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Dental caries is a complex disease that afflicts a larger proportion of 

the world regardless of age, gender, race and ethnicity. It has been ranked 

as the 12th most prevalent condition, affecting around 560 million children 

worldwide. (1) In Southeast Asian countries, caries prevalence in preschool 

children is predominantly high (79%). (2) The overall average prevalence of 

Early Childhood Caries in India is 49.6% with every state contributing above 

40%. (3) Several studies have identified the risk factors of Early Childhood 

Caries, such as sociodemographic factors, dietary factors, oral hygiene 

factors, and factors related to oral bacterial flora and breastfeeding/bottle 

feeding. (4) Children affected with Early Childhood Caries not only suffer 

from tooth pain and infection, but gradually result in a serious systemic 

infection with severe complications deteriorating children’s overall growth, 

development and general health. In addition, it also poses a challenge for 

young children to tolerate the lengthy and complicated procedures of 

restorative treatment. Therefore, a non-invasive and unsophisticated 

preventive treatment modality is required to tackle the burden of dental 

caries in young children. (5) 

 
 

Caries is the result of the disruption of the microbial homeostasis of 

dental plaque and the consequent breakdown of the mineral equilibrium 

between enamel and the biofilm fluid. (6) In recent decades, with the better 

understanding of the ultrastructure and the dynamic nature of enamel caries, 

there has been a paradigm shift in the management of lesions from an 

operative restorative approach towards a prevention-remineralization 

concept. When the pH is below the critical level, dissolution takes place 
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which is demineralization and contrarily, when the pH is above the critical 

level for the formation of a respective mineral phase, precipitation occurs 

which is termed as remineralization. (7) The primary objective of the 

contemporary preventive management is to shift the dynamic balance of the 

demineralization-remineralization cycle towards net mineral gain within the 

lesion, through the provision of bioavailable mineralizing ions. 

 
 

Different preventive therapies have been analysed to enhance 

remineralization, and decrease demineralization and, thereby arrest the 

active carious lesions, which are regarded as a priority for dental services 

and deliberated more cost-effective when compared to the restorative 

treatments. (8) Fluoride has been proven to play a primary role in this 

process and, therefore, it has been employed widely through several 

vehicles such as water fluoridation, fluoridated toothpastes, and 

mouthwashes. 

 
 

Over the years, high fluoride-containing products have 

demonstrated enhanced remineralization by forming fluorapatite crystals in 

the tooth. The main effect of fluoridated agents is produced by elevating the 

levels of fluoride in the oral environment. (9) According to Page et al., five 

minutes of exposure of various levels of fluoride (up to 1000 ppm) in fluoride 

delivery system significantly inhibited the demineralization process of 

enamel. (10) Higher concentrations of fluoride, such as 5000 ppm, have 

been shown to significantly reduce the risk and incidence of caries among 

high-risk populations. (11) 
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Various systematic reviews have suggested that the progression of 

dental caries could be slowed down or halted non-operatively (12). The 

application of various topical fluoride agents has been reported to be 

effective in managing caries.(13) Fluoride varnish is one of the most 

commonly employed topical fluoride agent. It can adhere onto the tooth 

surface for a longer duration and act as slow-releasing reservoirs of fluoride. 

(5) A Cochrane review by Marinho et al. concluded that sodium fluoride 

varnish has a substantial caries-inhibiting effect on primary teeth with an 

estimated 37% of pooled caries being prevented. (14) To support these 

results, another review by Gao et al, also observed that 5% sodium fluoride 

varnish is effective in remineralizing early enamel caries. (15) 

 
 

In spite of all the available evidences, it has been observed that in 

addition to fluoride, the presence of bioavailable calcium and phosphate in 

the plaque fluid is also necessary for maintaining the structural integrity of 

hydroxyapatite crystals and enhance remineralization. While normal saliva 

does not usually contain an optimal level of fluoride, it has been noticed that 

saliva is supersaturated with calcium and phosphate ions. Some proteins 

like statherins, are responsible for stabilizing calcium and phosphate in 

saliva and preventing their spontaneous precipitation. (16) 

 
 

Hence, with the aim of increasing the amount of calcium and 

phosphate in saliva and thereby improve the demineralization prevention 

efficacy and the possible remineralization potential of the lesion, fluoride 
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varnishes are incorporated with various forms of calcium and phosphate 

compositions recently. 

 
 

One such addition is the combination of calcium and phosphate 

coated with xylitol to the conventional 5% sodium fluoride varnish. It is 

expected that xylitol gets dissolved in saliva, releasing the calcium and 

phosphate ions, to react with the fluoride ions in saliva to form protective 

fluorapatite on the teeth. 

 
 

Other addition in the fluoride varnish noted in the literature is addition 

of functionalized tricalcium phosphate. Clinical studies have shown that the 

combination of fluoride and functionalized tricalcium phosphate produces 

stronger, more acid-resistant mineral relative to fluoride alone. In contrast 

to other calcium-based approaches requiring high levels of calcium and 

phosphate to drive remineralization, functionalized tricalcium phosphate 

even at a lower dosage is designed to fit within existing topical fluoride 

preparations. It also provides a barrier that prevents premature fluoride-

calcium interactions and aids in mineralization when applied via topical 

agents.(17) Functionalized tricalcium phosphate works synergistically with 

fluoride and controls the delivery of calcium and phosphate ions to the tooth 

substrate during an acidic challenge. Previous studies on fluoride containing 

functionalized tricalcium phosphate revealed promising results in improving 

fluoride’s activity and enhancing the remineralization of carious lesions. (18) 
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Since, dental caries is an infectious disease of bacterial origin, it 

could benefit from the use of topically applied antibacterial agents which 

generate a favourable ecological shift within the oral environment. The use 

of antibacterial agents in the treatment of dental caries has been studied 

for over decades together. (19) Among the bacteria found in dental plaque, 

Streptococcus is known to be the major causative bacterial strain of dental 

caries. Among them, Streptococcus mutans is reported to have close 

association with dental caries in humans. (20) The use of antibacterial 

agents has been suggested as a potential method for the reduction, control, 

and prevention of the accumulation of cariogenic microorganisms. 

(21) Fluoride has been indicated as a major contributor in the treatment and 

prevention of dental caries because of its cariostatic and remineralizing 

properties. Although the main action of fluoride on the dynamics of dental 

caries is on de- and remineralization processes that occur on dental hard 

tissues, it has also been proposed that the fluoride ion can affect the 

physiology of microbial cells, including cariogenic streptococci, which can 

thus indirectly affect demineralization. (22) A recent review, however, 

concluded that fluoride concentrations as found in dental plaque have 

biological activity on critical virulence factors of Streptococcus mutans in 

vitro, such as acid production and glucan synthesis, but the clinical 

implications are still not clear. (22) 

 
 

Considering the recent development of these formulations for sodium 

fluoride varnishes, the effect in amplifying or debilitating the remineralization 

effect of fluoride still remains unclear. In addition, there is 
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a grey area in literature whether the addition of these recent components 

influences the antibacterial effect of fluoride varnishes .Therefore the 

present in vitro study has been planned to address these knowledge gaps 

in literature. 
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The null hypothesis proposed in this study is that there is no 

difference in the demineralization inhibitory effect and antibacterial effect 

of the commercially available fluoride varnishes Vanish™, Embrace™ and 

Fluorprotector®. 
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AIM OF THE STUDY 
 

To compare the efficacy of the commercially available fluoride 

varnishes; Vanish™, Embrace™ and Fluorprotector® in terms of their 

demineralization inhibitory effect and antibacterial effect. 

 
OBJECTIVES OF THE STUDY 

 To evaluate the efficacy of the Demineralization Inhibitory effect of 

Vanish™ varnish 

 To evaluate the efficacy of the Demineralization Inhibitory effect of 

Embrace™ varnish 

 To evaluate the efficacy of the Demineralization Inhibitory effect of 

Fluorprotector® varnish 

 To compare the efficacy of the Demineralization Inhibitory effect of 

Vanish™ with Fluorprotector® 

 To compare the efficacy of the Demineralization Inhibitory effect of 

Vanish™ with Embrace™ 

 To compare the efficacy of the Demineralization Inhibitory effect of 

Embrace™ with Fluorprotector® 

 To qualitatively assess the antibacterial effect of Vanish™ varnish 

 To qualitatively assess the antibacterial effect of Embrace™ varnish 

 To qualitatively assess the antibacterial effect of Fluorprotector® 

varnish 

 To assess if there is any superiority in the antibacterial efficacy 

among Vanish™, Embrace™ and Fluorprotector® 
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Lingström P et al (2003) identified that the dental plaque and biofilm are 

essential for caries lesions to develop, but the mere presence of biofilm is 

not the sole cause for caries to develop, as additional factors are involved. 

(23) 

 
 

Fejerskov et al (2004) claimed dental caries to be a multifactorial disease, 

in which behavioural, environmental, economic and genetic risk factors work 

together. (24) 

 
 

Chu CH et al (2008) revealed that the prevalence of dental caries is 

significantly higher for children from lower social-economic classes or lower 

income families, for whom conventional dental care is often either 

unavailable or unaffordable. (25) Moreover, the lack of dental manpower 

and the sophisticated dental equipment required makes the conventional 

restorative care a difficult way to solve this global issue. 

 
 

Fejersov and Kidd (2009) have stated that dental caries constitutes the 

signs and symptoms related to the chemical dissolution of the tooth surface. 

This process is caused by metabolic events in the biofilm overlying the tooth 

structure. Dental caries can affect every surface of a tooth where dental 

plaque is allowed to accumulate over a period of time and mature in a biofilm 

gradually. (26) 
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Chu CH et al (2010) stated that the alternative treatments for dental caries 

of children in disadvantaged communities are mandatory, and professionally 

applied fluoride therapy has been proposed as one of the effective means 

for the management of dental caries. Conventional caries management 

philosophy has changed from the traditional surgical approach to a medical 

model, and fluoride therapy is now used not only for prevention but also to 

arrest the already occurred caries lesions. Professionally applied fluoride 

therapy is a relatively low-cost and easily operated treatment and has been 

proven to arrest active dental caries. (27) 

 
 

World Health Organization (2020) has stated that dental caries is a 

pandemic disease affecting people of all ages, worldwide. The pediatric 

population is severely affected and the report has concluded that 60-90% of 

school children suffer from dental cavities. (28) This means that dental 

caries is prevalent among mankind globally. Poor oral health not only affects 

the general health on an individual level but can also lead to an excruciating 

pain and discomfort. 

