ONLINE ONLY

Prevalence of nickel hypersensitivity In
orthodontic patients: A meta-analysis

Olga-Elpis Kolokitha,® Eleftherios G. Kaklamanos,” and Moschos A. Papadopoulos®
Thessaloniki, Greece

Introduction: In spite of growing concern of routine mechanotherapy modalities in patients’ health and
recent regulations on nickel exposure, there has been no relevant meta-analysis. The aim of this study,
therefore, was to investigate the effect of orthodontic therapy on the prevalence of nickel hypersensitivity and
compare it with the prevalence in the general population. Methods: Several electronic databases were
searched. Hand-searching was also performed to identify additional relevant studies. Initially, 324 articles
were retrieved. After applying specific inclusion criteria, 8 studies were eligible for the meta-analysis.
Meta-analysis was performed with Comprehensive Meta-Analysis software (version 2.2.046, Biostat,
Englewood, NJ). Evaluations of the validity of the included articles and of publication bias were also
performed. Results: A lack of high-validity longitudinal studies of the prevalence of nickel hypersensitivity in
patients before and after orthodontic treatment and in appropriate controls was noted. From the studies
retrieved, no statistically significant difference between the odds for a positive patch-test result before
orthodontic treatment and after the placement of the appliances was observed. Orthodontic patients with no
cutaneous piercing or with skin pierced have no statistically significant differences of nickel hypersensitivity
after treatment compared with the general population. Conclusions: Orthodontic treatment is not associated
with an increase in the prevalence of nickel hypersensitivity unless subjects have a history of cutaneous
piercing. High-validity studies are needed to produce strong evidence to further support the results of this

meta-analysis. (Am J Orthod Dentofacial Orthop 2008;134:722.e1-722.e12)

Ithough nickel (Ni) is the most prevalent aller-
Agen causing allergic contact dermatitis, appli-

ances containing Ni still are a major part of the
orthodontic armamentarium.*? In the light of the grow-
ing concern of routine mechanotherapy modalities in
patients’ health® and recent regulations on the evalua-
tion and control of the risks of Ni exposure,* contem-
porary information on Ni-induced sensitization in orth-
odontic patients would be of particular interest.

There is a lack of data in the literature directly
linking the prevalence of Ni-induced side effects in
nonsensitized people with orthodontic materials. It has
also been suggested that the risk of sensitization from
orthodontically derived Ni in these patients is ex-
tremely low.® It is possible that an increased risk of Ni
sensitization of potential orthodontic patients can be
induced by wearing Ni-containing jewelry at an early
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age.® Moreover, it has been suggested that oral expo-
sure with Ni-containing orthodontic appliances before
cutaneous Ni exposure might actually reduce Ni hyper-
sensitivity.” To critically evaluate the prevalence of Ni
hypersensitivity after the placement of orthodontic
appliances, we conducted a systematic review and a
meta-analysis of the available literature.

MATERIAL AND METHODS

The first phase of this meta-analysis involved the
development of a specific protocol.®® The MOOSE
guidelines in reporting meta-analyses formed the basis
of data presentation.*°

We conducted 2 separate searches because of the
scarcity of studies investigating simultaneously Ni
hypersensitivity in orthodontic patients and the general
population matched by characteristics such as age,
nationality, race, sex, etc. The first search aimed to
identify potentially relevant studies concerning the
prevalence of Ni hypersensitivity in patients having
orthodontic therapy. The second search focused on
potentially relevant studies on Ni hypersensitivity in a
general unselected population.

Citations to potentially relevant studies published in
journals, dissertations, and conference proceedings
were located by searching the appropriate electronic
databases. In addition, efforts to identify potentially
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relevant unpublished or ongoing studies were made by
searching the databases of research registers. Table |
presents the databases searched and outlines the search
strategy used. In addition to the electronic searches,
hand searching was also performed by checking the
references of the retrieved articles. No restrictions were
applied during the identification procedure for publica-
tion time, status, or language of the studies.

Studies of risk factors generally cannot be random-
ized because exposing subjects to harmful risks is
unethical.** Studies appropriate to be included in the
review fulfilled specific criteria concerning study de-
sign, participants’ characteristics, intervention charac-
teristics, and principal outcome measures; these are
shown in detail in Table II.

Initially, the titles and abstracts, if available, of the
articles identified were reviewed. Each article was checked
for whether it presented data on the prevalence of
positive patch-test scores after the placement or re-
moval of orthodontic appliances and/or the prevalence
in the general population. Any study not fulfilling this
criterion was excluded from further evaluation. If the
reviewer could not decide on the eligibility of a study
from the title and the abstract, the full text was
retrieved. Duplicate citations, such as dissertations that
formed the basis of published trials, conference ab-
stracts of published trials, case reports, case series, and
review articles were discarded. For the remaining
articles, the corresponding full texts were retrieved for
further evaluation.

