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ABSTRACT

Nickel allergy (NA) is common and causes more cases of allergic contact dermatitis (ACD) than all other metals combined.
Many orthodontic appliances (ODAs) contain nickel but their clinical relevance in nickel-allergic patients is unclear. We aimed
to characterize the relationship between NA and ODAs because the medical literature investigating this is controversial. A
survey concerning adverse reactions to ODAs in patients with NA was distributed to members of the Wisconsin Society of
Orthodontics. Forty-three surveys were analyzed. The surveyed group was experienced, representing a mean of 21.2 years in
practice and averaging 242 appliances placed per year per orthodontist. Most new patients with orthodontia were 10–18 years
old. Most wires used were nickel–titanium alloy. Although 76% of orthodontists inquired about NA at initial evaluation, 37%
still placed nickel-containing ODAs in known nickel-allergic patients. Fifty percent placed a single intraoral appliance,
observing for reactions. Three orthodontists applied ODAs to the skin similar to patch testing. Only 8 patients with reactions
to ODAs were described in detail, 6 were female patients and 6 were aged 13–14 years. Intraoral and extraoral reactions were
mild; diffuse urticaria was reported in one patient. Treatment included removing the appliances or changing to nonnickel
alternatives with favorable outcomes. These cases, which included �33,000 patients, suggest a prevalence of 0.03%. Adverse
reactions to ODAs in patients with NA have been observed but are uncommon. Using suitable alternatives, patients usually
can be accommodated.

(Allergy Asthma Proc 28:480–484, 2007; doi: 10.2500/aap.2007.28.3018)
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Nickel allergy (NA) is common with a prevalence
of 10–15%1 and occurs worldwide. Because of

the high rate of NA, the Danish Ministry of the Envi-
ronment issued legislation in 1991 prohibiting the sale
and regulating the labeling of nickel-containing prod-
ucts.2 In 2000, this legislation was expanded3 and the
European Union adopted similar restrictions in 1994
and 2004.4,5 Studies in 2002 indicate that in Denmark,
the prevalence of NA has decreased.6

The most common manifestation of NA is allergic
contact dermatitis (ACD), a type IV T-cell–mediated
delayed-type hypersensitivity reaction. ACD occurs in
areas where skin contacts nickel-containing objects
such as costume jewelry, snaps on clothing, eyeglasses,
and watches. Occupational and industrial arenas also
can be a source of nickel exposure. Allergic contact
urticaria to nickel has been reported.7

NA is more common in women by two- to sixfold,
presumably because of ear piercing being the sensitiz-
ing event where intimate contact between nickel-
plated earrings and injured skin occurs.8 Use of nickel-
plated earrings in combination with other irritants
such as moisture or shampoo could potentiate sensiti-
zation.8 NA is more common in younger patients and
in those who are nonatopic.

Nickel is ubiquitous and is found in foods (highest in
legumes, nuts, grains, potatoes, chocolate, and fish),
tap water, cosmetics, and cooking utensils.8 Another
source of nickel is orthodontic appliances (ODAs).
Nearly 5 million people in the United States and Can-
ada undergo orthodontic treatment with 80% of pa-
tients under the age of 18 years.9 ODAs include in-
traoral (e.g., bands, brackets, and wires) and extraoral
(e.g., headgear) devices that can contain 50–70% nick-
el.10,11 Although stainless steel contains 8% nickel, this
alloy generally is considered safe to place in nickel–
allergic patients because of its crystal lattice structure.11

However, recent studies in vivo and in vitro suggest
that nickel is released from stainless steel ODAs.12,13 A
variety of nonnickel-containing ODAs exist.11

Cases of NA due to ODAs have been reported in the
last 30 years. A wide range of reactions has been re-
ported such as eczema exacerbation, systemic contact
dermatitis, localized dermatitis both intraorally and
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extraorally, and conjunctivitis due to brackets, wires,
bands, retainers, and headgear.14–19 However, the role
of ODAs in NA is controversial. We aimed to charac-
terize the relationship between NA and ODAs using a
survey of practicing orthodontists in Wisconsin.

MATERIALS AND METHODS

Participants and Survey Design
A confidential, written survey aimed at practicing

orthodontists in Wisconsin was developed and distrib-
uted at the annual meeting of the Wisconsin Society of
Orthodontists. The questionnaire was redistributed 1
month later by postal mail to improve the survey re-
turn rate.

