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Nickel-free vs conventional braces for
patients allergic to nickel: Gingival and
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Introduction: Allergic and inflammatory reactions have commonly been associated with the release of metal
ions during orthodontic treatment. Our objective was to evaluate prospectively gingival and blood status in pa-
tients allergic to nickel. Methods: Allergy to nickel was diagnosed using a patch test. Two groups were estab-
lished: conventional braces (n5 21) and nickel-free braces (n5 21). The gingival index was used to determine
gingival status before treatment, periodically for 12 months (evaluations every 3 months), and 1 month after the
removal of the braces. Blood status was evaluated with a complete blood count, including the quantification of
nickel and immunoglobin E before treatment, during treatment, and 1 month after removal of the braces. The
data were analyzed using Mann-Whitney, Student t, Wilcoxon, repeated measures analysis of variance,
Friedman, and chi-square tests. Either the Pearson or the Spearman correlation coefficients were calculated,
when appropriate. Results: The number of basophils increased significantly among the evaluations in both
groups (conventional, P 5 0.002; nickel-free, P 5 0.001), whereas the number of eosinophils and the
immunoglobin E levels decreased significantly in the conventional group (P 5 0.004). Plasma nickel levels
were increased before and during treatment, and decreased 1 month after removing the braces in both
groups, but the differences were significant only in the nickel-free group (P 5 0.002). No correlations were
found between the concentrations of nickel and immunoglobin E, basophils, or eosinophils, or between the
gingival index and either bands or segmented neutrophils (P $ 0.05). Conclusions: Patients treated with
nickel-free braces had better gingival health and smaller blood changes than did those treated with
conventional braces. All abnormalities tended to be eliminated after the removal of the braces. (Am J Orthod
Dentofacial Orthop 2016;150:1014-9)
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Alloys containing nickel are widely used in ortho-
dontic appliances and can account for up to
55% of the weight of such devices.1 However,

nickel is considered one of the most common allergens,2

with up to a 30% prevalence rate of contact allergy, de-
pending on age, sex, and ethnicity.3

In general, orthodontic materials are considered
highly biocompatible.4 However, side effects have been
reported in the literature, including allergic and inflam-
matory reactions, cytotoxicty, and mutagenicity.5

Inflammation seems to play a pivotal role in the initia-
tion of nickel-induced hypersensitivity, promoting the
activation and recruitment of immune cells to the expo-
sure area.6 Thus, studies have indicated nickel to be a
cause of changes in periodontal and immunologic sta-
tuses in allergic patients.7-9

Previous studies by our research group involving pa-
tients allergic to nickel and treated with conventional
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braces demonstrated that periodontal status was parti-
cularly harmed, including a change in the number of
neutrophils, but remission occurred with the removal
of the braces.7,10 As a result of these findings, we
initiated a new set of experiments involving allergic
patients who received nickel-free braces compared
with those who received conventional braces, in which
the former group demonstrated better periodontal sta-
tus during treatment.11 Thus, studies involving a peri-
odontal evaluation in relation to blood parameters in
this group were needed for comparisons with previous
trials.

Nickel-free devices are reported to release low
amounts of nickel ions, which could diminish hypersen-
sitivity among allergic patients.7,12 Therefore, studies
involving nickel-free braces may provide important in-
formation by first determining whether nickel is truly
responsible for triggering responses of an inflammatory
or allergic nature.

The aim of this study was to perform a longitudinal
evaluation of gingival and blood statuses among pa-
tients allergic to nickel, by comparing conventional
and nickel-free braces.

MATERIAL AND METHODS

A study was conducted with a sample of patients
ranging in age from 10 to 45 years. The sample size
was calculated using the formula for the comparison
of 2 means,13 and the parameters used were deter-
mined in a previous study.7 Considering a standard
deviation of 0.10 plasm levels of nickel in allergic pa-
tients, since this is an important variable and patients
were allergic to this metal, and a 0.10 difference to be
detected between the groups (conventional and
nickel-free braces) with 80% statistical power and
5% standard error, we determined that a minimum
of 16 subjects were needed in each group. We added
5 subjects in each group to compensate for possible
losses. A total of 42 allergic subjects were recruited
for this study. After enrollment, we had 28 female
and 14 male subjects. Thus, we formed 14 pairs of fe-
male and 7 pairs of male subjects. Subsequently, a
random allocation was performed in each pair, so
that 1 subject received nickel-free braces, and the
other received conventional braces.

