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Abstract 

Background: Plaque and biofilm provide an excellent 

adhesion site for the colonization and growth of many 

bacterial species mainly Streptococcus mutans. 

Mechanical plaque control dates back to 460 B.C. The 

goal is to reduce the overall oral bacterial load. There is no 

evidence in children showing the association between 

chewable tooth brush and the levels of Streptococcus 

mutans in the saliva. Therefore, the aim of this study was 

to evaluate the effectiveness of chewable brush in children 

in relation to reduction of S.mutans levels in saliva. 

Methods: : A prospective study was carried out on 40 

children of age group 6-10 years who were then divided 

into two groups to evaluate salivary S. mutans counts 

before and after using manual and chewable toothbrushes 

respectively  

Results: There was significant reduction of mutans 

streptococcus count in both the group i.e. manual tooth 

brush and chewable tooth brush according to paired t test 

(p<0.001). But the percentage improvement was highest in 

group that used chewable tooth brush according to 

unpaired t test  (p<0.001). 
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Conclusion: Chewable brush with enriched xylitol and 

fluoride properties not only showed promising results in 

reduction of oral bacterial load especially S mutans but 

also it is easy to use without any special skill.  

Keywords: Dental caries, Chewable tooth brush, 

Fluoride, Xylitol, Streptococcus mutans 

Introduction 

Microorganisms have a natural tendency to attach to tooth 

surfaces and form a well-connected matrix embedded 

ecosystem referred as biofilms. Structured, functionally 

organised biofilm which is embedded in a matrix of 

polymers of host and bacterial origin is referred as dental 

plaque.[1] Plaque and biofilm provide an excellent 

adhesion site for the colonization and growth of many 

bacterial species. 

Streptococcus mutans is a specific acid producing 

bacterium which adheres to the enamel salivary pellicle[2] 

and colonizes on the tooth surfaces causing 

demineralization of the hard tooth structure in the 

presence of fermentable carbohydrates. The 

demineralization process can progress into frank 

cavitation leading to dental caries. 

The control of plaque can be done with various 

mechanical, chemotherapeutic or chemomechanical 

agents. The goal is to reduce the overall rate of 

accumulation of new plaque, remove the existing plaque, 

inhibit the adhesion and growth of bacteria on the tooth 

surface and to inhibit the production of substances such as 

exopolysaccharide.[3] 

Mechanical plaque control dates back to 460 B.C when 

Hippocrates suggested cleaning of teeth using ball of wool 

soaked in honey. Toothbrushes made of bone and ivory 

with natural bristles are recorded dating back to 1498 in 

China. The modern tooth brush was patented by   

Frederick Wilhelm, a Swedish clockmaker, in 1855.[4] 

Toothbrushes have improved oral hygiene and promoted 

good oral health. And as a result of consistent research 

there have been modifications and improvements in the 

toothbrush such as electric toothbrush, sonic toothbrush, 

Ultraviolet-sterilized toothbrush system, laser toothbrush 

and ionic toothbrush.[5] 

These newer toothbrushes do not just concentrate on 

mechanically scrubbing the teeth but also have additional 

oral hygiene promoting action. One such novel toothbrush 

is chewable toothbrush (Rolly Brush ®). It is a miniature 

plastic (non – toxic) moulded toothbrush with bristles 

impregnated with xylitol and fluoride which is known to 

have anti caries effect. In 2015, Bezgin et al. conducted a 

study on its effectiveness in removing plaque in children 

and found no adverse clinical signs or symptoms.[6] 

There is no evidence in children showing the association 

between chewable tooth brush and the levels of 

Streptococcus mutans in the saliva. Therefore, the aim of 

this study was to evaluate the effectiveness of chewable 

brush in children in relation to reduction of S.mutans 

levels in saliva. 

The aim of this study was to compare the efficacy of 

chewable toothbrushes against manual toothbrushes in 

children. 

Materials and methods 

The present prospective study was carried out in the 

Department of Pedodontics and Preventive Dentistry. 40 

children of age group 6-10 years were screened and 

included in the study. Sample size of 20 per group was 

calculated with the power of study being 80% at a 

confidence level of 5%.  
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Figure 1:  A floss of 15cms tied to the Chewable 

toothbrush 

Subjects willing to participate and free from any 

systematic diseases were considered in the study. Children 

with previous medical history, with the history of intake of 

antibiotics for the past 15 days and uncooperative children 

were excluded from the study. Informed consent was 

obtained both from the guardians and the participants. 

