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ABSTRACT 

INTRODUCTION:  

                     Dental caries, etiologically is a multifactorial disease because of both bacterial 

acid production along with the buffering action from saliva and the surrounding surface of the 

tooth structure earlier visible as White Spot Lesions (WSLs). Remineralization is the process 

whereby calcium ions and phosphate ions are supplied from an external source to the tooth to 

promote ion deposition into crystal voids. Evidence shows that early caries lesions can be 

mineralized in-vitro and in-vivo, with fluoride as one of the most significant agents for 

promoting remineralization. 

AIM:  To  compare and evaluate the effect of remineralization potential of Clinpro5000,  
 
 
   GC tooth mousse and Enafix on artificially demineralized human enamel – An in vitro  
 
 
   study. 

 

 

MATERIALS AND METHODS: 40 enamel samples were divided into 4groups. Group A: 

Tricalcium phosphate (Clinpro5000); Group B: CPP-ACP (GC Tooth mousse); Group C: 

CaSP (Enafix) and Group D (control) containing dentifrice. All teeth were subjected to 

demineralization for 24hours followed by remineralization with respective dentifrice for 30 

days and the VHN was assessed. 

 

RESULTS:  There was a statistically significant increase in VHN in all 4 groups after 

remineralization. Tricalcium phosphate group showed a higher mean VHN followed by CPP-

ACP and CaSP containing dentrifice. 

 

                                                                                                     XII 



                                                                                                                                
                              

 

 

 

CONCLUSION: All remineralizing agents showed improved surface remineralization. 

However, Tri-calcium phospahte showed a better potential for remineralization compared to 

CPP-ACP and CaSP.. 

 

KEY WORDS: 

Dental caries, demineralization, remineralization, Tricalcium phosphate, CPP-ACP, Calcium 

sucrose phosphate, Vickers hardness number. 
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INTRODUCTION 

 



 

                            1.Introduction 
 
    Dental caries is a world-wide chronic disease, easily detectable and reversible at an early 

stage, but irreversible and destructive after cavitation. Its dynamic nature of reversible and 

irreversible process makes its management time specific and critical. In the past, surgical 

approach for early surface lesions made the tooth crippled and posed irreparable 

damage.1Early stages of dental caries involve process of demineralization of tooth enamel. 

Once the complete crown is formed, enamel has no ability of growth or repair, only mineral 

gain and loss can occur through surface interaction. However enamel is subjected to 

innumerable cycles of Demineralization-Remineralization throughout life time2. 

“Demineralization- Remineralization” are two process which control progression or reversal 

of caries. This depends mainly on Saliva: pH, composition,  flow rate, Diet, Tooth: 

composition. It should be noted that the extent to which fluoride & whole saliva remineralize 

the enamel is limited3,4. 

 

Dentifrice is the most common form of anti-caries treatment today and has proven quite 

effective in reducing caries incidence since its introduction. However most of the routinely 

used dentifrices available in market have the little or no remineralization potential. But the 

three agents GC tooth mousse, Clinpro5000 and Enafix provide Calcium & phosphorous ions 

which are essential for remineralization of a demineralized enamel surface5,6. 

The ultimate goal of modern dentistry is so to manage non-cavitated carious lesions in a non-

invasive manner in an attempt to prevent further disease progression and preserve integrity of 

healthy tooth substrate. Non-invasive management of non-cavitated carious lesions comprises 

of several strategies; among these is healing the demineralized lesions using remineralizing 

agent is the common way of managing non-cavitated lesions. Remineralization is the process 

for non-cavitated lesions relies on much of the calcium and phosphate ions assisted with 

fluoride to rebuild a new surface on the already existing crystal remnants in subsurface lesions 

after remaining demineralization. These remineralized crystals are less acid soluble than the 

original mineral.7  

Zero et al 2006 proposed the requirements of an ideal remineralizing agent: 

 • It should diffuse into the subsurface or else they should delivers calcium and phosphate into 

the subsurface. 

 • It should not deliver an excess of calcium.  

 • It should not encourage calculus formation. 

 • It should work at an acidic pH. 

 • It should work in xerostomic patients.  

 • It should boost the remineralizing properties of saliva.8 

 

Fluoride is one of the most recognized remineralizing agent that interacts with oral fluids on 

the interface of enamel along with subsurface regions of teeth, and then combining with 

calcium and phosphate ions in order to form fluorapatite. The anticaries benefits of fluoride 

depends wholly upon the use of an effective concentration and frequency of application. 

Fluorides plays a key role in the prevention as well as the control of dental caries. There is no 

doubt that the discovery of the anti-cariogenic properties of fluoride was one of the most 

important landmarks in the history of dentistry.9 Moreover Remineralization of incipient 

caries is accelerated by trace amount of fluoride. Reasons to find alternative to fluoride: 
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 • The efficiency of fluoride is mainly for the caries in smooth surface.  

 • High fluoride exposures should be restricted in order to avoid fluorosis 

 • In certain countries, fluoride exposures has been made limited 

 • When used properly fluoride is found to be safe in normal individual but among certain 

conditions the fluoride exposures should be always limited as the toxicity of fluoride increases 

with nutritional deficiency (inadequate vitamin-mineral) and also in immune-compromised 

cases such as diabetes and renal disease.  

 • The strong antifluoride lobby is claiming that diseases like mental retardation, GI diseases, 

intestinal disorders, Down’s syndrome, thyroid problems are mainly attributed to the over 

exposure of fluoride.10 

 

Tri-Calcium Phosphate is a  new technology that delivers calcium and phosphate ions as. It 

contains 1.1 % sodium fluoride and delivers phosphate and calcium to the teeth which work 

synergistically with fluorides without any unfavourable interactions during storage of the 

product.11 It has been introduced by 3M ESPE and is incorporated into many products that are 

available in the market such as 36 Clinpro 5000 toothpaste with 5000 ppm F, Clinpro White 

Varnish with 22600 ppm F, and Clinpro Tooth Crème with 950 ppm F (Karlinsey et al., 

2010). The potential of Tri-Calcium Phosphate is promising. The addition of calcium 

phosphate seems to improve the remineralisation effect of fluoride rather than fluoride alone. 

For example, an in vitro study by Karlinsey et al. (2010) showed that Clinpro 5000 was 

significantly more effective in remineralising both enamel surface and subsurface lesions than 

5000 ppm F toothpaste. After 10 days the final comparison demonstrated that Clinpro 5000 

produced 30% denser subsurface lesions as compared with 5000 ppm F toothpaste. 

  

However, another in vitro study conducted by Basappa et al. (2013) failed to demonstrate any 

additional effect of calcium phosphate over fluoride alone. The study compared between 5000 

ppm F toothpaste, MI Paste Plus, and Clinpro Tooth Crème, and showed that 5000 ppm F 

toothpaste was significantly more effective than MI Paste Plus. MI Paste Plus and Clinpro 

Tooth Crème were found to be similar in their remineralising effect. It is worth noting that the 

fluoride concentration in Clinpro Tooth Cream (950 ppm F) is much lower than in Clinpro 

5000 (5000 ppm F).  

Chapla et al, in 2013 compared the remineralising potential was compared in vitro to MI Paste 

Plus, Clinpro 5000 was found to be as effective as MI Paste Plus in remineralising enamel 

lesions and their effect was significantly greater than the effect of saliva (Chapla et al., 2013). 

The results of these previously mentioned studies were different due to difference in the study 

designs, duration of application of test products, and duration of the study. 

