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Abstract Nickel constitutes about 860 % of orthodontic
alloys. It is known as an allergenic/cytotoxic trace metal.
Therefore, it should be investigated in patients undergoing
orthodontic treatment which might last for 2 or 3 years. How-
ever, no controlled studies have assessed the influence of
orthodontic treatments of longer than 5 months on its systemic
levels. Thus, the aim of this retrospective cohort study was to
evaluate systemic nickel in patients undergoing orthodontic
therapy for a minimum period of 1 year. In this study, urinary
nickel concentrations in 20 female and 10 male patients being
treated with stainless steel appliances were measured using
atomic absorption spectrophotometry. The same procedure
was done on a control group of the patients’ same-gender
near-age siblings (n=30). The effect of treatment and gender
on urinary nickel levels were assessed using a repeated-
measures two-way analysis of variance (ANOVA) and a Tukey
test («=0.05). The mean treatment duration was 17.1+
6.4 months (range, 12-21). The mean nickel concentrations
in male and female patients were 9.67+3.25 and 9.9+3.83 pg/
L, respectively. These statistics for male and female control
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subjects were 6.65+2.57 and 8.43+£2.94 ug/L, respectively.
The ANOVA showed a statistically significant difference be-
tween the urinary nickel levels of the treatment and the control
groups (P=0.009) but not between the genders (P=0.194). The
interaction between gender and treatment was also nonsignifi-
cant (P=0.337). The Tukey test indicated that the increase in
nickel was higher in male patients, in comparison to their
brothers (P<0.05). It could be concluded that orthodontic
therapy for longer durations with stainless-steel archwires
might elevate slightly, but significantly, urinary nickel levels.

Keywords Urine - Metal ion release - Nickel - Orthodontic
treatment - Atomic absorption spectrophotometry

Introduction

Nickel is a carcinogenic, cytotoxic, mutagenic, and aller-
genic trace element known to induce cancer, birth defects,
and other reproductive harms [1-7]. It is the most common
source of contact allergy and is a major cause of asthma [4,
7, 8]. Therefore, it has been investigated at DNA to organ-
ism levels [2, 3, 5, 6, 9], and its potential adverse effects
have been publicized [2, 6]. It is a key component of nickel—
titanium (NiTi) orthodontic appliances and one of the ele-
ments available in stainless steel (SS) ones, which respec-
tively contain approximately 60 and 8 % nickel [2, 3, 5-7,
10-13]. These alloys are susceptible to corrosion and can
release nickel ions into saliva through various mechanisms
[2, 3, 5,7, 8]. Under in vitro conditions, orthodontic alloys
can resist corrosion by the formation of a passivation layer
[2, 7]. Nevertheless, in clinical situations, these may under-
go corrosion since the protective layer is simply removed by
several mechanical/chemical factors [7]. These include mas-
tication [7, 14], brushing [7, 8], biofilm layer [2, 4, 7], saliva
flow [5, 7, 8, 15], thermal stresses [4, 7, 15, 16], recycling of
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the appliances [4, 7, 17], metal deflection caused by occlusal
loadings [6, 7, 18], chloride ions and acidic conditions [5, 7,
12, 15, 16, 18] available as byproducts of local plaque
microorganism biodeterioration [2, 6, 7, 17-19], fruit
juices, acidic carbonated beverages, sodium chloride [2,
7, 8, 18], fluoridated toothpastes/mouthwashes, and tea
[2, 7, 17]. The introduction of corroded nickel into the
human body is an extra risk to health because depending
on its characteristics, solubility, and the competitive
effects of other metal ions, it may be released or accu-
mulated at different levels in different tissues [3-5, 20,
21]. Accordingly, biological functions can be affected,
leaving systemic and local influences [3-5, 20].

The majority of the previous studies in this matter have
explored nickel ion discharge in artificial saliva or other in
vitro media [1, 2, 16]. In the other few in vivo investigations,
authors have evaluated the amount of nickel ion in saliva [5, 7,
9,12, 14, 22], oral mucosa cells [3], or dental plaque [14]. The
results and conclusions of in vitro analyses are less likely
relevant to the clinical situations, because such methodologies
are unable to reproduce highly complex and dynamic oral
environment [2—7]. Moreover, none of the in vivo studies on
salivary nickel concentrations can address the changes in
nickel ion levels in the bloodstream, as it is demonstrated that
these might be unrelated [12]. Assessment of systemic expo-
sure to a substance can be performed using biomarkers of
exposure, of which blood and urine are the most accessible
ones, which can also denote acute exposures [23].

