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Background: This study aimed to evaluate the effect of three oral mouthwashes on the surface roughness of stainless steel 
orthodontic brackets from two commercial brands, ORMCO and 3M Unitek.
Methods: A total of sixty upper bicuspid stainless steel brackets were used, divided equally between the two brands: 30 ORMCO 
brackets and 30 3M Unitek brackets. Each brand group was further subdivided into three subgroups of ten brackets, with each 
subgroup immersed in one of three oral rinses: water and salt solution, LISTERINE™ sodium fluoride mouthwash and OREX™ 
sodium fluoride mouthwash. Surface roughness was measured using an optical profilometer after 90 minutes of immersion and again 
after seven days, to assess the potential influence of exposure duration on surface roughness.
Results: One-way ANOVA revealed no statistically significant differences in surface roughness among most groups (p ≥ 0.05). The highest 
surface roughness was observed in the ORMCO brackets immersed in OREX fluoridated mouthwash for seven days (mean = 0.9169 µm). 
The lowest was in the 3M Unitek group immersed in the water and salt solution for 90 minutes (mean = 0.9130 µm). Although the roughness 
values showed a statistically significant difference, the magnitude of the difference was minimal (0.0039 µm) and considered clinically 
insignificant.
Conclusion: This study found that sodium fluoride mouthwashes resulted in slightly higher surface roughness of stainless steel 
orthodontic brackets compared to water and salt rinse. However, the differences are not clinically relevant and will not impact plaque 
accumulation or bracket function.
Keywords: stainless-steel, orthodontic brackets, sodium fluoride, mouthwash, oral rinse, water and salt

Introduction
Correcting malocclusion through orthodontic treatments, particularly arch-guided tooth movement, is demonstrably 
effective.1,2 However, concerns arise regarding the impact of bracket surface roughness on plaque accumulation and oral 
hygiene maintenance effectiveness during orthodontic treatment.3,4 Rougher surfaces promote plaque retention, while 
meticulous cleaning becomes more challenging with brackets being placed on tooth surfaces.3,4 This can negatively affect 
periodontal health and lead to demineralization around the brackets, potentially resulting in white spot lesions and caries.3,4 

Mouthwashes, usually used as antiseptic breath fresheners, are often employed as adjuncts to brushing and flossing to 
supplement the primary method of cleaning, which offer additional plaque control and anti-inflammatory benefits, making 
them especially valuable during orthodontic treatment.5–7 During the active phase of orthodontic treatment, mouthwashes are 
recommended since they are clinically effective in reducing plaque accumulation and because of their anti-inflammatory 
effect.4,8 However, certain mouthwashes containing alcohol or acids can minimally cause a decrease in the corrosion 
resistance, metal ion release, and discoloration of stainless steel brackets in rare cases, compromising their integrity and 
potentially promoting further microbial adhesion and secondary caries.9–15 Furthermore, such effects may negatively impact 
periodontal health through increased plaque accumulation and gingival irritation.16–18 Despite acknowledging the potential 
drawbacks of certain mouthwashes, existing research lacks sufficient laboratory data on the correlation between the surface 
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roughness of orthodontic brackets and immersion in various mouthwash solutions. This research addresses this gap by 
investigating the relationship between orthodontic bracket surface roughness and a diverse group of commonly used 
mouthwashes. This analysis will encompass water and salt rinses alongside commercially available mouthwashes, allowing 
for a comprehensive understanding of their individual and comparative effects on surface roughening. Notably, this study will 
employ optic surface profilometry, a technique not frequently utilized in previous research within this field. This study 
contributes to the existing body of knowledge by examining the previously underexplored influence of various mouthwashes 
on orthodontic bracket surface roughness, shielding light on the importance of analyzing the surface roughness since the 
roughened surface can lead to an increase in the adhesion of microorganisms, which increases the potentiality of secondary 
caries. Moreover, it could also affect periodontal health and lead to plaque accumulation and gingival irritation. The findings 
will help clinicians recommend optimal oral hygiene practices for their patients undergoing orthodontic treatment, ultimately 
promoting improved oral health outcomes. Therefore, the aim of this study was to evaluate the effect of different mouthwashes 
on the surface roughness of stainless steel orthodontic brackets. The null hypothesis tested was that immersion in various 
mouthwashes would not produce significant differences in surface roughness compared to baseline values.