 
 

Concepts of dental caries 
 

Fejerskov and Kidd (2009) stated that various models have been used to 

describe the etiology of caries. The famous Venn diagram by Keyes shows 

the three essential etiological factors responsible for the formation of caries, 

namely “bacteria,”“tooth,” and “sugar”. 
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Courtesy: Dental Caries: The Disease and Its Clinical Management 

Fejerskov and Kidd 2009. 

 
 

Later, “time” was added as the fourth essential component by König. 

Both the above mentioned models have been formulated based on the 

specific plaque hypothesis. In contrast to these models, Fejerskov and Manji 

introduced a model to show dental caries as a multifactorial disease. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Courtesy: Dental Caries: The Disease and Its Clinical Management 

Fejerskov and Kidd 2009. 
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In accordance to this model, a sugar-rich diet plays a chief role in the 

etiology and pathogenesis of caries. The frequent consumption of 

fermentable carbohydrates causes a pathological shift in the oral microflora 

and promotes the growth of both acidogenic and aciduric species. 

Consuming fermentable carbohydrates also facilitates potentially cariogenic 

bacteria such as Streptococcus mutans to produce organic acids which 

demineralize the enamel and dentin which in turn produces the 

characteristic signs and symptoms of caries. 

 
 

In addition to the cariogenic bacteria, the protective factors also 

influence the development and progression of caries. Both the host’s 

defences and the patients’ oral hygiene play a role in limiting the growth and 

metabolism of the oral microflora and thereby acid production. Saliva, with 

its buffering properties promotes the remineralization of the enamel. The 

remineralizing effect of saliva can be facilitated by the presence of fluorides 

and calcium compounds. 

 
 

Epidemiological investigations have revealed that, in addition to these 

local, direct factors, other behavioural and socioeconomic factors are also 

associated with caries. However, the impact of these factors only acts upon 

the caries process indirectly. 
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Courtesy: Dental Caries: The Disease and Its Clinical Management 

Fejerskov and Kidd 2009. 

 
 

In the above picture, the exception of the consumption of fermentable 

carbohydrates has been depicted as a pathogenic factor (dark red), and the 

rest of the factors that locally influence the caries process are shown as 

protective factors (dark green). Though the influence of these protective 

factors is indirect, the minimization or complete elimination of protective 

factors can have a remarking influence on the caries process. In short, the 

potential risk factors are increasing the pathogenic component of 

fermentable carbohydrates as well as reducing or eliminating the protective 

factors. 

 
 

According to the current model of caries, the predomination of the 

protective factors, either prevents caries from developing, or arrests the 

already existing caries. However, if the pathogenic factors predominate, 

the disease progresses. This dynamic nature of the caries process 

enables the disease to be influenced at any stage. Hence, the preventive 
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strategies available for preventing caries are expected to minimize the 

pathogenic factors and enhance the protective factors. (26) 

 
 

Role of Fluoride in caries prevention 
 

Rølla G (1988) stated that following the topical fluoride treatment, the 

fluoride ions form fluoride-hydroxyapatite and/or calcium fluoride. This effect 

is dependent on both the pH levels and the fluoride concentration. A lower 

pH and a high concentration of fluoride ions favour the formation of calcium 

fluoride. Calcium fluoride particles adhere particularly well to demineralised 

surfaces as they are more porous. This highlights the fact that high-

concentration treatments with fluoride could form oral fluoride reservoirs. 

(29) 

 
 

Featherstone (1991) has stated that fluoride inhibits the process of 

demineralisation of the hard tissue of the tooth and promotes the 

remineralisation of the surface lesions. In addition, it also causes a reduction 

in the metabolic activity of the acid-producing cariogenic bacteria. Not only 

high fluoride concentration applications are advantageous, but, low, yet 

recurrent exposure to fluoride is also known to be favourable for the tooth, 

as it helps to shift the equilibrium from demineralisation to remineralisation. 

(7) 

 
 

Ogard et al (1994) stated that under acidic conditions, the calcium fluoride 

releases both fluoride and calcium ions, which prevent the enamel from 

getting dissolved. (30) 
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Fejerskov et al (2009) stated that fluoride is one significant tool for 

preventing and controlling caries, with several proposed mechanisms of 

action. The most important effects are due to their topical action onto the 

tooth surface. (26) 

 
 

Ahovuo-Saloranta et al (2016) The effect of fluoride is observed to be 

much greater on smooth surfaces and far less on occlusal surfaces. 

Occlusal surfaces serve to be the focus for fissure sealants or ground 

fillings. (31) 

 
 

Role of Fluoride varnishes in caries prevention 
 

Petersen PE et al (2004), suggested, after reviewing 17 clinical studies, 

that fluoride varnish applications biannually had a caries-preventive effect 

in both primary and permanent dentition. A meta-analysis of eight clinical 

studies of Duraphat revealed a mean reduction in caries (38%) and an 

average reduction of 30%, in permanent teeth, when compared with 

untreated controls, which proved the caries preventive effect of fluoride 

varnish. (32) 

 
 

Beltrán-Aguilar et al (2006) stated that fluoride varnishes were developed 

with the intention of prolonging the duration of the contact time of the tooth 

with the fluoride in the varnish. In this way, the fluoride uptake would be both 

amplified and enhanced. (33) 
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Poulsen (2009) performed a review which included six clinical trials on the 

effect of fluoride varnishes, which also confirmed the evidence that fluoride 

varnishes appear to have a caries-preventive effect on the young 

permanent dentition, while the effect on caries in the primary dentition 

remains to be determined. (34) 

 
 

Marinho et al (2013) conducted a review which included 13 trials which 

considered primary and permanent teeth. (14) The review noticed an 

average reduction of around 43%, following the fluoride varnish 

applications. 

 
 

Steel et al (2014) stated that fluoride varnish has the credit of easy 

application and economical intervention and does not require any special 

equipment or expertise to be applied. (35) 

 
 

Douglas et al (2016) listed the other delivery systems of topical fluoride 

treatments including gel, paste, and foam. These treatments are available 

with varied concentrations of fluoride and versions of these treatments could 

be applied both professionally and at home. Gels and foams are often 

applied to the teeth using disposable trays that fit over the teeth. (36) 

 
 

Studies proving the efficacy of Fluoride varnishes 
 

Marinho et al.   (2013) performed a study which included children up to the 

age of 16 years for analysis of fluoride varnishes. The comparison was done 

among several fluoride varnishes and control groups who did not 
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receive any treatment or placebo treatment and based on the results it was 

proved that the fluoride varnish was efficacious in inhibiting the progression 

of caries in both primary and permanent dentition. (14) 

 
 

Jiang et al. (2014) conducted a Randomized Control Trial comparing single 

time oral hygiene education to parents with hands on parental tooth 

brushing training with or without fluoride varnish application (semi-annual) 

for children less than three years of age at a low risk of dental caries. 

There were no statistically significant differences in the incidences of early 

childhood caries between the three study groups included in the study. It is 

to be noted that the study was conducted in an area with effective 

fluoridation of the public water supply. The authors suggested that the use 

of fluoride varnish in this locality of low risk children in an area with optimal 

water fluoridation may not be effective for the prevention of Early Childhood 

Caries. (37) 

 
 

Twetman et al. (2015) commenced a review of the fluoride agents which 

could be applied professionally or self- applied for the prevention and 

management of Early Childhood Caries in younger children less than three 

years of age and concluded that the findings of the studies did not provide 

ample quality evidence that fluoride dentifrice and fluoride varnish were 

equally effective for the prevention of Early Childhood Caries when 

compared with no treatment or a placebo. However, the comparison of the 

effectiveness of fluoride varnish over the fluoride toothpaste was not looked 

for in the review. (38) 
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Memarpour et al. (2015) compared no treatment versus oral hygiene 

information and education versus fluoride varnish plus education. Both the 

varnish and education alone groups had significantly reduced caries 

incidence when compared to the no treatment group; however, there were 

no significant differences reported between the two intervention groups. (39) 

 
 

Anderson et al. (2016) undertook a non-blinded cluster Randomised 

Control Trial. Dental clinics were clustered and randomized and the children 

attending the clinics born in 2010 were included in the study. One of the 

groups received both topical fluoride varnish and family dental health 

education and the other group received dental health education alone. No 

significant difference in the number of dental caries was observed between 

groups and the authors concluded that there was no enhanced effect with 

fluoride varnish intervention for the prevention of dental caries. (40) 

 
 

He et al (2016) conducted a three-arm parallel randomized control trial in 

patients aged 12 to 25 years who had recently completed orthodontic 

therapy which was done to check the efficacy of fluoride varnishes and a 

significant reduction was observed in all the groups when evaluated after 

six months. However, there was a significantly greater decrease in lesion 

volume in the varnish group when compared to the film group. Although both 

fluoride varnish and fluoride film resulted in significant improvements 
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in white spot lesions, the authors concluded that lesion volume decrease 

was much greater with fluoride and hence fluoride varnish was determined 

to be significantly more effective than fluoride film or placebo. (41) 

 
Gao et al. (2016) conducted a systematic review of professionally applied 

fluoride treatment for preventing and improving dental caries in children. The 

meta-analysis revealed the overall percentage of remineralization to be 

63.6% greater than no treatment and the authors highlighted the 

effectiveness of fluoride varnish for remineralization of early childhood 

caries. (15) 

 
Tuloglu et al (2016) compared the efficacy of fluoride varnishes with casein 

phosphopeptide-amorphous calcium phosphate over other fluoride 

varnishes in terms of acid resistance in primary dentition. The efficacy was 

analysed by evaluating their surface micro hardness, lesion depth and 

structural changes. Within the limitations of the study, the author concluded 

that fluoride varnish with casein phosphopeptide-amorphous calcium 

phosphate was more effective in increasing the acid resistance of primary 

enamel than other fluoride varnishes. (42) 

 
Lenzi et al. (2016) conducted a meta-analysis comparing fluoride varnish 

with no treatment for the reversal of enamel carious lesions in children of 

ages three to twelve. Despite a high level of heterogeneity identified in the 

meta-analysis, the authors concluded that fluoride varnish was an effective 

product which had the potential to inhibit the progression of enamel carious 

lesions in both primary and permanent dentitions. (43) 
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Assessment of demineralization inhibition by fluoride varnishes 

Lynch et al (2004) checked the impact of low levels of Fluoride on the 

demineralization and remineralisation potential of the enamel. The tooth 

samples were suspended in the unstimulated saliva collected from young 

adults modified with acidic buffers. The acidic buffer solutions were then 

analysed for total calcium using atomic adsorption spectrophotometry. For 

each tooth sample, a calcium demineralisation rate was calculated. 