Systemic nickel alterations during orthodontic treatment
have been assessed in only three investigations [12, 23, 24],
two of which have evaluated short-term exposures to ortho-
dontic appliances [23, 24]. One of the short-term studies had
assessed blood nickel in 31 subjects in 4 to 5 months, but it
was questionable, because all nickel levels were far below the
normal range with most of them being undetectable (<0.4 g/
L) [24]. In the other short-term report, authors had investigat-
ed nickel levels in urine samples taken from a cohort of 21
patients in a 2-month longitudinal study [23]. It should be
taken into account, however, that orthodontic treatment usu-
ally lasts for 2 or 3 years, and a short-term assessment—while
NiTi archwires might dominate in treatment plan—cannot
necessarily reflect the impact of the whole treatment in longer
periods, in which SS appliances are regularly used [6, 7, 10].
The only long-term research on serum nickel was a descriptive
one on five different groups of 20 patients, being under
treatment for different durations up to 2 years [12]. Nonethe-
less, its reliability [12] was tenuous due to the absence of a
cohort design [2, 7] in addition to probable contamination of
serum samples by the SS venipuncture needles [12]. The few
and controversial available reports on systemic nickel [12, 23,
24] and the absence of any controlled long-term examinations
on this subject may identify the merit of undertaking long-
term experimental or quasi-experimental setups.
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Systemic nickel can be assessed in blood. Conversely,
taking blood samples merely for research purposes might be
unethical, while there are efficient indirect approaches for
this purpose. Markers of exposure to toxic metals usually
include the sites of aggregation or elimination [10]. Since
conducting measurements at the internal accumulation sites
such as the kidney is impossible in human, evaluation of
excretion routes as exposure biomarkers seems to be of
significant value [10, 25]. Urinary nickel can reflect the
level of nickel in the blood [10, 23, 24, 26] and kidney
[10, 23, 25]. However, it is not well explored, especially in
longer durations of orthodontic therapy [17, 23]. In view of
the mentioned drawbacks and debates, we aimed to evaluate
comparatively the urinary nickel concentrations in ortho-
dontic patients undergoing treatment for at least 1 year and
in their age- and gender-matched siblings.

Subjects and Methods

This retrospective cohort study was performed on 30 ortho-
dontic patients and on the same number of control subjects.
As part of the inclusion criteria, all the patients must have
had at least a same-gender near-age sibling without any
orthodontic treatment history. In case either a patient or the
matched control participant met any of the following exclu-
sion criteria, both would be disqualified. These comprised
the subjects’ unwillingness to participate, them having teeth
extracted or missing (excluding the third molars), the pres-
ence of any systemic diseases, any history of allergic reac-
tions, medication intake, alcohol consumption or smoking,
and the presence of any metal restorations such as amalgam
fillings or fixed prostheses, or any soldered/extraoral ortho-
dontic appliances [7]. Since NiTi archwires can femporarily
raise salivary nickel amount [5, 22], patients must have had
no NiTi archwires in their set-up for at least 1 month before
sampling [5]. In order to lessen the effects of biologic differ-
ences as well as dietary and hygiene habits on nickel release,
the siblings must be same gender and near age to the
patients; they also must have been living together with them
and must not have undergone orthodontic treatment. After
evaluating 380 orthodontic patients, 30 participants (20
females and 10 males) and their age- and gender-matched
siblings were enrolled. The included patients’ mean age was
20.95+5.3 years (females, 20.4+4.7 and males, 21.5+5.1).
The siblings’ mean age was 21.8+6.6 years, and the differ-
ence between the mean ages of the groups was not signifi-
cant (P>0.4) according to a paired-samples ¢ test. The ethics
of the study protocol were approved by the internal review
board of the institution, and written consents were taken
from the subjects or their parents after thorough explanation
[7]. The fixed appliances at the time of sample collection
consisted only of 0.016- and 0.016x0.022-in SS archwires,
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bonded 0.018-in. slot preadjusted Roth prescription SS
brackets on all teeth except the molars (Discovery, Dentau-
rum, Pforzheim, Germany), and an average of six SS ortho-
dontic bands (Unitek/3 M, Monrovia, California, USA). The
sampling was carried out 17.1£6.4 months after the initia-
tion of fixed orthodontic treatment (range=12-21 months).