Materials and Methods
Study Design
This laboratory-based study follows a quantitative design. A total of 60 upper-right bicuspid stainless steel orthodontic 
brackets were used (30 ORMCO and 30 3M Unitek). Each brand was divided into three subgroups (n = 10), and each 
subgroup was immersed in one of three solutions: LISTERINE™, OREX™, or a water and salt rinse (Figure 1). The 
water and salt rinse were prepared by dissolving 5 g of sodium chloride in 250 mL of distilled deionized water using 
a precise digital analytic electronic weighing scale. All samples were stored in an incubator at 37 °C (Table 1). The 
basement (initial) value of the bracket samples before the immersion procedure was decided as the control group. The 
effect of the three solutions on the surface of the slot floor of orthodontic brackets was evaluated by subjecting them to 
surface roughness tests before the immersing procedure (control group). It was further evaluated after 90 minutes stored 
in an incubator at 37 °C, representing an accelerated in-vitro simulation of daily mouthwash use, as previously 
described.10 Another measurement was done after seven days, where samples were stored in an incubator at 37 °C to 
investigate if increasing the sample immersion time duration would increase the brackets’ surface roughness.8 

Furthermore, the bracket was held at the untested bracket corners with the help of a tweezer and transported to the 
optic profilometer device to test the surface roughness of the bracket slot.

Figure 1 Study design schematic illustrating the experimental design.
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Sample Preparation
The samples were categorized into six groups, each using ten samples to be measured by the optic profilometer device 
(Figure 2). The preparation of samples for the optic profilometer device is shown in Figure 2A, while the preparation of 

Table 1 Materials Used in the Laboratory Study

Material Composition Manufacturer LOT No.

3M™ Victory Series™ 
Low Profile Bracket

Stainless Steel 3M Unitek 
Orthodontic Products 

CA 91016 USA

LX2MH

ORMCO™ Mini 

Diamond Twin 

orthodontic bracket

Stainless Steel ORMCO CORP. 1332 

S. Lone Hill Avenue, 

Glendora, CA 
91740–5339

071723188

LISTERINE™ Sodium 

Fluoride Mouthwash

Aqua, Propylene Glyco., Sorbto, Sodium Laury Sultate, Poloxamer 407, 

Sodium Sacchain, Aroma Eucalyptol, Benzoic acid, Sodium Benzoate, 

Methyl Salicylate, Thymol, Sodium Fluoride, Menthol, Sucralose, Camellia 
Sinensis Leaf Extract, Caffeine, CI 47005, Cl 42053. Contains Sodium 

Fluoride (220 ppm F-).

JOHNSON & 

JOHNSON GmbH, 

D-41470 Neuss 
DE LISTERINE Made in 

Italy

691760

OREX™ Sodium Fluoride 

Mouthwash

Aqua, Sorbitol, PEG-40 Hydrogenated Castor Oil, Glycerin, Poloxamer 

407, Aroma, Sodium Methylparaben, Sodium Propylparaben, Citric Acid, 

Cetyloyridinium Chloride, Sodium Benzoate, Sodium Fluoride, Sodium 
Saccharin, 

CI 18965, CI 42090. 

CONTAINS: Cetylpyridinium Chloride 0.05% w/w, Sodium Fluoride 
(225ppm F-).

Manufactured by Nahdi 

Medical Co. by 

FUSHIMA, S.L. Pol. Ind. 
Guarnizo 1 

39611 Guarnizo - 

Cantabria (Spain)

230241

Water and Salt Oral Rinse 5 grams of salt (NACL) was dissolved in 250 ML distilled deionized water

Abbreviation: PEG=Polyethylene Glycol, PPM F= Parts Per Million Fluoride, NACL=Sodium chloride.

Figure 2 Sample preparation for the optic profilometer device. (A) Sample preparation for the orthodontic brackets into six groups before the immersion in mouthwashes. 
(B) Sample preparation for the orthodontic brackets into six groups after the immersion in mouthwashes. (C) Optic Profilometer device (BRUKER). (D) The position of the 
sample on the optic profilometer device for the surface roughness test.
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orthodontic brackets before immersion in mouthwashes is presented in Figure 2B. The preparation after immersion is 
shown in Figure 2C, and the optic profilometer device setup for surface roughness testing is illustrated in Figure 2D.

