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INTRODUCTION 

Dental caries is a preventable, reversible, and treatable disease, 

provided the diagnosis is made as an incipient non-cavitated lesion.   

Contemporary caries management strategy has shifted from restoration of 

carious teeth to prevention of decay with minimal intervention based on the 

proven fact that non-cavitated enamel and dentin can be remineralized.
1,2

 

Remineralization is the natural repair process for non-cavitated lesions 

that depends on calcium and phosphate ions aided by fluoride that rebuilds a 

new crystalline surface, more resistant to acid on existing subsurface crystals 

remaining after demineralization.
2
 Remineralization is influenced by factors 

such as salivary flow, composition and pH, dental plaque pH, mineral content 

of enamel and dentin, topical fluorides, and the remineralizing potential of 

individual remineralizing agents.
3
  

In the recent past, there has been an explosion of remineralization 

technologies like fluorides
4
, beta-tricalcium phosphate (TCP)

5
, 5% potassium 

nitrate (Pronamel)
6
, bioactive glass of calcium sodium phosphosilicate 

(NovaMin)
7
, unstabilized calcium and phosphate salts with sodium fluoride 

(Enamelon)
8
, amorphous calcium phosphate (ACP)

9
, and dicalcium phosphate 

dehydrate (DCPD).
10

  

Amongst these, fluoride in various forms such as toothpaste, gel, foam, 

and mouthrinse has proven to reduce caries.
11

  Fluoride ions in the presence of  
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calcium and phosphate ions produced by enamel demineralization enhances 

fluorapatite formation (Ca10(PO4)6F2), which consists of  10 calcium ions, six 

phosphate, and two fluoride ions.  Hence on topical application of fluoride 

ions, the availability of calcium and phosphate ions can be the limiting factor 

for net enamel remineralization to occur.
12

 

Fluoride in the form of varnish was developed to prolong the contact 

time between the fluoride and the tooth surface since it attaches to the tooth 

surface in a thin layer for a longer period of 12 hours or more and serves as a 

slow-release reservoir of fluoride.
13,14

  The influx of fluoride ions into the 

body of the incipient lesion reduces the subsurface porosity, which in turn 

reduces depth of the carious lesion. 

The existence of synergistic behaviour among minerals like calcium, 

strontium, and phosphate in the presence of fluoride, leads to improved 

remineralization efficacy.  But at the same time, it is important that the 

calcium agent used should not interfere with the action of fluoride and should 

enhance fluoride’s activity in remineralizing weakened enamel.15
 Hence, the 

sustained availability of calcium and phosphate ions is the single-most limiting 

factor in the remineralization process. 

Currently, there are three commercially available calcium phosphate-

based remineralization systems, which claim that the specific form of calcium 

phosphate helps overcome the limited bioavailability of calcium and 

phosphate ions for remineralization. 
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The first technology involves casein phosphopeptide stabilized 

amorphous calcium phosphate (CPP-ACP or Recaldent), wherein the casein 

phosphopeptides (CPP) stabilize high concentrations of calcium and phosphate 

ions, along with fluoride ions at the tooth surface by binding to pellicle and 

plaque.  Despite the stabilization of calcium, phosphate and fluoride ions by 

casein phosphopeptides from dental calculus, there is bioavailability of 

calcium, phosphate and fluoride ions that diffuse down concentration gradients 

into enamel subsurface lesions, thereby effectively promotes remineralization 

in vivo.
9 

The second technology involves unstabilized amorphous calcium 

phosphate (ACP or Enamelon), wherein the calcium and phosphate ions are 

separated from fluoride in a dual-chamber device or present along with 

fluoride ions, so that amorphous calcium fluoride phosphate forms intra-orally 

and rebuilds tooth enamel through remineralization.
8 

The third technology involves bioactive glass containing calcium 

sodium phosphosilicate (NovaMin), wherein the glass particles release 

calcium and phosphate ions intra-orally and promote remineralization.
7
 

The recently introduced, MI Varnish, which contains 2% CPP-ACP 

and 5% sodium fluoride, claims to have enhanced remineralizing potential due 

to increased release of bioavailable calcium, phosphate and fluoride ions.
16

   

The previous studies evaluated these technologies through in vitro 

studies and also clinically in various forms like toothpaste and mouthrinse; 
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however, there is limited literature available comparing each other regarding 

their remineralization potential as in the form of varnish.
 
 

Hence the present in vitro study was undertaken to assess  the 

remineralization potential of 5% sodium fluoride with casein phosphopeptide-

amorphous calcium phosphate varnish (MI Varnish, GC Corp) and compare it 

with that of 5% sodium fluoride varnish (Profluorid Varnish, VOCO) on 

artificial enamel caries-like lesions in human primary and permanent teeth. 
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AIMS AND OBJECTIVES  

1. To evaluate the remineralization potential of 5% sodium fluoride 

varnish (Profluorid Varnish, VOCO) on artificial enamel      

caries-like lesions in primary and permanent teeth. 

2. To evaluate the remineralization potential of fluoride varnish 

containing 5% sodium fluoride added to casein phosphopeptide-

amorphous calcium phosphate (MI Varnish, GC Corp) on 

artificial enamel caries-like lesions in primary and permanent 

teeth.  

3. To compare the remineralization potential of 5% sodium fluoride 

added to casein phosphopeptide–amorphous calcium phosphate 

varnish (MI Varnish, GC Corp) with that of 5% sodium fluoride 

varnish (Profluorid Varnish, VOCO) on artificial enamel     

caries-like lesions in primary and permanent teeth.   
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REVIEW OF LITERATURE 

Studies on fluoride: 

Axelsson P, Paulander J, Nordkvist K, Karlsson R (1987)
17

 

evaluated  the  effect  of  fluoride-containing  dentifrice,  mouth rinse  and  

varnish  on  approximal  dental  caries  in  a 3-year  clinical  trial  on  252, 13-

to-14-year-old  children .The  children were selected  at   random  and  divided 

into  four  groups. Group I  received  a fluoride dentifrice  for  home  care  and  

a fluoride  mouth rinse  once  a week. Group II received a fluoride dentifrice 

for home care and a placebo mouthrinse once a week. Group III received a 

fluoride dentifrice for home care and a fluoride varnish every three months. 

Group IV received placebo dentifrice and a fluoride mouth rinse once every 

week.   Fluoride mouth rinsing did not give any additional effect  compared  

with  the  placebo  rinsing  when  a  fluoride  dentifrice  was  used  for  home  

care, whereas fluoride  varnish  gave  a significant  reduction  in caries 

compared  with  fluoride  mouth rinsing. 

Hattab  FN , Wei SH, Chan DC ( 1987)
18

  conducted a  SEM  study  

of  enamel   surfaces  treated  with  topical  fluoride  agents  in vivo. Maxillary  

acrylic  appliances  carrying  the  enamel  sections  were  worn  for  24 hours  

following  5-minute  application of  neutral   NaF  gel  drops, APF gel  and  

Duraphat  varnish.  All  fluoride  treatment  induced  surface  coatings  

composed  of  globules  suggestive  of  CaF2.  The  size  of  the  globules  

varied  according  to  the  fluoride  agents.  The  globules  formed  following  
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neutral  NaF  gel drops  and  APF  were  spherical,  while  those  produced  by  

Duraphat were  flattened  forming  a  sheet-like  deposit.  Irregular  masses  of  

organic-like  material  were  seen  on  fluoride  untreated  enamel,  which  

were  exposed  to  oral  environment  for  24  hours.  The   prolonged  

retention  of  fluoride  supplement  to  the  enamel   microenvironment  thus  

contributes  to  remineralization. 

De Bruyn H, Buskes JA, Jongebloed W, Arends J (1988)
19

  

conducted  a study on fluoride  uptake  and  inhibition of  intra-oral  

demineralization  following  the  application    of  varnishes  with  different  

concentrations  of  fluoride. Intact human enamel was pretreated   with 

Fluorprotector varnishes with differing fluoride content (0.7, 0.1, 0.05, and 0 

wt% fluoride) for 24 hours.  It was  concluded that the amount  of  fluoride  

uptake  was  strongly  related to the  fluoride content in the  varnishes and this 

study indicated that the fluoride content in Fluorprotector varnishes  can  be  

decreased  without  reducing  its  ability  to  inhibit  demineralization. 

Seppa L (1988)
20

 studied the efficacy of sodium fluoride varnishes and 

a sodium fluoride solution in remineralization of enamel. One hundred and 

twenty slabs of noncarious human enamel were presoftened for six hours and 

randomly divided into six groups. The slabs were stored in synthetic saliva for 

nine days, except for a daily 30-minute immersion in 0.1M lactic acid –NaOH 

buffer. During the 9- day period, one group of slabs received no treatment and 

the rest were treated once or three times with 2.3% or 1.1% sodium fluoride 
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varnish Duraphat or nine times with a 0.1% sodium fluoride solution. It was 

concluded that fluoride varnishes were more effective than sodium fluoride 

solution and that the efficacy of the varnish was not proportional to the 

fluoride concentration but rather to the number of applications. Fluoride 

uptake by enamel was greater with the most concentrated varnish. 

Seppa L (1990)
21

 conducted two studies on fluoride varnishes in 

Finland. In  the   first  trial, the  sodium  fluoride  varnish  (Duraphat)  was  

found to be  more  effective  in  preventing  caries  when  compared  to  

Fluorprotector, despite  the  fact  that  Fluorprotector  deposited  markedly  

more  fluoride  in  enamel  than  Duraphat.  In a second study in children in a 

low-fluoride area, effect of Duraphat was found to be more effective than 

fortnightly fluoride rinses or Fluorprotector.  Increasing  the  application  

frequency  from   two  to four times  a  year  did  not  increase  the  

effectiveness  of  Duraphat  even  in  highly  caries-prone  children. 

Tewari A, Chawla HS, Utreja A ( 1991)
22

 conducted a 2½-year  

study  on  1251,  6-to12-year-old   children  to  evaluate  the  effect  of  topical  

application of  NaF,  APF and  Duraphat  given  at  six-monthly  intervals.  

