially
P. aeruginosa [15].

Bismuth is a heavy metal with antimicrobial action.
Xeroform (Covidien) gauze is a formulation of bismuth
subgalactate which disrupts biofilm formation by inhibiting
bacterial polysaccharide capsule production [16]. It is bacteri-
ostatic against Clostridium difficile and Escherichia coli [17].

Bismuth does not inhibit fibroblasts and is not cytotoxic to
wound healing [18].

Enzymatic Debridement Agents

Enzymatic debridement agents, though not technically antibi-
otics or antiseptics, may influence microbial growth by erad-
icating necrotic tissue from wounds.

The quest for the perfect non-surgical enzymatic debride-
ment medium has produced both non-selective agents, which
digest all material to which they are applied, and selective
products, which digest only necrotic tissue while sparing via-
ble tissue. These agents include streptokinase-streptodornase,
subtilisin, and trypsin [19]. Collagenase (Santyl® Smith &
Nephew London) is the most commonly used selective enzy-
matic debridement agent in the USA and is extracted from
Clostridium histolyticum [20]. Although Hansbrough claimed
collagenase produced improvement in rate of wound healing
[21], most experts feel the rate of healing is not increased. It
does, however, evoke a more rapid removal of the eschar thus
enabling earlier visual confirmation of wound depth.

Bromelain, which produces selective debridement much
more rapidly, is synthesized from the stem or fruit of pineap-
ples. Nexobrid® (MediWound, Yavne, Israel) has been used
extensively in Israel and Europe and is in phase III trials in the
USA [22, 23] (see Table 1 for a summary of these short-acting
topical agents).

Longer Acting Topicals

The revolution in burn care topical management has been the
introduction of longer acting mostly silver-based topical
agents. These products have decreased the time and cost of
daily dressing changes, as well as improving compliance and
decreasing the pain and morbidity of daily dressing changes.
Table 2 summarizes these longer acting agents and describes
some advantages and disadvantages of each.

Our discussion will center initially on the older and
established topical agents which are still widely used
worldwide.

Many studies have attempted to demonstrate an outcome
difference with each of these agents; however, no survival
outcomes difference has ever been definitively determined.

Silver Nitrate

Carl A. Moyer introduced the burn world to silver nitrate [24].
The silver component binds to DNA, proteins, and en-

zymes and causes destruction by an oxidative pathway. It
can induce catalase production, apoptotic body formation,
and DNA fragmentation [24, 25].
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Silver nitrate is particularly bacteriostatic to S. aureus,
E. coli, and P. aeruginosa, whereas Klebsiella species,
Providentia species, and other Enterobacteriaceae have prov-
en less susceptible to 0.5% AgNO3 [26].

AgNO3 has a limited ability to penetrate through eschar
because of the binding of the silver ions to surface proteins.
The disadvantages of AgNO3 are hyponatremia and
hypochloremia, necessitating the monitoring of serum electro-
lytes [27].

Additionally, AgNO3 can rarely cause methemoglobine-
mia, in the presence of wounds growing nitrate-positive or-
ganisms [28].

Moyer pioneered a dressing technique utilizing 20 thick-
nesses of course mesh gauze wet with 0.5% silver nitrate
solution with a dry outer layer. His original report contained
a series of 21 patients ranging in age from 13 months to
69 years and with burns ranging from 30 to 90% total body
surface area burned, with one-half ultimately dying [29].

Table 1 Short-acting topical
agents Short-acting topicals

Class Category Example

Antiseptic Emulsifiers Soaps

Surfactants (PluroGel)

Biguanides (Chlorhexidine)

Oxidizer: peroxygens Hydrogen peroxide

Oxidizer: halides Sodium hypochlorite (Dakin’s)

Hypochlorous acid (PhaseOne, Vashe, Puracyn)

Iodine (povidone–iodine, betadine, iodosorb)

Organic acids Acetic acid (vinegar)

Antimicrobial Heavy metal Bismuth (Xeroform)

