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The prevalence of metal allergy is high in the general population, and it is estimated that up to 17%
of women and 3% of men are allergic to nickel and that 1-3% are allergic to cobalt and chromium.
Among dermatitis patients, the prevalence of metal allergy is even higher. Metal allergy is mainly an
environmental disorder although null mutations in the filaggrin gene complex were recently found to be
associated with nickel allergy and dermatitis. Environmental metal exposures include jewelry, buttons,
clothing fasteners, dental restorations, mobile phones, and leather. Although consumer exposure is
responsible for most cases of metal allergy, the importance of occupational metal exposure remains present
and should always be taken into consideration when one interprets allergic patch test reactions to metals.
Traditionally, nickel, cobalt, and chromium have been the most important contact allergens. However,
recently, gold and palladium have drawn much attention as the prevalence of contact allergy to these
metals is high. Palladium allergy is mainly a result of cross-sensitization to nickel, whereas gold allergy
is rarely clinically relevant when one takes its high prevalence into account. The epidemiology of metal
allergy has recently changed in Europe as nickel allergy among ear-pierced Danish women has decreased
following regulatory intervention on nickel release from consumer products. In the United States, the
prevalence of nickel allergy is still increasing, which may be explained by the absence of regulation. The
prevalence of chromium allergy is increasing in the United States, Singapore, and Denmark among
dermatitis patients. This increase is significantly associated with leather exposure in Denmark. Metal
allergy may result in allergic contact dermatitis and systemic allergic (contact) dermatitis. Furthermore,
metal allergy has been associated with device failure following insertion of intracoronary stents, hip and
knee prostheses, as well as other implants. This area is in need of more research.
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1. Introduction

Metals such as nickel, cobalt, and chromium are ubiquitous
in our environment. Over the 20th century, industrialization and
modern living have resulted in increased cutaneous exposure
to these metals and hence metal allergy (1, 2). This review aims

to briefly update the reader on past and current metal exposures,
metal skin penetration, genetic predisposition, recent epidemio-
logical trends, and the clinical implications of metal contact. It
has an overall focus on nickel, cobalt, and chromium, as these
metals are the most prevalent contact allergens and as they are
included in the European and North American baseline patch
test series. Other metals like gold, palladium, and aluminum
will only be sparsely discussed (Table 1).

2. Causative Metal Exposures

2.1. Nickel. Over the first half of the 20th century, nickel
allergy and dermatitis were mainly observed among workers
in the plating industry (3, 4). However, the large number of
nickel-allergic people seen today is mainly explained by
exposure to nickel-releasing consumer items. Metals that release
nickel include white gold, gold plating, German silver, Monel
solder, nickel plating, and stainless steel. The nickel epidemic
began in the 1950-1960s with an increasing number of female
dermatitis patients who had eruptions at the site of their stocking
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Table 1. Metals That Most Often Result in Contact Allergy
and Allergic Contact Dermatitis

metal magnitude of clinical problem

nickel
majorcobalt

chromium
gold

rising?palladium
aluminum
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suspenders (5). In the 1970-1980s, nickel release from jean
buttons and zippers resulted in dermatitis in both genders (6, 7).
In the 1980s, the popularity of ear piercing and the use of nickel-
plated jewelry lead to nickel allergy and dermatitis in a large
proportion of women (8-11). Thus, in 1990, the Danish
government restricted nickel release from consumer items such
as jewelry, buttons, and zippers to prevent nickel allergy (1, 12).
In 1994, the EU Nickel Directive was passed to protect European
citizens from nickel allergy (1994/27/EC). This intervention
rapidly lead to a significant decrease in the proportion of
consumer items that released an excessive amount of nickel
(>0.5 µg nickel/cm2/week) in Sweden (13, 14). Today, new
sources of nickel allergy have been discovered, for example, in
head sets, mobile phones, and children’s clothing fasteners
(15-17). In men, the number of body piercings is positively
correlated with nickel allergy (18). A possible association
between nickel allergy and nickel dermatitis following makeup
exposure has been much debated; however, it remains unclear
whether nickel-allergic subjects should avoid, for example,
mascaras and eye shadows that contain nickel (19-21). Despite
the changing patterns of consumer exposure, excessive nickel
release is still frequent from jewelry. Recent Danish and
American studies have shown that approximately 10-30% of
inexpensive jewelry release nickel in concentrations that may
result in sensitization and elicitation of dermatitis (22, 23).
Likewise, approximately 20% of mobile phones from the Danish
market in 2007 released excessive nickel concentrations (15).
Mobile phones are now covered by the EU Nickel Directive
(24).