Assessment  after  2½ - years    revealed  the  percentage  caries  reduction  

with  sodium   fluoride  to  be  in  the  range  of  20-24% on  baseline  teeth  

and  30-33%  on  teeth  erupted  during study,  showing  more  effect  on  

newly-erupted teeth. In APF group, the caries reduction  was  32-37% in  the  

DMFT  and  DMFS slightly  more on  teeth   erupted    during  a  study  on    
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baseline   teeth.   The  dental    caries  reduction  with   Duraphat(NaF varnish)   

was  in  the  range  of  70-75%  slightly  more  on  newly-erupted   teeth. 

Eronat C, Eronat N, Alpoz AR (1992)
23

  conducted an in-vitro study 

to evaluate the    fluoride  uptake    by  enamel  following  application  of  two  

conventional topical   fluoride  preparations,  APF and neutral  2% NaF  gels;  

and  two  fluoride  varnishes,  Duraphat  and Fluorprotector in 60  permanent  

and  20  primary  teeth.  The teeth were halved to provide test and control 

groups and fluoride uptake was measured using  a micro acid etch technique 

after 30-second and 60-second etching period. All topical fluoride preparations 

caused some fluoride uptake in primary and permanent enamel samples 

compared to the control groups. However, Duraphat and APF were found to 

be more effective than the other agents. 

Seppa L, Pollanen L, Hausen H (1994)
24

  assessed the clinical  

efficacy   of  caries  preventive  effect  of  fluoride  varnish  by varying   

fluoride   concentration  of  sodium   fluoride   varnish   from  the  present 

2.3%  to  1.1%.  A total of 274 children aged 12-14 years   and having high 

past caries experiences were randomly divided into two groups. The 

participants received three annual applications of either 2.3% or 1.1% varnish 

for three years.  Clinical and radiographic examinations were performed at 

baseline and at the end of followup.  The mean total DMFS increments of the 

2.3% and 1.1% varnish groups were 5.5(SD 5.7) and 5.7 (SD 5.3) 

respectively, when initial caries was excluded and 14.3 (12.0) and 14.9 (12.9) 
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respectively, when initial caries was included.  There were no significant 

differences in the surface specific DMFS increments between the groups and 

was concluded that lowering the fluoride concentration of Duraphat is worth 

considering when atleast used for children. 

Attin T, Hartmann O, Hilgers RD, Hellwig E (1995)
25

 conducted a 

study to determine the fluoride retention in plaque covered and clean incipient 

enamel lesions after topical applications of a CaF2/ NaF varnish (Bifluorid 12). 

Of the 50 specimens, 40 were fluoride varnished and 10 specimens were used 

for measuring baseline fluoride content. During the experimental period one 

side of the appliance was kept clean and plaque growth was allowed on the 

other. KOH soluble and structurally bound fluorides were determined 

immediately after fluoridation. It was evident that this CaF2/NaF varnish 

deposited more KOH soluble fluoride on the surface of demineralised enamel 

than other varnishes, but after five days fluoride retention was found to be 

similar to that of other varnishes. 

Garcia–Godoy F, Hicks MJ, Flaitz CM, Berg JH (1994)
26

 evaluated 

the effect of acidulated phosphate fluoride (APF) application time  (1 and 4 

minutes) on caries-like lesion formation in enamel. Following fluoride-free 

prophylaxis the specimens were divided into tooth quarters and assigned to 

treatment groups. Distobuccal and distolingual quarters: 1 minute APF; 

mesiobuccal and mesiolingual quarters: 4 minute APF. Acid-resistant varnish 

was applied to tooth quarters, leaving sound enamel windows exposed on 
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buccal and lingual surfaces. Lesions were created in APF treated and paired 

control sound enamel windows with an acidified gel. After lesion formation, 

sections were obtained and imbibed in water for polarized light microscopy 

study. APF treatment prior to lesion formation resulted in a significant 

reduction is lesion depth, regardless of whether a 1- or 4-minute APF 

treatment period was used. The 1-minute APF treatment provided the same 

degree of caries protection as the longer treatment period. 

Seppa L, Leppanen T, Hauseri H (1995)
27

 in a 3 year clinical trial 

compared the caries preventive effect of sodium fluoride varnish and 

acidulated phosphate fluoride gel. A total of 254 children aged 12-13 years 

with high past caries experience were randomly divided into two groups. The 

participants received semi-annual applications of either fluoride varnish or 

APF gel for 3 years. During the study, the mean (+/-SD) total DMFS 

increments of the varnish and gel groups were 6.8 +/- 5.6 and 7.7 +/6.4 

respectively, when initial caries was excluded. The difference was most 

evident on the approximal caries (varnish: 1.4 +/- 2.4; gel: 1.9 +/- 3.1). The 

results of this study suggested that fluoride varnish was as effective as fluoride 

gel atleast in preventing approximal caries. 

Bravo M, Llodra JC, Baca P, Osorio E (1996)
28

 conducted a 24-

month clinical trial to evaluate and compare effectiveness of visible-light-

polymerizing sealant (Delton) and  fluoride varnish (Duraphat) in prevention 

of occlusal caries in permanent first molars in 6-8-year-old children.  A total 
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sample population of 314 children with 762 molars was placed in three groups 

of 116 children and 272 molars - control; 98 children with 252 molars - 

varnish; and 100 children with 238 molars – sealant.  Replacement of sealant 

and reapplication of varnish was done every six months and molars were taken 

as analysis unit. After 24 months, percentage of molars free from caries was 

analyzed.  Of these, 10.5% sealed molars, 28.2% varnished molars and 45.2% 

control molars developed caries after 24 months. This study concluded that 

although the effectiveness of sealant was greater than that of varnish, varnish 

has the advantage of being used on partially-erupted teeth and smooth 

surfaces, and hence sealant and fluoride varnish are both effective in 

preventing caries in fissured and smooth surfaces. 

Bravo M, Garcia-Anllo I, Baca P, Llodra JC (1997)
29

 conducted a 

48-month clinical trial to evaluate and compare Delton visible-light sealant 

and  Duraphat fluoride varnish in the prevention of occlusal caries in 

permanent first molars of 344 children aged six to eight years.  The children 

were placed in three groups, namely Delton sealant group (104 children with 

365 molars), Duraphat varnish group (112 children with 402 molars) and a 

control group (128 children with 434 molars). Replacement of sealant or 

reapplication of varnish was carried out every six months.  Survival analysis 

was done to assess molar failures over time in the three groups. The median 

survival times for both sealed and varnished molars were more than 48 months 

and 28.6 months for control molars. The Cox model hazard ratio of 0.177 for 
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sealant and control indicated that with a 6-month replacement, sealant 

effectiveness remains constant over 48 months. A hazard ratio of 0.463 for 

varnish and control showed that 6-month varnish application was adequate for 

school-based fluoride varnish programs. With a hazard ratio of 0.382 for 

sealant and varnish, this study concluded that mechanical protection of 

sealants in fissures is greater than that provided by fluoride varnish in these 

locations.   

Petersson LG, Magnusson K, Andersson H, Deierborg G, 

Twetman S (1998)
30

 conducted a study on the effect of semi-annual 

applications of a chlorhexidine/fluoride varnish mixture on approximal caries 

incidence in school children. In this study, a test group of 115, 12-year-old 

children were treated semiannually with a mixture (1:1) of a varnish 

containing 0.1% F (Fluorprotector) and 1.0% chlorhexidine (Cervitec). A 

reference group of 104 children received fluoride varnish treatment 

(Fluorprotector) semi-annually. Approximal caries were recorded from 

bitewing radiographs at baseline and after 3years. The results showed that both 

groups had a comparatively low incidence of approximal caries during the 

experimental period and suggested that a mixture of fluoride and antibacterial 

varnish had no additional preventive effect on approximal caries incidence 

compared with fluoride varnish alone. 

Seppa L (1998)
31

 conducted a study to evaluate the efficacy of sodium 

fluoride varnishes and a NaF solution in remineralization of enamel. One 
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hundred and twenty slabs of non-carious human enamel were presoftened for 

6 hours and randomly divided into six groups. The slabs were stored in 

synthetic saliva for 9 days, except for a daily 30-min immersion in 0.1 M 

lactic acid-NaOH buffer. During the 9-day period, one group of the slabs 

received no treatment, and the rest were treated once or three times with 2.3% 

or 1.1% sodium fluoride varnish Duraphat, or nine times with a 0.1% NaF 

solution. Finally, the slabs were demineralized for 1 hour, and the amount of 

dissolved calcium and fluoride was determined. Microhardness of enamel was 

determined initially, after presoftening, after the 9- day period, and after the   

1-hour demineralization. All fluoride treatments prevented enamel softening 

almost completely during the nine days, but the control slabs softened 

markedly. Fluoride varnishes were more effective than NaF solution. Three 

applications of 2.3% Duraphat were slightly more effective than any of the 

other varnish treatments, but one treatment with 2.3% varnish was not more 

effective than treatments with 1.1% varnish. Enamel treated three times with 

1.1% varnish showed the greatest acid resistance during the 1-hour 

demineralization. The results suggest that the efficacy of the varnish was not 

proportional to the fluoride concentration, but rather to the number of 

applications. Fluoride uptake by enamel was greatest with the most 

concentrated varnish. Enamel solubility was not, however, directly 

proportional to the fluoride content of enamel. 
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Todd MA, Staley RN, Kanellis MJ, Donly  KJ (1999)
32

 conducted 

an  in-vitro study to assess  the efficacy of Duraflor fluoride varnish to directly 

inhibit demineralization of enamel surrounding orthodontic brackets.  Brackets 

were bonded to 36 extracted sound human canines and premolars with a 

traditional composite resin and randomly assigned to three groups of 12 teeth 

each. Group 1 served as the control with no topical application after bonding. 