Enzymatic debriders Collagenase

Bromelain

Table 2 Longer acting topicals
Longer acting topicals

Topical Advantages Disadvantages

Silver nitrate Penetrates eschar Hyponatremia, hypochloremia

Bacteriostatic to S. aureus, E. coli,
and P. aeruginosa

Methemoglobinemia

Impaired wound healing

Mafenide Broad antibacterial properties Discomfort on application

Penetrates eschar Non-gap acidosis

Silver sulfadiazine Broad antibacterial properties Allergic reactions (sulfa)

No pain on application Hyperosmolality

Hemolysis

Argyria

Pseudo-eschar formation

Gentamicin sulfate Antibacterial Drug resistance

Not recommended on large burns

Cerium Decreased infection May interfere with silver sulfadiazine

Improved survival

Bactroban Effective against MRSA Bacterial resistance rising

Bacitracin Availability Can be used on facial wounds Alternative
o silver sulfadiazine in sulfa-allergic patients

Polysporin Broad antibacterial properties Can be used on facial wounds

Honey Broad antibacterial properties Poor-quality studies for use
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Polk and Monafo published survival data on 225 consecu-
tive burned humans treated with dilute silver nitrate demon-
strating a survival improvement over a historical control [30].

Lewis et al. found that 0.5% silver nitrate did not alter
survival when compared with historical controls. They did
find a qualitative change in the bacterial flora of the wounds
[31].

Only a few centers use silver nitrate currently because of
the paucity of survival outcome data. Disadvantages include
its apparent ineffectiveness on established infection [32], im-
pairment of wound healing [33], hypertonicity of the solution
resulting in transient electrolyte depletion [24], methemoglo-
binemia [29], objectionable staining, bulky expensive dress-
ings, and the question of argyria [34, 35].

It remains in the burn toolkit for patients who have a sig-
nificant sulfa allergy.

Mafenide

Mafenide was synthesized in the USA in 1938 [36] and ini-
tially used by German surgeons in World War II to treat an-
aerobic infection in battle wounds [37]. Its use on 4 burned
patients was reported in 1944 by the British [38] and when
rediscovered by Moncrief was being used by Mendelson and
Lindsey as a treatment of wounds massively infected with
Clostridium perfringens [39]. It was realized that mafenide
provided additional antibacterial spectrum against common
burn pathogens, most importantly, Pseudomonas aeruginosa
[39].

Although it was initially felt that mafenide decreased mor-
tality based on historical controls [1, 40–44], other researchers
could not confirm the mortality results [31]. However, they
did note a reduction in the bacterial density of wounds treated
with mafenide.

The problems associated with the use of mafenide include
discomfort on application of the drug [45], a 5 to 7% hyper-
sensitivity rate [46, 47], and production of a non-anion gap
acidosis caused by inhibition of carbonic anhydrase [48, 49•].

It is applied as a thick butter and because of its ability for
penetration is recommended for third- and fourth-degree
burns, as well as burns involving bone, joint, or tendon.

It remains the second most commonly utilized topical
throughout the world.

Silver Sulfadiazine (AgSD)

This is by far the most commonly utilized topical worldwide
and is a combination drug utilizing the antibacterial properties
of silver as well as a sulfa component used in the form of
creams such as Silvadene® (Keltman Pharmaceuticals, Inc.,
Flowood, MS), Flamazine® (Smith & Nephew, Hull), and
Geben® (Mitsubishi Pharma, Tokyo). It was synthesized by
Charles L. Fox, Jr. [50] with Baxter reporting the initial

experience with treatment of 345 consecutive patients in
1968 and 1969 [51].

Silver sulfadiazine binds with serum and other extracellular
fluids and binds to the cell membrane with disruption of the
membrane producing bactericidal action [50]. The silver com-
ponent as ionic silver is slowly released producing DNA dam-
age. Further disruption of DNA synthesis occurs by inhibition
of folate metabolism by the sulfadiazine component [27].

The half-life of silver sulfadiazine is 10 h and can be
prolonged with renal disease [52]. It provides good coverage
against susceptible Pseudomonas species and other gram-
negative enteric flora as well as some fungal species including
Candida albicans [27].