Despite increased work hygiene, occupational nickel exposure
may still result in morbidity. Shah et al. found that in 22.8% of
368 nickel-allergic dermatitis patients, nickel allergy had
occupational relevance (25). The most common occupations
were retail clerks, hairdressers, domestic cleaners, metal workers,
and caterers (25). In line with this finding, 30.7% of 332 Polish
patients with occupational contact dermatitis had clinically
relevant nickel allergy (26). Furthermore, up to 12% of British
patients diagnosed with occupational contact dermatitis had an
occupationally relevant nickel allergy (27). Dickel et al. found
that nickel was the most frequent sensitizer among patients with
occupational skin disease but also that occupational relevance
only was present in 11% (28). A recent Danish report described
two female hairdressers with occupational nickel hand eczema
following contact with scissors and crochet hooks that released
excessive amounts of nickel (29). Lidén et al. found that nickel
deposition on the hands in locksmiths, cashiers, and carpenters
following work was capable of eliciting nickel dermatitis and
possibly causing or contributing to sensitization (30). This was
in accordance with a previous study that found excessive nickel
release in 27% of 565 hand-held tools with metal parts that
potentially came into contact with the skin (31). Finally, an
Australian study showed that nickel was the most prevalent
occupational allergen among female patients with dermatitis,
whereas nickel only ranked 10 in men (32). Taken together,
these reports underscore that occupational nickel allergy and
dermatitis should always be suspected.

2.2. Chromium. Historically, the most important cause of
chromium allergy has been occupational skin exposure to
cement. The first cases of chromium dermatitis were reported
among construction workers who built the Metro in Paris in
1908 (33). In the 1970s, Denmark saw an accumulation of
persons with permanent disability due to chromium dermatitis
from occupational cement exposure (34). However, the com-
pulsory addition of iron sulfate to cement in 1983 reduced the

amount of water-soluble hexavalent chromium as well as the
prevalence of chromium allergy among construction workers
in Denmark (35, 36). In 2005, an EU Directive (2003/53/EC)
restricting the marketing and use of cement containing more
than 2 ppm hexavalent chromium came into force in the member
states. Although chromium dermatitis remains prevalent in
countries with a high number of construction workers (37), the
addition of iron sulfate to cement has resulted in significantly
lower urinary chromium concentrations in Taiwanese cement
workers with hand dermatitis (38). Occupational chromium
allergy remains associated with male gender and older age (39),
and it is estimated that occupational chromium exposure played
a role in 6% of 22184 British patients with occupational contact
dermatitis (40). In Australia, chromium allergy affected 37%
of male patients with occupational contact dermatitis (32).
Besides cement exposure, occupational chromium exposure may
derive from contact with dyeing agents, metal alloys, pottery
colorants, and antirust agents in coolants (40). Lidén et al.
showed that chromium was deposited on the hands in especially
locksmiths (chromium mean ) 0.045 µg/cm2/h) but also in
carpenters and cashiers (chromium mean ) 0.003-7 µg/cm2/
h) (30). Geier et al. showed that handling of chromated metal
products such as screws and fittings was a hazard to chromium-
allergic subjects, in particular those with a strong sensitization
(41).

