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ABSTRACT  

TITLE: COMPARISON OF EFFICACY OF PROBIOTIC 

TOOTHPASTE AND CHLORHEXIDINE TOOTHPASTE ON 

STREPTOCOCCUS MUTANS IN ORTHODONTIC PATIENTS 

BACKGROUND & OBJECTIVES: Fixed orthodontic appliances are considered to 

jeopardize dental health by creating areas of plaque stagnation, especially around 

brackets, bands, wires and other attachment which will lead to the accumulation of 

microorganisms in these areas and there by causing enamel demineralization and 

initiation of carious lesions. Antimicrobial agents act as an effective adjunct in plaque 

control, and chlorhexidine has been the gold standard. However, the philosophy that 

natural agents are better for oral health is on the rise. Therefore, the objective of this 

study was to compare the effectiveness of probiotic and chlorhexidine toothpaste on 

the Streptococcus mutans levels in dental plaque of patients undergoing orthodontic 

treatment 

METHODOLOGY: A randomized controlled trail was conducted in which 120 

healthy patients undergoing orthodontic treatment were selected and randomly 

allocated into 3 groups of 40 each namely Probiotic Toothpaste group, Chlorhexidine 

toothpaste group and control group respectively for a time period of 2 months. Scaling 

was done 15 days prior to the use of toothpaste in the study and clinical biofilm 

(plaque) was collected and the bacterial count was performed at T0. Plaque samples 

are also collected after the usage of toothpaste for one month at T1 and after two 

months at T2. The plaque sample were incubated and then analysed for the colonies of 

Streptococcus mutans. The results were then statistically analysed using one way 

ANOVA, Tukey’s Post Hoc test and r-ANOVA. 

RESULTS: The colony counts of Streptococcus mutans showed a significant 

reduction after the usage of Chlorhexidine and probiotic toothpaste whereas there was 

no significant difference in the colony count of Streptococcus mutans in the control 

group (Colgate toothpaste). 

 

 

CONCLUSION: Both probiotic and chlorhexidine toothpastes are effective against 

Streptococcus mutans levels and thus, can help in maintaining a good oral hygiene 



 

Abstract 

xii 
 

during the treatment as well as a reduced carious oral environment during and after 

the orthodontic treatment. 

KEYWORDS: Probiotic; Chlorhexidine; Toothpaste; Streptococcus mutans, 

Orthodontic treatment; Plaque, Dental caries
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INTRODUCTION 

 

 

Health being one of the prime concerns in current era, has to be handled appropriately 

in order to maintain it each and every day. Our daily actions determine the variability 

of the health conditions that can affect us and a holistic approach has to be followed to 

reach the healthy state of the mind and the body. 

 

We as orthodontists try to enhance the quality of life of the individuals by establishing 

a healthy, functional and an aesthetic occlusion which is in balance with the facial 

aesthetics by using various appliances1. However these fixed appliances used are 

known to have been associated with oral hygiene issues as they act as surfaces for 

plaque retention and makes the cleansing and maintenance of such areas more 

challenging2. This accumulation of microbiota over a period of time can lead to 

inflammatory changes in the gingiva(3,4) as well as cause demineralization of the 

enamel(5,6) and these changes can be seen even after 2 years after the removal of the 

orthodontic appliances(7,8). So a meticulous oral hygiene is considered as an important 

factor for a favourable outcome of the orthodontic treatments2.  

 

Various methods have been suggested to inhibit or reverse enamel demineralization 

process. Which includes Fluoride delivery systems, casein phosphopeptide, 

amorphous calcium phosphate, and enamel surface attenuation with an argon laser 

that have  been proved to be useful. There is continuous fluoride release from 



 

 

   Introduction 

 

2 
 

fluoride-containing sealants, elastomeric chains, primers, and adhesives in bonding 

brackets which is also useful. But the application of fluoride requires frequent visits to 

the dentist and also can cause discoloration of the teeth, leading to decreased 

esthetics9. 

 

In addition to regular professional oral hygiene successful preventive strategies 

involve oral health promotion, patient education and patient compliance. It has been 

reported that there is a significant association between poor compliance with home 

care preventive procedures and the formation of white spot lesions10. 

 

Considering the difficulties in maintaining the oral hygiene, it’s necessary to reinforce 

the preventive measures to prevent white spot lesions on a much regular basis than 

just monthly. Along with the compliance of the patient one can effectively educate the 

patient to achieve effective oral hygiene by daily maintenance activities like brushing 

and rinsing appropriately at regular intervals. 

 

Probiotics are live microorganisms which when administered in adequate quantity 

confer a health benefit on the host as defined by WHO11. 

 

As the pathogenesis of caries and the diseases of the periodontal tissues has been 

associated with alterations in composition of oral microbiome and biofilm formation, 
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the administration of probiotic strains has been proposed to be beneficial in their 

prevention and treatment12. 

Probiotics act by competitively inhibiting the pathogenic bacteria as they have a 

greater adhesion to the tissues. They only inhibit pathogens without inhibiting friendly 

bacteria. Studies have shown that when the pathogenic organisms are replaced, then 

the reintroduction of the pathogen does not occur easily13. 

 

Although the consumption of probiotics has been proposed as a supporting measure 

for caries prevention based on surrogate markers (14, 15), insufficient information on 

actual clinical benefits exists16. 

 

Levels of acidogenic bacteria, present in the plaque of the orthodontic patients notably 

streptococcus mutans, are higher when compared to that of non-orthodontic patients. 

Which eventually causes demineralization around the brackets and further lead to 

white spot lesions. (17, 18) 

 

By interruption, reduction, or elimination of the microorganisms, the dental microbial 

film can be controlled18. Dentifrices help in removal of dental microbial biofilm and 

antimicrobial agents are excellent vehicles for the release of therapeutic substances19. 

The most common way of controlling caries is by removal of the dental microbial 

biofilm mechanically by tooth brushing with dentifrices. 
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The action of chlorhexidine mouthwashes has been reported in several studies. 

Nevertheless, no studies have demonstrated the effect of probiotic toothpaste in 

orthodontic patients and comparing it with the chlorhexidine digluconate toothpaste.  

 

Therefore the aims of the study are, to compare the effectiveness of probiotic and 

chlorhexidine toothpaste on streptococcus mutans levels and to estimate the colony 

forming units of streptococcus mutans in the dental plaque around the bracket tooth 

interface before, during and after the use of probiotic and chlorhexidine toothpaste 

and comparing them with a control toothpaste.
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OBJECTIVES 

The aims and objectives of the study were to compare the effectiveness of probiotic 

and chlorhexidine toothpaste on the Streptococcus mutans levels in dental plaque of 

patients undergoing orthodontic treatment by;  

1. Estimating the count of colony forming units of Streptococcus mutans in the 

plaque around the bracket tooth interface before and after the use of probiotic 

toothpaste  

2. Estimating the count of colony forming units of Streptococcus mutans in the 

plaque around the bracket tooth interface before and after the use of 

Chlorhexidine toothpaste 

3. Comparing the efficacy of both the probiotic and chlorhexidine toothpaste 

against a control group in reducing the count of colony forming units of 

Streptococcus mutans in the plaque around the bracket tooth interface before 

and after their use. 
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REVIEW OF LITERATURE 

 

The literature is reviews under the following headings  

1. Studies related to bacterial colonisation in orthodontic patients. 

2. Studies regarding Chlorhexidine digluconate as an antibacterial agent. 

3. Studies regarding Probiotic as an antibacterial agent. 
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1. Studies related to bacterial colonization in orthodontic patients 

A study was conducted to evaluate the antimicrobial effect and sensorial analysis of 

the gel developed from the oil of Melaleuca alternifolia. Thirty four volunteers were 

divided into two groups of 17each, and were monitored for 4 weeks. Clinical biofilm 

and saliva samples were collected; standard values for each patient were obtained. For 

7 days, group 1 used the melaleuca gel and group 2 used the Colgate total gel. After 7 

days the plaque index, bacterial count and sensorial analysis were performed. 

Volunteers were instructed to return to their routine dental habit for the next 15 days 

and the gels for the groups were switched, with same evaluation process as the first 

week. The study concluded with melaleuca gel being more effective in decreasing the 

biofilm and the number of dental colonies. But the Colgate total showed better results 

regarding flavor and first sensation.20 

 

A Study showed that new and often extensive patterns of plaque calculation can 

develop in association with resin-bonded orthodontic brackets in addition to the 

already established plaque patterns of the patient. Plaque also covers the surface of 

resin restorations within 24 hours of placement and concluded that; resin surface was 

rough and, therefore, predisposed to rapid attachment and growth of microorganisms. 

It was also concluded that rough surfaces are likely to encourage rapid attachment of 

bacteria and promote gingival and periodontal disease. They used scanning electron 

microscope and photographed microorganisms on surface of composite as well as 

acrylic restorations. The main objective of the study was to determine the sites of 
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plaque accumulation and the extent to which plaque accumulated on mesh-back and 

perforated types of brackets and the resin associated with them.21 

 

A study was conducted to determine the bacterial diversity in the human subgingival 

plaque by using culture-independent molecular methods as part of an ongoing effort 

to obtain full 16S rRNA sequences for all cultivable and not-yet-cultivated species of 

human oral bacteria. Subgingival plaque was analyzed from healthy subjects and 

subjects with refractory periodontitis, adult periodontitis, human immunodeficiency 

virus periodontitis, and acute necrotizing ulcerative gingivitis. 16S ribosomal DNA 

(rDNA) bacterial genes from DNA isolated from subgingival plaque samples were 

PCR amplified with all-bacterial or selective primers and cloned into Escherichia coli. 