Most commercial preparations of silver sulfadiazine
(Thermazene®, Silvadene®, SSD Cream®) seem to produce
a cooling, soothing sensation to the early burn wound as
contrasted to the pain experienced by most after application
of mafenide.

The side effects of silver sulfadiazine include methemoglo-
binemia, hyperosmolality, and hemolysis in those with G6PD
deficiency. It may cause lactic acidosis in some because of the
propylene glycol emulsifier [53].

Rarely, argyria can occur, a clinical condition associated
with very high tissue silver levels associated with blue, black,
or gray discoloration of the eyes, skin, and mucocutaneous
membranes. Additionally, it can be toxic to the liver and kidney.

It was initially thought that early post burn leukopenia
(EPBL) was a result of AgSD. However, further studies have
shown that it is not the causative agent of EPBL and silver
sulfadiazine should not be discontinued because of the pres-
ence of EPBL because the white blood cell count corrects
regardless of whether or not the agent is discontinued [54].

Another troublesome aspect of silver sulfadiazine is that it
does not penetrate the eschar and creates a thin glazed pseudo-
eschar over the wound making visual inference of depth dif-
ficult [55].

Cerium

In 1976,Monafo [56] reported his experience with the rare earth
lanthanon, cerium, with silver sulfadiazine to enhance bacterio-
logic control of the burn wound. He reported a prompt increase
in the incidence of sterile cultures and the sparse recovery of
gram-negative bacteria in wound surface cultures. His conjec-
tures on the improvement of incidence in sepsis and survival
were based on historical controls. There are several reports
which seem to indicate that ceriummay interfere with the action
of silver sulfadiazine in reducing the latter’s efficacy [57, 58].

Gentamicin Sulfate

Topical gentamicin has a long history of usage for the topical
treatment of burns. Stone reported a clinical experience with
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1182 patients that gentamicin was effective in reducing both
the incidence of burn wound colonization by virulent organ-
isms and the frequency of life-threatening sepsis plus a strik-
ing reduction in mortality [59]. However, with extended use,
gentamicin-resistant organisms emerged, and the drug has
never been recommended by the manufacturer for use on large
burns [60••]. It may be used alone or in combination with
another agent in a situation where the wound demonstrates
an aminoglycoside-sensitive pseudomonas or other gram
negative.

Bacitracin

Bacitracin is a relatively old topical antibiotic, first isolated in
1945 and found to inhibit cell wall and peptidoglycan synthe-
sis [61]. It was initially used systemically in burns, but found
to have nephrotoxicity [62].

Its penetrance against staph is considerably less than
mupirocin [63].

Many centers use it on facial wounds because of its con-
sistency (not too thick) and ability to cling to the face.
Additionally, some centers use it as a topical for donor sites
with other minimally adherent dressings.

It is a potential replacement for silver sulfadiazine in those
with sulfa allergies [64].

Polysporin

Polysporin is a combination of two antibiotics: bacitracin and
polymixin B sulfate.

Polymyxin B is an antibiotic which inhibits bacterial cell
wall synthesis as well as interfering with the production of
tetrahydrofolic acid. It has bacteriostatic activity against a
wide range of both skin flora and other organisms, including
gram-negative bacteria [65]. It has also been used in attempts
at eradication of MRSA [66].

MacMillan compared 454 patients treated with occlusive
polysporin, 0.5% silver nitrate, mafenide, gentamicin, or sil-
ver sulfadiazine and found a greater number of gram negatives
populating wounds treated with polysporin compared to
mafenide and silver sulfadiazine [67].

It may have some utility in facial burns [68].

Bactroban (Mupirocin)

Mupirocin (Bactroban) or pseudomonic acid is a natural
crotonic acid derivative drug extracted from Pseudomonas
fluorescens. It inhibits protein synthesis through binding to
bacterial isoleucyl-tRNA synthetase [69]. Mupirocin has been
used on burn wounds and to prevent skin and soft tissue in-
fections caused by S. aureus isolates and where the MRSA
isolates are epidemic [70].

However, the rate of mupirocin resistance among MRSA
strains is continuously rising [71].