Calcium demineralisation rate in turn reveals the demineralization 

inhibitory potential of the fluoride dentifrices. Statistical analysis of the 

results revealed that the fluoride concentrations at 0.014 ppm and above 

gave significant reductions in demineralisation when compared to controls. 

No significant reduction in demineralisation potential was seen at 0.009 

ppm. (44) 

 
 

Savas et al (2016) conducted a study to analyse remineralization capacity 

of fluoride varnishes by different quantitative methods. Buccal window was 

created on the enamel surface of bovine incisor teeth which was placed in 

an acidified gel system. The varnish was applied onto the demineralized 

areas and then analysed after fourth week of application. At the fourth week, 

the enamel surfaces were tested by surface micro hardness, quantitative 

light-induced fluorescence-digital, energy-dispersive spectroscopy and 

laser fluorescence. Laser fluorescence pen measurements showed 

significant differences at baseline, after demineralization, and after the one-

week remineralization period. With regards to the surface micro hardness 

and quantitative light-induced 
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fluorescence-digital analyses, statistically significant differences were 

found. After the 1- and 4-week treatment periods, the calcium and 

phosphate concentrations and Calcium /Phosphate ratio were higher 

compared to those of the demineralization surfaces. Based on these 

observations it was concluded that casein phosphopeptide-amorphous 

calcium phosphate containing fluoride varnish provides remineralization 

after a single application and seems appropriate for clinical use. (45) 

 
 

Nozari et al (2017) performed an in vitro study on the effect of sodium 

fluoride varnish, nano-Hydroxyapatite Serum and Nano Silver Fluoride on 

primary teeth enamel remineralization. Incipient caries was induced in 

primary sound anterior teeth by storing each specimen in demineralization 

solution for 72 hours. Surface Micro hardness was assessed with Vickers 

micro hardness tester before and after demineralization and after 10 days 

of pH-cycling. Statistically significant differences were noted between all 

groups, however, the highest surface micro hardness values were observed 

in nano silver fluoride group. (46) 

 
 

Antibacterial effect of Fluoride varnishes 
 

Deepti et al (2008) conducted a Randomized Controlled Triple Blind Study 

to check the impact of fluoride varnish on the oral microbe count in saliva 

of caries free children using Dentocult SM kit and concluded that the Fluor 

Protector fluoride varnish application showed a statistically significant 

reduction in the Streptococcus mutans count following the varnish 

application. (47) 
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Erdem et al (2012) checked the effects of fluoride varnishes on the biofilm 

formation by Streptococcus mutans and Streptococcus sobrinus . Based 

on the results of the study, he concluded that the varnish which had the most 

antibacterial effects on Streptococcus mutans and Streptococcus sobrinus 

biofilms was the combination of Cervitec varnish and Fluorprotector® 

when compared to Fluorprotector® and Bifluoride 12. (48) 

 
 

Sanchit Paul et al (2014) performed a randomized control trial to check the 

efficacy of fluoride varnish and chlorhexidine-thymol varnish on modifying 

the Streptococcus mutans levels in human dental plaque. Results revealed 

that both fluoride varnish and chlorhexidine-thymol have equivocal effect on 

the streptococcus species. (49) 

 
 

Sharma et al (2018) evaluated and compared the efficacy of tooth brushing, 

fluoride varnish, chlorhexidine mouthwash, and a probiotic (Yakult) in 

reducing the Streptococcus mutans counts in saliva. All the groups showed 

a marked reduction in the total count of Streptococcus mutans species with 

the superior results obtained from the Fluorprotector® varnish followed by 

chlorhexidine mouthwash, probiotic (Yakult), and tooth brushing. (50) 

 
 

Yadav et al (2019) did a randomized control trial to check the impact of 

three varied compositions of topical fluoride varnishes, with and without oral 

prophylaxis on influencing the count of Streptococcus mutans in 
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samples obtained from children of age 2-8 years. It was observed that 

Fluoride varnish with casein phosphopeptide – amorphous calcium 

phosphate showed a marked reduction of Streptococcus mutans count 

followed by xylitol-containing fluoride varnish and then Fluor Protector. It 

was also observed that the oral prophylaxis done prior to fluoride application 

had negligible effect on the efficacy of fluoride varnish. (51) 

 
 

Ben Khadra et al (2019) checked whether there is any alteration in the 

count of Streptococcus mutans following the application of fluoride and 

chlorhexidine varnishes. Results proved that there was a significant 

reduction in Streptococcus mutans counts in children's saliva following the 

application of both the fluoride and the chlorhexidine varnishes. (52) 

 
 

Need for additional active agents in fluoride varnishes 
 

Johnsson et al (1993) stated that several proteins like statherins play a 

significant role for stabilizing calcium and phosphate ions in saliva and 

thereby preventing their spontaneous precipitation. (53) 

 
 

Larsen MJ et al (2003) stated that though essential, the fluoride component 

alone is not sufficient enough for the prevention of demineralization and 

possible reincorporation of minerals into demineralised hydroxyapatite 

crystals. There is also a need for the presence of bioavailable calcium and 

phosphate in the plaque fluid for maintaining the structural integrity of 

hydroxyapatite crystals. Though the normal saliva does not usually contain 

fluoride in optimal levels needed for 
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remineralisation, it has been noted that saliva is supersaturated with respect 

to the calcium and phosphate ions. (54) 

 
 

Shahmoradi M et al (2017) stated that fluoride varnishes with additional 

ingredients to enhance its efficacy are available in the market including the 

ones with added amorphous calcium phosphate, tri-calcium phosphate, 

casein phosphopeptide stabilized amorphous calcium phosphate and Xylitol 

coated calcium and phosphate. The study revealed that the added 

ingredients improved the performance of different fluoride varnishes in 

terms of the maintenance of the structural and nano mechanical properties 

of dental enamel. (16) 

 
 

Addition of functionalized Tri calcium phosphate to fluoride varnishes 

Vogel et al (1998) mentioned in his paper that the two different tricalcium 

phosphates, Ca3(PO4)2 - α-tricalcium phosphate and β-tricalcium 

phosphate. α-tricalcium phosphate can exist at high temperatures as high 

as 1125 °C whereas β-tricalcium phosphate is stable at room temperature. 

Hence, β-tricalcium phosphate is considered to be the bioavailable form of 

tricalcium phosphate that could be effectively used in agents for enhancing 

oral health. It is known that the remineralizing activity of eroded enamel is 

performed by the calcium and phosphate present in the oral environment. 

Literature reveals that by using β- tricalcium phosphate, the concentration 

of calcium in the saliva can be increased. In his study, an increase of 

calcium in the saliva as 
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consequence of acidic attacks and an acidic plaque-pH was noted, when 

2.5% β-tricalcium phosphate was used as additional compound in chewing 

gums. Compared to the control, the pH increased (buffering of acidic 

attacks) along with the concentrations of free calcium and free phosphates, 

both of which aid in remineralisation process. (55) 

 
Laurence J. Walsh, (2009) claimed that in spite of its advantages, β- 

tricalcium phosphate when used along with fluoride have pre-mature 

interactions and form calcium-phosphate complexes and calcium fluoride, 

thereby the bioavailability of β-tricalcium phosphate and fluoride gets 

lowered. (56) 

 
Schemehorn et al. (2011) compared the fluoride uptake into the enamel 

surface from two fluoride varnishes with different sources of calcium 

phosphate and concluded that amorphous calcium phosphate varnish 

formulation delivers statistically significantly more fluoride than the 

formulation containing tricalcium phosphate to both the intact as well as 

the demineralized enamel. (57) 

 
Karlinsey et al (2012) analysed the impact of a sodium fluoride varnish on 

the morphology and elemental compositions of sound and demineralized 

dentin in a pH cycling model. Results from the scanning electron microscopy 

and energy-dispersive X-ray spectroscopy demonstrated varnish with 

added tricalcium phosphate (Vanish™) can provide beneficial 

mineralization relative to the control group for both sound and demineralized 

dentin substrates. (58) 
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Alamoudi et al (2013) evaluated the improved effect of the combination of 

5% sodium fluoride varnishes with tricalcium phosphate on the micro 

hardness of primary teeth. The surface micro hardness of the teeth samples 

was measured by a Knoop indenter before and after treatment and 

statistically analysed. Based on the findings the authors suggested that 

the use of an additive including functionalized tricalcium phosphate to a 

fluoride varnish effectively improves the protective property of the varnish 

on primary teeth. (18) 

 
 

Rirattanapong et al (2014) checked the effect of fluoride varnishes 

containing tri-calcium phosphate sources on remineralization of the initial 

enamel lesions. Based on the results the authors recommended the use of 

fluoride varnishes containing tri-calcium phosphate to inhibit progression of 

the initial primary enamel lesions. (59) 

 
 

Rirattanapong et al (2016) conducted a study to check the fluoride release 

from different formulations of calcium phosphate fluoride varnishes on 

primary teeth including tricalcium phosphate and amorphous calcium 

phosphate. By the end of three months it was noted that tricalcium 

phosphate fluoride varnish released more fluoride than the amorphous 

calcium phosphate fluoride varnish. (60) 

 
 

Meyer F et al (2018) stated that functionalized β-tricalcium phosphate is 

recently used in dentifrices and fluoride varnishes along with 5% sodium 
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fluoride. The rationale behind the addition of functionalized tricalcium 

phosphate is, in case of functionalized tricalcium phosphate, by milling β- 

tricalcium phosphate with the organic components, the calcium oxides 

become ‘protected’ by the organic materials like fumaric acid/ sodium lauryl 

sulfate, thus facilitating the calcium and phosphate ions of the β- tricalcium 

phosphate to coexist with fluoride ions without any premature interactions. 