To now highlight the basic mechanism of dental caries provided by Miller (1898) and still 

accepted today is that dietary carbohydrate is taken up by the bacterial layer on the tooth 

surface (dental plaque) and metabolized, producing organic acid which attacks the enamel 

surface and removes the calcium phosphate mineral of which it is largely composed Levine et 

al 1977.9 

 

And to overcome the above mentioned tooth surface loss a milk protein namely Casein 

Phosphopeptide-Amorphous Calcium Phosphate (CPP-ACP) was so been introduced as a 

remineralizing agent in the year of 1998 (produced by GC, Tokyo, Japan). It comprises up of 

several nanocomplexes of milk protein that is CPP along with ACP. It has been claimed that 

they promote the remineralization process of the carious lesions by maintaining a 
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supersaturated state of essential minerals, at the same time they also hinders colonization of  

 

dental surfaces by the cariogenic bacteria. It contains 10% casein phosphopeptide–amorphous 

calcium phosphate (CPP-ACP). These tooth mousse were made based on the innovative study 

of Reynolds et al. who developed Recaldent® (CPP-ACP technology). 

 

 CPP–ACP is a milk product that helps in remineralization and prevents dental caries. Casein 

phosphopeptide can deliver amorphous calcium phosphate and can also help the ACP to bind 

with the tooth structure. Casein phosphopeptide can also significantly decrease the count of 

Strept. Mutans as it has got the ability to integrate into the pellicle. CPP is a peptide which 

contains elements that can bind the calcium ion. Casein phosphopeptide can stabilize the 

calcium phosphate present in the solution as amorphous calcium phosphate. Several in vitro 

studies have shown the role of CPP–ACP in the reversal of the early white spot lesion in their 

studies.12 CPP-ACP-containing products, in the form of mouthwash, provides an anti-

cariogenic effect on strong anti-biofilm activity against S. mutans. They create a state of 

supersaturation of calcium and phosphate ions in the oral biofilm, modifying the dynamics of 

the demineralization-remineralization events. 

  

And the newer mode of remineralization without fluoride came to the market which 

contained, calcium sucrose phosphate (CaSP) and was introduced as ENAFIX (GROUP 

PHARMACEUTICALS) in the Indian market as a remineralizing agent. This product usually 

decomposes to calcium, phosphate, and sucrose ions, thus resulting in increased rate of 

remineralization.13 The CaSP, also known as anticay, provides both calcium and phosphate 

ions in a soluble form in high concentrations. It is a mixture of 85% by weight of calcium salts 

of phosphoric acid esters of sucrose and 15% by weight of inorganic calcium 

orthophosphate.14 This combination has a high water solubility index which releases more free 

calcium and phosphate ions as compared to saliva. Anticay reduces the rate of 

demineralization of enamel, increases the rate of remineralization by a common ion effect and 

actively neutralizes the plaque acids. 

 

The mineral loss or gain in the enamel because of demineralization or remineralization can be 

measured as changes in enamel surface microhardness. One of the tools for measuring the 

surface hardness is by using micro-Vickers hardness test. 

There exists differing mechanisms of action for different remineralizing agents. Also there are 

few studies that have used various non–invasive methods for analysing the remineralizing 

effect of these agents. Hence the presence of an ideal remineralizing agent and an ideal 

technique of assessing their effect is still a topic of debate. Therefore, the present study aimed 

to assess and compare the effects of remineralization on artificial enamel lesions by agents 

containing Tricalcium phosphate (CLINPRO5000), CPP-ACP (GC Tooth Mousse), Calcium 

sucrose phosphate (ENAFIX) microhardness testing using Vicker’s hardness test. 
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                 2.OBJECTIVES 

 
 

1. To evaluate remineralization potential of artificially demineralized enamel using 1.1% 

sodium fluoride – tricalcium phosphate. (Clinpro5000). 

2. To evaluate remineralization potential of artificially demineralized enamel using 

casein phosphopeptide amorphous calcium phosphate (GC tooth mousse). 

3. To evaluate remineralization potential of artificially demineralized enamel using 

calcium sucrose phosphate (Enafix). 

To compare the effect of remineralization potential of 1.1% sodium fluoride – tricalcium 

phosphate, casein phosphopeptide amorphous calcium phosphate and calcium sucrose 

phosphate. 
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                       3.Review of Literature 

 
 

• Silverstone LM et al in 1981 conducted a study to evaluate the effect of acidulated 

calcifying fluids on remineralization of caries - like lesion of enamel. The study 

concluded that acidulation of calcifying fluids enhanced the degree of remineralization 

over that attained by non calcifying fluids.15 

 

• Litkowski LJ et al in 1997 performed experiments using standardized human dentin 

slabs in vitro from extracted teeth. SEM evaluations were performed on the dentin 

surface after treatment with Novamin compounds. Results showed an increase in 

tubular occlusion compared with Non-NovaMin containing controls.16 

 

• Schemehorn BR et al in 1999 conducted a study on remineralization by fluoride 

enhanced with calcium and phosphate ingredients to determine whether improved 

remineralization can be obtained from toothpaste or mouth rinse that simultaneously 

deliver fluoride, calcium and phosphate ions from dual dispensing system. The results 

demonstrated that calcium and phosphate supplementation in toothpaste or mouth rinse 

can improve remineralization and increase fluoride uptake. 17 

 

• Srinivasan N et al (2010) in their in-situ study compared the remineralization potential 

of pastes containing CPP–ACP and CPP–ACP with 900 ppm fluoride on the human 

enamel which is previously softened by a cola drink. Forty-five enamel specimens 

were obtained from human third molar teeth were eroded in a cola drink for period of 

8 min and then attached to intra-oral devices worn by five volunteers. The specimens 

were then subjected to three different in situ remineralization protocols using: (1) 

CPP–ACP (Tooth mousse ) (Group I), (2) CPP–ACP with 900 ppm fluoride (Group II) 

(Tooth mousse plus), and (3) saliva (Group III, control). Vicker’s microhardness 

measurements were obtained at the baseline followed by demineralization and 

remineralization cycles. The study concluded that the CPP–ACP and CPP–ACP with 

900 ppm fluoride substantially remineralized the softened enamel, with the CPP–ACP 

and fluoride combination showing significantly higher remineralization potential than 

CPP– ACP.18 

 

• Hegde MN  in 2012 conducted a study to quantitatively evaluate the remineralization 

potential of casein phosphopeptide – amorphous calcium phosphate paste on enamel 

subsurface lesions using scanning electron microscopy with energy dispersive X-ray 

analysis (SEM-EDX). The study concluded that CPP-ACP paste could significantly 

remineralize the artificial enamel subsurface lesions in vitro: the remineralizing rates 

increasing with the time for which the samples were kept in the remineralizing paste. 

Energy dispersive  X-ray analysis is an efficient way to quantitatively assess the 

changes in mineral content during demineralization and in vitro remineralization. 19 
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• Mehta R et al (2013) conducted an in-vitro study to evaluate and to compare the 

remineralization potential of casein phosphopeptide-amorphous calcium phosphate 

(CPP-ACP) and casein phosphopeptide-amorphous calcium fluoride phosphate 

(CPP-ACFP) on artificial white spot enamel lesions using the quantitative light 

fluorescence (QLF). A total of 45 caries-free extracted maxillary first premolars were 

embedded in the acrylic resin. The samples were then randomly divided into three 

groups namely control group, CPP-ACP group and CPP-ACFP group with 15 samples 

in each group. The samples of each group were subjected to demineralization process 

for a period of 96 h. The samples were then mounted in the artificial mouth model and 

subjected to remineralization and pH cycling for a total period of 21 days. QLF 

readings were recorded at the end of demineralization (1st, 7th, 14th and 21st day 

respectively) and were statistically analyzed. As compared with artificial saliva both 

CPP-ACP and CPP-ACFP produced significant amount of remineralization of the 

artificial on enamel white spot lesion, however when the remineralizing effect of 