Professional oral prophylaxis was done in all the 

participants prior to collecting base line saliva samples for 

standardization. The base line unstimulated saliva samples 

were collected in a sterile container for 5 minutes. The 

selected children were randomly divided into two groups 

using simple randomization [n=20].  

Group1  

A floss of 15cms was tied to the Rolly chewable 

toothbrush ® [figure 1] and the participants were 

explained how to use the toothbrush. The children were 

advised to brush twice daily for next week under the 

supervision of an adult.  

Group 2  

Children were instructed to brush their teeth for 2min 

using a manual toothbrush [Oral-B Kids Soft Toothbrush] 

and toothpaste [Colgate] as part of their normal routine 

twice daily for a week under the supervision of an adult.  

The collected saliva sample was sent to the laboratory for 

estimation of the S.mutans levels. The sample was diluted 

into a proportion of 1:100 and was spread on the Mitis 

salivarius - bacitracin culture media. It was incubated for 

48 hours at 37°C and colonies were counted by personnel 

who were blinded. Results were tabulated and statistically 

analysed.  

Results 

Paired and unpaired t tests were done for intra and 

intergroup comparison [Table 1]. There was no much 

significance noted between the groups before the start of 

the study whereas there is statistically significant 

difference noted in the post collected bacterial counts. 

[Table 2 and 3] [Graph 1 and 2] There was significant 

reduction of mutans streptococcus count in both the group. 

[Table 4 and 5] but the percentage improvement was 

highest in group 1. [Table 6] [Graph 3] 
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Discussion 

Dental caries in children although preventable is a massive 

and cumulative health burden. According to Data from the 

National Health and Nutrition Examination Survey the 

prevalence of total dental caries i.e. treated and untreated 

was 45.8% and untreated caries was 13.0% among youth 

aged 2–19 years.[7] According to the National Oral Health 

Survey the caries prevalence in India was was 51.9% 

[mean deft = 2], 53.8% [mean DMFT = 1.8], and 63.1% 

[mean DMFT = 2.4] at ages 5, 12, and 15 years.[8] Also 

the Global Burden of Diseases study showed that in the 

primary dentition dental caries was the 12th most prevalent 

disease in all ages combined i.e. 560 million children. [9-10] 

Moreover poor socioeconomic conditions act as a catalyst 

for development of early childhood caries especially in 

underdeveloped and developing countries which in turn 

leads to an economic burden. [11]  

Dental caries has a complex/ multifactorial causation 

pathway and it is an endogenous, biofilm-mediated 
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disease that occurs when acidogenic/aciduric members of 

resident oral flora obtain a selective ecological advantage 

over other species, disrupting the homeostatic balance of 

the plaque biofilm and initiating the disease process. [12-13] 

Particularly no single microorganism is solely responsible 

for development of dental caries yet there is a strong 

association between high levels of mutans Streptococci 

and dental caries. [14] Preventative methods which delay 

the colonization of mutans Streptococci can have a long‐

term influence on the caries experience. [15] At the 

individual level, control of dental caries remains largely 

dependent on mechanical oral hygiene in the form of tooth 

brushing with fluoride dentifrices.  

Xylitol is a naturally occurring 5 carbon polyol sweetener 

that has shown evidence in reducing the levels of mutans 

Streptococci in plaque through both non‐specific and 

specific effects. [16]  

Non-specific effects of Xylitol Specific effects of 

Xylitol 

1. Does not act as a substrate 

for acid production in 

plaque [17] 

Mutans Streptococci 

when exposed to 

Xylitol can develop 

mutant xylitol‐resistant 

strains which may be 

less virulent in the oral 

cavity.[19] 

2. Decreases acidogenicity of 

plaque [18] 

When plaque is 

exposed to xylitol there 

is an  increase in the 

concentrations of 

amino acids and 

ammonia that in turn 

neutralise plaque 

acids.[20] 

3. Does not allow the plaque Has a bacteriostatic 

to adhere to tooth surface 
[19] 

action. The 

streptococcus 

phosphorylates xylitol 

to xylitol‐5‐phosphate, 

resulting in the 

formation of intra‐

cellular vacuoles and 

degraded cell 

membranes. [21] 

 Xylitol can cause a 

'futile metabolic cycle'. 

