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ARTICLE INFO ABSTRACT

Keywords: Objective: To evaluate and compare antimicrobial efficacy of Chlorhexidine and Chlorine dioxide mouthwashes
Sdf'ligaﬁ'o"‘ on S.mutans biofilm created on metal and ceramic self-ligating brackets.

Chlorhexidine Materials and methods: A total of 162 metal and ceramic self-ligating brackets (3M™ SmartClip™ & Clarity SL™)
Chlorine dioxide . .

Biofilm were randomly divided into 3 groups and 2 subgroups. Standard procedures were followed to coat all brackets

with S.mutans biofilm. The biofilms were cultivated which were then subjected to the effects of the mouthwashes.
Quantitative assessment was carried out by comparing the number of viable colonies of S.mutans. A Mann-
Whitney U test was used to compare the data between the experimental and control groups. (p < 0.05).
Result: When compared to untreated controls the antimicrobial efficacy of Chlorhexidine Digluconate and
Chlorine Dioxide mouthwashes was found to be statistically significant (p = 0.00). The comparison between
Chlorhexidine digluconate and Chlorine dioxide mouthwashes was not statistically significant in Ceramic self-
ligating group (p = 0.502) and statistically significant in Metal self-ligating group (p = 0.001)

Conclusion: S mutans colonies on metal and ceramic self-ligating brackets can be reduced effectively by Chlor-
hexidine digluconate and Chlorine dioxide mouthwashes. Chlorhexidine digluconate more effective for metal
bracket group. Both mouthwashes had comparable antimicrobial effectiveness, with the difference in the number
of viable colonies following exposure for ceramic bracket groups.

Streptococcus mutans
Orthodontic brackets

1. Introduction established oral ecosystems. These can instigate a cascade of infections

and cross-contamination.® S.mutans plays an important role in this

The fixed orthodontic therapy consists of active and passive com-
ponents, of which brackets play a pivotal role throughout the ortho-
dontic therapy. Fixed orthodontic appliances poses a substantial
challenge to meticulous oral hygiene routines, facilitating the
accumulation and stagnation of plaque around brackets and wires. Areas
of demineralized enamel due to orthodontic therapy i.e. white spot le-
sions having prevalence of 2 %-96 %, are typically the result of accu-
mulated plaque buildup."? Fixed appliances disrupt the natural
self-cleansing mechanisms of the oral cavity, primarily due to variations
in surfaces of brackets, bands, and wires creating shelter that harbors
microorganisms, impeding the natural microbial balance within

cariogenic process leading to the formation of white spot lesions which
are commonly seen in patients undergoing orthodontic treatments. S.
mutans is also the most prevalent biofilm-associated bacteria.”
Advancement in orthodontics have led to the development of a
multitude of bracket designs and appliances which can lead to better
oral care maintenance by orthodontic patients.”° Despite these ad-
vancements, the problem of biofilm development on brackets still per-
sists in orthodontic practice.” Evidence suggests that the bracket
material has an undeniable impact on bacterial adherence and plaque
accumulation but demonstrated that surface roughness, surface free
energy, and other physicochemical properties of biomaterials
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significantly influence their capacity to retain dental plaque.®° The
adhesion of biofilm, a key indicator of potential oral health complica-
tions, was observed to be considerably reduced on metal brackets rela-
tive to their ceramic counterparts.w

The scientific literature describes a multitude of antimicrobial op-
tions exist, with varying chemical origins, mechanisms, and clinical
presentations.11 Chlorhexidine digluconate (CHX) stands as the
preferred antimicrobial agent due to its broad-spectrum bactericidal
activity against both gram-positive and gram-negative bacteria, despite
variations in optimal exposure time.'>'*While CHX boasts potent anti-
microbial properties, its use is not without potential side effects
including altered taste perception, dental and mucosal discoloration,
and, in rare cases, mucosal shedding and parotid gland swelling. Among
these visible side effects, primarily brownish discoloration of teeth and
tongue surface.'>!® Notably, patients find the taste of ClO2 more
palatable than CHX, and unlike the latter, it lacks evidence of long-term
effects like staining. Investigations revealed the multifaceted antimi-
crobial capabilities of Cl02, encompassing both bactericidal and viru-
cidal efficacy, highlighting its potential as a broad-spectrum
disinfectant.'