When the dentifrice or varnish is applied intraorally, the outer protective 

coating is removed due to the action of saliva, thus releasing calcium at 

tooth surface, promoting high bioavailability of fluoride and calcium ions on 

the surface of the lesion thereby promoting remineralization. (61) 

 
 

Almaz et al. (2020) performed a randomized control trial to check the 

antibacterial effect of Fluoride varnish with various added formulations and 

it was observed that fluoride varnish with added tricalcium phosphate 

caused the maximum reduction in Streptococcus mutans and Lactobacilli 

levels when compared to the other varnishes. (62) 

 
 

Addition of Xylitol to fluoride varnishes 
 

Söderling et al., (2009) mentioned the mechanism of action behind the 

anticariogenic property of xylitol which is claimed to be due to the inability of 

five-carbon sugar to be fermented by Streptococcus mutans to produce 

acids. Addition of xylitol also has the additional benefit of improving the 

patient compliance. Xylitol in lozenges also stimulates salivary flow, possibly 

increasing mechanical cleansing activity, delivering minerals to 
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demineralized enamel, and buffering the plaque acids. The study showed 

that the resistant strains of Streptococcus mutans may be less cariogenic 

in the habitual xylitol users, as it causes a reduction of insoluble extracellular 

polysaccharides, thus altering its adherence onto tooth surfaces. (63) 

 
Shen et al (2011) stated that xylitol coated calcium phosphate (Embrace™) 

varnish resulted in higher remineralization compared to Durashield. 

indicating the notion that extra calcium and phosphate ions provided by the 

xylitol coated calcium and phosphate in Embrace™ varnish increases the 

efficiency of the remineralizing potential. (64) 

 
Moraes et al. (2011) evaluated the antibacterial efficacy of the xylitol 

component combined in chlorhexidine varnishes and observed that 40% 

xylitol solution did not provide significant suppression of the Streptococcus 

mutans count. (65) 

 
Garcia Godoy et al (2013) performed a study to check the efficacy of xylitol 

based dentifrices with and without fluoride on root caries and it was noted 

that the evaluation of the mean lesion depths showed no statistical 

difference. (66) 

 
Vongsavan et al (2014) compared the surface micro hardness of the bovine 

enamel after treatment using fluoride varnish and combination of xylitol and 

fluoride varnish and noticed that the added xylitol component did not have 

any additional benefit in vitro. (67) 
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Cardoso et al (2014) performed a comparative study to check the 

remineralisation potential of various concentrations of xylitol varnishes and 

it was noted that surface lesion remineralization was noted on treating with 

both 10% and 20%. However subsurface lesion remineralization occurred 

only at 20% concentration. (68) 

 
 

Cardoso et al (2016) conducted another study, based on the results of the 

above study, in which the author compared the remineralisation potential 

of xylitol varnishes with the commercially available fluoride varnishes and 

concluded that 20% xylitol showed promising results in terms of the 

remineralizing activity on the surface and subsurface lesions. (69) 

 
 

Jafari et al. (2018) also suggested that the application of xylitol-based 

varnishes and casein phosphopeptide-amorphous calcium phosphate 

varnishes caused a remarkable reduction in the level of Streptococcus 

mutans in the oral cavity. (70) 

 
 

Gargouri et al (2018) checked the efficacy of fluoride varnishes coupled 

with Xylitol in terms of their protective effect against demineralization and 

antibiofilm effect and noticed that the minimum biofilm inhibitory effect was 

low for xylitol but it was inconsistent when enriched with remineralizing 

agents. (71) 
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Jain et al (2019) performed an in vitro study by comparing the 

remineralizing potential of fluoride varnish with resin modified glass ionomer 

based fluoride varnish, fluoride varnish with xylitol coated calcium 

phosphate and conventional fluoride varnish on early enamel lesions and 

concluded that the remineralizing property of fluoride varnish with xylitol 

coated calcium phosphate was not as good as those produced by glass 

ionomer based fluoride varnish. (72) 

 
 

Yadav S et al (2019) stated that xylitol modifies the growth and metabolism 

of several bacterial species, but streptococcus mutans appear to be the 

target organism. In addition, the reduction of insoluble extracellular 

polysaccharides is probably of importance for the xylitol- induced decrease 

in the counts as well as the transmission of mutans streptococci. (51). (5) 
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The present in vitro study was conducted in the Department of 

Pedodontics and Preventive Dentistry, Sathyabama Dental college and 

Hospital, Chennai. 

 
 

Other facilities involved in the study 
 

 Department of Biochemistry, Sathyabama Dental college and 

Hospital 

 Department of Oral Pathology, Sri Ramachandra Institute of Higher 

education and Research, Porur 

 Department of Oral Pathology, Ragas Dental college and Hospital, 

Uthandi 

 Research Centre, Balaji Dental college and Hospital, Pallikaranai 

 
 

Materials used in the study 

Experimental materials 

1. Vanish™ 5% sodium fluoride white varnish, (3M ESPE,St. Paul, 

MN, USA) (Fig. 6) 

2. Embrace™ Varnish (Pulpdent corporation, Watertown, MA, USA) (Fig. 7) 
 

3. Fluor Protector®, (Ivoclar Vivadent AG, Schaan, Liechtenstein) (Fig. 8) 
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Materials & Equipment for evaluation of Demineralization inhibitory 

effect 

 Armamentarium used (Fig. 1) 
 

o Sterile gloves 
 

o Sterile tweezers 
 

o HB graphite pencil (Apsara platinum) 
 

o Brown duct tape (Wonder cello brown tape) 
 

o Nail varnish 
 

o Pipette (10 ml) 
 

o Ice cube trays 
 

o OHP/ CD/ DVD permanent marker pen (Luxor) 
 

o Diamond tipped disc (Strauss Diamond Disc 0.17 mm, Fine grit, 

Strauss Co., Raanana, Israel) 

o Wax sheet 
 

o Wax knife 
 

o Spirit lamp 
 

o Self-cure acrylic (DPI® Cold Cure acrylic) 

o GDC Caliper Iwanson Metal (CLP1) 
 

o Glass slide 
 

 Micromotor, (Supreme Labo, CONFIDENT DENTAL EQUIPMENTS 

PVT LTD, Bangalore) (Fig. 2) 

 40 non carious premolars extracted for orthodontic purposes (Fig. 3) 
 

 Demineralizing solution (Fig. 13) 
 

 Hard tissue microtome (Leica Sp 1600 Saw microtome, Leica 

Microsystems Nussloch GmbH, Germany) (Fig. 17) 
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 Polarised light microscope (Olympus BX50 Fluorescence 

Microscope, Olympus corporation, Shinjuku City, Tokyo, Japan) (Fig. 

25) 

 ImageJ software (a JAVA based image processing software 

developed by National Institute of Health) 

 
 

Materials & Equipment for evaluation of Antibacterial effect 
 

 Armamentarium used (Fig. 30) 
 

o Culture plate 
 

o Cotton swab 
 

o Micropipette 
 

o Wire loop 
 

o 96 well plate 
 

 Blood agar 
 

 Streptococcus mutans strain 
 

 Incubator (Fig. 32) 

 
 

Methodology 
 

Demineralization inhibitory effect of fluoride varnishes 
 

 Preparation of tooth sections 
 

Forty non-carious freshly extracted premolars extracted for 

orthodontic reasons were selected for the study. The teeth were first cleaned 

with pumice slurry and polishing brush in a slowly rotating hand piece. The 

teeth were then thoroughly washed under running water and stored in sterile 

saline. 
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Portion of the tooth which 

will be coated with nail 

varnish 

Buccal window for 

fluoride varnish 

application 

 
 

 

Diagrammatic representation of the buccal window on the tooth 

sample for fluoride application 

 
 

A buccal window measuring 2 X 2 mm was drawn on the middle third 

of the buccal surfaces of the enamel portions of the teeth using a HB 

graphite pencil and was covered using small pieces of duct tape. The 

remaining portion of the tooth was painted with nail varnish (fig. 5) and 

was allowed to dry at room temperature. Once dried the duct tape pieces 

were removed exposing the buccal window for fluoride application. 

 
 

 Fluoride pre-treatment of the enamel sections 

The tooth sections were randomly grouped into four groups with ten 

samples for each group as follows: 

Group 1 –Vanish™ 5% sodium fluoride white varnish 

Group 2 – Embrace™ Varnish 

Group 3 – Fluorprotector® varnish 

Group 4 – No fluoride application - Control 

Group 1: The contents of Vanish™ varnish was thoroughly mixed using 

the applicator brush which was available with the kit as per the 
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manufacturer’s instructions. A thin layer of Vanish™ varnish was then 

applied on the prepared buccal windows on the buccal surfaces of tooth with 

the applicator brush using horizontal strokes. 

 
Group 2: A thin layer of Embrace™ varnish was applied on the prepared 

buccal windows on the buccal surfaces of the tooth samples using the 

applicator brush provided by the manufacturer. Paint on technique was used 

for the application of the varnish. 

 
Group 3: A thin film of the Fluorprotector® varnish was applied on the 

prepared buccal windows on the enamel portion of the tooth samples with 

the applicator tip available with the kit. The paint on technique was used 

for application of the varnish. 

 
Group 4: The prepared buccal windows were left as such without any 

fluoride intervention. 

All the samples were left undisturbed for a period of 24 hours after the 

fluoride application. 

 
 Preparation of demineralizing solution 

 

The demineralizing solution was prepared in accordance to the 

protocol described by Patil et al, 2013. (73) The artificial caries solution was 

prepared using equal amounts (50 ml) of the following components: 

o 2.2 mM calcium chloride (CaCl2.2H2O) 
 

o 2.2 mM monosodium phosphate (NaH2PO4.7H2O) 
 

o 0.05 M lactic acid 
 

The final pH was then adjusted to 4.5 using sodium hydroxide. 
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 Immersion of the samples into the demineralizing solution (Fig. 14) 
 

The samples following the 24 hours of drying were then immersed 

in 3 ml of demineralizing solution in plastic containers for a period of 48 

hours at room temperature. At the end of 48 hours the samples were 

removed from the solution using tweezers for sectioning. 

 
 

 Sectioning of the tooth samples 
 

The root portions of the tooth samples were sectioned using a 

micromotor with a diamond tipped disc. (Fig. 15) The crown portion of the 

teeth were mounted on acrylic blocks for sectioning using a hard tissue 

microtome. (Fig. 16) A section measuring 100 μm was obtained from each 

sample using the hard tissue microtome. (Fig. 18) The thickness of the 

sections was confirmed to be 100 μm using GDC Caliper Iwanson Metal. 

(Fig. 19) These sections were then imbibed on glass slides using DPX 

mounting medium to be observed under the polarised light microscope. (Fig. 

