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Abstract                                                                  

Objective: The aim of this study was to determine salivary concentrations of Nickel , Chromium and 
Cobalt ions in patients with fixed orthodontic appliances.  

Materials and Methods: This study was performed on  salivary  samples of  60 subjects including 30 

subjects (20 females and 10 males)  who were under orthodontic treatment with fixed orthodontic 
appliance for average of 1.5 to 2 years as study group  and  30 individuals(20 females and 10 males)  

without any appliance therapy as  control group. The chemical analyses of saliva was done with an 

electrothermal atomic absorption spectrophotometry to detect the metal ion content of the saliva. The 

Mann-Whitney u-test was used to analyze significance of the differences between two groups.  
Results: Examining the content of Nickel in the saliva of orthodontic patients and controls, the Nickel 

content of saliva in  study group was significantly higher than the controls (p < 0.01). The mean salivary 

Chromium content was 13.60 ± 7.30 ng ⁄ ml, and 1.40 ± 4.80 ng/ml in subjects with and without 
orthodontic appliances respectively. Statistically significant differences were found between the groups (P 

< 0.002). 

Conclusion: fixed orthodontic appliances release measurable amount of Nickel and Cobalt when placed 

in the mouth however; this increase doesn’t reach toxic levels in saliva.  
Kaywords: Nickel, Chromium, Cobalt, salivary concentration, fixed orthodontic appliance  

(Received June 2010; Revised and accepted Nov 2010) 

 

 

 
he noticeable demand of orthodontic 
treatment has made researchers think 
about potential undesired effects. Can 

orthodontic appliances cause health problems? 
Studies have been done to uncover whether 
orthodontic appliances release metal ions 
through emission of electro-galvanic currents, 
with saliva as the medium or through continuous 
erosion over time. 1, 2  
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The detrimental effects of Nickel have been 
systematically studied at the cell, tissue, organ, 
and organism levels. 3-5 Nickel complexes in the 
form of arsenides and sulfides have long been 
recognized to be allergic, carcinogenic, and 
mutating substances.5 Even at nontoxic level, 
nickel can lead to DNA alterations mainly 
through base damage and DNA strand scission. 
6(= an action or process of cutting, dividing, or 
splitting: the state of being cut, divided or split. 
Single strand scissions in DNA) 
 Number of studies investigated metal ions 
release from orthodontic alloys, but received 
results are not consistent; in other words, some 
of them reflect an increase in metal ion 
concentrations in patients with orthodontic 
treatment whereas some don’t. 7-8 Kerousuo et 
al. 9 found that, during the first month of 
treatment, fixed orthodontic appliances did not 
significantly affect Nickel and Chromium 
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concentrations of saliva.  Amini et al. 10,Gunseli 
Agaoglu et al. 11 , however; noted a measurable 
but a non toxic level  release of Nickel and 
Chromium by fixed orthodontic appliances. 
Similarly, in a previous study we also reported a 
significantly higher concentration of Ni in the 
oral mucosa of patients wearing fixed 
orthodontic appliances.12  
Therefore, there is an inadequacy of conclusive 
for the composition and kinetic of corrosive 
product released. Hence, the purpose of this 
study was to determine the salivary content of 
Nickel, Chromium and Cobalt ions in patients 
with fixed orthodontic appliance.  
 

 
 

Methods and Materials  
The subjects in this historical cohort study were 
selected from private clinics. A total of 60 
subjects were included in this study. Thirty (20 
females and 10 males) were healthy orthodontic 
patients with fixed appliances in both arches for 
a period of 16–18 months (study group).  The 
age range of the subjects in this group was from 
14 to 23 years. Thirty subjects without any 
orthodontic appliance were selected 
consecutively among patients who came for 
orthodontic examinations (control group).  
The fixed appliance consisted of bonded 0.018 
inch slot pre-adjusted Roth prescription stainless 
steel brackets on all present  teeth except the 
molars (Discovery; Dentaurum, Pforzheim, 
Germany); an average of four to eight stainless 
steel orthodontic bands (Unitek/3M, Monrovia, 
California, USA); NiTi alloy (Nitinol; Ormco 
Corporation, Orange, California, USA); and 
stainless steel archwires (Remantium; 
Dentaurum).Blue –Elgiloy (All-star USA) .  
Salivary sample collection was carried out in 
such a way that after rinsing with 15 ml of 
distilled and deionized water for 30 seconds,  
approximately 5 ml of saliva was collected from 
each subject and transferred to an assigned cold 
polypropylene tube. The samples were kept at 
−20°C until they were processed and diluted 
with Zolal deionized water (BahreZolal Tehran 
Co., Tehran, Iran) to eliminate interference and 
to reduce the effects of the biological matrix 
(protein, salt, etc.). 
A volumetric flask was used to dilute 1ml of 
saliva to 10ml of deionized water and then was 
analyzed with an atomic absorption 

spectrophotometer Varian AA220 with a 
graphite furnace GTA-95 sampling system 
(Varian SpectrAA-220; Varian Australia Pty 
Ltd, Mulgrave, Australia). The same batch of 
tubes and diluting agent was used for both 
groups. The detection limit of the method for 
sample solutions was 1 ng/ml. Determination of 
the metal content was performed at the 
Analytical Chemistry Department, Nuclear 
Research Centre, and Atomic Energy 
Organization of Iran. 
The Mann–Whitney U-test was used for 
statistical analysis of results. Statistical 
significance was defined at P<0.05.  
 