Recently, chromium exposure has changed from an oc-
cupational problem to a consumer problem (42). In Denmark,
the frequency of relevant leather exposure among chromium-
allergic patients increased from 24.1% during 1989-1994 to
45.5% during 1995-2007 (p < 0.02) (42). At the same time,
the frequency of clinically relevant cement exposure decreased
among chromium-allergic patients from 12.7% in 1989-1994
to 3.0% in 1995-2007 (p < 0.01) (42). Today, nearly 90% of
the global leather production is tanned using chromium sulfates
(43). The German Federal Institute for Risk Assessment found
that more than half of 850 leather goods contained hexavalent
chromium and that one-sixth contained more than 10 mg
chormium/kg leather (http://www.bfr.bund.de/cd/9575). Simi-
larly, 35% of 43 leather products on the Danish market contained
hexavalent chromium above the detection limit of 3 ppm (range,
4-15 ppm) (44). Today, it is accepted that most chromium-
allergic patients are sensitized and develop contact dermatitis
following consumer exposure to chromium in finished leather
products (45-48).

2.3. Cobalt. Cobalt is used in the production of alloys,
magnets, prosthetics, paints, pigments, and jewelry (49). High
prevalences of cobalt allergy among women and female
dermatitis patients have traditionally been explained by con-
sumer exposure, as it used to be mixed with or occur as an
impurity in nickel alloys used in jewelry (50). Also, higher
prevalences of cobalt allergy have been observed in pierced men
in comparison to nonpierced men (18, 51). Concomitant allergy
to nickel and cobalt is generally explained by cosensitization
rather than cross-reactivity (52, 53). Concomitant nickel and
cobalt allergy has also been associated with more severe forms
of dermatitis and non-Caucasian races (54, 55). Today, nickel
and cobalt are found less frequently together as global cobalt
prices have increased. In the 1970-1980s, the content of cobalt
in household products was discussed as a cause of consumer
cobalt allergy (56); however, only minor traces of cobalt are
generally found in such products (57, 58). It is probable that
the increasing use of cobalt in dental alloys is a source of
sensitization that may have been previously overlooked (59).
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Concomitant nickel and cobalt allergy has also been observed
among hard metal workers with hand eczema, as a British study
found that 25% had concomitant cobalt and nickel allergy (55).
Furthermore, isolated cobalt allergy has been observed among
hard metal workers and painters in the glass and pottery
industries (60, 61). In Australia, cobalt allergy was the second
most prevalent contact allergy among male patients with
occupational contact dermatitis (11%) and the 10th most
important in female patients (5.7%) (32). In the United
Kingdom, cobalt allergy had clinical relevance in 4% of 22184
patients with occupational contact dermatitis (40). Cobalt allergy
was associated with increasing age in men but not in women
(40). Lidén et al. showed that cobalt was only deposited to a
little degree on the hands in locksmiths, carpenters, cashiers,
and secretaries (cobalt mean ) 0.0001-2 µg/cm2/h) (30).

2.4. Gold, Palladium, and Aluminum. Palladium and gold
are typically used in dental restorations and jewelry (49). Gold
has also been used for coronary stents and rheumatic therapy
(62). Occupational palladium exposure may occur in the
electronics and chemical industries. Aluminum allergy is
traditionally associated with occupational exposure (49) but is
also a content of some hyposensitization therapies (63).

3. Metal Penetration

Metal allergy is developed following repeated or prolonged
skin contact with metal ions. Before metal ions can elicit a
cutaneous immune response, they must gain access to the viable
epidermis. Thus, they should have certain physicochemical
characteristics that are necessary for passage across the stratum
corneum, as it normally works as an effective barrier to many
chemicals (64). Exogenous (e.g., dose, size, counterions, polar-
ity, valence, and pH) and endogenous (e.g., age of the skin,
anatomical site, oxidation, and reduction) factors are important
and should also be accounted for when investigating metal
absorption (65-67). Nickel is mostly accumulated in the stratum
corneum, and only minor amounts are found in the lower layer
of epidermis (68, 69). It is estimated that more than 90% of
available nickel ions are in a bound state (68). Only trivalent
and hexavalent chromium are sufficiently stable to act as
haptens. Hexavalent chromium may easily pass through the
epidermis, whereas trivalent chromium tends to form stable
complexes within the epidermis (70, 71). Once hexavalent
chromium has entered the skin, it is reduced to trivalent
chromium, which then binds to proteins. Little is known about
cobalt absorption; however, it has been shown that volunteers
who were cutaneously exposed to cobalt had higher concentra-
tions of urinary cobalt (72). Also, it has been shown that the
permeation of both nickel and cobalt ions may be closely
associated with the oxidizing capacity of sweat (65, 73). It was
recently demonstrated that cobalt and nickel powders penetrate
damaged skin more easily than intact skin but also that
chromium probably has a stronger skin protein binding capacity
(74-78). Filon et al. found that 99% of chromium accumulated
in the skin when performing in vitro skin permeation experi-
ments (78). In their native state, metal ions are haptens and as
such are of insufficient size to provoke an immune response.
For this to be achieved, they must form stable conjugates with
proteins once inside the skin (79). Consequently, contact
allergens are either inherently protein-reactive or can be
metabolized in the skin to protein-reactive species (80).
However, it was recently shown that some contact allergens,
for example, nickel, may interact directly with the human
histocompatibility leukocyte antigen (HLA) in a peptide-
independent manner (81).

