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Abstract:
Soldiers’ fungal and bacterial infections, especially in their feet, cause significant
reduction in their performance. Copper has potent antifungal and antibacterial
properties. Copper is also an essential trace element vital for the normal function of skin
and wound healing. Socks containing copper oxide particles, such as socks designed to
protect the feet of diabetic individuals, are commercially available in many countries.
This article describes the results of a trial conducted with 53 soldiers undergoing
intensive basic training. The soldiers used the socks with copper oxide daily for a period
of three weeks. At the end of the trial the vast majority of soldiers reported a notorious
reduction in their feet skin irritation, itching, and dryness and reduction in foot and sock
odour. Reduced foot infection and discomfort improves the soldiers’ physical and mental
health, increases productiveness and decreases medical treatment costs and days lost for
treatment. For these reasons, and in view of the results of this trial, socks containing
copper oxide particles may be an important part of every soldier’s arsenal of personal
equipment.
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1. Introduction
1.1. Athlete’s foot
Athlete’s foot is a contagious fungal infection that can be spread through direct contact
with people, objects, and places such as showers, shoes, socks, locker rooms, or wet
surfaces. Those infected may be asymptomatic, while others may experience burning,
stinging, or itching. In addition, the skin may become scaled, fissured, inflamed and/or
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painful. Bacterial superinfection, including cellulitis of the lower extremity, is a
complication of athlete’s foot [1]. A recently proposed complication that can result
from repeated recurrences of fungal foot infections is knee joint osteoarthritis [2].
Unfortunately, in 87% of patients treated with oral anti-fungal agents, used to treat
athlete’s foot infections of the skin or nails, the infections reoccur [3].
The reported prevalence of foot fungal infections in soldiers varies between 12 %
[4] to 70% [5, 6]. The prevalence of these infections depends on many factors, such as
the environment (dry versus humid environment), frequency of sock changes, and the
length of military service (e.g. [7, 8]). The presence of these fungal infections can not
only result in the infected soldiers’ discomfort , but can actually result in significant
reduction of the soldiers’ performance, increased sick call visits, loss of activity and
increased costs due to treatment. For example, fungal infections very badly affected
the performance of approximately 50 % of the American soldiers in Vietnam in the
Mekong Delta during 1966 to 1969 and in Panama during the 1980s [9].
1.2. Wounds
Soldiers’ feet endure high pressure and friction, which in many cases results in small
cuts and wounds. In addition, the foot is an area that is exposed to significant dirt and,
within the shoe, to high humidity and temperature. These factors, taken together,
increase the risk of minor wounds and cuts in the soldiers’ feet of becoming infected.
Indeed, it is well known that soldiers suffer badly from infected wounds, which can
eventually result in chronic wounds [10-13]. Further aggravating a soldier’s risk of
complications is the one of the routes of entry for the fungi that causes athlete’s foot,
is through injured skin and scars [14].
1.3. Copper Biocidal and Wound Healing Properties
Humans have used copper ions for centuries, either alone or in copper complexes, to
disinfect liquids, solids and human tissue and to enhance healing [15]. For example:
in ancient Egypt (2000 BC), copper was used to sterilize water and wounds; the
ancient Greeks in the time of Hippocrates (400 BC) prescribed copper for pulmonary
diseases and for purifying drinking water; during the Roman Empire, copper cooking
utensils were used to prevent the spread of disease; the Aztecs used copper oxide for
treating skin conditions; by the 18th century, copper had come into wide clinical use in
the Western world in the treatment of lung and mental disorders; and in the Second
World War, Japanese soldiers put pieces of copper in their water bottles to help
prevent dysentery [15].
The successful and wide use of copper by so many civilizations throughout
history is based on two core properties of copper:
The first one is that copper is highly toxic to microorganisms (including bacteria,
fungi and viruses). The toxicity is achieved by parallel non-specific damage to the
microbial envelopes, microbial genetic materials and key proteins that copper causes
[16]. Importantly, microbes tolerant to copper are extremely rare, even though copper
has been a part of the earth for millions of years. This is in contrast to the microbes
highly resistant to antibiotics that have evolved in less than 50 years of antibiotic use.
This lack of resistance to copper may be explained by the capacity of copper to
damage in parallel many key factors in microorganisms. Significantly, copper displays
potent biocidal activity also against antibiotic resistant bacteria and antiviral resistant
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viruses [17-21]. Today copper is used as a water purifier, algaecide, fungicide,
nematocide, molluscicide, and as an anti-bacterial and anti-fouling agent [21].
The second core property is that copper is an essential mineral to humans, needed
for the normal function of many tissues, such as skin, nerves, and both immune and
blood systems [22]. Outstandingly, copper plays a key role in many of the processes
that together comprise wound healing, including generation of new capillaries and
expression and stabilization of extracellular skin proteins [23, 24]. The recommended
daily intake of copper is 1 mg [25]. Exposure to copper is considered safe for humans,
as demonstrated by the widespread and prolonged use by women of copper
intrauterine devices [26-28] and over-the-counter cosmetic and wound healing
ointments containing copper [29, 30]. Human skin is not sensitive to copper and the
risk of adverse reactions due to dermal exposure to copper is extremely low [31, 32].
Today copper is being introduced into wound dressings and cosmetic products
[24, 33, 34].
1.4. Socks Impregnated with Copper Oxide Particles
A durable platform technology has been developed [17, 18], which introduces copper
oxide into polymeric materials (Fig. 1), endowing them with potent broad-spectrum
anti-microbial (anti-bacterial, anti-viral, anti-fungal) and anti-mite properties. This
technology enables the production of a wide variety of consumer, industrial and
medical textile products, such as anti-dust mite fabrics [35]; anti-viral masks [36];
wound dressings that enhance wound healing [24, 34]; and importantly anti-microbial
odour control socks, which prevent and cure athlete’s foot infections in patients,
including in diabetics and the elderly [37-41]. In January 2012 copper oxide
containing socks helped the Chilean trapped miners resolve their foot skin infections
while they were still trapped 700 meters underground [39].