It appears that resistance to mupirocin is conferred by plas-
mid transfer resistance genes from the historically and mistak-
enly less important coagulase-negative staphylococci. It was
demonstrated that 12% of Staphylococcus hemolyticus was
resistant to mupirocin and this phenotype was correlated with
the presence of plasmids [72•].

Honey

Preparations of honey have been used since ancient times. It
has been demonstrated to provide antimicrobial control by
enzymatic release of H2O2 or the presence of active compo-
nents like methylglyoxal (MGO) [73]. Honey has been shown
to have broad spectrum bacteriologic coverage and has been
shown to be synergistic with linezolid against S. aureus [74].

Different kinds of honey, including Gelam, Tualang, and
Manuka, have been tested and found to have similar proper-
ties. Currently, Medihoney is marketed in the USA [75].

At least 8 randomized controlled trials, although methodo-
logically poor-quality studies, demonstrated that honey was
found to be more effective than comparators, typically silver
sulfadiazine, in healing rates, presence of contractures, and
number of sterile swabs [76].

Long-Acting Silver Applied Dressings

A revolutionary change in topical burn care has occurred over
the last decade, which includes the use of long-acting silver-
based dressings. These dressings have become the mainstay in
many centers because of improved compliance, decreased
pain during dressing changes, decrease in time consumed dur-
ing dressing changes, and improved cost-effectiveness. The
long-acting dressings are in part directly responsible for a
decrease in daily census in many burn centers as patients
who would have been admitted for once to twice daily dress-
ing changes now may be re-evaluated on a weekly basis.
While some papers do exist regarding the use of applied burn
dressings, very few randomized controlled trials have been
conducted to research their use. Several synthetic dressings
are available for partial thickness burns, including silver-
bonded nylon and fiber (Silverlon® Argentum, Clarendon
Hills, IL); multilayer rayon, polyester silver-coated mesh
polyethylene (Acticoat™ Smith & Nephew, London, UK);
silver sodium carboxymethylcellulose (Aquacel® Ag,
ConvaTec, Greensboro, NC); silver-containing soft silicone
foam (Mepilex® Ag; Mölnlycke Health Care, Gothenburg);
and soft silicone silver (Mepitel Ag®Mölnlycke Health Care,
Gothenburg) [77, 78]. Table 3 lists some available applied
dressings and their length of use per application.
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Silverlon

This dressing was one of the initially introduced and is a nylon
fabric with a polymeric silver–plated substrate surface. The
dressing releases silver in the ionic AG+1 form. During the
first 24 h, 10% of the total amount of silver is released into
the wound and the remaining silver continues to be released
until the dressing is removed. Ionic silver has penetrance on
gram negatives including Pseudomonas species, Klebsiella,
and Acinetobacter, and most gram positives including
MRSA as well as some fungal and yeast species and certain
viruses. It was initially used in Iraq and Afghanistan because
of its ease of use compared to the short-acting topicals as well
as its comparably much lighter weight per unit, ease of stor-
age, and stability in environmental extremes [79]. Although
initially used for forward operations burn care, these silver-
nylon dressings have been implemented in treating blast inju-
ries, traumatic amputations, open fractures, and large tissue
loss wounds and the wounds would require change only every
3–7 days [80]. BARDA has this stockpiled for burn mass
casualties and radiation disasters.

Acticoat

Acticoat became available in the 1990s. It is a multilayered
barrier dressing which employs the use of silver for antimi-
crobial properties. It is frequently employed in burn care, for
donor and recipient graft sites. Acticoat consists of three
layers: two outer layers of silver-coated non-adherent polyeth-
ylene net surrounding an absorbent core of rayon and polyes-
ter. The dressing can remain in place for 3 days [81]. Acticoat
7, which touts an additional absorbent layer of rayon and
polyester as well as an additional silver-coated non-adherent
polyethylene net, can remain in place for 7 days [82]. It can be
secured to tissues using staples or sutures to prevent shear
forces from disrupting the dressings and underlying grafts
during repositioning of the patient [83]. It is important to re-
alize that for activation of the ionic silver, sterile water must be
used as opposed to saline which precipitates silver chloride. It
may also be used as an interface between a graft and the
negative pressure wound sponge.