4. Genetic Predisposition to Metal Allergy

A recent review found no definite genetic predisposition to
nickel allergy (82). Of interest, previous epidemiological studies
have found conflicting results. Thus, a Danish study with 1546
twins showed that nickel allergy was influenced by genetic
factors since nickel allergy was more prevalent in monozygotic
than dizygotic twins (11), whereas a more recent twin study
found that nickel allergy was explained by environmental rather
than genetic factors (83). Recently, null mutations in the filaggrin
gene complex were found to be associated with nickel allergy
as well as nickel allergy in combination with self-reported
jewelry dermatitis among subjects from the general population
(84). Filaggrin is a highly phosphorylated, histidine-rich polypep-
tide that aggregates keratin filaments and is a crucial component
of the terminal differentiation of the epidermis (the outer layer
of the skin). It prevents epidermal water loss and also impedes
the entry of microorganisms, allergens, and chemicals (85). Loss
of filaggrin expression may lead to deficiencies in the terminal
formation of the stratum corneum and disrupt skin-barrier
function. Many mutations in the FLG gene have so far been
documented, and it is estimated that 10% of the general
population is affected (86, 87). As histidine and histidine-rich
polypeptides are strong nickel chelating agents, it is possible
that the accumulation of nickel in the upper part of stratum
corneum is partly caused by filaggrin (88). Thus, nickel may
possibly permeate freely or more rapidly in filaggrin-deficient
skin in comparison to normal skin. If so, different routes of
nickel exposure may explain the contradictory results found in
past twin studies. Thus, the majority of twins in the study by
Menné and Holm were cutaneously exposed to nickel from
stocking suspenders and buttons (11), whereas most twins in
the study by Bryld et al. were rather exposed to nickel ions
from ear piercing (83). In the latter case, the immune system
was directly exposed to nickel ions as the skin and its
compartments (including nickel chelating filaggrin) were by-
passed by perforation. This may explain why no genetic
predisposition could be found in the second twin study (88).

5. Prevalence and Trends

5.1. General Population. The prevalence of metal allergy
is high in the general population. It is estimated that up to 17%
of women and 3% of men are nickel allergic, whereas only
1-3% are allergic to cobalt and chromium (2, 50, 89-91). A
recent study showed that the prevalence of nickel allergy was
33.8% among Thai women and that the prevalence was highest
among 18-25 year olds (92). The higher prevalence in women
is mainly explained by ear piercing (93), and it is estimated
that 80% of women and 10% of men are ear-pierced (2). Two
consecutive cross-sectional patch test studies from the same
general population in Denmark showed that the prevalence of
chromium and cobalt allergy decreased significantly between
1990 and 2006 (94). The decrease of chromium allergy was
mainly explained by an effect of the Danish chromium regula-
tion, which reduced the amount of water-soluble hexavalent
chromium in cement, and by increased work hygiene. The
decrease of cobalt allergy was mainly observed in women and
was probably a result of reduced exposure to cobalt (and nickel)
from inexpensive jewelry (94). Furthermore, the epidemiology
of nickel allergy has recently changed among women from the
general population in Denmark. This change is likely to be
explained by the 1990 regulatory intervention on nickel allergy
(12). Thus, a significantly (p ) 0.004) lower prevalence of nickel
allergy was found among Danish women pierced after the nickel
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regulation came into effect (6.9%) in comparison to women ear-
pierced before 1990 (16.6%) (95).