CPP-ACP was compared with the remineralizing effect of CPP-ACFP there was no 

significant difference. Significant amount of remineralization was then produced by 

CPP-ACP and CPP-ACFP only after the 7th day. After the 14th day, the 

remineralization produced by both CPP-ACP and CPP-ACFP as compared to artificial 

saliva were non-significant.20 

 

• Patil N et al (2013) conducted an invitro study with an objective to find out the 

efficacy of casein phosphopeptide-amorphous calcium phosphate (CPP-ACP), casein 

phosphopeptide-amorphous calcium phosphate fluoride (CPP-ACPF), and tricalcium 

phosphate fluoride (TCP-F) in remineralizing enamel surface on which artificial caries 

lesion had been created earlier. The changes were then analyzed using DIAGNOdent® 

(KaVo) and scanning electron microscope (SEM). A total of 52 premolars and 24 

molars were selected and then classified into four groups of 13 premolars and 6 molars 

in each: I (CPP-ACP), II (CPP-ACPF), III (TCP-F), and IV (artificial saliva). All the 

samples were assessed using DIAGNOdent at the baseline and after demineralization 

and then remineralization. Ten samples were randomly selected from each group 

baseline after demineralization and after remineralization for the surface evaluation 

using SEM. The study concluded that all the three experimental groups showed a 

statistically significant amount of remineralization. However, because of the added 

benefit of fluoride TCP-F and CPP-CPF showed marginally more amount of 

remineralization than CPP-ACP.21  

 

• Vanichvatana S et al (2013) tested the efficacy of two calcium phosphate pastes 

compared to that of fluoride toothpaste on remineralizing artificial caries in situ study 

using Clinpro, Tooth Mousse plus were used in conjugation with regular fluoridated 

tooth paste and regular Colgate toothpaste alone and concluded that Clinpro Tooth 

Creme provided similar benefits to the fluoride toothpaste. However, no additional 

benefit of Tooth Mousse Plus was observed when used in conjunction with the fluoride 

toothpaste.22 

 



                                                                                                                                
                              

9  

• Oliveira GM et al (2014) compared the remineralization effect on white spot lesions of 

casein phosphopeptide-amorphous calcium phosphate crème, or CPP-ACP (MI Past), 

1.1% NaF dentifrice containing 5000 ppm of fluoride (ControlRX), or CPPACP crème 

with 900 ppm of fluoride (MI Paste Plus™) with that of a control and concluded that 

The 1.1% NaF dentifrice demonstrated overall greater remineralization ability than 

10% CPP-ACP crème. However, the 1.1% NaF dentifrice was only as effective as the 

Control to reduce fluorescence loss.23 

 

• Sargod et al (2015) conducted an in vitro study to evaluate the remineralization 

potential of calcium sucrose phosphate (Enafix) on artificially demineralized human 

enamel using polarized microscopic study. The study group consisted of 20 sound 

human mandibular premolars subjected to demineralization in a demineralizing 

solution for 10 days followed by remineralization with application of Enafix toothpaste 

and placed in artificial saliva for 10 days and then teeth were sectioned and visualized 

under polarized microscope and the mean depth of penetration of lesion before and 

after remineralization was calculated. The mean depth of penetration of artificial 

carious lesion was 147 µm and after remineralization it was seen to be 141 µm. The 

study concluded that twice a day periodic application of Enafix tooth paste could 

significantly reduce the depth of enamel lesion produced subsequently by acid 

challenge.24 

 

• Gangrade et al (2016) conducted an in vitro study to evaluate remineralization efficacy 

of stannous fluoride (SnF2), casein phosphopeptide-amorphous calcium phosphate 

with fluoride (CPP-ACPF) and calcium sucrose phosphate (CaSF). Fifty enamel 

samples were taken; they were divided into five groups. Demineralization was carried 

out with Groups A, B, C, and E. Remineralization was carried out with Groups A, B, 

and C for 7 days using SnF2, CPP-ACPF, and CaSP respectively. In Group D, no 

surface treatment was carried out, to mark as positive control whereas Group E was 

kept as negative control with only surface demineralization of enamel. The samples in 

Groups A, B, and C were treated with respective remineralizing agents at every 24 h 

for 7 days Enamel microhardness was tested using Vickers's microhardness tester after 

7 days remineralization regime. The mean microhardness of positive control group was 

significantly higher than all other groups. The study concluded that SnF2 has the 

highest microhardness value followed by calcium sucrose phosphate (CaSF) and 

casein phosphopeptide-amorphous calcium phosphate with fluoride (CPP-ACPF). 

SnF2 has the highest microhardness value because Tin-fluoride complexes reduces 

demineralization by increasing the time of fluoride retention on the enamel. McCann 

showed that tin-fluoride surface complex is resistant to strong acids. Moreover, pH of 

the material is acidic and causes mild demineralization of the enamel surface. This 

enhances the depth of penetration of fluoride ions.25 
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•  Soares R et al (2017) evaluated the ability of Casein Phosphopeptide Amorphous Calcium 

Phosphate Fluoride (CPP ACPF), Bioactive Glass (BAG), fluoride enhanced 

Hydroxyapatite (HA) gel and self-assembling peptide P11-4 to remineralise artificial 

carious lesions in enamel in vitro using a 30 day pH cycling model through surface 

microhardness analysis and SEM and concluded that Self assembling peptide P11 -4 

demonstrated promising results by effectively and significantly remineralising the enamel 

lesions as compared to other test agents.26 

 

• Kamath P et al (2017) aimed to compare and evaluate the remineralization potential of 

commercially available agents containing nano-hydroxyapatite (nano-HA), casein 

phosphopeptide-amorphous calcium phosphate fluoride (CPP-ACPF), and Tricalcium 

phosphate (TCP) on artificially induced white spot lesions in primary teeth and they were 

analysed using DIAGNOdent readings and scanning electron microscope (SEM) energy 

dispersive X-ray (EDX) and they concluded that all test agents were comparable in their 

remineralization potential.27 

 

• Heravi F et al (2018) investigated the effectiveness of two remineralizing creams on 

regression of white spot lesions using a 12-week regimen of a cream containing casein 

phosphopeptide-amorphous calcium phosphate and fluoride (MI Paste Plus) compared 

with a 12-week regimen of a cream containing hydroxyapatite and fluoride (Remin Pro) 

compared with a usual home care (control). The application of either MI Paste Plus or 

Remin Pro was effective in reducing the area, increasing the mineral content and 

improving the appearance of demineralized enamel, indicating that these products could 

be recommended for managing white spot lesions.28  

 

• Reham M et al (2018) conducted a study to determine the effect of fluoride gel, Remin Pro 

and GC tooth mousse plus in changing surface roughness of enamel after bleaching 

procedures. Human dental third molars were selected for the study. The 38% hydrogen 

peroxide in-office bleaching protocols were performed on the specimens and they were 

randomly divided into three groups according to the remineralizing agent used: group 1: 

using fluoride gel, group 2: using Remin Pro, and group 3: using GC tooth mousse plus. 

Measurements of surface roughness were carried out using a contact stylus profilometer 

before bleaching, after bleaching, and after remineralization. There was a highly 

significant difference of enamel surface roughness measurements among initial, after 

bleaching, and final regarding the three tested groups. There was no significant difference 

among the three tested groups in relation to enamel surface roughness before and after 

bleaching and it concluded that GC tooth mousse plus and Remin Pro are more effective in 

reducing enamel surface roughness after bleaching than the regular fluoride product.29 
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• Fatih (2019) conducted a study to compare the efficacy of different remineralizing (RM) 

agents on RM of artificial caries by evaluating the density, light reflection, and the crystal 

size of the newly formed mineral in primary and permanent teeth. Caries-free primary and 

permanent molars were divided into seven groups and treated with: G1 – Deionized water, 

G2 – Colgate Cavity Protection, G3 – Sensodyne Rapid Relief, G4 – GC MI Paste Plus, 

G5 – Clinpro Tooth Creme, G6 – Clinpro 5000, and G7 – Sensodyne Repair and Protect. 

