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The Study of Surface Remaining Metal lons and Surface Characteristics of Retrieved
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Abstract
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Abstract

This study aimed to examine the surface remaining metal ions of two types of stainless steel brackets in
different chloride environments of two swimming pools by comparing the amount of ions found on the surface of
the brackets and comparing surface characteristics at bracket slots between the study groups after one year usage
and analyzing the metallic composition of the two types of brackets. Two brands of brackets were studied (AM, KO).
Participants included 28 swimmers from two different pools (CU, BC) and a control group of 14 orthodontic patients.
Bracket brands were randomly allocated to all participants. The mandibular incisor brackets were removed after one
year of treatment. The removed brackets were soaked in 17% EDTA and analyzed for iron ion (Fe), nickel ion (Ni), and
chromium ion (Cr) using ICP-OES. Two-way ANOVA were used to examine the effects of brackets and pools on the
amount of ions. Additionally, electron microscopy images were compared between the unused and used bracket

surfaces and using EDX to detect metal composition. The results revealed no significant relationship between bracket
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types and pools. However, there were significant differences in the quantity of iron ion and nickel ion between the
two types of brackets at a statistical significance level of 0.01. AM brackets exhibited distinct surface characteristics
between the used and unused groups, while KO brackets did not show such differences. In conclusion, AM brackets

exhibited higher surface remaining metal ions than KO brackets. The chloride environments of the swimming pools

did not significantly affect the surface remaining metal ions of stainless steel brackets.
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Figure 1 Means and Standard deviation of the amount of iron ion from different brackets types and different chloride environment
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Figure 2 Means and Standard deviation of the amount of Nickel ion from different brackets types and different chloride environment
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Figure 3 Means and Standard deviation of the amount of Chromium ion from different brackets types and different chloride environment
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Table 1 Two-way ANOVA analysis demonstrating the effects of different bracket types and different chloride environments on the

amount of irons and nickel ions.

Source of variation df Ms F ratio P value
Iron
Bracket type 56554.70 117.31 .00*
Chloride Environment 386.64 0.80 46
Interaction 2 561.33 1.16 .32
Error 36 482.11
Nickel
Bracket type 3193.61 89.40 .00*
Chloride Environment 2 24.79 0.69 51
Interaction 31.12 0.87 .43
Error 36 34.72

p-values of two-way ANOVA statistical analysis;

*p <001
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Figure 4 SEM image at the slot area of a new AM bracket (x1000)
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Figure 6 SEM image at the slot area of an AM bracket from BC

swimming pool (x1000)
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Figure 5 SEM image at the slot area of an AM bracket from CU

swimming pool (x1000)
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Figure 7 SEM image at the slot area of an AM bracket from
control group (x1000)
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Figure 8 SEMimage at the slot area of a new KO bracket (x1000)
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Figure 10 SEM image at the slot area of a KO bracket from BC
swimming pool (x1000)
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Figure 9 SEM image at the slot area of a KO bracket from CU
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Figure 11 SEMimage at the slot area of a KO bracket from control
group (x1000)
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Table 2 Means and Standard deviation of metal composition (Wt%) of new brackets (KO, AM) analyzed by EDX
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dooulanz Tasifieu wan fnifa 7NN
wlauu3ning (Wt%) (Wt%) (Wt%) (Wt%)
KO (n=8) 19.06+0.32 72.97+1.57 8.31+0.41 -
AM (n=8) 11.41+0.31 81.02+0.85 3.90+0.36 3.68+0.84
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