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ABSTRACT

Aims: The current study aimed to explore if the use of magnetically treated water (MTW) as a mouthrinse will affect the 
release of nickel (Ni) ion from stainless steel (SS) orthodontic archwires. In addition to study the surface characteristic 
of SS archwire after using MTW by scanning electron microscope (SEM). 

Materials and Methods: forty-five (0.016” x 0.022”) as received new orthodontic SS archwires from the company 
(Dentarum, Germany). The archwires divided into three main groups depending on the mouthrinse used as follows: 
magnetically treated water group (MTW), distilled water group (control negative) (DW) and Ortho Kin group (control 
positive) (OK). Each group contains three times point intervals (24hours, 2 weeks, and 4 weeks). Five archwires were 
used in each interval. The Ni ion release was measured at different time intervals (24hours, 2 weeks and 4 weeks) by 
using atomic absorption spectrometer (BUCK Scientific, USA). And surface characteristics were determined by using 
scanning electron microscope (SEM) (TESCAN MIRA3, French). Statistical analysis was done using SPSS Statistics, 
V26. Data were analyzed with one-way ANOVA and Duncan’s multiple range tests. 

Results: MTW group caused significantly less amounts of Ni ions release from SS orthodontic archwires when compared 
with OK mouthrinse group. 

Conclusions: MTW can be used as a safer adjunct or alternative to other commercially available chemical mouthrinses 
(as OK) during orthodontic treatment course.
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INTRODUCTION

Resistance to corrosion was the most essential 
characteristic for biomaterials in orthodontics [1]. 
Metallic corrosion defined as an electrochemical process 
that causes material loss because of metal’s reaction 
in the presence of aqueous solution, and the chemical 
composition of the aqueous medium determines the 
amount of the corrosion process [2]. Corrosion defects 
on the surface of the orthodontic appliance increases 

the friction between slot interface and archwires and 
releases ions from the metal alloy into the oral cavity [3]. 

Because of the existence of fixed appliance parts used 
during orthodontic treatment, the removal of plaque and 
maintenance of oral hygiene becomes problematic [4]. 
Most people are unable to perform adequate mechanical 
elimination of the plaque or if it is done, it is not sufficient 
to avoid plaque buildup and periodontal disease [5]. 
Hence, oral washing with antimicrobial agents regularly 
can act as an effective means for eliminating and 
controlling bacterial plaques to improves oral health and 
limit gingivitis and periodontitis [6].

There is more than one study on the effect of different 
mouthrinses on corrosion and metal ions release from 
orthodontic appliance [7-9]. And most of these studies 
showed that the metal ions release was increased after 
using the chemical mouthrinses. So a natural alternative 
mouthrinse that can be used for long period without 
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undesirable side effect is needed, recently magnetically 
treated water (MTW) can be used as effective as a 
mouthrinse against S. mutans and has better action in 
plaque when compared with saliva. So it can be used 
as a natural substitute to other mouthrinses that are 
available commercially [10]. But its effect on corrosion 
and metal ions release from orthodontic archwires has 
not been studied yet. So the present study was conducted 
to explore whether the use of MTW as a mouthrinse 
will affect the release of Ni ions from SS orthodontic 
archwires and to study the effect of MTW on the surface 
characteristics of SS orthodontic archwires by SEM at 
different powers of magnification.

MATERIALS AND METHODS

Materials
The sample comprises of forty-five (0.016″ x 0.022″) 
new as received orthodontic SS archwires from the 
company (Dentarum, Germany). The archwires were 
divided to three groups according to the mouthrinse 
used as follows: MTW group prepared at 1000 gauss 
magnetic field, OK group (control positive), DW group 
(control negative). Each main group contains three times 
point intervals (24hours, 2 weeks and 4 weeks). Five 
archwires were used for each time interval so each main 
group has 15 archwires.

Preparation of magnetically treated water
The DW was magnetized by using 1000 gauss magnetic 
power neodymium type magnets. The magnetic strength 
and the magnetic poles were determined by Gauss meter. 
The magnets were placed around the glass container 
in north pole repulsion manner and water stayed in 
the container for 72 hours. And then, the electrical 
conductivity (EC) and pH value for the DW and MTW 
were measured by EC Meter and pH Meter to make sure 
that DW was magnetized, the obtained values presented 
in (Table 1). MTW was used for one minutes twice daily 
for a period of 4 weeks.

