Differences in the Effect of Chlorhexidine and Fluoride Mouthwash Immersion as Disinfectant Solutions on the Resilience of 0.6 mm Stainless Steel Removable Orthodontic Wires
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Abstract. Active components in removable orthodontic appliances are generally made of metal, such as stainless steel used in auxiliary springs, labial arches, and expansion screws. Mouthwash, such as chlorhexidine and fluoride, can be used as disinfectant agents to prevent biofilm formation. However, their use actually raises concerns about their side effects on the mechanical properties of the wire, including the resilience. Objective: to determine the effect of chlorhexidine and fluoride on the resilience of 0.6 mm stainless steel removable orthodontic wires. Methods and Materials: True experimental laboratories with a post-test only design were conducted in this study. A total of 15 austenitic stainless-steel wires with a diameter of 0.6 mm were divided into three treatment groups for immersion: the chlorhexidine treatment group, the fluoride treatment group, and the distilled water control group. Immersion was carried out for 17 hours in an incubator at 37 °C. Resilience testing was performed using a Universal Testing Machine. Results: The results revealed that the average resilience in the chlorhexidine treatment group was 2.67 N/mm2, the fluoride was 2.64 N/mm2, and the distilled water control group was 2.68 N/mm2. The results of the ANOVA statistical test showed that the stainless-steel wire samples immersed in chlorhexidine, fluoride, and distilled water (control) did not experience significant changes (p = 0.597). Conclusion: chlorhexidine and fluoride solutions were unable to damage the protective layer on the wire surface. Thus, these solutions were not enough to cause significant damage or significantly affect the resilience of the wire.
Keywords: Disinfectant solution, Resilience, Stainless steel wires
introduction
Orthodontic treatment is a treatment procedure that aims to improve the efficiency of tooth function, structural balance, and aesthetics so that a healthy, functional, and aesthetic occlusion is achieved, and a harmonious and stable facial appearance is created in the long term.1,2 Orthodontic appliances can generally be classified into two groups, namely fixed appliances and removable appliances.2 Removable orthodontic appliances are those that can be removed and installed by the patient so that the cleanliness of the oral cavity and the appliance can be better maintained.3,4
The main components of removable orthodontic appliances include base plates, active components, retentive components, and anchorages.5 Active components are generally made of metal, such as stainless steel used in auxiliary springs, labial arches, and expansion screws.5 Stainless steel wires are often used because they are more resistant to the oral environment, economical, have high resilience, and are comfortable to use.6 This wire is known as corrosion-resistant steel, made of 70% iron (Fe), 18-20% chromium (Cr), and 8-10% nickel (Ni), a small amount of carbon (C), manganese (Mn), and silicon (Si) which are less than 0.1%. On the surface of the wire, chromium (Cr) will react with oxygen (O2) to form chromium oxide (Cr2O3), which provides corrosion-resistant properties.7 One of the advantages of stainless-steel orthodontic wires is their high resilience compared to other materials. Resilience is the ability of the wire to return to its position when moved or deflected in a certain direction.8 In orthodontic treatment, resilience is crucial, as it provides force after activation, which allows the wire to push the teeth in the specified direction.9 In its use, orthodontic wires will interact with the environment in the oral cavity, which can certainly affect the physical and mechanical properties of stainless-steel wires, including the resilience of the wire. Meanwhile, factors that can affect changes in the resilience of orthodontic wires are pH, temperature, and duration of exposure to a substance in the oral cavity.8
Removable orthodontic devices can change the oral microbiota by increasing the levels of Lactobacilli and Streptococcus mutans in the oral cavity.10 Cleaning removable orthodontic devices by reducing pathogenic microorganisms on the surface of acrylic resin and retention components is important because these areas are breeding grounds for microbes.11 Cleaning removable orthodontic devices can be done mechanically by direct brushing, chemically with disinfectant solutions, or a combination of both.10,12 The use of disinfectant solutions is also recommended to control microorganisms on removable orthodontic devices because mechanical methods alone are not enough to eliminate microorganisms in some hard-to-reach places completely.12 Some types of solutions that can be used as disinfectants for removable orthodontic devices are denture cleanser, enzymatic solutions, mouthwash, sodium hypochlorite, and homemade solutions containing vinegar or citric acid.13,14
Mouthwash can be used as a disinfectant and antimicrobial agent to help prevent biofilm formation on removable appliances.15 Chlorhexidine is one of the most common mouthwashes and chemical solutions used for biofilm control on removable orthodontic appliances.16 Chlorhexidine has been shown to be a broad-spectrum antibacterial agent and has bactericidal and bacteriostatic properties against all types of microbes.17 In addition to chlorhexidine, fluoride is also known to have the ability to inhibit and kill bacteria and fungi.18 Fluoride works by inhibiting the enolase enzyme, an important enzyme that works in the glycolysis pathway. The results of inhibiting the enolase enzyme will impede growth, reduce acid production in bacteria, and stop energy transfer in fungi such as Streptococcus mutans bacteria and Candida albicans fungi.19,20
Although the use of mouthwash as a disinfectant solution is generally necessary to protect the appliance from microorganism colonization, there are concerns about its side effects on orthodontic devices because it can affect the superficial surface characteristics and mechanical properties of the metal parts of removable orthodontic devices.10,21 Research by Deriaty (2018) uncovered that chlorhexidine causes the release of nickel ions on stainless steel orthodontic wires, even higher than other mouthwashes studied, i.e., herbal Piper betle Linn.22 In addition to chlorhexidine, fluoride can also have a negative impact on removable appliances. Fluoride ions that work by providing a bactericidal effect by producing hydrofluoric acid can have a negative impact on orthodontic wires. Hydrofluoric acid can damage the protective oxide layer on orthodontic wires and cause corrosion, resulting in changes in the physical properties of the material, which in turn affect the clinical efficiency of the device.23 Therefore, the purpose of this study was to determine the effect of chlorhexidine and fluoride mouthwash as a disinfectant solution on the resilience of 0.6 mm diameter removable orthodontic stainless-steel wires. 
MATERIALS AND METHODS
The study began with an ethical permit issued by the Ethics Committee of the Faculty of Medicine, Universitas Muhammadiyah Yogyakarta No. 054/EC-EXEM-KEPK FKIK UMY/V/2024. The research conducted was a true experimental laboratory study with a post-test only design. The samples used in this study were austenitic stainless-steel orthodontic wires with a round cross-section, with a diameter of 0.6mm. The samples were divided into three immersion treatment groups: groups with immersion in chlorhexidine mouthwash, fluoride, and distilled water as a control. Determination of the number of samples for each group was carried out using the Danniel formula (1991), and the number of samples in each group was five wires, so that the total number of samples used was 15 wires.
The tools utilized in this study included a ruler, cutting pliers, a universal test machine, a cylindrical container, and an incubator. The materials used in this study were austenitic stainless-steel orthodontic wire with a round cross-section with a diameter of 0.6 mm, sterile distilled water, chlorhexidine mouthwash (Minosept), and fluoride mouthwash (Pearlie White).
The research procedure started with the preparation of research tools and materials. Austenitic stainless-steel orthodontic wires with a diameter of 0.6 mm were cut into 5 cm lengths of 15 pieces. Following that, all samples were divided into three immersion treatment groups. The first group was immersed in chlorhexidine mouthwash, the second group was immersed in fluoride mouthwash, and the third group was immersed in distilled water as the control group. Each wire was immersed for 17 hours and stored in an incubator at a temperature of 37 °C. After 17 hours of immersion, the resilience test was carried out using a universal testing machine.
The resilience of stainless-steel orthodontic wire was calculated using the formula:

			
                                                                                   σ2                                                                         (1)
𝑈𝑟 = 2 𝐸
Description:
Ur	: Modulus of Resilience (N/mm2)
σ	: Maximum Stress (MPa or N/mm2)
E	: Young's Modulus or Elasticity Modulus (MPa or N/mm2)
RESULTS
Based on the research results, the average resilience value of stainless-steel orthodontic wires for each immersion treatment was obtained as follows:
Average Resilience (N/mm2)
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FIGURE 1. Bar chart of the average resilience of stainless-steel orthodontic wires between immersion groups with chlorhexidine, fluoride, and distilled water control.
The diagram illustrates that the average resiliency of orthodontic wires from each treatment group did not differ significantly. The chlorhexidine immersion group produced an average resiliency of 2.67 N/mm2, the fluoride immersion group 2.67 N/mm2, and the distilled water immersion group 2.68 N/mm2.
Afterward, data analysis was carried out using the Shapiro-Wilk normality test to test the normality of the data. The results of the Shapiro-Wilk normality test showed that each group had a significance value (p> 0.05). This indicates that the data distribution is normal. The results of the Shapiro-Wilk normality test can be seen in Table 1.
TABLE 1. results of the Shapiro-Wilk normality test
	Shapiro-Wilk

	
	Treatment Groups
	Statistic
	df
	Sig.