All patients began treatment at the same time. Before
placement of the braces, all participants received pro-
phylaxis with bicarbonate spray and counseling with re-
gard to oral hygiene. Oral hygiene measures consisted of
brushing the teeth at least 4 times a day and using dental
floss with the help of a needle and mouthwash to facil-
itate the removal of plaque. Conventional and nickel-
free Roth Monobloc Morelli braces (Dental Morelli,
American Journal of Orthodontics and Dentofacial Orthoped
Sorocaba, S~ao Paulo, Brazil) were used. The conven-
tional braces contained 16% to 20% chrome, 8% to
13% nickel, and 2% to 3% molybdenum. The nickel-
free braces contained up to 18% chrome, 0.2% to 4%
nickel, and 3.5% molybdenum.

Data were collected based on a study by Pazzini
et al11 that involved the same sample and is described
briefly below.

Before treatment, a skin patch test was used to iden-
tify patients with a nickel allergy. According to the
allergy evaluation standards of the Brazilian Medical As-
sociation and the Federal Medicine Council (Brazilian
Study Group on Contact Dermatitis, 2000), this is the
most efficient method for confirming the etiologic diag-
nosis of allergic contact eczema. After 48 hours, the
patches were removed, and 1 reading was performed
in compliance with the norms of the International Con-
tact Dermatitis Research Group.14

Clinical gingival characteristics (color, volume, and
bleeding) were assessed. A standardized probe with a
millimeter ruler was used to determine the presence or
absence of gingival bleeding around the maxillary and
mandibular first premolars at 4 points on the vestibular,
palatine/lingual, and mesial and distal faces. These
teeth were selected because of their locations at the
halfway point of each quadrant of the oral cavity. The
gingival index was used for this evaluation, with quali-
tative changes in the gingival tissues taken into consid-
eration.15,16 Gingival assessments were conducted by a
blinded, duly calibrated examiner (R.J.J.) (kappa.0.90)
before the start of treatment (T0) and at regular 3-
month intervals for 12 months with the braces in place
(T1, T2, T3, and T4) as well as 1 month after removal of
the braces (T5). After the periodontal evaluation,
prophylaxis was performed at each session with a bi-
carbonate spray.

All participants underwent a full blood test, with the
determination of the total immunoglobin E (IgE) and the
amount of circulating nickel in the blood before treat-
ment (examination 1), 9 months into orthodontic treat-
ment (examination 2), and 1 month after removal of the
braces (examination 3).7 The examination before treat-
ment had not been performed in the previous studies.

For the blood count, analyses were performed of leu-
kocytes, basophils, eosinophils, bands, segmented neu-
trophils, platelets, lymphocytes, and monocytes. Fecal
examinations were performed on all participants to
determine parasitic infestations (helminth eggs and
larvae or protozoan cysts), since parasitic infections
can affect the IgE and white blood cell count, especially
the number of eosinophils. All laboratory examinations
were performed by a duly trained pharmacist-
biochemist, and no patient exhibited parasitosis.
ics December 2016 � Vol 150 � Issue 6
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Statistical analysis

All data were analyzed using SPSS for Windows
(version 22.0; IBM, Armonk, NY). The frequencies of
the variables studied were first determined. The
Shapiro-Wilk test was used to determine the normality
of the distribution of the quantitative variables.
Repeated measures analysis of variance (ANOVA) or the
Friedman test was used to determine intergroup and in-
tragroup differences regarding blood components.
Either the nonpaired t test or the Mann-Whitney test
was used to determine differences in blood components
between the conventional and nickel-free groups during
examinations 1, 2, and 3. Either the paired t test or the
Wilcoxon test was used to determine these differences
within the same group. Intergroup and intragroup com-
parisons of the gingival index among the 6 evaluation
sessions were performed using the chi-square and Fried-
man tests, respectively. The Dunn correction was used to
adjust the P values for multiple testing. Nonparametric
tests were applied because the gingival index is a quali-
tative method. Thus, the values for the 0, 1, 2, and 3
scores cannot be used as ordinary variables and were
dichotomized as presence (1, 2, or 3) or absence (0) of
gingival inflammation for statistical purposes. A P value
of 0.05 or less was considered to have statistical signi-
ficance.