20 - 24) 

 
 

 Measurement of the demineralized zone 
 

The glass slides with the mounted samples were then analysed using a 

polarized light microscope. (Fig. 25) 

 
 

Before starting the measurement, the stage micrometre with a 4X 

objective lens was focused. The sections were photographed under 

maximum illumination and the photomicrographs obtained. (Fig 26 - 29) 
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These photomicrographs were evaluated using the ImageJ software 

to measure the demineralized zone. The entire thickness of the enamel and 

the dark zones were measured using the ANALYZE, SET MEASURE option 

in ImageJ software expressed in pixels. The unit conversion from pixels to 

millimetre was done using an online web based software. 

 
 

The values of the enamel thickness and the dark zones obtained 

were subjected to statistical analysis. 

 
 

Antibacterial effect of fluoride varnishes 
 

 Bacterial strains used 
 

Streptococcus mutans MTCC 890 was procured from Microbial Type 

Culture collection and Gene Bank (MTCC), CSIR-Institute of Microbial 

Technology, Sector 39-A, Chandigarh-160 036, INDIA. This was revived on 

sheep blood agar and the purity was assessed by gram staining. The strains 

were inoculated in order to study the antibacterial efficacy. 

 
 

Inoculation was done by overnight culture of Streptococcus mutans 

MTCC in 10 ml of brain heart infusion agar (Himedia, India) supplemented 

with sterile human serum (5%) and incubated at 37°C for 1 hour. The 

turbidity was adjusted to match the turbidity of McFarland standard scale 

0.5 to obtain the cell density of 1.5 x 108 cells/ml. 
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The two widely used techniques to check the antibacterial efficacy of 

fluoride varnishes are, 

1. Disc diffusion susceptibility testing 
 

2. Broth micro-dilution technique 
 

Both the above mentioned techniques were done in this study to 

check the antibacterial efficacy of the fluoride varnishes. 

 
 

 Disc diffusion susceptibility testing 
 

The disc diffusion method has been widely used to test antibacterial 

activities of herbal extracts, endodontic medicaments and sealers. It allows 

direct comparison of conventional medicaments used in dental procedures 

against the test microorganisms, indicating the medication that has the 

potential to eliminate bacteria from the region. Standard ciprofloxacin disc 

(30 µg) was included for comparison. (Fig. 33) 

 
 

Agar well diffusion test, a modification of the disc diffusion test is a 

more practical and convenient method for analysing the materials which are 

thixotropic in nature. Owing to the viscous nature of the fluoride varnishes 

analysed in this study, this modified technique was employed in this study. 

Using the well diffusion technique, antibacterial resistance can be detected 

by challenging bacterial isolates with the materials placed in the wells 

punched on the agar plate that has been seeded with a lawn of bacteria. 
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Lawn culture of Streptococcus mutans MTCC 890 was made on 

sheep blood agar. Wells of 6 mm diameter was punched using coke borer 

and 50 µl each of Vanish™, Embrace™ and Fluorprotector® was added in 

the respective wells and the plates were incubated at 37°C for 24 hours. 

The assay was done in triplicate. The contents of sheep blood agar include 

7% sheep blood plus nutrient agar with a pH of 7.4 ± 0.2. 

 
 

 Minimal inhibitory concentration determination by broth micro 

dilution technique 

Broth dilution is a technique in which incremental increasing 

concentrations of the antibacterial agent is added to containers holding 

identical volumes of broth culture with known density of the test organism. 

Broth micro-dilution is a modification of the broth dilution and is performed 

on micro-titre plates with a holding capacity of ≤ 500µl per well. In this 

procedure double serial dilution of an antibacterial agent is prepared in the 

broth medium and the lowest concentration of the antibacterial agent under 

defined in vitro conditions that completely inhibits visible bacterial growth 

within a defined period of time is recorded as the minimal concentration. 

 
 

Minimum inhibitory concentration of Vanish™, Embrace™ and 

Fluorprotector® were determined as follows. Gradually increasing dilutions 

of the test solutions were prepared on the respective labelled wells of a 

micro-titre plate. (Fig. 34) The first well contained the original 
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concentration of the product tested. Thereafter from the second well, serial 

dilution of Vanish™, Embrace™ and Fluorprotector was performed. 

 
 

The last well of each row served as the culture control and no test 

solution was added. 10 µl of Streptococcus mutans suspension was added 

to all the wells including the culture control (Fig. 34). The plates were 

incubated overnight at 37°C. Minimal bactericidal concentration of the test 

solutions (Vanish™, Embrace™ and Fluorprotector) were determined by 

spot inoculation of 5 µl of the culture from each well of the micro-titre plate 

onto a Mueller Hinton Agar plate. Minimum concentration of the test solution 

that completely inhibited (~99%) the growth of the colonies on the Mueller 

Hinton Agar plate was scored as the minimal inhibitory concentration of the 

respective test solution. (Fig. 36 - 41) 

 
 

Statistical analysis 
 

 The mean values of the enamel thickness of the tooth samples in four 

groups were analysed using the One-way ANOVA test initially to check 

the uniformity of the enamel thickness in all groups for standardization 

purpose. 

 The mean difference values of the demineralization zones of the four 

groups were analysed using the One-way ANOVA test and as the 

difference was statistically significant further intergroup comparisons 

were done. 

 Pairwise intergroup comparison was done using the Bonferroni’s test 
 

to check the superiority of the efficacy of one material over the other. 
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Formulae used for analysis 
 

 Mean, X =Σ Xi / n, i = 1, 2…. n 

 

 Standard deviation (SD) = √Σ (Xi - X )2/ n-1 
 

 One-way ANOVA 
 

F = Between group variance / Within group variance 
 

 Bonferroni’s post hoc: 
 

where ni is the sample size and si is the standard deviation for the 

ith sample 
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Materials and equipment used to check the demineralization inhibitory effect of fluoride varnishes 
 

 

Fig. 1: Armamentarium used for the demineralization inhibitory effect 
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Fig. 2. Micromotor 
 
 

 

Fig. 3: Freshly extracted premolars (n=40) 
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Fig. 4: Buccal window prepared 
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Fig. 5: Nail varnish coated samples excluding the buccal window 
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Fig. 6: Vanish™ varnish Fig. 7: Embrace™ varnish 
 
 
 
 
 

 

 
Fig. 8: Fluorprotector® varnish 
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Fig. 9: Application of 
Vanish™ varnish 

Fig. 10: Application of 
Embrace™ varnish 

 
 

 

 
 

Fig. 11: Application of Fluorprotector® Varnish 
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Fig. 12: Agents used for the preparation of demineralizing solution 
 
 

 

 

Fig. 13: Prepared demineralizing solution 
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Fig. 14: Immersed tooth samples in the demineralizing solution 
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Fig. 15: Sectioning of the crown portion using diamond tipped disc 
 
 

 

 

Fig. 16: Crown portion mounted on acrylic block for 100 µm sectioning 
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Fig. 17: Hard tissue microtome 
 
 

 

Fig. 18: Sectioning of sample using hard tissue microtome 
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Fig. 19: Measuring the thickness of the ground sections using GDC 

calliper 
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Fig. 20: Tooth sections from all the groups mounted on glass slides 
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Fig. 21: Tooth section from Group 1 mounted on glass slide 
 
 

 

Fig. 22: Tooth section from Group 2 mounted on glass slide 
 
 

 

Fig. 23: Tooth section from Group 3 mounted on glass slide 
 
 

 

Fig. 24: Tooth section from Group 4 mounted on glass slide 
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Fig. 25: Demineralised zone observation under polarised light 

microscope 
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Self-cure acrylic resin 

 

 

Demineralized dark zone 
 
 
 

Sound enamel 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 26: Demineralised zone (9.84 mm) of Group 1 under polarised 

light microscopy 

 
 

Self-cure acrylic resin 
 
 
 

Demineralized dark zone 
 
 
 
 
 
 

 

Sound enamel 
 
 
 
 
 
 
 
 
 

Fig. 27: Demineralised zone (15.89 mm) of Group 2 under polarised 

light microscopy 
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Self-cure acrylic resin 
 

 

Demineralized dark zone 
 
 
 
 
 

 
Sound enamel 

 
 
 
 
 
 
 
 

Fig. 28: Demineralised zone (34.16 mm) of Group 3 under polarised 

light microscopy 

 
 
 
 
 
 
 

Self-cure acrylic resin 
 

 

Demineralized dark zone 
 
 
 
 
 
 

Sound enamel 
 
 
 
 
 

 

Fig. 29: Demineralised zone (48.44 mm) of Group 4 under polarised 

light microscopy 
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Materials and equipments used to check the antibacterial efficacy of 

fluoride varnishes 

 
 
 
 
 

Fig. 30: Armamentarium used for the antibacterial efficacy of the 

fluoride varnish 
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Fig. 31: Brain Heart Infusion agar 
 
 

 

Fig 32: Incubator 
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Disc diffusion susceptibility testing 
 
 
 
 
 
 
 

 

 

Fig. 33: Disc diffusion method showing the zones of inhibition of the 

growth of Streptococcus mutans 
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Broth micro-dilution technique 
 

Fig. 34: Transfer of the fluoride varnishes onto the 96 titre well plate 
 
 

 

Fig. 35: 96 titre well plate with serial dilution of the fluoride varnishes 
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Fig. 36: Cells drawn on the culture plate for diluted concentrations of Vanish™ 

 

Y–Growth of Streptococcus mutans colonies 

N–No growth of Streptococcus mutans colonies 

Fig. 37: Inhibition of growth of Streptococcus mutans attained at 

2.5% by Vanish™ 
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Fig. 38: Cells drawn on the culture plate for diluted concentrations of 

Embrace™ 

 

Y–Growth of Streptococcus mutans colonies 

N–No growth of Streptococcus mutans colonies 

Fig. 39: Inhibition of growth of Streptococcus mutans attained at 

0.04% by Embrace™ 
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Fig. 40: Cells drawn on the culture plate for diluted concentrations of 

Fluorprotector® 

 

 
Y–Growth of Streptococcus mutans colonies 

N–No growth of Streptococcus mutans colonies 

Fig. 41: No inhibition of growth of Streptococcus mutans by 

Fluorprotector® 
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The present in vitro study was conducted to compare and evaluate 

the demineralization inhibitory effect and antibacterial effect of two 

commercially available fluoride varnishes. 