The survey inquired about the age and number of
years in practice for the orthodontist as well as demo-
graphics about their patient population such as age, the
number of new patients per year that ODAs are ap-
plied, and the total and active number of patients in
their practice. We asked if orthodontists inquire about
NA, note body piercings, and refer these patients to a
physician. For those patients who report having NA,
we asked if nickel-containing ODAs are used and if a
single intraoral appliance is placed as a trial. The sur-
vey inquired as to the types of wires used in their
practice. Observed or suspected cases of adverse reac-
tions to nickel-containing ODAs were solicited and
patient demographics and the nature, treatment, and
outcome of the reaction were requested.

Statistical Analysis
Descriptive statistics were calculated for questions

on the survey.

Institutional Review Board Approval
This survey was approved by the Human Research

Review Committee of the Medical College of Wiscon-
sin and the Human Research Review Board at Chil-
dren’s Hospital of Wisconsin. Informed consent was
obtained from each participant.

RESULTS
Of the 220 members of the Wisconsin Society of

Orthodontists, 43 completed surveys were returned
(20%). Twelve percent of orthodontists were aged
30–39 years of age, 28% were 40–49 years of age, 44%
were 50–59 years of age, and 16% were �60 years of
age. Their experience represents 890.5 years total
(mean, 21.2 years) in practice. Seventy-six percent of
orthodontists ask about NA in their initial evaluation
of patients. Twenty-eight percent of orthodontists note
body piercings on initial evaluation. Thirty-seven per-
cent of orthodontists reported using nickel-containing
ODAs in patients who are known to be nickel allergic.

Fifty percent of orthodontists have placed a single
intraoral appliance in nickel-allergic patients as a trial,
observing for reactions. The most commonly used wire
was nickel–titanium. Sixty-eight percent of orthodon-
tists referred nickel-allergic patients to the primary
care physician, dermatology, allergy, or both in equal
distribution. Three orthodontists reported applying
nickel-containing wires or a bracket to the skin and
observed for a reaction, similar to a patch test.

The orthodontists reported a total of 33,634 patients
in their practice with 24,759 active patients. Each year,
a mean of 242 new patients per orthodontist have
ODAs applied. Seventeen percent of these patients are
�10 years of age, 64% are between 10 and 18 years of
age, and 19% are �18 years of age.

Ten orthodontists cumulatively reported 10 sus-
pected cases of adverse reactions to nickel-containing
ODAs (Table 1). This represents a prevalence of 0.03%
among �33,000 patients. For two of the cases, details
were not known. Among the remaining eight cases,
four patients were known to be nickel allergic, three
patients were not known to be nickel allergic, and the
nickel-allergic status of the remaining patient was un-
known. Six of the eight patients were female subjects.
The ages of the patients ranged from 13 to 52 years but
six patients were aged 13–14 years. Three patients had
ear piercings, two patients did not have ear piercings,
and piercings were not known for three patients.

In terms of the nature of the reactions, four cases
were intraoral and include gingivitis, ulcers, general-
ized burning sensation, and mild buccal mucosa
edema. Treatment varied from removing the braces,
changing to nonnickel ODAs, continuing nickel–tita-
nium wires, and applying topical steroids. In response
to these treatment modalities, two patients were re-
ported to have an improvement in their symptoms
(information was not provided for the other two cases).
Three patients were reported to have extraoral reac-
tions such as perioral dermatitis, mild lip swelling, and
diffuse urticaria. The symptoms of one patient were
related to the solder on the headgear’s facebow and
resolved once the facebow was removed. For the other
two cases, the ODAs were removed or changed to
nonnickel appliances with resolution of symptoms. In
the final case, both intraoral and extraoral reactions
were noted, manifesting as gingivitis and lip swelling.
Treatment for this patient included removal of the
ODAs and change to a nonnickel appliance with a
good outcome.

DISCUSSION
Although NA and the placement of nickel-contain-

ing ODAs are common in the United States, the rela-
tionship between them is controversial. Our survey of
orthodontists reveals that reactions to ODAs are very
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uncommon and easily manageable in those affected. In
our survey, 10 suspected cases of adverse reactions to
nickel-containing ODAs represent a 0.03% prevalence
rate. These reactions were mild and primarily intraoral
in nature. The nature of the reactions is atypical for
ACD commonly seen on the skin. NA as it manifests on
mucosal membranes appears to differ from that on
intact, keratinized skin. The description of one patient
developing diffuse urticaria as a result of ODAs is
atypical but allergic contact urticaria to nickel and
other metals including aluminum, iridium, platinum,
and rhodium has been described.7

Some data suggest that ODAs induce nickel hyper-
sensitivity10,20 whereas other data proposes that they
induce tolerance.21–23 However, additional data con-
clude ODAs neither induce tolerance nor sensitize.24

