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ARTICLE INFO Abstract

Aim of the Work: The aim of this work was to evaluate Ni e Cr ions in the saliva of 
subjects with and without fixed orthodontic appliances.

Materials and Methods: This was a prospective, non-randomized study of 100 
patients, so selected: 50 have undergone fixed orthodontic appliance at least from 
24 months; others 50 subjects as control-group, without any fixed and/or removable 
orthodontic appliance It was conducted according to the Declaration of the World 
Medical Association of Helsinki. The two selected groups were compatible for age, sex, 
absence of restoration in amalgam or other metals in the oral cavity. The saliva of all the 
subjects was collected with standardized sterile methods. The samples were analyzed 
with an atomic absorption spectrophotometer instrument.

Results: Absolute values of the salivary metal ions in the subjects with fixed 
orthodontic appliances are more than the values observed in the control group, but 
these values are within the normal range.

Conclusion: The results show a greater presence in saliva of Ni and Cr ions in the 
group with fixed orthodontic device. This research must be deepened because ions 
released in saliva can have effects both locally and in distant districts.

Introduction
Fixed orthodontic appliances including brackets, orthodontic 

bands and arches are commonly made of stainless steel and nickel 
titanium. These materials are generally biocompatible, but many 
studies have shown the possibility releasing nickel ions and some 
side effects both locally and in distant districts [1-4]. The presence 
of oxides on the external and internal surface of the metal alloys 
is responsible for the micro-fissures of the crystal lattice. The 
corrosion processes can be activated even in depth, making the 
metal alloy a microporous support that favors the adhesion of the 
bacterial plaque and through this the process of corrosion can 
occur even severely, making the metal alloy a microporous support, 
able to foster the adhesion of bacterial plaque which is then in turn 
responsible for low pH values, facilitating the corrosion process 
through oxides present in the metal [5-8]. In food, in tobacco, as in  

 
water, aggressive substances such as chlorides and sulphides can be 
present, which trigger even marked oxidation phenomena [9,10].

Most fixed orthodontic appliances contain metals of various 
kinds and in varying quantities . These components are constantly 
subjected to the action of the salivary fluid, but also undergo the 
chemical and physical action of food. Various Authors [1,11-17] 
have stated that the orthodontic appliances released in the oral 
cavity the ions metals and they create electric currents how due 
from the difference in electrical potential between the metals 
immersed in the salivary fluid. The oral environment can conducive 
to corrosion with release of ions because of the constantly wet 
mouth environment, constant temperature, and pH changes in 
the mouth. Among these ions, nickel has been the subject of major 
research for its harmful effects on cells, tissues and organs. In 
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these studies it has been re-ported that Ni complexes, in the form 
of arsenides and sulfides, can be allergenic, carcinogenic, and act 
as mutant substances [18-26]. In fact, 10% of the population has 
a hypersensitivity reaction to nickel [11,13,14,27]. Some authors 
have shown that the amounts of nickel released by orthodontic 
appliances in saliva or serum are significantly lower than the 
average dietary intake [27,28]. The release of ions varies during the 
different period of orthodontic treatment and depends on the pH 
level of the saliva itself. In vitro corrosion studies show different 
results from the studies conducted in vivo [30-33].

The purpose of the current work is the quantitative and 
qualitative analysis of the Ni and Cr ions released in the saliva in 
subjects wearing fixed orthodontic appliances. A number of factors 
influencing the metal releasing are also assessed.

Material and Methods
Eligible patients for this study were selected from the Depart-

ment of Orthodontics, University of Palermo. For this study subjects 
informed consent forms were obtained, and it was conducted ac-

cording to the Declaration of the World Medical Association of Hel-
sinki. A total of 100 patients who met the following criteria: studies 
clinical in vivo, patients aged between 12 and 30, have permanent 
dentition. All patients must have no amalgam fillings or metal res-
torations, no previous orthodontic treatment. no previous allergic 
reaction to Nickel. Excluded were patients with metal restorations, 
patients with systemic diseases, pharmacological treatment in 
progress and moreover use of alcohol and smoking. Out of them 
50 people were selected to represent the control group without 
treatment orthodontics. Their age range was from 14 to 22 years 
(mean 18.5±3.9 years) The experimental group included 50 (26 fe-
males and 24 males) patients with an age range from 16 to 19 years 
(mean 17.5±2.9 years). were healthy orthodontic patients with 
fixed appliances. The fixed appliances consisted of an average of 4 
stainless orthodontic bands and 20 bonded stainless-steel brackets 
(3 M UniteK, California USA, 0,022-inch slot). The archwires used 
were all in stainless steel . The patients underwent salivary sam-
pling in the range 16-18 months after the start of treatment with 
fixed orthodontic appliances experiment .