Lesion depths were evaluated using laser fluorescence (DIAGNOdent), and polarized light 

microscopy (PLM), and the minerals were evaluated using X-ray diffractometry The 

highest decrease in laser fluorescence readings was observed in G6 for both primary and 

permanent teeth. No significant difference was observed between G2, G4, G5, and G6 in 

permanent teeth and G4 and G6 in primary teeth (P > 0.05). In PLM analyses, lesions 

depths were found to be lower in G6 compared to the other groups. No significant 

difference was observed between G2, G4, and G6 (P < 0.05). XRD evaluation showed that 

the newly formed mineral in G6 was denser and highly crystallized compared to the other 

groups. The researchers have concluded that the effect of the high fluoride-containing 

group is a result of the increase of fluoride inside the lesion due to the increase outside the 

lesion. Although the diffusion of the fluoride into the tissues slows down due to the 

interaction of fluoride with hydroxyapatite crystals, this effect has been attributed to the 

movement of the fluoride ions into the lesion. The study concluded that Clinpro 5000 is 

more efficient in remineralizing incipient enamel lesions when compared to the other 

agents tested.30 

 

•  Premnath P et al (2019) conducted a study to evaluate and compare the remineralization 

potential of dentifrices containing theobromine, 0.21% sodium fluoride (NaF) with 

functionalized tricalcium phosphate (f-TCP) and amine fluoride on artificial enamel caries 

Sound extracted human premolars were demineralized to produce deep artificial carious 

lesions. The teeth were sectioned longitudinally and allocated to three treatment groups 

with nine specimens in each group: Group A (NaF + f-TCP), Group B (amine fluoride), 

and Group C (theobromine). The specimens were then subjected to pH cycling for seven 

days. Confocal laser scanning microscopy (CLSM) was utilized to record the patterns of 

demineralization and remineralization. It is believed theobromine, in the presence of 

calcium and phosphate, forms hydroxyapatite crystallites of an increased size that 

strengthen the enamel, making it less susceptible to acid attack, which eventually leads to 

cavitation. Further, results from studies also indicate cocoa bean husk being effective in 

reducing mutant streptococci  and exhibit low toxicity in contrast to fluoride. The study 

concluded that theobromine containing dentifrice was effective in remineralizing lesions 

of enamel. However, theobromine demonstrated less remineralization potential in 

comparison to dentifrices containing NaF + f-(TCP) and amine fluoride.31 
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• Rajendra et al (2020) conducted a study to evaluate and compare the remineralization 

potential of a novel laboratory synthesized strontium-doped nanohydroxyapatite (SrnHAp) 

paste to a commercially available regular dentifrice. Sixty enamel specimens (4 mm × 4 

mm × 1 mm) were divided into two groups based on the type of dentifrice applied: Group 

I - regular toothpaste and Group II - SrnHAp paste. Calcium/phosphorous ratio of all 

sound specimens was evaluated using Scanning Electron Microscopy-Energy Dispersive 

X-ray analysis. Samples in both groups were subjected to demineralization, and the 

calcium/phosphorous ratio was analyzed. The samples were then subjected to 

remineralization using the specific agents in each group, and the mean calcium-

phosphorus ratio was assessed. Cytotoxic evaluation of both pastes was done by direct 

microscopic observation and MTT assay. The study concluded that Group II showed 

higher remineralization potential than Group I and was statistically significant. 

Cytotoxicity of novel paste was less compared to the regular toothpaste. The study 

concluded that the presence of strontium increased dissolving capacity of the material and 

improved retention on the tooth surface making it a better choice than CPP-ACP and 

novamin for remineralization or repair of enamel.32 

 

 

• P Hemalatha et al  (2020) conducted a study to evaluate the remineralisation potential of 

four different remineralisation agents used quantitatively by surface microhardness and 

qualitatively by energy dispersive X ray analysis Artificial enamel lesions were created on 

the buccal surfaces of 60 extracted mandibular second premolar. Specimens were 

randomly assigned to four groups  according to the remineralisation agents used: Group 1-

Nano Hydroxyapatite, Group 2-Fluoride, Group 3-CPP ACP, Group 4-Chitosan 5mg. All 

products were applied and specimens were stored in daily renewed artificial saliva. 

Surface microhardness was assessed using Rockwell hardness test and change in mineral 

content was evaluated using Energy Dispersive X ray analysis. All remineralising agents 

showed improved surface remineralisation. However complete remineralisation did not 

occur within 7 days. The mechanism of action of nano-hydroxyapatite is due to its 

hydrophilic nature with greater surface area than the conventional hydroxyapatite crystals. 

Hence, they have better wettability and form a thin but strong layer on the enamel surface 

that bonds to the tooth. Nanoparticulate hydroxyapatite may act as a calcium and 

phosphate reservoir that maintains a vital state of supersaturation of these ions with respect 

to the tooth minerals and facilitates their deposition on the surface of demineralized tooth 

tissue ). Nano-hydroxyapatite has the ability to penetrate its crystals through interprismatic 

spaces of the enamel and results in the formation of hydroxyapatite crystals. The 

demineralized enamel surface becomes rough and slightly porous which facilitates the 

nano-hydroxyapatite to penetrate into the interprismatic spaces due to precipitation 

process. In addition, it also attracts a large amount of Ca2+ and (PO4) 3- from the 

saturated solution at the outer layer of enamel surface to refill the vacant positions of the 

crystals. The study concluded that Nanohydroxyapatite showed the highest potential for 

remineralisation followed by CPP-ACP, Chitosan and Fluoride.33 
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• Farooq et al (2021) conducted a study to analyze the enamel remineralization efficacy of a 

novel fluoridated bioactive glass (F-BG) toothpaste compared to a standard fluoride 

toothpaste Seventy-two enamel blocks were divided into groups of twenty-four blocks 

according to the toothpaste exposure—group 1: brushed with distilled water, group 2: 

brushed with fluoride toothpaste (ColgateTM), and group 3: brushed with F-BG toothpaste 

(BioMinFTM). Pre-brushing, enamel blocks were demineralized using 6 wt.% citric acid 

(pH = 2.4). Tooth brushing was performed using a mixture of respective toothpaste and 

artificial saliva (AS), and each enamel block received 5000 linear strokes. The samples 

were assessed for surface micro-hardness (to estimate Vickers hardness number, VHN), 

surface roughness (Ra), and volume loss/gain using micro-computed tomography (micro-

CT). The highest increase in the VHN was noticed for group 3 (117.81) followed by group 

2 (61.13). F-BG toothpaste contains a glass with high phosphate content high phosphate 

concentration in the glass helps it to maintain its network connectivity, thus ensuring the 

development of a FAP layer that could reduce roughness. Another important feature of F-

BG toothpaste that it plays an essential part in reducing surface roughness is because of 

small particle size. The study concluded that the F-BG toothpaste, in comparison to 

fluoride toothpaste, showed greater surface micro-hardness (VHN), a smoother enamel 

surface (low surface roughness), and better enamel volume restoration 

 (remineralization). 34



 

METHODOLOGY 
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                                4.Methodology 
 

1. 40 sound human permanent maxillary premolar teeth 

2. Formalin 

3. Deionised water. 

4. Distilled water. 

5. Micromotor.  

6. Polishing brush.  

7. Polishing paste.  

8. Diamond disc.  

9. Putty elastomeric mould.  

10. Cold cure acrylic resin. 

11. Artificial saliva 

12.  Remineralizing agents : 

 a) GC tooth mousse  (GC AMERICA INC) 

 b) Clinpro 5000 (3M ESPE)  

 c) Enafix (GROUP PHARMACEUTICALS) 

13. Vicker’s hardness test 

 
METHOD OF DATA COLLECTION: 

 Forty caries-free freshly extracted premolars for Orthodontic reasons without any obvious 

defects, restorations, intrinsic stains and developmental defects were obtained for the present 

study from the Department of Oral and Maxillofacial Surgery, SDM Dental College & 

Hospital and other private dental clinics in Dharwad and Mangalore. The teeth were stored in 

10% formalin immediately after extraction and were thoroughly cleaned of its debris, 

calculus, and soft tissues. They were washed in 0.1 M phosphate buffer, rinsed with deionised 

water and were stored in distilled water at a temperature of 4 ⁰C. The polished extracted teeth 

were randomly grouped into four group each containing ten samples using simple randomized 

sampling method. 

