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KEYWORDS Abstract Aim: The aim of this study was to measure the amount of nickel (Ni) and chromium
Nickel; (Cr) released into the saliva of Saudi patients treated with fixed orthodontic appliances.

Chromium; Materials and methods: Ninety salivary samples were collected in a cross-sectional manner.
Saliva; Forty samples were collected from patients (17 males, 23 females) with fixed orthodontic appliances
Fixed orthodontic appliance after different periods of orthodontic treatment ranging from the first month and up to 32 months

into treatment. The fixed orthodontic appliance consisted of 4 bands, 20 stainless steel brackets, and
upper and lower nickel titanium or stainless-steel arch wires. The other 50 samples were collected
from people without appliances (24 males, 26 females). Samples were analyzed using Inductive Cou-
pled Plasma/Mass Spectrometry and Inductively Coupled Plasma Optical Emission Spectroscopy to
measure Ni and Cr levels, respectively. Student’s ¢-test was used to compare Ni and Cr levels in the
treated and untreated control groups.

Results: The mean Ni level was 4.197 pg/L in the experimental group and 2.3 pg/L in the control
group (p < 0.05). The mean Cr level was 2.9 pg/L in the experimental group and 3.3 pg/L in the
control group (p < 0.05).

Conclusion: Fixed orthodontic appliances resulted in a non-toxic increase in salivary levels of Ni,
but no change in Cr levels. Duration of orthodontic treatment did not affect Ni and Cr levels in the
saliva.

© 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.

- 1. Introduction
* Corresponding author. Address: P.O. Box 60169, Riyadh 11545,
Saudi Arabia. Tel.: +966 505440014.

E-mail address: nftalic(@yahoo com (N.F. Talic). Fixed orthodontic appliances contain variable amounts of

nickel (Ni) and chromium (Cr). The stainless-steel metal used
for orthodontic appliances contains 18% Cr and 8% Ni.
Orthodontic arch wires made from nickel titanium (NiTi)
‘ X contain 50% Ni (Agaoglu et al., 2001; Rahilly and Price,
Esevier | Production and hosting by Elsevier 2003; Setcos et al., 2006; Platt et al., 1997). Fixed orthodontic
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appliances release Ni and Cr into the saliva as a result of elec-
trochemical breakdown, which may lead to a “hypersensitiv-
ity”’ response.

Previous studies have evaluated the concentration of Ni
and Cr in saliva, serum, and urine after different periods of
treatment with fixed orthodontic appliances. Ni and Cr
reached their highest levels within the first few months of
appliance placement, thereafter decreasing to their initial lev-
els. Although appliances released measurable amounts of Ni
and Cr when placed in the mouth, the metals did not reach
toxic levels in the saliva, serum, or urine (Stenman and
Bergman, 1989; Singh et al., 2008). Diet is considered to be
the most significant source of Ni and Cr to humans (Anderson,
1986). In vitro Ni release from orthodontic appliances has been
reported to range 22-40 pg/d, which is low compared to the
estimated dietary intake of 100-800 pg/d (Park and Shearer,
1983; Grimsdottir et al., 1992; Kerosuo et al.,, 1995; Jia
et al., 1999; IPCS, 1991). The average dietary intake of Cr is
estimated to be 50-200 pg/d.

The aim of this study was to measure the amount of leached
Ni and Cr in the saliva of Saudi patients treated with fixed
orthodontic appliances using Inductive Coupled Plasma
(ICP)/Mass Spectrometry (ICP/MS) and ICP-Optical Emis-
sion Spectroscopy (ICP-OES), which are highly sensitive tools.
In addition, we sought to use the levels of Ni and Cr in saliva
as an indicator of possible toxicity from these elements.

2. Materials and methods

This study and the informed consent form were approved by the
ethics committee of the College of Dentistry Research Center.
Written informed consent was obtained from all participants.
There were no conflicts of interest related to this research.