In light of ongoing concerns regarding the CHX and the promise of
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ClO2, this research endeavored to evaluate their comparative antibac-
terial efficacy against S.mutans biofilms on ceramic and metallic self-
ligating brackets, with a view to identifying a viable alternative for
routine use in patients undergoing fixed orthodontics.

2. Materials and methods

The present study was conducted in the Department of Orthodontics
Manav Rachna Dental College Faridabad. Institutional ethical clearance
(MRDC/IEC/2020/03) was taken before commencing the study. Sample
size estimation using GPower software (version 3.0). The sample size
was estimated from a study by Aithal et al. 2019° for F tests - ANOVA:
Fixed effects, special, main effects, and interactions were chosen. A
minimum total sample size of 158 was sufficient for an alpha of .05, a
power of 80 %, and an effect size of .25. The sample was rounded off to
162 to ensure an equal number of samples in all subgroups. The sample
of 162 brackets was divided into 3 groups and 2 subgroups, i.e., Group 1-
Control group, Group 2- CHX, and Group 3- ClO2 group consisting of 54
brackets in each group. This was subdivided randomly into 2 subgroups
i.e., ceramic and metal bracket groups (27 each) (Fig. 1).

S mutans bacteria was acquired from the microbiology lab. S.mutans
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(Strain type 10449) was inoculated in BHI broth (brain heart infusion)
+ 1 % glucose solution. Under microaerophilic conditions, this was
incubated for 18 h at 37 °C (5 % CO2). After centrifuging the bacterial
culture for 5 min at 3000 RPM, the supernatant was discarded. After
that, the cell pellet was resuspended in 5 mL of sterile .9 percent Phos-
phate buffer (PBS).

Brackets were autoclaved and verified to be sterile using GKE Steri-
Record® self adhesive indicator according to EN ISO 11140-1 type 5
indicators. In a 24-well plate, sterilized brackets were incubated with
1000 mL microorganism suspension (brain heart infusion with 1 %
glucose). For biofilm formation, the plates were incubated anaerobically
at 37 °C as a static culture for 24 h. Brackets were then agitated to
remove biofilm from the bracket surface so that colony-forming units
(CFU) could be counted and for convenient counting of the CFUs/ml of
suspension was calculated and converted to logarithm (logig).

CHX (Hexidine™, ICPA health products Ltd. — [.2 % w/v]) and
Chlorine dioxide (Freshclor™, Group Pharmaceuticals Ltd. - [.2 % w/v])
mouthwashes were used on the S mutans biofilm on self-ligating brackets
(3M™ SmartClip™ SL3 Self-Ligating Brackets). The contaminated
brackets from the 4 groups (Metal SL — CHX, Metal SL — ClO2, Ceramic
SL - CHX, Ceramic SL - Cl02) were immersed in the treatment solutions
for 1 min each as per recommendations of manufacturers, except for the
rest of the 2 untreated groups with mouthwashes (metal and ceramic
control groups).

The brackets were diluted immediately after being treated with CHX
and ClO2 mouthwashes in a 5 % phosphate buffer solution (PBS) for
analysis after. The data were collected before and after the effects of
both mouthwashes.

3. Statistical analysis

Data were entered into Microsoft Excel spreadsheet (version 10) and
checked for any missing entries. Data were analyzed using Statistical
Package for Social Sciences (SPSS) version 21. The normality of the data
was checked by ShapiroWilk test and Kolmogorov-Smirnov test
(Table 1). Both the tests showed that the data did not adhere to
normality, therefore, non-parametric tests were used for comparison. A
Mann-Whitney U test was applied to compare the differences among all
the studied groups. The level of significance was set at P < 0.05.