These were evaluated in duplicate by 2 reviewers
working independently. Data abstraction was per-
formed by using specially designed forms and involved
bibliographic details, details on study design, partici-
pants’ characteristics, and results about positive Ni
patch-test scores before orthodontic treatment or after
the placement or removal of orthodontic appliances, or
in the general population. The studies were divided into
3 categories: (1) longitudinal data before orthodontic
treatment and after the placement of orthodontic appli-
ances, (2) only cross-sectional data after the placement
or removal of orthodontic appliances, and (3) data
regarding the general population. Any differences were
resolved through mutual agreement.

These processes were not performed blinded, since
scientific evidence does not strongly recommend
masked assessment.'? Interreviewer agreement on
study eligibility during the screening was assessed by
calculating the kappa score with SPSS statistical soft-
ware (version 12.0.0, SPSS, Chicago, ).

The quality of nonrandomized trials cannot be
evaluated in the same way as has been proposed for
randomized controlled trials.**** In the case of the
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former, various criteria have been suggested to criti-
cally appraise their validity.® The same 4 sources of
bias noted in randomized controlled trials (selection,
performance, attrition, and detection biases) can be
applied to other types of studies; however, good judg-
ment is necessary.®

The possible sources of bias in nonrandomized
trials according to Higgins and Green® and the param-
eters to consider for the trials included in this meta-
analysis are shown in Table Il1.

The retrieved data were analyzed with specially
designed software, Comprehensive Meta-Analysis
(version 2.2.046, Biostat, Englewood, NJ).

For the studies on the prevalence of Ni hypersen-
sitivity before orthodontic treatment and after the place-
ment of orthodontic appliances, the odds ratio (OR) of
a positive Ni patch test before orthodontic treatment to
a positive Ni patch test after the placement of orthodon-
tic appliances and the respective 95% CI were calcu-
lated. For the studies reporting the prevalence of Ni
hypersensitivity only after placement or removal of
orthodontic appliances, and in the general population,
the relevant event rates were computed.

The random-effects method for meta-analysis was
used to combine the OR of a positive Ni patch test
before orthodontic treatment to the odds of a positive
Ni patch test after the placement of orthodontic appli-
ances, for the studies of Ni hypersensitivity before
orthodontic treatment and after the placement of orth-
odontic appliances. Moreover, the random-effects
method was used to summarize Ni sensitivity data
among studies presenting information only after the
placement or the removal of orthodontic appliances.
The latter group of studies was compared with the
summary measure of Ni patch-test positivity in the
general population. The choice of the random-effects
model was based on the assumption that the variability
in the studies retrieved could influence the effects under
investigation, according to the approach of Borenstein
et al.’®

To identify heterogeneity, the Cochran test for
homogeneity and the 12 test were calculated to check
for heterogeneity and inconsistency, respectively. Sub-
group analyses were performed with the approach
according to Deeks et al.*® Because it was suggested
that piercing or other forms of cutaneous exposure
might increase the risk of Ni sensitization, the preva-
lence of Ni hypersensitivity was calculated in sub-
groups.®*” The subgroups were formed according to
the presence or absence of cutaneous piercing, and the
sequence of piercing relative to orthodontic treatment.

Publication bias was assessed by preparing a funnel
plot. Funnel plot asymmetry was inspected graphically
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Table I. The databases searched in the meta-analysis
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Databases of published trials

Sudies on orthodontic patients
(number of hits)

Sudies on the general population
(number of hits)

MEDLINE
searched via PubMed
(1950 to week 1, November 2007)

EMBASE
searched via ScienceDirect
(1974 to November 2007)

Cochrane Database of Systematic Reviews
searched via the Cochrane Library
(2007, Issue 4)

Cochrane Central Register of Controlled
Trials
searched via the Cochrane Library
(2007, Issue 4)

Google Scholar Beta
searched on November 2, 2007

Web of Science
searched on November 2, 2007

Evidence-Based Medicine
searched on November 2, 2007
Scopus
searched on November 2, 2007

Windows Live Academic

searched on November 2, 2007
LILACS database

searched on November 2, 2007
Bibliografia Brasileira de Odontolgogia

searched on November 2, 2007

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces)

Limited to humans (168)

(atopy OR allergy OR hypersensitivity) AND
(orthodontic OR braces)

Limited to humans (180)

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces)

in all fields (28)

