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Foot dermatitis is a widespread condition, affecting men and women of all ages. Because of the location, this condition

may present as a debilitating problem to those who have it. Allergic contact dermatitis involving the feet is frequently due

to shoes or socks. The allergens that cause shoe dermatitis can be found in any constituent of footwear, including rubber,

adhesives, leather, dyes, metals, and medicaments. The goal of treatment is to identify and minimize contact with the

offending allergen(s). The lack of product information released from shoe manufacturers and the continually changing

trends in footwear present a challenge in treating this condition. The aim of this study is to review the current literature on

allergiccontactshoedermatitis; clinicalpresentation,allergens,patch testing,andmanagementwill bediscussed.PubMedand

MEDLINE databases were used for the search, with a focus on literature updates from the last 15 years.

The prevalence of shoe allergic contact dermatitis (ACD) varies
from 1.5% to 24.2% of patch-tested patients.1Y4 The problem is

found in bothmales and females, although there is somediscrepancy
in regards to which group it occurs in most commonly. Saha et al3

found a slightly higher prevalence among males, which they at-
tributed to more occlusive male footwear, prolonged use of footwear
in males, and/or absence of the responsible allergens in the testing
series for females. In contrast, Rani et al4 found the female-to-male
ratio to be 4.7:1. This was attributed to the greater variation in foot-
wear in females and an increased awareness of changes in their skin
compared with males.4

When facing persistent foot eczema, it is necessary to consider
other conditions that may have similar clinical presentations. Ir-
ritant dermatitis, dyshidrosis, psoriasis, tinea pedis, lichen planus,
juvenile plantar dermatosis, and id reactions are all included in the
differential of ACD.5 Irritant contact dermatitis may arise from the
rubbing of footwear against the feet or from contact with irritants,
such as detergents, soaps, cement, or topicalmedications. In contrast
to ACD, there is no immunological mechanism involved in this
response.6 Psoriasis should also not be overlooked. In a 5-year ret-
rospective study of 70 patients suspected of ACD of the feet, only

23 received a final diagnosis of ACD; 30 patients were determined
to have psoriasis.5

From an epidemiologic standpoint, shoe ACD has been difficult
to characterize because of variation in the series of allergens tested,
differing shoe manufacturing processes, and changing trends in
footwear across time and regions of the world.7,8 Despite and owing
to this challenge, shoe dermatitis calls for further sustained research
and better understanding because it impacts so many people.

Allergic contact dermatitis is a form of delayed type hyper-
sensitivity reaction caused by exposure to exogenous chemical and
physical agents. It can occur in acute, subacute, or chronic forms.
The acute form is distinguished by the presence of erythema and
edema, followed by the formation of tiny vesicles and crusted,
weeping lesions. In chronic contact dermatitis, the skin may be-
come lichenified, fissured, or pigmented; episodes of oozing and
crusting may arise. Shoe allergy is often indicated by the presence
of erythema, papules, vesicles, oozing, scaling, or crusting at the
site of contact. Spreading of the reaction may also occur. Allergic
contact dermatitis of the feet is typically bilateral and symmetrical,
although itmay also present unilaterally. Pruritus, burning, and pain
are the most commonly reported symptoms.4 The particular envi-
ronment within shoes, in conjunction with allergens, contributes
to the susceptibility of feet to ACD.9 Landeck et al8 found the oc-
clusive, moist environment of shoes to be the cofactor that had the
largest negative impact on foot dermatitis, followed by chronic ve-
nous insufficiency, friction, and heat. Although any region of the
foot can be affected, the dorsum of the foot is involved most fre-
quently because of its greater surface area, thin stratum corneum,
and sustained interaction with the upper portion of the shoe.

Foot dermatitis may often arise among particular occupational
groups such as factory workers and military personal because of
the heavy occlusive footwear used in these occupations. Within a
group of soldiers who were patch tested for dermatitis of the lower
limbs, 27 of 31 showed a positive reaction to 1 or more allergens
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from direct testing with parts of their military boots.10 Among the
nonmilitary population, Lazzarini et al6 found occupational ac-
tivity to be the contributing cause for 15% of patients with foot
dermatitis. Warshaw et al7 reported a lower percentage, with only
2.6% of positive patch test results for foot dermatitis considered to
be occupationally relevant.