The sequences of cloned 16S rDNA inserts were used to determine species identity or 

closest relatives by comparison with sequence of known species. A total of 2522 

clones were analyzed. Nearly complete sequence of approximately 1500 bases were 

obtained for putative new species. About 60% of the clones fell into 132 known 

species, 70 of which were identified from multiple subjects. About 40% of the clones 

were novel phylotypes. Of the 215 novel phylotypes, 75 were identified from multiple 

subjects. Known putative periodontal Pathogens such as porphyromonas gingivalis, 

bacteroides forsythus, and treponema denticola were identified from multiple subjects 

but typically as a minor component of the plaque as seen in cultivable studies. Several 

phylotypes file into two recently described phyla previously associated with extreme 

natural environments, for which there are no cultivable species. A number of species 

or phylotypes were found only in the subjects with disease, and a few were found only 

in healthy subjects. The organisms identified only from diseased sites deserve further 

study as potential pathogens. Based on the sequence data on this study, the 
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predominant subgingival microbial community consisted of 347 species or phylotypes 

that fall into 9 bacterial phyla. Based on the 347 species seen in our sample of 2522 

clones, we estimate that there are 68 additional unseen species, for a total estimate of 

415 species in subgingival plaque. When organisms found on other oral surfaces such 

as the cheek, tongue, and teeth are added to this number, the best estimate of the total 

species diversity in the oral cavities approximately 500 species as previously 

proposed.22 

 

An Investigation was undertaken to assess bacterial plaque accumulation adjacent to 

orthodontic brackets. This was carried out on 11 subjects. Metal brackets were bonded 

to premolars (which would be extracted) using macro filled bonding composite. A 

conventional elastomeric ring was placed around one bracket and steel ligature on the 

contralateral tooth. Teeth were extracted at 1, 2 or 3 weeks after bonding bracket. 

Scanning electron microscope (SEM) examination of the brackets, excess composite, 

and buccal examination revealed that mature plaque was present on the excess 

composite at 2 and 3 weeks after bonding, whereas plaque on the gingival enamel 

surface was still at an early stage of development. Hence, it was concluded that the 

excess composite around the bracket base is a critical site for the plaque accumulation 

due to its rough surface and the presence of a distinct gap at the composite enamel 

interface.23 

 

The role of specific microorganisms in dental caries is reviewed. A considerable 

amount of evidence supports the association between organisms of the streptococcus 

mutans group and caries incidence and prevalence. The cariogenic potential of 

streptococcus mutans is probably due to the unique combination of properties with 
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which this microorganism is endowed. The pathogenic potential can be modified by 

changes in the environment. Lactobacilli play a major role in the development of a 

lesion. The specific plaque hypothesis has important implications because the 

association between streptococcus mutans, lactobacilli and dental caries can be used 

in diagnosis, treatment and prevention of the disease in groups of subjects as well as 

in the individual case.19 

 

Study was conducted to evaluate and compare the effects of the systemic consumption 

of the probiotic curd and topical application of probiotic toothpaste on streptococcus 

mutans levels in the plaque of orthodontic patients. 60 patients were divided in a 

group of 20 each, Group 1 was control (devoid of a probiotic component), group 2 

were given to probiotic curd, and group 3 were asked to brush twice daily with 

probiotic toothpaste. Samples were collected once before the study began and after 30 

days. Plaque was collected from the labial surface of the maxillary lateral incisors 

using the 4-pass technique. Presence of streptococcus mutans was evaluated using the 

real-time polymerase chain reaction. The study concluded with reduction of 

streptococcus mutans concentration in group 2 and 3 when compared to group 1, but 

no statistical difference was seen between the groups 2 and 3.17 

 

A study was conducted on patients with malocclusions as they often have a large 

number of retention sites for the plaque. It described the levels of caries-inducing 

streptococcus mutans and lactobacilli In the Saliva of 138 orthodontic patients prior to 

the treatment. No profound change was seen when compared with the general 

population of corresponding ages. But the levels of both species increased after the 
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insertion of fixed orthodontic appliance, despite the oral hygiene training and 

education, chlorhexidine treatment significantly reduced the streptococcus mutans 

levels both before and after the treatment period.24 

 

A study was done to evaluate the literature on different methods of scoring plaque in 

patients with fixed orthodontic appliances. A systematic electronic and hand search 

using MEDLINE and PubMed was conducted. Most orthodontic trials have used the 

original Silness and Loe plaque index. Indices vary in several potentially important 

aspects. Only two papers have reported reproducibility of methods of plaque scoring 

in orthodontic patients. It was concluded that some plaque indices are inappropriate 

for orthodontic patients. Newer digital planimetric methods are promising if more 

complex. There is a need to further assess the reproducibility and practicability of the 

advocated methods.25 

 

 

2. Studies regarding chlorhexidine digluconate as an antibacterial 

agent 
 

The effect of chlorhexidine-containing varnish on the levels of streptococcus mutans 

in saliva and in interdental spaces was investigated in 33; 15-year-old schoolchildren. 

Each child was treated with an active (1% chlorhexidine; 1% thymol) and a placebo 

varnish preparation following the split-mouth technique. The varnishes were applied 

twice in small amounts into upper interdental areas with a 2-d interval, Mutans 

streptococci in saliva and interdental plaque, was sampled and enumerated during 3 

months. The results showed an immediate reduction of the number of interns 

interdental streptococcus mutants on both test and placebo side after the varnish 
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applications. The levels, however, were significantly lower in the test quadrants 

compared with placebo-treated sides after 8, 30 and 90 days. Thus, the findings 

indicate a slower recolonization in interdental spaces treated with active preparation. 

The levels of streptococcus mutans in saliva were significantly reduced at 1 and 3 

months after varnish treatment, suggesting a long-term effect of antibacterial 

varnish.26 

 

 

A study was done to compare the antimicrobial activity of tea tree oil, garlic and 

chlorhexidine solutions against oral microorganisms. It was a 5 week study consisted 

of 30 subjects. The first week was considered baseline. All subjects used a control 

solution (second week), and were randomly divided into three groups (third week): 

G1- 0.12% chlorhexidine; G2- 2.5% garlic (Allium sativum,L); and G3- 0.2% tea tree 

oil (Melaleuca alternifolia). Dishes containing blood agar and mitis salivarius 

Bacitracin agar (MSB) were innoculated with the subjects saliva (collected twice a 

week). Total microorganisms and streptococcus mutans were counted in blood agar 

and MSB, respectively. It was concluded chlorhexidine and garlic groups showed 

antimicrobial activity against streptococcus mutans but not against other oral 

microorganisms. The tea tree oil group showed antimicrobial activity against 

streptococcus mutans and other oral microorganisms. Maintenance of reduced levels 

of microorganisms was observed only for garlic and tea tree oil during the two 

consecutive weeks (fourth and fifth). Unpleasant taste (chlorhexidine 40%, tea tree oil 

30%, garlic100 %), burning sensation (chlorhexidine 40%, tea tree oil 60%, garlic 

100%), bad breath ( chlorhexidine 40%, tea tree oil 20%, garlic 90%), and 

nausea(chlorhexidine 0%, tea tree oil 10% and garlic 30%) were reported.27 
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Cariogenic bacteria and periodontopathic bacteria are present in dental plaque as 

biofilms. In this study they have investigated the antibacterial effects of essential oils 

on the following oral bacteria. Porphyromonas gingivalis, actinobacillus 

actinomycetemcomitans, fusobacterium nucleatum, streptococcus mutans and 

streptococcus sobrinus. They tested Manuka oil tea tree oil eucalyptus oil. Tea tree oil 

and by exposure for 30 seconds to 0.2% Manuka oil, tea tree oil eucalyptus oil. Tea 

tree oil and Manuka oil showed significant addition in hitting activity against 

P.gingivalis. All essential oils tested inhibited the addition of s mutans. This study 

showed that among the oils tested Manuka oil and tea tree oil in particular headstrong 

active antibacterial activity against periodontal Pathak and cariogenic bacteria from 

the viewpoint of safety we also examined the effects of these essential oils on cultured 

human umbilical vein endothelial cells and found that at a concentration of 0.2 % they 

had little effect on cultured cells.28 

 

 

The objective of this prospective trial was to compare the efficacy of differently 

concentrated chlorhexidine varnishes (EC40- 40% Chlorhexidine and Cervitec- 1% 

chlorhexidine, 0.1 % thymol) on levels of streptococcus mutans and lactobacilli and 

the plaque formation in interproximal plaque and saliva. 24 volunteers with the high 

level of streptococcus mutans in saliva were randomized into two groups and treated 

with the experimental varnishes. What means applications were performed in 

accordance with literature. Over a period of two weeks Cervitec was applied 3 times 

and EC 40 once or twice depending on streptococcus mutans counts after first 

application. 4 and 12 weeks after final varnish applications streptococcus mutans in 
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plaque and saliva were evaluated. Furthermore, lactobacillus count in saliva and the 

effect on plaque formation were recorded. Both varnishes revealed a reduction of 

streptococcus mutans in interproximal plaque and saliva after 4 and 12 weeks. The 

highly concentrated varnish revealed a significant stronger reduction of streptococcus 

mutans in plaque and saliva compared with the lowly concentrated varnish. No effect 

could be demonstrated on albicans and plaque formation. The results indicate that the 

chlorhexidine varnishes tested may reduce streptococcus mutans in both interproximal 

plaque and saliva. However the application of highly concentrated varnish EC 40 

results in a higher decrease of streptococcus mutans in plaque and saliva.29 

 

 

A study was done to evaluate the recolonization pattern of streptococcus mutans on 

densely colonized teeth with fixed orthodontic appliances after treatment with the 

highly concentrated 36% chlorhexidine varnish. Healthy subjects n = 19 with fixed 

orthodontic appliances and why bacterial streptococcus mutans counts in saliva were 

recruited. In order to establish a baseline registration adjacent to brackets was sample 

and cultivated on Dentocult strips. Following professional tooth cleaning chloride 718 

was applied on all teeth for 8 minutes the degree of decolonization with septic of 

mutants was assessed two weeks after one is application in plaque around the brackets 

for statistical analysis the data were subjected to a repeated measures design after 2 

weeks the caucus mutants were reduced as compared to baseline values. However the 

reduction only weakly made statistical significance (p = 0.049). The application of the 

highly concentrated chlorhexidine varnish in patients with fixed orthodontic 

appliances does not result in a distinct production of streptococcus mutans numbers 2 

weeks after treatment.30 



 

Review of Literature 

15 
 

 

 

In a study conducted oral environment of orthodontic patients undergoes changes, 

such as pH reduction, larger number of sides available for streptococcus mutans 

collection, and increased accumulation of food particles, which may lead to an 

increased number of streptococcus mutans colony forming units (CFU) in saliva. 