Group 2 was treated with a single application of a non-fluoridated placebo 

varnish. Group 3 was treated with a single application of Duraflor varnish 

after bonding. All the samples were cycled in an artificial caries solution for 1 

hour two times daily for 37 days and were brushed with a medium-bristled 

toothbrush to simulate mechanical wear of the varnish. The samples were 

sectioned buccolingually and demineralization of enamel was evaluated using 

polarized light microscopy and sonic digitizer was used to quantify both 

average depth and area of demineralization. Data analyzed with ANOVA    

(p ≤0.0001) and Duncan’s test (p ≤0.05) and results indicated significant 

differences in depth and area of demineralized enamel. Samples treated with 

Duraflor varnish exhibited 50% less demineralization than the control teeth 

and an even greater difference when compared to the placebo group. This 

study concluded that fluoride varnishes can be used as a preventive adjunct to 

reduce enamel demineralization adjacent to orthodontic brackets, especially in 

those who exhibit poor compliance with oral hygiene measures and home 

fluoride use. 
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Autio-Gold JT and Courts F (2001)
33

 conducted a study to evaluate 

the effect of fluoride varnish on progression of enamel caries in the primary 

dentition.  One hundred and forty-two children aged 3 to 5 years, studying in 

Head Start Schools were randomly divided into 2 groups, namely fluoride 

varnish-59 children and control group–83 children. Children in the varnish 

group received Duraphat varnish at baseline and after four months, and 

children in the control group received no professional fluoride applications. 

Two calibrated examiners performed the examinations at baseline and at nine 

months.  Results showed that in the control group, 37.8% of active enamel 

lesions became inactive, 3.6% progressed and 36.9% did not change. In the 

varnish group, 81.25% became inactive, 2.4% progressed and 8.2% did not 

change. The difference between the varnish and control groups was 

statistically significant (p<0.0001). The mean decayed surfaces value in the 

varnish group was significantly lower after nine months than it was at baseline 

(p<0.0001). Also, when initial enamel and dentinal lesions were included in 

data analysis, the decayed with initial enamel lesions, missing and filled 

surfaces or dEmfs values; decayed with initial enamel lesions, missing and 

filled teeth or dEmft values; and decayed surfaces with initial enamel lesions 

or dEs, values were significantly lower in the varnish group after nine months 

than they were at baseline (p<0.0001).  This study concluded that fluoride 

varnish applications are an effective measure in reversing active pit-and-

fissure enamel caries in primary dentition.  Clinically, fluoride varnishes are 
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safe, easy to apply, well-accepted by children, and is an efficient, non-surgical 

alternative for treatment of caries in children. 

Hazelrigg CO and Dean JA et al (2003)
34

  conducted a study with 

four-fold purpose, namely (1) to measure the fluoride concentration gradient 

in 10-mL tubes of fluoride varnish, based on resting position of the tube prior 

to use; (2) to compare fluoride concentration gradients of three fluoride 

varnishes (Duraphat, Duraflor, and CavityShield); (3) to compare this gradient 

to the potential to inhibit caries in artificial caries environment; and (4) to 

determine if quantitative light fluorescence (QLF) can detect differences in 

lesions developed after demineralization and following remineralization using 

fluoride varnish.  One hundred premolar enamel specimens of 3 mm diameter 

were subjected to demineralization and treated with fluoride varnish, Group A: 

Duraflor horizontally stored, Group B: Duraflor vertically stored, Group C: 

Duraphat horizontally stored, Group D: Duraphat vertically stored, Group E: 

CavityShield unidose.  All specimens were then analyzed with QLF system 

and confocal microscopy. Results showed that there was no significant 

fluoride ppm differences between groups (p=0.29). QLF data analysis showed 

there was no significant difference (p>0.05) in the amount of remineralization 

obtained by using any fluoride varnish stored in any position.  The order in 

which Duraflor varnish was dispensed from tubes significantly affected the 

fluoride concentration (p<0.05) but the order effect was insignificant for 

Duraphat (p=0.99). The study concluded that all the three fluoride varnishes 
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remineralized incipient in-vitro carious lesions, irrespective of which part of 

the 10-mL tube the varnish was taken from, although a fluoride concentration 

gradient existed in tubes of Duraflor. Also, QLF detected demineralized and 

remineralized incipient carious lesions. 

Castellano JB and Donly KJ (2004)
35

 conducted a study to evaluate 

remineralizing effect of topical fluoride varnish applied over and around 

caries-like lesions.  Fifteen extracted molars were sectioned into two halves 

and caries-like lesions were created on all 30 molar surfaces.Sectioning was 

done through each lesion, photographed under polarized light microscopy and 

quantified with a computerized imaging system. The sections were 

repositioned with only the carious lesion exposed. Half the samples were 

painted with 5% sodium fluoride varnish, including the surface of lesion. The 

remaining 15 samples were coated with 5% sodium fluoride varnish excluding 

the surface of the lesion.  All sections were immersed in artificial saliva for 30 

days, re-photographed and re-quantified. The results showed that mean 

percentage of remineralization of lesion size was 10.8% for lesions completely 

covered by fluoridated varnish and 9.5% for lesions that had fluoridated 

varnish surrounding the lesion.  This study concluded that both application 

techniques caused effective remineralization, although there was no significant 

difference between the two application techniques. 

Santaella MR, Braun A, Matson E, Frentzen M. (2004)
36

 conducted 

a study to investigate and compare the caries-preventive potential of 809 nm 
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diode laser treatment and topical fluoride application on primary teeth.  Eighty 

enamel samples of sound primary incisors with a polished area of 2x2 mm 

were randomly divided into four groups namely, Group 1- control, Group 2 – 

Duraphat fluoride varnish applied for 6 hours,  Group 3 - 809 nm diode laser 

used to irradiate for one minute in contact mode, and  Group 4 -   laser 

treatment followed by varnish. The samples underwent pH cycling for 10 

days, sectioned longitudinally and examined by polarized light microscopy.  

Results showed that control samples had lesion depth of 30 microns. After 

laser treatment, carious lesions were identified in 15 out of 20 samples. In 

groups 2 (fluoride varnish only) and 4 (laser and varnish), there was complete 

inhibition of caries development in all samples. Hence this in-vitro study 

concluded that topical fluoride application increases the resistance of sound 

enamel of primary teeth more effectively than diode laser application. 

Delbem ACB, Bergamaschi M, Sassaki KT, Cunha RF (2006)
37

 

conducted a study to investigate the anti-cariogenic effect of fluoride released 

by fluoride varnish and silver diamine fluoride solution, both of which are 

commonly applied in infants. Seventy-two bovine sound enamel blocks with 

baseline microhardness ranging from 326 to 344 were randomly allocated to 

three groups (n=24) namely, control (C), varnish (V) and diamine silver 

fluoride solution (D). The blocks were submitted to pH cycles in an oven at 

37°C for seven days. Fluoride present in enamel, mineral loss (ΔZ), and 

surface and cross-sectional microhardness were assessed to calculate the 
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percentage loss of surface microhardness (%SML). Results showed that 

F/Px10-3 (ANOVA, p<0.05) in the first layer of enamel before pH-cycling 

were (C, V and D): 1.61; 21.59 and 3.98.  The %SMH (Kruskal-Wallis, 

p<0.05) were 64.0, -45.2 and -53.1 and %ΔZ values (ANOVA, p<0.05) were: 

-18.7, -7.7 and -17.3. This study concluded that the fluoride released by 

varnish showed greater interaction with sound enamel and provided less 

mineral loss when compared with silver diamine solution.
 

Weintraub JA, Ramos-Gomez F, Jue B, Shain S. et al (2006)
38

 

conducted a two-year randomized, clinical trial to determine the efficacy of 

different fluoride varnish (5% NaF, Duraphat, Colgate) application 

frequencies with parental/caregiver oral health counselling Vs counselling 

alone in childhood caries incidence in young, initially caries-free children 

from low-income Chinese or Hispanic San Francisco families were enrolled 

(mean age ± standard deviation, 1.8 ± 0.6 years). All families received 

counseling and children were randomized to one of the following groups: no 

fluoride varnish, fluoride varnish once/year, or fluoride varnish twice/year. 

Analyses showed the protective effect of fluoride varnish in caries incidence 

(p<0.01) and the number of varnish applications received resulted in a dose-

response effect (p<0.01). Caries incidence was higher for ‘counseling only 

group’ than ‘counseling + fluoride varnish once/year’ (Odds ratio = 2.20, 95% 

Confidence Interval 1.19-4.08) and ‘twice/year’ (OR = 3.77, 95% CI 1.88-

7.58) and no related adverse events were reported. Hence this study concluded 
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that fluoride varnish added to parental counseling is efficacious in reducing 

incidence of early childhood caries and this protocol is recommended as part 

of caries prevention program for infants and toddlers.  

Santos LM, Reis JIL, Medeiros MP, Ramos SM et al (2009)
39

 

conducted a study to evaluate the effect of application of fluoride products on 

development of enamel caries in deciduous teeth. One hundred and eight 

deciduous teeth were coated with acid-resistant nail varnish leaving only 5x1 

mm of dental enamel exposed. The teeth were allocated randomly to one of 

the following groups: 1) control – toothpaste without fluoride;  2) 1.23% 

fluoride gel; 3) Duraflur fluoride varnish; 4) Duraphat fluoride varnish; 5) 

Fluorniz fluoride varnish; 6) Fluorphat fluoride varnish; 7) varnish with 

Duofluorid; 8) 12% silver fluoride diamine (Cariestop); 9) Children’s fluoride 

toothpaste (500 ppm). The tested products were applied on the teeth and each 

group of teeth was subjected to pH cycling for 14 days.  The teeth were 

sectioned and depth of carious lesion was analyzed by polarized light 

microscopy. Comparisons were made between the treatments and the control 

group. The mean lesion depth values were 318 μm ± 39 (control),                

213 μm ± 27 (fluoride gel), 203 μm ± 34 (Duraflur), 133 μm ± 25 (Duraphat), 

207 μm ± 27 (Fluorniz), 212 μm ± 27 (Fluorphat), 210 ± 28 (Duofluorid),   

146 ± 31 (Cariestop) and 228 ± 24 (fluoride toothpaste). This study concluded 

that all fluoride products reduced depth of carious lesions, but none of them 

was able to completely prevent the formation of caries. The highest cariostatic 
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effect was achieved by fluoride varnish Duraphat and the lowest by the 

fluoride toothpaste. 