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces)

in all fields (5)

Orthodontic AND nickel AND (atopy OR al-
lergy OR hypersensitivity)

Limited to medicine, pharmacology and veteri-

nary science (324)

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces)

DocType=All document types; Language=All
languages; Databases=SCI-EXPANDED,
SSCI, A & HCI; Timespan=1970-2007

DocType=ARTICLE > SubjCat=DENTISTRY,

ORAL SURGERY & MEDICINE (55)

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces) (1)

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces) AND (LIMIT-
TO(DOCTYPE, “ar”)) AND (LIMIT-
TO(SUBJAREA, “DENT”) OR LIMIT-
TO(SUBJAREA, “MULT™")) (65)

Orthodontic AND nickel AND (atopy OR
allergy OR hypersensitivity) (1)

(atopy OR allergy OR hypersensitivity) AND
(orthodontic OR braces) (7)

(atopy OR allergy OR hypersensitivity) AND
(orthodontic OR braces) (5)

nickel AND (random OR general)
Limited to humans (384)

nickel AND (random OR general)
Limited to humans (586)

nickel AND (random OR general)
in all fields (19)

nickel AND (random OR general)
in all fields (37)

nickel allergy AND (random population OR
general population)

Limited to medicine, pharmacology and
veterinary science (881)

nickel AND (random OR general)

DocType=All document types;
Language=All languages;
Database=SCI-EXPANDED;
Timespan=1970-2007

DocType=ARTICLE >
SubjCat=ALLERGY (22)

nickel random general (525)

nickel AND (random OR general) AND
(LIMIT-TO(DOCTYPE, “ar”)) AND
(LIMIT-TO(SUBJAREA, “DENT”) OR
LIMIT-TO(SUBJAREA, “MULT"))
(303)

nickel AND (random OR general) AND
population (247)

nickel AND (random OR general) (4)

nickel AND (random OR general) (0)

Databases of dissertations and conference proceedings

Digital dissertations
searched via UMI ProQuest on
November 2, 2007

Conference Paper Index
searched via Cambridge Scientific
Abstracts (1982 to November 2, 2007)

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces) (5)

(atop* OR allerg* OR hypersensitivity) AND
(orthodont* OR braces) (1)

nickel AND (random OR general) (507)

nickel AND (random OR general) (0)

Databases of research registers

MetaRegister of Controlled Trials (all
registers active and archived) searched via
www.controlled-trials.com, November 2,
2007

(atopy OR allergy OR hypersensitivity) AND
(orthodontic OR braces) (11)

nickel AND (random OR general) (14)
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Table 1. Criteria for selecting studies to be included in the meta-analysis
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Criteria category

Definition

Studies on orthodontic patients

Studies on the general population

Inclusion criteria

Exclusion criteria

Inclusion criteria

Exclusion criteria

Study design

Participants’
characteristics

Intervention
characteristics

Principal
outcome
measures

The studies included should

investigate the prevalence of

Ni hypersensitivity before
orthodontic therapy and
after the placement or the
removal of orthodontic
appliances.

Studies reporting the preva-
lence of Ni hypersensitivity
only after the placement or
the removal of orthodontic
appliances were eligible for
inclusion.

Studies included could involve
subjects of any age.

Studies included should
involve assessment of Ni
hypersensitivity in both
male and female patients.

Studies included could involve
any kind of fixed or
removable orthodontic
appliances.

The studies included should
provide measurements of Ni
sensitization prevalence in
the form of positive patch-
test scores with the ICDRG

Studies only on other
potential allergens
were excluded.

Studies of less than 10
participants, case re-
ports, case series, and
review articles were
excluded.

Studies only on males or
on females were
excluded.

Studies that used other
methods of
investigating Ni
sensitivity were
excluded.

The studies included should

investigate the prevalence of
Ni hypersensitivity.

Studies included could involve

subjects from the general,
unselected population.

Studies included should in-

volve subjects of compara-
ble age to those who usu-
ally have orthodontic
treatment.

The studies included should

provide measurements of Ni
sensitization prevalence in
the form of positive patch-
test scores with the ICDRG

Studies only on other
potential allergens
were excluded.

Studies of less than
10 participants,
case reports, case
series, and review
articles were
excluded.

Studies that used
other methods of
investigating Ni
sensitivity were
excluded.

scale.?®

scale.?®

and measured numerically by using the approach ac-
cording to Egger et al'® and Sterne et al.**?° Evidence
of asymmetry was based on P <0.10.