Salivary levels of Ni and Cr were examined randomly in 40
patients (17 males and 23 females) with fixed orthodontic
appliances who were being treated at the College of Dentistry
of King Saud University. The mean age of male patients was
20.1 + 5.6 years, and the mean age of female patients was
16.8 + 3.4 years. Orthodontic appliances consisted primarily
of 4 bands, 20 stainless-steel brackets (Victory® series, 3 M
Unitek, Manrovia, CA, USA), and upper and lower NiTi arch
wires and stainless-steel arch wires (3 M Unitek). The control
group consisted of 50 subjects (24 males and 26 females), with
mean ages of 23.1 £ 4.2 years for males and 21 + 8.2 years
for females. A short questionnaire about past medical and den-
tal history was obtained from all participants.

The inclusion criteria for this study are as follows:

1. Healthy patient with no history of significant medical
problems;

2. Patient in the permanent dentition stage;

3. Patient has no metallic crowns, bridges, or any other
Ni- or Cr-containing restorations; and

4. Patient had not received previous
treatment.

orthodontic

2.1. Sample collection

Ninety salivary samples were collected in a cross-sectional
manner. Forty samples were collected from patients with fixed

Table 1 Mean and Standard Deviations of Nickel (Ni) and
Chromium (Cr) levels in different groups.

Group/element Sample size Mean (SD) (ng/L)
Experimental/Ni 39 4.19 + 3.05
Control/Ni 50 2.29 + 2.51
Experimental Cr 39 2.83 £ 1.11
Control Cr 50 323 £1.33
Male Experimental/Ni 16 431 + 3.14
Male Control/Ni 24 2.69 + 2.75
Male Exp/Cr 17 3.14 £ 1.08
Male Control/Cr 24 3.10 £ 1.43
Female Experimental/Cr 23 2.62 = 1.10
Female Control/Cr 26 3.36 £ 1.26
Female Experimental/Ni 23 4.11 £+ 3.06
Female Control/Ni 26 1.93 + 2.26

orthodontic appliances after different periods of orthodontic
treatment ranging from the first month and up to 32 months
into treatment. All participants were asked to rinse their
mouth thoroughly with distilled deionized water and to deliver
at least 5 ml of unstimulated saliva once into a trace element-
free glass test tube. Each subject gave a single sample. The
sample was divided into two parts, which were used to measure
salivary levels of Ni and Cr, respectively. Samples were kept at
—20 °C until they were processed.

Samples were analyzed by ICP/MS and ICP-OES to mea-
sure Ni and Cr levels, respectively. Before analysis, samples
were warmed to room temperature (20 °C) and diluted 10-fold.
A calibration curve was generated from a standard solution
prepared with the same reagents as those present in the sam-
ples. The average of 3 measurements for each sample was used.

2.2. Statistical analysis

Independent Student’s ¢-tests were used to compare Ni and Cr
levels in the treated and untreated groups for significant differ-
ences. The significance level was set at p < 0.05.

3. Results

The mean Ni level was 4.197 pg/L (range: 0-12.1 pg/L) in the experi-
mental group and 2.3 pg/L (range: 0-8.2 pg/L) in the control group
(» < 0.05). The mean Cr level was 2.9 pg/L (range: 0.8-5.4 ug/L) in
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Fig. 1 Mean and standard deviation of Ni and Cr levels among
experimental and control groups.
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Table 2 Table showing a statistical comparison between different groups. Ni: Nickel, Cr: Chromium.

Group n t-Test P value
Ni experimental group to control group 39/50 3.213 002"
Cr experimental group to control group 39/50 —1.546 126
Ni experimental group to control male group 16/24 1.724 .093
Cr experimental group to control male group 16/24 0.099 921
Cr experimental group to control female group 23/26 —2.186 034"
Ni experimental group to control female group 23/26 2.80 008"
" P <005
the experimental group and 3.3 pg/L (range: 0.6-6.7 pg/L) in the con-
trol group (Table 1, Fig. 1). Student’s ¢-test revealed statistically signif- 8
icant differences in Ni and Cr levels between females of the * * 7
experimental and control groups (Table 2, Figs. 1-4). The highest level 6
of Ni occurred after 20 months of treatment, whereas the highest level 5
of Cr occurred after 4 months of treatment (Fig. 4). B mean 4
I 3
4. Discussion L2
1 :
Fixed orthodontic appliances, which contain variable amounts i T i -0
. . . . . Ni female Ni female Cr female Cr female
of Ni and Cr, can leach these metals into the saliva, which may ) )
control experimental control experimental