 

ENAMEL SPECIMEN PREPARATION AND GROUPING:  

The teeth were decoronated at CEJ and the crown portions were divided into four segments of 

two buccal and two palatal halves each, using a diamond disc bur at slow speed with water as 

coolant. Custom made cylindrical moulds were prepared and self-cure acrylic resin was 

sprinkled into them. The buccal fragment of each enamel specimen was then embedded onto 

the top of partially set acrylic resin and was allowed to set completely. The buccal surfaces 

were then ground flat and hand polished progressively using silicon carbide paper. All enamel 

specimens were subjected to analysis using Vickers microhardness test (VHN) under 100 g 

load applied for 15s and the data was recorded at baseline. 

 

Grouping of the Specimen: 
 Group I : Tooth paste containing Tricalcium phosphate (Clinpro5000)  

 Group II : CPP-ACP (GC Tooth Mousse)  

 Group III : Calcium sucrose tooth paste (Enafix)  

 Group IV : Control group 
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SOLUTION PREPARATION: 

 Demineralizing solution:  

 • Phosphorous (as monopotassium phosphate- KH2PO4)- 2.2mM, 

 • acetic acid- 50mM, 

 • CaCl2 - 2.2mM  

The pH of the solution was measured with digital pH meter and adjusted to 4.5 

 

 

CYCLES OF DEMINERALIZATION: 
All the samples of Groups A, B, C and D were then immersed into a glass container 

containing 50 ml of prepared demineralizing solution for 48 h at 37°C inside a Universal 

Incubator. This demineralizing procedure intended to produce a consistent subsurface lesion. 

After 48 h of incubation in the demineralizing solution, the teeth were washed with deionized 

water, dried with the help of an air syringe, and placed in different clean glass containers until 

further evaluation. 

 

 

CYCLES OF REMINERALIZATION: 
The samples in Groups A, B and C were treated with respective remineralizing agents at every 

24 h for 7 days. Samples were rubbed with respective remineralizing agent with the help of 

polishing cup attached to a contra-angle handpiece for 4 min washed with deionized water, 

and then placed in artificial saliva. All samples were placed in the Universal Incubator at 37°C 

between each remineralizing cycle. In the control groups, samples were only washed with 

deionized water and placed in artificial saliva. Artificial saliva was renewed every 24 h just 

before immersion of freshly treated samples. 

 

 

TESTING OF SPECIMENS: 

 
VICKERS MICROHARDNESS TEST: Microhardness was tested using Vickers micro 

hardness tester. The test specimens were placed on the stage of the tester and stabilized. Then 

the area to indent was selected by focusing with 10x objective lens and further focused with a 

50x objective lens. After this, test was carried out where the indentations were made with a 

rate of 100g load for 10s.The indentation formed was viewed and measured on the display 

monitor with 50x objective lens.  The average micro hardness of the specimen was determined 

from 4 indentations to avoid any discrepancy. The micro hardness were calculated for all the 

samples (40) at baseline, after demineralization and after 14 days of remineralization. 
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SAMPLE SIZE ESTIMATION: 

Sample size is estimated with the below formula . 
 Input: Effect size f = 0.58 

 α err prob = 0.05  

Power (1-β err prob) = 0.80 

 Number of groups = 4  

Output: Noncentrality parameter 

 λ = 13.4560000  

Critical F = 2.8662656 

 Numerator df = 3  

Denominator df = 36  

Total sample size = 40  

Actual power = 0.8423261  

The sample size has been estimated using the software G Power v. 3.1.9.2 Considering the 

effect size to be measured (f) at 58%, power of the study at 80% and the margin of the error at 

5%, the total sample size needed is 40. Each group consists of 10 samples [10 x 4 groups = 40 

samples]. 
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      FIGURE 1: Samples for microhardness test (maxillary premolar) 

 

                                            

        

 

          FIGURE 2: Armamentarium for preparation of acrylic moulds 
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                                           FIGURE 3: MOUNTED TOOTH 

        

 

 

 

 

 

 

 

    

           
       

                  

                            FIGURE 4: Grouping of samples 
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                                  FIGURE 5: Demineralizing solution 
 

                            
                                      FIGURE 6 : Artifical saliva 
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                    FIGURE 7:   REMINERALIZING AGENTS USED                           
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                  FIGURE 8: VICKER’S MICROHARDNESS TEST 

 

                         
                              

                                 FIGURE 9: LOADING OF TOOTH 

 

                             
      FIGURE 10: INDENTATION FORMED AFTER LOADING TOOTH 
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                                  7.Results 
TABLE 1: 

 

Comparison of mean Hardness scores between 04 groups at different time intervals using one-way 

ANOVA test followed by Tukey's HSD post hoc Analysis(VHN) 

 
Time 

CP Group Enafix 
Group 

GC Group CT Group  
F 

P- 
Value 

Mean SD Mean SD Mean SD Mean SD 

T0 307.8
0 

10.4
8 

294.6
0 

17.7
7 

299.4
0 

21.1
6 

289.1
0 

30.6
2 

1.38
8 

0.26 

T1 249.6
0 

19.4
0 

228.6
0 

20.6
5 

237.8
0 

27.4
8 

225.9
0 

26.2
6 

2.04
0 

0.13 

T2 276.6
0 

12.6
0 

268.0
0 

13.1
0 

267.1
0 

22.2
8 

238.2
0 

28.0
7 

6.94
2 

0.001
* 

 

VHN=Vickers micro hardness number, T0=Baseline, T1=After demineralisation, 

T2=After remineralization. 

On comparison, there was no statistically significant difference in mean hardness score 

among all the four groups at baseline and after demineralization. However, at the end of 

the 14 day of remineralization the results revealed that there was a highly statistically 

significant difference in the mean hardness score between groups. 

TABLE 2:  

Multiple comparison of mean differences in Hardness scores 

between groups using Tukey's HSD post hoc Analysis 

 
Time 

CP 
Vs 
En 

CP 
Vs 
GC 

CP Vs 
CT 

En Vs 
GC 

En 
Vs 
CT 

CP Vs 
CT 

T0 0.52 0.81 0.22 0.9
6 

0.94 0.70 

T1 0.21 0.68 0.13 0.8
2 

0.99 0.68 

T2 0.77 0.72 0.001
* 

1.0
0 

0.01
* 

0.01* 
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The intergroup comparison of the mean differences in hardness scores between groups at 

different time intervals was done using Tukey's HSD post hoc Analysis. The mean 

hardness scores after remineralization revealed that, there was a statistically significant 

difference between the experimental groups and the control group. 