4. Results

The mean viable colonies in metal self-ligating bracket biofilms after
submerging in CHX (.56) is lower than those of Cl0O2 (2.81) with the
highest number of colonies being 3 in CHX whereas 8 in ClO2 (Table 2).

The mean viable colonies in ceramic self-ligating bracket biofilms
after being subjected to antimicrobial effects of CHX (1.22) is lower than
those of C102 (1.41) with the highest number of colonies being 3 in CHX
whereas 8 in ClO2. This group revealed that ClO2 is more effective on
ceramic brackets (1.41) than on metal brackets (2.81) whereas the effect
of CHX is better on metal brackets (.56) than on ceramic brackets (1.22).
(Table 2) (Figs. 2 and 3).

When the CFU was checked in ceramic bracket groups, there was no

Table 1
Test for normality.

Group Kolmogorov-Smirnov® Shapiro-Wilk
Statistic ~ df P Statistic  df P
value value

CHX Metal .349 27  .000 711 27  .000
Digluconate Ceramic  .229 27  .001 784 27 .000
Chlorine Metal 171 27 .041 .896 27 .011
Dioxide Ceramic  .251 27 .000 .841 27 .001
3.00 Metal .106 27  .200* 941 27  .129
Ceramic  .158 27  .082 964 27  .460
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Table 2
Intragroup Comparison of effectiveness with Ceramic brackets and Metal
Brackets.

Group Group Mean SD Mean Ranks P value
Metal CHX Digluconate .56 .80 20.43 .0001"
Chlorine Dioxide 2.81 2.45 34.57
Control 62.19 23.67 68.00
Ceramic CHX Digluconate 1.22 1.55 26.13 .0001°
Chlorine Dioxide 1.41 1.39 28.87
Control 66.56 20.33 68.00

@ Significant.

Comparison of CFU in Metal Brackets
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0.56
I
0

CHX Digluconate

Chlorine Dioxide Control

Fig. 2. Intragroup comparison of colony forming units with metal brackets.

Comparison of CFU in Ceramic Brackets

66.56

141

122

0 —

CHX Digluconate Chlorine Dioxide

Control

Fig. 3. Intragroup comparison of colony forming units with Ceramic brackets.

significant difference in CFU count between the two groups with P =
0.502. There was a significant difference in CFU count between the two
groups in metal bracket groups alone, with the S.mutans CFU count
being significantly high in the ClO2 rinse group with (p = 0.001).
(Table 2). However, when compared to the untreated controls, both
groups showed clinically significant reduction in bacterial colonies (p =
0.00).

5. Discussion

In search of finding a new mouthwash as compared to CHX with less
side effects, the present study was designed to compare and evaluate the
antimicrobial efficacy of CHX and ClO2 mouthwashes.

Our results concluded the metal self-ligating bracket CFU count after
being treated with CHX is significantly lower than those of ClO2
(p=0.001), therefore CHX is more effective than ClO2 for the metal
brackets. It can be attributed to the nature of the two types of
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mouthwash, CHX works by disrupting the cell membranes and coagu-
lating cytoplasmic proteins whereas ClO2 mouthwash has antimicrobial
activity principally caused by the oxidative destruction of essential
macromolecules.

However, for the ceramic self-ligating bracket biofilm CFU count
after being subjected to antimicrobial effects of CHX is lower than those
of Cl02 numerically but non significantly i.e. (p = 0.502), both have
similar efficacy against S mutans. We attribute this to the difference in
the surface topography of polycrystalline alumina oxide ceramic
brackets and metal brackets. Ceramic brackets being the more porous of
the two allow higher bacterial biofilm adhesion. The antibacterial
property of CHX is similar that of ClO2 on some important oral patho-
gens i.e. S mutans, L acidophilus, E.faecalis, V alcalescens, E. corrodens, A.
actinomycetemcomitans and C.albicans so it supports the outcome of this
study.