lead to an immune response. However, previous studies have
not explored the amount of Ni and Cr leached into saliva over
an extended period of time. In this study, we attempted to eval-
uate the amounts of percolated metallic ions in patients with
fixed orthodontic appliances compared to those without such
appliances (Agaoglu et al., 2001; Rahilly and Price, 2003;
Setcos et al., 2006; Platt et al., 1997; Stenman and Bergman,
1989; Singh et al., 2008; Kerousuo et al., 1996). The amounts
of Ni and Cr in saliva varied considerably in our sample.
The mean level of Ni in the experimental group was almost
twice the level in the control group. The mean Cr level in the
experimental group was lower than the level in the control
group. Thus, it appears that fixed orthodontic appliances do
not leach significant amounts of these metals into the saliva
over prolonged treatment times.

Ni is the most common cause of metal-induced allergic
stomatitis. In some cases, it can have a mutagenic effect
(Kerousuo et al., 1996; Barceloux, 1999; Norseth, 1981). Previ-
ous studies using patch testing found that the prevalence of Ni
hypersensitivity was 6.7% in Saudi males and 11.6% in Saudi
females (Talic et al., 2007). Fors et al. (2012) performed a
patch test study on 4376 subjects, evaluating Ni allergy in rela-
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Fig. 2 Mean and standard deviation of Ni and Cr among male

groups.

Fig.3 Mean and standard deviation of Ni and Cr among female
groups.

tion to piercing and orthodontic appliances. Use of high Ni-
containing orthodontic appliances before piercing reduced
the risk of Ni sensitization by a factor of 1.5-2. Blanco-Dalmau
et al. (1984) conducted a patch test using 5% nickel sulfate on
121 males and 282 females (n = 403). They found a positive
reaction in 28.5% of subjects (31.9% of females, 20.7% of
males). Jones et al. (1986) performed a patch test on 100 pa-
tients (50 men) and found that only 2% of men developed
Ni hypersensitivity, compared to 20% of women. Stenman
and Bergman (1989) studied Ni hypersensitivity in 151 patients
using a patch test and reported Ni hypersensitivity in 14% of
their sample. Cr allergy is estimated to occur in 10% of male
subjects and 3% of female subjects (Stenman and Bergman,
1989).
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Fig. 4 Mean Ni and Cr levels after different periods of
treatment.
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Singh et al. (2008) studied the level of Ni and Cr in the sal-
iva of 10 patients with fixed orthodontic appliances from the
beginning of their treatment. The highest level was found
1 week after appliance placement. Kerousou et al. (1996)
found that during the first month of treatment, fixed orthodon-
tic appliances did not significantly affect Ni and Cr concentra-
tions in saliva. Barrett et al. (1993) concluded that the release
rates of Ni and Cr from stainless-steel and NiTi arch wires
were not significantly different. Previous studies have exam-
ined Ni release from different arch wires and have concluded
that the maximum amount of Ni released from all tested arch
wires was 700 times lower than the concentrations necessary to
elicit cytotoxic reactions in humans (Jia et al., 1999). The re-
lease of Ni from fixed orthodontic appliances was reported
to be related to the composition and manufacturing method
of the orthodontic appliance, but not to the Ni content (Toms,
1988; Kim and Johnson, 1999; Grimsdottir et al., 1992).
Urinary excretion levels of Ni in orthodontic patients were
studied by Menezes et al. (2007), who found that Ni levels were
significantly increased 2 months after appliance placement.

