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Abstract 
      Stainless steel (SS) orthodontic brackets can release metal ions into oral cavity. Fluoridated 
mouthwashes are often recommended to orthodontic patients to reduce the risk of white-spot 
lesions around their brackets. However, information regarding the effect of fluoridated 
mouthwashes on nickel (Ni) and chromium (Cr) release from SS brackets are not available.  
To determine the amount of Ni and Cr ions release immersed in fluoridated mouthwash and non-
fluoridated mouthwash.  
     120 AO brackets and 120 Protect brackets were each divided into 2 equal groups, immersed in 
fluoridated mouthwash group and non-fluoridated mouthwash group for 24 days. Element 
composition of brackets were analysed using Energy Dispresive X-Ray Spectroscopy (EDX) before 
being immersed in the mouthwash. The amount of Ni and Cr ion release were measured with an 
inductively coupled plasma spectrometer (ICP). For statistical analysis, independent t-test was 
used.  
      Element composition of brackets using EDX showed that the level of Ni in AO brackets were 
higher than in Protect brackets, while the level of Cr in AO brackets were smaller. ICP analysis 
showed that Ni and Cr release from AO and Protect brackets in fluoridated mouthwash was 
significantly higher than non-fluoridated mouthwash.  
      Fluoridated mouthwashes should not be given to orthodontic patient, especially for patient who 
have Ni and Cr allergy reaction.  
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 Introduction 
 

The metal bracket is the most common 
bracket chosen from all types of bracket available, 
one of them is SS bracket.1 According to Patel et 
al2, the main components of SS are 8-12% nickel 
(Ni) and 17-22% chromium (Cr). Ni and Cr 
composition in SS bracket make it flexible and 
corrosion resist, but there are a lot of studies 
have reported their toxic, cariogenic, and 
hypersensitivity potency. Faccioni et al confirmed 
that in 50 fix orthodontic patients, there are 3-4 
times Ni level increases which lead to DNA 
damage in oral mucosa. The mean daily intake of 

Cr from food source is 280 µg and for Ni is 200 – 
300 µg, while Ni concentration in drinking water 
generally below 20 µg/L and for Cr is around 
0,43 µg/L.3-5  
 In the corrosion process of SS bracket in 
oral cavity, there is metal ion release that could 
accumulated in the body and have carcinogenic, 
allergenic, mutagenic, cytotoxic, and may be the 
reason for some other diseases. Ten percents of 
population have sensitive reaction to Ni. Peltonen 
reported that female 10 times more sensitive to 
Ni exposure than male. A study using human cell 
culture showed a grave cytotoxic from Ni 
exposure and a milder cytotoxic effect from Cr.6-8  

 Fix appliance orthodontic treatment can 
raise the caries risk due to the difficulties in 
cleaning the dental plaque and debris, therefore 
practitionners usually suggest the usage of 
mouthwash to the patient with severe oral health 
and high risk of caries. The usage of fluoridated 
mouth wash and tooth paste during the 
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orthodontic treatment was recommended to 
minimize the risk of white spot around the 
brackets. Lee et al reported that fluoride ion in 
mouthwash caused the degradation of SS 
bracket surface which resulted in ion releases 
and corrosion.9,10 

 Fluoride ion as prophylactic agent was 
reported to cause corrosion and discoloration, 
however up to date, further information regarding 
the effect of fluoride content in mouthwash used 
by patient with fix orthodontic appliance is yet to 
be known. Therefore, this research was 
conducted in order to determine the amount of Ni 
and Cr ions release immersed in fluoridated 
mouthwash and non-fluoridated mouthwash. 
   

Materials and methods 
 

Procedures 
This is an experimental laboratory 

research using 240 orthodontic brackets of the 
right regio from the AOTM (American Orthodontics, 
Wisconsin, USA) and ProtectTM (Zheijiang 
Protect Medicl Equipment Co, Ltd., China) 

prescription. The brackets were equally divided 
into 4 groups: 60 AO brackets and 60 Protect 
brackets were immersed in 15 ml fluoridated 
mouthwash, while the rest of each type were 
immersed in 15 ml non-fluoridated mouthwash 
for 24 days at temperature of 37oC.  

The brackets were dried and the element 
composition were analysed using Energy 
Dispersive X-Ray Spectroscopy (EDX) (Amatek, 
Nagoya, Japan). In the day 24, the solutions 
inside each tube at each experimental period 
were analysed by inductively coupled plasma 
(ICP) spectrometer (Perkin Elmer Inc., 
Massachusetts, USA) to determine Ni and Cr 
content.  