TABLE 3: 

Comparison of mean hardness scores between different time intervals in each group using 

Repeated measures of ANOVA test followed by Bonferroni's post hoc Analysis 

 
Group 

 
Time 

 
N 

 
Mean 

 
SD 

Greenhouse 
Geisser 

 
Sig. Diff 

 
P-value 

F P-value 

CP Group T0 1
0 

307.8
0 

10.4
8 

 
72.927 

 
<0.001

* 

T0 Vs 
T1 

<0.00
1* 

T1 1
0 

249.6
0 

19.4
0 

T0 Vs 
T2 

<0.00
1* 

T2 1
0 

276.6
0 

12.6
0 

T1 Vs 
T2 

0.002
* 

En Group T0 1
0 

294.6
0 

17.7
7 

 
44.563 

 
<0.001
* 

T0 Vs 
T1 

<0.00
1* 

T1 1
0 

228.6
0 

20.6
5 

T0 Vs 
T2 

0.001
* 

T2 1
0 

268.0
0 

13.1
0 

T1 Vs 
T2 

0.002
* 

GC Group T0 1
0 

299.4
0 

21.1
6 

 
103.22
4 

 
<0.001
* 

T0 Vs 
T1 

<0.00
1* 

T1 1
0 

237.8
0 

27.4
8 

T0 Vs 
T2 

<0.00
1* 

T2 1
0 

267.1
0 

22.2
8 

T1 Vs 
T2 

<0.00
1* 

CT Group T0 1
0 

289.1
0 

30.6
2 

 
95.077 

 
<0.001
* 

T0 Vs 
T1 

<0.00
1* 

T1 1
0 

225.9
0 

26.2
6 

T0 Vs 
T2 

<0.00
1* 

T2 1
0 

238.2
0 

28.0
7 

T1 Vs 
T2 

0.006
* 

 

The intra group comparison of mean hardness scores between different time intervals in 

each group was done using repeated measures of ANOVA test followed by Bonferroni's 



                                                                                                                                
                              

27 
 

post hoc Analysis. There was highly statistically significant difference in the mean 

hardness scores between all the groups at baseline, demineralization and 14 days of 

remineralization. 

TABLE 4: 

Comparison of mean percentage of recovery of Surface Microhardness 
between 04 groups using one-way ANOVA test followed by Tukey's HSD 
post hoc Analysis 

Groups N Mean SD Min Ma
x 

F P-Value 

CP Group 10 45.80 21.48 15 78  

7.216 

 

0.001* 
En Group 10 53.20 20.92 13 73 

GC Group 10 44.40 13.24 20 61 

CT Group 10 19.70 10.13 8 40 

The comparison of mean percentage of recovery of Surface Micro 

hardness between four groups was done using one-way ANOVA test 

followed by Tukey's HSD post hoc Analysis. The test revealed that there 

was a significant difference in mean percentage of recovery of surface 

micro hardness between the groups. 

TABLE 5: 

Multiple comparison of mean differences in Recovery of Surface 

Micro hardness between groups using Tukey's HSD post hoc 
Analysis 

 
Group 

CP 
Vs 
En 

CP 
Vs 
GC 

CP Vs 
CT 

En Vs 
GC 

En Vs 
CT 

GC 
Vs 
CT 

P- 
Value 

 
0.77 

 
1.00 

 
0.009
* 

 
0.66 

 
0.001
* 

 
0.01* 

For the intergroup comparison of the mean percentage recovery of the micro hardness,  

 

Tukey's HSD post hoc Analysis was done. The results showed that there was no  

 

statistically significant difference between Clinpro5000 and GC Tooth mousse,  

 

Clinpro5000 and Enafix,  GC Tooth mousse and Enafix. However there was a statistically  
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significant difference between tooth mousse and control (0.01) & highly statistically  

 

significant difference between Clinpro5000 and Control (0.009), GC Tooth mousse and  

Control (0.001). 

GRAPH 1: 

 

 

 

 

 

GRAPH 2: 

 

CP group              En group             Gc group       CT group 
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                              8.Discussion 
 

Early enamel caries which are called as the White Spot Lesions (WSL) or Incipient Lesions 

can histologically be described as a subsurface carious lesion of the enamel. Prominent 

feature being a subsurface demineralized zone with intact and also unscathed enamel 

surface. Even though the surface is intact, the mineral content is deficient, when opposed to 

sound enamel. During demineralization process, Ca2+, OH−, PO4 2−, F−, CO3−, Na+ and 

Mg2+ get displaced from the enamel surface to the exterior. More the acidic environment, 

greater is the outward flow of the ions. However, the mineral content of the surface is 

higher than the body of the lesion.35 

 

The goal of modern dentistry is to manage non-cavitated caries lesions non-invasively 

through remineralization in an attempt to prevent disease progression and improve 

aesthetics, strength, and function.36 Though remineralization has been a major area of 

investigation, it is still difficult to exactly define the efficacy of various remineralization 

methods.37 Currently, preventive and minimally invasive dentistry are offering a wide 

variety of methods to detect and care for even the tiniest changes in hard tooth tissue. 

Selecting an appropriate treatment to remineralize white spot lesions and accurately and 

reliably monitoring the lesion progression or regression is the key to avoid the need for 

invasive treatments. 

 

Remineralization occurs when calcium and phosphate in water among the enamel or dentin 

crystals recrystallize on the surfaces of existing crystal remnants. The calcium and 

phosphate come primarily from saliva. This process has been known for a long time and in 

recent decades has been studied extensively (Silverstone, 1973; ten Cate and Duijsters, 

1982; Arends and ten Bosch, 1985; Wefel, 1990; ten Cate and Featherstone, 1991; Zero, 

1995).38 Mineral formed during remineralization is more resistant to acid than the original 

enamel or dentin mineral, especially if fluoride is present to enhance remineralization and 

to be incorporated into the new crystal surfaces. Remineralization is a natural repair 

process for caries lesions. It requires no growth factors or soft-tissue biological processes. 

It is simple inorganic chemistry at work. For a long time, there was debate as to whether 

the process of remineralization, so elegantly described in many laboratory experiments, 

really occurred in the mouth. Over the last 25 years or so, many experiments have been 

done in human mouths that have clearly established that remineralization is a real 

phenomenon that occurs in the mouth, is enhanced by fluoride, and makes the teeth more 

resistant to further demineralization .39,40,41 

 

Demineralization process is directly affected by the acidic environment produced by the 

metabolism of bacteria. During demineralization, calcium, phosphate, fluoride, carbonate, 

sodium, and magnesium ions diffuse out from the enamel surface into the saliva. More the 

acidic environment more is the outflow of the calcium ion and phosphate ion. Mineral 

content of surface is higher than the body of the lesion. As calcium and phosphate ions 

diffuse to the exterior, there is more probability of remineralization at the surface. 
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Human premolars freshly extracted for orthodontic reasons from young individuals were 

used for the study because it was difficult to form a well defined artificial caries surface 

zone in the old specimens, furthermore the old enamel would have been thinner than 

younger enamel.42 The artificial saliva was prepared according to the method given by Sato 

et al.43 The inorganic composition of the artificial saliva used in the present study was 

similar to that of the natural saliva. Different remineralizing pastes were applied for 4 

minutes daily for 7 days to simulate normal recommended daily oral prophylaxis. 
 

A study conducted by M Kumar et al concluded that immersion in 10% formalin for 1 

week was most effective method of disinfection and sterilization of human extracted teeth 

used for research purpose.10 In a study conducted by Aydin B et al, the microhardness of 

enamel and dentin was in an acceptable range when teeth were stored for two months in de-

ionised water.44 Titley et al. have reported that when teeth were stored by freezing to 

maintain their freshness, shear bond strength of resin to dentin is the highest. They stated 

that if insufficient numbers of teeth are available at one time, freezing teeth in distilled 

water as soon as possible after harvesting is the most optimal method of storage.45 So in the 

present study, teeth were stored in 10% formalin immediately after extraction and were 

thoroughly cleaned of its debris, calculus, and soft tissues. They were washed in 0.1 M 

phosphate buffer (pH 7.4), rinsed with de-ionised water and were stored in distilled water 

at a temperature of 4 ⁰C. 
 