Xylitol‐5‐phosphate is 

split by sugar‐

phosphate 

phosphatases and the 

xylitol is then expelled 

from the cell 

unchanged. [22] 

                         

 
The most constant and commonly used anticariogenic 

element for prevention of dental caries in the past has been 

Fluoride. In 2007, a resolution was passed that universal 

access to fluoride for caries prevention was to be part of 

the basic right to human health by WHO.[23} Anti 

cariogenic effects of fluoride is a result of cumulative 

effect of a number of different mechanisms. [24] 

Non-specific effects of 

Fluoride 

Specific effects of 

Fluoride 

1. Fluoride gets 

incorporated with the 

Fluoride is an  inhibitor 

of the glycolytic 
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hard tissue of the tooth 

and converts 

hydroxyapatite to 

fluoroapatite which is 

comparatively less 

susceptible to 

solubility.[25] 

enzyme enolase, which 

is inhibited in a quasi-

irreversible manner.[29] [ 

present in Streptococcus 

salivarius, Streptococcus 

sanguis, and S. mutans] 
[30] 

2. Fluoride enhances 

remineralization during 

alkalinization phases of 

the plaque pH cycle, as 

saliva is supersaturated 

with respect to the 

phosphate-calcium 

hydroxyapatite 

equilibrium.[26] 

Membrane ATPase of 

streptococci is inhibited 

by fluoride.[31] 

3. Fluoride Inhibits acid 

production by bacteria in 

plaque.[27] 

Fluoride inhibits heme-

based catalases and 

peroxidases of oral 

bacteria. [32] 

 

4. Exposure of growing oral 

bacteria to fluoride is 

known to reduce 

production of 

intracellular deposits of 

iodophilic polysaccharide 

or glycogen. [28] 

Fluoride inhibits 

pymvate kinase and 

phosphoglycerate 

mutase of S. mutans. [33] 

Frandsen[34] noted that apert from the above reasons the 

method of brushing plays a huge role in oral hygiene 

maintainance. The Rolly ® Chewable toothbrush is small 

with bristles impregnated with Xylitol and Fluoride. The 

platic bristles mechanically displace the plaque, and the 

other active ingredients prevent the microorganisms from 

causing cariogenic ecosystem.  

In the current study the efficacy of the chewable 

toothbrush with both the added benefits of xylitol and 

fluoride is observed. There is a steep reduction in the S 

mutans count in the samples tested after using chewable 

brush. [Graph 4] The mean value dropped from 

616696.5000 to 182546.0000 pre and post usage of the 

chewable brush consecutively. The chewable brush was 

effective in reducing the oral bacterial load not just due to 

its mechanical action but also with the added benefits of 

xylitol and fluoride. [Figure 2 and 3] 

 
Figure 2: S mutans count in the saliva sample prior to 

usage of chewable toothbrush 

 
Figure 3: S mutans count in the saliva sample after using 

chewable toothbrush 
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Govindaraju et al.[35] in their study found similar results 

while using a chewable toothbrush.   

Additional caution should be exercised before reaching a 

conclusion as one of the main reasons for steep reduction 

in oral bacterial count could come from the motivation 

effect of kids as chewing brush is a new device. Long term 

studies as to be done in this regard.   

Conclusion 

Manual dexterity and method of brushing plays a huge 

role in effectiveness of manual tooth brushing especially 

in children. Chewable brush with enriched xylitol and 

fluoride properties not only showed promising results in 

reduction of oral bacterial load especially S mutans but 

also it is easy to use without any special skill.  Hence, it 

can be a preferable way to maintain oral hygiene in 

children above 6 years provided it is used under the 

supervision of adults.  

References  

1. Socransky SS, Haffajee AD. Dental biofilms: difficult 

therapeutic targets. Periodontology.28:12 2002, pp:55. 

2. Lamont R.J., Demuth D.R., Davis C.A., Malamud D., 

Rosan B. Salivary-Agglutinin-Mediated Adherence of 

Streptococcus-Mutans to Early Plaque Bacteria. 

Infect. Immun,59, 1991, pp:3446–3450. 

3. Marsh P., Bradshaw D. Microbiological effects of 

new agents in dentifrices for plaque control. Int. Dent. 

J. 43, 1993, pp:399–406 

4. Scutt JS, Swann CJ. The first mechanical toothbrush? 

Br Dent J 1975;139:152 

5. Mandal A, Singh DK, Siddiqui H, Das D, Dey AK. 

New dimensions in mechanical plaque control: An 

overview. Indian J Dent Sci,9, 2017, pp:133-139 

6. Bezgin T, Dag C, Ozalp N. How effective is a 

chewable brush in remoing plaque in children? A pilot 

study. J pediatr dent, 3(2), 2015, pp:41-45. 