Chemicals used in manufacturing shoes, socks, or stockings
are often the contributing cause of ACD of the feet. Rubber, adhe-
sives, leather, synthetic polymers, and dyes are all known sources
of allergens.8,9

ALLERGENS

Rubber and Rubber Additives

Rubber allergy from shoes may arise from the elastic found in the
uppers of shoes, the rubber adhesives in shoe linings, or rubber
innersoles.1 Rubber exists in both natural and synthetic form, and
shoe rubbers may contain a mixture of both. A number of rubber
additives, including thiurams, benzothiazoles, carbamates, para-
phenylenediamine derivatives, thioureas, and resin components,
have been identified as allergens in shoe testing series.8,9 Freeman
et al1 found rubber chemicals to be the most common allergen,
with 43% of patients reacting positively to either mercapto mix,
mercaptobenzothiazole, or thiuram mix. In a 2001Y2004 North
American Contact Dermatitis Group study, rubber chemicals were
the most common shoe allergens when combined as a group, which
included carba mix, thiuram mix, mercaptobenzothiazole, mercapto
mix, mixed dialkyl ureas, and black rubber mix.7 Similarly, in a
Brazilian study, rubber additives accounted for 27% of positive
patch test results for foot dermatitis; the most frequent causative
allergen was the mercapto group, followed by thiuram mix, para-
phenylenediamine mix, and carba mix.6

Thioureas, chemical accelerators used in the production of
neoprene and foam rubber, are a common cause of contact der-
matitis.11,12 A Finnish study found that 59 of 15,100 patients had
a positive patch test reaction to thiourea mix. Of these 59 patients,
33 were tested with individual rubber chemicals, of which 24 (73%)
reacted positively to diethylthiourea. Diphenylthiourea, dibutyl-
thiourea, diphenylguanidine, carbamates, mercaptobenzothiazole,
and diaminodiphenylmethane also elicited positive patch test re-
actions.13 Friis et al11 reported a patient who developed ACD of the
feet from a pair of neoprene running shoes; the patient later tested
positive to diethylthiourea. His shoes were found to have a diethyl-
thiourea concentration of 192 to 251 ppm.11 4,4-Dithiodimorpholine
(DTDM), another type of rubber accelerator which may be found
in rubber components of shoes, is considered to be an allergen often
missed by commercial patch testing kits, but its relevance is debated.
DTDM caused the most positive and relevant reactions in patients
with ACD due to shoes in a study assessing the etiology of allergic-
appearing dermatitis.14 In addition, it was 1 of the most frequent aller-
gens that caused ACD to components of shoes in a 5-year retrospective
study of allergic-appearing foot dermatitis.5 Despite these findings,
there are reports that it has high irritancy and low relevancy rates.7

Black or gray rubber is a commoncause of occupational dermatitis,
and it is screened by patch testing for para-phenylenediamineYrelated
antioxidants (N-isopropyl-N-phenyl-4-phenylenediamine,N-cyclohexyl-
N-phenyl-4-phenylenediamine, and N, N-diphenyl-4-phenylenediamine).15

A statistically significant association has been found between sensiti-
zation to para-phenylenediamine and 4,4’-diaminodiphenylmethane
(DDM), an aromatic diamine used in the production of rubber, plastics,
diisocyanates,dyes, andadhesives. Ina specificstudyofDDM-sensitized
patients, the relative risk of reacting to para-phenylenediamine was
determined to be 24.16 DDM has recently been associated with shoe-
related contact allergy in cases involving Asian-manufactured shoes.
In this study, 3 patients with suspected shoe contact dermatitis
were patch tested with the European baseline series and a shoe
and diisocyanate series; all 3 only reacted positively to DDM.17 An
additional rubber additive sensitizer to test for is hydroquinone
monobenzylether, a rubber antioxidant and depigmenting agent.3

Among those not already mentioned, cyclohexylthiophthalimide was
found to be a common rubber allergen in an 8-year retrospective
review of patch testing with rubber allergens.18

Castanedo-Tardan et al19 discussed a case study of a child with
dermatitis on the dorsal and ventral feet surfaces who admittedly
only wore tennis shoes and Crocs. Patch testing was reactive for
black rubber mix, thiuram mix, carba mix, and disperse blue 106,
but ultimately, the patient had the strongest reaction to a sample
of his Crocs footwear. Unfortunately, attempts to determine
which chemicals are used in the manufacturing of Crocs were met
without success; however, the patient’s dermatitis did resolve
when he discontinued wearing those shoes. This case emphasizes
part of the challenge in identifying the precise allergen causing
shoe ACD. However, it also draws attention to the importance
of patch testing with direct shoe samples, which will be discussed
further.19