Preparation of artificial saliva
Components of artificial saliva (its pH was 7) are 0.40g of 
NaCl, 0.40g of KCl, 0.79g of CaCL2 .2H2O, 0.78g of NaH2 
PO4.2H2O, 0.005g of Na2S.9H2O and 0.1g of CO(NH2)2 
Urea, dissolved in one liter of DW (concentration g \ l) [11].

Methods
Firstly, SS archwires were cleaned by using acetone 
then washed with DW and then dried with disposable 
absorbable towel. After that, each archwire was cut into 
4 equal pieces. The pieces of the archwires putted in a 
30 ml volume glass container, then 25 ml of the artificial 

saliva solutions were poured in each container. Later, the 
glass container samples were incubated at 37°C for 24 
hours, 2 weeks and 4 weeks. At 12 hours’ time intervals 
according to the usage of mouthrinse (twice daily), the 
containers were removed from the incubator, then the 
wires were removed from the containers by a plastic 
tweezer and washed with DW, after that the wires were 
immersed in another 30 ml glass containers containing 
25 ml of mouthrinses samples (MTW, OK and DW). The 
immersion period inside mouthrinse solution was one 
minute twice daily. When the immersion period finished, 
the wires rinsed with DW and retrieved to their artificial 
saliva container and placed again in an incubator (nüve 
EN 400, Turkey) at 37°C till the following immersion 
period in the mouthrinse. This procedure was repeated 
regularity till the completion of 4 weeks. At the end 
of each three time-points interval, the wires were 
removed from the artificial saliva solution, and then, a 
drop of nitric acid (65% concentration) was added for 
stabilization of the released ions [8].

The effect of MTW, OK and DW on SS archwires at different 
time intervals was studied. After shaking, the solution 
samples were withdrawn [12] and then the release of 
Ni ion was measured by using an atomic absorption 
spectrometer. And a scanning electron microscope 
(SEM) was used to assess the surface characteristics of 
wires before and after 4-weeks of the immersion inside 
the solution samples. Statistical analysis of the results 
was done by the SPSS Statistics (version 26, USA). 
Normality of distribution was evaluated by Shapiro–
Wilk test. Descriptive statistics (mean, range, minimum, 
and maximum, standard error and standard deviation) 
were stated. One Way (ANOVA) test was done to detect 
any significance at (P≤0.05) among different groups. The 
Duncan's Multiple Range test was conducted to locate 
the significant differences among the groups.

RESULTS

Cr ion release result
The descriptive data for Ni ion release from SS archwire 
are demonstrated in Table 2. These data include the 
number of the samples in each group, range, minimum, 
maximum, mean (measured in part per billion (ppb)), 
standard error and standard deviation values of the Ni 
ions release for all the study groups. The descriptive 
analysis revealed that at 24hours, 2weeks and 4weeks 
intervals, OK showed the highest Ni ions release, while 
DW showed the lowest Ni ions release value. The one 
way (ANOVA) statistical test results were shown in Table 
3 presenting a significant difference at (P ≤ 0.05) among 
the groups at all-time intervals. A more specific Duncan’s 
multiple range test was performed among all the study 
groups as demonstrated in Table 4, and detected that 
at 24hours interval, the OK group had significantly the 
highest difference in Ni ion release value, while DW and 
MTW groups were not significantly differing in Ni ion 
release value. At 2weeks and 4weeks intervals, the OK 
group had significantly the highest difference in Ni ion 

Table 1: EC and pH values for DW and MW.

 EC pH
DW 13.8 6.9

MTW 470 7
DW: Distilled Water

MTW: Magnetically Treated Water 
EC: Electrical Conductivity
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release value followed by MTW, while DW group had 
significantly the lowest difference in Ni ion release value.

SEM results
The new SS archwire showed a smooth surface at 300X, 
while at 5000X it showed some amount of surface 
irregularities due to manufacturing process as seen in 
Figure 1Aa and Ab respectively. After 4weeks immersion 
period in DW, surface of SS archwire showed small 
localized areas of irregularities at 300X, while at 5000X 
the surface irregularities appear more obvious as in 
figure 1Ba and Bb. The surface of the archwire after 
4weeks immersion period in OK mouthrinse showed a 
numerous diffused areas of surface defect at 300X, while 
at 5000X there was more irregularities and large craters 
as signs of corrosion reflecting the action of OK on the 
surface of archwire as seen in Figure 1Ca and Cb. While 
the archwire after 4weeks immersion period in MTW 

had a separated small areas of surface defects as seen in 
Figure1 Da and Db.