7. Eleanor Fleming, Joseph Afful. Prevalence of Total 

and Untreated Dental Caries Among Youth: United 

States, 2015–2016. NCHS Data Brief, No. 307 , April 

2018.  

8. National Oral Health Survey and Fluoride Mapping. 

An Epidemiological Study of Oral Health Problems 

and Estimation of Fluoride Levels in Drinking Water. 

Dental Council of India, New Delhi, 2004. 

9. GBD 2015 Disease and Injury Incidence and 

Prevalent Collaborators. Global, regional, and national 

incidence, prevalence, and years lived with disability 

for 310 diseases and injuries, 1990-2015: a systematic 

analysis for the Global Burden of Disease Study 2015. 

Lancet. 2016;388:1545-1602. 

10.  Kassebaum NJ, Smith AGC, Bernabe E, et al. Global, 

regional, and national prevalence, incidence, and 

disability-adjusted life years for oral conditions for 

195 countries, 1990-2015: a systematic analysis for 

the global burden of diseases, injuries, and risk 

factors. J Dent Res, 96, 2017, pp:380-387 

11. Thomson WM. Public health aspects of paediatric 

dental treatment under general anaesthetic. Dent J. 

2016;4:20. 

12. Fejerskov O: Changing paradigms in concepts on 

dental caries: consequences for oral health care. 

Caries Res, 38, 2004, pp:182–191 

13. Marsh PD, Martin MV: The resident oral microflora; 

in Marsh PD, Martin VM (eds): Oral Microbiology. 

Woburn, Reed Educational and Professional 

Publishing, 1999, pp 7–33. 

14. Parisotto TM, Steiner‐Oliveira C, Silva CM, 

Rodrigues LK, Nobre‐dos‐Santos M. Early childhood 

caries and mutans streptococci: a systematic review. 

Oral Health and Preventive Dentistry, 8(1), 2010, 

pp:59‐70 



 Dr Nameeda K S, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 
 

 
© 2021 IJDSIR, All Rights Reserved 
 
                                

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

Pa
ge

13
5 

  

15. Kohler B, Andreen I. Influence of caries‐preventive 

measures in mothers on cariogenic bacteria and caries 

experience in their children. Archives of Oral Biology, 

39(10), 1994, pp:907‐11 

16. Maguire A, Rugg‐Gunn AJ. Xylitol and caries 

prevention ‐is it a magic bullet?. British Dental 

Journal, 194(8), 2003, pp:429‐36 

17. Gehring F, Makinen KK, Larmas M, Scheinin A. 

Turku sugar studies X. Occurence of polysaccharide‐

forming streptococci and ability of the mixed plaque 

microbiota to ferment various carbohydrates. Acta 

Odontologica Scandinavica, 34(6), 1976, pp:329‐43. 

18. Spleith C, Alkilzy M, Schmitt J, Berndt C, Welk A. 

Effect of xylitol and sorbitol on plaque acidogenesis. 

Quintessence International 40(4), 2009, pp:279‐285 

19. Soderling E, Trahan L, Tammiala‐Salonen T, 

Hakkinen L. Effects of xylitol, xylitol‐sorbitol, and 

placebo chewing gums on the plaque of habitual 

xylitol consumers. European Journal of Oral Sciences 

105(2), 1997, pp:170‐177 

20. Soderling E, Talonpoika J, Makinen KK. Effect of 

xylitol‐containing carbohydrate mixtures on acid and 

ammonia production in suspensions of salivary 

sediment. Scandinavian Journal of Dental Research, 

95(5), 1987, pp::405‐410 

21. Pihlanto‐Leppala A, Soderling E, Makinen KK. 

Expulsion mechanism of xylitol‐5‐phosphate in 

Streptococcus mutans. Scandinavian Journal of Dental 

Research, 98(2), 1990, pp:112‐119. 

22. Rogers AH, Pilowsky KA, Zilm PS, Gully NJ. Effects 

of pulsing with xylitol on mixed continuous cultures 

of oral streptococci. Australian Dental Journal, 36(3), 

1991, pp:231‐235. 

23. Petersen, P,E., Kwan, S., Zhu, L., Zhang, B.X. and 

Bian J.Y., Effective use of fl uorides in the People’s 

Republic of China: a model for WHO Mega Country 

initiatives. Community Dental Health 25 (Suppl 1), 

2008, pp:257-267. 

24. Marquis RE. Antimicrobial actions of fluoride for oral 

bacteria. Can J Microbiol., Nov;41(11), 1995, pp:955-

964.  