5.2. Clinical Patients. Among 19793 patients from 10
European patch test centers, the age- and sex-standardized
prevalences of nickel, cobalt, and chromium allergies were
19.7-24.5, 6.2-8.8, and 2.4-5.9%, respectively, for the period
2005-2006 (96). Gold allergy may be observed in up to 10%
of dermatitis patients (97, 98) and 30-37% of dental and cardiac
patients (62, 99); palladium allergy may be seen in up to 10%
of dermatitis patients (100-103), whereas aluminum allergy is
only observed in very few patients (63, 104). Recently, the
epidemiology of nickel allergy has diverged in Europe and North
America. In Denmark and Germany, significantly decreasing
prevalences of nickel allergy have been observed among young
female patients following the regulatory interventions on nickel
exposure (16, 105, 106). In the United States and Canada, there
are currently no regulations on nickel exposure, and contact
allergy surveillance has recently demonstrated increasing preva-
lences of nickel allergy, which is now debated (107, 108). It
has been speculated whether the EU Nickel Directive could
result in increased use of cobalt in jewelry and hence cobalt
allergy (109). However, a recent Danish 23 year retrospective
patch test study did not support such a trend, although the
prevalence of cobalt allergy among young female patients did
not follow the decrease observed for nickel allergy (106). The
prevalence of palladium allergy increased in Italy over a 10
year period; however, the vast majority of cases were polysen-
sitized (92%), suggesting cross-sensitization (110). The increase
could possibly be a result of the increasing popularity of white
gold, although this is speculative. Finally, the epidemiology of
chromium allergy is changing in Denmark as the prevalence is
increasing significantly in both genders due to leather exposure
(42). Similar increases have also been observed in the United
States and in Singapore, although their causes were not
determined (111, 112).

6. Coreactivity and Clinical Relevance

Metal coreactivity is common among dermatitis patients. Data
analysis of 11516 patch-tested patients showed that 79% of
cobalt-allergic patients, 39% of chromium-allergic patients, and
95% of palladium-allergic patients, respectively, also reacted
to nickel (103). Furthermore, 23% of nickel-allergic patients,
31% of chromium-allergic patients, and 36% of palladium-
allergic patients, respectively, also reacted to cobalt (103).
Finally, 5% of nickel-allergic patients and 15% of cobalt-allergic
patients also displayed a positive reaction to chromium (103).
From the above, it can be appreciated that both cross-
sensitization (e.g., nickel and palladium) and concomitant
sensitization (e.g., nickel and cobalt) may occur. Dermatologists
should therefore always critically interpret positive patch test
reactions and determine clinical relevance, that is, present, past,
or unknown.

The clinical relevance of metal allergy is highly dependent
on the metal in question. Nickel, cobalt, and chromium allergy
are usually of clinical relevance (either past or present), although
it has been postulated that isolated cobalt allergy may reflect a
general skin vulnerability rather than a relevant allergic reaction
(60). In this study, Rystedt found that 1.2% of 4034 dermatitis
patients reacted to cobalt but not to nickel or chromium.
However, she found that the majority of these patients also
reacted to other contact allergens such as rubber chemicals or
had atopic dermatitis. There is currently limited evidence to
support that isolated cobalt reactions represent skin vulnerability

rather than true allergic skin reactions, although false positive
reactions to cobalt do occur (113, 114).

