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Abstract Orthodontic archwires, especially nickel-titanium
(NiTi) ones, are a major source of nickel release. Despite their
importance, no in vivo studies have assessed the ion release
from conventional or new generations of NiTi archwires (cop-
per-included and epoxy-coated). This double-blind parallel
randomized clinical trial was done on 84 saliva specimens
sampled at two time points from 42 orthodontic patients.
The patients were randomly divided into three groups of
NiTi, copper NiTi (NiTiCu), and epoxy NiTi archwires
(n = 14 each). The effects of 2-month treatment, wire types,
gender, and age on pretreatment, posttreatment, and time-
dependent differences were analyzed statistically (o = 0.05).
Salivary nickel concentrations were 10.4571 + 0.77168 and
11.0779 + 0.81232 ng/L, respectively, in the baseline and
second month. This increase was significant (P = 0.0000,
paired 7 test). The extents of nickel increase in different groups
were 0.8279 + 0.14 (NiTi), 0.6493 + 0.10 (NiTiCu), and
0.385 + 0.11 (epoxy-coated NiTi) ug/L (P = 0.0000, one-
way analyses of variance (ANOVA)). Differences between
each two archwire types were significant (P = 0.000,
Tukey). Age and gender did not play a role. It can be
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concluded that NiTi archwires might increase nickel salivary
levels. Epoxy-coated NiTi followed by copper NiTi
archwires might release less nickel compared to convention-
al NiTi ones.
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Introduction

Alloys used in orthodontics contain nickel which is the most
common etiology of type-IV cell-mediated sensitivity world-
wide, affecting about one out of every four people [1-8]. By
their corrosion, orthodontic appliances release nickel into the
saliva and body [2, 4, 9-14].

The nickel content of nickel-titanium (NiTi) archwires is
about seven times greater than that of conventional stainless
steel (SS) archwires [15]; hence, they might pose a higher risk
at nickel release. Various methods have been proposed to re-
duce the nickel release. Mainly TiO, and to a lesser degree
Cr,05 form a passivation anti-oxide layers over the NiTi alloy
surface [10, 11, 16, 17]. Nevertheless, this layer can be easily
removed under various thermal, mechanical, and chemical
stresses existing in the mouth such as the friction between
brackets and orthodontic archwires [2-5, 7, 9, 11, 18-22].
Another method is to use metal injection molding (MIM)
brackets that are single-piece (no soldering) and hence free
of intra-bracket galvanic corrosion [23, 24]. Yet, their ion re-
lease rate is assessed in merely one study [24].
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Brackets are not the sole source of nickel discharge.
Archwires—which are never studied in vivo—matter as
well [24]. According to the three available in vitro stud-
ies, NiTi archwires can be modified to release less nick-
el: either by the inclusion of copper (Cu) in their alloy
or by coating them with a protective layer (especially
epoxy) [23, 25, 26]. However, relevant in vitro studies
are a few (and also lacking many factors affecting ion
release), and in vivo studies are absent. Therefore, this
study was carried out to measure salivary nickel in
fixed orthodontic patients before treatment, and 2 months
after beginning of fixed treatment using MIM brackets
and three different NiTi archwires.

Subjects and Methods

This double-blind parallel randomized clinical trial was
done on 42 orthodontic patients, who were divided into
three groups of NiTi, copper NiTi, and epoxy NiTi
(n = 14 x 3). There were two time points of 42 observa-
tions each: baseline (pretreatment) and 60 days after the
treatment initiation. Subjects or their parents signed writ-
ten consent forms, being informed that their participation
was completely voluntary, and that they could leave the
study without any penalties, and without any outcome on
the delivery of their routine treatment procedures. The
study ethics were approved by the institutional review
board of the university according to the Helsinki declara-
tion (RCT code: IRCT2015120725408N1). All the mate-
rials studied are already used in common practice; there-
fore, we did not find any damage caused to patients by
randomizing them to different archwire groups.

Sample

Screened for eligibility were 48 patients visiting the
Department of Orthodontics, Jundishapur University
(Ahvaz, Iran), during 2015 to 2016. The inclusion criteria
were the clinical need for fixed orthodontic therapy and the
presence of all permanent teeth (ignoring the third molars).
The exclusion criteria were histories of earlier orthodontic
treatments or allergic reactions, as well as the presence of
systemic diseases, medicine consumption, alcohol drinking,
smoking, dental decays, or metallic tooth restorations [7, 24,
27].

Randomization and Blinding
A computer-generated random table was used to randomize
the included subjects into three different groups. The involved

parties (patients, laboratory technician, and the author respon-
sible for the statistical analyses) were unaware of the archwire
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allocations. Only the orthodontist who had randomized the
allocations and had concealed them within a sealed envelope
knew them. Saliva had been sent to the laboratory within
coded bottles (hence, the technician was blinded). The data
groups were anonymized until the end of statistical analysis
procedures.