Chlorhexidine gluconate (CHX) is the most potent documented antimicrobial agent 

against Mutans streptococcus and dental caries. The aim of this work was to assess 

the efficiency of CHX based mouthwashes in patients with fixed orthodontic 

appliances. Twenty patients with fixed appliances were selected for this study. They 

were undergoing full bonded non extraction treatment with metal brackets (robot 0.22 

discovery dentaurum) on their teeth and bands on their molars each patient was 

provided with a toothbrush and toothpaste. The mouthwashes were used by patients 

according to the the manufacturer's directions 15 minutes after tooth brushing: 5 ml of 

0.2 % CHX (Corsodyl, GlaxoSmithKline) was applied for 60 s in the morning and 

before bed time for 2 weeks. The data were analyzed according to the nonparametric 

Wilcoxon signed rank test (SPSS software). Statistical significance level was set at 

p<0.05. Use of CHX based mouthwashes in patients with fixed orthodontic appliances 

lead to reduction in the level of streptococcus mutans.31 

 

Use of antiseptic CHX as a therapeutic or prophylactic drug in dental or periodontal 

hygiene is a departure from the useful fields of the use of this agent therefore a review 

of some of its antibacterial properties is desirable. The bacteriostatic spectrum of 

CHX was determined: there was a wide spectrum of activity with gram positive cocci 

being especially sensitive (MI 0.192 2.0 microgram per ml). Exposure of suspensions 

of various bacterial species to CHX (0.02%) for 10 minutes at room temperature, 
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reduced the viable organisms by 99.99% in most instances. Study with streptococcus 

mutans revealed the presence of sucrose (4%) in the growth medium used for 

preparing bacterial suspension, profoundly influenced the bactericidal activity. This is 

presumed to be the result of adsorption of CHX to extracellular polysaccharides. 

Small study in three human volunteers is reported. Use of a mouth rinse twice a day 

for up to seven weeks containing CHX digluconate 0.2 % resulted in a slight but 

transient change in susceptibility of salivary organisms to the bacteriostatic action of 

the agent. Whether resistance will prove to be an obstacle to the use of CHX in 

prophylaxis in the mouth can be decided only with more clinical experience.32 

 

In a randomized clinical trial, we evaluated the effect of 10% chlorhexidine varnish 

(Chlorzoin) on the mother child transmission of streptococcus mutans and on 

subsequent caries experience.33 Chlorhexidine (n = 38) or a placebo varnish (n = 37) 

was applied to the tdentitions of 75 mothers at a time when their first babies were 

about six months old (approximate time of first tooth emergence). Three more 

applications at weekly intervals and subsequent applications at 6 month intervals 

followed the initial application. The mother child pairs were followed up until the 

child fourth birthday. Maternal salivary S. mutans levels in the treatment group 

remained significantly lower (p-less than or equal to 0.05) compared to the control 

group up to 12 months after the initial application. However this intervention did not 

significantly alter the S. mutans colonization in children or the caries increment in 

either the mother of the child.33 
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The effect of topical application of a 1% CHX gel on the population of S. mutans in 

dental plaque and saliva was studied in 5 subjects highly infected with the organism. 

After treatment for 5 minutes daily for 14 days, streptococcus mutans was not 

detected in three of the subjects and counts of 700 colony forming units are less per 

ml of saliva were found in the other subjects.34 Reappearance of streptococcus mutans 

was slow and did not reach pre-treatment level until 14 weeks or more after therapy. 

The proportion of S.sanguis in plaque increased temporarily after chlorhexidine 

treatment, whereas the population of lactobacilli was unaffected. These observations 

indicate that short term use of CHX is off value in controlling oral infection of 

humans by S.mutans.34 

 

Study undertakes a systematic review of the literature in order to assess how long 

different formulations (solutions gels and varnishes) of CHX reduce the level of 

streptococcus mutans in the oral cavity.35 A search of the PubMed and LILACS 

database was conducted through October 2005. Clinical studies evaluating the effects 

of CHX solutions, gels and varnish on streptococcus mutans levels were targeted 

(n=52). The studies varied greatly in quantity of mouthwash solution used in rinsing, 

length of rinsing, and treatment frequency and period. CHX mouthwash solution had 

short term effect on salivary MS. Most of studies evaluating CHX gel and varnish use 

the concentration of 1%. The 1% CHX gel showed a significant reduction through 

intensive treatment (3-4 daily applications over 2 days) or thorough daily application 

for 10 and 14 days. It cannot be asserted that 1% CHX varnish provides better results 

when applied intensively as compared to applications conducted at intervals of one or 

more months. Treatment using 1% CHX varnish displays large variations in the level 

and length of decreased MS levels. Despite variability in results 40% CHX varnish 
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has a greater effect on the period of decreased MS levels than does 1% CHX varnish. 

Studies did not show a statistical significant difference between the gel and the 

varnish. The effects of CHX treatment must be monitored, given sharp individual 

variability in response to this treatment.35 

 

 

In a study conducted in Brazil by Paula et al,36 a double blind and randomized control 

trial, they analyzed weather in lower concentration of CHX in dentifrices could reduce 

the risk of tooth staining without compromising its effectiveness in controlling 

gingivitis, bleeding and dental plaque. Volunteers With fixed orthodontic appliances 

were randomly divided into three groups: control, 1100ppmF, NaF (n=27); 

experimental, chlorhexidine 0.50%( n =27); and experimental, chlorhexidine 

0.75%(n=27). At baseline, and after 6 and 12 weeks, clinical examinations were 

carried out. Staining calculus gingivitis bleeding and dental plaque data were analyzed 

with Friedman test to evaluate intra group changes over time. To detect inter group 

differences after 12 months the data were evaluated with Kruskal - Wallis test. Dunn 

tests were used in both situations for necessary post hoc analysis. The group for 

statistical a similar for the stain calculus and black indexes but there was statistically 

significant differences for the gingival and bleeding indexes. During the experimental 

periods gingivitis and bleeding scores improve in all three groups.36 Only the 0.75% 

chlorhexidine dental price significantly increase the stain index although most patients 

did not noticed the stains. The intergroup comparison showed statistical is significant 

better performance of the experimental groups regarding the gingival and bleeding 

indexes. Conclusions this study suggests that the use of interfaces with lower 

concentration of chlorhexidine can reduce the risk of tooth staining without 
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compromising its effectiveness in controlling gingivitis and bleeding in orthodontic 

patients.36 

 

The purpose of this article is to report a protocol for treating an orthodontic patient 

with high risk of developing caries.37 The salivary level of streptococcus mutans was 

evaluated during various stages of orthodontic treatment. It was significantly high 

before professional application of 1% chloric acid in collagen gel daily mouth rinsing 

with 0.05% sodium fluoride solution, and bonding of the bands and brackets.37 There 

were no other changes in hygiene habits, microbiology test showed that the 

microbiota was in balance during the fall of periods. At the end of orthodontic 

treatment periodontal health was observed and enamel surface showed signs of 

remineralization.37 

 

3. Studies regarding Probiotic as an antibacterial agent 

 

Jose et al17 conducted a study to evaluate and compare the effects of the systemic 

consumption of probiotic curd and the topical application of probiotic toothpaste on 

the Streptococcus mutans levels in the plaque of orthodontic patients. Study was 

conducted on 60 orthodontic patients divided into 3 groups of 20 each. Group 1 was 

the control group. The patients in group 2 were given probiotic curd, and those in 

group 3 were asked to brush twice daily with probiotic toothpaste (GD toothpaste). 

Samples were collected at 2 times: before the study began and after 30 days. Plaque 

specimens were collected from the labial surfaces immediately surrounding the 

orthodontic brackets of the maxillary lateral incisors using a 4-pass technique. The 

presence of S mutans was evaluated using real-time polymerase chain reaction. At the 
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end of the study, that there were reductions in S mutans concentration in groups 2 and 

3 that were statistically significant compared with group 1, but there was no 

statistically significant difference between groups 2 and 3. It was concluded that the 

consumption of probiotic curd and the use of probiotic toothpaste cause a significant 

decrease in the S mutans levels in the plaque around brackets in orthodontic patients. 