In the present study, the specimens were placed in the demineralizing solution for 48 h at 

37°C in the Universal Incubator. This resulted in a subsurface demineralization. The 

subsurface lesion is reversible via a remineralization process. Materials that are prone to 

cracking and possess microcrystalline structure are appropriate for microhardness 

measurement. 

 

Microhardness measurement is appropriate for a material having fine microstructure, non-

homogenous or prone to cracking like enamel. Surface microhardness indentation provides 

a relatively simple, non-destructive and rapid method in demineralization and 

remineralization studies. There are different types of microhardness tests which include 

Knoop, Vickers, and Brinnel Gutiérrez-Salazar and Reyes-Gasga proposed that in tooth 

hardness studies the Vickers indenter is more useful than the Knoop because a square shape 

must always be conserved, and because the indentation produced on a non-flat surface, or 

by the difference in hardness of enamel and dentin, is easily detected. A higher load may be 

impractical for a softer surface in the pre-post experiment because after treatment, it 

produces a larger impression than the optical microscope can measure. The lowest loads, 

100 g for enamel created Vickers diagonals longer than 20 µm, which was recommended to 

prevent errors in optical measurement. An indentation time of 10 seconds is sufficient for a 

permanent indentation on the tooth surface to take place. Therefore, in the present study, 

the Vickers micro hardness of all the teeth was measured using 100 g load for  

10 seconds. 46 

One of the factors that affects the hardness measurement was the sample preparation, 

because any tilt or non flat surface would yield a too large indentation and thus a smaller 

Vickers's hardness number. Therefore to produce a flat surface in the samples polishing of 

enamel were carried out using silicon carbide paper.  
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Craig et al (1958) found that inner enamel is of comparable hardness to the surface enamel. 

Hence polishing of enamel slabs will not significantly affect the microhardness 

measurements rather it produces more even pattern of bleaching. Then three indentations 

were taken for baseline, post bleaching and after remineralization of all the samples to 

avoid any discrepancies, then average of three indentations were taken for statistical 

analysis. 

The initial mean VHN values for the four groups ranged from 289.10 to 307.80. After 

remineralization the mean for positive control was the highest (276.60 ± 12.60 MPa) and in 

case of materials TCP (Clinpro5000) had a mean value of (267.10 ± 22.08) while CASF 

(Enafix) had the least mean value of (230.20 ± 13.07) MPa. 

 

Dental products containing calcium, phosphate and fluoride were proposed and were 

claimed to be more effective over fluoride only products as it provides an external source 

of calcium and phosphate that is needed for remineralisation.47 However, the combination 

of these three ions; calcium, phosphate and fluoride in one product could lead to an 

unfavourable reaction between them rendering the product ineffective.48 Recently two 

technologies were introduced and claimed to overcome this incompatibility. The first 

technology is Casein Phosphopeptide Amorphous Calcium Phosphate (CPP-ACP) 

delivered either as ‘Tooth Mousse’ or ‘MI Paste Plus.49 The second technology is Tri-

Calcium Phosphate which has been exclusively introduced by 3M ESPE. Currently, it is 

incorporated into many products such as Clinpro 5000 toothpaste with 5000 ppm F, 

Clinpro Tooth Crème with 950 ppm F and Clinpro White Varnish with 22600 ppm F.50  In 

the literature evidence is sparse for the effectiveness of fluoride only products compared 

with calcium phosphates combined with fluoride.  

Therefore, the present study aimed to assess and compare the effects of remineralization on 

artificial enamel lesions by agents containing Tricalcium phosphate (CLINPRO5000), 

CPP-ACP (GC Tooth Mousse) and Calcium sucrose phosphate (ENAFIX) microhardness 

testing using Vicker’s hardness test. 

 

GC tooth mousse (Recaldent ) has a major component of CPP-ACP. In Casein 

Phosphopeptide- Amorphous Calcium Phosphate-(CPP-ACP) Casein, a milk 

phosphorprotein, interacts with calcium and phosphate. As the pH of the material increases, 

the bound form of amorphous calcium phosphate increases thereby stabilizing free calcium 

and phosphate. CPP stabilizes the calcium and phosphate ions in dental enamel. CPP keeps 

the calcium and phosphate in amorphous state, non crystalline state that helps them to enter 

the tooth enamel. CPP stabilizes ACP, thereby maintaining state of supersaturation of 

calcium and phosphate, reducing demineralization and increasing remineralization.51 

 

Clinpro5000 t a new prospective calcium system that is prepared by reacting the soluble 

tricalcium phosphate with a surfactant to form a functionalized tri calcium phosphate 

(fTCP). It uses tricalcium phosphate particles which have been ball milled along with 

sodium lauryl sulphate. This technology has been included in a tooth cream with sodium 

fluoride in different concentrations. These components naturally absorbed by teeth, 

therefore helps in preventing the initiation and further progression of demineralization and 

allowing remineralization to occur.52 
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CaSP (Calcium Sucrose Phosphate) (Enafix – Group Pharmaceuticals) is a combination of 

calcium salts of sucrose and phosphate esters mixed with inorganic calcium. It readily 

breaks down and releases calcium ions, phosphate ions, and sucrose phosphate ions into the 

saliva. It is composed of 10%–12% calcium (wt%) and 8%–10% phosphorous (wt%). 

Calcium and phosphate ions in aqueous media forms an insoluble precipitates. CaSP forms 

an aqueous solutions consisting of high concentration of calcium and phosphate without 

occurrence of precipitation. It acts as an ideal carrier for the calcium and phosphate in 

water. Enafix acts by adsorption of sucrose phosphate ion rapidly on the enamel surface, 

thereby reducing the rate of acid dissolution of hydroxyapatite and quick remineralization 

by calcium and phosphate ion by the common ion effect.53 

 

In the present study the mean values obtained after the application of remineralizing 

solution for period of 4 minutes for Clinpro5000 tooth crème, GC Tooth mousse and 

Enafix paste for period of seven days was showed significant % increase in microhardness 

among three study groups. The mean increase in microhardness values for clinpro5000 was 

highest and enafix paste was lowest.  

 

In the present study Enafix showed a good microhardness recovery. It was slightly lesser 

than GC Tooth mousse(CPP-ACP) and fTCP ( Clinpro5000). This is because the anti-

cariogenic mechanism of CPP-ACP is achieved by the incorporation of the nano-

complexes of the amorphous calcium phosphate (ACP) into plaque and onto the tooth 

surface. The casein phosphopeptides (CPP) have an important role as an ACP carrier 

localizing the highly soluble calcium phosphate phase at the tooth surface. This localization 

maintains high concentration gradients of calcium and phosphate ions in the subsurface 

enamel, thereby facilitating remineralization.54 

  

Enafix acts by adsorption of sucrose phosphate ion rapidly on the enamel surface, thereby 

reducing the rate of acid dissolution of hydroxyapatite and quick remineralization by 

calcium and phosphate ion by common ion effect. In the present study, CaSP showed a 

significant increase in VHT. This is in accordance with the study conducted by Sharan S 

Sargod et al where it was concluded that Enafix tooth paste contains CaSP could 

significantly reduce the depth of enamel lesion produced subsequently by acid challenge.55 

Also, in a study conducted by T N Raghu et al (2016) on the remineralization potential of 

calcium sucrose phosphate, it was concluded that enhanced surface smoothness of enamel 

was observed within 2 weeks of brushing with Toothmin (CaSP containing dentrifice). 56 
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Our study was similar to the study done by Gade et al who compared the remineralizing 

efficacy of CaSP (Enafix) with CPP-ACPF (Tooth Mousse Plus) which suggested that 

CaSP compared to CPP-ACPF has better properties in withstanding final acid challenge 

and so in their study they stated that Enafix being a cost effective material as compared to 

GC Tooth mousse plus and moreover it can be used as an alternative regime for the 

purpose of better remineralization specially in Indian scenario.57 

 

The reason why CPP-ACP showed increased microhardness could be due to the fact that 

CPP keeps the calcium and phosphate in amorphous and noncrystalline state that helps 

them to enter the tooth enamel. CPP stabilizes ACP, thereby maintaining state of 

supersaturation of calcium and phosphate, reducing demineralization and increasing 

remineralization. 