RESULTS

In the present study, the summary prevalence of Ni
hypersensitivity of patients subjected to orthodontic treat-
ment is presented and compared to the prevalence ob-
served in the general population. Details on the performed
meta-analysis concerning the prevalence of Ni hypersen-
sitivity in the general population will be published else-
where. The main characteristics of the studies concerning
the general population are presented in Table IV.

The flow diagram of the retrieved studies through
the selection process is presented in Figure 1. Initially,
324 articles were identified. After applying the inclu-
sion and exclusion criteria, 8 studies were considered
appropriate for the meta-analysis. Two trials presented
data on positive Ni patch tests before orthodontic

treatment and after the placement of orthodontic appli-
ances,?>?? and 6 studies contained data only after the
placement or removal of the appliances.?>%®

The kappa score for interreviewer agreement on
trial eligibility during screening was 0.985, indicating
high interreviewer agreement.

The characteristics of the 8 studies are shown in
Tables V and VI. The subjects’ ages were 9 to 48 years.
The subjects in 5 studies were patients in clinics
providing orthodontic therapy; the other studies were
conducted in other settings (schools, dermatology clin-
ics, and student health services). The subjects were
treated with fixed orthodontic appliances in 6 studies,
removable appliances in 1 study, and both fixed and
removable appliances in 1 study.

In these studies, patch-test evaluations were per-
formed at various intervals after placement, and the
International Contact Dermatitis Research Group scale
was used for the interpretation of the results.?
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and Green® and parameters to consider for this meta-analysis

Sources of bias

Parameters to consider

Selection bias Need to control for confounders

Performance bias Need to evaluate the validity of the
measurement of the exposure to
the intervention of interest

Attrition bias (applicable  Need to present data on possible

to longitudinal studies) losses and analyses for the losses

Detection bias Need for the assessor to be unaware
or unaware of the subjects’
exposure to the intervention of
interest (blinding)

. Study population: selected or unselected

. Homogeneity of the population

. A control group

. Controlling for cutaneous piercing exposure to Ni: Ni exposure
through piercing might cause increased risk of Ni sensitization.®
Some countries have implemented regulations for Ni exposure (ie,
Denmark after 1992 and European Union countries after 2000).>” Thus,
the place and the time of the study could have influenced the results.

Data collected retrospectively might not be valid in measuring exposure

to Ni from orthodontic appliances.

B WN P

1. Statement about the participants in the study, statement (or inferred
from the tables) about those who violated the study protocol, dropped
out, or were withdrawn from each group, and the respective reasons
for each group.

2. Use of analyses to include all participants entering a trial irrespective
of what happened subsequently.

1. In studies of orthodontic patients, the assessor was aware of the sub-
ject’s exposure to Ni from the orthodontic appliances.

2. In studies of the general population, the assessor could be informed
beforehand whether the subject was exposed to Ni from orthodontic
appliances.

Table IV. Main characteristics of the general-population
studies included in the meta-analysis

Participants
- Positive reaction
Sudy and location n Age (y) to Ni (%)
Barros et al®” M, 376 5-14 0.9
Portugal F, 186
Dotterud and Falk®® M, 223 7-12 8.5
Norway F, 201 21.9
Kerosuo et al** M, 283 14-18 3
Finland F, 417 30
Mortz et al?® M, 526 12-16 25
Denmark F, 620 13.7

M, Males; F, females.

In 4 trials, the history of cutaneous piercing was
evaluated, and the relative data could be dedu-
ced.?*2426.27 piercing prevalences were 56.3% to
74.3% for the total sample examined (males, 0.0%-
26.0%; females, 81.3%-94.5%).

Only 2 studies provided data for the prevalence
of Ni hypersensitivity in patients before orthodontic
treatment and after the placement of orthodontic
appliances.?>?2 These would have been evaluated as
having higher validity than the remaining 6 that
evaluated Ni hypersensitivity only after treatment, if
they had included an appropriate control group.?3-28
However, neither longitudinal evaluation of an ap-
propriate control group was made, nor researchers

considered possible confounders such as cutaneous
piercing.

From the studies that evaluated Ni hypersensitivity
after treatment, only that by Mortz et al®® investigated
an unselected and relatively homogeneous group.

A detailed evaluation of the studies in the meta-
analysis regarding the various sources of bias is given
in Table VII.

The effect of orthodontic treatment on the preva-
lence of positive Ni patch tests before orthodontic
treatment and after the placement of the appliances is
shown in Figure 2. In addition to basic statistical data,
OR, and 95% ClI, the forest plots are shown. The forest
plots depict graphically the OR for a positive patch test
before and after treatment in each trial, represented by
the center of a circle, with the respective 95% ClI,
represented by a horizontal line. The vertical axis that
passes through number 1 of the horizontal axis depicts
the point of no difference in the odds of positive Ni
patch-test scores before orthodontic treatment and after
the placement of the appliances. If the CI line intersects
the vertical axis, there is no difference in the respective
odds. Therefore, no statistically significant difference in
the odds for a positive patch test before orthodontic
treatment and after the placement of the appliances was
observed. In addition, no evidence of heterogeneity was
seen.