Adhesives

Adhesive sensitivity is a cause of shoe dermatitis, although there is
variation in the literature in regards to its frequency. p-tertiary-
Butylphenol formaldehyde resin (PTBFR) is used in shoe produc-
tion as a binder in adhesive formulations.20 In a retrospective North
American study of 109 patients with ACD of the feet, PTBFR was
reported to be the most common shoe allergen; it accounted for
24.7% of positive patch testing results.7 Similarly, Rani et al4 found
glues as a group, particularly PTBFR, to be the leading allergens in a
Pakistani study of 119 patients suspected of having shoe dermatitis.
However, other studies have reported a less frequent allergy to
PTBFR. Throughout a 10-year period of patch testing, Holden and
Gawkrodger21 reported a positive reaction to PTBFR in only 1 of
230 patients tested. Lazzarini et al6 reported no positive patch test
reactions to PTBFR in their study of 53 patients evaluated for foot
dermatitis. Furthermore, Shackelford and Belsito5 reported that
of 704 patients with suspected ACD, 13 had a PTBFR allergy, yet
only 3 patients hadACDdue to PTBFR in shoes. The latter diagnosis
was determined by characteristic dermatitis of the feet, a positive
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patch test result to the relevant piece of footwear, and resolution of
the dermatitis upon avoidance of the allergen.

Colophony, a sap from pine or spruce trees that is used in
natural rubber latex cement, is a common sensitizer in foot der-
matitis.3,4 Lazzarini et al6 reported positive patch test reactions
to colophony in 5.5% of patients, whereas Freeman1 reported a
slightly higher frequency at 9%. Abietic acid is a major component
of colophony. The oxidation products of this resin acid have been
shown to be ACD sensitizers, and abietic acid is included in some
footwear testing series.22 Other known shoe glue allergens include
dodecylmercaptan and epoxy resins.4 Epoxy resinsmay be produced
by polymerizing the diglycidyl ether of bisphenol A (DGEBA); a
small percentage is also produced through the polymerization of
the diglycidyl ether of bisphenol F (DGEBF).23 Both DGEBA and
DGEBF have been implicated as allergens in foot dermatitis. Srinivas
et al24 reported 2 patients presenting with foot dermatitis after
wearing plastic flip flops; upon patch testing with various plastic and
shoe glue allergens, both patients developed an erythematous ve-
sicular reaction to bisphenol A (1% petrolatum [pet]).

Plasticizers have also been implicated in ACD of the feet.
Benzoyl peroxide is a glue catalyst and plasticizer that has been
used in the treatment of leather with synthetic resins. It is often
included in patch testing series and is a recognized foot dermatitis
allergen.25 Nardelli et al25 reported 11 positive patch test results
to benzoyl peroxide in their 13-year retrospective study in Belgium.
In addition, Vidovi( et al26 discussed the case of workers in a factory
producing shoes from polyvinyl chloride who became sensitized
to dibutylphthalate, a plasticizer.

Tanning Agent Allergens

Chromium salts are frequently used to tan leather footwear. Tri-
valent salts, such as chromic acid, chromic sulfate, and chrome
trichloride, are more frequently used for tanning and act by
binding to the collagen and stabilizing the leather. The Cr(III)
salts may oxidize to hexavalent chromium [Cr(VI)] during the
tanning process. The hexavalent salts, including potassium dichro-
mate, do not bind well to proteins and are more often found in free
and unbound form. As a result of their ability to leach out of leather
and because of their increased bioavailability, hexavalent salts
are more potent contact allergens and have proven to be more
consistent for patch testing use.27 In a study assessing the risk of
chromium allergy from leather footwear, chromium was identified
in 95% of 60 pairs of leather shoe wear, ranging from men’s,
women’s, and children’s items.28 Saha et al3 found potassium
chromate to be themost common sensitizer in their study.Warshaw
et al7 found hexavalent potassium dichromate to be the second
most common shoe allergen, accounting for 17.5% of positive patch
test reactions. Rani et al4 also reported a high positive reaction
to leather allergens, particularly potassium dichromate (16.8%),
formaldehyde (5.9%), and 2-n-octyl-4-isothiazolin-3-one (3.7%).
Chowdhuri et al2 found potassium dichromate (45.8%) to be the
most common allergen in foot dermatitis; this was believed to be

due to the minimal use of chrome-free leather in India because of
its high cost and lack of availability.