Reynolds et al in their study identified the role of casein phosphopeptides (CPP) in the 

stabilization and localization of amorphous calcium phosphate (ACP) at the level of tooth 

sub-surfaces. In their in vitro study, they showed that CPP-stabilized calcium phosphate 

solutions were shown to remineralize subsurface lesions in human third-molar enamel. 

Although most of the remineralizing solutions were supersaturated with respective 

amorphous and crystalline calcium phosphate phases, the solutions were stabilized by the 

CPP such that spontaneous precipitation of calcium phosphate doesn’t occur. And the study 

concluded that the remineralizing capacity was greater for the solutions with the higher 

levels of CPP-stabilized free calcium and phosphate ions and so remineralization was not 

significantly correlated with either the CPP-bound ACP or the degrees of saturation for 

hydroxyapatite, octacalcium phosphate, or ACP.58 

 

George et al. evaluated the effect of calcium sucrose phosphate and calcium casein 

phosphopeptide containing pastes on mineralization of artificially demineralized human 

enamel. He concluded that remineralization produced by calcium casein phosphopeptide 

was less when compared to calcium sucrose phosphate and is significant. With the high 

remineralizing ability of calcium sucrose phosphate, it can become the primary 

remineralizing agent in the treatment of early enamel caries. Our results was in accordance 

with the results of this study.59 

The results of the present study were consistent with the results found by Karlinsey et al ( 

2009) where they compared Functionalised tricalcium phosphate with MI paste in terms of 

remineralization and observed that the combination of functionalized tricalcium phosphate 

and NaF at different fluoride levels provides a successful dose response remineralizing 

effect. Karlinsey et al (2008) also concluded that 1,000 ppm fluoride fTCP dentifrice 

showed fluoride uptakes and mean Vickers hardness value is higher than those of the paste 

with CPP-ACP and 900 ppm fluoride in remineralization of white-spot enamel lesions.  
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Elkassas D et al conducted a study to assess enamel remineralization of ClinproTM white 

varnish, Tooth Mousse Plus and VanishTMXT and evaluated their remineralizing 

efficiency at baseline, after demineralization, after 2 and 4 weeks remineralization and after 

final acid challenge and concluded that ClinproTM varnish presented the highest 

remineralization tendency with greatest resistance for the final acid challenge.60 

Similar to present study, they concluded that sodium fluoride showed the greatest 

remineralization and dentinal tubule occlusion property when compared with GC MI paste 

plus and Clinpro tooth crème.61 

 

The reason for the enhanced remineralizing potential of fTCP when compared to other 

remineralizing agents as stated by manufacturer is that during manufacturing of the 

toothpaste, a protective barrier is created around the calcium ions thereby allowing it to 

coexist with the fluoride ions. During brushing when the toothpaste comes into contact 

with saliva, the barrier dissolves and allows the release of calcium, phosphate and fluoride 

ions on the tooth surfaces to help prevent tooth decay and remineralize demineralized 

enamel. The exclusive manufacturing of fTCP in terms of milling process protects the TCP 

during storage so that the calcium does not degrade the fluoride. Various organic materials 

can be used to tailor the fTCP system to a different topically applied oral care preparations, 

such as toothpaste, oral rinses and varnishes. 

 

The findings of the present in vitro study suggested that Clinpro5000 (fTCP) with 5000 

ppm of fluoride resulted in enhanced remineralization compared to Gc tooth mousse  (CPP-

ACP) and Enafix paste. However further long term and in vivo studies need to be done to 

ensure these results. 
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                                 9.Conclusion 

 
    Within the limitations of this in vitro the following conclusions could be drawn: 

1. Clinpro5000, GC Tooth Mousse and Enafix showed surface remineralization. 

2. Tricalcium phosphate(Clinpro5000) containing 5000ppm of fluoride has better 

remineralization when compared to other fluoride groups. 

3. Enafix being a cost effective material when compared to Clinpro5000 and GC Tooth 

Mousse , can be used as an alternative for better remineralization especially for the Indian 

population. 

4.  Complete remineralization did not occur in any group. 

5.  Further in vivo studies are required to confirm the beneficial effects of fTCP over CPP-

ACP and Enafix  paste. 
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                             10.Summary 

 
The present study, assessed and compared the effects of remineralization on artificial 

enamel lesions by agents containing Tricalcium phosphate (Clinpro5000), CPP-ACP (GC 

Tooth Mousse) and CaSP (Enafix). 

 

Fourty freshly extracted premolar teeth without any obvious lesion were collected and 

randomly divided into four groups with each group containing 10 samples. The groups 

were, Group I: Clinpro5000, Group II: GC Tooth Mousse , Group III: Enafix and Group 

IV: Control group. The teeth were sectioned mesiodistally into buccal and lingual halves 

using a diamond disc.  

                  

 The samples in each group were treated with the respective remineralizing agent (except 

for the control group) twice daily for 14 days for 3 min and placed in the artificial saliva. 

Post treatment Microhardness test analysis was done. 

                 

There was a good remineralization effect on artificial enamel lesions by the agents 

containing Tricalcium phosphate, CPP-ACP and Calcium sucrose phosphate when assessed 

hardness testing. It can be clearly seen that Clinpro5000 tooth paste showed better results 

followed by GC Tooth mousse  followed by Enafix paste. Enafix showed the least amount 

of remineralization amongst the three while Clinpro5000 tooth creme showed highest 

remineralizing potential. 
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  GROUP 1:CP 

 

 

 HARDNESS 

SAMPLE BASELINE Demineralisation 14 days 

1 306 240 286 

2 299 237 263 

3 310 245 255 

4 316 236 274 

5 324 268 277 

6 295 251 278 

7 320 276 289 

8 303 232 288 

9 293 228 264 

10 312 283 292 

 

GROUP 2: GC 

 

   HARDNESS 

SAMPLE Baseline Demineralisation 14 days 

11 303 230 275 

12 238 228 254 

13 279 254 267 

14 315 224 264 

15 274 227 266 

16 314 242 273 

17 269 212 252 

18 290 185 268 

19 318 227 299 

20 286 257 262 
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GROUP 3 : En 

 

     HARDNESS 

SAMPLE BASELINE Demineralisation 14 days 

21 268 236 247 

22 325 266 290 

23 308 242 283 

24 293 227 242 

25 264 190 230 

26 3 19 266 284 

27 303 256 275 

28 317 258 285 

29 311 244 285 

30 286 193 250 

  

GROUP 4: CT 

 

 
                          HARDNESS     

SAMPLE BASELINE Demineralisation 14 days 

31 294 243 250 

32 314 260  271 

33 308 221 235 

34 243 219 226 

35 317 236 272 

36 278 232 236 
37 303 230 240 

38 228 160 171 

39 296 220 236 

40 310 238 245 
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