Group one: 3M stainless steel brackets immersed in a fluoridated mouthwash (LISTERINE) Group two: ORMCO 
stainless steel brackets immersed in a fluoridated mouthwash (LISTERINE) Group three: 3M stainless steel brackets 
immersed in fluoridated mouthwash (OREX) Group four: ORMCO stainless steel brackets immersed in Fluoridated 
mouthwash (OREX) Group five: 3M stainless steel brackets immersed in mouthwash (Water and Salt rinse) Group six: 
ORMCO stainless steel brackets immersed in mouthwash (Water and Salt rinse).

Evaluation of Surface Roughness Using Optical Profilometry
A three-dimensional optical surface profilometer (ContourGT, Bruker, Campbell, CA, USA) was used to examine the 
surface characteristics of the orthodontic brackets. The surface roughness was evaluated using non-contact scanning 
white light interferometry (WLI) with 0.05 m accuracy, and the scanning area was situated at the center of the surface. 
The device calculated the SA value (arithmetical mean height), the average roughness over a region. The application 
program Vision64 (v5.30, Bruker, Campbell, CA, USA) was used to ensure that the measurement was precise and 
accurate for the surface roughness characteristics. The initial (before immersion in mouthwashes) and final readings will 
be obtained in the same targeted area of the bracket samples (after immersion in mouthwashes).19,20

Statistical Analysis
To analyze the data, SPSS Version 21 was used (SPSS, Chicago, IL, USA). The reported values for continuous variables 
were the mean and standard deviation (SD), and to compare the means, a one-way ANOVA was used. A p-value of 
≤ 0.05 is considered statistically significant.

Results
Surface roughness was assessed using non-contact scanning white light interferometry (WLI) to determine the arithme
tical mean height of a line (Sa), which represents the average roughness over a measured area.19,20 The 3M Unitek 
Orthodontic brackets were divided into three subgroups (Table 2): LISTERINE, OREX, and water and salt oral rinse. 
Surface roughness measurements across all experimental groups showed insignificant increases in the 90-minute and 
seven-day intervals, except for the OREX mouthwash group after seven days (P = 0.0454). Specifically, the mean (Sa) of 
the OREX group after 90 minutes was 0.9146µm, slightly higher than those of the LISTERINE (0.9138µm) and water 

Table 2 Surface Roughness Measurements for the 3M Unitek Orthodontics 
Bracket

3M Unitek Orthodontics Bracket

Group Name Treatment Mean Std. Dev. P value

LISTERINE Control Group 0.9124 ± 0.004

Experimental 90 Minutes 0.9138 ± 0.005 0.4981

Experimental 7 Days 0.9149 ± 0.004 0.1792

OREX Control Group 0.9124 ± 0.004

Experimental 90 Minutes 0.9146 ± 0.003 0.1811

Experimental 7 Days 0.9158 ± 0.003 0.0454*

Water and Salt Control Group 0.9124 ± 0.004

Experimental 90 Minutes 0.9130 ± 0.002 0.6764

Experimental 7 Days 0.9136 ± 0.002 0.4073

Notes: *Statistically significant at p < 0.05.
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and salt (0.9130µm) groups. After seven days, the mean (Sa) of the OREX group further increased to 0.9158µm, 
surpassing the values of the other groups. Therefore, the OREX group demonstrated the highest degree of surface 
roughness compared to all the experimental groups (Table 2).

Similarly, the ORMCO brackets were divided into three subgroups as described in (Table 3): LISTERINE, OREX, 
and water and salt oral rinse. While surface roughness measurements showed insignificant increases in the 90-minute and 
seven-day experimental groups, significant differences were observed with the OREX mouthwash group after seven days 
(P = 0.0049). The mean Sa of the OREX group after 90 minutes was 0.9158µm, slightly higher than those of the 
LISTERINE (0.9141µm) and water and salt groups (0.9133). After seven days, it rose to 0.9169µm, indicating the 
highest surface roughness among all experimental groups. Therefore, the OREX group demonstrated the highest degree 
of surface roughness compared to all the experimental groups (Table 3).