In our study, 13 control salivary samples (7 females, 6
males) contained 0 pg/L of Ni. Only one experimental salivary
sample, from a female with a treatment duration of 27 months,
showed 0 pg/L of Ni. These null values can be attributed to
either the absence or subdetectable levels (<0.5 pg/L) of Ni
in saliva. One outlier in the sample was a 14-year-old male pa-
tient with 9 months of treatment, who had extreme values of
57.1 and 13.1 pg/L of Ni and Cr, respectively. These results
were possibly due to sample contamination and were excluded
from the results. The correlation between treatment duration
and Ni and Cr levels was ambiguous and inconsistent with pre-
vious studies. This result could be due to the inherent short-
comings of cross-sectional studies. Because individual
variations in Ni and Cr levels do exist, a longitudinal study
would eliminate such variations and allow for a better correla-
tion between treatment duration and metal levels.

Statistically significant differences in the amount of Ni re-
leased into saliva were observed between the experimental
and control groups and between females in the experimental
and control groups. These findings agree with the previous
findings of Agaoglu et al. (2001) and Singh et al. (2008), but
disagree with the findings of Barrett et al. (1993) and Kerousou
et al. (1996). A statistically significant difference was also
found for Cr levels between the female experimental and fe-
male control groups. However, the mean Cr level was higher
in the control group than in the experimental group. The
inconsistency and variations in results between previous stud-
ies and this study could be justified by the following explana-
tions: (1) the studies were conducted on different races; (2)
there may have been differences in the sampling methods, pro-
cessing of salivary samples, and analysis of collected data; (3)
there may have been differences in the accuracy of measuring
devices utilized; and (4) there may have been differences in the
fixed appliance types and number of brackets included in the
study.

The reported Ni and Cr levels in the saliva of Saudi patients
with orthodontic appliances were much lower than the levels
that would be considered toxic, and did not even reach the lev-
els achieved by the dietary intake of these metals. Future stud-
ies with a larger sample size are needed to confirm the findings
of this study.

5. Conclusions

Fixed orthodontic appliances release trace amounts of Ni,
which may lead to elevations in salivary and serum Ni levels.
However, the amount of Ni released did not reach a toxic level
at any period during treatment. We did not observe any eleva-
tion in Cr levels after treatment with fixed orthodontic appli-
ances over a prolonged treatment duration. Orthodontic
treatment time did not affect salivary Ni and Cr levels.

Conflict of Interest

None.

Acknowledgement

This research was funded by the College of Dentistry Research
Center, King Saud University, Riyadh, Saudi Arabia.

References

Agaoglu, G., Arun, T., Izgi, B., Yarat, A., 2001. Nickel and chromium
levels in the saliva and serum of patients with fixed orthodontic
appliances. Angle Orthod. 71, 375-379.

Anderson, R.A., 1986. Essential and Toxic Trace Elements in Human
Health and Disease. Alan R. Liss, New York, NY, 190-197.

Barceloux, D.G., 1999. Nickel. J. Clin. Toxicol. 37, 239-258.

Barrett, R., Bishara, S.E., Quinn, J.K., 1993. Biodegradation of
orthodontic appliances. Part I. Biodegradation of nickel and
chromium in vitro. Am. J. Orthod. Dentofacial. Orthop. 103, 8-14.

Blanco-Dalmau, L., Carrasquillo-Alberty, H., Silva-Parra, J., 1984. A
study of nickel allergy. J. Prosthet. Dent. 52, 116—119.

Fors, R., Stenberg, B., Stenlund, H., Persson, M., 2012. Nickel allergy
in relation to piercing and orthodontic appliances—a population
study. Contact Dermatitis 67, 342-350.

Grimsdottir, M.R., Gjerdet, N.R., Hensten-Pettersen, A., 1992.
Composition and in vitro corrosion of orthodontic appliances.
Am. J. Orthod. Dentofacial. Orthop. 101, 525-532.

International Programme on Chemical Safety, (IPCS). Environmental
Health Criteria 108. Nickel: Geneva, World Health Organization,
1991.