Although the probiotic toothpaste was more effective than systemic consumption, this 

was not statistically significant.17 

 

A study was conducted by Dubey C et al38 to evaluate and compare the effects of the 

topical application of probiotic toothpaste and chlorhexidine mouthwash on the 

Streptococcus Mutans levels in the plaque of orthodontic patients hence improving 

the oral micro-flora of oral cavity by competitive inhibition of Streptococcus Mutans 

in plaque present around brackets. Study was carried out on thirty randomly selected 

patients having orthodontic treatment. The study was initiated on a selected sample of 

30 patients who were undergoing fixed orthodontic treatment. The patients were 

divided into three groups - Control Group, Probiotic Toothpaste Group and 

Chlorhexidine Mouthwash Group. Samples were collected at two times: before the 

study began (Phase 1) and after thirty days (Phase 2). At the end of the study it was 

concluded that Chlorhexidine Mouthwash and Probiotic Toothpaste both were 

efficient in reducing Streptococcus Mutans in plaque around orthodontic brackets 

when compared to control group thus decreasing chances of dental caries and white 

spot lesion.38 
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Another Study was conducted by Alp et al39 which aimed to determine the effect of 

regular probiotic consumption on microbial colonization in saliva in orthodontic 

patients and to comparatively evaluate the difference between the systemic 

consumption of probiotic products and the local application. This study included 3 

groups with 15 orthodontic patients in each. The control group included patients who 

had no probiotic treatment, the subjects in the kefir group consumed 2 3 100 ml of 

kefir per day, and the subjects in the toothpaste group brushed their teeth with 

toothpaste with probiotic content (GD toothpaste) twice a day. Samples were 

collected at 3 times: beginning of the study, 3 weeks later, and 6 weeks later. The 

salivary flow rate, buffer capacity, and Streptococcus mutans and Lactobacillus levels 

in the saliva were evaluated. Chair-side kits were used to determine the S mutans and 

Lactobacillus levels. The study concluded that the regular use of probiotics during 

fixed orthodontic treatment reduces the S mutans and Lactobacillus levels in the 

saliva.39 

 

A study was conducted by Shah S et al.40 to compare efficacy of probiotic and 

chlorhexidine oral rinses in orthodontic patients. 30 healthy patients undergoing fixed 

orthodontic treatment were randomly selected for the study by block randomization 

and allocation concealment and were divided into three groups: group a, 0.2% 

chlorhexidine mouthwash; group b, probiotic mouthwash; and group c, a control 

group. It was seen that Probiotic and chlorhexidine groups had significantly decreased 

plaque indices as compared to the control group. However, greater improvement was 

seen in the gingival indices than plaque indices with better results in the probiotic 

group than the chlorhexidine group. It was concluded that the comparison of 
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probiotics to chlorhexidine has proven that probiotics are as effective as chlorhexidine 

as an adjunctive chemical plaque control agent.40 

 

Gokce G et al41 conducted a study to investigate the effects of toothpastes with 

different contents on the remineralization of white spot lesions around orthodontic 

brackets by quantitative light-induced fluorescence (QLF). A total of 45 freshly 

extracted human mandibular first molars were selected. Artificial caries lesions were 

created on enamel surfaces using an acidified gel system for 7 days.41 Initial relative 

fluorescence loss was calculated as the pretreatment (baseline) fluorescence value by 

QLF device. Molar tubes were bonded using light-cured resin composite cement. The 

specimens were randomly divided into three experimental groups (n = 15). Different 

toothpastes were applied to demineralized enamel: (1) fluoride-containing toothpaste 

(Colgate Total), (2) Novamin-containing toothpaste (Sensodyne Repair and Protect), 

(3) probiotic containing toothpaste (GD Probiotic Toothpaste). After 2 weeks of 

treatment, fluorescence loss and lesion area were measured with QLF. The study 

showed that all experimental groups, significant fluorescence radiance increase and 

decrease of the lesion area was found. The study concluded that Novamin containing 

toothpaste provided more increase of fluorescence compared to fluoride and probiotic 

containing toothpastes.41 

 

A study was conducted by Jyothika et al42 To determine the short‑term efficiency of 

probiotic, chlorhexidine, and fluoride mouthwashes on plaque Streptococcus mutans 

level at four periodic intervals. It was a single‑blind, randomized control study in 

which each subject was tested with only one mouthwash regimen. Fifty‑two healthy 
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qualified adult patients were selected randomly for the study and were divided into the 

following groups: group 1‑ 10 ml of distilled water, group 2‑ 10 ml of 0.2% 

chlorhexidine mouthwash, group 3‑ 10 ml of 500 ppm F/400 ml sodium fluoride 

mouthwash, and group 4‑ 10 ml of probiotic mouthwash.42 Plaque samples were 

collected from the buccal surface of premolars and molars in the maxillary quadrant. 

Sampling procedure was carried out by a single examiner after 7 days, 14 days, and 

30 days, respectively, after the use of the mouthwash. At the end of the study it was 

concluded that Chlorhexidine, sodium fluoride, and probiotic mouthwashes reduce 

plaque S. mutans levels. Probiotic mouthwash is effective and equivalent to 

chlorhexidine and sodium fluoride mouthwashes. Thus, probiotic mouthwash can also 

be considered as an effective oral hygiene regimen.42 

 

Another study was conducted by Harini et al.43 to evaluate clinically the efficacy of a 

probiotic and chlorhexidine mouth rinses on plaque and gingival accumulation in 

children. The trial design was a double-blind parallel group, 14 days comparative 

study between a probiotic mouth rinse and a chlorhexidine mouth rinse, which 

included 45 healthy children in the age group of 6-8 years.43 It showed that the 

Probiotic and Chlorhexidine groups had less plaque accumulations compared with the 

Control group at the end of 14 years. But, unlike the plaque score, there was a 

significant difference in the Gingival Index between the Probiotic and the 

Chlorhexidine groups, Probiotic group being better than the Chlorhexidine group. The 

study concluded that the Probiotic mouth rinse was found effective in reducing plaque 

accumulation and gingival inflammation. Therefore, probiotic mouth rinse obviously 

has a potential therapeutic value and further long-term study is recommended to 

determine its efficacy.43 
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Bangi et al44 conducted a study the objective of which was to measure and compare 

the degree of regression of white spot lesion during orthodontic treatment achieved by 

using three commercially available materials. It was a single-blinded randomized 

prospective clinical trial, comprising 80 patients categorized into four groups (one 

control group and three experimental groups, with 20 subjects per group) using block 

randomization, was conducted. Group A (control group): Colgate strong toothpaste; 

and experiments groups were Group B: GC tooth mousse, Group C: Phos-Flur 

mouthwash and Group D: SHY-NM. Subjects were instructed to use the designated 

dentifrice/mouthwash and photographs were taken at baseline, third and sixth months, 

and white spot lesions were reassessed in the maxillomandibular anterior teeth. The 

Study showed that All the three groups had shown an improvement in WSL. But 

Group B has shown the greatest difference in mean values of decalcification index 

(DI) scores. It was concluded that all three commercially available products showed a 

regression of WSL over a 6-month duration. GC tooth mousse proved to be the most 

effective means of treating WSL over other regimens.44  

 

A study was conducted by Prabakar et al45 To compare the effectiveness of probiotic, 

green tea, and CHX- and fluoride-containing dentifrices on oral microbial flora. It was 

a double-blinded, parallel group, randomized controlled clinical trial which was 

conducted among healthy adults. Fifty-two individuals were randomly allocated to 

four groups (n = 13): Group I – green tea dentifrice, Group II – fluoridated dentifrice, 

Group III – CHX dentifrice, and Group IV – probiotic dentifrice. Plaque and saliva 

samples were evaluated for Streptococcus mutans and Lactobacillus at baseline and 
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15th and 30th days of follow-up. The study showed that the mean S. mutans and 

Lactobacillus counts in plaque and saliva samples were significantly reduced by all 

the treatment groups at the 30th day of follow-up. However, Group III showed the 

highest reduction. Thus it was concluded that all the four groups exhibited 

antimicrobial activity by bringing about a significant reduction in the mean S. mutans 

and Lactobacillus colony counts at the 30th day of follow-up. Among all the 

preventive modalities, Group III (CHX dentifrice) showed better results compared to 

other groups.45 

 

Another study was conducted by Ghasemi et al46 to investigate the effects of probiotic 

yogurt and xylitol-containing chewing gums on reducing salivary Streptococcus 

mutans levels. It was a randomized clinical trial which recruited 50 female students 

with over 105 colony forming units S. mutans per milliliter of their saliva. The 

participants were randomly allocated to two equal groups to receive either probiotic 

yogurt containing Lactobacillus acidophilus ATCC 4356 and Bifidobacteriumbifidum 

ATCC 29521 (200 g daily) or xylitol-containing chewing gums (two gums three times 

daily after each meal; total xylitol content: 5.58 g daily) for three weeks. At baseline 

and one day, two weeks, and four weeks after the interventions, saliva samples were 

cultured on mitis-salivarius bacitracin agar and salivary S. mutans counts were 

determined. The study showed that in both groups, S. mutans counts on the first day, 

second week, and fourth weeks after the intervention were significantly lower than 

baseline values. The greatest level of reduction in both groups was observed in the 

second week after the intervention. At the end of the study it was concluded that 

Probiotic yogurt and xylitol-containing chewing gums seem to be as effective in 
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reduction of salivary S. mutans levels. Their constant long-term consumption is thus 

recommended to prevent caries.46
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METHODOLOGY 

 

SOURCE OF THE DATA: 

This is a Randomized controlled trial in which 120 subjects are selected and are 

divided into 3 groups of 40 each namely probiotic, chlorhexidine and control group 

respectively for a study period of 2 months. 

Samples were obtained from the Patients who reported to the Department of 

Orthodontics and Dentofacial Orthopedics, SDM College of Dental Sciences and 

Hospital, Dharwad, Karnataka, India for treatment; after approval from the 

institutional review board. Consent was taken from each participants. 