Arruda AO, Kannan SR, Inglehart MR, Rezende CT, Sohn W 

(2012)
40

 conducted a double-blind, randomized study to evaluate the efficacy 

of 5% sodium fluoride (NaF) varnish in reducing caries in permanent teeth of 

rural Brazilian school children over a 12-month period. The sample population 

consisted of 379 school children, aged 7–14 years who attended three schools 

between January 2006 and December 2007, during which time, each school 

was visited four times at 6-month interval for recruitment, dental 

examinations, and fluoride varnish applications. Recruited children were 

randomly assigned to either a treatment (5% NaF varnish, n=198) or a control 

group (placebo, n=181). Trained interviewers collected data on oral health 

habits, socio-demographic status and 7-day diet diary. Caries examinations 

were conducted using International Caries Detection and Assessment System 

(ICDAS).  The efficacy of fluoride varnish application on caries prevention 

was reported as preventive fraction (PF) and crude caries increments of 

decayed and filled surfaces (DFS) were compared between varnish and 

placebo groups. A generalized linear model (GLM) was constructed to test the 

differences in DFS increments between the groups after accounting for 

confounding factors. Results showed that only 210 (55.4%) children 

completed 12-month followup including one or two applications of fluoride 

varnish or placebo. At baseline examination, children in the treatment and 
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control groups presented an average 6.2 and 5.6 DFS, respectively (p< 0.001). 

After 12 months, children in the varnish group showed significantly lower 

DFS increments than control group (10.8 versus 13.3; p<0.007), with PF of 

40% (95% CI: 34.3–45.7%; p<0.0001).  This study concluded that one or two 

applications of 5% NaF varnish can be used as a public-health measure for 

reducing caries incidence in high-caries-risk population.  

Tavassoli-Hojjati S, Haghgoo R, Mehran M, Niktash A (2012)
41 

conducted a study to assess and compare the efficacy of three fluoride 

products.  Sixty extracted sound premolars were  randomly assigned into one 

of the following four groups, namely, control group - washed with deionized 

water, weekly foreign 1.23% APF gel (Sultan Topex) application for 60 

seconds, weekly Iranian 1.23% APF gel (Kimia) application for 2 minutes, 

and weekly fluoride varnish (2.26% Durashield) application. Specimens were 

subjected to pH cycling. The teeth were sectioned buccolingually and 

evaluated under polarized light microscope. The data were analyzed using 

Kruskal-Wallis and Dunn test for pairwise comparison.  The results showed 

that the control group had the deepest lesions (mean depth, 140 ± 37 µm) and 

fluoride varnish group had the shallowest lesions (mean depth, 60 ± 37 µm).  

Fluoride varnish, Sultan gel, and Kimia gel decreased lesion depth by 75.3%, 

67.7% and 57.2% respectively. However, there was no significant difference 

in demineralization depth between all fluoride-treated groups. The difference 

between fluoride groups and control group were significant.  This study 
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concluded that treatment of enamel of permanent teeth with various topical 

fluorides significantly inhibited demineralization, but there was no significant 

difference between fluoride varnish or gel application in preventing 

demineralization, as the neutral fluoride varnish with a higher concentration of 

fluoride may be similar in action to acidic APF gel with a lower fluoride 

concentration. 

Bakhshandeh A and Ekstrand K (2015)
42

 conducted a study to 

evaluate the efficacy of infiltrating, sealing, and fluoride varnishing on the 

occlusal surfaces with initial caries lesions. This was a split-mouth design 

study, in which 50 children aged between 5 and 8 years with three occlusal 

lesions participated. After randomization, one lesion was infiltrated with 

ICON and varnished with Duraphat (I+F), one lesion was sealed with Delton 

and varnished with Duraphat (S+F), and one lesion only varnished with 

Duraphat (F). Lesion status was followed using radiographs on 47 children 

after 2–3 years (mean=22 months). Results showed that seven lesions in the 

I+F group, 9 lesions in the S+F, and 17 lesions in the F group showed 

radiographic progression. A significant difference in lesion progression was 

only found between the I+F- and the F group of teeth (p = 0.021). Hence this 

study concluded that infiltration and sealing occlusal surfaces with initial 

caries lesions on primary molars showed a high efficacy in arresting caries 

progression, significant for the I+F or borderline significant for the S+F 

compared with the F group.  The infiltration technique plus fluoride varnish 
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showed a high and significant effect in arresting progression of initial occlusal 

caries in primary molars, whereas sealing plus fluoride varnish has a superior 

effect to fluoride application alone.  

Studies on casein phosphopeptide – amorphous calcium phosphate:  

Reynolds EC (1987)
43

 assessed the ability of bovine milk phosphate 

protein (casein) to prevent enamel subsurface demineralization. The intraoral 

model consisted of a removable appliance containing a left and right pair of 

bovine enamel slabs placed to stimulate an approximal area. Supragingival 

plaque was collected and impacted to the left and right inter-enamel spaces. 

The left side of the appliance was exposed to various sugar and salt solutions, 

while the right side was exposed to sugar and casein solution (pH 7.0) per day 

prevented subsurface demineralization by their ability to incorporate into 

plaque, thereby increasing plaque calcium phosphate and acid buffering 

capacity by the phosphoseryl, histidyl, glutamyl and aspartyl residues and 

indirectly through catabolism by plaque bacteria. 

  Reynolds EC, Cain CJ, Webber FL, Black CL, Riley PF, Johnson 

IH, Perich JW (1995)
44

 investigated the anticariogenicity of calcium 

phosphate complexes of tryptic casein phosphopeptide in the rat by the use of 

specific pathogen free rats inoculated with streptococcus sobrinus. The 

animals consumed a defined cariogenic diet free of dairy products. Solutions 

(100 µl) of the CPP-CP (0.1, 0.2, 0.5, 1.0% w/v) were applied to the animals 

molar teeth twice daily. Other group of animals received 500 ppm F; the non-
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phosphorylated peptides of a casein tryptic digest (0.5% w/v). The CPP-CP 

significantly reduced caries activity in a dose response fashion with 1.0% 

CPP-CP producing 55% and 46% reductions in smooth surface and fissure 

caries activity, respectively being similar to that of 500 ppm F. The            

anti-cariogenic effects of CPP-CP and fluoride were additive, since animals 

receiving 0.5% CPP-CP plus 500 ppm F had significantly lower caries activity 

than those animals receiving either CPP –CP or fluoride alone.  

Reynolds EC (1997)
45

 in an in-vitro study assessed the 

remineralization of enamel subsurface lesions. In this study solutions were 

used to examine the effect of CPP – calcium phosphate concentration on 

remineralization. Other solutions were used to examine the effect of increasing 

pH, which decreased the concentrations of free calcium and phosphate ions 

and increased the level of CPP-bound ACP. After a 10-day remineralization 

period, enamel lesions were sectioned, subjected to microradiography and the 

mineral content was determined by microdensitometry. All solutions deposited 

mineral into the bodies of the lesions with the 1% CPP-calcium phosphate          

(pH 7.0) solution replacing 63.9 +/- 20.1% of mineral lost at an average rate of   

3.9 +/- 0.8 × 10
-8 

mol hydroxyapatite /m
2
/s. The remineralizing capacity was 

greater for the solutions with the higher levels of CPP- stabilized free calcium 

and phosphate ions than the degrees of saturation for hydroxyapatite, 

octacalcium phosphate. The CPP, by stabilizing calcium phosphate in solution, 

maintains high concentration gradients of calcium and phosphate ions and ion 
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pairs into the subsurface lesion and thus affect high rates of enamel 

remineralization. 

Reynolds EC (1998)
46

 using laboratory, animal and human in situ 

caries models has shown that casein phosphopeptide amorphous calcium 

phosphate complexes exhibit an anti-cariogenic activity. The CPP have a 

remarkable ability to stabilize calcium phosphate in solution and substantially 

increase the level of calcium phosphate in dental plaque. The CPP-CP 

localizes ACP in dental plaque, which buffers the free calcium and phosphate 

ion activities, thereby, helping to maintain a state of supersaturation. The               

CPP-ACP unlike fluoride, can be added to sugar containing foods, and 

therefore have commercial potential as an additive to foods as well as to   

toothpastes and mouthwashes for the control of dental caries.  

Reynolds EC, Black CL, Cai F, et al (1999)
47

 studied enamel 

remineralization using casein phosphopeptide-amorphous calcium phosphate. 

The CPP-ACP has been shown to localize at the tooth surface and prevent 

caries in laboratory, animal and human in situ caries models. The CPP-ACP 

have also been shown to remineralize enamel subsurface lesions in-vitro and 

in-situ when delivered in a sugar free chewing gum by maintaining a state of 

supersaturation with respect to tooth enamel depressing demineralization and 

enhancing remineralization.      

Rose RK (2000)
48

 investigated the effects of an anti-cariogenic casein 

phosphopeptide on calcium diffusion in streptococcal model dental plaques 
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and reported that CPP-ACP binds well to plaque providing a large calcium 

reservoir within the plaque and slowing diffusion of free calcium. This is 

likely to restrict mineral loss during a cariogenic episode and provide a 

potential source of calcium for subsequent remineralization. Overall, once in 

place, CPP-ACP will restrict the carious process. 

Shen P, Cai F, Nowicki A, Vincent J, Reynolds EC (2001)
49

 

determined the ability of CCP-ACP in sugar-free chewing gum to remineralize 

enamel subsurface lesions in a human in-situ model. Thirty subjects in 

randomized, crossover, double blind studies wore removable palatal 

appliances with six human enamel half slabs insert containing subsurface 

demineralized lesions. The appliances were inserted immediately before gum 

chewing for 20 minutes and then retained for another 20 minutes. This was 

performed four times per day for 14 days. They concluded that the addition of 

CPP-ACP to either sorbital or xylitol-based gum resulted in a dose-related 

increase in enamel remineralization with 0.19, 10.0, 18.8 and 56.4 mg of  

CPP-ACP producing an increase in enamel remineralization of 9.63, 102 and 

152% respectively, relative to the control gum, independent of the gum weight 

or type. 

Cai F, Shen P, Morgan MV, Reynolds EC (2003)
50

 determined the 

effect of CPP-ACP incorporation into a sugar-free lozenge on enamel 

remineralization in a human in-situ model. The study utilized a double-blind, 

randomized, cross-over design with four treatments (i) lozenge containing 
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56.4 mg of CPP-ACP (ii) lozenge containing 18.8mg CPP-ACP (iii) lozenge 

not containing CPP-ACP (iv) no lozenge nil treatment control. Ten subjects 

wore removable appliances with four, human enamel, half slab inserts 

containing subsurface lesions. Lozenges were consumed without chewing, 

four times per day for 14-day duration. At the end of the treatment period, it 

was found that the incorporation of CPP-ACP into the lozenge significantly 

increased enamel subsurface lesion remineralization with 18.8 and 56.4mg of 

CPP-ACP increasing remineralization by 78% and 176% respectively, relative 

to the control sugar-free lozenge. 