Jia, W., Beatty, M.W., Reinhardt, R.A., et al, 1999. Nickel release
from orthodontic arch wires and cellular immune response to
various nickel concentrations. J. Biomed. Mater. Res. 48, 488-495.

Jones, T.K., Hansen, C.A., Singer, M.T., Kessler, H.P., 1986. Dental
implications of nickel hypersensitivity. J. Prosthet. Dent. 56, 507
509.

Kerosuo, H., Moe, G., Kleven, E., 1995. In vitro release of nickel and
chromium from different types of simulated orthodontic appli-
ances. Angle Orthod. 65, 111-116.

Kerousuo, H., Kullaa, A., Kerousuo, E., Kanerva, L., Hensten-
Pettersen, A., 1996. Nickel allergy in adolescents in relation to
orthodontic treatment and piercing of ears. Am. J. Orthod.
Dentofacial. Orthop. 109, 148-154.

Kim, H., Johnson, J.W., 1999. Corrosion of stainless steel, nickel-
titanium, coated nickel-titanium, and titanium orthodontic wires.
Angle Orthod. 69, 39-44.

Menezes, L., Quintao, C., Bolognese, A., 2007. Urinary excretion level
of nickel in orthodontic patients. Am. J. Orthod. Dentofacial.
Orthop. 131, 635-638.

Norseth, T., 1981. The carcinogenicity of chromium. Environ. Health
Perspect. 40, 121-130.


http://refhub.elsevier.com/S1013-9052(13)00048-5/h0005
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0005
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0005
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0010
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0010
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0015
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0020
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0020
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0020
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0025
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0025
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0030
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0030
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0030
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0035
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0035
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0035
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0040
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0040
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0040
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0045
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0045
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0045
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0050
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0050
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0050
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0055
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0055
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0055
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0055
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0060
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0060
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0060
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0065
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0065
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0065
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0070
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0070

Nickel and chromium levels in the saliva of a Saudi sample treated with fixed orthodontic appliances 133

Park, H.Y., Shearer, T.R., 1983. In vitro release of nickel and
chromium from simulated orthodontic appliances. Am. J. Orthod.
84, 156-159.

Platt, J., Guzman, A., Zuccari, A., Thornburg, D.W., Rhodes, B.F.,
Oshida, Y., Moore, B.K., 1997. Corrosion behavior of 2205 duplex
stainless steel. Am. J. Orthod. Dentofacial. Orthop. 112, 69-79.

Rahilly, G., Price, N., 2003. Current products and practice, nickel
allergy and orthodontics. J. Orthod. 30, 171-174.

Setcos, J., Babiaie-Mahani, A., Di Silvio, L., Mjor, 1., Wilson, N.,
2006. The safety of nickel containing dental alloys. Dent. Mater.
22, 1163-1168.

Singh, D., Sehgal, V., Pradhan, K., Chandna, A., Gupta, R., 2008.
Estimation of nickel and chromium in saliva of patients with fixed
orthodontic appliances. World J. Orthod. 23, 196-202.

Stenman, E., Bergman, M., 1989. Hypersensitivity reactions to dental
materials in a referred group of patients. Scand. J. Dent. Res. 97,
76-78.

Talic, N., Almudhi, A., Alanazi, A., 2007. Prevalence of nickel
hypersensitivity among Saudi dental patients in Riyadh. Rev. Clin.
Pesq. Odontol. 3, 159-163.

Toms, A.P., 1988. The corrosion of orthodontic wire. Eur. J. Orthod.
10, 87-97.


http://refhub.elsevier.com/S1013-9052(13)00048-5/h0075
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0075
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0075
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0080
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0080
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0080
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0085
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0085
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0090
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0090
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0090
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0110
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0110
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0110
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0095
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0095
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0095
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0100
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0100
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0100
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0105
http://refhub.elsevier.com/S1013-9052(13)00048-5/h0105

	Nickel and chromium levels in the saliva of a Saudi sample treated with fixed orthodontic appliances
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Conflict of Interest
	Acknowledgement
	References