Orthodontic Treatments

Orthodontic protocols were all similar between three groups,
except for the archwires. They were free of dental extraction
and involved both jaws. No soldered orthodontic bands, head-
gears, or other metal appliances which could release nickel
(and disrupt the findings) were used. The appliances were four
MIM orthodontic tubes (Fairfield Orthodontic, Fairfield, CT,
USA) on the first molars and bonded 0.022-in.-slot stainless
steel MIM brackets (AISI 316L, Gem Petit, Fairfield
Orthodontic) on all teeth except the molars [24, 27]. The only
differing item was the archwires: in three groups, NiTi, copper
NiTi, and epoxy NiTi (all produced by American Orthodontic,
Sheboygan, WI, USA) were utilized. All three archwires were
0.014-in. round, during the study period.

Saliva Sampling and Nickel Measuring

The sampling was performed once immediately before
starting the orthodontic treatment, and once 2 months later.
Before each sampling session, a list of nickel-rich foods/
drinks was handed to the patients, who were requested not
to consume any of them and also not to irrigate with fluoridat-
ed mouthwashes during the 24 h. before the next visit, until
after saliva sampling. A same type of toothpaste (Crest
Regular, Procter & Gamble, Cincinnati, OH, USA) was hand-
ed to all patients. They were taught proper methods of oral
hygiene control, both verbally and in written form. They were
asked to avoid brushing their teeth in the day scheduled for
saliva sampling.

Saliva sampling was carried out in the morning. Patients
irrigated their mouth with distilled water for 30 s. After a 2-
min wait, they ejected the unstimulated saliva into bottles of
polyethylene free of nickel and cleansed beforehand with ac-
etone and distilled water. Saliva bottles were sent to the
Chemistry University. After centrifuging, protein/debris re-
moval, and dilution with nitric acid, each specimen was sub-
jected to atomic absorption spectrophotometry at 0.01 pg/L
accuracy limit (AA280Z GTA120, Varian, Mulgrave,
Australia), thrice. The average of the three analyses per spec-
imen was recorded as the main value [7, 24].

Statistical Analysis

The before-after differences between the two time points (i.e.,
the delta value) were calculated in each patient. Descriptive
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statistics and 95 % confidence intervals were computed for
nickel values and delta values. The analyses (correlation co-
efficients, 7 tests, as well as one-way analyses of variance
(ANOVA) and three-way repeated-measures analyses of co-
variance (ANCOVA)) were conducted using the SPSS pro-
gram (v 20.0, IBM, Armonk, NY, USA). The alpha was de-
termined as 0.05.

Results

Of the 48 evaluated patients, 6 were excluded before the be-
ginning of the study. The patients aged 19.79 + 4.09 years
(range 13 to 27). Average ages in the NiTi, copper NiTi, and
epoxy-coated NiTi groups were respectively 20.07 + 4.51,
19.29 + 3.65, and 20.00 £ 4.31 years (P = 0.860, one-way
ANOVA). The numbers of males and females were uniformly
six and eight, respectively, in each group.

Inter-group Differences

No significant difference was observed between nickel values
measured at baseline (one-way ANOVA’s P =0.162) or in the
60th day (ANOVA’s P = 0.118, Fig. 1, Table 1).

Changes During the Study Course

Salivary nickel of the whole sample (regardless of the
archwire types (n = 42 patients)) increased from a baseline
concentration of 10.4571 + 0.77168 ng/L (95 % CI 10.2167
to 10.6976) to an average of 11.0779 + 0.81232 ug/L in the
60th day (95 % CI 10.8247 to 11.3310, Fig. 1, Table 1). This
increase was significant (0.6207 + 0.21825 pg/L (95 % CI
0.5527 to 0.6887), P = 0.00000, paired ¢ test). There was a
perfect and positive correlation between the nickel values re-
corded at both time points (rho = 0.959, P = 0.00000).
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Fig. 1 The extents of nickel release (pg/L) in different groups

Inter-group Differences Between Time-Dependent Nickel
Changes

The one-way ANOVA’s comparison of delta nickel values in
three groups indicated a significant difference between the
archwires (P = 0.0000, Fig. 1, Table 1). According to the
Tukey post hoc test, each of the pairwise comparisons be-
tween different pairs of archwires was significant as well (all
three P values <0.001, Fig. 1, Table 1).

Assessment of all Variables

According to the three-way repeated-measures ANCOVA, the
effects of time (F =27.04, P = 0.00000) and the interaction of
time with archwire types (F = 47.42, P = 0.00000) were sig-
nificant. The latter indicated that the rates of increase in nickel
release differed between the archwires. Other interactions
were all non-significant (all P values >0.120). The effects of
age (F =0.002, P =0.963), and sex (F = 0.859, P = 0.360)
were not significant.

No significant role was observed for age (all P values
>0.520, Spearman coefficient), in terms of pretreatment nickel
levels, 60th-day nickel levels, and the extents of increases in
time. The same was observed for sex (all P values >0.300,
point-biserial coefficient).