Although Cr(III) is thought to have low allergenic potency,
Hansen et al27 showed that both Cr(III) and Cr(VI) are capable of
eliciting ACD reactions at low concentrations within the same
patient. In this study of 2211 patients suspected of ACD of the
feet, 71 patients had a positive reaction to potassium dichromate
[Cr(VI)], and of those, 31 reacted positively to chromium trichloride
[Cr(III)]. Furthermore, patientswho reacted positively to bothCr(VI)
and Cr(III) had an increased risk of foot dermatitis compared with
patients who only reacted positively to Cr(VI). Hansen et al29 rec-
ommend testing for both oxidation states in cases of suspected
chromium-induced leather dermatitis. Thyssen et al30 described a
recent case report of a patient with potassium dichromate allergy
who continued to react to ‘‘chromium-free’’ footwear. When the
chromium-free footwear was analyzed for chromium content, chro-
mium was verified with x-ray fluorescent spectroscopy, but spot
testing result to detect Cr(VI) was negative. The authors believe that
Cr(III) was the cause of her persistent dermatitis.30

Vegetable tannins are used to tan leather in some countries and
are often used as a substitute for individuals with chromate allergy.
The tannins consist of plant or fruit extracts, including quebracho,
wattle bark,myrobalan,mimosa, and chestnut extracts.3,31 Although
these tannins have been used as an alternative for individuals with
chromate allergy, they have also been reported to be sensitizers in
cases of foot dermatitis.1 Formaldehyde and glutaraldehyde may
also be used in the tanning process, but these are less common
sources of leather allergens.9

Dimethyl Fumarate

Dimethyl fumarate (DMF), the methyl ester form of fumaric acid,
was first identified as a potent contact sensitizer during a contact
dermatitis outbreak that occurred because of its use in Chinese-
manufactured furniture.32,33 Dimethyl fumarate inhibits the
growth of mold; it has been used to protect leather during storage
and transport.34 Numerous studies have documented DMF as an
allergen in shoe dermatitis. Dimethyl fumarate is commonly
placed in sachets within shoe boxes and has been found to im-
pregnate and remain within footwear for long periods.35 Giménez-
Arnau et al36 studied 17 patients with contact dermatitis of the feet
due to DMF. All 15 adults in the study developed a delayed sen-
sitization confirmed by positive patch test results to DMF less than
or equal to 0.1% in pet. Chemical analysis verified the presence of DMF
in the shoes of all patients that showed a positive reaction to their own
shoe sample.36 In another study, Silvestre et al37 found that patients with
shoe dermatitis who had positive patch test results for DMF were likely
to present with erythema primarily involving the dorsum of toes and
feet (59%), followed by the entire foot (38.6%) and the bottom third of
the leg (22.7%). Dimethyl fumarate was identified in all shoe samples
through the use of gas chromatography/mass spectrometry in this
study.37 In another study, the concentration of DMF in various com-
ponents of shoes was found to correlate with the localization of lesions.31

Matthys et al ¡ Shoe Allergic Contact Dermatitis 165

Copyright © 2014 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.



D’Erme et al34 reported a unique case in which a patient de-
veloped headache, fever, and malaise in addition to severe eczema
on the dorsum and soles of her feet after contact with DMF in a
recently purchased pair of shoes manufactured in China. Vesicles
were found at the site of shoe contact. Upon chemical analysis,
a concentration of 740 mg/kg of DMF was found in the shoes.34

The European Commission has banned items containing more
than a concentration of 0.1 mg/kg from the Europeanmarket since
March 2009. D’Erme and colleagues34 advocate stricter widespread
regulation to eliminate DMF exposure.

Dyes

An allergy to dyes may be missed due to a lack of the necessary
chemicals for testing.9 Rani et al4 found dyes, particularly para-
phenylenediamine and 4-aminoazobenzene, to be the cause of 7.6%
of positive patch test results in their study. Para-phenylenediamine
is a common dye allergen because of the preference for black col-
oring in shoes and socks.2 Disperse orange 3, acid yellow 36, disperse
red 1, and disperse blue 106/124 mix have also been shown to cause
shoe allergy.3,23