All aspects of this study, including the methods to
obtain informed consent and agreement from the partic-
ipants (parents or caregivers of adolescents), were inde-
pendently reviewed and approved by the Human
Research Ethics Committee of the Centro Universit�ario
of Lavras (Brazil) under process number 0015.0189.000-
10. This studywas conducted in compliancewith the prin-
ciples formedical research involvinghuman subjects in the
Declaration ofHelsinki. All data remained anonymous and
confidential.
RESULTS

Forty-two patients proved to be allergic to nickel (28
female [67%], 14 male [33%]). The study began with 21
patients in each group. However, only 20 in the conven-
tional group and 17 in the nickel-free group completed
all treatment sessions.

With regard to blood components, a statistically sig-
nificant difference in segmented neutrophils was found
between the groups only during treatment. The number
of basophils increased significantly between examination
1 (before treatment), examination 2 (9months into treat-
ment), and examination 3 (1 month after removal of the
braces) in both groups, whereas the number of eosino-
phils decreased among the evaluation periods in the con-
ventional group. Moreover, a decrease in IgE levels
December 2016 � Vol 150 � Issue 6 American
occurred among the evaluations in the conventional
group. Plasma nickel levels were increased before and
during treatment and decreased 1 month after removing
the braces in both groups, but the differences were sig-
nificant only in the nickel-free group (Table I).

Table II shows the intragroup and intergroup find-
ings with regard to the gingival index, demonstrating
significant differences among the different evaluation
times (P# 0.05), with higher values in the conventional
group than in the nickel-free group. Significant differ-
ences between the groups were detected at T3 and T4.

Correlations were tested between nickel concentra-
tion and IgE, basophils, and eosinophils, as well as be-
tween IgE and the numbers of both bands and
segmented neutrophils before (examination 1), 9months
after the placement of the braces (examination 2), and
1 month after the removal of the braces (examination
3). However, no significant correlations were found in
either group among the 3 examinations (data not shown
in Table II).

DISCUSSION

In this study, the relationship between gingival status
and blood parameters was evaluated in allergic patients
treated with either conventional or nickel-free braces. Ex-
aminations were made on the sample before orthodontic
treatment, which was not performed in previous studies
and therefore limits comparisons of the data.7,10,17

European regulations on the amount of nickel that
may be released from objects with direct and prolonged
skin contact, such as items inserted into pierced body
parts, significantly reduced the incidence of nickel al-
lergy among young Danish women from 27.6% in
1985 to 16.8% in 2007.18

Nickel is known for its potential to cause allergic re-
actions in the oral cavity.19 In this study, however, no
correlation was found between circulating nickel levels
and IgE quantification in either the conventional or
the nickel-free group, although IgE plays an important
role in the pathogenesis of allergic as well as inflamma-
tory reactions and is generally increased in patients who
suffer from allergies.20 This indicates that nickel may not
influence the peak production of IgE.21 Hypersensitive
reactions to nickel over a long time are likely to occur
only with prior sensitization from nondental contact,
which is rare, and small doses of nickel may induce toler-
ance to this allergen.22 With orthodontic braces, contin-
uous exposure in the oral cavity may be a pivotal factor
supporting tolerance among persons who have not been
previously sensitized.23

Some studies have suggested an immediate reaction
to nickel. Di Tola et al24 found that despite the moder-
ately increased number of circulating B lymphocytes
Journal of Orthodontics and Dentofacial Orthopedics
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Table II. Comparison of mean gingival index scores
over time in the conventional and nickel-free groups

Conventional
(n 5 20)

Nickel-free
(n 5 17)

P
value

T0 0.30a 0.53 0.286
T1 0.45a,b 0.53 0.457
T2 0.60a,b 0.47 0.368
T3 0.75b 0.23 0.026*
T4 0.75b 0.29 0.031*
T5 0.25a 0.35 0.761
Pvalue 0.014 0.426