Despite the fact that there has been a general change of
attitude, gold allergy is rarely clinically relevant when one takes
its high prevalence into account. Gold dermatitis may be
observed at the site of jewelry contact (115-117), although it
has been shown that gold-allergic female dermatitis patients who
avoided gold earrings did not experience improvement of their
earlobe dermatitis (118). Furthermore, it has been reported that
gold-allergic patients may develop eyelid dermatitis (119, 120),
which supposedly is caused by cosmetic powders that abrade
jewelry and act as carriers to the face (118). Finally, gold allergy
is more common in patients with gold dental restorations and
gold coronary stents (62, 120, 121). Although gold allergy may
be associated with mucosal disease (122), most gold-allergic
patients tolerate gold restorations well (120). Palladium allergy
is usually interpreted as a result of cross-sensitization to nickel.
In a randomized study, patients with nickel and palladium
allergy had flare-up reactions on sites previously tested with
nickel and palladium following oral nickel provocation (123).
A correlation between high nickel sensitivity and reactivity to
palladium was found among 462 nickel allergic dermatitis
patients (124). Despite these convincing reports, sarcoidal type
allergic contact granuloma due to palladium exposure and
allergy may occur in a few patients (125). Finally, aluminum
allergy has been observed in children with persistent subcutane-
ous nodules who underwent hyposensitization therapy (63). The
subcutaneous nodules were considered to be cutaneous mani-
festations of contact allergy.

7. Clinical Implications

7.1. Allergic Contact Dermatitis. Two distinct phases are
recognized at the mechanistic level, an induction phase and an
elicitation phase. The induction phase usually develops over a
few days to some weeks and includes the immunological events
following first skin contact with the metal. This phase is
complete when antigen specific T-cells have been developed
and the individual is sensitized (126). The effector phase usually
develops within 1-2 days but may already take place within
2 h (126). Activation of antigen specific T-cells results in
dermatitis at the site of allergen skin contact, and the reaction
usually resolves within days to weeks. At the clinical level, the
induction phase is referred to as contact sensitization or contact
allergy, whereas the effector phase is referred to as allergic
contact dermatitis (126). Contact allergy is considered to be a
chronic and potentially life-long condition (127). Allergic
contact dermatitis may involve all body parts (Figure 1). Nickel
and cobalt dermatitis are typically seen on the face (earlobes),
body (at sites of jewelry and piercings), and hands, whereas
chromium dermatitis is located on the hands and feet. The
clinical picture varies depending on its chronicity. Acute
dermatitis is characterized by erythema, edema, papules,
vesicles, and weeping, whereas chronic dermatitis is scaly, dry,
and fissured. Risk factors of allergic contact dermatitis include
the inherent sensitizing potential of an allergen (128), elevated
allergen concentration (dose per unit area) (129), high frequency
of exposure (130), occlusion (131), long exposure time (132),
the presence of penetration enhancing factors, and an altered
skin barrier function (133). Studies have shown that the
prognosis of dermatitis is especially poor for chromium-allergic
patients (38, 134-136). Also, the prognosis of nickel dermatitis
is improved in patients where nickel contact is limited or avoided
(137).
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D
ow

nl
oa

de
d 

by
 U

N
IV

 D
I 

R
O

M
A

 T
O

R
 V

E
R

G
A

T
A

 o
n 

O
ct

ob
er

 2
9,

 2
00

9 
| h

ttp
://

pu
bs

.a
cs

.o
rg

 
 P

ub
lic

at
io

n 
D

at
e 

(W
eb

):
 O

ct
ob

er
 1

6,
 2

00
9 

| d
oi

: 1
0.