Figure 1: Questionnaire administered to all patients.
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The metal content determinations were carried out using 
atomic absorption spectrophotometry with a graphite furnace. 
We have proceeded , for all patients to the administration of a 
questionnaire (Figure 1), introduced anonymously, on the habits of 
life (oral hygiene, smoking, nutrition, etc.) in order to also assess 
the presence of any pathologies, disorders oral or systemic, among 
those that in the literature are more indicated as related to the 
release of metal ions. Later the patients of both groups performed 
the same standard procedure. All patients were instructed to avoid 
rinsing and eating at least 30 minutes before sampling. Sample 
collection was carried out such that after rinsing with 20 ml of 
distilled water for 45 seconds. Then unstimulated saliva sample 
was collected, from each subject, in sterile 50ml propylene tubes 
(Figure 2). The saliva withdrawal was always carried out by the 
same operator. The samples thus collected were collected inside the 
test tubes, sent to the laboratory where they were then investigated 
using a “SIMAA 6000” PERKIN - ELMER atomic absorption 
spectrophotometer to search for traces of Cr, Ni metals. With this 
technique there was not necessity separating the metal from its 
biological matrix. The results were considered as nanograms for 
milliliter . All the data thus obtained were processed using Microsoft 
© Excel © worksheets .

Figure 2: Sterile 50ml propylene tubes.

Results
 The quantitative values of the Ni and Cr metals expressed 

in μg / l, searched in the two groups of subjects are presented in 
the Graphs 1 & 2. In this research, the values of metal ions, to be 
considered normal, refer to the work of Prof. P. Apostolie coll., 
University of Brescia. The Ni values are presented in Graph 1, 
divided into lower and upper part. The lower part (yellow) has 
normal Ni levels, values between 0 and 5 μg / l are also compared 
to the data of the two groups observed. The Ni values over 5 μg 
/ l (orange area) are to be considered outside the normal range. 
As can be seen from the graph, the Ni values of subjects with fixed 
orthodontic appliances (in green) are higher than control subjects 

(in orange). In particular, 4 subjects exceed the limit value of 5 μg / 
l while other 6 remain just below this threshold of a few μg. Among 
the control subjects, however, there are no particularly high values, 
and no one exceeds the limit value of 5 μg / l 

Graph 1: Shows the average values of the Nickel ions, in 
the group with fixed appliance and in the control group.

As for the Cr values, they are presented in Graph 2. The lower 
area of the graph, starting from the value of 3 μg / l, has a different 
color than the upper part. The value of Cr (zone in yellow) between 
0 and 3 μg / l, is to be considered normal. The values of Cr above 3 
μg / l (orange area) of the upper part are to be considered outside 
the normal range. As can be seen from the graph, the Cr values of 
the subjects with fixed orthodontic appliances (in red) are higher 
than control subjects. In particular, among subjects with fixed 
orthodontic appliances 4 exceed the limit value of 3 μg / l while 
other 6 remain just below this threshold of a few μg. Among the 
control subjects, there are no particularly high values and all within 
normal limits.

Graph 2:  Shows the average values of the Chrome ions, in 
the group with fixed appliance and in the control group.

Discussion
The fixed orthodontic appliance, used in this work are made 

with stainless steel. This appliance can release metal ions into 
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the oral cavity for due to corrosion. The results show a greater 
presence of Ni and Cr, expressed in μg / l, in the salivary of the 
group with fixed devices compared to the control group. Corrosion 
is an electrochemical phenomenon and the types of corrosion 
observed in the oral cavity are in the category of wet corrosion. 
Some variables can interact with these data, such as the metal 
traces found in commonly used objects, particular lifestyle habits 
and environmental sources. For this reason it is necessary to carry 
out further research on the factors that could affect the level and 
values of these metals in the oral cavity. Corrosion causes release 
of metal ions to the saliva when the PH is lowered in the oral cavity 
(values around 3.5) . Corrosion depends mainly on these factors: 

a)	 Metallurgical characteristics of the alloys used for fixed 
orthodontic appliances. 

b)	 Subjective factors, such as saliva composition and salivary 
flow, eating habits, smoking, oral hygiene, etc. 

c)	 The mechanical stress that triggers stress corrosion. 

d)	 The oxygen tension that varies between exposed and 
internal areas of the devices [28].

Therefore, the oral environment being a galvanic cell, the 
metals of orthodontic appliances create potential differences in the 
mouth from 200 up to 1000 milliVolts, going to corrosion. The same 
microorganisms interacting with the metal surfaces, they also create 
variations in oxygen tension, pH and local chemistry, contributing 
to the metallic alteration The combination of these chemical and 
physical phenomena involves the passage of weak currents in the 
tissues with dispersion in the oral cavity and in the tissues of metal 
ions [34]. Cellular and tissue metabolism, both local and systemic, 
also influences the onset and progression of corrosion phenomena.

Conclusion
The study is conducted on patients with fixed orthodontic 

appliances therapy compared with patients without orthodontic 
appliance. The results show to increased levels of Ni and Cr ions 
in the saliva of patients in therapy. we can find this ions also in soft 
tissues, and even organs.
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