When compared to untreated controls, the results revealed that the
antibacterial efficacy of ClO2 and CHX mouthwashes is statistically
significant (p = 0.00). Therefore, although CHX mouthwash is consid-
ered to be the gold standard, ClO2 is also effective for S.mutans biofilm
control.'® In contrast to the work of Paraskevas and coworkers who
concluded that C102 was less effective than CHX based on the alteration
in plaque index PI after a very short period of time, only 3 days of use,
this study found similar efficacy of CHX and ClO2 for ceramic
brackets. %’

In contrast to non-orthodontic patients, orthodontic patients typi-
cally struggle to maintain appropriate oral hygiene, which results in a
build-up of biofilms and qualitative alterations in the local flora.'® ' We
chose self ligating brackets (SLBs) for our study as the design of the SLBs
and the absence of wire or elastomeric ligatures, according to some
studies, make them more hygienic and less prone to bacterial coloni-
zation.® The SLBs do not have an advantage over conventional brackets
with respect to periodontal status and halitosis. So, this is subject to
controversy.'’

To eliminate this ongoing debate, we have used metal SLBs as well as
ceramic SLBs in our study. The present study has various limitations,
such as the study was carried out under laboratory settings which could
not replicate absolute oral environment. The ceramic SLBs used in the
study had a metallic clip meant for the active wire engagement. Hence,
were not purely ceramic. Further in vivo investigations are required to
support these findings and RCTs can be done to conclude the strong
evidence in support to the present findings.

6. Conclusion
The outcomes of the study are as follows-

e The control group has significantly higher S mutans CFU.

e The findings of this study concluded that ClO2 has similar antimi-
crobial efficacy against S mutans as that of CHX with ceramic SLBs.

e The CHX is more effective as compared to ClO2 with metal SLBs.

No conflict of interest

The undersigned author transfers all copyright ownership of the
manuscript (A COMPARATIVE EVALUATION OF THE ANTIMICROBIAL
EFFICACY OF CHLORHEXIDINE AND CHLORINE DIOXIDE ON SELF-
LIGATING BRACKETS CONTAMINATED WITH STREPTOCOCCUS
MUTANS BIOFILM) to Journal of oral biology and craniofacial research
in the event the work is published. The undersigned author warrants
that the article is original, is not under consideration for publication by
another journal and has not been previously published. I sign for and
accept responsibility for releasing this material on behalf of any and all
co-authors.

T understand that the Corresponding Author is the sole contact for the
Editorial process and is responsible for communicating with the other
authors about progress, submissions of revisions and final approval of

754

Journal of Oral Biology and Craniofacial Research 14 (2024) 751-755

proofs.
By the Corresponding Author on behalf of the all-other authors.

Patient’s/Guardian’s consent

Not Applicable, as this is an in vitro study.

Source of funding

The authors declare that no funding was received for the conduct of
this study or the preparation of this manuscript. This research was car-
ried out independently without financial support from any external
sources.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgment

The authors would like to acknowledge the Faculty of the Depart-
ment of Orthodontics at Manav Rachna Dental College for their
invaluable support and expert guidance throughout this research. Their
contributions were essential to the successful completion of this study.

References

1. Mitchell L. Decalcification during orthodontic treatment with fixed appliances—an
overview. British journal of orthodontics. 1992;19(3):199-205. https://doi.org/
10.1179/bjo.19.3.199.

2. Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot formation after
bonding and banding. Am J Orthod. 1982;81(2):93-98. https://doi.org/10.1016/
0002-9416(82)90032-X.