 
 

Demineralization inhibitory effect 
 

 
N Mean 

Std. 
Deviation 

Significance 

Group 1 
Vanish™ 

10 55.92 8.49 
 
 
 

 
0.55(p>0.05) 

Group 2 
Embrace™ 

10 50.62 11.73 

Group 3 
Fluorprotector® 

10 56.67 9.72 

Group 4 
No fluoride 
treatment 

10 53.69 10.62 

 
 

Table 1: Enamel thickness of the Groups showing the mean, 

standard deviation and p value 

 
 

Table 1 shows the mean values of the enamel thickness of Groups 1,2,3 

and 4. p value being 0.55, indicates that there is no statistically significant 

difference between the groups. This also shows that there is uniformity in 

enamel thickness of all the samples, before subjecting them to the 

demineralization inhibitory effect. This in turn confirms the standardisation 

of the samples used in all the groups. 
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N 

 
Mean 

 
Std. 

Deviation 

95% Confidence 
Interval for Mean 

 
ANOVA 

Lower 
Bound 

Upper 
Bound 

Group 1 
Vanish™ 

10 10.82 4.80 7.39 14.26 
 
 
 

 
0.00 

Group 2 
Embrace™ 

10 17.54 7.79 11.97 23.11 

Group 3 
Fluorprotector® 

10 25.84 10.68 18.20 33.48 

Group 4 
No fluoride 
treatment 

10 41.69 11.99 33.11 50.28 

 
 

Table 2: Demineralization depths of Groups 1,2,3 and 4 showing the 

mean, standard deviation and confidence interval 

 
 

Table 2 shows the distribution of the demineralization depths of Groups 1, 

2, 3 and 4 showing the mean, standard deviation and confidence interval. 

Demineralization depth was the least for Vanish™ (10.82 ± 4.80) followed 

by Embrace™ (17.54 ± 7.79). Fluorprotector® had a higher demineralized 

depth (25.84 ± 10.68) when compared to Vanish™ and Embrace™. 

 
 

ANOVA test showed a statistically significant difference in the 

demineralization depths between the four groups (p<0.05) and hence, 

further pair-wise comparison was done using Bonferroni’s test. 
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Graph 1: Graphical representation of the demineralised zones of the four groups 

 
 

Graph 1 shows the mean values of the demineralization zones of the 

samples from Group 1 to Group 4. The X axis represents the Groups and 

the Y axis represents the mean values of the demineralised zone in 

millimetres. 

 
 

The demineralized depth for Vanish™ shows a mean value of 10.82, 

Embrace™ shows a mean value of 17.54 and Fluorprotector® shows a 

mean value of 25.84. Group 4 where no fluoride treatment was applied 

showed the demineralized depth to be at 41.69 

45 41.6913 

40 

35 

30 
25.843 

25 

20 17.5393 

15 
10.824 

10 

5 

0 
Vanish™ Embrace™ Fluorprotector No fluoride 

 
GROUPS 

M
EA

N
 O

F 
D

EM
IN

ER
A

LI
ZE

D
 Z

O
N

E 
(m

m
) 



Results 

70 

 

 

 

 

 
Group 1 
Vanish™ 

Group 2 
Embrace™ 

Group 3 
Fluorprotector® 

Group 4 
No fluoride treatment 

.678 
(C.I -18.26 to 

4.83) 

.005 
(C.I -26.56 to - 

3.48) 

.000 
(C.I -42.41 to – 

19.33) 

 

 
Group 2 

Embrace™ 

Group 3 
Fluorprotector® 

Group 4 
No fluoride treatment 

.313 
(C.I. -19.85 to 3.24) 

.000 
(C.I. -35.69 to - 

12.61) 

 

 
Group 3 

Fluorprotector® 

Group 4 
No fluoride treatment 

.003 
(C.I. -27.39 to 4.31) 

 

Table 3: Pairwise comparison of the four groups showing p value and confidence intervals 

 
 

Since, the results of the One-way ANOVA had confirmed that there 

existed a statistical difference in the demineralized zone values among the 

groups, therefore the pairwise comparison was further done to know the 

superiority of one group over the other in terms of their demineralization 

inhibitory effect. Table 3 shows the pair wise comparison of the groups 1,2,3 

and 4 evaluated using Bonferroni’s test. 

 
There was no statistically significant difference between Group 1 

Vanish™ versus Group 2 Embrace™ and Group 2 Embrace™ versus 

Group 3 Fluorprotector®. (p > 0.05). A statistically significant difference was 

observed between Group 1 Vanish™ and Group 3 Fluorprotector®. 

 

All groups showed a statistically significant difference when 

compared to control (Group 4) (p < 0.05), highlighting the efficacy of the 

three experimental groups in inhibiting the demineralization process. 
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EVALUATION OF ANTIBACTERIAL EFFECT 
 

The results of the disc diffusion method were inconclusive as the 

materials did not diffuse satisfactorily owing to their high viscous nature and 

hence the antibacterial efficacy of the fluoride varnishes were investigated 

using the broth micro dilution assay. 

 
 

The Broth micro dilution assay was performed to check the efficacy 

of the varnishes that completely inhibited (~99%) the growth of the colonies 

on the MHA plate. The assay was repeated twice for minimizing lab related 

errors. 

 
Serial Tube Dilutions 

1 2 3 4 5 6 7 8 9 10 11 Control 

G
ro

u
p

s
 

Group 1 N Y Y Y Y Y Y Y Y Y Y Y 

Group 1 N Y Y Y Y Y Y Y Y Y Y Y 

Group 2 N N N N N N Y Y Y Y Y Y 

Group 2 N N N N N N N N Y Y Y Y 

Group 3 N Y Y Y Y Y Y Y Y Y Y Y 

Group 3 Y Y Y Y Y Y Y Y Y Y Y Y 

 
Y–Growth of Streptococcus mutans colonies 

N–No growth of Streptococcus mutans colonies 

 

Table 4: Minimal inhibitory concentration of the experimental and 

control groups done using broth micro-dilution assay 
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Observations from Table 4 show minimal inhibitory concentration values 

of the experimental groups (Group 1, 2 and 3) checked using broth micro 

dilution assay. 

 
 

Table 4 and figure 37 show the inhibition of the target microbe 

(Streptococcus mutans) by Group 1 which was achieved only in the first cell 

which corresponds to 2.5%. 

 
 

Table 4 and figures 39 show the inhibition of the target microbe by Group 

2 which was noted up to the seventh cell which corresponds to 0.04%. 

 
 

Table 4 and figure 41 reveal no growth inhibition by Group 3 even in its 

first dilution. 

 
 

In light of the above findings, the minimal inhibitory concentration 

for Vanish™ is 2.5% and Embrace™ is 0.04%. These findings clearly 

indicate that Embrace™ had better antibacterial activity followed by 

Vanish™. 
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Dental caries is a transmissible microbial disease process caused 

by the acids released as a result of the bacterial metabolism, which then 

diffuses into the enamel and dentin, thereby dissolving the mineral 

component. This cariogenic process is a continuum resulting from repeated 

cycles of demineralization and remineralization. The demineralization 

activity commences at the atomic level of the crystal structure of the enamel 

or dentin and continues to occur until halted, with the end-point being 

cavitation. Many interventions have been tried to interrupt this continuing 

process with the aim of arresting or reversing the progress of the carious 

lesion. (6) 

 
 

Fluoride is a therapeutic agent which has been studied for decades 

together in regard to its cariostatic property, and there is ample evidence 

to prove its ability to reduce demineralization and enhance remineralization. 

(10,15,36,43,74,75) 

 
 

The major therapeutic action of fluoride is through topical 

mechanisms which include 

 Inhibition of demineralization at the crystal surfaces of the tooth, 
 

 Facilitation of remineralization at the crystal surfaces (giving an 

acid resistant surface to the reformed crystals) 

 Inhibition of the bacterial enzymes. (7) 
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Low levels of salivary and plaque fluoride prevent caries by inhibiting 

demineralization activity and by enhancing remineralization. On the other 

hand, high levels of fluoride can provide resistance to carious lesion 

formation and to dental erosion. (44) 

 
 

Of the various delivery systems available, the use of fluoride 

varnishes is effective in caries prevention for the paediatric population. 

(14) Topical fluoride interacts with saliva and forms calcium fluoride on the 

enamel surface. At a neutral pH, the calcium fluoride compound is stabilized 

by pellicle proteins and secondary phosphate. When there is a drop in pH 

levels, calcium fluoride dissolves and releases fluoride ions; therefore, it 

acts as a prolonged source of fluoride after application. (76,77) 

 
 

A wide range of fluoride varnishes with varied compositions have 

been developed to enhance the protective ability of   fluoride varnishes. 

Fluoride varnish containing 5% sodium fluoride (22,600 ppm F) is the widely 

used topical fluoride that has been preferred for caries management for 

decades. (15) 

 
 

After application of fluoride varnish, the main product which gets 

deposited on the enamel surface and on subsurface carious lesions is 

calcium fluoride or fluorapatite. (74) The fluorapatite gets permanently bound 

within the crystalline structure of the enamel, whereas most of the calcium 

fluoride precipitates on the surface of the enamel. Clinical studies have 

concluded that fluoride varnishes have the potential to deposit large 
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amounts of fluoride on the enamel surface. (74,78–81) The amount of 

fluoride which gets deposited on the demineralized enamel is greater than 

that present on a sound enamel and tends to be similar in chemical structure 

to fluorapatite. (82) 

 
 

Under certain thermodynamic circumstances and in the presence of 

phosphate, a portion of calcium fluoride can precipitate as fluorapatite 

during remineralization. This transformation takes place in the physical 

presence of the varnish. According to Holmen et al., fluoride released from 

the varnish may produce a redistribution of ions in the body of a carious 

lesion, creating a favourable gradient of fluoride diffusion, thereby reducing 

the porosity of the body of the lesion. (83) 

 
 

Literature reveals ample evidence to substantiate the enhanced 

benefit of additives added to fluoride like functionalized Tricalcium 

phosphate and xylitol in inhibiting the demineralization process of carious 

lesions. (59,84–86) Clinical studies have highlighted the benefit of adding 

calcium phosphate salts, such as tri-calcium phosphate, inhibiting 

progression of initial primary enamel lesions better than fluoride varnishes 

alone. (87) Studies have revealed that the hydrolysis of phosphates results 

in the formation of calcium hydroxyapatite crystals, and the polymorph of tri-

calcium phosphate is capable of expeditious hydrolysis for the formation of 

hydroxyapatite. (88) This is a remarkable property of tricalcium phosphate 

as it not only accelerates the formation of hydroxyapatite when 
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used along with sodium fluoride ions, but also tend to have a greater 

uptake of fluoride than conventional hydroxyapatite. (88,89) 

 
 

Primary enamel has a relatively larger amount of structure-less 

enamel when compared to the permanent teeth making the transfer of 

fluoride ions across the crystals less pronounced. In this respect, the role 

of tricalcium phosphate salts may be significant as it is proven to improve 

the surface micro hardness of teeth as stated by Alamoudi et al.(18) In 

concordance with the above findings, the commercially available fluoride 

varnish of sodium fluoride with functionalized tricalcium phosphate was 

included in this study. 