 
 
Results 
The salivary Nickel, Chromium and Cobalt 
contents are given as mean and standard 
deviations and are shown in Table 1. The 
concentration of Ni was 17.4±11.5 ng ⁄ ml, and 
12.6±16.6 ng ⁄ ml, in study and control groups 
respectively.  As it was shown in table 1, 
examining the content of Nickel in the saliva of 
orthodontic patients (study group) and controls, 
the nickel content in saliva of study  group was 
significantly higher than that in the controls (p < 
0.01)  .  
The mean salivary Chromium content was 3.60 
± 7.30 ng ⁄ ml, and 1.40 ± 4.80 ng/ml in study 
and control groups respectively. Statistically 
significant differences were found between the 
groups (P < 0.002). (Table 1) 
The mean levels of the salivary Cobalt 
concentration was 1.64± 6.20 ng ⁄ ml, and 1.39 
±5.60 ng ⁄ ml, in study and control groups 
respectively .The Mann-Whitney U test did not 
reveal a statistically significant difference 
between two groups . (Table 1)  
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Discussion 
Our results indicate that the concentrations of 
nickel and chromium ions in patients who are 
wearing fixed orthodontic appliances for 
duration of one to two years are significantly 
more than controls (individuals without fixed 
orthodontic treatment). In this study saliva 
samples were kept at-20˚C until they were 
processed. Chromium and nickel concentrations 
of saliva can be stable for 6 months when stored 
at -20˚C. 13 The use of an atomic absorption 
spectrophotometer permits the analysis of metals 
in biological samples without separating the 
metal from its biological matrix.14 By using the 
spectrophotometric method, there is no necessity 
for extraction procedures for analyzing the 
elements. 15 To eliminate the interference and 
effects of the biological matrix (protein, salt, and 
others), dilution of saliva sample is enough. It is 
critical to investigate metal ion increase in 
patients who are receiving fixed orthodontic 
treatment more than one year. In general, 
orthodontic treatment is a long term treatment 
procedure and usually takes about two years.  
The present study is in accordance with Fors et 
al 16 Barret et al. 7 and Kerous  et al.9 On the 
other hand, our results are in contrast with the 
study by Kocaderilli et al 8 who did not find any 
significant increase in Nickel and Chromium 
concentrations in saliva of orthodontic patients  
after insertion of different fixed appliances. This 
difference may also be explained by shorter 
treatment times and smaller sample size. 8 
The composition of saliva may be affected by 
many factors, such as time of the day, health 
conditions, diet and salivary flow rate. 17 Daily  
intake of Nickel from food is evaluated to be 
between 300 and 600 μg.18 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Vegetables, grains and cereals are kinds of food 
which are rich in Nickel.7 As a result, 
temporarily using these kinds of food can affect 
on salivary Nickel concentrations. In this study 
samples were taken after mouthwash; in 
addition, unstimulated saliva samples were used 
to decrease the affect of food and stimulating 
factors on saliva composition.  
In present investigation, the amount of Nickel 
and Chromium in saliva of patient with fixed 
orthodontic appliance was significantly higher 
than control group.It has been known that these 
metals could cause hypersensivity, dermatitis 
and asthma; consequently, there is the possibility 
that Nickel an Chromium released from stainless 
steel orthodontic appliances might create an 
allergic reaction. 19-22 These amounts of Ni and 
Cr are not more than daily oral intake by food 18; 
hence, these amounts of Nickel and Cobalt 
probably are not enough for allergic reaction but 
it can cause some problems in patients who have 
long period of orthodontic treatment with 
allergic background. 23  
Despite of using appropriate collecting method, 
entering patients with long orthodontic 
treatment, equal number of patients and controls, 
further investigations performed in larger group 
of patients are recommended. Longitudinal 
studies are also needed to determine the pattern 
and amount of metal ion in different time 
intervals.  
 
Conclusion 
The results of present study suggest that the 
salivary content of Nickel and Chromium ions in 
patients under fixed orthodontic appliances are  
increasing  after one to two years . In spite of the 
fact that these amounts of Ni and Cr are within 
safe limit in normal subjects but they can cause 

Table 1  Salivary nickel (Ni)  chromium (Cr)  and cobalt ( Co) content [mean and standard 
deviation (SD), nanograms per millilitre] in subjects with and without orthodontic appliances. 
Min, minimum; Max, maximum.  
 

Ions With appliance (N = 30)                   Without appliance (N = 30)          
  

    P 

 Mean   SD   Min   Max   Mean SD Min Max   

NI 17.40 11.50 1.00 40.70 12.60 16.60 1.00 60.00 0.016 
Cr 3.60  7.30 1.30 8.80 1.40 4.80 0.50 6.00 0.002 
co 1.64  6.20 1.30 6.89 1.39 5.60 0.35 6.06 0.10 
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some problems in patients having allergic 
background, so orthodontic treatment with fixed 
appliances in these patients must be done 
cautiously 
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