Pai D, Bhat SS, Taranath A, Sargod S, Pai VM (2008)
51

 conducted  

an in-vitro study to evaluate the remineralization of incipient enamel caries by 

topical application of casein phosphopeptide-amorphous calcium phosphate 

(CPP-ACP) cream.  Of the 60 extracted caries-free teeth, 40 teeth were used as 

test samples, 10 as positive and 10 as negative controls. The samples were 

demineralized and then remineralized by the topical application of CPP-ACP 

cream for a period of 14 days. The remineralization was evaluated with the use 

of laser fluorescence and scanning electron microscope (SEM). The results 

showed that laser fluorescent readings of test samples after remineralization 

were highly significant (p<0.001) and a significant number of samples 

observed under SEM showed high scores of remineralization. 

Vashishit R, Kumar A, Indira R, Srinivasan MR et al (2010)
52

 

conducted a study to quantitatively evaluate remineralization potential of 
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casein phosphopeptide-amorphous calcium phosphate (GC Tooth Mousse)  on 

artificial early enamel lesions in an ex-vivo scenario by observing the treated 

tooth surface using a scanning electron microscope (SEM). This randomized 

study was conducted on 10 subjects undergoing orthodontic treatment, who 

required premolar extraction as part of their treatment. Artificial white lesions 

were created with the application of 37% phosphoric acid for 20 minutes.  

Teeth were then divided into two groups, namely experimental and control. 

Customized orthodontic band with a window was luted onto premolars. The 

CPP-ACP paste (GC Tooth Mousse) was applied on the window region of the 

experimental group for 3 minutes thrice daily after meals for 14 days, whereas 

no paste was applied in the control group. After 14 days, premolars were 

extracted and viewed under SEM.  Results showed remineralization of lesions 

as compared with control group in most samples. This study concluded that 

CPP-ACP could significantly remineralize artificial enamel lesions in vivo. 

Hegde MN, Moany A (2012)
53

 conducted a study to evaluate the 

remineralization potential of casein phosphopeptide-amorphous calcium 

phosphate paste (GC Tooth Mousse) on enamel subsurface lesions using 

scanning electron microscopy with energy dispersive X-ray analysis (SEM-

EDX).  Ninety enamel specimens 4 mm x 4 mm x 1 mm size were prepared 

from extracted human molars. All specimens were evaluated for mineral 

content (calcium/phosphorus ratios in % weight) using SEM-EDX. The 

specimens were placed in demineralizing solution for four days to produce 
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artificial carious lesions. The mineral content was remeasured using         

SEM-EDX.  The specimens were then randomly assigned to five study groups 

and one control group of 15 specimens per group. Except for the control 

group, all group specimens were incubated in remineralizing paste (CPP-ACP 

paste) for 7, 14, 21, 28, and 35 days twice daily for three minutes. The control 

group received no treatment with remineralizing paste. All the 90 specimens 

were stored in artificial saliva at 37°C. After remineralization, the mineral 

content of the samples was measured using SEM-EDX.  Results showed that 

all the study groups showed very highly significant differences between Ca/P 

ratios of the demineralized and remineralized samples, but there was no 

significant difference seen in control group.  The study concluded that CPP-

ACP paste could significantly remineralize artificial enamel subsurface lesions 

in vitro with remineralizing rates increasing with increased time of exposure to 

remineralizing paste. Also energy dispersive x-ray analysis efficiently assesses 

the quantitative changes in mineral content after in vitro demineralization and 

remineralization. 

 

Studies on fluoride and casein phosphopeptide-amorphous calcium 

phosphate: 

Kumar VLN, Itthagarun A, King NM (2008)
54

 investigated 

remineralizing efficacy of CPP-ACP containing Tooth Mousse and compared 

its efficacy with that of a fluoridated toothpaste.  Fifty sound third molars were 
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placed in demineralizing solution for 96 hours to produce artificial caries-like 

lesions of 120 to 200 microns deep.  They were sectioned into 100 to 150 

micron thick samples and randomly divided into 5 groups: Group A – Colgate 

Total, fluoridated toothpaste (1100 ppm) used as positive control, Group B- 

Vicco, non-fluoridated toothpaste used as negative control, Group C - Tooth 

Mousse as toothpaste, Group D- GC Tooth Mousse as topical coating,                  

Group E- GC Tooth Mousse as a topical coating after treating the sections 

with Colgate Total, fluoridated toothpaste.  Results showed that lesion depth 

decreased significantly by 7% in fluoridated toothpaste group, 10.1% in 

Groups C and D (Tooth Mousse toothpaste  and topical coating groups), and 

13.1% in Group E (Tooth Mousse topical coating + fluoridated toothpaste -               

p< 0.05), while in Group B (Vicco, non-fluoridated toothpaste)  the lesion 

depth increased significantly by 23%. This study concluded that CPP-ACP 

containing Tooth Mousse remineralized initial enamel lesions and it showed a 

higher remineralizing potential when applied as a topical coating over tooth 

surface treated with fluoridated toothpaste. This was attributed to the 

interaction between fluoride and CPP-ACP to produce amorphous calcium 

fluoride phosphate, which is acid resistant and accelerates remineralization. 

Badr SBY, Ibrahim MA (2010)
55

 conducted a study to  assess the 

effect of acidulated phosphate fluoride gel (APF), sodium fluoride varnish 

(NaF) and casein phosphopeptide-amorphous calcium phosphate fluoride 

paste (CPP-ACPF) on the dental erosion produced by coca cola in primary and 
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permanent teeth.  Crown sections of thirty primary molars and 30 premolars 

were embedded in acrylic resin blocks leaving the enamel surfaces exposed. 

Specimens were randomly assigned to one of the three groups, each of 10, 

APF gel (1.23% F), NaF varnish (0.1%F), and CPP-ACPF paste (0.2%F). Half 

of the exposed enamel surface was protected with adhesive tape during the 

treatment of the remaining surface according to their group. Six daily 

demineralization–remineralization cycles of 5 minutes of immersion in a cola 

drink (pH 2.3) and 30 minutes in artificial saliva were conducted for 14 days. 

Vickers surface micro-hardness readings were recorded at baseline and 14 

days later for both halves and percentage surface microhardness reduction 

(%SMHR) was calculated. Results showed that all of the tested fluoride 

treatments reduced erosive enamel loss in both primary and permanent teeth. 

In primary teeth, only APF gel showed significantly higher anti-erosive effect 

than others and in permanent teeth, both CPP-ACPF paste and APF gel 

showed significantly higher protective anti-erosive effect than fluoride 

varnish. Hence this study concluded that all of the tested fluoride treatments 

reduced erosive enamel loss in primary and permanent teeth, and the primary 

and permanent enamel substrates reacted differently to different fluoridated 

compounds. Also, study concluded that CPP-ACPF paste is a promising 

remineralizing agent. 

Lata S, Varghese NO, Varughese JM (2010)
56

conducted an in-vitro 

study on enamel blocks of human premolars to evaluate the remineralization 
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potential of fluoride and ACP-CPP and the combination of ACP-CPP and 

fluoride on early enamel lesions. Fifteen sound human premolars were 

selected. The coronal part of each tooth was sectioned into four parts to make 

4 enamel blocks. The baseline surface microhardness (SMH) was measured 

for all the enamel specimens using Vickers microhardness (VHN) testing 

machine. Artificial enamel carious lesions were created by inserting the 

specimens in demineralization solution for 3 consecutive days. The SMH of 

the demineralized specimens was evaluated. Then the four enamel sections of 

each tooth were subjected to various surface treatments, Group 1: Fluoride 

varnish (Fluorprotector Intro pack; Ivoclar Vivadent), Group 2: CPP-ACP 

cream (GC Tooth Mousse, Recaldent), Group 3: Fluoride varnish + CPP-ACP 

cream, and Group 4: control (no surface treatment). The pH cycling was 

carried out, consisting of alternative demineralization for three hours and 

remineralization with artificial saliva for 21 hours for five consecutive days. 

After pH cycling, SMH of each specimen was assessed to evaluate the 

remineralization potential of each surface treatment agent. Then, to assess the 

remineralization potential of various surface treatments at the subsurface level, 

each enamel specimen was longitudinally sectioned through the center to 

expose the subsurface enamel area and cross-sectional microhardness (CSMH) 

was evaluated.  Statistical analysis using one-way ANOVA followed by 

multiple comparisons test was applied to detect significant differences at         

p ≤ 0.05 levels between various surface treatments at different phases.  The 

study concluded that CPP-ACP cream is effective, but to a lesser extent than 
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fluoride in remineralizing early enamel caries at surface level. A combination 

of fluoride and CPP-ACP does not provide any additive remineralization 

potential compared to fluoride alone. Fluoride, CPP-ACP and their 

combination are not effective in remineralizing the early enamel caries at the 

subsurface level. 

Schemehorn BR, Wood GD, McHale W, Winston AE (2011)
57

 

conducted a study to compare the ability of two sodium fluoride varnishes 

containing different calcium phosphate sources to deliver fluoride into treated, 

sound enamel and untreated, demineralized enamel. Six sets of 12 bovine 

enamel cores were mounted on plexiglass rods and three sets were soaked in 

thickened, pH 5,  1 M lactic acid, 50% saturated with calcium hydroxyapatite.  

Fluoride varnish with tricalcium phosphate (TCP) was applied to one set of 

sound enamel cores, to another, fluoride varnish with amorphous calcium 

phosphate (ACP) was applied, and the third set of enamel cores was water 

treated. Each treated sound enamel core was paired with an untreated 

demineralized one and the pairs were soaked in artificial saliva for 24 hours at 

37°C.  The treated cores were initially soaked in 1.0 N KOH saturated with 

calcium phosphate for 18 hours. Each core was separately etched with 1.0 N 

perchloric acid for 15 seconds and fluoride measured by an ion-sensitive 

electrode after neutralizing with NaOH and buffering in TISAB II. The 

amount of calcium released was measured by atomic absorption 

spectrophotometry as a measure of etch depth. The average fluoride uptake for 
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sound enamel cores was 1677 +/- 193 ppm with ACP varnish, 455 +/- 38 ppm 

with TCP varnish and 44 +/- 5 ppm with water. The average fluoride uptake 

was 5567 +/- 460 ppm, 2126 +/- 126 ppm, and 49 +/- 4 ppm for demineralized 

cores paired with ACP varnish, TCP varnish, and water respectively and the 

differences between the three groups were statistically significant (p<0.05).  