The timing of orthodontia appliance placement may be
important. For example, if orthodontia appliance
placement precedes ear piercing, there is a reduced
prevalence of NA, whereas placement after ear pierc-
ing may result in a higher prevalence.21–23,25 However,
other data suggest timing is of minimal importance.20

We anticipated that orthodontists are in the advan-
tageous position to identify cases of NA related to
ODAs. This survey of Wisconsin orthodontists only
identified 10 cases of presumed adverse reactions to
nickel-containing ODAs. Because over one-third of
orthodontists placed nickel-containing ODAs in NA
patients, we expected a higher prevalence of nickel-
induced allergic reactions. The orthodontists who
completed the survey were experienced, practicing for
decades, and treating thousands of patients with nick-
el-containing appliances. Nearly 30% of orthodontists
note body piercings on their patients, suggesting that
they are aware of nickel dermatitis and frequently
inquire about NA. Referrals for evaluation of NA were
equally distributed among allergists, dermatologists,
and primary care physicians. It is unclear if this distri-
bution indicates a lack of awareness of the usefulness
of a subspecialty consultation or reflects the low prev-
alence of adverse reactions to ODAs. We found that
50% of orthodontists placed a single intraoral appli-
ance as a trial, indicating they had concern about the
possibility of a reaction. Interestingly, three orthodon-
tists performed patch testing by applying appliances to
the patient’s skin.

Our survey is similar to that performed by Schuster
in Germany where orthodontists were asked to record
and report allergic reactions to orthodontic metals in
the previous 5 years, to document the signs and symp-
toms and to describe the ensuing treatment. An un-
specified number of orthodontists placed a single in-
traoral appliance as a trial. They concluded that the
allergic potential of ODAs is overestimated with a
prevalence of 0.23% using study data and reference
data from the Hessian Board of Panel Dentists.26

When comparing Schuster’s study to our results,
there are important differences and similarities. They
surveyed 89 orthodontists (with 76% response rate)26

compared with our 220 professionals (only 20% re-
sponse). The two surveys differed in the time period in
which the orthodontist identified any adverse reac-
tions (previous 5 years compared with entire practice).
The number of patients represented by this time period
was 60,000 in Schuster’s study compared with 33,634 in
our study. Participant, patient, and practice demo-
graphics were not reported by Schuster. They identi-
fied 139 cases compared with our 10 cases and the most
common adverse reactions were extraoral26 compared
with our finding of more common intraoral reactions.
The most common treatment approach is changing to
nonnickel ODAs. Interestingly, one patient in our
study had their brackets changed to nonnickel but
nickel-containing wires were continued without inci-
dent, suggesting the bracket as the source. Both studies
conclude that the prevalence of adverse reactions to
nickel-containing ODAs is �1% and orthodontists
place single intraoral appliances as a trial. Unique to
our study is the report of three orthodontists who
performed a “patch test” using nickel-containing
ODAs.

The low prevalence of adverse reactions to nickel-
containing ODAs reported by both studies is in con-
trast to the 10–15% prevalence rate of ACD caused by
nickel. The following features of the oral environment
may account for the low prevalence rate: (1) dilution of
nickel by saliva; (2) saliva may form barrier films de-
creasing sensitization26; (3) IgA antibodies may act to
neutralize allergens; (4) the nonkeratinized oral mu-
cosa lacks a keratin layer where proteins may combine
with simple chemicals to form allergens27; (5) the oral
mucosa contains less Langerhan’s cells, which play a
key role in contact dermatitis sensitization26; and (6)
the extensive vascularization of the oral mucosa pre-
vents prolonged contact with allergens by absorbing
and dispersing allergens.27 Levels of nickel in saliva
and serum from ODAs have been detected in patients
but are not statistically different from controls. These
levels do not exceed the average daily intake of nickel
or approach toxic levels.28 It is unknown if some or all
of these mechanisms are involved, making the oral
mucosa more difficult to sensitize.

Limitations for our study include recall bias and a
low rate of survey return. The low response rate may
support the notion that adverse reactions to nickel-
containing ODAs are rare and that those orthodontists
who failed to return the survey had not recognized
such a reaction or one had not occurred. We are unable
to confirm cause and effect relationships between the
adverse reactions reported and NA. Rather, the goal of
our survey was to characterize if Wisconsin orthodon-
tists have observed potential adverse reactions to
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nickel-containing ODAs and how these reactions were
managed.

This survey of practicing orthodontists in Wisconsin
supports the rare occurrence of adverse reactions to
nickel-containing ODAs. If reactions occur, they are
managed without difficulty using nonnickel ODAs or
removal of the appliances.
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