Friedman test (intragroup) and chi-square test (intergroup);
P # 0.05.
Different superscript letters indicate significant differences between
lines in the same column.
*Significant differences between groups.
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after the oral mucosal nickel patch test in nickel-
sensitive patients, total IgE serum concentrations were
not increased; this agrees with our findings. We believe
that this finding may exclude the possibility of an IgE-
dependent immediate hypersensitivity reaction and indi-
cate that nickel may act as a mast cell discharger.
Although this hypothesis could be in the realm of possi-
bilities, the existence of an IgE-mediated immune mech-
anism cannot be ruled out. Nickel was formerly
postulated to induce only a Th1 cell response and a
related cytokine pattern. Researchers later demonstrated
that nickel is also able to stimulate Th2 cells.25

The continuous low-level stimulus of antigens, such
as nickel, raises the level of interleukin-4 produced by
T cells, regardless of whether a person is allergic; this fa-
vors a polarized immune response for a Th2 profile, with
a characteristic cell and molecule population through a
pathway dependent on STAT-6 and GATA-3.26 In this
study, increases in basophils and nickel were found in
both groups, and a reduction in IgE was found in the
conventional group; this indicates a Th2 immune
response. These findings agree with data described by
Niiyama et al,27 who assessed the systemic response pro-
duced by nickel. Studies have also reported a nickel-
produced response with a predominance of Th1 CD41
T cells because of the presence of interferon-g, but the
balance generally tends to favor the expression of Th2
cells and inhibit other subpopulations, thereby playing
a suppressive role in the immune response.28,29 After
activation, T lymphocytes proliferate and differentiate
into Th1 or Th2 effector cells. A similar result occurred
regarding the number of lymphocytes, which also
increased between evaluation times, but this increase
did not achieve statistical significance. This may be
ics December 2016 � Vol 150 � Issue 6
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explained by the fact that people allergic to nickel have
few T cells, or lack specific suppressor T cells, which
regulate the number of leukocyte populations.30

More than a direct sensitizing agent of skin and mu-
cosa, nickel appears to alter gingival status, acting as a
modifying factor of periodontal disease in sensitive pa-
tients. In our study, gingival abnormalities differed
between the groups only after 9 months (T3), demon-
strating that the reaction depends on exposure
time.7,10 The increase in the gingival index over time in
the conventional group and the decrease in the nickel-
free group suggest that chemicals with a low molecular
weight, such as nickel, may irritate tissues by inducing
the production of various proinflammatory and chemo-
tactic molecules and are potentially allergenic when able
to bind to proteins, such as immune response mole-
cules.31 Furthermore, nickel induces T lymphocytes to
produce cytokines, thereby stimulating tissue prolifera-
tion, which may favor gingival hyperplasia and blood
changes.32 The pattern and level of cytokines secreted
are critical to triggering differential immune responses
that can lead to different degrees of tissue damage.
Temperature, microorganisms, enzymatic compounds,
and ions normally present in the oral cavity particularly
favor the breakdown and release of metallic elements
from dental casting alloys.31 It would therefore be plau-
sible to suppose that the continuous release of small
amounts of nickel together with poor hygiene to the
epithelium could be an initiating factor of gingival over-
growth induced by orthodontic braces.33

The gingival epithelium is the first barrier to come into
contact with corrosive materials, such as nickel and bac-
teria. Human gingival fibroblasts are the major compo-
nent of gingival tissues and are strongly affected by the
release of interleukin-1b, which is highly synthesized by
gingival keratinocytes and monocytes/macrophages.34

Human gingival fibroblasts express both interleukin-1Rs
and toll-like receptors and function as nonprofessional
inflammatory cells,35 participating in inflammatory reac-
tions such as gingivitis and periodontitis.36,37

The number of bands is significantly higher in pa-
tients allergic to nickel than in nonallergic patients.7

Bands are stimulated in bacterial infections or inflam-
mations. It has been suggested that nickel exerts an in-
fluence on local and systemic inflammatory reactions
throughout orthodontic treatment.31 Although it was
nonsignificant, the reduction in this study was greater
in the nickel-free group than in the conventional group;
this suggests less gingival inflammation with the use of
nickel-free braces. Nickel-free stainless steel braces do
not to have a significant amount of nickel in their
composition. This suggests that they may be a viable
December 2016 � Vol 150 � Issue 6 American
alternative for allergic patients, despite their poorer me-
chanical properties, which are a limitation during ortho-
dontic mechanics, since nickel considerably enhances
resistance to oxidation and corrosion.38 Moreover, nickel
enhances the strength of the alloy in stainless steel.39

