A' M T Advances in Military Technology \ L
I Vol. 8, No. 2, December 2013 3 "
£/

Protection of Soldiers’ Feet by Copper Oxide
Impregnated Socks

G. Borkow

Cupron Inc. Hasadnaot 10, Herzelia 46733, Israel

The manuscript was received on 14 June 2013 andweeapted after revision for publication
on 9 October 2013

Abstract:

Soldiers’ fungal and bacterial infections, espelgiain their feet, cause significant
reduction in their performance. Copper has potemitifangal and antibacterial
properties. Copper is also an essential trace elgmagtal for the normal function of skin
and wound healing. Socks containing copper oxid#ighas, such as socks designed to
protect the feet of diabetic individuals, are comeradly available in many countries.
This article describes the results of a trial conthd with 53 soldiers undergoing
intensive basic training. The soldiers used the&ksauith copper oxide daily for a period
of three weeks. At the end of the trial the vagbntg of soldiers reported a notorious
reduction in their feet skin irritation, itchingnd dryness and reduction in foot and sock
odour. Reduced foot infection and discomfort impeothe soldiers’ physical and mental
health, increases productiveness and decreasesaidtiatment costs and days lost for
treatment. For these reasons, and in view of theilts of this trial, socks containing
copper oxide particles may be an important pareweéry soldier’'s arsenal of personal
equipment.
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1. Introduction

1.1. Athlete’s foot

Athlete’s foot is a contagious fungal infectionttlean be spread through direct contact
with people, objects, and places such as showkeogss socks, locker rooms, or wet
surfaces. Those infected may be asymptomatic, vdtiers may experience burning,

stinging, or itching. In addition, the skin may bew scaled, fissured, inflamed and/or
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painful. Bacterial superinfection, including celtid of the lower extremity, is a
complication of athlete’s foot [1]. A recently proged complication that can result
from repeated recurrences of fungal foot infectigmsknee joint osteoarthritis [2].
Unfortunately, in 87% of patients treated with oaaiti-fungal agents, used to treat
athlete’s foot infections of the skin or nails, ihéctions reoccur [3].

The reported prevalence of foot fungal infectiomsaldiers varies between 12 %
[4] to 70% [5, 6]. The prevalence of these infemati@epends on many factors, such as
the environment (dry versus humid environment)gdiency of sock changes, and the
length of military service (e.g. [7, 8]). The prase of these fungal infections can not
only result in the infected soldiers’ discomforibyt can actually result in significant
reduction of the soldiers’ performance, increasie# sall visits, loss of activity and
increased costs due to treatment. For example afuindections very badly affected
the performance of approximately 50 % of the Anmemicoldiers in Vietham in the
Mekong Delta during 1966 to 1969 and in Panamangutie 1980s [9].

1.2. Wounds

Soldiers’ feet endure high pressure and frictiohjclv in many cases results in small
cuts and wounds. In addition, the foot is an ahea is exposed to significant dirt and,
within the shoe, to high humidity and temperatufdese factors, taken together,
increase the risk of minor wounds and cuts in thidisrs’ feet of becoming infected.
Indeed, it is well known that soldiers suffer baflgm infected wounds, which can
eventually result in chronic wounds [10-13]. Furtleggravating a soldier’s risk of
complications is the one of the routes of entrytfog 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, e#logre or in copper complexes, to
disinfect liquids, solids and human tissue andrtbamce healing [15]. For example:
in ancient Egypt (2000 BC), copper was used toilgterwater and wounds; the
ancient Greeks in the time of Hippocrates (400 B&scribed copper for pulmonary
diseases and for purifying drinking water; durithg tRoman Empire, copper cooking
utensils were used to prevent the spread of dis¢hseAztecs used copper oxide for
treating skin conditions; by the 18th century, ceppad come into wide clinical use in
the Western world in the treatment of lung and rakdtsorders; and in the Second
World War, Japanese soldiers put pieces of coppethéir water bottles to help
prevent dysentery [15].

The successful and wide use of copper by so mamyizeitions throughout
history is based on two core properties of copper:

The first one is that copper is highly toxic to nsicrganisms (including bacteria,
fungi and viruses). The toxicity is achieved by gyl non-specific damage to the
microbial envelopes, microbial genetic materialsl &By proteins that copper causes
[16]. Importantly, microbes tolerant to copper astremely rare, even though copper
has been a part of the earth for millions of yeditss is in contrast to the microbes
highly resistant to antibiotics that have evolvadess than 50 years of antibiotic use.
This lack of resistance to copper may be explaibgdthe capacity of copper to
damage in parallel many key factors in microorgasisSignificantly, copper displays
potent biocidal activity also against antibiotisigtant bacteria and antiviral resistant
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viruses [17-21]. Today copper is used as a wataifipy algaecide, fungicide,
nematocide, molluscicide, and as an anti-bactandlanti-fouling agent [21].