The prevalence of Ni hypersensitivity in patients
having orthodontic treatment and the general popula-
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Potentially relevant citations identified and screened for retrieval (n=324)

Citations not fuffilling the eligibility criteria and excluded from
P further evaluation (h=307)

|
I
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I
c
|
;
I
A 4

Citations selected after initial evaluation (n=17)

Studies not gpresenting patch test results (n=1)
P [Ramadan®]

[Staerkjaer and Menne®]

Duplicate citations (n=4)

T
I
1
1

=¥ [Todd and Burrows,”! Dainesi,”® Menezes, Menezes™]

Studies in sensitized individuals (n=2)

I
1
:
I
e
I
1
[}
|
I
'F_» Studies with less than 10 participants (n=1)
l
I
]
I
I
I
1
I
I
I
|
1
=P [Greppi*® Greppi et al.*]
1
]

A 4

Potentially appropriate studies to be included in the meta-analysis (n=9)

Studies not presenting appropriate statistical information (n=1)
> [Lenza et af.32]

i
]
:
I
=
I
:
1
A 4

Studies included in the meta-analysis (h=8)

appliances [Bass et al.,?’ Menezes et al. 22]

al %]

2 trials presenting data before orthodontic treatment & after the placement of orthodontic

6 trials presenting data after the placement or the removal of orthodontic appliances
[Van Hoogstraten et al,,%* Kerosuo et al,** Janson et ai.,”® Mortz et al.,”® Kalimo et al.,”” Saglam et

Fig 1. Flow diagram of the retrieved studies through the selection process.

tion is shown in Table VIII. The total sample of patients
having orthodontic treatment had a higher prevalence
of Ni hypersensitivity than did the general population.
Orthodontic patients without cutaneous piercing had no
statically significant difference in Ni hypersensitivity
prevalence; this was also true for patients who had
orthodontic treatment before piercing. Patients who had
cutaneous piercing before orthodontic treatment had a

39-46

statistically significant increase in the prevalence of Ni
hypersensitivity.

Data analysis showed no statistically significant dif-
ference in the prevalence of Ni hypersensitivity when all
samples were compared regarding the timing of orthodon-
tic treatment in relation to cutaneous piercing (P = 0.177).

The Cochran test for homogeneity and the 12 test
showed heterogeneity in the source studies. However,
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Table V. Characteristics of the studies on orthodontic patients included in the meta-analysis: characteristics of the

participants

Participants

Sudy and location n Age (y) (mean and range) Sdlection Type of treatment

Bass et al** M, 11 14.6 (12-17) Patients of an orthodontic department Fixed appliances
United States F, 17 23.9 (13-48)

Menezes et al? M, 17 9-25 Patients of an orthodontic department Fixed appliances
Brazil F, 21

Van Hoogstraten et al* M, 73 10-35 Patients at 9 dermatology clinics Removable appliances
European countries F, 209

Kerosuo et al** M, 198 13-18 Patients who received orthodontic treatment ~ Fixed appliances
Finland F, 279 with metallic appliances at a municipal

dental clinic

Janson et al?® M, 21 12.9-31.5 Patients of an orthodontic department Fixed appliances
Brazil (evaluated during  F, 45
treatment)

Janson et al?® M, 17 12.5-28.6 Patients of an orthodontic department Fixed appliances
Brazil (evaluated after F, 27
treatment)

Mortz et al?® M, 134 12-16 Epidemiologic study in schools “Dental braces”
Denmark F, 246

Kalimo et al®” M, 15 nm for the orthodontically =~ Randomly selected university students Fixed and removable
Finland F, 55 treated group attending student health service appliances

Saglam et al*® 74 nm for the group tested Patients of an orthodontic department Fixed appliances
Turkey after therapy

M, Males; F, females; nm, not mentioned.

this was taken a priori into consideration when per-
forming the meta-analysis by choosing the random-
effects model.