In summary, both 3M Unitek and ORMCO Orthodontic brackets underwent testing with LISTERINE and OREX 
fluoridated mouthwashes, as well as water and salt oral rinse. Minor variations in surface roughness values were observed 
across all groups. One-way ANOVA analysis revealed statistically insignificant differences in slot roughness, except for the 
OREX mouthwash groups after seven days, which showed a statistically significant difference with a p-value of ≤ 0.05 (3M 
Unitek; P = 0.0454 and ORMCO; P = 0.0049). The highest surface roughness value was observed in the ORMCO bracket 
group immersed in OREX fluoridated mouthwash, while the least changes in surface roughness were observed in the 3M 
Unitek group immersed in water and salt oral rinse. Although the difference of approximately 0.004 µm between groups was 
statistically significant, its clinical relevance remains uncertain, as such a small change may not meaningfully affect plaque 
accumulation or bracket performance.

Discussion
The effect of surface roughness in orthodontic brackets is a valuable aspect to study since the rougher surface from the 
immersion of brackets in oral mouthwashes could affect oral and periodontal health. The increase in bracket surface 
roughness could negatively affect oral and dental health, promote the adhesion of microorganisms and lead to plaque 
retention and gingival irritation that can affect periodontal health. Moreover, microorganisms can cause demineralization 
of the tooth surface around the brackets, which could progress to dental caries.4,11,14,21–23 The findings indicate that 
orthodontic brackets slot surface roughness samples exposed to the fluoridated mouthwash increased, in agreement with 
previous studies.5,8,13 Sodium fluoride mouthwash affects the surface roughness of dental materials, including orthodon
tic archwire and brackets. However, there is insufficient literature regarding the correlation between stainless steel 

Table 3 Surface Roughness Measurements for the ORMCO Orthodontics 
Bracket

ORMCO Orthodontics Bracket

Group Name Treatment Mean Std. Dev. P value

LISTERINE Control Group 0.9126 ± 0.003

Experimental 90 Minutes 0.9141 ± 0.004 0.3553

Experimental 7 Days 0.9156 ± 0.004 0.0739

OREX Control Group 0.9126 ± 0.003

Experimental 90 Minutes 0.9158 ± 0.003 0.0283

Experimental 7 Days 0.9169 ± 0.003 0.0049*

Water and Salt Control Group 0.9126 ± 0.003

Experimental 90 Minutes 0.9133 ± 0.002 0.5469

Experimental 7 Days 0.9139 ± 0.002 0.2692

Notes: *Statistically significant at p < 0.05.
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orthodontic brackets and sodium fluoride mouthwash, even though other literature shows the association between sodium 
fluoride mouthwash and the increase in surface roughness in stainless steel orthodontic archwire.5,8–10,13,22 Furthermore, 
sodium fluoride mouthwash was revealed to cause surface roughness with orthodontic materials, including nickel- 
titanium (NiTi) archwire, titanium brackets, and stainless steel temporary anchorage devices (TAD).13,23,24 The changes 
in the mechanical characteristics of orthodontic electrolytes could be correlated to different factors, for example, the 
concentration of fluoride ions present in the solution, the duration of immersion in the mouthwash, the acidic pH of the 
mouthwash solution, and the manufacturing characteristics of the orthodontic brackets.25,26 The findings revealed that 
sodium fluoride mouthwash causes the highest degree of bracket surface roughness. This could be attributed to the 
presence of acidic and alcohol components in the mouthwash and the low PH of the solution.15 Furthermore, the findings 
revealed that OREX mouthwash shows the highest degree of surface roughness in slot brackets, which could contribute 
to the presence of citric acid in OREX mouthwash and not in LISTERINE mouthwash.27 Interestingly, water and salt oral 
rinse displayed the lowest degree of surface roughness in all the experimental groups and duration intervals, which is 
consistent with studies by Botelho et al (2015) and El-Mallakh et al (2021) that tested the effect of water and salt oral 
rinse in restorative material.28,29 Despite the study findings, a significant knowledge gap exists regarding the specific 
relationship between stainless steel orthodontic brackets and several mouthwash components. Notably, the absence of 
systematic reviews or meta-analyses on this topic highlights the need for further comprehensive research.