The second core property is that copper is an @asemneral to humans, needed
for the normal function of many tissues, such as,shkerves, and both immune and
blood systems [22]. Outstandingly, copper playseg kole in many of the processes
that together comprise wound healing, including egation of new capillaries and
expression and stabilization of extracellular siioteins [23, 24]. The recommended
daily intake of copper is 1 mg [25]. Exposure t@ger is considered safe for humans,
as demonstrated by the widespread and prolonged bysavomen of copper
intrauterine devices [26-28] and over-the-countersneetic and wound healing
ointments containing copper [29, 30]. Human skimat sensitive to copper and the
risk of adverse reactions due to dermal exposumpper is extremely low [31, 32].
Today copper is being introduced into wound dregsimnd cosmetic products
[24, 33, 34].

1.4. Socks Impregnated with Copper Oxide Particles

A durable platform technology has been developéd 18], which introduces copper
oxide into polymeric materials (Fig. 1), endowirtgen with potent broad-spectrum
anti-microbial (anti-bacterial, anti-viral, antifigal) and anti-mite properties. This
technology enables the production of a wide varietyconsumer, industrial and
medical textile products, such as anti-dust miterits [35]; anti-viral masks [36];
wound dressings that enhance wound healing [24,8%] importantly anti-microbial
odour control socks, which prevent and cure athdefeot infections in patients,
including in diabetics and the elderly [37-41]. [mnuary 2012 copper oxide
containing socks helped the Chilean trapped minesslve their foot skin infections
while they were still trapped 700 meters undergeb89].

Fig. 1 Scanning electronic microscope picture gbmer oxide impregnated polyester
yarn used in the tested socks. The white dots@ppar oxide particles.

2. Sock Trial

The use of copper oxide containing socks as pattie@fsoldiers’ uniform has recently
been tested in a trial with 53 soldiers undergaimgnsive basic training. The soldiers
received socks containing 20 % of polyester yarpreggnated with 1 % copper oxide
(weight/weight). All the copper containing yarn wesncentrated in the sole of the
sock. The soldiers were asked to use the socky &#il3 weeks. At the end of the
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3 weeks the soldiers filled out a questionnairensmsg specific questions addressing
the effectiveness of the socks in treating theiotfekin discomfort and reducing
malodour. Before referring to their answers, itingportant to point out that the
physical design of the sock was flawed. The topeealgthe sock was relatively loose.
This resulted in the sock slipping into the soldidroots, causing discomfort to the
soldiers’ feet during sustained activity. Thistumn, caused 12 soldiers not to wear the
socks continuously. Though the socks defect halimgtto do with the copper oxide
impregnated yarn or technology, it probably hadegative impact on some of the
soldiers’ responses regarding the socks’ performabespite this issue, as depicted in
Figs 2 and 3, after only three weeks, the majoatysoldiers reported significant
positive results in one or several of the attrilsuggamined.

Reduce foot odor

Smell less than army sock

Reduction of irritation

Reduction of scratching

Reduction of dry skin

m— es ‘ ‘ w ‘ ‘ ‘
= no 0 10 20 30 40 50 60
mmmm not relevant Number of soldiers

Fig. 2 Overall response by 53 soldiers in basidrtiag after using the socks
containing copper oxide in the sole of sock foreks.

Recently a leading army conducted an extensiveroigo test with socks
manufactured according to the regular army sockspleut containing copper oxide
impregnated yarn. The socks were given (distributeda large fighting unit and the
test showed excellent results in protecting thet fefe the soldiers and reducing
significantly the number of soldiers reporting thetinfirmary due to foot skin
problems. Based on this test this army has staaedjuip all their soldiers with socks
containing copper oxide impregnated yarn. Theseksare also currently being
purchased by other armies.

3. Conclusions

Humidity and elevated temperatures common in a isdid boot are a perfect
environment for proliferation of fungi and bacterimalodour, wound infection, and
athlete’s foot. These conditions may significarmdyguce the performance of soldiers.
Conversely, the conditions that nurture microbiedvgh are precisely those optimal
for ionic copper release. These copper ions, coathiin socks made with yarn
impregnated with copper oxide particles, act agogitte that protects the feet from
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fungal and bacterial infections and cures athlefets infections. In addition, these
socks, via the copper ions, may protect the skimbgeasing its stability and integrity,
reducing irritation and secondary infection, antiacing wound healing.

Reduce sock odor . }—‘:D—{ .
Reduce odor of feet o }—‘:I:| .
Reduce skin irritation ° }—‘:E o o
Reduce itching }—‘:I:l—{ o
Reduce dry skin |® }—E:l—{

Grade

Fig. 3 Among the soldiers claiming that the sockélpéd, the following is the mean
and standard deviation of their scores for eachilatite (scale 1 to 10, being 10 the
best score). The boxes represent the middle 50 thealata values. The horizontal
black line across the box marks the median valhe. 8ror bars show the 10th and
90th percentiles of the population. Individual daints falling beyond these
boundaries are shown as dots.

Freedom from foot discomfort and infection will ingye a soldier’s health, both
physically and mentally. Furthermore, the army \idinefit by reducing the costs of
medical treatment and productive days lost for tredtment. For these reasons, socks
containing copper oxide particles (with their pdtanti-microbial and wound healing
properties) may be an important part of every swldiarsenal of personal equipment.
Also other personnel, like fire fighters, policemamd miners, may protect their feet
by using copper oxide containing socks.
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