Publication bias was first assessed visually with a
funnel plot analysis (Fig 3). Since studies of varying
sample sizes were included in meta-analysis, the Egger
linear regression method was also used (intercept,
0.554; 95% CI, —4.02 to 5.79; t, 0.427; df, 7; 2-tailed
P = 0.682). Although an indication of asymmetry was
observed in the funnel plot toward small studies, no
evidence of publication bias was found according to the
Egger linear regression method.®

DISCUSSION

Meta-analysis is a research study design that aims
to summarize the findings from many studies and
indicate where the weight of the evidence lies, thus
producing evidence that is more powerful than the
primary studies included in the analysis. Furtherrmore,
the possibility of a subgroup analysis is 1, if not the
main, advantage of the meta-analytic approach. How-
ever, meta-analysis, like other methods of scientific
research, is subject to biases that should be routinely
examined in sensitivity analyses and funnel plots.3%3
In our study, every effort to minimize possible bias in
the location of studies was made by searching many
databases, checking the reference lists, and placing no

restrictions for year of publication, publication status,
or language of the articles retrieved. Potential bias in the
inclusion of studies was addressed by setting specific
criteria and checking for interreviewer agreement during
the selection process. Moreover, the likely presence or
absence of publication bias was assessed by the Egger
linear regression method and the funnel plot analysis.
No evidence of publication bias was found.

By means of electronic and hand searching, 324
articles were identified, from which only 8 fulfilled the
inclusion criteria for this meta-analysis. The fact that
only 8 studies in the current literature met the inclusion
criteria reflects the scarcity of relevant research and the
lack of data. This is in spite of growing concern on the
potential risks of Ni in many orthodontic biomechanical
modalities. It also indicates that some trials did not
meet the criteria. One could not expect to retrieve
randomized controlled trials on the effect of orthodon-
tic treatment on the prevalence of Ni hypersensitivity,
since studies of risk factors generally cannot be ran-
domized because exposing subjects to harmful risks is
unethical.** However, the lack of high-validity longi-
tudinal studies of Ni hypersensitivity in patients before
and after orthodontic treatment and in appropriate controls
should be mentioned. The only such trial retrieved lasted
only 4 months and did not have adequate statistical
information to be included in the meta-analysis.>* The
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Table VI. Characteristics of the studies on orthodontic patients included in the meta-analysis: Ni patch testing and Ni

cutaneous piercing exposure characteristics

Controlling for Ni cutaneous

Ni patch-test timing exposure
Sudy Before OT During OT After OT Patch-test evaluation Control Prevalence
Bass et al** v v After 48 or 72 hours, No control for Ni cutaneous
(longitudinal trial) ICDRG scale exposure
Menezes et al*? v v After 48 and 72 hours, No control for Ni cutaneous
(longitudinal trial) ICDRG scale exposure
Van Hoogstraten et al*® v After 72, 96, or 120 Yes, piercing M 26.0%
hours, ICDRG scale F 86.6%
M-+F 70.9%
Kerosuo et al** v/ After 72, 96, or 120 Yes, piercing M nm
hours, ICDRG scale F nm
M-+F 56.3%
Janson et al®® v v After 48 and 96 hours, Yes, but cannot be deduced for the
(cross-sectional trial) ICDRG scale group during or after OT
Mortz et al®® v/ After 120 hours Yes, piercing M 22.3%
ICDRG scale F 81.3%
M-+F 60.5%
Kalimo et al*’ v/ After 72 and 96 hours Yes, piercing M 0%
ICDRG scale F 94.5%
M-+F 74.3%
Saglam et al*® v After 48, 96, or 120 Yes, but cannot be deduced for the

hours, ICDRG scale group after OT

OT, Orthodontic treatment; ICDRG, International Contact Dermatitis Research Group; M, male; F, female.

other longitudinal studies retrieved did not include com-
parisons to control groups.?>#? In addition, more studies
of lower validity were found that investigated the preva-
lence of Ni hypersensitivity only after placement or
removal of orthodontic appliances.”>?® Even if these
studies included a control group, the population under
investigation was selected and heterogeneous. Only 1
study involved an unselected and relatively homoge-
neous population, but no comparison between the
orthodontically treated and the untreated groups was
made.?®

In addition, research effort was spent on studies that
did not include an adequate number of participants or
did not use appropriate and common outcome mea-
sures. Patch testing is an excellent evidence-based
method for identifying contact allergens, and the ab-
sence of appropriate reporting excluded many studies
from this meta-analyses.>?

To compare the prevalence of Ni hypersensitivity
to the prevalence in the general population, a sepa-
rate search was performed for studies with uns-
elected samples. This could involve some biases,
since it is not possible for samples of the general
population to be matched exactly to those of orth-
odontic patients in general characteristics, such as
age, nationality, race, sex, etc. To control as much as
possible for the effect of age, only studies with

subjects of comparable ages to those having orth-
odontic treatment were included.