This study concluded that 5% sodium fluoride varnish with ACP delivers 

significantly more fluoride to both sound and demineralized enamel than 5% 

sodium fluoride varnish with TCP. 

Prabhakar AR, Manojkumar JA, Basappa N (2013)
58

 conducted a 

study to investigate and compare the remineralizing and desensitizing 

potential of CPP-ACP + 900 ppm of fluoride (MI Paste Plus, GC) and TCP + 

5000 ppm NaF (Clinpro Tooth Creme) with that of 5000 ppm NaF toothpaste.  

To evaluate remineralizing potential, 30 third molars with a window of 

1x5mm were placed in demineralizing solution for five days to produce caries-

like lesions and randomly assigned to three groups: Group I - 5000 ppm 

sodium fluoride; Group II - 900 ppm sodium fluoride with CPP-ACP                     

(MI Paste Plus) and Group III - 5000 ppm sodium fluoride with TCP (Clinpro 

Tooth Creme). The samples were longitudinally sectioned and carious lesions 

photographed under polarized light microscope and quantified with a 

computerized imaging system. The experimental materials were applied onto 

the tooth sections and subjected to pH cycling for 28 days. To evaluate 

desensitizing ability, 30 dentin specimens of 2 mm thickness were obtained 
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from cervical third of sound third molars. Specimens were ultrasonicated and 

etched with 6% citric acid for 2 minutes to simulate hypersensitive dentin. 

Specimens were randomly divided into above-mentioned three groups (n=10). 

The test agents were brushed over the specimens with an electric toothbrush, 

prepared and observed under scanning electron microscope for calculation of 

percentage of occluded tubules. Results showed that Group I - 5000 ppm 

sodium fluoride had a significantly greater percentage of remineralization than 

Group III - 5000 ppm sodium fluoride with TCP (Clinpro Tooth Creme) and 

Group II - 900 ppm sodium fluoride with CPP-ACP (MI Paste Plus). 

Comparison of remineralization potential between group II and group III were 

insignificant. In case of dentine hypersensitivity, Group I and Group III 

showed greater percentage of tubule occlusion ability than Group II. 

Intergroup comparison of the tubule occlusion potential of Groups I and III 

were insignificant. Hence this study concluded that 5000 ppm sodium fluoride 

showed relatively greatest remineralizing and dentinal tubule occlusion 

property when compared with 5000 ppm sodium fluoride with TCP (Clinpro 

Tooth Creme) and 900 ppm sodium fluoride with CPP-ACP (MI Paste Plus). 

Rirattanapong P, Vongsavan K, Saengsirinavin C, Pornmahala T 

(2014)
59

 conducted a study to assess the effect of fluoride varnishes containing 

different calcium phosphate sources on demineralization of initial enamel 

lesions in primary teeth. Forty-eight sound primary incisors were completely 

coated with nail varnish except for two 1x1 mm windows before being placed 
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in demineralizing solution for four days. After demineralization, one of the 

windows in each tooth was coated with nail varnish. The teeth were randomly 

divided into four groups (A to D; n = 12), and the experimental window was 

treated with: Group A: deionized water, Group B: 5% sodium fluoride 

(Duraphat Varnish), Group C: 5% sodium fluoride with ACP (Enamel Pro 

Varnish) and Group D: 5% sodium fluoride with TCP (Clinpro White 

Varnish). The pH-cycling regimen consisting of demineralization (6 hours) 

and remineralization (18 hours) was done for seven days. Polarized light 

microscopy was used to evaluate the lesion depth initially and then after a 

seven-day pH cycle. Lesion depth was measured using a computerized 

method, Image-Pro Plus Program. Statistical analysis was done using pair        

t-test, one-way ANOVA and Tukey’s multiple comparison tests with 95% 

confidence intervals. The lesion depths in all groups had a significant 

difference before and after treatment. There was a significant increase in 

lesion depth in Group A compared to the other groups. No significant 

differences were seen among Groups B, C and D, containing fluoride and the 

different calcium phosphate sources in inhibiting progression of initial enamel 

lesions in primary teeth. 
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Studies on fluoride forms containing both sodium fluoride and 

casein phosphopeptide-amorphous calcium phosphate (MI Paste Plus and 

MI Varnish): 

Huang GJ, Roloff-Chiang B,  Mills BE, Shalchi S et al (2013)
60

 

conducted a study to investigate the effectiveness of MI Paste Plus and  

PreviDent fluoride varnish to ameliorate white spot lesions and compared 

them to home-care regimen. One hundred and fifteen subjects aged 12 to 20 

years, who  had their orthodontic appliances removed within the past two 

months and had at least one white spot lesion affecting their maxillary incisors 

were  randomly placed in one of the three groups,  (1) n=34,  an 8-week 

regimen of MI Paste Plus  containing CPP-ACP + F (GC America, Alsip, Ill), 

(2) n=40,  a single application of PreviDent varnish containing NaF (Colgate 

Oral Pharmaceuticals, New York), and (3) n=41, usual home care (control).  

Photographs were taken at enrolment and eight weeks later. Two panels 

consisting of five dental professionals and five laypersons assessed the before-

and-after pairs of photographs in a blinded fashion.  Objective assessments 

and self-assessments were also performed. The mean improvements assessed 

by the professional panel were 21%, 29%, and 27% in the MI Paste Plus, 

fluoride varnish, and control groups, respectively. The results from the lay 

panel were 29%, 31%, and 25% respectively. Objective improvements in the 

surface affected were 16%, 25%, and 17%, respectively; self-assessments of 

improvement were 37% in all 3 groups. No assessments indicated significant 
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differences between subjects in the experiment groups compared with the 

control group. Hence this study concluded that MI Paste Plus and PreviDent 

fluoride varnish are not more effective than normal home care for improving 

the appearance of white spot lesions over an 8-week period. 

Lippert F, Hara AT, Martinez-Mier EA, Zero DT (2013)
61

 

conducted a study to evaluate the efficacy of five commercially available 

fluoride varnishes (FV) by determining their ability to reharden and to deliver 

fluoride to an early caries lesion when applied directly or in close vicinity to 

the lesion (halo effect). Early caries lesions were created in 80 polished 

bovine enamel specimens and were allocated to five FV groups (n = 16), 

namely CavityShield, Enamel Pro, MI Varnish, Prevident and Vanish, based 

on Knoop surface microhardness (KHN).  FV were applied (10 +/- 2 mg per 

lesion) to eight specimens per FV group (direct application); the remaining 

eight specimens received no FV, but were later exposed to fluoride released 

from specimens which received a FV treatment (indirect application). 

Specimens were paired again and placed into containers (one per FV). 

Artificial saliva was added and containers placed into an incubator (27 hours 

at 37 degrees C). Subsequently, FV was carefully removed using chloroform. 

Specimens were exposed to fresh artificial saliva again (67 hours at 37 

degrees C). KHN was measured and differences to baseline values calculated. 

Enamel fluoride uptake (EFU) was determined using the acid etch technique. 

Data were analyzed using two-way ANOVA.  Results showed that all FV 
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were able to reharden and deliver fluoride to caries lesions, but to different 

degrees and considerable differences were found between FV when applied 

either directly or in close vicinity to the lesion.  This study concluded that MI 

Varnish and Enamel Pro exhibited greater fluoride efficacy when applied in 

vicinity rather than directly to the lesion; whereas CavityShield and Vanish 

did not differ. Prevident exhibited a higher EFU when applied directly, but 

little difference in rehardening. 

Patil N, Choudhari S, Kulkarni S, Joshi SR (2013)
62

 conducted an 

in-vitro study to evaluate the efficacy of casein phosphopeptide-amorphous 

calcium phosphate [(CPP-ACP), Tooth Mousse, Japan] casein 

phosphopeptide-amorphous calcium phosphate fluoride [(CPP-ACPF), Tooth 

Mousse-Plus, Japan] and tricalcium phosphate fluoride [(TCP-F), Clinpro 

Tooth Creme, 3M ESPE, Australia] in remineralizing artificial carious lesions 

in enamel. A total of 52 premolars and 24 molars were selected and classified 

into four groups, each with 13 premolars and 6 molars: Group I- CPP-ACP, 

Group II- CPP-ACPF, Group III- TCP-F, and Group IV- artificial saliva. All 

the samples were assessed using DIAGNOdent at baseline, after 

demineralization and after remineralization. Ten samples were randomly 

selected from each group for surface evaluation using SEM at baseline, after 

demineralization and after remineralization. Results showed that all the 

experimental groups had a significantly higher amount of remineralization 

except for group IV.  This study concluded that all the three experimental 
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groups showed a statistically significant amount of remineralization, but due 

to the added benefit of fluoride (NaF 0.2%), CPP-ACPF and TCP-F showed 

marginally increased remineralization than CPP-ACP. Remineralization 

efficacy was TCP-F > CPP-ACPF > CPP-ACP.  Fluoride, when added to 

CPP-ACP, gives a synergistic effect on remineralization of early carious 

lesion.  

Cochrane NJ, Shen P, Yuan Y, and Reynolds EC (2014)
63

 

conducted a study to assess calcium, inorganic phosphate and fluoride ion 

release from: (1) MI Varnish containing sodium fluoride and CPP-ACP; (2) 

Clinpro White containing sodium fluoride and functionalized tricalcium 

phosphate (fTCP); (3) Enamel Pro containing sodium fluoride and ACP; (4) 

Bifluorid 5 containing sodium and calcium fluoride; and (5) Duraphat 

containing sodium fluoride (no added calcium control).  The varnishes were 

applied to a standardized surface area of polyvinyl chloride (n = 7 per group) 

and immersed in 25 g of distilled deionized water which was changed at 1, 4, 

24, 72 and 168 hours. The ion release was determined by ion chromatography 

and expressed as μmol (cumulative) per gram of varnish.  The results showed 

that only MI Varnish and Enamel Pro released significant levels of inorganic 

phosphate, although all the varnishes released measurable fluoride and 

calcium ions. At 24 hours, the order of cumulative fluoride release from 

different groups are, 1>3>4>2=5 with 1 significantly higher (p < 0.05) than 

the rest. At 72 and 168 hours, the cumulative calcium release was: 1>4>3>2=5 
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with 1 significantly higher (p < 0.05) than the rest.  Hence the study concluded 

that MI Varnish containing sodium fluoride and CPP-ACP had the highest 

release of calcium and fluoride ions. 