A previous large-scale study on 1200 stainless steel brackets showed that three-months immersion in different 
mouthwashes resulted in corrosive weight loss, especially in saline (water and salt) and fluoride groups.30 Moreover, 
a recent scoping review by Makrygiannakis et al (2025) highlighted that regular use of fluoride-containing mouthwashes 
may promote corrosion and metal ion release from stainless steel and NiTi orthodontic appliances.31 It is also important 
to note that, although the differences in surface roughness reached statistical significance, the absolute change 
(~0.004 µm) is far below the threshold generally considered clinically relevant for microbial adhesion and plaque 
retention (0.2–0.3 µm), indicating that the observed variations are unlikely to affect bracket performance in practice.32 

These studies underscore the continued importance of evaluating mouthwash composition on appliance integrity, 
supporting the novelty of our current research.

This study has several limitations. First, it used a three-dimensional optical surface profilometer device to test the 
surface roughness with the arithmetical mean height of a line (Sa); the evaluation of the roughness average (Ra) was not 
incorporated. Second, microbial adhesion and plaque accumulation tests were not conducted, so clinical implications 
remain speculative. Third, the mechanical strength of brackets with increased roughness was not evaluated. Finally, pH 
values of the mouthwashes were not measured.

Conclusions
Immersing stainless steel orthodontic brackets in sodium fluoride mouthwashes, particularly OREX, resulted in 
a significant increase in surface roughness, likely due to their acidic components. In contrast, water and salt rinse 
produced the lowest surface roughness, suggesting it may be a safe adjunctive option during orthodontic treatment. 
Although the differences observed were statistically significant, the small magnitude of change raises questions about 
their true clinical relevance. To fully clarify the implications of bracket surface roughness, further studies incorporating 
microbial adhesion tests, pH measurements, and mechanical performance assessments are recommended.

Acknowledgment
The authors are grateful to the Deanship of Scientific Research at King Saud University and King Abdullah International 
Medical Research Center.

Disclosure
The authors report no conflicts of interest in this work.

https://doi.org/10.2147/CCIDE.S552872                                                                                                                                                                                                                                                                                                                                                                                                                          Clinical, Cosmetic and Investigational Dentistry 2025:17 496

Abalkhail et al                                                                                                                                                                       

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



References
1. Lee G-J, Park K-H, Park Y-G, Park H-K. A quantitative AFM analysis of nano-scale surface roughness in various orthodontic brackets. Micron. 

2010;41(7):775–782. doi:10.1016/j.micron.2010.05.013
2. Doshi UH, Bhad-Patil A W. Static frictional force and surface roughness of various bracket and wire combinations. Am J Orthod Dentofacial 

Orthop. 2011;139(1):74–79. doi:10.1016/j.ajodo.2009.02.031
3. Fernandes RB, Polo AB, Rocha VN, et al. Influence of orthodontic brackets design and surface properties on the cariogenic Streptococcus mutans 

adhesion. Saudi Dent J. 2022;34(4):321–327. doi:10.1016/j.sdentj.2022.03.008
4. Korkmaz YN, Bulut M. Effect of mouthwashes on the discoloration of bracket-bonded tooth surfaces: an in vitro study. Clin Oral Investig. 2020;24 

(11):3855–3861. doi:10.1007/s00784-020-03251-2
5. Nik TH, Ghadirian H, Hooshmand T, et al. Effect of 0.05% sodium fluoride mouthwash on surface roughness and friction between ceramic brackets 

and rhodium-coated and uncoated stainless steel wires. Front Dent. 2019;16(2):121–129. doi:10.18502/fid.v16i2.1363
6. Atala MH, Ustağlu G, Atala N, Yeğin E. Effect of different mouthwashes on discoloration of plaque- free tooth surfaces. Am J Dent. 2018;31 

(4):211–214.
7. Adams D, Addy M. Mouthrinses. Adv Dent Res. 1994;8(2):291–301. doi:10.1177/08959374940080022401
8. Thulasiram S, Chandrasekharan D, Angrish N, Krithika A, Praveen K, Deenadayalan P. Comparison of surface topography changes from 

conventional metal brackets and self-ligating metal brackets after immersion in three different mouthwashes using atomic force microscopy: an 
in vitro study. J Pharm Bioallied Sci. 2023;15(Suppl 1):S636–s640. [in English]. doi:10.4103/jpbs.jpbs_78_23

9. Phukaoluan A, Khantachawana A, Dechkunakorn S, Anuwongnukroh N, Tunthawiroon P, Srirussamee K. Influence of mouthwash rinsing on the 
mechanical properties of polymeric ligature ties used for dental applications. Polymers. 2021;13(14):2236. doi:10.3390/polym13142236