Metals

Many metals are skin sensitizers; however, nickel, cobalt, chro-
mium, and mercury ions/compounds are most commonly in-
volved in ACD of the feet. There is variation among the literature
in regards to the relevance of nickel as a foot dermatitis allergen.
Holden and Gawkrodger21 suggest that nickel is not a pertinent
concern unless there is an obvious source, such as a metal buckle.
In contrast, Lazzarini et al6 reported nickel sulfate to be an im-
portant allergen. Onder and colleagues9 presented the case of a
patient who developed a reaction to metal buttons on her slippers;
patch testing showed a positive reaction to nickel sulfate. Rani
et al4 reported that 22.7% of patients patch tested for shoe der-
matitis were sensitive to nickel sulfate. Of those, only 18% showed
clinical relevance.4 Cobalt dichloride has also been determined to
be a cause of shoe allergy.8 It was 1 of the most frequent causes
of allergy in an Indian study by Chowdhuri et al2 thought to be
due to the increasing use of cobalt in shoe buckles and eyelets.
Goossens and colleagues38 described the case of a patient who had
concomitant allergic reactions to both nickel and cobalt within the
same pair of plastic shoes. Nickel and cobalt compounds may be
used in dyes and pigments, which likely contributed to the con-
comitant reaction in this particular patient. Furthermore, Koch and
Nickolaus39 reported a young boy who developed severe ACD, and
eventually mercury exanthema, after wearing polyvinyl chloride boots.
Patch test results for inorganic and organic mercury compounds
were positive.

Socks and Hosiery

In a study of textile allergens that resulted in ACD, Opie et al40

found basic red 46 to be the most common cause of dye allergy,

with acrylic-blend men’s work socks being the common source. In
a study by Slodownik et al41 that explored ACD of the feet and
other regions of the body, a number of textile dyes were implicated
as allergens (Table 1).

Rubber within socks has also been implicated as an allergen in
shoe dermatitis. N, N-Dibenzyl carbamyl chloride is the respon-
sible allergen that is formed when a rubber accelerator called zinc
dibenzyldithiocarbamate reacts with sodium hypochlorite (bleach),
causing a reaction known as the bleached rubber syndrome. Jordan
et al42 originally recognized this occurrence with undergarment
elastic that had been bleached, and they were able to identify the
compounds in the reaction mixture by gas chromatography/mass
spectroscopy. In bleached rubber syndrome, patients will show a
reaction to the bleached clothing but have no reaction to the identi-
cal, nonbleached clothing.43 Another rubber antigen, mercaptoben-
zothiazole, can remain within cotton socks despite washing and
boiling, contributing to cases of persistent dermatitis.44

Nylon stockings may also present as a source of ACD due to
either the dye used or the fiber itself. In earlier reports, patch
testing suggested that the finish and dyes were the source of al-
lergen; however, a number of studies have implicated the synthetic
fibers. The number of cases of ‘‘nylon dermatitis’’ due to fiber has
declined since the mid 1900s likely because of improvements in
fiber production that have led to the use of lower molecular weight
residues within the fiber.45 In a more recent study, disperse yellow 3,
disperse red 1, disperse blue 3, and disperse orange 3 used in women’s
stockings were shown to cause ACD.46 Imbeau and Reed47 presented
a case of a patient who reacted positively to disperse yellow 3 and
disperse red 1 dyes found within stockings; (s)he did not react to
the rawnylon ornylonfinish. Perez-Crespo et al46 recommendpatch
testing patients with a textile series as needed in addition to the
shoe tray.

TABLE 1. Textile Dye Allergens41

Disperse orange 3 (1.0 pet.)

Disperse red 1 (1.0 pet.)

Disperse red 17 (1.0 pet.)

Disperse blue 153 (1.0 pet.)

Disperse blue 3 (1.0 pet.)

Disperse blue 35 (1.0 pet.)

Disperse blue 106 (1.0 pet.)

Disperse blue 85 (1.0 pet.)

Disperse orange 1 (1.0 pet.)

Disperse brown 1 (1.0 pet.)

Disperse yellow 9 (1.0 pet.)

Disperse blue 124 (1.0 pet.)

Basic red 46 (1.0 pet.)

Reactive blue 21 (5.0 pet.)

Reactive red 123 (5.0 pet.)

Reactive red 238 (5.0 pet.)

Direct orange 34 (5.0 pet.)

