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Objective: 
role of brushing
Materials and Methods:
covered base were immersed in artificial saliva of different pH values (4.2, 6.5 and 7.6)  during  28
day period. Three different brands of stainless steel brackets were used: Gemini(3M
Orthox(JJ ortho) series. All the brackets embedded in self cure  and the effect of brushing  on ions 
release have been evaluated. The quantity of metal ions was determined with the use of a Atomic 
absorption spectrophotometer.
Results: 
Cr released from all the brands of brackets; (2)The change in pH had a strong effect on the release of 
ions; and (3)  When compared between brushing and non brushing group 
Cr released from brushing group at all the days.  
Conclusion: 
taken into account when different brand of brackets is selected, especially in 
hypersensitivity or compromised oral hygiene.
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INTRODUCTION 
 
Metal is a considerable part of an orthodontist’s 
armamentarium. Earlier orthodontists used gold, platinum, 
Iridium and silver alloys for orthodontic treatment. which were 
not esthetically pleasing and corrosion resistant, they lacked 
flexibility and tensile strength, these alloys were inappropriate 
for complex machining and joining when used as traction bars 
of that time (Claude G  Matasa, 4th edition
difficulty stainless steel gain popularity, the force per unit 
activation with stainless steel was greater than gold i.e. high 
stiffness, excellent work hardening capabilities and low 
frictional magnitude (Robert P. Kusy, 2002
stainless steel commonly used for orthodontic brackets, bands 
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ABSTRACT 

Objective: To examine the effects of three different parameters—
of brushing—on release of metal ions from orthodontic appliances.

Materials and Methods: Simulated fixed orthodontic appliances which consist of brackets with 
covered base were immersed in artificial saliva of different pH values (4.2, 6.5 and 7.6)  during  28
day period. Three different brands of stainless steel brackets were used: Gemini(3M
Orthox(JJ ortho) series. All the brackets embedded in self cure  and the effect of brushing  on ions 
release have been evaluated. The quantity of metal ions was determined with the use of a Atomic 
absorption spectrophotometer. 
Results: The release of Nickel and chromium ions were observed. Results showed that (1) The Ni and 
Cr released from all the brands of brackets; (2)The change in pH had a strong effect on the release of 
ions; and (3)  When compared between brushing and non brushing group 
Cr released from brushing group at all the days.   
Conclusion: Levels of released ions are sufficient to cause delayed allergic reactions. This must be 
taken into account when different brand of brackets is selected, especially in 
hypersensitivity or compromised oral hygiene. 

This is an open access article distributed under the Creative Commons Att
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Metal is a considerable part of an orthodontist’s 
armamentarium. Earlier orthodontists used gold, platinum, 
Iridium and silver alloys for orthodontic treatment. which were 
not esthetically pleasing and corrosion resistant, they lacked 

le strength, these alloys were inappropriate 
for complex machining and joining when used as traction bars 

edition). Due to this 
difficulty stainless steel gain popularity, the force per unit 
activation with stainless steel was greater than gold i.e. high 
stiffness, excellent work hardening capabilities and low 

, 2002).  The austenitic 
stainless steel commonly used for orthodontic brackets, bands  
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and wires contain approximately 18 percent chromium and 8
percent nickel (Park and Shearer
orthodontic appliances include brackets, bands, ligatures, 
springs and arch wires that are made of alloys containing 
nickel, cobalt and chromium in different percentages
Oh Chung-Ju Hwang, 2003). The mass and duration of arch 
wire use is substantially less than that of the stainless steel 
brackets in full bonded cases (
The majority of metals used in the 
(Grimsdottir et al., 1992). The American Iron and Steel 
Institute type 316L austenitic stainless steel alloy, which is 
used for bracket manufacturing contains nickel in range of 10% 
to 14% (Brantley, 2001). 
manufacturing of base and wing components of metallic 
brackets are mostly austenitic-type stainless steel alloys (303L, 
304L, 316L), and recently titanium has been introduced 
for the same (Claude G Matasa
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—pH value, brands of bracket, and 
on release of metal ions from orthodontic appliances. 

Simulated fixed orthodontic appliances which consist of brackets with 
covered base were immersed in artificial saliva of different pH values (4.2, 6.5 and 7.6)  during  28-
day period. Three different brands of stainless steel brackets were used: Gemini(3M), Abzil(3M), 
Orthox(JJ ortho) series. All the brackets embedded in self cure  and the effect of brushing  on ions 
release have been evaluated. The quantity of metal ions was determined with the use of a Atomic 

lease of Nickel and chromium ions were observed. Results showed that (1) The Ni and 
Cr released from all the brands of brackets; (2)The change in pH had a strong effect on the release of 
ions; and (3)  When compared between brushing and non brushing group maximum amount of Ni and 

Levels of released ions are sufficient to cause delayed allergic reactions. This must be 
taken into account when different brand of brackets is selected, especially in patients with 

is an open access article distributed under the Creative Commons Attribution License, which permits 

 

wires contain approximately 18 percent chromium and 8- 
and Shearer, 1983). Intra-oral fixed 

orthodontic appliances include brackets, bands, ligatures, 
springs and arch wires that are made of alloys containing 

um in different percentages (Shin and 
. The mass and duration of arch 

wire use is substantially less than that of the stainless steel 
(Theodore Eliades et al., 2002). 