Statistical analysis 
The Ni and Cr released values from AO 

and Protect brackets immersed in two different 
solutions over a period of 24 days were analysed 
with SPSS ver. 17 (IBM Company, New York, 
USA) using the independent T-test. Tests were 
performed with a 5% level of significance. 
 

Results 
SS Bracket Element Composition 
Analysis Results 

 The element compositional of SS 
brackets before being immersed was analysed 
using EDX. Figure 1 showed in AO bracket, the 

highest element level is Fe, followed by C, Cr, Ni, 
O, Cu, Al, Si, and Mn subsequently. While in 
Protect bracket, the highest is Fe, followed by Cr, 
Mn, C, Cu, O, Ni, Al and Si subsequently. Ni level 
was higher in AO (6.87) bracket than in Protect 
bracket (2.39). In contrast, Cr level was higher in 
Protect bracket (14.45) than in AO bracket 
(12.53).  
 

 
Figure 1. Element Composition Analysis Results 
using EDX qualitatively: A. AO bracket before 
being immersed, B. Protect bracket before being 
immersed. 
 
 Ni and Cr Ion Releases Analysis Results 

Ion release analysis was done to 
mouthwash liquid after 24 days of bracket 
immersion. Table 1 showed that the mean of Ni 
and Cr ion releases in AO and Protect bracket 
was greater in fluoridated mouthwash than the 
non-fluoride one.  

 

 
Table 1. Independent T-test analysis results of Ni 
and Cr ion release in Ao and Protect bracket 
immersed in the fluoridated and non-fluoridated 
mouthwashes for 24 days. *Significant if  p<0,05. 

 
There was a significant difference of Ni 

and Cr ion release in AO and Protect brackets 
immersed in fluoridated mouthwash compare to 
the rest immersed in non-fluoridated mouthwash 
for 24 days (p<0,05). 

Table 2 showed a significant difference of 
Ni ion release between AO and Protect bracket, 
either immersed in fluoridated mouthwash (p= 
0.002) or in non-fluoridated mouthwash (p= 
0,000). The same result was found in Cr ion 
release with p = 0,001 in fluoridated mouthwash 
and p = 0,008 in non-fluoridated mouthwash. 
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Table 2. Independent T-test analysis results of Ni 
and Cr ion release between Ao and Protect 
brackets immersed in the fluoridated and non-
fluroidated mouthwashes for 24 days. 
* Significant if  p<0,05. 

 
Disscussion 
 
Fix orthodontic appliances are often used 

to treat patients with maloclussion in order to 
improve their quality of life. Brackets are the main 
component of fix orthododontic treatment. This 
research used SS bracket as it is widely used in 
clinical treatment due to its positive physical and 
mechanical properties.11 Despite the widely 
usage, fix orthodontic appliance could potentially 
increase the caries risk as it is hard to clean. 
Therefore, practicionners often suggest the 
usage of mouthwash to patient with bad oral 
hygiene and high caries risk. O’Reilly and 
Featherstone reported the usage of tooth paste 
alone is inadequate to prevent caries 
development, orthodontic patient need to use 
fluoridated mouthwash (0,05% NaF) daily in 
combination with fluoridated tooth paste.12 
Previous study showed for oral hygiene 
protection in fix orthodontic patient, the usage of 
interdental brush and mouthwash are needed 
along with the conventional tooth brush and tooth 
paste.13 

Mouthwash are used twice a week for 
one minute, however it is recommended to avoid 
eating, drinking, and gargling for some time after 
usage in order to preserve the mouthwash 
component in the mouth longer. It is hard to 
determine precisely the contact duration between 
bracket and mouthwash, but there is an 
assumption that in each 30-60seconds, the 
fluoride level in saliva increases for 2-4 hours. 
Orthodontic treatment usually done in a long 
period, for about 2 years, therefore 24 days is the 
total duration assumption to immerse the 
brackets into the mouthwash. It has been 
reported that ion release happened in day 7 and 
peaked in the 4th week, therefore, in this study 
the ion release was monitored in day 24.7,14 

The purpose of this study is to determine 
the amount of Ni and Cr ions release immersed 
in fluoridated mouthwash and non-fluoridated 

mouthwash. There are several factors that affect 
the metal ion release from fix orthodontic 
appliance such as the composition of alloy metal, 
oral cavity pH, oxygen, and the duration of 
immersion. The ion releases of Ni and Cr are 
also predisposed by the present of fluoride ions 
and the contact duration between brackets and 
mouthwash.15 