Disperseblue106/124mix (1.0 each inpet.)

pet., petrolatum.
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PATCH TESTING

Practical Considerations

Testing on disease-free skin is essential for identifying the offending
allergen; this may include testing with chemicals from the standard
series, an expanded shoe series, and/or pieces of the patient’s shoe.1,4

An understanding of shoe construction, particularly concerning
the chemical components that go into each part of the shoe, may
be advantageous as an initial approach in determining the culprit
allergen. Patch testing with the patient’s shoe itself should be
performed using pieces of the shoe that are in contact with the re-
active skin. Epstein supports the importance of patch testing with
shoes, and to minimize false negatives, he urges that the following
techniques be used: test all footwear, use the upper back as a test
site, and use materials of at least 1 cm2 and less than 2 mm thick.48

Particular caution should be taken to avoid obtaining false-positive
irritant pressure reactions; thus, the shoe pieces being tested should
be thin.1 Table 2 provides a list of relevant patch testing allergens
within the TRUE Series, Chemotechnique Diagnostic shoe series,
and allergEAZE shoe panel.

Unknown allergens may also be detected by further chemical
analysis. Bruze et al49 discussed the technique of using ultrasonic
bath to extract chemicals from materials for further patch testing.
In this technique, the material is placed in a solvent suitable for the
particular sensitizer within a glass jar, which is then placed in an
ultrasonic bath. After this, the original material is removed, and the
solvent is evaporated. A solvent is then added to the remaining
residue in the jar, and together this forms the stock solution to be
used for patch testing. Bruze et al49 have found ultrasonic bath ex-
traction to be an advantageous technique to use when there are

TABLE 2. Patch Testing Series for Shoe Dermatitis

TRUE Series

Potentially Relevant Allergens

Chemotechnique Diagnostic

Shoe Series

allergEAZE

Footwear Grouping

Panel 1.2 IPPD (0.1% pet.) 1,3-Diphenylguanidine (1.0% pet.)

Nickel sulfate Glutaral (0.2% pet.) MBT (2.0% pet.)

Wool alcohols Disperse orange 3 (1% pet.) 4,4¶-Diaminodiphenyl methane (0.5%)

Neomycin sulfate Acid yellow 36 (1% pet.) 4-Aminoazobenzene (1.0% pet.)

Potassium dichromate Hydroquinone monobenzylether (1% pet.) 4-Phenylenediamine base (1.0% pet.)

Fragrance mix Thiuram mix (1% pet.) 4-tert-Butylphenol formaldehyde resin (1.0% pet.)

Colophony Tetramethylthiuram monosulfide (0.25) Abietic acid (10.0% pet.)

Paraben mix Teramethylthiuram disulfide (0.25) Benzoyl peroxide (1.0% pet.)

Balsam of Peru Tetramethylthiuram disulfide (0.25) Black rubber mix j IPPD (0.5% pet.)

Cobalt dichloride Dipentamethylenethiuram disulfide (0.25) Carba mix (3.0% pet.)

Panel 2.2 Potassium dichromate (0.5% pet.) Cobalt(II) sulfate (2.5% pet.)

p-tert-Butylphenol formaldehyde resin 4-tert-Butylphenolformaldehyde resin (1.0% pet.) Colophony (20.0% pet.)

Epoxy resin PPD (1.0% pet.) Cyclohexylthiophthalimide (0.5% pet.)

Carba mix Nickel (II) sulfate hexahydrate (5.0% pet.) Dibutylphthalate (5.0% pet.)

Black rubber mix Colophonium (20.0% pet.) Dibutylthiourea (1.0% pet.)

Cl+ Mej isothiazolinone (MCI/MI) Formaldehyde (1.0% aq.) Diphenylthiourea (1.0% pet.)

Quaternium-15 N,N´-Diphenylthiourea (DPTU) (1.0% pet.) Disperse blue 106 (1.0% pet.)

Methyldibromo glutaronitrile MBT (2.0% pet.) Disperse orange 3 (1.0% pet.)

PPD Diethylthiourea (1.0% pet.) Dodecylmercaptan (0.1% pet.)

Formaldehyde 1,3-Diphenylguanidine (1.0% pet.) Formaldehyde (1.0% water)

Mercapto mix N,N´-Dibutylthiourea (1.0% pet.) Glutaraldehyde (.2% pet.)

Thiuram mix Epoxy resin, bisphenol A (1.0% pet.) Hydroquinone monobenzylether (1.0% pet.)

Panel 3.2 Dodecylmercaptan (0.1% pet.) Mercapto mix (1.0% pet.)