Sample Collection

The patients and their siblings were instructed, orally and in
written, to avoid consumption of a given list of foods rich in
nickel, from 48 h prior to the next visit [7]. They were as
well told to avoid brushing or mouth-rinsing with fluoridat-
ed products and eating/drinking in the next visit which was
scheduled in the morning [7, 12]. To avoid contamination of
the specimens at home, the sampling was performed in the
office. The subjects were given sterile nickel-free 50-mL
plastic containers and were asked to collect the urine after
discarding the first flush. They were also instructed to avoid
contaminating the vessels by wiping or rinsing the surfaces
[23]. The specimens were stored in a low-temperature freez-
er [7, 14], and in the next day transferred to the Chemical
Analysis Department of the Atomic Energy Organization for
electrothermal atomic absorption spectrophotometry using a
calibrated device (AA280Z GTA120, Varian, Mulgrave,
Australia) with 0.01-pg/L accuracy limit [7]. From each
container, two 1-mL urine specimens were collected and
were tested. In the case of the existence of any inconsistency
between the nickel levels of the two specimens from each
subject, the values would be disregarded and the procedure
would be repeated on another set of two 1-mL bottles [7].

Statistical Analysis

The sample size of this two-level repeated-measures design
was calculated based on a pilot study to obtain test powers
of >0.8. Nickel values were normally distributed according
to a D’Agostino—Pearson omnibus normality test. The data
were analyzed using a repeated-measures two-way analysis
of variance (ANOVA) and a Tukey post hoc test of the
Statistical Package for the Social Sciences (SPSS version
16, SPSS Inc, Chicago, USA). The level of significance was
set at 0.05. In addition, 95 % confidence intervals (CI) for
the means and differences were computed.

Results

In the majority of the patients, NiTi archwires had been
replaced by SS ones after the third month of treatment,
and none of the patients had NiTi archwires in their mouth
after the fifth month. Urine samples of 58 subjects were
consistent and were approved after two examinations, but

the tests for two subjects needed to be repeated before
approval.

The urinary nickel concentration of each patient was
higher than the matched sibling. The difference between
the mean nickel levels of the cohort and the control groups
was 1.98 pg/L (Fig. 1; Table 1). The repeated-measures
two-way ANOVA showed that this difference was statisti-
cally significant (F=6.723; P=0.009), while the difference
between the nickel concentrations observed in males and
females was not (F=1.450; P=0.194). Additionally, the
interaction between the influences of treatment and gender
was nonsignificant (£=0.940; P=0.337). The Tukey test
showed that the difference between the treatment and the
control groups was significant in males (P<0.05) but was
only marginally significant in females (P<0.1; Table 2).

The 95 % CI pointed to generalizable differences be-
tween the nickel levels in the patients and the control sub-
jects, between male patients and their brothers, between
female patients and their sisters, and between female and
male control subjects, but not between female and male
patients (Table 2).

Discussion

The most known adverse effect of nickel in orthodontics is
contact allergy, especially in patients with hypersensitivity
to nickel who constitute 2-5 % of men and 20-30 % of
women worldwide [7, 19, 23]. It is well understood that
corroded nickel may cause dermatitis and irritation through
triggering soft tissue inflammation. Nonetheless, it is not
clearly identified that how much released nickel is absorbed
by the organism [3, 5, 12, 23, 24]. Assessment of the
administration and elimination pathways of trace elements
is a principal approach in comprehending reactions to such
metals [23]. Nickel ions can be discharged into saliva via
several mechanisms such as galvanic corrosion where two
or more dissimilar metals are joined in the construction of
brackets or archwires [2, 5, 8]. However, because of being
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Fig. 1 The mean and 95 % CI of urinary nickel (in micrograms per
liter) observed in the females, the males, and the sample
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Table 1 Descriptive statistics

