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Medical support of military operations involves treatment of massive soft tissue wounds,

thermal burns, open fractures, blast injuries and traumatic amputations under conditions

that are often austere and far from supply lines. Military hospitals, as recently deployed in

Iraq and Afghanistan, are designed and equipped for stabilization and rapid transfer of

injured patients back to their home nation. These austere facilities are often tasked with the

emergency or long-term treatment of local populations when injured or burned, further

stressing the medical resupply system.

Pathogens encountered in contemporary wartime practice are increasingly resistant to

antibiotics. Ionic silver is bactericidal against a broad spectrum of bacteria, yeasts and fungi,

has been utilized as a topical antiseptic for over 100 years, and has no known clinically-

relevant resistance. Silver-nylon dressings, initially stocked in US military hospitals as a burn

dressing, are now finding utility as a universal dressing for all types of combat wounds.

Compared to conventional burn dressings, they are easier to transport and store, easier to use,

and do not need to be changed as frequently, allowing for conservation of nursing resources.

In this literature review, the recent military uses of silver-nylon dressings are examined.

The stockpiling and use of silver-nylon as a universal military burn and wound dressing is

advocated.
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1. Introduction

The nature of military operations is continually changing. For

this reason, medical support for such operations must
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from the support of large-scale land wars to smaller regional

conflicts that start rapidly and unpredictably and that occur

far from established logistics hubs or supply routes. Recent

operations in Iraq and Afghanistan are prime examples.
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Photograph 1 – Massive blast/amputation/open fracture/

thermal burn typical of combat casualties.
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In response, military medical facilities are now smaller and

more mobile, but less extensively equipped than their Cold-

War predecessors. This requires a corresponding change in

medical doctrine: the very-rapid evacuation of casualties out

of the combat zone to large fixed facilities in Europe or the

United States for definitive care.

Deployed military hospitals often find themselves in the

position of providing care to the local (civilian) population

because the local medical system is either significantly

disrupted or overwhelmed [1]. Cancio notes that ‘during

war, civilian health care, to include burn care for patients of all

ages, may temporarily become the responsibility of the

occupying forces’ [2]. It is very difficult to provide proper burn

care in a deployed environment, particularly if the medical

facility is housed in tents. A lack of nursing personnel with

formal training in burn care and the inability to provide

conscious sedation on the ward means that most major burn

dressing changes will have to be performed in the operating

room. Because of the demands of personnel and materiel, US

military doctrine recommends against providing definitive

burn care within the theater of operations [2–4]. Extended burn

care in a deployed facility becomes unavoidable, however,

when care is provided to local civilians who cannot be

evacuated or when either weather (e.g. sandstorms) or

distance (e.g. injury occurring in the remote mountains of

Afghanistan) precludes immediate evacuation of military

personnel. In this situation, an anti-microbial dressing that

could be applied by inexperienced personnel and left in place

for several days would be ideal.

Both the pathogens and the injuries encountered in war are

evolving. Ressner et al. examined the pathogens responsible

for bacteremia in burn patients involved in combat operations

overseas and found that the traditional pathogens, Staphylo-

coccus aureus and Pseudomonas aeruginosa, are increasingly

being supplanted by multi-resistant Acinetobacter and Klebsiella

species [5]. When choosing topical antimicrobial therapy for

burn or other open war wounds, these resistance patterns

must be considered.

In current conflicts, the extensive use of body armor covering

the head and trunk, and the introduction of Improvised

Explosive Devices (IED) as a weapon have changed the patterns

of injuries encountered. Open fractures and traumatic amputa-

tion injuries are commonly found in close proximity to thermal

burns (Photograph 1). Abdominal Compartment Syndrome

(ACS) is increasingly being diagnosed and managed by decom-

pressive laparotomy in the deployed setting [6]. This has created

a need for a dressing method that can be used to cover the open

abdomen in flight. Operations Enduring Freedom and Iraqi

Freedom are the first conflicts where Negative-Pressure Wound

Therapy (NWPT) has been available in deployed medical

facilities, and this method has been extensively used to treat

open wounds, extremity amputations, fasciotomy sites and as a

dressing for the open abdomen after decompressive laparoto-

my. Negative-pressure wound therapy by itself is reported to

lower wound microbial counts, but a method of applying a

potent and sustained-release antimicrobial dressing under

NWPT would be useful for war wounds. Patients with such

injuries are frequently flown long distances and handed off

between multiple medical teams, precluding serial examina-

tion and frequent dressing changes.
Ionic silver is bactericidal against over many species of

bacteria, yeasts and fungi, including Methicillin-resistant

Staphylococcus aureus (MRSA) and multi-drug resistant (MDR)