3. Vivek Aithal PR, Akshai Shetty KR, Dinesh MR, Amarnath BC, Prashanth CS,
Roopak MD. In vitro evaluation of microbial contamination and the disinfecting
efficacy of chlorhexidine on orthodontic brackets. Prog Orthod. 2019;20(1):1-6.
https://doi.org/10.1186/s40510-019-0270-4.

4. Kharod N, Hemanth M, Kabbur K, Sharmada B, Darsan J. Assessing microbial
contamination of as received orthodontic brackets and wires-an in vitro study. Int J
Ady Res. 2017;6:1572-1575. https://doi.org/10.21474/1JAR01/6593.

5. Damon DH. The rationale, evolution and clinical application of the self-ligating
bracket. Clin Orthod Res. 1998;1(1):52-61. https://doi.org/10.1111/
ocr.1998.1.1.52.

6. Enaia M, Bock N, Ruf S. White-spot lesions during multibracket appliance treatment:
a challenge for clinical excellence. Am J Orthod Dentofacial Orthop. 2011;140(1):
el7-e24. https://doi.org/10.1016/j.ajodo.2010.12.016.

7. Quirynen M. The clinical meaning of the surface roughness and the surface free
energy of intra-oral hard substrata on the microbiology of the supra-and subgingival
plaque: results of in vitro and in vivo experiments. J Dent. 1994;22:513-S16. https://
doi.org/10.1016/0300-5712(94)90165-1.

8. Eliades T, Eliades G, Brantley WA. Microbial attachment on orthodontic appliances:
1. Wettability and early pellicle formation on bracket materials. Am J Orthod
Dentofacial Orthop. 1995;108(4):351-360. https://doi.org/10.1016/50889-5406
(95)70032-3.

9. Elter C, Heuer W, Demling A, et al. Supra-and subgingival biofilm formation on

implant abutments with different surface characteristics. Int J Oral Maxillofac

Implants. 2008;23(2).

Shashidhar EP, Sahitya M, Sunil T, Murthy AR, Rani MS. A comparative evaluation

of adherence of microorganism to different types of brackets: a scanning electron

microscopic study. J Int Oral Health: JIOH. 2015;7(9):25.

Kocak MM, Ozcan S, Kocak S, Topuz O, Erten H. Comparison of the efficacy of three

different mouthrinse solutions in decreasing the level of streptococcus mutans in

saliva. Eur J Dermatol. 2009;3(1):57-61. https://pubmed.ncbi.nlm.nih.gov/

19262732/.

Flotra L. Different modes of chlorhexidine application and related local side effects.

J Periodontal Res. 1973;12:41-44. https://doi.org/10.1111/j.1600-0765.1973.

tb02162.x. Supplement.

Flotra L, Gjermo P, Rolla G, Waerhaug J. Side effects of chlorhexidine mouth

washes. Scand J Dent Res. 1971;79(2):119-125. https://doi.org/10.1111/§.1600-

0722.1971.tb02001.x.

Paraskevas S, Rosema NA, Versteeg P, Van der Velden U, Van der Weijden GA.

Chlorine dioxide and chlorhexidine mouthrinses compared in a 3-day plaque

accumulation model. J Periodontol. 2008;79(8):1395-1400. https://doi.org/

10.1902/jop.2008.070630.

10.

11.

12.

13.

14.