for urinary nickels Number Mean (ng/L) SD CV (%) 95 % CI (ng/L)
Low Up
Control
Female 20 8.43 2.94 349 7.14 9.72
Male 10 6.65 2.57 38.6 5.06 8.24
Total 30 7.83 2.87 36.7 6.80 8.86
Treatment
Female 20 9.90 3.83 38.7 8.22 11.58
SD standard deviation, CV coef- Male 10 9.67 3.25 33.6 7.66 11.68
ficient of variation, C7 confi- Total 30 9.81 3.53 36.0 8.55 11.07

dence interval for the mean

small and hydrophilic, rather than being accumulated, it is
typically metabolized and then excreted mostly by the
kidneys. It also excretes through saliva, sweat, and keratin
materials such as hair and nail [10, 17, 23, 26]. Approxi-
mately, 90 % of blood nickel is quickly exerted through
urine with an elimination half time of 28 h [14, 23, 24, 26].
Therefore, renal elimination rate might reflect well the sys-
temic nickel level as well as its acute changes [10, 23, 24,
26]. In line with our findings, the normal urinary nickel level
is reported as about 4.5 pg/L (1.9-9.6 ng/L) in people
without occupational exposures to nickel [23, 24, 26].
There were slight but generalizable differences between
the urinary nickel levels of the two groups in the present
setup. This seemed to be in contrast to some of the other
studies with regard to systemic nickel concentrations [12,
24], showing no significant alterations in blood nickel.
Nevertheless, similar to our findings, Menezes et al.[23]
found that urinary nickel escalated about 2.2 ug/L after
2 months of fixed treatment. A reason for this resemblance
might be using SS appliances in both the studies. Although
NiTi archwires—which had been used in the initial stages of
treatment for the patients in this sample, might accelerate
galvanic corrosion caused by different metals present in the
mouth, it was unlikely a confounding factor since at the time
of sampling, all the patients had SS archwires in their mouth
for at least 7 months. Another noticeable (though not a
main) issue was the difference between the baseline urinary

nickel values in the two studies. The control nickel level was
much higher in their study [23] (i.e., 17.7 ug/L) which can
be attributed to differences in lifestyles, socioeconomic con-
ditions, and dietary habits [23].

All in vivo studies regarding changes in salivary nickel
levels showed that the nickel release from orthodontic appli-
ances is far below the rate of dietary nickel intake (100—
800 pg/day) and, hence, probably well tolerated and non-
toxic [2, 5, 7, 9—12, 14, 23]. However, it was intriguing that
such subtle and insignificant increases (or even sometimes
decreases [7]) might lead to generalizable increases in uri-
nary nickel—that is about 1:7 to 1:4 of the baseline urinary
nickel concentrations—either in short-term [23] or in longer
periods observed in this research. This might imply that
perhaps corroded products of nickel might be more absorb-
able than nickel available in daily food, possibly as a result
of being solubilized by the biofilm microorganisms [10]. In
addition, the plaque microbes can accelerate the corrosion
by causing a local depletion of oxygen, a decline in pH [2, 4,
6], and taking up and metabolizing nickel [6, 10]. This
nickel might be bioaccumulated with a significant rate in
the biomass, by complexing with glycoproteins or ions
already present in the biofilm [7, 10, 14]. Thus, despite
the absence of notable increases in salivary nickel, the
undetected additional nickel aggregated in the biofilm
might still be absorbed into the bloodstream through intake
of plaque [10].

Table 2 The confidence inter-
vals for the pairwise
comparisons

Compared groups Number Difference (ng/L) 95 % CI (ng/L)
Low Up
Patients Controls 30+30 1.98 0.523 3.319
Female patients Female controls 20+20 1.47 -0.431 3.384
Male patients Male controls 10+10 3.02 0.479 5.513
Female controls Male controls 20+10 1.78 —0.496 4.055
Female patients Male patients 20+10 0.23 —2.682 3.133