Analysis of the studies evaluating Ni hypersensitiv-
ity after the placement or the removal of orthodontic
appliances showed that patients in the total sample
having orthodontic treatment had a higher prevalence
of Ni hypersensitivity. However, when people with
cutaneous piercing, considered a significant risk factor
for Ni allergy,®* were omitted from the sample, patients
having orthodontic treatment did not have a statistically
significant difference in Ni hypersensitivity than did the
general population. Furthermore, orthodontic patients
who had skin piercing exposure to Ni had a statistically
significant difference than did the general population.
This difference was more pronounced when piercing
preceded orthodontic treatment. However, in patients
who had orthodontic treatment before piercing, no
statistically significant difference was observed. Based
on these findings, scientific evidence suggests that
orthodontic treatment is not associated with an increase
of Ni hypersensitivity, unless patients have a history of
previous cutaneous piercing exposure to Ni. Moreover,
in the 2 longitudinal studies, no statistically significant
difference between the odds for a positive patch-test
result before orthodontic treatment and after the place-
ment of the appliances was observed.

This finding could be of particular interest re-
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Table VII. Analysis of the various sources of bias in the studies in the meta-analysis

Sudy

Sources of bias

Van Hoostraten et al?®

Bass et al**

Kerosuo et al®*

Janson et al®®

Mortz et al?®

Kalimo et al?”

Menezes et al??

Saglam et al*®

1

P A WwN

N

A~ WN

N

Selected and heterogeneous population. Control group. Control for cutaneous piercing exposure to Ni. Performed
in European Union countries before the Ni exposure regulation.

. Retrospective collection of data from interviews. Patients were asked whether they wore removable appliances

and the age they had their ears pierced.

. No statement that the assessor was blinded. No information on whether the assessor was informed beforehand on

the subjects’” exposure to Ni from orthodontic appliances.

. Selected and heterogeneous population. No control group. No control for cutaneous piercing exposure to Ni.

Performed in the United States.

. Prospective evaluation of oral exposure to Ni.

. Losses described but not explained.

. The assessor was aware of the subject’s exposure to Ni from orthodontic appliances.

. Selected and heterogeneous population. No control group. Control for cutaneous piercing exposure to Ni.

Performed in Finland before European Union regulations.

. Retrospective collection of data from questionnaires and patients’ orthodontic records. Patients were asked

whether they had received orthodontic treatment and the age they had their ears pierced.

. No statement that the assessor was blinded. No information on whether the assessor was informed beforehand on

the subjects’ exposure to Ni from orthodontic appliances.

. Selected and heterogeneous population. No control group. Control for cutaneous piercing exposure to Ni, but

piercing prevalence cannot be deduced for the group after orthodontic treatment. Performed in Brazil.

. Retrospective collection of data from interviews.
. No statement that the assessor was blinded. No information on whether the assessor was informed beforehand on

the subjects’ exposure to Ni from orthodontic appliances.

. Unselected and more homogeneous population. Control group but no comparison with the orthodontically treated

group. Control for cutaneous piercing exposure to Ni. Performed in Denmark after Danish regulations. It is
unclear whether the subjects had pierced their ears before or after the Ni exposure regulation.

. Retrospective collection of data from questionnaires and interviews. Patients were asked whether they wore

dental braces and whether they had their ears or any other part of their skin pierced.

. No statement that the assessor was blinded. No information on whether the assessor was informed beforehand on

the subjects’ exposure to Ni from orthodontic appliances.

. Selected and heterogeneous population. Control group but no comparison with the orthodontically treated group.

Control for cutaneous piercing exposure to Ni. Performed in Finland before European Union regulations.

. Retrospective collection of data from interviews.
. No statement that the assessor was blinded. No information on whether the assessor was informed beforehand on

the subjects’ exposure to Ni from orthodontic appliances.

. Selected and heterogeneous population. No control group. No control for cutaneous piercing exposure to Ni.

Performed in Brazil

. Prospective evaluation of oral exposure to Ni.

. No losses occurred.

. The assessor was aware of the subjects’ exposure to Ni from orthodontic appliances.

. Selected and heterogeneous population. No control group. Control for cutaneous piercing exposure to Ni, but

piercing prevalence cannot be deduced for the group tested after orthodontic treatment. Performed in Turkey.

. Retrospective collection of data from a questionnaire.
. No statement that the assessor was blinded. No information on whether the assessor was informed beforehand on

the subjects’ exposure to Ni from orthodontic appliances.

1, Selection bias; 2, performance bias; 3, attrition bias; 4, detection bias.

garding both general policies on limiting human
exposure to Ni and risk management in orthodontic
daily practice.