Other studies have also reported the positive character-
istics of nickel-free braces in terms of the release of nickel
and allergic manifestations.12,40 Moreover, considerable
differences in individual sensitivity to nickel as well as
individual nickel absorption and excretion have been
demonstrated.41 However, orthodontic treatment for
nickel-sensitive patients may prove challenging. Further
studies are needed to examine the cytotoxic effects of
released nickel on in-vitro cell cultures and the extent to
which corrosive products are actually absorbed by pa-
tients.2 The increases in allergies tonickel andgingival dis-
eases as well as the need for orthodontic treatment
demonstrate the importance of our findings and the con-
stant necessity with regard to future analyses.42

CONCLUSIONS

1. Patients with nickel-free braces demonstrated bet-
ter gingival health and fewer blood changes than
did those treated with conventional braces.

2. Gingival and blood changes tend to disappear after
removal of the braces.

REFERENCES

1. Mikulewicz M, Chojnacka K. Trace metal release from orthodontic
appliances by in vivo studies: a systematic literature review. Biol
Trace Elem Res 2010;137:127-38.

2. G€olz L, Papageorgiou SN, J€ager A. Nickel hypersensitivity and or-
thodontic treatment: a systematic review and meta-analysis. Con-
tact Dermatitis 2015;73:1-14.

3. Simonsen AB, Deleuran M, Johansen JD, Sommerlund M. Contact
allergy and allergic contact dermatitis in children—a review of cur-
rent data. Contact Dermatitis 2011;65:254-65.

4. Eliades T, Athanasiou AE. In vivo aging of orthodontic alloys: im-
plications for corrosion potential, nickel release, and biocompati-
bility. Angle Orthod 2002;72:222-37.

5. G€olz L, Bayer S, Keilig L, Jager A, Stark H, Bourauel C, et al. Possible
implications of Ni(II) on oral IL-1b-induced inflammatory pro-
cesses. Dent Mater 2014;30:1325-35.

6. Schmidt M, Goebeler M. Nickel allergies: paying the toll for innate
immunity. J Mol Med 2011;89:961-70.

7. Pazzini CA, Pereira LJ, Carlos RG, de Melo GE, Zampini MA,
Marques LS. Nickel: periodontal status and blood parameters in
allergic orthodontic patients. Am J Orthod Dentofacial Orthop
2011;139:55-9.

8. Johansson K, Kerosuo H, Lammintausta K. Nickel sensitization in
orthodontically treated and non-treated female adolescents. Con-
tact Dermatitis 2011;64:132-7.

9. Garcia-Gavin J, Armario-Hito JC, Fernandez-Rondo V, Fernandez-
Vozmediano JM, Sanchez-Perez J, Silvestre JF, et al. Nickel allergy
in Spain needs active intervention. Contact Dermatitis 2011;64:
289-91.
Journal of Orthodontics and Dentofacial Orthopedics

http://refhub.elsevier.com/S0889-5406(16)30465-6/sref1
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref1
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref1
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref2
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref2
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref2
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref2
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref2
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref3
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref3
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref3
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref4
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref4
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref4
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref5
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref5
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref5
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref5
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref6
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref6
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref7
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref7
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref7
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref7
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref8
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref8
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref8
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref9
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref9
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref9
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref9


Pazzini et al 1019
10. Pazzini CA, Junior GO, Marques LS, Pereira CV, Pereira LJ. Prevalence
of nickel allergy and longitudinal evaluation of periodontal abnormal-
ities in orthodontic allergic patients. Angle Orthod 2009;79:922-7.

11. Pazzini CA, Marques LS, Ramos-Jorge ML, J�unior GO, Pereira LJ,
Paiva SM. Longitudinal assessment of periodontal status in pa-
tients with nickel allergy treated with conventional and nickel-
free braces. Angle Orthod 2012;82:653-7.

12. Pantuzo MC, Zen�obio EG, de Andrade Marigo H, Zen�obio MA. Hy-
persensitivity to conventional and to nickel-free orthodontic
brackets. Braz Oral Res 2007;21:298-302.