METHOD OF COLLECTION OF DATA: 

Sample size:  

The Total sample size of 120 subjects comprising of 40 subjects each under three 

groups: 

1. 40 patients allocated in probiotic group 

2. 40 patients allocated in Chlorhexidine group 

3. 40 patients allocated in Control group  

Inclusion Criteria: 

1. Orthodontic treatment with straight wire (MBT slot size 0.022’’and 0.028’’). 

2. Good oral hygiene based on orthodontic plaque index i.e. overall oral hygiene 

score less than 2. (to standardize baseline) 
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3. Scaling done 15 days prior to the use of toothpaste in the study. (To 

standardize baseline) 

4. Permanent dentition. 

5. No mouthwash used in the last week and during the study. 

6. Age between 15-30 years. 

7. Brushing twice daily. 

Exclusion Criteria: 

1. Patient with poor periodontal condition. 

2. Patients on systemic consumption of antibiotics or anti-inflammatory 

medications taken during the period of the study. 

3. No chewing gum or mouthwash to be used during the study. 

4. Patients with carious teeth or infiltrated restorations. 

5. Patients with history of allergies and metabolic diseases such as diabetes and 

other medical conditions that could interfere with the study. 

6. Pregnant women.  

MATERIALS USED IN THIS STUDY INVOLVES: 

 Probiotic toothpaste  

 Chlorhexidine toothpastes (0.1% conc.) 

 Curettes  

 Transport media  

 Mitis salivarius agar (culture media),  

 Light microscope 

 Colgate total toothpastes. 
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PROCEDURE: 

 After the inclusion and exclusion criteria are met, the subjects were allocated 

into one of the three groups using random allocation technique of block 

randomization using excel software and the toothpaste is given accordingly, 

namely probiotic, chlorhexidine or Colgate (control). 

 Group 1 received the probiotic toothpaste, PUREXA probiotic toothpaste 

containing bacillus coagulans as the probiotic component and also containing 

fluoride and xylitol by PUREXA GLOBAL PVT LTD.  

 Group 2 received a toothpaste tube of chlorhexidine digluconate toothpaste, 

HEXIGEL containing chlorhexidine gluconate solution I.P. equivalent to 

chlorhexidine gluconate 1.0% w/w. 

 Group 3 received the control toothpaste which was Colgate total (Colgate- 

Palmolive Company, New York, United States of America), containing 0.3% 

triclosan, 2% copolymer and 0.243% sodium fluoride. 

 Participants were instructed to brush their teeth in a method as shown by the 

researchers (up and down motion on the front teeth and circular motion on the 

back teeth for 2 minutes; which was demonstrated by the same operator), 

twice a day, using the toothpaste and toothbrush (Stim Ortho -MB) provided 

by the researchers.  

 After the Scaling is done 15 days prior to the use of toothpaste in the study, 

Clinical biofilm (plaque) will be collected and the bacterial count will be 

performed at T0. 

 Plaque samples are also collected after the usage of toothpaste for one month 

at T1 and after two months at T2.  
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 The patients were instructed to avoid using chewing gums, mouthwashes and 

antibiotics during the study period. 

 Patients were advised to report any discomfort or problems faced related to 

use of toothpaste during the study period.  

 

Collection of Plaque: 

 Using a 4-pass technique as suggested by Pellegrini et al47 plaque samples 

were collected from the labial surfaces immediately surrounding the 

orthodontic brackets of the maxillary lateral incisors with a sterilized curette. 

Four passes each along the teeth at the bracket interface at the gingival, mesial, 

distal, and occlusal aspects were done so as to avoid the instrument tip from 

overloading.47 

 

Storage and transport of Plaque Sample: 

 The plaque samples were immediately transferred to 1000μL of sterile 

Thioglycolate broth medium in a tube. 

 The tubes were then transferred to the Department of Microbiology, SDM 

Medical College, Dharwad, Karnataka. 

Microbial Analysis: 

 The tubes were vortexed vigorously for 3 minutes to homogenize the sample 

and re-suspend the plaque in the Thioglycolate broth. 
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 By trial and error, it was decided that there was no need for further dilution of 

the contents to get adequate rarefication of the colonies. 

 100μL of the plaque suspension in Thioglycolate broth was pipetted using a 

micropipette on 90mm diameter Mitis Salivarius agar plates and innoculated 

using spread plate method. The plates were tested for sterility before use as per 

standard norms. 

 The plates were incubated in CO₂ jar for 24 hours followed by incubation in 

air for 24 hrs and at room temperature for another 24hours. 

 The plates were examined after incubation and colony morphology was 

studied and colony count was done. The colony number was expressed as 

colony forming units (CFU). 

Note: Streptococcus mutans colonies were identified based on the morphology and 

gram stain. Raised, convex, opaque, pale blue colonies with undulate margin were 

identified as Streptococcus mutans and around 10 similar colonies from different 

samples were confirmed as Streptococcus mutans by standard bacteriological 

techniques.  

 

 

STATISTICAL ANALYSIS: 

The sample size was estimated using a power analysis by G* power, version 3.0.1. 

With an alpha error of 5% and power of 80%, a sample size of 36 for each group was 

adequate to detect the significance of probiotic and chlorhexidine toothpastes on 

streptococcus mutans. Considering the dropouts, the sample size was decided to be 40 
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in each group. The data that was obtained were analysed statistically with the 

software, Statistical Package for Social Sciences (SPSS) version 21.0.  

Calculation of sample size: n = 2(S2) [Z1-α/2+ Z1-β]
 2  

                                                     d2 

Study analysis:  

It was done using one way ANOVA, Tukey’s Post Hoc test and r-ANOVA.  
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Table 1: Distribution of CFUs and corresponding Log transformation of S. mutans 

among individual subjects of Probiotic toothpaste Group at T0, T1 and T2 time 

intervals. 

 CFUs Log10(CFUs) 

 T0 T1 T2 
Log10 
(T0) 

Log10 
(T1) 

Log10 
(T2) 

       

Sample 1 2 10 18 0.3 1 1.26 

Sample 2 280 0 15 2.45  1.18 

Sample 3 0 0 206   2.31 

Sample 4 48 92 0 1.68 1.96  

Sample 5 56 640 12 1.75 2.81 1.08 

Sample 6 200 200 160 2.3 2.3 2.2 

Sample 7 28 0 0 1.45   

Sample 8 60 48 24 1.78 1.68 1.38 

Sample 9 116 104 54 2.06 2.02 1.73 

Sample 10 960 340 0 2.98 2.53  

Sample 11 480 300 45 2.68 2.48 1.65 

Sample 12 20 0 0 1.3   

Sample 13 640 0 37 2.81  1.57 

Sample 14 0 360 0  2.56  

Sample 15 0 0 14   1.15 

Sample 16 0 0 0    

Sample 17 640 124 57 2.81 2.09 1.76 

Sample 18 1008 423 31 3 2.63 1.49 

Sample 19 96 52 36 1.98 1.72 1.56 

Sample 20 4 200 52 0.6 2.3 1.72 

Sample 21 400 45 110 2.6 1.65 2.04 

Sample 22 56 455 15 1.75 2.66 1.18 

Sample 23 87 63 75 1.94 1.8 1.88 

Sample 24 485 496 55 2.69 2.7 1.74 

Sample 25 45 52 90 1.65 1.72 1.95 

Sample 26 655 400 8 2.82 2.6 0.9 

Sample 27 18 72 48 1.26 1.86 1.68 

Sample 28 0 45 0  1.65  

Sample 29 78 12 75 1.89 1.08 1.88 

Sample 30 421 78 146 2.62 1.89 2.16 

Sample 31 1286 456 356 3.11 2.66 2.55 

Sample 32 456 75 6 2.66 1.88 0.78 

Sample 33 71 146 150 1.85 2.16 2.18 

Sample 34 904 256 98 2.96 2.41 1.99 

Sample 35 6 45 5 0.78 1.65 0.7 

Sample 36 86 78 4 1.93 1.89 0.6 

Sample 37 47 74 88 1.67 1.87 1.94 

Sample 38 0 63 0  1.8  

Sample 39 578 78 466 2.76 1.89 2.67 

Sample 40 328 387 392 2.52 2.59 2.59 
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Table 2: Distribution of CFUs and corresponding Log transformation of S. mutans 

among individual subjects of Chlorhexidine toothpaste Group at T0, T1 and T2 time 

intervals. 

 
CFUs Log10(CFUs)  

T0 T1 T2 Log10 
(T0) 

Log10 
(T1) 

Log10 
(T2) 

Sample 1 0 4 0 
 

0.6 
 

Sample 2 0 0 0 
   

Sample 3 830 345 65 2.92 2.54 1.81 

Sample 4 56 32 48 1.75 1.51 1.68 

Sample 5 72 60 45 1.86 1.78 1.65 

Sample 6 640 45 54 2.81 1.65 1.73 

Sample 7 832 80 216 2.92 1.9 2.33 

Sample 8 28 90 452 1.45 1.95 2.66 

Sample 9 96 1280 640 1.98 3.11 2.81 

Sample 10 20 0 485 1.3 
 

2.69 

Sample 11 2448 684 312 3.39 2.84 2.49 

Sample 12 0 96 74 
 

1.98 1.87 

Sample 13 480 128 24 2.68 2.11 1.38 

Sample 14 8 24 78 0.9 1.38 1.89 

Sample 15 140 0 12 2.15 
 

1.08 

Sample 16 0 0 54 
  

1.73 

Sample 17 0 45 0 
 

1.65 
 

Sample 18 0 0 0 
   

Sample 19 48 20 12 1.68 1.3 1.08 

Sample 20 52 0 0 1.72 
  

Sample 21 1600 1278 1860 3.2 3.11 3.27 

Sample 22 832 172 45 2.92 2.24 1.65 

Sample 23 320 78 87 2.51 1.89 1.94 

Sample 24 66 4 46 1.82 0.6 1.66 

Sample 25 10 8 0 1 0.9 
 

Sample 26 564 56 4 2.75 1.75 0.6 

Sample 27 48 78 20 1.68 1.89 1.3 

Sample 28 369 7 47 2.57 0.85 1.67 

Sample 29 84 45 3 1.92 1.65 0.48 

Sample 30 84 48 9 1.92 1.68 0.95 

Sample 31 757 445 20 2.88 2.65 1.3 

Sample 32 454 8 0 2.66 0.9 
 

Sample 33 612 78 26 2.79 1.89 1.41 

Sample 34 9 45 58 0.95 1.65 1.76 

Sample 35 90 67 5 1.95 1.83 0.7 

Sample 36 79 87 20 1.9 1.94 1.3 

Sample 37 200 45 4 2.3 1.65 0.6 

Sample 38 456 87 78 2.66 1.94 1.89 

Sample 39 785 654 360 2.89 2.82 2.56 

Sample 40 4 3 2 0.6 0.48 0.3 
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Table 3: Distribution of CFUs and corresponding Log transformation of S. mutans 

among individual subjects of Control toothpaste Group at T0, T1 and T2 time 

intervals. 