The majority of metals used in the orthodontics contain nickel 
. The American Iron and Steel 

Institute type 316L austenitic stainless steel alloy, which is 
used for bracket manufacturing contains nickel in range of 10% 

 The materials used in the 
manufacturing of base and wing components of metallic 

type stainless steel alloys (303L, 
304L, 316L), and recently titanium has been introduced                   

Claude G Matasa, 1995). Several studies have  
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investigated whether orthodontic appliances release metal ions, 
through emission of electro-galvanic currents, with saliva as 
the medium or through continuous erosion over time (Harris              
et al., 1988; Vandekerckhove et al., 1998; Fiorenzo Faccioni          
et al., 2003). The oral environment is particularly ideal for the 
biodegradation of metals, because of its thermal, microbiologic 
and enzymatic properties (Fiorenzo Faccioni et al., 2003). The 
ion release is influenced by factors such as surface 
morphology, phase of the metal, galvanic coupling of 
dissimilar metals, salivary composition, pH, temperature, 
brushing. An unstable metal may corrode, releasing metal ions 
into solution (Hera Kim and Jeffery W. Johnson, 1999). The 
average dietary intake for nickel is 200-300 µg/day (Grandjean, 
1984; Cempel and Nikel, 2006) and for chromium 280 µg/day 
(Skin Notation (SK) Profile Metallic Chromium and other 
Substances Containing Hexavalent Chromium [Cr(VI)] 2010). 
Nickel allergies are common (some sources indicate that 16.9% 
of males and 23.8% of females or even 28%of males and 
31.9% of females have them) chromium allergy is estimated at 
10% in males and 3% in females (Gunseli Agaoglu et al., 
2001). The purpose of this study was to determine the amount 
of leaching of different ions from 3 different brands of 
orthodontic bracket, At 3 different pH of artificial saliva. To 
correlate between manual brushing and amount of leaching of 
different ions from Gemini series (3M) orthodontic brackets at 
6.5 pH of artificial saliva. 
 

MATERIALS AND METHODS 
 
Three different brands of unused brackets (each brands have 
87 brackets which divided equally into 3 subgroups)  were kept 
in three different container of artificial saliva whose  pH 
6.5,4.2 and 7.6.  The  bracket bases were covered with light 
cure adhesive Transbond XT, to eliminate the possibility of 
corrosion from the inner aspect.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

50 ml of artificial saliva of three different pH is taken into the 
polyethylene screw top bottle and the brackets were kept in the 
saliva for 1,7, 14,21,28 days period of time at room 
temperature. Again 50 ml of artificial saliva of 6.5 pH is taken 
in polyethylene screw top bottle, and Gemini series of brackets 
(29) embedded into self cure acrylic is placed into the saliva 
for checking the effect of manual brushing and ion release for 
1,7,14,21,28 days period of time at room temperature. The 
brushing is done in circular motion twice daily for 3 min using 
power toothbrush. To avoid saturation with released ions, 
artificial saliva solutions were replaced after each sample 
collection. All the polyethylene bottle is labeled with different 
pH, and company name with collection date of sample. 5 ml of 
sample is taken for the analysis, before taking sample the 
polyethylene screw top bottle with artificial saliva is shake 
using universal shakers to avoid sedimentation of ions. All 
samples collected on all days were analyzed  at HIMRAL 
laboratory, Sri ramchandra university, chennai, using AAS 
(Atomic Absorption Spectrophotometer) Perkinelemer inc. 
USA, Model:  AAnalyst 400.  
 

RESULTS 
 
There is no statistically significant release of Ni and Cr ions  
between Gemini(3M) and Abzil(3M) groups of bracket at 
different pH. Orthox (JJ ortho) group shows significant amount 
of Ni ion release at pH 4.2 compared with pH 7.6. Cr shows no 
statistical difference in orthox series bracket. The statistically 
significant increase in the release of Ni and Cr noted between 
brushing and non brushing group of brackets in Gemini (3M) 
series. 
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Table 1. Gemini  Oneway descriptive 
 

 
 

Table 2. Gemini  Oneway Anova 
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Table 3. Gemini  Oneway Post Hoc Tests 
 

 
 

Table 4. Gemini  Oneway Kruskal-Wallis Test 
 

 
 

Table 5. Abzil   Oneway descriptive 
 

 
 

Table 6. Abzil   Oneway Anova 
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Table 7. Abzil   Oneway Post Hoc Tests 