Discussion

The findings of this study indicated that salivary nickel release
increases in patients under treatment with MIM brackets and
NiTi wires. Several articles have reported comparable in-
creases either immediately following the beginning of treat-
ment or about 30 days after the beginning [5, 7, 24, 28].
However, the largest part of the literature has not observed
such increases [6, 7, 11, 16, 19, 28]. There are also other
researches with different outcomes such as a reduction in nick-
el amounts [5]. In any case, such alterations in salivary nickel
are not comparable to the up-to-800-pg amount of nickel in-
troduced daily to the body [2, 6, 11, 19, 24]. On the other
hand, it should be taken into consideration that the cytotox-
ic/genotoxic/mutagenic effects of this metal are not limited to
dose-dependent ones. There are dose-independent effects, as
well as effects intensified because of chronic exposures, plus
local effects caused by the affinity of the metal to some organs
(kidneys, in the case of nickel) which might increase the dose
considerably within a local tissue [1, 7-11, 16, 18, 24].

In this study, the lowest rate of time-dependent increase
was observed in the epoxy-coated NiTi group, followed by
copper NiTi archwires, and then conventional NiTi wires with
the highest amount of time-dependent increase. This con-
firmed the success of manufactures in adopting strategies to
reduce the ion release, such as creating new NiTi alloys
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Table 1  The initial, 2-month, and delta values (ng/L) pertaining to the salivary nickel levels
Mean SD Ccv Min Ql Med Q3 Max 95 % CI
Baseline (T0) NiTi 10.59 0.73 0.07 9.62 9.79 10.55 11.39 11.63 10.17 11.01
Copper NiTi 10.14 0.75 0.07 8.98 9.57 9.98 10.82 1142 9.70 10.57
Epoxy-coated NiTi 10.65 0.78 0.07 9.46 9.93 10.64 1131 12.01 10.19 11.10
2nd month (T1) NiTi 11.42 0.80 0.07 10.33 10.51 11.43 12.15 12.66 10.96 11.87
Copper NiTi 10.79 0.81 0.08 9.52 10.11 10.64 11.53 12.11 10.32 11.26
Epoxy-coated NiTi 11.03 0.76 0.07 9.91 10.34 10.98 11.64 12.46 10.60 1147
T1-TO NiTi 0.8279 0.14 0.17 0.70 0.73 0.80 0.85 1.15 0.75 0.91
Copper NiTi 0.6493 0.10 0.16 0.43 0.58 0.67 0.70 0.84 0.59 0.71
Epoxy-coated NiTi 0.3850 0.11 0.29 0.21 0.32 0.38 0.45 0.63 0.32 0.45

SD standard deviation, CV coefficient of variation, Min, minimum, Q7 25th percentile, Med median, Q3 75th percentile, Max maximum, C/ confidence

interval for the mean, Ni nickel

(containing copper) or coating the archwires with epoxy
resin. In vitro studies have shown that epoxy-coated-
NiTi and NiTiCu archwires might have a smaller corro-
sion rate compared to conventional NiTi, probably due
to the lower oxidation-reduction potential of NiTiCu in
the proximity of MIM brackets, as well as the layer of
epoxy which might delay or eliminate the removal of
the TiO, film in the mouth [23, 25, 26]. Our findings
also showed that age or sex might not influence either
the baseline salivary nickel amounts (the normal popu-
lation), or the salivary nickel levels in orthodontic pa-
tients undergoing treatment for 2 months, or the pattern
of nickel increase. This was similar to the findings of
the only available study in this regard [24]. Although
the patterns of increase differed in various archwire
groups, the final nickel concentrations were not statistically
different. A reason might be that the source of ion release was
not exclusively the archwires, but was a combination of
brackets and archwires. The similarity of brackets in all three
groups could eclipse the real contrast existing between the
archwires.

This study was limited by some factors. Although in
vivo designs allow obtaining more generalizable results,
there are too many variables involved [1, 6, 9, 11, 18].
We hope that some level of control was present in this
study, at least because of the exclusion criteria and the
longitudinal nature of the study. The significant findings
observed might confirm this. Furthermore, due to the
lack of sample size predetermination based on power
calculations, the insignificant results (but not the signif-
icant ones) should be approached cautiously.

The use of the same bracket in different archwire groups of
this clinical trial might confound the findings. Finally, MIM
brackets might have a less galvanic corrosion tendency than
do conventional brackets [23, 26]. Hence, future studies
should compare the effects of different combinations of
MIM/conventional brackets with various NiTi/SS archwires.
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Conclusions

Two months of orthodontic therapy using MIM brackets and
NiTi archwires can increase salivary nickel, regardless of the
archwire type in use. However, the pattern of increase depends
on the archwire type: its increase will be lighter if epoxy-
coated archwires (or to a lesser degree, copper NiTi archwires)
are utilized. Overall, the nickel increase was subtle in compar-
ison with daily nickel intake, and as long as only the dose is of
concern, orthodontic treatment is less likely a threat to health.
The baseline nickel or its increases are least likely influenced
by sex or age.
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