 CFUs Log10(CFUs) 

 T0 T1 T2 
Log10 
(T0) 

Log10 
(T1) 

Log10 
(T2) 

Sample 1 55 90 184 1.74 1.95 2.26 

Sample 2 26 45 78 1.41 1.65 1.89 

Sample 3 48 92 63 1.68 1.96 1.8 

Sample 4 2240 1180 571 3.35 3.07 2.76 

Sample 5 0 240 0  2.38  

Sample 6 1280 542 89 3.11 2.73 1.95 

Sample 7 0 896 280  2.95 2.45 

Sample 8 40 58 85 1.6 1.76 1.93 

Sample 9 112 640 1280 2.05 2.81 3.11 

Sample 10 200 0 12 2.3  1.08 

Sample 11 48 45 47 1.68 1.65 1.67 

Sample 12 100 63 66 2 1.8 1.82 

Sample 13 0 0 0    

Sample 14 240 45 36 2.38 1.65 1.56 

Sample 15 4 960 460 0.6 2.98 2.66 

Sample 16 1920 960 1836 3.28 2.98 3.26 

Sample 17 36 41 45 1.56 1.61 1.65 

Sample 18 0 138 100  2.14 2 

Sample 19 80 172 200 1.9 2.24 2.3 

Sample 20 20 28 53 1.3 1.45 1.72 

Sample 21 0 40 23  1.6 1.36 

Sample 22 0 0 0    

Sample 23 498 84 42 2.7 1.92 1.62 

Sample 24 1987 1280 785 3.3 3.11 2.89 

Sample 25 2498 498 89 3.4 2.7 1.95 

Sample 26 248 431 465 2.39 2.63 2.67 

Sample 27 41 21 75 1.61 1.32 1.88 

Sample 28 0 651 1820  2.81 3.26 

Sample 29 54 651 1532 1.73 2.81 3.19 

Sample 30 4 88 41 0.6 1.94 1.61 

Sample 31 84 165 18 1.92 2.22 1.26 

Sample 32 66 78 65 1.82 1.89 1.81 

Sample 33 56 454 651 1.75 2.66 2.81 

Sample 34 20 500 217 1.3 2.7 2.34 

Sample 35 84 45 10 1.92 1.65 1 

Sample 36 545 485 51 2.74 2.69 1.71 

Sample 37 800 362 216 2.9 2.56 2.33 

Sample 38 400 544 981 2.6 2.74 2.99 

Sample 39 80 48 491 1.9 1.68 2.69 

Sample 40 650 300 747 2.81 2.48 2.87 
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Table 4: Comparison of logarithmic transformed mean CFUs of S. mutans species 

when it is treated with three different toothpastes at T0, T1 and T2 time intervals. 

 

*Statistical significance set at 0.05; N: Number of Samples; SD: Standard deviation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
One way ANOVA Tukey's Posthoc Analysis 

N Mean SD F P Value 
Multiple 
Comparison 

Mean 
Difference 

P Value 

Log 
T0 

Probiotic 
Toothpaste (A) 

34 2.09 0.72 

0.071 0.932 

A vs B -0.059 0.941 

Chlorhexidine 
Toothpaste (B) 

34 2.15 0.71 A vs C -0.002 1 

Control Group (C) 33 2.10 0.73 B vs C 0.056 0.946 

Log 
T1 

Probiotic 
Toothpaste (A) 

33 2.07 0.45 

6.593 0.002* 

A vs B 0.293 0.091 

Chlorhexidine 
Toothpaste (B) 

34 1.78 0.67 A vs C -0.193 0.332 

Control Group (C) 37 2.26 0.53 B vs C -0.485 0.001* 

Log 
T2 

Probiotic 
Toothpaste (A) 

32 1.67 0.54 

7.592 0.001* 

A vs B 0.026 0.985 

Chlorhexidine 
Toothpaste (B) 

33 1.64 0.71 A vs C -0.495 0.005* 

Control Group (C) 37 2.16 0.63 B vs C -0.522 0.002* 
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Fig-1 

 

 

Table 5: Multivariate tests to compare at different time intervals (T0 to T2) and 

between three toothpaste groups  

 
Wilks' 
Lambda 
Value 

F 
Hypothesis 
df 

Partial 
Eta 
Squared 

Sig. 

Probiotic toothpaste Vs 
Time Intervals 

0.719 5.07 2 0.281 0.014* 

Chlorhexidine toothpaste Vs 
Time Intervals 

0.635 7.746 2 0.365 0.002* 

Control toothpaste Vs Time 
Intervals 

0.929 1.153 2 0.071 0.329 

*Statistical significance set at 0.05 
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Table 6: Pairwise comparison of mean CFUs of S. mutans Species when it is treated 

with Probiotic toothpaste between time intervals among.  

(I) 
time 

(J) 
time 

Mean 
Difference 
(I-J) 

Std. 
Error 

P 
Value.b 

95% Confidence 
Interval for 
Difference b 
Lower 
Bound 

Upper 
Bound 

T0 
T1 0.027 0.123 1.0 -0.287 0.34 

T2 0.410 0.142 0.023* 0.048 0.772 

T1 T2 0.383 0.132 0.021* 0.048 0.719 

* The mean difference is significant at the .05 level. 

b Adjustment for multiple comparisons: Bonferroni. 

 

Table 7: Pairwise comparison of mean CFUs of S. mutans Species when it is treated 

with Chlorhexidine toothpaste between time intervals among.  

(I) 
time 

(J) 
time 

Mean 
Difference 
(I-J) 

Std. 
Error 

P 
Value.b 

95% Confidence 
Interval for 
Difference b 
Lower 
Bound 

Upper 
Bound 

T0 
T1 0.345 0.114 0.015* 0.056 0.634 

T2 0.610 0.154 0.001* 0.218 1.001 

T1 T2 0.265 0.116 0.091 -0.031 0.561 

* The mean difference is significant at the .05 level. 

b Adjustment for multiple comparisons: Bonferroni. 

 

Table 8: Pairwise comparison of mean CFUs of S. mutans Species when it is treated 

with Control toothpaste between time intervals among.  

(I) 
time 

(J) 
time 

Mean 
Difference 
(I-J) 

Std. 
Error 

P 
Value.b 

95% Confidence 
Interval for 
Difference b 
Lower 
Bound 

Upper 
Bound 

T0 T1 -0.155 0.12 0.615 -0.457 0.148 

T2 -0.091 0.145 1 -0.458 0.276 

T1 T2 0.064 0.079 1 -0.136 0.263 

* The mean difference is significant at the .05 level. 

b Adjustment for multiple comparisons: Bonferroni. 
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Fig-2  
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DISCUSSION 

 

Various microbiologic studies have been done that shows increase in the bacterial 

count upon the placement of the orthodontic appliances which leads to changes in the 

normal flora eventually creating an imbalance and further enabling the appearance of 

diseases. Orthodontic treatment requires high compliance from the patients, especially 

teenagers, who usually exhibit low compliance. Furthermore, the ability of the 

orthodontist to monitor patient’s oral hygiene continuously is limited. It is particularly 

very important to monitor the oral state in certain patients such as those who are 

handicapped, those patients undergoing dental surgery, young children in the mixed 

dentition stage and those with high caries index. 

 

Failure in maintaining proper oral hygiene leads to damage of the tooth, which will 

consequently affect the orthodontic treatment. Therefore, the levels of cariogenic 

pathogens should be constantly kept low during orthodontic treatment. Most of the 

microorganisms which initiate carious lesions belongs to mutans streptococcus 

species such as Streptococcus sobrinus, Streptococcus mutans, Streptococcus 

salivarius. Streptococcus mutans are the first amongst them which colonize initial 

carious lesion. Because of their property to release acid and of greater adhesiveness, 

they are the most cariogenic amongst the mutans species.48 

 

There are various anti-microbial agents that have been used in the chemical and 

mechanical control of dental microbial biofilm in dentistry. Dentifrices are an 
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important auxiliary in tooth brushing as they contain effective substance that can act 

against the microorganism of the oral environment.20  

 

Chlorhexidine is a common anti-plaque substance which has been used in dentistry 

and has an immediate antibacterial effect on microbes with good plaque inhibiting 

properties and also to prevent the occurrence of white spot lesions.36  Hence, the 

incorporation of CHX into dentifrice would be ideal which combines the mechanical 

cleaning, antiplaque benefit with antigingivitis effect which can relieve the discomfort 

of the patients.36 

 

Probiotics are live microorganisms which can render health benefits on the host upon 

administration in suitable quantities.38 The most common types of microbes which are 

used as probiotics are Bifidobacteria and lactic acid bacteria.38 Their mode of action is 

primarily by lowering the pH in the gut, thereby it can limit the proliferation of 

pathogenic bacteria by competing for pathogen binding on the receptor site, and 

thereby modulating the local and systemic inflammatory response.38 It is commonly 

consumed as a part of fermented foods with special added active live culture – yogurt, 

cheese, milk and ice cream. As they show inhibition of the caries inducing bacteria 

when locally used as a toothpaste, it can be advised to use it in the form of the 

toothpaste for daily use.38 
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STUDY DESIGN  

This is a Randomized controlled trial in which 120 subjects are selected and are 

divided into 3 groups of 40 each namely probiotic, chlorhexidine and control group 

respectively for a study period of 2 months. 