 

 
 

Table 8. Abzil   Oneway Kruskal-Wallis Test 

 

 
Table 9. Orthox   Oneway descriptive 

 

 
 

Table 10. Orthox   Oneway Anova 
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Table 11. Orthox Oneway Post Hoc Tests 
 

 
 

Table 12. Orthox Oneway Kruskal-Wallis Test 
 

 
 

Table 13. Gemini brushing and non brushing group t-test 
 

 
 

Table 14. Gemini brushing and non brushing group independent sample test 
 

 
 



Table 15. Gemini brushing and non brushing group Mann-Whitney Test 
 

 
 

DISCUSSION 
 
The fate of the elements found in the human body has attracted 
the interest of investigators because of the apparent clinical 
importance of the information. Most of the steel based alloys 
used in orthodontics contain nickel and chromium. These 
elements give stainless steel its ductility and corrosion 
resistance. The focus of this experiment was to compare release 
of Ni and Cr from 3 different pH solution. The effect of 
brushing on release of Ni and Cr also studied.  The saliva 
concentration for nickel and chromium in this study showed a 
large variation. Despite the scatter of values the metal 
concentrations detected were altogether very low generally less 
than the daily dietary intake on an average. 3 different pH of 
artificial saliva has been taken, as oral cavity pH varies 
according to our diet; the Two pH values (6.5 and 7.6) were in 
the range of the human natural salivary pH, whereas the pH 4.2 
was investigated to simulate a condition that only occasionally 
occur when people feed on acidic foods or drinks (eg, lemon 
juice, coke) (Jensdottir et al., 2006). Geis –Gerstorfer (1994) 
reported corrosion occurs continuously in the mouth and 
release of ions take place due to abrasion by foods, liquids and 
tooth brushes. 
 
In this study, nickel and chromium were released on all days 
and at different pH. The maximum nickel released at 7th day 
and gradually decrease on 14, 21 and 28 days of time period. 
The pattern of nickel release is similar to the finding of Barrett 
and Bishara (1993), Bhaskar (1997), Hwang (2001) study. In 
the brushing group the release of nickel and chromium is much 
higher than the non brushing group. Maximum nickel released 
at 7th day and gradually decrease with time, while chromium 
shows gradual rise in concentration with time. Chromium 
leach out  gradually increases with time, maximum leach out 
reported at 28 days at different pH. This finding is 
corresponding to the finding of Barrett and Bishara (Barrett             
et al., 1993), Hwang et al. (2001), Sfondrini et al. (2008). The 
release of nickel and chromium increases with decrese in pH. 
Maximum release reported at pH 4.2, followed by 6.5 and 7.6. 
This finding is correspond to the finding of Hwang (Chang-Ju 
Hwang et al., 2001), Sfondrini (2008), and Huang (2001). The 
possible explanations for this behavior can be that, the nickel 
present on the surface of the stainless steel may quickly 
corrode during the first 7 days of the experiment, then the rate 
of release drops off as the surface nickel is depleted. Contrary 
to nickel, the rate of chromium corrosion did not decrease after 
day 7. As stated earlier, the more plausible assumption is that 

the nickel concentration on the surface of the appliances is 
being depleted at a faster rate than that for chromium. When 
patients undergoing orthodontic treatment for more than 24 
months showed lower nickel induced cell proliferation than 
those less than 24months as reported by Marigo et al. (2005). 
This data suggest that the longer the treatment continues, the 
lower the nickel induced Peripheral Blood Mononuclear Cell 
(PBMC) Proliferation index; suggesting that oral tolerance 
might develop in this context. The present study identified the 
effects of changes in pH on the different brands of brackets, 
and role of brushing on the release of metal ions. Bracket 
manufacturers are free to change raw materials and processing 
techniques without complying with any standards or 
regulations. They are not selected using scientific criteria, 
instead considering availability, cost, and ease of processing. 
This has brought to the market attachments, which are not 
acceptable. 
 
The need for better steel appears to be more pronounced 
among the one piece than among the multipartite brackets. 
Improving bracket performance can also help protect patient’s 
health. However even such small amount of release produce 
sensitivity when the orthodontic appliances are in place for 2-3 
years, because symptoms can develop several years later. 
Therefore nickel hypersensitivity should be observed on a 
long-term basis. High priority should be given to the 
development of in-vitro tests, in particular "long-term assays", 
which better simulate the biological interactions of metallic 
component in vivo. Furthermore, long-term clinical trials in 
vivo are needed to ensure the performance of bracket setup in 
vivo. 
 
Conclusion 
 
Results of this investigation led to the following 
conclusions: 
 

1. Orthox series brackets released more nickel ion 
compared to Gemini and Abzil series of bracket. 

2. Chromium release is not significant in all the 3 brands 
of bracket. 

3. With decrease in pH, ions release increases. 
4. Brushing causes more release of Ni and Cr ions.  
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