Lippert F, Hara AT, Martinez-Mier EA, Zero DT (2014)
64

 

conducted a study to evaluate the anti-caries efficacy of 11 fluoride varnishes 

(FVs) including MI Varnish by analyzing  their ability to reharden and deliver 

fluoride to carious lesions and to release fluoride into saliva. Carious lesions 

were created in bovine incisor enamel specimens and allocated to 24 groups 

(each of the 11 FVs had two FV incubation times of two and six hours and two 

control groups, namely positive and negative) based on Knoop microhardness 

values. FVs were applied to lesions, which were incubated in artificial saliva 

for two and six hours, with saliva being renewed hourly. FV was removed and 

lesions were remineralized in artificial saliva for 22 hours. Microhardness was 

measured and enamel fluoride uptake (EFU) was determined. Saliva samples 

of six-hour groups were analyzed to determine fluoride release characteristics. 

Results showed that FVs differed considerably in their ability to reharden and 

deliver fluoride to carious lesions and in their fluoride release into saliva. For 

%SMHr and 6-hour incubation time, MI Varnish was one of the best 

performing fluoride varnish along with five others and it delivered statistically 

significant amount of fluoride to carious enamel following 6-hour incubation 

than 2-hour incubation. Also MI Varnish released most fluoride into saliva 

along with two other varnishes. This study concluded that fluoride varnishes 

differ greatly in their in-vitro anti-caries efficacy. 
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Pithon MM, Santos MJ, Andrade CSS, Filho JCBL et al (2015)
16

 

conducted an in-vitro study to evaluate the efficiency of varnish containing 

casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) in 

preventing caries lesions around orthodontic brackets.  Orthodontic brackets 

were bonded to vestibular surface of 120 bovine incisors and divided into 

eight groups of 15 samples each, according to exposure of oral hygiene 

substances and enamel  varnish: 1- (control) brushing only, 2- (control) 

brushing + use of mouthwash with fluoride, 3- Duraphat varnish application 

only (Colgate-Palmolive Ind. E Com. Ltda, Brazil), 4- Duraphat + brushing,  

5- Duraphat + brushing + mouth wash, 6- MI Varnish application                           

(GC America, USA), 7- MI + brushing, and 8- MI + brushing + mouth wash. 

The samples were subjected to pH cycling using demineralizing saliva and 

remineralizing saliva. Both brushing and immersion in solutions was 

performed in a time interval of 1 minute, followed by washing in deionized 

water three times a day for 28 days of experimentation. Using optical 

coherence tomography (OCT) the white spot lesions around the brackets were 

evaluated.  Results showed that the groups brushing only, Duraphat varnish 

only, and Duraphat + brushing were shown to differ statistically from 

Duraphat + brushing + mouth wash, MI Varnish, MI + brushing, and            

MI + brushing + mouth wash groups (p=0.000). The study concluded that the 

MI Varnish is effective in preventing the progression of carious lesions 

without the need to use other methods associated with hygiene. 
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MATERIALS AND METHODS 

  This in-vitro study was conducted in the Department of Paedodontics 

and Preventive Dentistry, Ragas Dental College and Hospital, Chennai to 

evaluate the remineralization potential of fluoride varnish containing 5% 

sodium fluoride and casein phosphopeptide-amorphous calcium phosphate 

(MI Varnish, GC Corp) and compare with that of 5% sodium fluoride varnish 

(Profluorid Varnish, VOCO) on artificial caries-like lesions in primary and 

permanent teeth, after obtaining the approval from the Institutional Review 

Board of Ragas Dental College and Hospital.   

Ten primary and 20 permanent sound anterior teeth were selected for the 

present study. 

Inclusion Criteria 

Extracted or exfoliated sound human primary and permanent anterior 

teeth. 

Exclusion Criteria 

Primary and permanent anterior teeth with caries, white spot lesions, 

cracks and hypoplasia. 
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The following group of materials were used in the study,  

MATERIALS 

1. Ten human primary anterior teeth 

2. Twenty human permanent anterior teeth 

3. Facemask  

4. Single-use disposable sterile gloves  

5. Tissue paper 

6. Butter paper 

7. Sticky wax 

INSTRUMENTS  

1. Mouth mirror 

2. Probe  

3. Tweezer 

4. Varnish microbrush 

5. Beaker 



Materials and Methods 

 

   47 

 

6. Pipette  

7. Measuring jar 

8. Sterile containers 

9. Coloured storage bottles  

REAGENTS AND PREPARED SOLUTIONS 

1. Calcium chloride (Merck Pharmacopoeia, UK) 

2. Sodium dihydrogen phosphate  

3. Acetic acid 

4. Potassium hydroxide 

5. Potassium chloride 

6. Magnesium chloride 

7. Dipotassium hydrogen phosphate 

8. Potassium dihydrogen phosphate 

9. Sodium carboxymethyl cellulose 

10. Acetone 
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11. Deionized water (Merck Pharmacopoeia, UK) 

12. Normal saline 

13. Nail varnish (Revlon, USA) 

14. Demineralizing solution 

15. Remineralizing solution 

16. Artificial saliva 

17. 5% sodium fluoride varnish (Profluorid Varnish, VOCO) 

18. 5% sodium fluoride varnish with casein phosphopeptide-amorphous 

calcium phosphate (MI Varnish, GC Corp)      

EQUIPMENTS 

1. Ultrasonic scaler  

2. Chemical balance 

3. pH meter  

4. Incubator (Technico, India) 

5. Hard tissue saw microtome (Leica SP 1600, Germany) 
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6. Polarising light microscopy (Olympus, India) 

 SAMPLE DISTRIBUTION 

 

METHODOLOGY 

 The methodology adopted for the present study was in accordance with 

the methodology followed by Rirattanapong et al
59

 in his research work.
 

Specimen preparation 

Ten sound human primary anterior teeth and 20 sound permanent 

anterior teeth were cleaned with ultrasonic scaler to remove debris and were 

stored in normal saline until use.  

PRIMARY TEETH 

(n = 10) 

                     (n = 5) 

incisal - 5% NaF - CPP-ACP varnish 

middle - control - nail varnish 

cervical -  5% NaF  varnish 

                        (n = 5) 

incisal - 5% NaF  varnish 

middle - control - nail varnish 

cervical -5%  NaF - CPP-ACP  varnish 

PERMANENT TEETH 

(n = 20) 

                          (n = 10) 

incisal - 5% NaF - CPP-ACP varnish 

middle - control - nail varnish 

cervical-  5% NaF  varnish 

                           (n = 10) 

incisal - 5% NaF  varnish 

middle - control  - nail varnish 

cervical - 5% NaF - CPP-ACP varnish 
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Each tooth was blot-dried using tissue paper and coated with two 

layers of acid-resistant nail varnish except for three square windows on the 

labial surfaces with each window approximately 1x1 mm in size. The root 

apices were sealed with sticky wax and the teeth were immersed in deionized 

water until use. 

Preparation of demineralizing solutions and remineralizing solution  

Two demineralizing solutions and one remineralizing solution were 

prepared and their pH was checked with pH meter. 

The demineralizing solution (D1) comprised of 2.2 mM CaCl2, 2.2 

mM NaH2PO4, 0.05 M acetic acid at a pH of 4.4 adjusted using 1M KOH.  

Each tooth was immersed in this demineralizing solution for four days to 

create caries-like lesions. 

The demineralizing solution (D2) comprised of 2.2 mM CaCl2, 2.2 

mM NaH2PO4, 0.05 M acetic acid at a pH of 4.7 adjusted using 1M KOH.  

This demineralizing solution was used for pH cycling. 

 The remineralizing solution comprised of 1.5 mM CaCl2, 0.9 mM 

NaH2PO4, and 0.15 M KCl at a pH of 7.0 adjusted using 1 M KOH. This 

remineralizing solution was used for pH cycling. 

Caries-like lesion formation 

Each tooth was immersed in 3 ml of demineralizing solution with a pH 

of 4.4 and incubated at 37°C for four days to produce carious-like lesions or 
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initial enamel lesions.  Each tooth was then rinsed with 15 ml deionized water 

and wiped off carefully with tissue paper. 

All the teeth were prepared in the same manner and then immersed in 

artificial saliva for 24 hours, which was prepared using 0.65 g/l of potassium 

chloride, 0.058 g/l magnesium chloride, 0.165 g/l calcium chloride, 0.804 g/l 

dipotassium hydrogen phosphate, 0.365 g/l potassium dihydrogen phosphate, 

2 g/l sodium carboxymethyl cellulose and 1 litre of deionized water.  

Grouping  

Following formation of caries-like lesions, in five primary teeth, the 

incisal window was coated with one thin layer of 5% sodium fluoride with 

CPP-ACP varnish (MI Varnish, GC Corp), the middle window, which was 

assigned to be used as baseline lesion, was coated with two layers of         

acid-resistant nail varnish and the cervical window was coated with               

5% sodium fluoride varnish (Profluorid Varnish, VOCO).  To the remaining 

five primary teeth, 5% sodium fluoride varnish was applied to the incisal 

window, acid-resistant nail varnish was applied to the middle window, and 5% 

sodium fluoride with CPP-ACP varnish was applied to the cervical window to 

maintain uniformity in the treatment site.  This same reversal process was 

repeated in the two sets of permanent teeth, each having 10 samples. 

The middle window coated with two layers of acid-resistant nail 

varnish was assigned as “baseline lesion,” while the incisal and cervical 



Materials and Methods 

 

   52 

 

windows were used as the “experimental lesion windows” and exposed to the 

test products and pH-cycling process. 