13. Armitage P, Berry G. The planning of statistical investigations. In:
P Armitage, G Berry, editors. Statistical methods in medical
research. 2nd ed. Oxford, United Kingdom: Blackwell Science;
1987. p. 179-85.

14. Nonaka H, Nakada T, IijimaM,Maibach HI. Metal patch test results
from 1990-2009. J Dermatol 2011;38:267-71.

15. Loe H, Silness J. Periodontal disease in pregnancy. Acta Odontol
Scand 1963;21:533-51.

16. Loe H. The gingival index, the plaque index and retention index
systems. J Periodontol 1967;38:610-6.

17. Pazzini CA, Pereira LJ, Marques LS, Generoso R, de Oliveira G Jr.
Allergy to nickel in orthodontic patients: clinical and histopatho-
logic evaluation. Gen Dent 2010;58:58-61.

18. Thyssen JP. Nickel and cobalt allergy before and after nickel regu-
lation—evaluation of a public health intervention. Contact Derma-
titis 2011;65(Suppl 1):1-68.

19. Marigo M, Nouer DF, Genelhu MC, Malaquias LC, Pizziolo VR,
Costa AS, et al. Evaluation of immunologic profile in patients
with nickel sensitivity due to use of fixed orthodontic appliances.
Am J Orthod Dentofacial Orthop 2003;124:46-52.

20. Jafarzadeh A, Sadeghi M, Karam GA, Vazirinejad R. Salivary IgA
and IgE levels in healthy subjects: relation to age and gender.
Braz Oral Res 2010;24:21-7.

21. Kulak Y, Arikan A. Effect of dental base metal alloys on IgE levels
and some blood parameters. J Oral Rehabil 1997;24:749-54.

22. House K, Sernetz F, Dymock D, Sandy JR, Ireland AJ. Corrosion of
orthodontic appliances—should we care? Am J Orthod Dentofacial
Orthop 2008;133:584-92.

23. Van Hoogstraten IM, Andersen KE, Von Blomberg BM, Boden D,
Bruynzeel DP, Burrows D, et al. Reduced frequency of nickel al-
lergy upon oral nickel contact at an early age. Clin Exp Immunol
1991;85:441-5.

24. Di Tola M, Marino M, Amodeo R, Tabacco F, Casale R, Portaro L,
et al. Immunological characterization of the allergic contact muco-
sitis related to the ingestion of nickel-rich foods. Immunobiology
2014;219:522-30.

25. Jensen CS, Lisby S, Larsen JK, Veien NK,Menn�e T. Characterization
of lymphocyte subpopulations and cytokine profiles in peripheral
blood of nickel-sensitive individuals with systemic contact derma-
titis after oral nickel exposure. Contact Dermatitis 2004;50:31-8.

26. Chakir H, Wang H, Lefebvre DE, Webb J, Scott FW. T-bet/GATA-3
ratio as a measure of the Th1/Th2 cytokine profile in mixed cell
populations: predominant role of GATA-3. J Immunol Methods
2003;278:157-69.
American Journal of Orthodontics and Dentofacial Orthoped
27. Niiyama S, Tamauchi H, Amoh Y, Terashima M, Matsumura Y,
Kanoh M, et al. Th2 immune response plays a critical role in the
development of nickel-induced allergic contact dermatitis. Int
Arch Allergy Immunol 2010;153:303-14.

28. Minang JT, Arestr€om I, Zuber B, J€onsson G, Trove-Blomberg M,
Ahlborg N. Nickel-induced IL-10 down-regulates Th1- but not
Th2-type cytokine responses to the contact allergen nickel. Clin
Exp Immunol 2006;143:494-502.

29. Schwenk M, Sack U, Esser C, Klein R. Diagnostic relevance of the
determination of lymphocyte subpopulations in environmental
medicine. Int J Hyg Environ Health 2007;210:177-98.

30. Cavani A. Breaking tolerance to nickel. Toxicology 2005;209:
119-21.

31. Wataha JC, Lockwood PE, Schedle A, Noda M, Bouillaguet S.
Ag, Cu, Hg and Ni ions alter the metabolism of human mono-
cytes during extended low-dose exposures. J Oral Rehabil
2002;29:133-9.