A multicenter randomized controlled trial of 166 burn
wounds comparing Acticoat to sulfadiazine found that
Acticoat use resulted in statistically significant higher bacteri-
al clearance of the wound at day 6 and day 12, although
bacterial clearance was 100% for both groups at the end of
the study. This included clearance of MRSA. Several other
studies have concluded that Acticoat was more effective in
terms of greater bacterial clearance, less infections, and im-
proved healing time with minimal wound handling when
compared to silver nitrate, sulfadiazine, and mafenide acetate.
However, Acticoat has been associated with greater duration
for re-epithelialization, including donor sites.

While more widely studied than other long-acting agents, a
review published on Acticoat and silver dressings revealed
only 2 of 31 articles abstracted being randomized controlled
trials and just one considered level 1 [81].

Aquacel Ag

Aquacel is a hydrofiber dressing of sodium carboxymethyl-
cellulose with embedded silver manufactured by Convatex
Inc. [84,85•]. It consists of a silver-embedded hydrofiber
which creates a gel within the wound bed to promote a moist
environment conducive to healing, while fighting infection
with a wide antibacterial activity. Contours created by the
dressing eliminates dead space where potential pathogens
could multiply [84]. A prospective, randomized controlled
trial published in 2014 comparing Aquacel Ag and Acticoat
dressings in burns found that both silver applied dressings had
similar healing times and bacterial control. Aquacel Ag did
have statistically significant difference in ease of use and de-
creased reported patient pain [85]. It looks like soft felt when
applied, but firms when it dries. The only issue with this ma-
terial is that it is occasionally difficult to remove and has to be
soaked off or needs the use of an emollient oil to loosen it.

Mepilex Ag

Mepilex Ag is distributed byMölnlycke. It is a soft and pliable
silver-containing foam dressing designed to absorb exudate
from low to medium exuding wounds to decrease bacteria,
minimize the need for dressing changes, and provide a moist
environment for wound healing while protecting surrounding
skin fromwound drainage. It begins to inactivate wound path-
ogens within 30 min, with effects lasting up to 7 days [86].
These silver foam dressings can also be cut into various
shapes for use in covering many different wounds [87•]. A
randomized controlled trial published in 2011 compared
Mepilex Ag with silver sulfadiazine in children over 5 years
of age and adult burn patients. This study found that the
Mepilex Ag group had a decreased cost to treat, which includ-
ed the cost of analgesia for dressing changes, decreased pain,
and shorter healing times [87•]. Studies have also found

Table 3 Long-acting
applied silver dressings Long-acting applied silver dressings

Dressing Length of use

Silverlon 7 days

Acticoat 3–7 days

Aquacel Ag 21 days

Mepilex Ag 7 days

Mepitel Ag 8 days
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decreased infections when using Mepilex Ag versus petro-
leum gauze in donor sites [88] and have also found decreased
serum inflammatory markers, IL6 and IL-10, using Mepilex
Ag versus other dressings [89]. This is one of the easier to use
long-acting silver-based dressings as it is both easy to apply
and easy to remove.

Mepitel Ag

This is the newest silver-based long-acting dressing. This is a
silver-bonded soft silicone dressing providing a broad spec-
trum of antimicrobial coverage lasting up to 8 days. The dress-
ing is very compliant and is a good material for joints and
mobile areas [90].

Conclusion

In the USA each year, there are estimated to be 700,000 peo-
ple treated for burns, with 45,000 requiring hospitalization
[88]. There are many options available for wound dressings
for burn wounds, including older and shorter acting agents, as
well as more contemporary longer acting silver-based dress-
ings. Where available, the new technology of long-acting sil-
ver dressings appears more comfortable and cost effective. At
present, silver is the predominant antimicrobial agent in the
longer acting products. This review article summarizes the
most current information regarding these options. The future
is wide open for new developments in topicals with regard to
duration of application and specificity of action.
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