Acinetobacter, Klebsiella and Pseudomonas. In 1881, it was

discovered that application of silver nitrate solution to the

eyes of newborns would prevent ophthalmia neonatorium,

and this practice, still in use in some locations, became

mandatory by state law in most US jurisdictions by the early

1900s [7,8]. Moyer et al. [9,10] pioneered the use of 0.5% silver

nitrate solution as a topical therapy for burn patients in 1965.

His work was influenced by the experiences of one of his co-

authors, who had been using topical silver nitrate solutions as

an adjunct for the management of necrotizing fasciitis since

1941 [10]. Fox introduced silver-sulfadiazine for burn manage-

ment in 1968 [11,12]. Both 0.5% silver nitrate solution and 1%

silver sulfadiazine cream continue to be used in contemporary

burn care [9].

Several groups investigated the use of silver-nylon cloth as

a topical dressing in the 1980s and 1990s including the US

Army Institute of Surgical Research (Army Burn Center) at

Brooke Army Medical Center in San Antonio, Texas [13–25].

Independent of these efforts, a commercial silver-nylon

dressing was brought to the market in the following decade

(Silverlon1, Argentum Medical, LLC). Silverlon1 was first

evaluated at the Army Burn Center in 2003, and became

available as a burn dressing in US military medical facilities in

Iraq and Afghanistan in the same year. Initial success with

burn patients led to more widespread use in-theater for other

indications. Silverlon1 dressings soon found utility as a

trauma dressing for diverse applications including open

wounds, amputation sites, fasciotomy incisions and in

combination with NPWT placed over decompressive laparot-

omy incisions. By 2006, these dressings had also become a

standard of care for transcontinental aero-medical evacuation

of patients with large burns [26].

In this literature review, the evolution and contemporary

use of silver-nylon dressings in military medical practice is

summarized.



Table 1 – Incidence of burn in combat casualties.

Conflict Year % of
casualties

References

Vietnam 1965–1975 10 [3,35]

6 Day war 1967 4.6 [37]

Yom Kippur war 1973 10.5 [2,43]

Falkland Islands 1982 18 [35,37,38]

Lebanon 1982 8.6 [2,44]

Desert storm 1991 7.9 [2,45]

Early OIF/OEF 2003–2005 �5 [5,27]

Note: OIF = operation Iraqi freedom; OEF = operation enduring

freedom.

Photograph 2 – Early human use of silver-nylon cloth with

direct current: placement on a patient with a large full

thickness burn.
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2. Methods

A computer literature review for the years 1987–2011 was

conducted, searching for English-language articles describing

the military use of silver-nylon dressings in either laboratory

or clinical settings, with emphasis on experience at deployed

or far-forward medical facilities or in transcontinental aero-

medical evacuation. A similar search was conducted using the

annual report and publication archives of the US Army

Institute of Surgical Research. The experiences of the authors

in using silver-nylon dressings while deployed as burn and

trauma surgeons in Afghanistan (MMB, MP), Iraq (DB, MMB)

and in-flight (DB) were also reviewed. A total of 21 articles were

found and evaluated [1,2,15–33].

A number of commercially available silver-containing

products presently are used for burn care. The use of silver

nitrate solution and silver-sulfadiazene has already been

described in detail and these compounds were not included in

the literature search. We also chose to limit this study to

silver-nylon based products because of our prior research and

clinical experience with this modality [2,15,16,26,29]. A final

limitation of the study is that no articles referencing the

military or deployed use of silver products by other countries

were found. A number of countries have deployed medical

facilities into Afghanistan or Iraq either independently or

under the auspices of the North Atlantic Treaty Organization

(NATO). The choice and methodology of wound care provided

at US deployed facilities is guided by Joint Theater Trauma

System (JTTS) and US Central Command (CENTCOM) Clinical

Practice Guidelines (CPGs). Choice of wound care product used

at other NATO facilities is governed by their internal policies

and procedures and is beyond the purview of US guidelines.