https://doi.org/10.1179/bjo.19.3.199
https://doi.org/10.1179/bjo.19.3.199
https://doi.org/10.1016/0002-9416(82)90032-X
https://doi.org/10.1016/0002-9416(82)90032-X
https://doi.org/10.1186/s40510-019-0270-4
https://doi.org/10.21474/IJAR01/6593
https://doi.org/10.1111/ocr.1998.1.1.52
https://doi.org/10.1111/ocr.1998.1.1.52
https://doi.org/10.1016/j.ajodo.2010.12.016
https://doi.org/10.1016/0300-5712(94)90165-1
https://doi.org/10.1016/0300-5712(94)90165-1
https://doi.org/10.1016/S0889-5406(95)70032-3
https://doi.org/10.1016/S0889-5406(95)70032-3
http://refhub.elsevier.com/S2212-4268(24)00148-9/sref9
http://refhub.elsevier.com/S2212-4268(24)00148-9/sref9
http://refhub.elsevier.com/S2212-4268(24)00148-9/sref9
http://refhub.elsevier.com/S2212-4268(24)00148-9/sref10
http://refhub.elsevier.com/S2212-4268(24)00148-9/sref10
http://refhub.elsevier.com/S2212-4268(24)00148-9/sref10
https://pubmed.ncbi.nlm.nih.gov/19262732/
https://pubmed.ncbi.nlm.nih.gov/19262732/
https://doi.org/10.1111/j.1600-0765.1973.tb02162.x
https://doi.org/10.1111/j.1600-0765.1973.tb02162.x
https://doi.org/10.1111/j.1600-0722.1971.tb02001.x
https://doi.org/10.1111/j.1600-0722.1971.tb02001.x
https://doi.org/10.1902/jop.2008.070630
https://doi.org/10.1902/jop.2008.070630

A.K. Singh et al.

15.

16.

17.

Santos DSF, Peralta-Mamani M, Brandao FS, Andrade FB, Cruvinel T, Santos PSDS.
Could polyhexanide and chlorine dioxide be used as an alternative to chlorhexidine?
A systematic review. Sao Paulo medical journal = Revista paulista de medicina. 2022;
140(1):42-55. https://doi.org/10.1590/1516-3180.2020.0776.R1.18052021.

Rego RO, Oliveira CA, dos Santos-Pinto A, et al. Clinical and microbiological studies
of children and adolescents receiving orthodontic treatment. Am J Dent. 2010;23(6):
317-323. https://pubmed.ncbi.nlm.nih.gov/21344829/.

Rosenbloom RG, Tinanoff N. Salivary Streptococcus mutans levels in patients before,
during, and after orthodontic treatment. Am J Orthod Dentofacial Orthop : official
publication of the American Association of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 1991;100(1):35-37. https://doi.org/10.1016/0889-
5406(91)70046-Y.

755

18.

19.

20.

Journal of Oral Biology and Craniofacial Research 14 (2024) 751-755

Pejda S, Varga ML, Milosevic SA, et al. Clinical and microbiological parameters in
patients with self-ligating and conventional brackets during early phase of
orthodontic treatment. Angle Orthod. 2013;83(1):133-139. https://doi.org/
10.2319/010412-8.1.

Mester A, Onisor F, Mesaros AS. Periodontal health in patients with self-ligating
brackets: a systematic review of clinical studies. J Clin Med. 2022;11(9):2570.
https://doi.org/10.3390/jcm11092570.

Kerémi B, Mdrta K, Farkas K, et al. Effects of chlorine dioxide on oral hygiene - a
systematic review and meta-analysis. Curr Pharmaceut Des. 2020;26(25):3015-3025.
https://doi.org/10.2174/1381612826666200515134450.


https://doi.org/10.1590/1516-3180.2020.0776.R1.18052021
https://pubmed.ncbi.nlm.nih.gov/21344829/
https://doi.org/10.1016/0889-5406(91)70046-Y
https://doi.org/10.1016/0889-5406(91)70046-Y
https://doi.org/10.2319/010412-8.1
https://doi.org/10.2319/010412-8.1
https://doi.org/10.3390/jcm11092570
https://doi.org/10.2174/1381612826666200515134450

	A comparative evaluation of the antimicrobial efficacy of Chlorhexidine and Chlorine dioxide on self-ligating brackets cont ...
	1 Introduction
	2 Materials and methods
	3 Statistical analysis
	4 Results
	5 Discussion
	6 Conclusion
	No conflict of interest
	Patient’s/Guardian’s consent
	Source of funding
	Declaration of competing interest
	Acknowledgment
	References