DISCUSSION

In this study, mouthrinses were used in a static in vitro 
conditions state. Certainly, there are limitations of in vitro 
study because not all in vivo influences can be simulated 
by in vitro experiments [12], it appears very difficult to 
prepare an in vitro setting that would enable studying 
the actual toxic load of released metal ions on oral tissues 
[13], due to the constantly changing oral environment 
with extreme pH or temperature fluctuations, bracket-
to-wire type of ligation and friction, the presence of 
intraoral microbial flora, plaque accumulation, and 
biological and enzymatically composition [14], as well 
as tooth brushing and also the fluidity of saliva in the 
mouth which lead to removal of oxide layer, therefore 

Table 2: Descriptive statistics for the Ni ion release from SS archwires.

Groups N R Min. Max. Mean S. E S. D
DW 24hours 5 0.4 1 1.4 1.22 0.066 0.148
OK 24hours 5 0.4 1.7 2.1 1.9 0.07 0.158

MTW 24hours 5 0.4 1.2 1.6 1.4 0.07 0.158
DW 2weeks 5 0.3 2.9 3.2 3.04 0.05 0.114
OK 2weeks 5 2 18 20 19 0.404 0.905

MTW 2weeks 5 0.3 3.8 4.1 3.94 0.05 0.114
DW 4weeks 5 0.3 5.6 5.9 5.74 0.05 0.114
OK 4weeks 5 1.2 26.8 28 27.4 0.246 0.552

MTW 4weeks 5 0.8 7 7.8 7.4 0.158 0.353
N is number, R is range, Min. is minimum, max. is maximum, S.E is Standard error, S.D is Standard deviation, DW is distilled water, OK is Ortho Kin mouthrinse 

and MTW is magnetically treated water 

Table 3: One way (ANOVA) for the mean values of Ni ions released from SS archwires after immersion in different mouthrinses at the 
same interval.

 Sum of Squares df Mean Square F Sig.

At 24hours
Between Groups 1.241 2 0.621

25.861 0Within Groups 0.288 12 0.024
Total 1.529 14  

At 2weeks
Between Groups 803.892 2 401.946

1425.34 0Within Groups 3.384 12 0.282
Total 807.276 14  

At 4weeks
Between Groups 1453.185 2 726.593

4920.492 0Within Groups 1.772 12 0.148
Total 1454.957 14  

df is degree of freedom, F is F test and Sig. is significant at P ≤ 0.05

Table 4: Duncan’s multiple range test for multiple comparisons of the Ni ion release from SS archwires after immersion in different mouthrinses 
at the same interval. 

Mouthrinse N Mean ± SE Duncan Groups*

At 24 hours
DW 5 1.22 ± 0.06 A
OK 5 1.90 ± 0.07 B

MTW 5 1.40 ± 0.07 A

At 2weeks
DW 5 3.04 ± 0.05 A
OK 5 19.00 ± 0.40 C

MTW 5 3.94 ± 0.05 B

 At 4weeks
DW 5 5.74 ± 0.05 A
OK 5 27.40 ± 0.24 C

MTW 5 7.40 ± 0.15 B
DW is distilled water, OK is Ortho Kin mouthrinse and MTW is magnetically treated water

* Different letters mean significant difference in the same interval (P ≤ 0.05).
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more metal release could occur in real life [15].

In the present study, Ni ion release from SS archwire 
occur because Ni atoms are not strongly bonded to 
form some intermetallic compound, so Ni ion releases 
from the alloy surface, which may interfere with the 
biocompatibility of the alloy [16]. 

In this study, the release of Ni ion from SS archwires at 
all-time points, has its highest value in OK mouthrinse 
owing to the presence of corrosive ingredients in this 
mouthrinse such as fluoride ion that leads to increase 
corrosion rate. Our results regarding OK (a fluoridated 
mouthrinse) were agreed with the results of the study 
which shown that fluoridated products corroded SS 
archwires and brackets, as demonstrated by assessing 
surface roughness and release of metal ions [17]. 
Fluoride is a well-recognized corrosive agent [18]. Also 
the changes in the pH of the mouth may be influenced 
by mouthrinses which contains chloride and fluoride, 
and causes the environment of the oral cavity to become 
acidic and therefore increasing the corrosion process 
that results in the release of metal ions [9].

In the current study, the amount of Ni released from SS 
archwires that immersed in MTW were slightly higher 
than that which immersed in DW due to alteration of 
water properties after being magnetized therefore 
the corrosion process was affected. In DW group, 
Ni ion release from SS archwires showed the least 
amount among other groups, this may be attributed to 
neutralized pH of DW and the archwires immersed in 
DW group only were subjected to the temperature effect 
during incubation and to the effect of chemical contents 
of artificial saliva. The result of another study which was 
conducted to measure the ions release from orthodontic 

brackets in three mouthrinses and DW presented that 
the highest amount of metal ions release was occurred in 
DW which disagreed with our result concerning DW [7].