 

The samples were obtained from the Patients who reported to the Department of 

Orthodontics and Dentofacial Orthopedics, SDM College of Dental Sciences and 

Hospital, Dharwad, Karnataka, India for treatment; after the approval from the 

institutional review board. The Consent was taken from each participants involved in 

the study. 

 

 After meeting the inclusion criteria, the subjects were randomly allocated into 

the three groups by block randomization using excel software . After the 

Scaling was done 15 days prior to the use of toothpaste in the study, clinical 

biofilm (plaque) was collected and the bacterial count was performed at T0 

and then the toothpaste was given to the participants and were advised to 

refrain from using chewing gums, mouthwashes and antibiotics during the 

study. Plaque samples are also collected after the usage of toothpaste for one 

month at T1 and after two months at T2. Patients were advised to report any 

discomfort or problems faced related to use of toothpaste during the study 

period.  
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Using a 4-pass technique as suggested by Pellegrini et al47 plaque samples were 

collected from the labial surfaces immediately surrounding the orthodontic brackets of 

the maxillary lateral incisors with a sterilized curette.47 Then the plaque samples were 

immediately transferred to 1000μL of sterile Thioglycolate broth medium in a tube. 

The tubes were vortexed vigorously for 3 minutes to re-suspend the sample in the 

Thioglycolate broth, such that the sample was thoroughly homogenized.  

 

Later, 100μL of the plaque suspension in Thioglycolate broth was spread on 90mm 

diameter Mitis Salivarius agar plates using a calibrated pipette and was incubated 

aerobically at 37°C for 48 hours. After incubation the colonies were counted and the 

colony number was expressed as colony forming units (CFU). The microbial counts 

were statistically evaluated and correlated within and between the groups.  
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INTERPRETATION OF THE RESULTS: 

 

Table 1, 2 and 3 shows distribution of CFUs and corresponding Log transformation 

of S. mutans among individual subjects of Probiotic toothpaste Group, Chlorhexidine 

toothpaste group and Control group toothpaste respectively at T0, T1 and T2 time 

intervals. 

The log transformation can be used to make highly skewed distributions less skewed. 

This can be valuable both for making patterns in the data more interpretable and for 

helping to meet the assumptions of inferential statistics. In microbiological 

researches, under optimised conditions, bacterial growth is exponential and 

quantification of the bacteria may show a highly skewed data. Hence performing 

Logarithmic transformation of bacterial counts will provide a more normal 

distribution. 

 

 

Table 4 shows the comparison of logarithmic transformed mean CFUs of S. mutans 

Species when it is treated with three different toothpastes at T0, T1 and T2 time 

intervals. 

The one-way analysis of variance (ANOVA) is used to determine whether there are 

any statistically significant differences between the means of three or more 

independent (unrelated) groups. The one-way ANOVA compares the means of CFUs 

of S. mutans between the groups (Probiotic Toothpaste, Chlorhexidine Toothpaste  
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and Control Group) and determine whether any of those means are statistically 

significantly different from each other. To determine which specific groups differed 

from each other among the means of CFUs of S. mutans between, Tukey’s post hoc 

test was used. 

The one-way analysis of variance (ANOVA) displayed no statistically significant 

difference in mean CFUs of S. mutans between Probiotic Toothpaste, Chlorhexidine 

Toothpaste and Control Group at T0. (F=0.071; P=0.932). Whereas at T1 (F=6.593; 

P=0.002), T2 (F=7.593; P=0.001) statistics showed a statistically significant 

difference in mean CFUs of S. mutans between Probiotic Toothpaste, Chlorhexidine 

Toothpaste and Control Group. 

Tukey’s posthoc analysis displayed statistically significant lower mean CFUs of S. 

mutans were observed in chlorhexidine toothpaste group when compared to Control 

toothpaste group at T1. (Mean difference = -0.485; P=0.001). Similarly, statistics 

displayed a statistically significant lower mean CFUs of S. mutans were observed in 

chlorhexidine toothpaste group (Mean difference = -0.522; P=0.002) and Probiotic 

toothpaste when compared to Control toothpaste group at T2. (Mean difference = -

0.495; P=0.005). 

 

Fig-1 shows log CFU values of all three toothpastes at all three time intervals 

distributed at 95% CI. It indicates that the chlorhexidine group had the least CFU 

values at logT2 followed by probiotic group and the most CFU values observed in 

the control group at logT2. 
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Table 5 shows Multivariate tests to compare at different time intervals (T0 to T2) and 

between three toothpaste groups.  

The repeated measure analysis of variance (r-ANOVA) was conducted to evaluate 

the null hypothesis that there is no change in the mean CFUs of S. mutans Species 

when it is treated with three different toothpastes at T0, T1 and T2 time intervals. 

The results of the repeated measure analysis of variance (r-ANOVA) among 

Probiotic toothpaste group between different time intervals indicated a significant 

time effect, Wilks’ Lambda = 0.719, F (2) = 5.07, P = 0.014, η2= 0.281. Thus, there 

is a significant evidence to reject the null hypothesis. This indicates, among 

probiotics toothpaste groups, as time passes, there is a statistically significant change 

in the mean CFUs of S. mutans Species. 

Similarly, The results of the repeated measure analysis of variance (r-ANOVA) 

among Chlorhexidine toothpaste group between different time intervals indicated a 

significant time effect, Wilks’ Lambda = 0.635, F (2) = 7.746, P = 0.002, η2= 0.365. 

Thus, there is a significant evidence to reject the null hypothesis. This indicates, 

among Chlorhexidine toothpaste groups, as time passes, there is a statistically 

significant change in the mean CFUs of S. mutans Species. 

 

Table 6 shows the follow-up Bonferroni post-hoc analysis. It indicated that there is a 

statistically significant lower mean CFUs of S. mutans Species among T2 when 

compared to T0 (Mean difference = 0.41; P=0.023) and T1 (Mean difference = 0.383; 

P=0.021) when it was treated with Probiotic toothpaste. 
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Table 7 shows The follow-up Bonferroni post-hoc analysis. It indicated that there is 

a statistically significant higher mean CFUs of S. mutans Species among T0 when 

compared to T1 (Mean difference = 0.345; P=0.015) and T2 (Mean difference = 0.61; 

P=0.001) when it was treated with Chlorhexidine toothpaste. 

 

Table 8 shows the follow-up Bonferroni post-hoc analysis. It indicated no statistically 

significant difference in mean CFUs of S. mutans Species between T0, T1 and T2 

when it was treated with Control toothpaste. 

 

Fig-2 shows estimated marginal means of CFU counts of the three groups , probiotic, 

chlorhexidine, and control group at 3 time intervals. The probiotic and chlorhexidine 

groups showed a marked decrease in the CFU counts while the control group didn’t 

show any decrease in the CFU counts. 
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COMPARISION WITH OTHER STUDIES: 

The results of the present study are in accordance to the study conducted by Fredrik 

Lundstrom24 in which they found that after the insertion of the orthodontic appliance, 

the levels of both species, Streptococcus mutans and lactobacilli were found to 

increase. The CHX treatment significantly reduced the Streptococcus mutans, before 

and during the treatment.24 Although, no effect was observed on the lactobacilli 

count.Although, good safety profile of CHX formulations have been confirmed there 

still exists some amount of local side effects with prolonged usage of mouthwash 

hence in our study we have incorporated it into a dentifrice. Incorporating CHX in a 

dentifrice combines the mechanical cleaning with anti-plaque effects.24 

 

Another study by Dubey et al38 which included 30 patients into 3 groups who were 

undergoing fixed orthodontic treatment showed that the Chlorhexidine Mouthwash 

and Probiotic Toothpaste both were efficient in reducing Streptococcus Mutans in 

plaque around orthodontic brackets when compared to control group. Which is 

similar to our study.38 

 

According to the study by Paula et al36 low concentration of CHX of 0.50% was 

effective for treating only gingivitis and bleeding but according to the study by Alves 

et al37 1% of CHX collagen gel has shown that the number of microorganisms was 

reduced and a reversal of caries was also observed. Thus, in this study we used the 

concentration of 1.0% w/w which shows plaque reduction.36 
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According to one of the study done by Jose et al17 to evaluate and compare the effects 

of the systemic consumption of probiotic curd and the topical application of probiotic 

toothpaste on the Streptococcus mutans levels in the plaque of orthodontic patients.17 

He found that the consumption of probiotic curd and the use of probiotic toothpaste 

caused a significant decrease in the S mutans levels in the plaque around brackets in 

orthodontic patients.17 

 

Nevertheless, no studies have demonstrated the effect of probiotic toothpaste in 

orthodontic patients and comparing it with the chlorhexidine digluconate toothpaste.  