25. Murray, J.J., Rugg-Gunn, A.G. and Jenkins, G.N., 

Fluorides in Caries Prevention 3rd edn. London: 

Butterworth- Heinemann, 1991, pp:86-87. 

26. Shellis, R.P., and Duckworth, R.M., Studies of the 

cariostatic mechanisms of fluoride. Int. Dent. J. 

44(Suppl. 1), 1994, pp:263-273. 

27. Oliveby, A., Weetman, D.A., Geddes, D.A.M., and 

Lagerlof, F., The effect of salivary clearance of 

sucrose and fluoride on human dental plaque 

acidogenicity. Arch. Oral Biol. 35, 1990, pp:907-91 1. 

28. Sandham, H.J., and Kleinberg, I., The effect of 

fluoride on the inter-relation between glucose 

utilization, pH and carbohydrate storage in a salivary 

sediment system. Arch. Oral Biol. 14, 1969, pp:619-

628. 

29. Warburg, O., and Christian, W., Isolierung und 

kristallisation des giimngsferment enolase. Biochem. 

Z. 310, 1942, pp: 384-421. 

30. Bunick, F. J., and Kashket, S., Enolases from fluoride-

sensitive and fluoride-resistant streptococci. Infect. 

Immun. 34, 1981, pp:856-863. 

31. Marquis, R.E. Inhibition of streptococcal adenosine 

triphosphatase by fluoride. J. Dent. Res. 56, 1977, pp: 

704. 

32. Thibodeau, E.A., and Keefe, T.F., pH-dependent 

fluoride inhibition of catalase activity. Oral Microbiol. 

Immunol. 5, 1990, pp: 328-331. 

33. Bartholmes, P., Multhaupt, A., Duschner, H., Hiither, 

F.-J., and Psarros, N, Purification of Streptococcus 

mutans enzymes and inhibition by fluoride. J. Dent. 

Res. 69(Spec. Issue)1990, pp: 825. 



 Dr Nameeda K S, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 
 

 
© 2021 IJDSIR, All Rights Reserved 
 
                                

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

Pa
ge

13
6 

  

34. Frandsen A. Mechanical oral hygiene practices. In: 

Loe H, Kleinman M, editors. Dental Plaque 

ControlMeasures and Oral Hygiene Practices. 1st ed. 

Oxford: IRL Press; 1986. pp: 93–116 

35. Govindaraju L, Gurunathan D. Effectiveness of 

chewable toothbrush in children- A prospective 

clinical study. J Clin Diagn Res Mar.11, 2017, pp:31–

34. 

 

 

 


	Introduction
	Microorganisms have a natural tendency to attach to tooth surfaces and form a well-connected matrix embedded ecosystem referred as biofilms. Structured, functionally organised biofilm which is embedded in a matrix of polymers of host and bacterial ori...
	Streptococcus mutans is a specific acid producing bacterium which adheres to the enamel salivary pellicle[2] and colonizes on the tooth surfaces causing demineralization of the hard tooth structure in the presence of fermentable carbohydrates. The dem...
	The control of plaque can be done with various mechanical, chemotherapeutic or chemomechanical agents. The goal is to reduce the overall rate of accumulation of new plaque, remove the existing plaque, inhibit the adhesion and growth of bacteria on the...
	Mechanical plaque control dates back to 460 B.C when Hippocrates suggested cleaning of teeth using ball of wool soaked in honey. Toothbrushes made of bone and ivory with natural bristles are recorded dating back to 1498 in China. The modern tooth brus...
	Toothbrushes have improved oral hygiene and promoted good oral health. And as a result of consistent research there have been modifications and improvements in the toothbrush such as electric toothbrush, sonic toothbrush, Ultraviolet-sterilized toothb...
	These newer toothbrushes do not just concentrate on mechanically scrubbing the teeth but also have additional oral hygiene promoting action. One such novel toothbrush is chewable toothbrush (Rolly Brush ®). It is a miniature plastic (non – toxic) moul...
	There is no evidence in children showing the association between chewable tooth brush and the levels of Streptococcus mutans in the saliva. Therefore, the aim of this study was to evaluate the effectiveness of chewable brush in children in relation to...
	The aim of this study was to compare the efficacy of chewable toothbrushes against manual toothbrushes in children.
	Materials and methods
	The present prospective study was carried out in the Department of Pedodontics and Preventive Dentistry. 40 children of age group 6-10 years were screened and included in the study. Sample size of 20 per group was calculated with the power of study be...