Diazolidinyl urea Methylisothiazolinone + Methylchloroisothiazinolone/methylisothiazolinone

(0.01% water)

Quinoline mix Methylchloroisothiazolinone (0.02% aq.) Nickel sulfate hexahydrate (2.5% pet.)

Tixocortol-21-pivalate 4-Aminoazobenzene (0.25% pet.) Octylisothiazolinone (0.025% pet.)

Imidazolidinyl urea 2-n-Octyl-4-isothiazolin-3-one (0.1% pet.) Potassium dichromate (.25% pet.)

Budesonide 4,4 -̀Dithiodimorpholine (1.0% pet.) Thiourea (0.1% pet.)

Hydrocortizone-17-butyrate Thiuram mix (1.0% pet.)

Mercaptobenzothiazole

Bacitracin

Disperse blue 106

aq., aqueous; IPPD, N-isopropyl-N-phenyl-4-phenylenediamine; pet., petrolatum; PPD, p-Phenylenediamine; MBT, 2-Mercaptobenzothiazole.
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suspicions that a patient is hypersensitive to a chemical present in
the shoes but otherwise does not react to patch testing. It is possible
that the particular sensitizer is in low concentration in the shoe,
and ultrasonic bath extraction concentrates it enough to elicit a
response in a hypersensitive individual.49 Multiple authors recom-
mend the use of chemical analysis of shoe extracts in addition

to patch testing to confirm the presence of the causative chemical in
the footwear. Kaniwa et al50 were able to identify known and un-
known allergens (S-substituted mercaptobenzothiazole compounds
and styrenated phenol) through the use of gas chromatography,
gas chromatography/mass spectroscopy, direct inlet/mass
spectroscopy, and high-performance liquid chromatography.

TABLE 3. Available Products for Shoe ACD57Y66

Askin Shoes: www.askin.it; info@askin.it Offers products excluding the following materials:

Metal tanning agents: chromium salts, aluminum, zirconium, titanium,

nickel, lead, copper, cadmium

Acids: sulfuric, formic, oxalic, hydrochloric

Biocides: trichlorophenol, pentachlorophenol, tributyltin oxide

Formaldehyde resins

Epoxy resins

Amine catalyzers

Azoic catalyzers

Bactericides

Isocyanides

Carbamates

Ausangate Socks: www.ausangatesocks.com/default.asp Lanolin-free socks made of breathable alpaca fiber

Birkenstock Express: Telephone number:

1-800-451-1459; www.birkenstockexpress.com

Offers both cork and polyurethane footbed replacements

Birkenstock USA, LP: info@birkenstockusa.com Sandals and shoes do not use carba mix or specifically the 3 allergens

related to carba mix: zinc diethyldithiocarbamate, diphenylguanidine,

zinc dibutyldithiocarbamate. In addition, products do not use: abitol,

abietic acid, colophony, phthalate, p-tert-butylphenol formaldehyde

resin (PTBP-FR), or thiuram mix. Chrome VI is not used in the tanning

process of leathers. Soles do not contain mercaptobenzothiazole (MBT).

Birkenstock buckles, rivets, and staples are all made of steel and are

all nickel free.

The Cordwainer Shop: PO Box 110 67 Candia Rd, Deerfield,

NH, 03037; Telephone number: (603) 463-7742;

info@cordwainershop.com

Glue-free linings for allergy sensitive customers

Loveless Orthopedic Appliance: 4400 SW 21st St, Oklahoma City,

OK 73108; Telephone number: 405-631-9731;

contact@lovelessboots.com

Offers hypoallergenic liners for shoes and boots

Microair Barrier Socks Alpretec:

http://www.alpretec.com/eng for the list of distributors

Barrier socks prevent skin from coming in contact with allergens.

Multnomah Leather Shop:

http://www.multnomahleather.com/Allergy

Offers clogs made of chromate-free vegetable-tanned cowhide.

For those with rubber allergy, they use a wood midsole,

isolating the wearer’s feet from the cemented outsole.

Po-Zu: http://www.po-zu.com; contact@po-zu.com Use natural materials, such as hemp, cork, coir,

latex (from pure vegetable rubber), wool (100%

unbleached and often undyed), and organically

tanned leather. Avoid glues.