3. Results

English-language literature review for the years 1987–2011

produced 21 publications describing the laboratory or clinical

use of silver-nylon dressings in military burn or combat

applications [1,2,15–33]. These included bench studies, retro-

spective and prospective clinical studies and general care

recommendations, and are summarized in Table 1.

Chu et al., at the US Army Institute of Surgical Research,

extensively studied the effects of weak direct electrical current

on burn and wound healing in different rodent models [16–

25,31,32]. The electrodes used to apply electrical current were

constructed of a silver-nylon cloth originally developed for use

as a radar reflector or electrostatic shield [20]. As a serendipi-

tous finding, it was discovered that silver-nylon dressings in

combination with weak direct current, possessed some anti-

microbial properties, which was attributed to the release of

ionic silver. On the basis of these studies, limited human use of

silver-nylon cloth, with and without direct current was

undertaken. The patient shown in Photograph 2 had silver-

nylon cloth with direct current (‘‘electric bandaid’’) placed

under a Compassionate Use protocol because the burn

wounds were growing Pseudomonas aeruginosa resistant to all

available antibiotics. Shirani et al., completed a prospective

human study of silver-nylon dressings and direct current on
skin graft donor sites [15]. Compared to standard therapy (fine-

mesh gauze), silver-nylon dressings and direct current resulted

in faster wound healing and significantly less pain [15].

At this point, emphasis changed to the use of commercially

available silver dressings that did not require the addition of

direct current. Albrecht, et al., completed a similar donor site a

decade later using a commercial silver-nylon product (Silver-

lon1) and found similar results. Compared to Xeroform1

dressings, donor sites treated with Silverlon1 healed faster

and were less painful [28].

Brandt et al. documented the first combat use of silver-

nylon dressings in 2003 [2,29]. In Afghanistan, the 452nd

Combat Support Hospital (CSH) was deployed in 2003 to

Bagram Airbase, 47 km north of Kabul. The hospital operated

44 inpatient beds in tents. Burned troops from the US or NATO

countries were usually stabilized and evacuated out of

country, however, local nationals with burn often required

treatment at the CSH for prolonged periods of time. Over

several months, the CSH treated 10 burn patients including 8

children and an additional 8 patients with complex wounds

from mine injuries including 4 children. Silver-nylon dres-

sings were extensively utilized. Dressings were left in place for



Photograph 3 – Silver-nylon dressings being applied by the

Burn Flight Team at Landstuhl Regional Medical Center

(Germany) prior to 13-h flight to USA.
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3–7 days and reused for a total of 7 days [2,29]. Use of an every

3–7 day dressing change instead of a twice-daily silver

sulfadiazine dressing change ‘appeared to decrease the total

workload associated with burn wound care’ [2]. There were no

episodes of cellulitis or burn wound infection associated with

the use of silver-nylon in this setting [2,29].

Cancio et al. [2] described the use of silver-nylon dressings

at the 28th Combat Support Hospital (CSH) in Iraq. Deployed to

Baghdad in the initial phases of Operation Iraqi Freedom, the

28th CSH operated from April 11, 2003 to August 26, 2003 in

tents on an austere logistics base. During this period, the CSH

was designated as the primary in-theater burn facility. Of the

1867 patients admitted to the hospital, there were 86 burn

patients, comprising 5% of all admissions [2]. These included

42 US military or coalition patients and 44 Iraqi Nationals. The

average length of stay was 2 days for military patients

compared to 10 days (range 1–53 days) for Iraqi civilians [2].

Of 877 operations performed at the CSH, 59 were performed for

burn, including 49 debridements, 5 split thickness skin grafts

and 4 escharotomies. In addition, a large number of bedside

procedures were performed under conscious sedation.