CI confidence interval for the
difference
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Serum and urinary nickel concentrations might depend
also on nickel excretory rates [6, 9]. The presence of other
ions such as cadmium—released from silver-soldered ortho-
dontic appliances [2, 18]—as well as methods of nickel
administration can influence the routes of nickel aggregation
and elimination [21]. The latter might justify, in part, the
elevated urinary levels observed in this research. Moreover,
whereas no significant alterations in blood nickel had been
reported [12, 24], significant urinary nickel increases were
observed by Menezes et al. [23] and us. Hence, the authors
propose that the contrasting reports from the four studies on
systemic nickel concentrations might be all together
explained in the context of the extremely rapid nickel ex-
cretion process [21]. Such a fast elimination rate might
effectively stabilize blood nickel at low levels (reported by
studies on blood nickel [12, 24]), at the expense of signif-
icant increases in renal nickel excretion (seen in this study
and the other one [23]). The same point might as well
account for the absence of any correlations between salivary
and serum nickel noticed by Agaoglu et al. [12], and for the
inconspicuous blood nickel values remarked by Bishara et
al. [24]. It might also imply the high affinity of nickel to the
kidneys [6, 9, 21, 23]. Nevertheless, the debate might also
have been stemmed from some errors or confounders in some
of'the other studies. In the study of Agaoglu etel. [12], the lack
of cohort/control groups and some standardized features as
well as using SS needles for blood sampling might decrease
the reliability of their findings [2, 12]. As well, Bishara et al.
[24] reported very low nickel levels, as 77 out of their 93
readings—for 31 patients at three intervals—showed unde-
tected levels of nickel, and the remainder were all far below
the normal range [24]. Such an inconsistency might point out
the existence of false negative errors in their study. It seems
that simultaneous assessment of salivary, plaque, blood, and
urinary nickel might be the best and probably the only ap-
proach to prove the mechanism underlying the controversies.
It should be taken into consideration, however, that even low
or unchanged levels of blood nickel in orthodontic patients
cannot indicate an absence of selective binding of nickel to
organs [6, 10], especially to the kidneys where the nickel
highly tends to localize at [6, 21, 23]. This is again relevant
to patients’ health since nickel, alone or in combination with
cadmium (released from silver-soldered appliances [18]),
might induce single-strand DNA breakage in kidney cells
[21], irrespective of nickel dosage [7, 9].

In harmony with the results of Menezes et al. [23], the
effect of gender on the elevation pattern during the treatment
period was not statistically significant in the current study.
Nonetheless, the increase in nickel level in males was about
twice as much as that in females, in a way that despite the
smaller sample size of males, the difference between male
patients and their brothers reached the level of significance.
This might be explained by the lifelong contact with metal

jewelry in females. Because, perhaps the negative influence
of long-term exposures to extra nickel on intestinal adsorp-
tion [24, 27] might also apply to oral absorption. No evi-
dence existed in similar reports to discuss this suggestion;
and it might be approached with caution, as the difference
between the sexes was very small. Therefore, larger samples
and improved methodologies with higher powers are needed
to draw decisive conclusions.

Limitations and Strengths

The present study was constrained by some factors. Evaluation
of blood nickel might shed light on the links between pace of
nickel elimination and remained serum nickel. However, vir-
tually none of the assessed 380 patients agreed to give blood
samples. Furthermore, reliability of the findings could be en-
hanced with a prospective cohort setup, in which pretreatment
nickel levels were measured. Such a design would eliminate
interindividual differences and diminish considerably intrain-
dividual variations such as saliva pH. Nonetheless, it was not
quite affordable in this long-term study with a rather large
sample size and a long list of exclusion criteria. For
instance, unlike the other studies on systemic nickel [12,
23, 24], we tried to control for additional confounders such
as smoking and consuming nickel-rich diets or alcohol.
Also in contrast to the study of Menezes et al. [23] where
urine was collected at home, in this research, urine sam-
pling was conducted at an office which might reduce the
odds of contamination that existed in the other study [23].
In addition, enrolling pairs of matched siblings living in
the same conditions was not present in none of the other
studies apart from one [5]. This method could lower
genetic and environmental discrepancies such as type of
water pipes. The significant difference and the consistency
of the results of this study in terms of greater nickel values
in patients compared with their siblings implied the well
control over lurking variables. Finally, instead of merely
relying on statistical significance which was the only
source of conclusions in almost all previous studies [3-5,
12, 14, 18, 22-24], we estimated the CI as well which can
favor the validity and comparability of the findings [7].

Conclusions

Within the limitations of this long-term retrospective study,
it was inferred that urinary nickel excretion might be signif-
icantly, though slightly, escalated in orthodontic patients
undergoing orthodontic therapy for at least 12 months, in
which no NiTi appliances are used. Gender did not have a
statistically significant influence on the increase pattern,
albeit this increase was somewhat more vivid in males.
Future studies are warranted to assess this.
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