10
21

/tx
90

02
72

6



Over the years, various binding agents and barrier creams
have been investigated for their ability to prevent allergic metal
dermatitis (138-140). The use of 10-15% disodium ethylene-
diamine tetra-acetate (EDTA) in a cream was successful at
reducing nickel patch test reactivity in nickel-allergic patients
but not at reducing chromium patch test reactivity in chromium-
allergic patients (74, 138, 140-142). Bidentate sulfur donor
ligands such as diethyldithiocarbamate and tetraethylthiuram
(disulfiram) disulfide have been investigated for their nickel
chelating abilities (143, 144). A placebo-controlled double-
blinded study found that oral disulfiram treatment was relatively
effective at reducing nickel dermatitis but also that hepatotox-
icity was frequently observed (143). For these reasons, disul-
firam is rarely used in a clinical setting. A study found that
5-chloro-7-iodoquinolin-8-ol (clioquinol) was the most effective
ligand for the prevention of allergic nickel dermatitis to nickel
when compared with EDTA (15%), ascorbic acid (20%), and
R-tocopherol (10%) (141). Thus, when 20 pence coins were
coated with cream containing 3% clioquinol and 1% hydrocor-
tisone and used for patch testing in 26 nickel-allergic subjects,
no dermatitis reactions were observed after 2 days of occlusion
(141). Because clioquinol may penetrate the skin and result in
neurotoxicity and blindness (145), the ligand is usually not
applicated for the prevention of nickel dermatitis. Furthermore,
anion and cation exchangers have proven to be effective for
the prevention of dermatitis in chromium- and nickel-allergic
patients, respectively (146). The advantage of cation exchange
resins in comparison to ligands is their inability to absorb
through the skin. A polyurethane coating of consumer items
worn close to the skin (e.g., jean buttons, bracelets, and watches)
may prevent nickel dermatitis in nickel-allergic individuals
(147, 148) Finally, a randomized, double-blind study found that
a 10% diethylenetriaminepentaacetic acid (DTPA) cream ab-
rogated positive patch test reactions in nickel-, cobalt-, and
copper-sensitized subjects but not in palladium- and chromium-
allergic patients (139).

Dose-response studies have been performed for nickel,
cobalt, and chromium. Nickel elicitation studies have revealed
that approximately 5% of a nickel-sensitized population will
react to an occluded (e.g., wrist watch and buttons) dose of 0.44
µg nickel/cm2/week and also that the allergy and elicitation
thresholds for skin-penetrating exposure (e.g., earrings) are lower
(149). Basketter et al. investigated safe levels of nickel in
consumer products (e.g., cosmetics and household products) and

found that products should not contain more than 5 ppm of
nickel and that the ultimate target level should be 1 ppm (57, 58).
Fischer et al. recently showed that elicitation of nickel allergy
depended on the size of the exposed area (and therefore the
total amount of applied nickel) even though the same dose per
unit area was applied (150). Chromium elicitation studies have
suggested that hexavalent chromium concentrations between 0.6
and 1770 ppm and trivalent chromium concentrations between
89 and 25350 ppm may elicit chromium dermatitis (74, 151, 152).
A review including six hexavalent chromium dose-response
studies concluded that 10% of chromium-allergic patients will
react to 7-44 ppm hexavalent chromium (corresponding to
0.35-0.9 µg /cm2/48 h) when patch tested (153). Obviously,
many chromium-allergic patients tolerate higher doses. Finally,
cobalt elicitation studies have demonstrated that cobalt-allergic
patients may react to even very low concentrations of cobalt.
Juliander et al. showed that 4 of 19 cobalt-allergic dermatitis
patients reacted to 320 ppm cobalt upon patch testing, the lowest
concentration used in their serial dilution (114). Another study
with 72 cobalt-allergic patients identified an elicitation concen-
tration at 50 ppm (154), whereas Fischer and Rystedt found
that cobalt-allergic patients could react to cobalt test concentra-
tions at 19 ppm (61). Finally, Allensby and Basketter showed
that when the site of patch testing in cobalt-allergic dermatitis
patients was pretreated for 24 h with a surfactant, 3 of 6 patients
reacted to 10 ppm cobalt upon testing (155).

7.2. Systemic Allergic (Contact) Dermatitis. Systemic
allergic dermatitis describes a cutaneous eruption following
systemic exposure to an allergen. The possible pathomechanisms
of systemic allergic dermatitis have recently been reviewed
(156). A study on systemic nickel allergy found a dose-response
relationship between nickel ingestion and dermatitis flare-up
(157). Thus, 0.3, 1, and 4 mg nickel sulfate hexahydrate gave
dermatitis in 40, 40, and 70% of nickel-allergic subjects. From
this study, it can be concluded that a single dose of 4 mg nickel
will result in widespread dermatitis in most nickel-allergic
patients (157). However, another oral nickel exposure study
found that some nickel-allergic patients developed tolerance in
response to increasing nickel doses (158). Low-nickel diets or
nickel-chelating drugs may result in clearing or improvement
of dermatitis in nickel-allergic patients (144, 159). Systemic
exposure to chromium, cobalt, and gold may also result in
systemic allergic dermatitis (160-162). Recently, systemic
allergic dermatitis was reported following nickel release (µg)
from small metallic eyelets at the base of the polyurethane
peripheral intravenous catheters (163).