As Operation Iraqi Freedom progressed, the Baghdad CSH

moved into Ibn Sina Hospital, a fixed facility located within the

International Zone. This hospital remained the only designat-

ed military burn center in Iraq for 7 years. Over several

rotations between the years 2003 and 2009, Ibn Sina was

continuously staffed by US Military personnel from the 28th,

10th, 31st and 86th Combat Support Hospitals, and by

surgeons from the US Army Burn Center. Silver-nylon

dressings were extensively used during this timeframe for

burn, blast, open fracture and other massive soft tissue

injuries. Danks and Lairet [33] described the management of a

typical patient at Ibn Sina hospital.

Barillo et al. [26] described the use of silver-nylon dressings

in flight for transcontinental aero-medical evacuation. The US

Army Burn Center staffs a Burn Flight Team to facilitate long-

range aero-medical transfer of patients to the center for care,

and this team frequently transports patients from Landstuhl

Regional Medical Center, Germany to San Antonio, Texas, a

distance of 5400 miles. During wartime operations, it was not

unusual for the Burn Flight Team to simultaneously transport

5 or more severely burned patients (with total burn surface

area (TBSA) ranging from 50 to 90% total body surface area) on

a single flight. On arrival to Landstuhl Regional Medical Center,

the burn team would perform a full burn dressing change

using silver sulfadiazine and mafenide acetate creams. This

usually required two or more nurses and two or more hours

per patient to perform. A second dressing change would be

performed in the evening, and a third dressing change would

be required prior to flight the following day. With 5 patients

requiring nearly 10 h of combined dressing time, it was

difficult for the team to both complete the pre-flight dressing

change and to be able to depart the Intensive Care Unit at

midmorning for the flight home. Since the flight would take

approximately 13 h, the patients would require another

dressing change immediately upon arrival in San Antonio.

To solve this problem, the Burn Flight Team began carrying

silver-nylon burn dressings to Landstuhl. This allowed a single

dressing change at the time of Burn Team arrival and obviated

the need for a second dressing change at night and a third
dressing change pre-flight the following day (Photograph 3).

With the silver-nylon dressing technique, if the aircraft was

delayed or diverted, there was no need for an additional burn

dressing change in flight. The silver-nylon technique soon

became the standard treatment for aero-medical evacuation.

Silver-nylon burn dressings are presently positioned at every

US military hospital along the evacuation route, including

Landstuhl Regional Medical Center and Bagram Air Base. The

technique has been adopted by US Air Force Critical Care Air

Transport (CCAT) Teams and is taught at the US Air Force

School of Aerospace Medicine CCAT Basic Course.

4. Discussion

The nature of wartime medical support is constantly

changing. For most of the major conflicts of the 20th century,

large station or field hospitals could be positioned in or close to

the combat zone. These were full-service general hospitals

with 1000 or more beds where injured soldiers could be treated

for extended periods of time. Medical planning during the Cold

War relied on the availability of such facilities pre-positioned

in Europe, along with robust supply chains to keep them

functioning.

Following the fall of the Soviet Union and the correspond-

ing downsizing of military forces on both sides, it became

impossible deploy such large fixed hospitals. At the same time,

the military threat switched from the possibility of a

protracted land war in Europe to smaller regional conflicts.

Lieutenant General Paul K Carlton, a former US Air Force

Surgeon General, notes that ‘‘beginning with Operation Just

Cause in Panama (1989), it became apparent that our troops

would, at times, suffer injury in a location where only minimal

stabilizing medical care is available’’ [34]. General Carlton

further comments that during Operations Desert Shield and

Desert Storm, ‘‘the amount of sealift required to move ‘mobile

hospitals’, together with the time required to set them up,
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mandated that the medical services of all military branches

find a new way to deliver medical care to combat troops’’ [34].

Following a joint-service streamlining of military medical

forces in the 1990s, the medical facilities in present use are

lighter, smaller, modular, and easier to move but are not as

well stocked as the fixed facilities that they replaced [34]. This

means that frequent re-supply must be carried out, involving

either airlift or convoy operations thru hostile territory.

In planning medical support for combat operations, a basic

tenet is that burns will comprise 10% of all combat injuries. This

is based on data from the Vietnam War collected by the Wound

Data and Munitions Effectiveness Team showing that thermal

injury or other major soft tissue injury requiring operative

debridement will be present in 10% of combat casualties [3,35].