 
 

Xylitol was also reported to inhibit demineralization by maintaining a 

higher pH value with super saturation of calcium in saliva. (90) This property 

is attributed to the capacity of xylitol to form complexes with calcium ions. 

This in turn inhibits the translocation of dissolved calcium and phosphorus 

ions from lesions by lowering their diffusion coefficients, thereby inhibiting 

the demineralization process. (91) Owing to the above findings in the 

previous studies, a fluoride varnish with Xylitol as an active additive agent 

was included in this study. 

 
 

The complexity of the cariogenic process has led to the formulation 

of various model systems to provide better understanding of the 

mechanism of demineralization and remineralization processes. These 

model systems could be broadly classified as biofilm models and chemical 
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models.(92) Such caries model systems help in the ensuing determination 

of the clinical benefits of materials analysed in a study. The model used in 

this study is the simple mineralization model which is categorised under 

chemical models for artificial carious lesion formation. (93) In literature, 62% 

of the chemical models have been performed using the simple 

mineralization technique owing to their simplicity, low cost, efficiency, time 

saving, reproducibility, and stability. (92) 

 
 

The enamel thickness of the sections observed did not show any 

statistical difference across the specimens allotted to each group, indicating 

the uniformity of the enamel thickness in all specimens. 

 
 

The demineralization zones were analysed using the polarised light 

microscope as it proves to be highly beneficial for obtaining a dynamic 

impression of the relative changes which take place in crystallite/ 

intercrystallite ratio during the carious process. (94) Fejerskov et al. 1975, 

stated that in the observed birefringence, the dark zones observed are 

interpreted either as representation of demineralization or as an expression 

of the precipitation of mineral components. (95) The use of polarised light 

microscopy in the evaluation of the demineralization regions have been tried 

in several studies and found to be an effective tool for the quantitative 

measurement of the same. (93,96–98) In this study, it was observed that 

the mineral content of the dark zone in the experimental groups was much 

less than that in the Control group, which implied the 
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demineralization inhibitory effect of the study materials, as observed by 
 

Duraisamy et al, 2015. (96) 

 
 

Demineralization inhibitory effect 
 

Group 1 (Vanish™), Group 2 (Embrace™) and Group 3 

(Fluorprotector®) versus Group 4 (No fluoride treatment) 

Results of this study showed that the varnishes - Vanish™, 

Embrace™ and Fluorprotector® inhibit demineralization. This was clearly 

evident from the huge difference in the demineralization effect of the 

experimental groups when compared to the control group. This could be 

attributed to the cumulative fluoride release from Embrace™, as stated by 

Jablanowski et al. (2012), wherein the fluoride release from various 

fluoride varnishes were measured at various time intervals until the level 

was below the limit of detection. (99) These findings are further supported 

by Patil et al., 2013 which shows that fluoride with tricalcium phosphate was 

better in remineralizing early carious lesions when compared with casein 

phosphopeptide amorphous calcium phosphate and its combination with 

fluoride. (84) The study’s results also correlate with recent findings by 

Gargouri et al. in which xylitol combined with other remineralizing agents 

improved the protection against demineralization. (71) 

 
 

Group 1 (Vanish™) versus Group 2 (Embrace™) 
 

On comparing Vanish™ and Embrace™, there is no difference 

observed in demineralization inhibition potential which highlights the 

effectiveness of both the additives present in the materials studied. Similar 
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results were obtained in an in vitro study by Sahiti et al, 2020 wherein the 

demineralization–remineralization of two commercially available fluoride 

varnishes, one with xylitol and the other with tricalcium phosphate were 

investigated using DIAGNOdent. The study concluded that both the 

materials analysed were equally effective as there was no statistically 

significant difference between the two. (100) 

 
 

Group 1 (Vanish™) versus Group 3 (Fluorprotector®) 
 

Vanish™ shows better efficacy when compared to Fluorprotector® 

which manifests the superiority of the sodium fluoride varnish with 

functionalized tricalcium phosphate in better inhibition of the 

demineralization process when compared to sodium fluoride varnish. The 

improved effect might be attributed to the unique property of tricalcium 

phosphate as it not only accelerates the formation of hydroxyapatite when 

used in combination with sodium fluoride, but also increases the uptake of 

fluoride than conventional hydroxyapatite. (88,89) 

 
 

Group 2 (Embrace™) versus Group 3 (Fluorprotector®) 
 

On comparing Embrace™ and Fluorprotector®, there was no 

significant difference in the inhibition of demineralisation, indicating that 

the xylitol component does not improve the demineralization inhibition 

potential of fluoride varnish.   The findings of this study is in accordance to 

a study by Amaechi et al which stated that xylitol, though considered to 

have a cariostatic effect, its impact on the demineralization – 

remineralization process is negligible.(101) Similar results were observed 
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by Goncalves et al. 2006 which stated that the addition of xylitol component 

to fluoride does not have any dominance over conventional fluoride in 

regard to its demineralization inhibitory effect. (102) 

 
 

In contrary to these findings, a study by Miake et al stated that xylitol 

does have an influence in the demineralization remineralization activity. (91) 

The difference in these findings might be attributed to the difference in 

methodology used for the evaluation of demineralized zones. In the study 

by Miake, the impact of xylitol was more prominent in the deeper layers (50 

– 60 micron) rather than the surface layers (10 micron), which insists that 

xylitol works efficiently in deeper layers of enamel. (91) Evaluation of such 

precision would be better achieved with the help of contact 

microradiography and a high-resolution electron microscope which would 

have improved the observations of this study. 

 
 

Future researches could be ameliorated by incorporating the various 

advancements like Energy Dispersive X-Ray Analysis in analysing the 

demineralization potential of the varnishes explored, by not limiting the 

observations to the surface layers but extending to the deeper layers as 

well. Such modifications could help in better scrutiny of the clinical efficacy 

of the varnishes researched. 

 
 

Antibacterial effect 
 

The oral cavity is a complex, dynamic system, which provides shelter 

for over 700 different bacterial species. Under normal conditions, 
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the oral bacterial communities live in symbiosis without causing any harm to 

the host. However, when the equilibrium disrupts, it favours the growth of 

pathogenic bacteria leading to the occurrence of oral diseases, such as 

dental caries. (103) Many hypotheses have been laid down for better 

understanding of the etiology of dental caries, including the ecological 

plaque hypothesis and the specific-pathogen hypothesis. Out of which, 

specific pathogen hypothesis implicates a single organism, primarily, 

Streptococcus mutans, as the cause for dental caries. Focusing on the 

inhibition of this causative pathogen alone could result in the reduction of 

the severity of disease, and prevent its further progression. (104) 

 
Different formulations of antibacterial agents are available in the 

global market, including dentifrices, mouthwashes, sprays, and gel forms. 

In recent years, antibacterial agents have been incorporated into the 

sustained-release systems, including varnishes for improved benefits. The 

rationale behind these varnishes is to deliver the therapeutic active agent 

at the tooth surface for a prolonged period of time. (105) Several clinical 

trials and in vitro studies have been performed to check the impact of 

antiseptic varnishes on the oral microbiota, especially the cariogenic ones. 

(106,107) 

 
The most significant anti-cariogenic property of fluoride is the 

inhibition of demineralisation and augmentation of remineralisation of early 

caries lesions. In addition to this, fluoride also has the ability to inhibit acid 

production by bacteria and cause a reduction in the level of Streptococcus 

mutans species in the oral environment. (44) 
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Literature shows that under normal conditions, following the acidic 

challenge, the protons from the extracellular environment diffuse inward 

crossing the cell membrane which then gets extruded by the enzyme, 

membrane associated F-ATPase. (108) Hence, F-ATPase serves to protect 

Streptococcus mutans against environmental acid challenge by regulating 

the pH homeostasis. Sodium fluoride acts by enhancing the proton 

permeability and reducing the F-ATPase activity of Streptococcus mutans 

biofilm cells, thereby inhibiting their intracellular metabolism. (109) Though 

efficacious, using fluoride varnishes alone has limited effect on the total 

salivary levels of Streptococcus mutans species as stated by Bapat et 

al (110), Yadav et al (51) and Jafari et al (70) and hence they are used in 

combination with other active agents like tricalcium phosphate and xylitol to 

enhance the overall benefit of the varnish. 

 
 

The disc diffusion method (or agar well diffusion test) is widely used 

in the medical laboratories to determine the antibiotic sensitivities of 

bacterial isolates. The diameter of the inhibitory zones obtained denotes the 

microbial sensitivity and the quantity of agent released after placement of 

the material studied. This method was initially chosen as it can be performed 

rapidly and easily with a large number of specimens. (93) In this study, the 

experimental varnish products were assessed for their antibacterial activity 

after 24 hours by measuring the inhibition zones produced against 

Streptococcus mutans. 
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This disc diffusion method has been widely used in various clinical 

studies which analysed the antibacterial efficacy of different formulations 

of sodium fluoride varnishes and was observed to be an effective tool for 

analysing their bactericidal effect on Streptococcus mutans. (14, 17, 25, 

29) This same methodology has been incorporated in this study to analyse 

the inhibitory effect of the experimental groups against the cariogenic 

pathogen, Streptococcus mutans with Ciprofloxacin as the control. 

 
 

When the zones of inhibition were analysed after 24 hours, 

Ciprofloxacin showed two clearly distinguishable zones, a bacterial zone, 

and a completely transparent inhibition zone with no bacterial growth. But 

the fluoride varnishes showed a translucent semi-inhibition zone, less 

transparent than the inhibition zone as seen in Fig. 33. This could be 

attributed to the alcoholic composition of the varnishes which has interfered 

with the diffusion through the agar plates. (114) The assay was further 

extended into Broth micro dilution assay as the findings were inconclusive. 