10. Aghili H, Yassaei S, Eslami F. Evaluation of the effect of three mouthwashes on the mechanical properties and surface morphology of several 
orthodontic wires: an in vitro study. Dent Res J. 2017;14(4):252–259. doi:10.4103/1735-3327.211629

11. Abbassy MA. Fluoride influences nickel-titanium orthodontic wires′ surface texture and friction resistance. J Orthod Sci. 2016;5(4):121–126. 
doi:10.4103/2278-0203.192114

12. Choi S, Joo H-J, Cheong Y, et al. Effects of self-ligating brackets on the surfaces of stainless steel wires following clinical use: AFM investigation. 
J Microsc. 2012;246(1):53–59. doi:10.1111/j.1365-2818.2011.03586.x

13. Huang -H-H. Variation in surface topography of different NiTi orthodontic archwires in various commercial fluoride-containing environments. Dent 
Mater. 2007;23(1):24–33. doi:10.1016/j.dental.2005.11.042

14. Nakagawa M, Matsuya S, Udoh K. Effects of fluoride and dissolved oxygen concentrations on the corrosion behavior of pure titanium and titanium 
alloys. Dental Mater J. 2002;21(2):83–92. doi:10.4012/dmj.21.83

15. Çelik A, Coban E, Ulker HE. Effects of mouthwashes on color stability and surface roughness of three different resin-based composites. Niger 
J Clin Pract. 2021;24(4):555–560. doi:10.4103/njcp.njcp_303_20

16. Quirynen M, Marechal M, Busscher HJ, Weerkamp AH, Darius PL, van Steenberghe D. The influence of surface free energy and surface roughness 
on early plaque formation. An in vivo study in man. J Clin Periodontol. 1990;17(3):138–144. doi:10.1111/j.1600-051x.1990.tb01077.x

17. Danaei SM, Safavi A, Roeinpeikar SM, Oshagh M, Iranpour S, Omidekhoda M. Ion release from orthodontic brackets in 3 mouthwashes: an in- 
vitro study. Am J Orthod Dentofacial Orthop. 2011;139(6):730–734. doi:10.1016/j.ajodo.2011.03.004

18. Mahmood R, Mohsin M, Mohammad M, Shukr M. Evaluation of metallic ion release from fixed orthodontic appliance in two different 
mouthwashes and distilled water: an in vitro study. Sulaimani Dent J. 2021;8(1):61–66. doi:10.17656/25213857

19. Samyn P, Van Erps J, Thienpont H. Relation between optical non-contact profilometry and AFM roughness parameters on coated papers with 
oil-filled nanoparticles. Measurement. 2016;82:75–93. doi:10.1016/j.measurement.2015.12.035

20. Bhushan B. Surface Roughness Analysis and Measurement Techniques. Modern Tribology Handbook. Bhushan B, editor. Vol. 1. Boca Raton: CRC 
Press; 2000:49–119. doi:10.1201/9780849377877

21. Ren Y, Jongsma MA, Mei L, van der Mei HC, Busscher HJ. Orthodontic treatment with fixed appliances and biofilm formation - a potential public 
health threat? Clin Oral Investig. 2014;18(7):1711–1718. doi:10.1007/s00784-014-1240-3

22. Choudhary J, Shashikumar B, Patil A. Evaluation and comparison of two different mouthwashes on frictional resistance between orthodontic 
bracket and archwire: an in vitro study. J Ind Orthodont Soc. 2019;53:117–125. doi:10.1177/0301574219840886

23. Lelli M, Marchisio O, Foltran I, et al. Different corrosive effects on hydroxyapatite nanocrystals and amine fluoride-based mouthwashes on dental 
titanium brackets: a comparative in vitro study. Int J Nanomed. 2013;8:307–314. doi:10.2147/ijn.S35245

24. Jiman PA, Prodan D, Moldovan M, et al. New and recovered temporary anchorage devices, in vitro assessment of structural and surface properties. 
Materials. 2021;14(21):10.3390/ma14216271.