	Resilience
	Control Group (Distilled water)
	
.881
	
5
	
.314

	
	Treatment Group I (CHX)
	.887
	5
	.341

	
	Treatment Group II (Fluoride)
	.936
	5
	.361


      Furthermore, the data was tested for homogeneity to determine the variance of the data. The results of the homogeneity test with Levene's statistic revealed that the significance value (p> 0.05), which means that the data distribution is homogeneous. The results of the homogeneity test are presented in Table 2. 

TABLE 2. results of the homogeneity test
	Test of Homogeneity of Variances
	

	
	Treatment Groups
	Levene statistic
	df1
	df2
	Sig.

	Resilience
	Based on Mean
	1.939
	2
	12
	.186

	
	Based on Median
	1.048
	2
	12
	.381

	
	Based on Median and with adjusted df
	1.048
	2
	7.190
	.399

	
	Based on trimmed  mean
	2.047
	2
	12
	.172


        After obtaining the results of the normality and homogeneity tests stating that the data is normally distributed and homogeneous, the One-Way ANOVA test could then be carried out to test the hypothesis. The results of the One-Way ANOVA test revealed that the significance value was not significant (p> 0.05). This denotes no significant difference between the resilience of orthodontic wires immersed in chlorhexidine, fluoride, and distilled water solutions. The results of the One-Way ANOVA test are in Table 3.
TABLE 3. results of the One-Way ANOVA statistical test
	ANOVA
	

	Resilience
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	
.004
	
2
	
.002
	
.538
	
.597

	Within Groups
	.043
	12
	.004
	
	


       Bonferroni post-hoc follow-up tests were also conducted to ensure that there were no significant differences between one group and another and to identify which groups might have significant differences. The results of the post-hoc test demonstrated that the significance for all comparisons between groups was (p>0.05). This indicates no statistically significant difference between the control group, the chlorhexidine treatment group, and the fluoride treatment group on the resilience variable tested, as well as for each pair of comparisons between groups, both the distilled water group with chlorhexidine, the distilled water with fluoride, and the chlorhexidine with fluoride. The results of the post-hoc follow-up test can be seen in Table 4. 
TABLE 4. Post-hoc follow up test
	Multiple Comparisons

	Dependent
Variable: Resilience

	
	
	
Mean Difference
(I-J)
	