Hence, in this study we compared the efficacy of probiotic and chlorhexidine 

toothpaste on streptococcus mutans levels and to estimate the colony forming units 

of streptococcus mutans in the dental plaque around the bracket tooth interface 

before, during and after the use of probiotic and chlorhexidine toothpaste and 

comparing them with a control toothpaste. 
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CLINICAL IMPLICATIONS OF THE STUDY: 

1. On understanding the results of this current study we will be able to use it to 

our clinical practice to reduce the bacterial count of Streptococcus mutans 

which are responsible for the initiation of carious lesions. 

2. Upon the initiation of the orthodontic treatment, there will be lot of plaque 

accumulation because of the brackets acting as retentive sites. Which will 

further lead to gingivitis, this can be prevented by the use of Chlorhexidine 

digluconate or probiotic toothpaste. 

3. Upon the understanding of the results of the present study we will be able to 

analyse the efficacy of the Chlorhexidine digluconate and probiotic toothpaste 

for the reduction of the streptococcus mutans so that we can prescribe the 

toothpastes accordingly in the clinical practice.  
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LIMITATIONS OF THE STUDY  

1. Patient compliance plays a major role in this study, the oral hygiene 

instructions followed by the subjects may vary which can eventually effect the 

outcome of the study. 

2. A Long term follow up study is required to conclude the accuracy of the 

results that have been obtained from this study.  

 

 

 

 

SCOPE FOR FUTURE STUDIES 

 A cross over study with a washout period can be done to eliminate bias and 

variables to obtain more accurate results 

 Studies that have larger sample size, increased number of intervals and 

duration should also be carried out to obtain more accurate results and be 

compared with other studies. 
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CONCLUSION 

Conclusion of the study that can be interpreted within the limitation of this study is 

that: 

The use of Chlorhexidine or Probiotic toothpaste is effective in reducing the 

Streptococcus mutans colony count significantly when compared with the Control 

group (Colgate toothpaste).
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SUMMARY 

 

Upon placement of orthodontic appliances, there is increase in the bacterial count as 

shown by several microbiologic studies which leads to change in the normal flora in 

oral cavity which will create an imbalance and further leading to appearance of 

carious lesions. In spite of numerous researches being carried out on the plaque 

control using different mechanical and chemical aids, the patient compliance cannot 

be monitored. The current study aimed to compare the effectiveness of probiotic and 

chlorhexidine toothpaste on the Streptococcus mutans levels in dental plaque of 

patients undergoing orthodontic treatment. 

This study consisted of 120 healthy patients who were undergoing orthodontic 

treatment, who were divided into three groups of 40 each namely probiotic group, 

chlorhexidine group and control group respectively for a study period of 2 months. 

Scaling was done 15 days prior to the use of toothpaste in the study. After 15 days 

clinical biofilm (plaque) was collected and the bacterial count was performed at T0 

and then the toothpaste was given to the participants and were advised to refrain from 

using chewing gums, mouthwashes and antibiotics during the study. Plaque samples 

are also collected after the usage of toothpaste for one month at T1 and after two 

months at T2. The plaque samples were then analysed for Streptococcus mutans 

colony count by culturing in mitis salivarius agar plates. The plates were incubated 

and then examined for the colony counts which was expressed in colony forming 

units (CFU). The results were statistically analysed. The results found that the 

Streptococcus mutans levels were significantly reduced on the use of both probiotic 

toothpaste and chlorhexidine toothpaste. 
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This research concludes that both probiotic and chlorhexidine toothpastes are 

effective against Streptococcus mutans levels and thus, can help in maintaining a 

good oral hygiene during the treatment as well as a reduced carious oral environment 

during and after the orthodontic treatment. 
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Format of informed consent form for subjects participating in a 

clinical study 

Informed consent to participate in study 

TITLE: COMPARISON OF EFFICACY OF PROBIOTIC 

TOOTHPASTE AND CHLORHEXIDINE TOOTHPASTE ON 

STREPTOCOCCUS MUTANS IN ORTHODONTIC PATIENTS 

Study Number 

Subject’s Initials:   

              Date of Birth/Age:   Subject’s Name:  

 
i. I confirm that I have read and understood the information sheet dated for 

the above study and have had the opportunity to ask questions. [ ]                                              

ii. I understand that my participation in the study is voluntary and that I am free 

to withdraw at any time, without giving any reason, without my medical care 

or legal rights being affected.                                                                       [ ] 

iii. I understand that the Sponsor of the clinical study, others working on the 

Sponsor's behalf, the Ethics Committee and the regulatory authorities will not 

need my permission to look at my health records both in respect of the 

current study and any further research that may be conducted in relation to 

it, even if I withdraw from the clinical study. I agree to this access. However, I 

understand that my identity will not be revealed in any information released 

to third parties or published                                                                            [ ] 

iv. I agree not to restrict the use of any data or results that arise from this study 

provided such a use is only for scientific purposes                                       [ ] 

v. I agree to take part in the above study.                                                          [ ] 

Signature (or Thumb impression) of the Subject/Legally Acceptable 

Representative       

 

Date:  / /  

 

Signatory's Name:   

 
 

Signature of the Investigator:  Date:  / /  

Study Investigator's Name: Dr. Vivek Maharaj M.D  

 
            Signature of the Witness                                  Date  / /  

 

Name of the Witness:  
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Streptococcus mutans colony count in Probiotic/CHX/Control group  
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Streptococcus mutans colony count in Probiotic toothpaste group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample No: T0 T1 T2 

1 2 10 18 

4 280 0 15 

7 0 0 206 

10 48 92 0 

15 56 640 12 

18 200 200 160 

20 28 0 0 

23 60 48 24 

27 116 104 54 

30 960 340 0 

33 480 300 45 

36 20 0 0 

39 640 0 37 

42 0 360 0 

45 0 0 14 

48 0 0 0 

50 640 124 57 

53 1008 423 31 

57 96 52 36 

60 4 200 52 

62 400 45 110 

65 56 455 15 

67 87 63 75 

70 485 496 55 

74 45 52 90 

77 655 400 8 

80 18 72 48 

83 0 45 0 

85 78 12 75 

88 421 78 146 

92 1286 456 356 

95 456 75 6 

98 71 146 150 

101 904 256 98 

104 6 45 5 

107 86 78 4 

109 47 74 88 

112 0 63 0 

117 578 78 466 

120 328 387 392 

MASTER CHART 
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Streptococcus mutans colony count in Chlorhexidine toothpaste Group  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample No: T0 T1 T2 

3 0 4 0 

6 0 0 0 

9 830 345 65 

12 56 32 48 

14 72 60 45 

17 640 45 54 

19 832 80 216 

22 28 90 452 

26 96 1280 640 

29 20 0 485 

32 2448 684 312 

35 0 96 74 

38 480 128 24 

41 8 24 78 

44 140 0 12 

47 0 0 54 

49 0 45 0 

52 0 0 0 

56 48 20 12 

57 52 0 0 

59 1600 1278 1860 

61 832 172 45 

64 320 78 87 

69 66 4 46 

72 10 8 0 

73 564 56 4 

76 48 78 20 

79 369 7 47 

82 84 45 3 

87 84 48 9 

90 757 445 20 

91 454 8 0 

94 612 78 26 

97 9 45 58 

100 90 67 5 

103 79 87 20 

106 200 45 4 

111 456 87 78 

114 785 654 360 

116 4 3 2 

MASTER CHART 
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Streptococcus mutans colony count in Control Group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample No: T0 T1 T2 

2 55 90 184 

5 26 45 78 

8 48 92 63 

11 2240 1180 571 

13 0 240 0 

16 1280 542 89 

21 0 896 280 

24 40 58 85 

25 112 640 1280 

28 200 0 12 

31 48 45 47 

34 100 63 66 

37 0 0 0 

40 240 45 36 

43 4 960 460 

46 1920 960 1836 

51 36 41 45 

54 0 138 100 

55 80 172 200 

58 20 28 53 

63 0 40 23 

66 0 0 0 

68 498 84 42 

71 1987 1280 785 

75 2498 498 89 

81 248 431 465 

84 41 21 75 

86 0 651 1820 

89 54 651 1532 

93 4 88 41 

96 84 165 18 

99 66 78 65 

102 56 454 651 

105 20 500 217 

108 84 45 10 

110 545 485 51 

113 800 362 216 

115 400 544 981 

118 80 48 491 

119 650 300 747 

MASTER CHART 
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FIGURES 

 

               

1) STERILIZED CURETTE 

 

 

 

                 

 

2. GROUP A TOOTHPASTE (PROBIOTIC) GROUP B TOOTHPASTE 

(HEXIGEL) AND GROUP C TOOTHPASTE (COLGATE) 
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                      3) COLLECTION OF PLAQUE SAMPLE 

 

 

              

 

        4) SAMPLE TRANSFERRED TO 1000μL THYOGLYCOLATE BROTH 
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5) VORTEX MACHINE USED TO HOMOGENIZE PLAQUE IN 

THYOGLYCOLATE BROTH 

 

 

   

 

6) 100μL CALIBRATED MICROPIPETTE 
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7) BIOSAFETY CABINET 

 

  

  

8) 100Μl OF PLAQUE SUSPENSION SPRAYED ON MITIS SALIVARIUS 

AGAR PLAT 
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9) STERILIZATION OF INNOCULATION LOOP 

 

 

             

 

10) PLAQUE SAMPLES BEING SPREAD ON THE CULTURE MEDIA 
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11) INCUBATOR 

 

 

 

12) MITIS SALIVARIUS AGAR PLATE SHOWING STREPTOCOCCUS 

MUTANS COLONIES 