In fact, as seen in Table 1, the incidence of combat burn will vary

from 5 to 20% depending upon the nature of the conflict [2]. In

particular, conflict involving either armored vehicles or naval

operations will produce a larger number of burn casualties

[2,36]. For example, burns occurred in 18% of British casualties

from the Falklands War [35,37,38], a conflict that involved the

use of anti-ship missiles. In these situations, silver-nylon

dressings have a clear advantage as fewer dressing supplies are

required. Patients with burns can be treated with one dressing

change every 3–7 days rather than requiring two dressing

changes a day with either mafenide acetate or silver sulfadia-

zine. Silver-nylon dressings are also lighter to transport, easier

to store and less affected by environmental extremes during

storage compared to conventional cream-based dressings.

Each war presents new challenges in terms of emerging

pathogens, and the current conflicts are no exception. In

particular, colonization or infection with multi-drug resistant

(MDR) Acinetobacter species (ACB) has been seen in casualties

returning from Iraq or Afghanistan. While it was originally

thought that this might simply represent local flora from the

location of injury, more recent data suggests that colonization

may be occurring after entry to Level III (deployed) medical

facilities as a nosocomial event [27,39]. Albrecht et al. reviewed

the experiences of the US Army Burn Center with this

pathogen between January, 2003 and November, 2005 [40].

The study population of 802 patients included both patients

admitted locally and servicemembers transferred from

Afghanistan and Iraq. There were 59 patients diagnosed with

ACB infection and 52 additional patients found to be colonized

with ACB. Sixty-one percent of ACB isolates were sensitive to

imepenem-cilastin, 36% were sensitive to amikacin, and 24%

were sensitive to ampicillin-sulbactam; all other antibiotics

had sensitivities between 2 and 22%. A number of second-line

antibiotics, including inhaled and intravenous colistin were

re-introduced into burn practice as a result. Patients with ACB

infection had larger-sized burns, more co-morbidities and a

higher mortality rate compared to the non-infected cohort.

Nevertheless, multivariate analysis demonstrated no statisti-

cal association between ACB infection and mortality.

When emerging pathogens demonstrate resistance to

multiple intravenous antibiotics, the topical agent used for

control of burn wound flora becomes more important. An ideal

topical agent will have a broad spectrum and little potential for

resistance. Ionic silver is no exception. In theory, dressings

that deliver low (or even sub-lethal) levels of silver ion could

result in bacterial resistance to silver [41].
True microbial resistance to silver is exceptionally uncom-

mon, although the exact incidence remains undefined. The

few articles that can be found consist of in vitro studies, letters

to the editor or collective reviews and are essentially devoid of

human data. Loh et al., [42] examined the prevalence of three

genes coding for silver resistance (silE, silP and silS) in 33

strains of methicillin-resistant MRSA and 8 strains of

methicillin-resistant coagulase negative Staphylococci (MR-

CNS) obtained from animal and human wounds and nasal

cavities. Two of the resistance genes (silP and silS) were absent

in all specimens tested. Two MRSA and one MR-CNS strain

were positive for the silE gene. Further testing of these strains

showed that a silver-containing dressing was effective in

killing all strains with or without the resistance gene: in other

words, the presence of a silver-resistance gene did not afford

protection to the organism against silver dressings [42].

Chopra [41] in a 2007 literature review noted that there have

been fewer than 20 documented cases of bacterial resistance

to silver since 1975. The review concluded that clinicians

should preferentially choose dressings that release high levels

of ionic silver and demonstrate rapid bactericidal activity to

minimize the risk of silver resistance.

While initially fielded for burn care, silver-nylon dressings

have also proven useful for the management of massive soft

tissue injuries, open fractures, blast injuries and traumatic

amputations. Silver-nylon products intended for use under

NPWT are commercially available, and these products are

ideal to cover debrided traumatic wounds or open amputation

stumps, fasciotomy sites, and laparotomy incisions inten-

tionally left open for Abdominal Compartment Syndrome.

Silver-nylon dressings are easier to transport and store than

conventional burn creams, are useful on a wider variety of

wounds, and are easier to use by inexperienced personnel. On

this basis, we would recommend the military stockpiling and

use of silver-nylon as a universal wound dressing for use in

applications where the number of trained medical personnel

may be limited, supply lines may be tenuous and storage

conditions may be unpredictable.
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