Fig. 1 Scanning electronic microscope picture of copper oxide impregnated polyester
yarn used in the tested socks. The white dots are copper oxide particles.

2. Sock Trial
The use of copper oxide containing socks as part of the soldiers’ uniform has recently
been tested in a trial with 53 soldiers undergoing intensive basic training. The soldiers
received socks containing 20 % of polyester yarn impregnated with 1 % copper oxide
(weight/weight). All the copper containing yarn was concentrated in the sole of the
sock. The soldiers were asked to use the socks daily for 3 weeks. At the end of the
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3 weeks the soldiers filled out a questionnaire answering specific questions addressing
the effectiveness of the socks in treating their foot skin discomfort and reducing
malodour. Before referring to their answers, it is important to point out that the
physical design of the sock was flawed. The top edge of the sock was relatively loose.
This resulted in the sock slipping into the soldiers’ boots, causing discomfort to the
soldiers’ feet during sustained activity. This, in turn, caused 12 soldiers not to wear the
socks continuously. Though the socks defect had nothing to do with the copper oxide
impregnated yarn or technology, it probably had a negative impact on some of the
soldiers’ responses regarding the socks’ performance. Despite this issue, as depicted in
Figs 2 and 3, after only three weeks, the majority of soldiers reported significant
positive results in one or several of the attributes examined.
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Fig. 2 Overall response by 53 soldiers in basic training after using the socks
containing copper oxide in the sole of sock for 3 weeks.
Recently a leading army conducted an extensive rigorous test with socks
manufactured according to the regular army sock specs, but containing copper oxide
impregnated yarn. The socks were given (distributed) to a large fighting unit and the
test showed excellent results in protecting the feet of the soldiers and reducing
significantly the number of soldiers reporting to the infirmary due to foot skin
problems. Based on this test this army has started to equip all their soldiers with socks
containing copper oxide impregnated yarn. These socks are also currently being
purchased by other armies.

3. Conclusions
Humidity and elevated temperatures common in a soldier’s boot are a perfect
environment for proliferation of fungi and bacteria, malodour, wound infection, and
athlete’s foot. These conditions may significantly reduce the performance of soldiers.
Conversely, the conditions that nurture microbial growth are precisely those optimal
for ionic copper release. These copper ions, contained in socks made with yarn
impregnated with copper oxide particles, act as a biocide that protects the feet from
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fungal and bacterial infections and cures athlete’s foot infections. In addition, these
socks, via the copper ions, may protect the skin by increasing its stability and integrity,
reducing irritation and secondary infection, and enhancing wound healing.
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Fig. 3 Among the soldiers claiming that the socks helped, the following is the mean
and standard deviation of their scores for each attribute (scale 1 to 10, being 10 the
best score). The boxes represent the middle 50 % of the data values. The horizontal
black line across the box marks the median value. The error bars show the 10th and
90th percentiles of the population. Individual data-points falling beyond these
boundaries are shown as dots.
Freedom from foot discomfort and infection will improve a soldier’s health, both
physically and mentally. Furthermore, the army will benefit by reducing the costs of
medical treatment and productive days lost for that treatment. For these reasons, socks
containing copper oxide particles (with their potent anti-microbial and wound healing
properties) may be an important part of every soldier’s arsenal of personal equipment.
Also other personnel, like fire fighters, policemen, and miners, may protect their feet
by using copper oxide containing socks.
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