	
	95% Confidence
Interval

	(I)
Group
	(J)
Group
	
	Std.
Error
	Sig.
	Lower
Bound
	Upper
Bound

	Distilled Water Group
	CHX Group
	.01000
	.03798
	1.000
	-.0956
	.1156

	
	Fluoride Group
	.03800
	.03798
	1.000
	-.0676
	.1436

	CHX Group
	Distilled Water Group
	-.01000
	.03798
	1.000
	-.1156
	.0956

	
	Fluoride Group
	.02800
	.03798
	1.000
	-.0776
	.1336

	Fluoride Group
	Distilled Water Group
	-.03800
	.03798
	1.000
	-.1436
	.0676

	
	CHX Group
	-.02800
	.03798
	1.000
	-.1336
	.0776


Based on the tests that have been conducted, the hypothesis stating that there was a difference in the resilience of 0.6 mm stainless-steel removable orthodontic wires when immersed in chlorhexidine and fluoride mouthwash as a disinfectant solution for removable orthodontic appliances was rejected. 
DISCUSSION
The results of the study to see the difference in the effect of chlorhexidine and fluoride mouthwash as a disinfectant solution on the resilience of 0.6 mm stainless-steel removable orthodontic wires exhibited no significant difference in the resilience of the immersed wires. The control group showed that immersion in distilled water did not have a significant effect on the resilience of stainless-steel orthodontic wires. This occurs because distilled water has properties free from corrosive substances that can trigger corrosion on the wire.24 The distilled water solution mostly consists of water, organic and non-organic components, and has a neutral pH (7), so it does not trigger the corrosion process on the wire.6
The results of the study also showed that chlorhexidine and fluoride did not have a significant difference in their effects on the resilience of stainless-steel orthodontic wires after immersion for 17 hours. These align with the study conducted by Belasic et al. (2021), which concluded that chlorhexidine and fluoride did not increase corrosion beyond saliva itself and did not cause further changes in the mechanical properties of orthodontic wires. This can happen because orthodontic wires form an oxide layer on the surface of the wire that can inhibit corrosion. This layer provides stability to withstand corrosion well, so that even though there is exposure to chlorhexidine or fluoride solutions, corrosion does not increase significantly.25
Stainless steel in orthodontic wires has a high chromium content, which functions to form a protective layer in the form of chromium oxide (Cr₂O₃) on the surface of the wire.7 This layer provides protection against corrosion on the entire surface of the wire while strengthening the structure of the stainless-steel wire. The formed oxide layer can repair itself (self-repairing protection). If the stainless steel wire is damaged due to scratches or external exposure, the protective layer can immediately reform.26 Porcayo-Calderon et al. (2015) stated that the protective oxide layer on orthodontic wires can be reformed after being exposed to fluoride mouthwash in just a few milliseconds, as long as the wire is in contact with a medium containing oxygen.27 This can support the results of the study that chlorhexidine and fluoride mouthwash do not affect the resilience of orthodontic stainless steel wires because every time the wire is degraded by mouthwash, a new protective oxide layer will be reformed in a matter of milliseconds. Thus, even if the release of metal ions occurs upon repeated exposure, the amount will remain minimal or insignificant, thus not affecting its resilience.
In this study, even though the wire was immersed in chlorhexidine and fluoride solutions, the protective layer of chromium oxide remained effective in protecting the wire from damage or release of significant amounts of metal ions. Mechanistically, according to Brookes et al. (2020), chlorhexidine has a relatively neutral or slightly acidic chemical nature with a pH of 5-7 (near-neutral), so this allows chlorhexidine not to be aggressive enough to damage the protective layer of chromium on stainless steel for 17 hours.28 Research by Rincic Mlinaric et al. (2019) revealed that immersing the wire in chlorhexidine solution had a very minimal effect on changes in mechanical properties and metal ion release on NiTi orthodontic wires, after immersing for 10 minutes every day for 28 days. They also added that chlorhexidine is considered a safe and effective antiseptic for use on orthodontic wires overall.29 In contrast to the study conducted by Deriaty et al. (2018), which showed that chlorhexidine was a mouthwash that exhibited the highest metal ion release after immersion for 49 days, compared to other mouthwashes studied.22 These findings indicate that the duration of exposure to chlorhexidine also influences the level of corrosion and metal ion release on orthodontic wires, where a longer duration of exposure can increase the risk of greater corrosion.
According to Geramy et al. (2017), fluoride ions can produce acid and are known to react with this protective layer, but at the concentration used for 17 hours, the reaction might not be enough to cause significant damage and therefore did not provide significant changes in its resilience. Pastor et al. (2023), in their study, reported that signs of corrosion on stainless-steel wires immersed in fluoride mouthwash with a concentration of 380 ppm had begun to appear on the fourth day of immersion.30 Heravi et al. (2015) also revealed that both NiTi and stainless-steel wires corroded after being immersed in fluoride solutions with concentrations of 500 ppm and 2000 ppm for 24 hours, with the heaviest corrosion value at the highest concentration, i.e., 2000 ppm.31
CONCLUSION
Immersing stainless-steel wire in chlorhexidine and fluoride mouthwash solution for 17 hours as a disinfectant solution did not exhibit any statistically significant difference in the resilience of stainless-steel wire in each treatment group. These results indicate that chlorhexidine and fluoride solutions were unable to damage the protective layer on the wire surface. Thus, these solutions were not enough to cause significant damage or significantly affect the resilience of the wire. These findings denote the potential use of chlorhexidine and fluoride solutions as disinfectant agents without significant risk to the mechanical properties of stainless-steel orthodontic wires.
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