7.3. Implant Failure. Little is currently known about the
possible association between metal release, metal allergy, and
device failure. However, all metals in contact with body fluids
corrode, and the released metal ions (haptens) may bind to
proteins and activate T-cells (164, 165). This may in a few cases
result in allergic contact dermatitis in the skin overlying the
implants (166, 167) and even in device failure. It has been
suggested that device failure is explained by activation of the
inflammasome danger signaling pathway in human macrophages
(168), but there may be many other involved pathomechanisms.

The majority of intracoronary stents are made from stainless
steel, which contains nickel, chromium, and molybdenum.
Coronary in-stent restenosis has been associated with nickel
allergy in some studies (169-171), whereas others have not
been able to confirm such an association (172-174). Gold
allergy has also been associated with restenosis in patients who
had gold-plated stents, and the use of gold has therefore been
largely abandoned (62). Today, total hip arthroplasties may be

Figure 1. Mild allergic nickel dermatitis caused by nickel release from
a belt buckle.
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performed using second generation metal-on-metal prostheses,
whichtypicallyconsistofaforged,high-carbon,cobalt-chromium-
molybdenum material (175). They tend to produce a high load
of metal particles in nanometer sizes, which accumulate to a
high specific surface area (176). Recent studies have shown that
patients with metal-on-metal prostheses may have elevated
serum and urine concentrations of cobalt and chromium
(176-180). This has resulted in increased concern about a
possible association between metal allergy and implant failure
(176, 181). Accumulated reports on metal allergy in total hip
arthroplasty patients showed that the prevalence of metal allergy
was ca. 25% among patients with well-functioning hip arthro-
plasties and 60% among patients with a failed or a poorly
functioning implants (181). Despite these prevalences, which
are much higher than general population estimates (2), it is
uncertain whether metal allergy causes device failure or device
failure causes metal allergy. Thomas et al. recently showed that
among 16 patients with revised metal-on-metal arthroplasty and
peri-implant lymphocytic inflammation, 81% had metal allergy
based on patch testing and/or lymphocyte transformation testing
LTT. Allergic reactions were mainly observed against cobalt,
chromium, nickel, and molybdenum (182). The authors con-
cluded that complications reflected allergic hyper-reactivity
(182). Furthermore, few reports have shown severe clinical
reactions such as “aseptic lymphocytic vasculitic associated
lesions” (ALVAL) and “pseudotumours” following hip artho-
plasty (183, 184). Metal-on-metal implants for hand joint
replacement as well as total knee arthroplasties have also been
associated with metal allergy (185, 186). In such instances,
implants may be replaced with titanium-based endoprostheses
(186). However, hypersensitivity reactions have also been

described following insertion of titanium implants, although
titanium allergy is extremely rare (187).

8. Conclusion

Metal allergy remains prevalent (Table 2). The pattern of
exposure has changed over the decades, mainly as result of
regulatory interventions and increased work hygiene. Metal
allergy remains of medical importance, lately illustrated by
device failure.
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(12) Menné, T., and Rasmussen, K. (1990) Regulation of nickel exposure
in Denmark. Contact Dermatitis 23 (1), 57–58.

(13) Lidén, C., and Norberg, K. (2005) Nickel on the Swedish market.
Follow-up after implementation of the Nickel Directive. Contact
Dermatitis 52 (1), 29–35.

(14) Lidén, C., and Johnsson, S. (2001) Nickel on the Swedish market
before the Nickel Directive. Contact Dermatitis 44 (1), 7–12.

(15) Thyssen, J. P., Johansen, J. D., Zachariae, C., and Menné, T. (2008)
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Genetic Predisposition
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Prevalence and Epidemiological Trends
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