P.W. Minor and Son, Inc: 3 Treadeasy Ave, Batavia, NY 14020;

Telephone number: 800-333-4067; consumerhotline@pwminor.com

Offers hypoallergenic footwear, including chrome-free leather and the

use of minimal adhesives

Simple Way, The Leather Kit People: www.simpleway.co.uk Can make shoes to order without adhesives

Snipe: http://www.snipe-shop.de/ Offers chrome-free tanned leather, natural cotton uppers, nickel-free

metal, soles and laces made of natural materials

West Coast Shoe Company: 52828 NW Shoe Factory Lane,

PO Box 607 Scappoose, OR, 97056; Telephone number:

(800)-326-2711; info@wescoboots.com

Offers chrome-free vegetable-tanned leather products
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Nishioka et al51 made the first report of 6-ethoxy-2,2,4-
trimethyl-1,2-dihydroquinoline (ETMDQ) as an allergen in
rubber boots by identifying it through gas chromatography/
mass spectroscopy.

The variation in allergen sensitivity across studies is attributed
to the variation in chemical composition of footwear, individual
susceptibility, and patch testing series used.3 Furthermore, dif-
ferences in footwear styles across regions, as well as differences in
climate, can impact the variation in the predominant allergens
documented in different studies. It has been reported that allergy
to chromium compounds is frequent in European countries and in
India, whereas allergy to rubbers and adhesives is more common in
North America and Asia.8

Management

Once the causative agent is determined, patients should avoid ex-
posure to the allergen completely by changing shoe materials or
avoiding contact with them through the use of barriers. Avoiding
the allergen can present a challenge, and various strategies may need
to be used. For those allergic to chromium, chromium-free leather
shoes are a viable substitute; otherwise, it is advised to switch to
a new pair of leather shoes every few months because chromium
may filter out from the leather over time as they get worn out.8

Wearing 2 pairs of socks and alternating different pairs of boots
on a day-to-day basis have also proven to be helpful for some pa-
tients with an occupational allergy to work boots. Patients with
rubber allergy should consider replacing the innersoles with cork,
composite, or felt and using a nonrubber cement adhesive. Custom-
made shoes, although more expensive, are another option.1 Table 3
provides a list of custom shoe manufacturers and available foot-
wear products for patients with ACD.

Barrier socks, developed through textile engineering, are a more
recent form of treatment used to protect the skin against shoe
allergens. Socks manufactured by Alpretec are made of a 3-layer
fabric designed to be impermeable to allergens, irritants, and
liquids. Corazza and colleagues52 tested the efficacy of these
socks in 9 patients with ACD. After 8 weeks, 7 of 9 patients reported
reduction in pain, and 6 of 9 reported a reduction in itch; all pa-
tients reported improvement in their ability to walk. Such socks
may be a feasible alternative when complete avoidance of a causa-
tive agent is difficult. Hyperhidrosis should also be treated because
sweat can cause chemicals to seep out from shoes, further contrib-
uting to contact allergy.1

Occasional use of topical and systemic corticosteroid therapies
may be beneficial in managing ACD.9 Barrier creams have been
shown to improve ACD in experimental settings, but their efficacy
in clinical use remains uncertain.53,54 Some reports indicate that
the use of barrier creams further exacerbate cases of ACD.53

Clioquinol and other chelating agents have shown to prevent
nickel ACD by binding the nickel present on the skin.55

In 1 study that followed 48 patients for several years after being
diagnosed with shoe ACD, approximately 87.5% of patients had

their shoe dermatitis improve or resolve after a mean follow-up
period of 2.9 years.1 Forty-three percent of patients were atopic,
a poor prognostic factor in which patients usually do not expe-
rience clearance of the dermatitis after avoidance of the culprit
allergen.1,6 Many of these patients, however, found relief of their
symptoms by finding alternative shoes and by using different
strategies of allergy avoidance.

Allergic contact dermatitis can be a significant problem not
only in adults but also in children. Teixeira et al56 described
the case of a 5-year-old child with severe foot dermatitis that
prevented her from attending school, greatly impacting her psy-
chosocial development. In persistent cases of foot dermatitis in
children, patch testing is advised.

CONCLUSIONS

Foot dermatitis is a common and treatable condition. Allergic
contact dermatitis of the feet should be considered in the differen-
tial in cases of persistent foot dermatitis. Patch testing is crucial
for determining the offending allergens, and once determined,
specific strategies can be used to eliminate or minimize contact.
Although managing this condition may present challenges, the prog-
nosis for ACD is good overall. Additional multicenter studies on the
international and national levels are needed to determine the most
applicable footwear screening series by region. Strict regulation
and discovery of toxic allergens such as DMF will be vital in con-
tinuing to prevent and manage this condition in the future.
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