32. Fernandez-Botran R, Sanders VM, Mosmann TR, Vitetta ES.
Lymphokine-mediated regulation of the proliferative response of
clones of T helper 1 and T helper 2 cells. J Exp Med 1988;168:
543-58.

33. Gursoy UK, Sokucu O, Uitto VJ, Aydin A, Demirer S, Toker H, et al.
The role of nickel accumulation and epithelial cell proliferation in
orthodontic treatment induced overgrowth. Eur J Orthod 2007;29:
555-8.

34. Preshaw PM, Taylor JJ. How has research into cytokine inter-
actions and their role in driving immune responses impacted
our understanding of periodontitis? J Clin Periodontol 2011;
38:60-84.

35. Uehara A, Takada H. Functional TLRs and NODs in human gingival
fibroblasts. J Dent Res 2007;86:249-54.

36. Takashiba S, Naruishi K, Murayama Y. Perspective of cytokine
regulation for periodontal treatment: fibroblast biology. J Perio-
dontol 2003;74:103-10.

37. Mattii M, Ayala F, Balato N, Filotico R, Lembo S, Schiattarella M,
et al. The balance between pro- and anti-inflammatory cytokines
is crucial in human allergic contact dermatitis pathogenesis: the
role of IL-1 family members. Exp Dermatol 2013;22:813-9.

38. Platt JA, Guzman A, Zuccari A, Thornburg DW, Rhodes BF,
Oshida Y, et al. Corrosion behavior of 2205 duplex stainless steel.
Am J Orthod Dentofacial Orthop 1997;112:69-79.

39. Petoumeno E, KislyukM, Hoederath H, Keilig L, Bourauel C. Corro-
sion susceptibility and nickel release of nickel titanium wires dur-
ing clinical application. J Orofac Orthop 2008;69:411-23.

40. Sfondrini MF, Cacciafesta V, Maffia E, Massironi S, Scribante A,
Alberti G, et al. Chromium release from new stainless steel, recycled
and nickel-free orthodontic brackets. Angle Orthod 2009;79:
361-7.

41. Hansen M, Christensen OB, Moller H. Nickel levels in serum and
urine in five different groups of eczema patients following oral
ingestion of nickel. Acta Derm Venereol 1994;74:176-8.

42. Mikulewicz M, Chojnacka K. Cytocompatibility of medical bioma-
terials containing nickel by osteoblasts: a systematic literature re-
view. Biol Trace Elem Res 2011;142:865-89.
ics December 2016 � Vol 150 � Issue 6

http://refhub.elsevier.com/S0889-5406(16)30465-6/sref10
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref10
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref10
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref11
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref11
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref11
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref11
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref11
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref12
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref12
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref12
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref12
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref12
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref13
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref13
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref13
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref13
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref14
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref14
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref15
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref15
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref16
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref16
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref17
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref17
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref17
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref18
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref18
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref18
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref19
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref19
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref19
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref19
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref20
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref20
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref20
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref21
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref21
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref22
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref22
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref22
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref23
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref23
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref23
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref23
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref24
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref24
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref24
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref24
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref25
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref25
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref25
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref25
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref25
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref26
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref26
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref26
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref26
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref27
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref27
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref27
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref27
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref28
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref28
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref28
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref28
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref28
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref28
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref29
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref29
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref29
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref30
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref30
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref31
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref31
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref31
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref31
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref32
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref32
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref32
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref32
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref33
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref33
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref33
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref33
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref34
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref34
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref34
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref34
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref35
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref35
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref36
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref36
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref36
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref37
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref37
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref37
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref37
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref38
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref38
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref38
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref39
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref39
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref39
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref40
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref40
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref40
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref40
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref41
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref41
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref41
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref42
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref42
http://refhub.elsevier.com/S0889-5406(16)30465-6/sref42

	Nickel-free vs conventional braces for patients allergic to nickel: Gingival and blood parameters during and after treatment
	Material and methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