25. Borzabadi-Farahani A, Alavi S, Barooti S. An in vitro assessment of the mechanical characteristics of nickel-titanium orthodontic wires in Fluoride 
solutions with different acidities. J Orthodontic Sci. 2015;4(2):52–56. doi:10.4103/2278-0203.156030

26. Huang HH. Surface characterizations and corrosion resistance of nickel-titanium orthodontic archwires in artificial saliva of various degrees of 
acidity. J Biomed Mater Res A. 2005;74(4):629–639. doi:10.1002/jbm.a.30340

27. Singhal P, Nair C, Reddy V, Reddy C. Effect of citric acid and chlorhexidine on the implant surface- an invitro experiment. Acta Scientific Dental 
Sci. 2023;7:146–160. doi:10.31080/ASDS.2023.07.1617

28. Soygun K, Varol O, Ozer A, Bolayir G. Investigations on the effects of mouthrinses on the colour stability and surface roughness of different dental 
bioceramics. J Adv Prosthodont. 2017;9(3):200–207. doi:10.4047/jap.2017.9.3.200

29. Bohner L, Godoi A, Ahmed A, Neto P, Catirse A. Surface roughness of restorative materials after immersion in mouthwashes. Eur J General 
Dentistry. 2016;5(3):111–114. doi:10.4103/2278-9626.189255

30. Ballouk MA, Altinawi M, Al-Kafri A, Zeitounlouian TS, Fudalej PS. Evaluating the possibly-corrosive effects of four different mouthwashes on 
orthodontic brackets and bands: an exploratory, in-vitro, comparative study. Discov Appl Sci. 2025;7(5):405.

31. Makrygiannakis MA, Gkinosati AA, Kalfas S, Kaklamanos EG. The effect of fluoride mouthwashes on orthodontic appliances’ corrosion and 
mechanical properties: a scoping review. Hygiene. 2025;5(2):23.

32. Bollenl CM, Lambrechts P, Quirynen M. Comparison of surface roughness of oral hard materials to the threshold surface roughness for bacterial 
plaque retention: a review of the literature. Dent Mater. 1997;13(4):258–269.

Clinical, Cosmetic and Investigational Dentistry 2025:17                                                                    https://doi.org/10.2147/CCIDE.S552872                                                                                                                                                                                                                                                                                                                                                                                                    497

Abalkhail et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.micron.2010.05.013
https://doi.org/10.1016/j.ajodo.2009.02.031
https://doi.org/10.1016/j.sdentj.2022.03.008
https://doi.org/10.1007/s00784-020-03251-2
https://doi.org/10.18502/fid.v16i2.1363
https://doi.org/10.1177/08959374940080022401
https://doi.org/10.4103/jpbs.jpbs_78_23
https://doi.org/10.3390/polym13142236
https://doi.org/10.4103/1735-3327.211629
https://doi.org/10.4103/2278-0203.192114
https://doi.org/10.1111/j.1365-2818.2011.03586.x
https://doi.org/10.1016/j.dental.2005.11.042
https://doi.org/10.4012/dmj.21.83
https://doi.org/10.4103/njcp.njcp_303_20
https://doi.org/10.1111/j.1600-051x.1990.tb01077.x
https://doi.org/10.1016/j.ajodo.2011.03.004
https://doi.org/10.17656/25213857
https://doi.org/10.1016/j.measurement.2015.12.035
https://doi.org/10.1201/9780849377877
https://doi.org/10.1007/s00784-014-1240-3
https://doi.org/10.1177/0301574219840886
https://doi.org/10.2147/ijn.S35245
https://doi.org/10.4103/2278-0203.156030
https://doi.org/10.1002/jbm.a.30340
https://doi.org/10.31080/ASDS.2023.07.1617
https://doi.org/10.4047/jap.2017.9.3.200
https://doi.org/10.4103/2278-9626.189255


Clinical, Cosmetic and Investigational Dentistry                                                                         

Publish your work in this journal 
Clinical, Cosmetic and Investigational Dentistry is an international, peer-reviewed, open access, online journal focusing on the latest clinical 
and experimental research in dentistry with specific emphasis on cosmetic interventions. Innovative developments in dental materials, 
techniques and devices that improve outcomes and patient satisfaction and preference will be highlighted. The manuscript management 
system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/clinical-cosmetic-and-investigational-dentistry-journal

Clinical, Cosmetic and Investigational Dentistry 2025:17 498

Abalkhail et al                                                                                                                                                                       

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Design
	Sample Preparation
	Evaluation of Surface Roughness Using Optical Profilometry
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgment
	Disclosure