In this study, there was a higher level of 
Ni release from both AO and Protect brackets 
immersed for 24 days in fluoridated mouthwash 
than in non-fluoridated mouthwash. The same 
result was obtained for Cr ion variable. A higher 
ion release in fluoridated mouthwash was caused 
by fluoride as an aggressive ion which is able to 
destruct the oxide layer (Cr2O3) on the brackets 
surface. The oxide layer has the role to inhibit the 
corrosion process on the SS brackets.15 These 
results correspond to a study by Rafeeq et al, 
which was done by immersing the bracket 
ligatured in NiTi and SS wires in fluoridated and 
non-fluoridated mouthwash.16 According to that 
study, Ni release was higher in fluoridated 
mouthwash than in non-fluoridated mouthwash. 
In line with the study done by Kocijan et al, which 
evaluated passive layer formed on SS bracket 
immersed in artificial saliva with fluoride addition, 
stated that there was composition changing on 
passive layer and cause more rapid 
destruction.17 

This research evaluated the difference of 
Ni and Cr ion release from both AO and Protect 
brackets. A higher Ni release occurred in AO 
brackets immersed in fluoridated mouthwash, 
while higher Cr release occurred in Protect 
bracket immersed in fluoridated mouthwash. It is 
related to the Ni and Cr element composition in 
the bracket which analysed using EDX before the 
immersion. The results showed that Ni level was 
higher in AO bracket than in Protect, while Cr 
level was higher in Protect bracket than in AO. 
This implied that higher Ni and Cr levels in the 
immersed brackets lead to higher Ni and Cr 
releases.  

SS brackets with higher Ni composition 
will release more Ni ion as Ni atom is not strongly 
bonded to other metal atom, so the possibility of 
Ni released from SS alloy increase.4,5 According 
to Danaei et al, Ni and Cr were also found in 
human body from food intake. Daily Ni intake 
from food was 300-500 ug and Cr 5-100 ug, 
while Ni concentration in the consumption water 
is under 0.43 ug/L.5 A study done by Kerusuo et 
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al  reported that Ni and Cr concentration in the 
saliva of fix orthodontic patient were 1-55 ppb for 
Ni and 1-1.61ppb for Cr, whereas Ağaoğlu et al 
reported that Ni level in saliva was 4.12 – 11.53 
ppb and Cr 0.53-1.53 ppb, which were lower than 
intake level from food.18,19 According to Huang et 
al, Ni allergic response threshold is 600-2500 ug 
per day.20  

In this study, the highest level of Ni 
release was in fluoridated mouthwash, 0.686 
ppm or 686 ug/L if the value was converted and 
for Cr was 0.482 ppm (482 ug/L). It exceeds the 
minimum Ni allergic response threshold. 

The mouthwashes used in this research 
have similar low pH level therefore the difference 
level of ion release was not caused by the 
different pH level. There are several other 
corrosive compositions besides fluoride. Danaei 
et al reported that in acid condition, corrosion 
could be easily occurred even in a low fluoride 
concentration. General mechanism of SS bracket 
corrosion is started with the loss of passive layer 
consisted of Cr oxide and Cr hydroxide which 
formed by the contact of oxygen and SS 
surface.5 Corrosion occurred is crevice corrosion 
due to continuous exposure. 

Ni has an important role to stabilize 
austenitic and to protect from corrosion. Although 
the toxic effect of Ni is widely known, it is hard to 
eliminate that element in SS bracket. Cr in SS 
bracket has function as corrosion protection, 
despite its toxic effect that can cause respiratory 
cancer. Furthermore, molybdenum (Mo) and 
cooper (Cu) addition in SS could improve its 
resistance to temperature changes and corrosion, 
while the addition of Cu and aluminium (Al) could 
improve its hardness. From all the composite 
elements, Ni and Cr were the most reported to 
cause toxic effect, therefore this research 
focused in Ni and Cr release from SS bracket.4,5 

 
Conclusions 
 
Ni and Cr ion release level was higher in 

fluoridated mouthwash than in non-fluoridated 
mouthwash. While the higher level of Ni release 
found from AO brackets which contain more Ni in 
its bracket, higher level of Cr release was found 
from Protect brackets which contain more Cr in 
its bracket. Fluoridated mouthwashes should not 
be given to orthodontic patient, especially for 
patient who have Ni and Cr allergy reaction. 
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