The result of the present study, according to the time of 
immersion, showed that the amount of Ni ions released 
from SS archwires increased gradually and reach the 
maximum value after 4weeks immersion period for all 
the tested solutions, this mean that the corrosion process 
was still continued and metal ions were still released.

SEM findings in this study for SS archwires include 
signs of corrosion of all archwires when compared with 
new one due to the corrosion process which occurred 
in aqueous environment, but the archwires immersed 
in OK were more affected and showed more signs of 
corrosion than other archwires, this is reflecting the effect 
of OK mouthrinse on the corrosion of the SS archwires due 
to its acidity and the presence of aggressive fluoride ions in 
its contents which cause an opening in the protective oxide 
layer and allowing the process of corrosion to start [19]. 

A study evaluating fluoride effects by SEM analysis of 
brackets and archwires, displayed more grooves and 
lines in the fluoridated archwires when compared to the 
other groups, in similarity to our study findings about 
OK fluoridated mouthrinse [17]. In another study, the 
examination of fluoridated, non-fluoridated and unused 
brackets by SEM showed that the fluoridated brackets 
had the maximum signs of surface degradation which 
supporting the assumption of the effect of long term 
fluorides exposure on brackets that leads to decrease 
their corrosion resistance especially in the presence of 
high concentrations of fluoride [20]. Also the destructive 
effects of fluoride were obvious in archwires when 
evaluated under SEM as maximum degradation in the 

Figure 1: SEM images for SS archwires A: new, B: immersed in DW, C: immersed in OK, D: immersed in MTW, a:300X and b: 5000X.
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form of striations, pitting, crack formation, globular 
defects and white spots after exposure to fluoride agents 
in the course of the clinical orthodontic treatment [19]. 
In a study which was used SEM to examine the bracket 
slot, the photomicrographs of the immersed brackets 
showed only little pits in artificial saliva while there 
was an extreme heterogeneous patchy area in sodium 
fluoride (NaF) containing mouthrinse. This diverse 
patchy area that occurred in the bracket’s slot surface 
when immersed in NaF mouthrinse may be the result 
of the breakdown of Cr oxide passive layer of the SS 
bracket due to the effect of fluoride ion that leads to the 
formation Cr fluoride complex [21].

This study showed that the effect of MTW on the release 
of Ni ion and on the surface characteristic of archwires is 
slightly more than DW, this may be due to the alteration 
of water properties after exposure to magnetic field with 
considerable change in the pH, conductivity, dissolved 
oxygen, evaporating temperature, salinity, minerals, 
organic matter, total dissolved solids and total count 
of bacteria [22]. Therefore, the corrosion process was 
affected.

In the current study, the pH of MTW was 0.1 higher than 
pH of DW as measured by pH-Meter. This little amount 
of elevation in pH was negligible and has no effect on 
corrosion rate. 

Water after passing through magnetic field becomes 
electrical conductor and have more solubility for 
minerals and acids, in addition to increasing in 
soluble oxygen percentage and that could be speed up 
biochemical reactions. Furthermore, decreasing in water 
surface tension to enhance the physical characteristics 
[23]. Goyal et al. stated that the MTW has lots of oxygen 
that can be dissolved immediately in that water [10]. 
Gases dissolve in water and the most essential ones from 
the corrosion risk point of view are carbon dioxide and 
oxygen. Oxygen acts as a depolarizer in the cathodic half-
cell, and it enhances corrosion risk [24]. Mghaiouini, 
et al. concluded that the magnetic field reduced the 
dielectric constant and resistance of treated water, and 
increased its EC [25]. These results about EC of MTW 
were agreed with the results obtained in this study 
which also showed an increase of EC of DW after being 
magnetized as measured by EC Meter. Accordingly, the 
corrosion in MTW may be happened because of the fact 
that when EC of water increases the corrosion rates also 
tend to increase [24].

CONCLUSION

MTW can be used as a substitute or adjunct to other 
commercially available chemical mouthrinses (as OK) 
during the course of orthodontic treatment especially 
in patients who are allergic to Ni because most of these 
mouthrinses have high effects on the release of Ni ion 
from SS archwire. Meanwhile, MTW has a slight effect on 
Ni ion release from SS archwire, so it may be considered 
as a promising natural mouthrinse.
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