Current concerns on possible adverse sequelae from
Ni exposure in orthodontic practices,® combined with
increased reporting of allergic reactions attributed to
orthodontic treatment,® might extend the limitations
on Ni content in items regularly used in orthodontic
treatment (brackets, bands, archwires) and raise lia-
bility issues for orthodontic practitioners. It is also

possible that future legislation will affect everyday
orthodontic practice by influencing the choice of
mechanotherapy and modifying the financial dimension
of orthodontic treatment. In contrast to these concerns,
the data from this meta-analysis suggest that contact
sensitization to Ni is not increased by oral exposure
from orthodontic appliances but is mainly affected by
previous cutaneous exposure, usually ear piercing. In
addition, our results show that the tolerance concept,
suggesting that orthodontic treatment with appliances
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Studies included in the meta-analysis OR (®), 95%CI () Weight % OR, 95% CI
Bass et al.,1994 *' 46.31 1.42[0.48,4.20]
Menezes et al., 1996 * o 53.69 1.89[0.69,5.19]
Total (95% CI) —_— 100.00 1.66[0.8, 3.48]
Test for heterogeneity: Q-value = 0.148, df = 1 (p = 0.701), I’ = 0% :
Test for overall effect: Z = 1.345 (p = 0.178)
0.2 0.5 1 2 5
Less Ni (+) tests after More Ni (+) tests after
orthodontic treatment orthodontic treatment

Fig 2. OR and 95% CI of a positive Ni patch-test score before orthodontic treatment and after the
placement of orthodontic appliances. Statistical data and forest plots are presented. The forest plot
is composed of a vertical axis that passes through number 1 of the horizontal axis and depicts the
point of no difference in the odds of positive Ni patch-test scores before orthodontic treatment and

after the placement of orthodontic appliances.

Table VIII. Prevalence of Ni hypersensitivity in patients having orthodontic treatment: comparisons with the general

population

Ni hypersensitivity Heterogeneity

Comparisons with

Sudy group n Summary prevalence (%) Qvalue df (Q)  Sgnificance (P) 1> general population (P)
Total sample of OT 1459 214 55.016 8 0.000 85 0.037
OT without cutaneous piercing 250 6.1 10.551 2 0.005 81 0.127
OT with cutaneous piercing 751 30.3 30.843 3 0.000 90 0.002
OT before cutaneous piercing 267 21.7 20.561 3 0.000 85 0.086
Cutaneous piercing before OT 466 359 18.873 3 0.000 84 0.000
General population 2832 12.3 50.734 3 0.000 94

OT, Orthodontic treatment; 12, inconsistency.

containing Ni before cutaneous exposure to Ni might
actually lower the incidence of Ni hypersensitivity,?®
should be substantiated. Consequently, efforts to con-
trol the risks from Ni should be directed to the
regulation of Ni exposure on the skin. Such attempts
have already been effective in reducing Ni sensitiza-
tion.*’

These results are also of interest to orthodontists
from a risk-management perspective. Ni hypersensitiv-
ity, although probably not influenced by orthodontic
treatment, is present in considerable percentages in
both the general population and orthodontic patients.
Thus, the possibility for orthodontic appliances to elicit
contact hypersensitivity reactions during treatment is
not negligible. Moreover, the importance of contact
allergic reactions in patients with atopic diseases is still
being debated, and increased frequencies of contact
allergy have been reported in such patients.>® Conse-
quently, the orthodontist should be aware that patients
with Ni hypersensitivity might have a greater chance of
a contact or an atopic hypersensitivity reaction and

should be prepared to modify the treatment accord-
ingly.

Alternative treatment modalities can be used so that
the patients with Ni hypersensitivity can benefit from
orthodontic treatment. Instead of metallic brackets,
alternatives include ceramic, polycarbonate (plastic),
titanium, and gold-plated brackets.> Stainless steel and
gold-plated archwires are safe for Ni-sensitive orth-
odontic patients. Coated wire and beta-titanium wires
are also alternatives.®

CONCLUSIONS

Based on the results of this meta-analysis, it seems
that orthodontic treatment is not associated with an
increase in the prevalence of Ni hypersensitivity, unless
subjects have a history of Ni exposure from cutaneous
piercing. However, many orthodontic patients have Ni
hypersensitivity, and the clinician should be prepared to
manage a possible reaction. The lack of high-validity
primary studies about Ni hypersensitivity in orthodon-
tic patients should be considered, and consequently,
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Fig 3. Funnel plot analysis for the evaluation of publi-
cation bias.

high-validity studies are needed to produce strong
evidence to further support these results.
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