(70,106) Broth micro dilution assay is an effective alternative to disc 

diffusion method to check the antibacterial efficacy of the materials which 

are thixotropic and exhibit inadequate dissolution onto the filter paper disks. 

 
 

The minimal inhibitory concentration for Embrace™ varnish was 

0.04% and Vanish™ varnish showed inhibition at 2.5%. This difference in 

antibacterial efficacy might be attributed to their difference in composition 

of the varnishes. There is a difference in the additional active ingredient 
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namely, Xylitol coated Calcium and phosphate in case of Embrace™ and 

tricalcium phosphate in case of Vanish™ varnish, which might have 

influenced the results of the study. The results of this study are in 

accordance with Jafari et al. 2018 (70), in which sodium fluoride varnish 

with xylitol as an additive showed the highest antibacterial efficacy when 

compared to varnishes with tricalcium phosphate. Studies by Janneson 

et al 2002 (115) and Gargouri et al (71), 2018 also prove the antibacterial 

efficacy of Xylitol in remineralizing agents. 

 
 

Literature shows that, xylitol intake leads to favourable outcomes like 

reduced incidence of caries and marked reduction of Streptococcus mutans 

levels in oral environment due to the inability of Streptococcus mutans to 

ferment this five-carbon sugar xylitol. (115,116) 

 
 

The usefulness of xylitol in the prevention of dental caries, especially 

primary caries, has been well documented in literature. (63,117) The results 

of this study are analogous with the hallmark studies performed on Xylitol 

- Scheinin A et al 1975 (118), Kandelman D et al 1988 (120), Isokangas 

P et al 1988 (121), Kandelman D et al 1990 (86), 

Mäkinen KK et al 1995,1996 (122,123), Alanen P et al 2000 (124) and 

Mäkinen KK et al 2000 (119),The expressed antibacterial effect of the 

functionalized tricalcium phosphate might be attributed to its activity against 

biofilm formation and planktonic cells of Streptococcus mutans as stated by 

Monteiro et al. (125) 
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Streptococcus mutans species alone has been investigated in this 

study while the interaction from the other pathogenic bacteria in oral 

environment has not been discussed. Within the limitations of the in vitro 

condition, study under clinical situations in children is required to confirm the 

data obtained from this study. More research is needed to assess the effect 

of the antibacterial agents on other cariogenic bacteria and normal flora in 

the oral cavity. Correspondingly, the long-term sustainability of the activity 

of the antibacterial agents incorporated into the fluoride varnish should also 

be analysed to get a good measure of the products. 
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The conclusions drawn from this in vitro study were as follows, 
 

 Vanish™ exhibited an increased demineralization inhibitory effect 

when compared to Fluorprotector®. 

 Vanish™ and Embrace™ exhibited a similar demineralization 

inhibitory effect. 

 Embrace™ exhibited an improved demineralization inhibitory effect 

when compared to Fluorprotector®. 

 Embrace™ exhibited better antibacterial efficacy when compared to 

Vanish™ and Fluorprotector® against Streptococcus mutans. 

 
 

Based on the above findings, it is evident that both Vanish™ and 

Embrace™ had a better demineralization inhibitory effect when compared 

to Fluorprotector®. In terms of the antibacterial effect, Embrace™ showed 

an improved antibacterial effect when compared to Vanish™ and 

Fluorprotector®. 

 
 

Encompassing the limitations of the study, fluoride varnishes with 

active agents like tricalcium phosphate and xylitol could be included in the 

preventive protocol owing to their versatile properties in influencing the 

demineralizing activity as well as their impact of the cariogenic pathogens. 

This could be considered as an effective preventive protocol which could be 

employed on a regular basis with the motive of reducing the global burden 

caused by dental caries. 
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The limitation of the study could be overcome by investigating the 

varnishes using a biofilm model for artificial caries formation as the microbial 

aspect is also encompassed unlike the chemical model. Furthermore, the 

long term sustainability of the additional active agents also remains 

uncertain which could be explored in future studies. 
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The present in vitro study was carried out in the Department of 

Pediatric and Preventive Dentistry, Sathyabama Dental College and 

Hospital. The study intended to measure the demineralization inhibitory 

effect and antibacterial effect of commercially available fluoride varnishes 

with varied active ingredients in addition to fluoride, namely tricalcium 

phosphate (Vanish™, 3M ESPE, St. Paul, MN, US)), xylitol coated calcium 

and phosphate (Embrace™, Pulpdent corporation, Watertown, MA, USA) 

and Fluorprotector® (Ivoclar Vivadent AG, Schaan, Liechtenstein). 

 
 

Demineralization inhibition 
 

Forty freshly extracted premolars were collected, washed and stored 

in sterile saline. A buccal window measuring 2 X 2 mm for fluoride treatment 

was drawn on the middle third of the buccal surfaces of the enamel and the 

remaining part was thoroughly covered with nail varnish and was allowed to 

dry at room temperature. 

 
 

The prepared tooth samples were subjected to fluoride varnish 

application and categorized as Group 1–Vanish™, Group 2–Embrace™, 

Group 3–Fluorprotector®, and Group 4–No fluoride application. The fluoride 

application was done on the designated buccal window as per the 

manufacturer’s instructions and allowed to dry. The samples were then 

immersed in plastic containers each containing 3 ml of demineralizing 

solution for a period of 48 hours at room temperature. At the end of 48 hours 

the samples were removed from the solution. The root portions of 
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the samples were removed and the crown portions were mounted on 

acrylic blocks for sectioning. Thin sections measuring 100 μm were obtained 

using a hard tissue microtome and examined under polarised light 

microscope. The depth of demineralization was measured using a JAVA 

based program–IMAGEJ and the value obtained in pixels was converted to 

mm using an online converter. 

 
 

Antibacterial effect 
 

Broth micro-dilution assay was performed. Overnight culture of 

Streptococcus mutans MTCC 890 was inoculated in 10 ml of brain heart 

infusion agar (Himedia, India) and incubated at 37°C for 1 hour. Serial 

dilutions of the fluoride varnishes were prepared and 10 µl of Streptococcus 

mutans suspension was added to all the wells including the culture control. 

The plates were incubated overnight at 37°C. The minimal inhibitory 

concentration was recorded as the lowest concentration of the test solution 

which did not permit the growth of Streptococcus mutans. 

 
 

Statistical analysis 
 

The values obtained were subjected to statistical analysis using the 

ANOVA test for intergroup comparison and pairwise comparison was 

performed using the Bonferroni’s test. 
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Results 
 

Vanish™, Embrace™ and Fluorprotector® exhibited a marked 

demineralization inhibitory effect in the present in vitro study. The 

demineralisation inhibitory effect of Vanish™ over Fluorprotector® was 

statistically significant. However, Vanish™ does not exhibit significant 

difference in demineralization inhibition when compared to Embrace™. 

Embrace™ also does not differ in inhibiting demineralization when 

compared to Fluorprotector®. 

 
 

The antibacterial efficacy, i.e. the minimal inhibitory concentration 

values of Vanish™ and Embrace™ were obtained at 2.5% and 0.04% 

respectively which showcases the better antibacterial efficacy of Embrace™ 

over Vanish™ and Fluorprotector®. 

 
 

Conclusion 
 

Based on the results of this study, it has been concluded that both 

Vanish™ and Embrace™ had a better demineralization inhibitory effect 

when compared to Fluorprotector® and in terms of the antibacterial effect, 

Embrace™ showed an improved antibacterial effect when compared to 

Vanish™ and Fluorprotector®. 

 
 

Within the limitations of this study, fluoride varnishes with additives 

such as xylitol and functionalized tricalcium phosphate can be incorporated 

along with conventional fluoride in the prevention of caries owing to its 

effective demineralization inhibition and antibacterial effect. 
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These limitations can be overcome by exploring the deeper layers of the 

enamel using advancements like Energy Dispersive X-Ray Analysis. 

Correspondingly the future research could be focussed on analysing the 

clinical efficacy of these fluoride varnishes using randomised clinical trials 

to advocate them in larger population to eradicate the global menace of 

caries. 
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MASTER CHART 1 
 

Compilation of the data representing the enamel thickness and the 

depth of demineralized zone of the experimental and control groups 

(expressed in mm). 

Sample name Enamel thickness Demineralised zone 

 In pixels In mm In pixels In mm 

GROUP 1 

V1 249.24 65.944 56.6 14.97 

V2 205.01 54.24 37.22 9.84 

V3 194.28 51.4 15.01 3.97 

V4 273.66 72.4 57.08 15.1 

V5 213.47 56.48 70.84 18.74 

V6 237.1 62.73 48 12.7 

V7 191.47 50.65 42.06 11.12 

V8 183.85 48.64 17.03 4.5 

V9 191.93 50.78 40.31 10.66 

V10 173.67 45.95 25.12 6.64 

GROUP 2 

E1 238.84 63.19 49.19 13.01 

E2 109.12 28.87 27.78 7.35 

E3 147.12 38.92 60.07 15.89 

E4 165.68 43.83 137.67 36.42 

E5 199.58 52.8 62.43 16.517 

E6 213.36 56.45 65.8 17.4 

E7 260.93 69.03 89.9 23.78 

E8 193.21 51.12 59.55 15.75 

E9 174.72 46.22 51.26 13.56 

E10 210.88 55.79 59.4 15.716 
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GROUP 3 

F1 210 55.56 67.27 17.79 

F2 245.51 64.95 135.83 35.93 

F3 260.5 68.92 131.59 34.81 

F4 193.61 51.22 33.94 8.97 

F5 233.73 61.84 64.66 17.1 

F6 202.71 52.63 64.13 16.96 

F7 198.01 52.39 129.11 34.16 

F8 140.95 37.29 99.93 26.43 

F9 260.54 68.93 91.11 24.1 

F10 200.28 52.99 159.45 42.18 

GROUP 4 

C1 151.49 40.08 132.77 35.12 

C2 290.862 76.95 263.78 69.79 

C3 197.226 52.182 161.77 42.8 

C4 191.08 50.55 156.02 41.28 

C5 210.77 55.76 84.85 22.44 

C6 228.77 60.52 144.78 38.3 

C7 157.85 41.76 156.67 41.45 

C8 200.53 53.05 156.6 41.433 

C9 224.59 59.42 183.1 48.44 

C10 176.08 46.58 135.57 35.86 
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