The varnishes were applied with a microbrush according to the 

manufacturer’s instructions to the ascertained area on each tooth and stored in 

moist environment for 24 hours, as moisture facilitates complete setting of 

varnish on to tooth surface, which was followed by brushing to remove visible 

excess fluoride varnish and rinsed with deionized water, after which they were 

subjected to pH cycling for seven days. 

The pH-cycling process 

The demineralizing solution (D2) and remineralizing solution were 

freshly prepared for each pH cycle to prevent saturation of reagents in the 

solutions and stored in separate coloured bottles. Each daily pH cycle involved 

three hours of demineralization followed by two hours of remineralization and 

then another three hours of demineralization. All the specimens were 

immersed in remineralizing solution overnight (16 hours) and incubated at 

37°C.
1 

Tooth section preparation 

After completion of seven days of pH-cycling, the specimens were 

removed from the solution and the acid-resistant nail varnish was removed 

using acetone. The lesions were transected longitudinally along inciso-
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gingival axis using a slow-speed saw microtome under water spray to create a 

400-μm thick section of the tooth. The thin sections were then ground to 100-

150 μm thickness with wet 800 to 1,000 grit silicon carbide papers.  

Polarized light microscopy 

All the sections were placed in deionized water, mounted on glass-

slides and the caries like lesion depths were analyzed using a polarized light 

microscope at 10x magnification. An average lesion depth was calculated 

from the maximum depth of the lesion at three points.  Photomicrographs were 

taken and analysed using a computerized calculation with Image-Pro Plus 

(Media Cybernetics, Bethesda, MD).  The lesion depths were recorded using a 

single-blind technique. Polarized light microscopy measurements were 

calibrated. 

Intra-examination reliability  

Ten sections were randomly selected and re-examined by the same 

examiner under the same conditions using the same equipment. Intra-

examination reliability was tested using Pearson’s correlation co-efficient. 

Statistical analysis  

The observations were tabulated and statistically analyzed.  The paired 

sample t test was used to compare the lesion depths before and after treatment 

within each group and independent sample t test to compare between groups 

and the significance was set at p< 0.05. 
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FIGURE 1: PRIMARY TEETH  

 

 

 

 

 

 

 

FIGURE 2: PERMANENT TEETH  
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FIGURE 3: ARMAMENTARIUM 

 

 

 

FIGURE 4:   FLUORIDE VARNISHES AND MATERIALS 
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FIGURE 5:  SAMPLES SUBJECTED TO pH CYCLING  

IN INCUBATOR 

 

 

FIGURE 6:  TOOTH SECTION  
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PHOTOMICROGRAPHS 

FIGURE 7:  PRIMARY TOOTH SECTION                                                  

SHOWING DEMINERALIZATION 

  

 

FIGURE 8:  PRIMARY TOOTH SECTION SHOWING 

REMINERALIZATION AFTER TREATMENT WITH                                               

5% SODIUM FLUORIDE VARNISH 

 

 

FIGURE 9:  PRIMARY TOOTH SECTION SHOWING 

REMINERALIZATION AFTER TREATMENT WITH                                               

5% SODIUM FLUORIDE WITH CPP-ACP VARNISH 
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FIGURE 10:  PERMANENT TOOTH SECTION                                                         

SHOWING DEMINERALIZATION 

 

 

FIGURE 11:  PERMANENT TOOTH SECTION SHOWING 

REMINERALIZATION AFTER TREATMENT WITH                                             

5% SODIUM FLUORIDE VARNISH 

 

 

 

FIGURE 12:  PERMANENT TOOTH SECTION SHOWING 

REMINERALIZATION AFTER TREATMENT WITH                                                

5% SODIUM FLUORIDE WITH CPP-ACP VARNISH 
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Table 1: Artificial enamel caries-like lesion depth in primary teeth 

S.No. Baseline 

lesion  

depth 

(µm) 

Lesion depth 

after 

application 

of 5% 

sodium 

fluoride 

varnish (µm) 

Percentage 

change 

after 

application 

of 5% 

sodium 

fluoride 

varnish 

Lesion depth 

after 

application of 

5% sodium 

fluoride with 

CPP-ACP 

varnish (µm) 

Percentage 

change after 

application of 

5% sodium 

fluoride with 

CPP-ACP 

varnish 

1 181.5879 75.8409 41.76 76.4772 42.11 

2 201.9798 113.5644 56.22 74.538 36.90 

3 176.1642 73.2351 41.57 40.6626 23.08 

4 179.1942 113.5644 75.54 81.81 45.65 

5 188.5569 109.08 57.85 61.812 32.78 

6 154.3179 73.4169 47.59 78.78 51.05 

7 170.3466 86.355 50.69 86.052 50.51 

8 149.9547 116.8368 77.91 78.78 52.53 

9 158.6205 79.8708 50.35 76.5378 48.24 

10 173.7402 88.2336 50.78 64.539 37.14 

 

Mean 

± 

SD 

 

173.446 

±  

15.973 

 

92.999 

± 

18.197 

 

46.189 

± 

10.848 

 

71.998 

± 

13.225 

 

57.996 

± 

9.488 

 

Level of significance = p<0.05 

Comparison: 

Mean lesion depth of : 

Baseline Vs after application of 5% sodium fluoride varnish (p= 0.000)* 

Baseline Vs after application of 5% sodium fluoride with CPP-ACP varnish (p= 0.000)* 

Application of 5% sodium fluoride varnish Vs application of 5% sodium fluoride with     

CPP-ACP varnish (p= 0.009)* 
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Table 2: Artificial enamel caries-like lesion depth in permanent teeth 

S.No Baseline 

lesion depth 

(µm) 

Lesion depth 

after application 

of 5% sodium 

fluoride varnish 

(µm) 

Percentage 

change after 

application of 

5% sodium 

fluoride varnish 

Lesion depth 

after application 

of 5% sodium 

fluoride with 

CPP-ACP 

varnish  (µm) 

Percentage 

change after 

application of 5% 

sodium fluoride 

with CPP-ACP 

varnish 

1 177.3762 132.1686 74.51 79.5981 44.87 

2 163.1655 138.7437 85.03 63.0543 38.64 

3 211.4334 128.5629 60.80 103.02 48.72 

4 149.7729 116.5641 77.82 100.0203 66.78 

5 222.2505 161.0142 72.44 138.4407 62.29 

6 185.4966 149.1366 80.39 88.0821 47.48 

7 203.3736 132.5019 66.62 109.383 43.78 

8 203.2524 109.1709 53.71 61.3575 30.18 

9 206.4642 134.5623 65.17 78.5073 38.02 

10 130.7142 109.5345 83.79 36.7236 28.09 

11 199.8891 85.0521 42.55 61.3575 30.69 

12 112.5342 0 0 0 0 

13 97.5357 55.8732 57.28 0 0 

14 111.7161 84.9612 76.05 61.812 55.33 

15 178.5882 84.84 47.50 77.265 43.26 

16 82.3251 68.5386 83.24 58.2063 70.69 

17 115.2915 77.0226 66.80 0 0 

18 61.7514 0 0 48.9951 79.33 

19 148.3488 77.568 52.28 59.2668 39.95 

20 136.4409 63.1452 46.27 50.601 37.08 

 

Mean 

± 

SD 

 

 

154.886 

±  

47.368 

 

95.448 

±  

44.592 

 

40.456 

± 

24.216 

 

63.784 

± 

36.376 

 

59.936 

± 

22.270 

 

Level of significance = p<0.05 

Comparison: 

Mean lesion depth of : 

Baseline Vs after application of 5% sodium fluoride varnish (p= 0.000)* 

Baseline Vs after application of 5% sodium fluoride with CPP-ACP varnish (p= 0.000)* 

Application of 5% sodium fluoride varnish Vs application of 5% sodium fluoride with     

CPP-ACP varnish (p= 0.019)* 
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GRAPH 1: LESION DEPTH IN PRIMARY TEETH 
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GRAPH 2: LESION DEPTH IN PERMANENT TEETH 

 

 

0

20

40

60

80

100

120

140

160

Mean baseline

depth

After application

of 5% sodium

fluoride varnish

After application

of 5% sodium

fluoride with

CPP-ACP varnish

154.886 

95.448 

63.784 

M
e

a
n

 L
e

s
io

n
 D

e
p

th
 (

µ
m

) 

Mean baseline depth

After application of 5% sodium fluoride varnish

After application of 5% sodium fluoride with CPP-ACP varnish



 

 

 

 

 

Discussion 



Discussion 

 

  61 

 

DISCUSSION 

 In addition to oral health promotion and education of patient, 

application of appropriate preventive medications is essential. To prevent 

dental caries, topical applications have proved to be the most important form 

in combating carious lesions.  Different forms of topical fluoride application 

include dentifrices, mouthrinses, gels and varnishes. The varnish has the 

advantage of having a prolonged period of contact with the enamel surface.
34

 

The amount of fluoride
 
permanently retained in the enamel is increased, 

enhancing the formation of fluoridated hydroxyapatite and reducing the 

solubility of enamel in acid. 

             The first commercial fluoride
 
varnish was introduced in 1964 by 

Schmidt
65

 under the trade name Duraphat (5% sodium fluoride), and then in 

1975, Arends and Schuthof
66

 introduced Fluor Protector.  Ever since, many 

other varnishes have been available in the market for their use owing to their 

remineralization potential.
34,35,37,57

 Since calcium and phosphate ions are the 

primary constituents of tooth minerals, adequate quantities of these ions must 

be present in the remineralizing medium for remineralisation to occur. Saliva 

provides a small amount of these ions. Recently, more advanced fluoride 

varnishes with added calcium and phosphate ions have been developed to 

supplement the amounts of these ions in saliva and enhance remineralization 

by fluoride.
9,54,67

  The casein phosphopeptide - amorphous calcium phosphate 
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technology was developed by Prof. Eric Reynolds at the University of 

Melbourne, Australia. 

It is proposed that the presence of casein phosphopeptides stabilized 

the amorphous calcium phosphate phase to deliver bioavailable calcium, 

phosphate and fluoride ions to the tooth surface to promote remineralization of 

enamel subsurface lesions. Due to the size and electroneutrality of the 

nanocomplexes, it is expected that they would enter the porosities of the 

enamel surface lesions and diffuse down the concentration gradient into the 

body of the subsurface lesion, thus promoting remineralization. When CCP-

ACP is provided with a low background of fluoride, it is shown that the 

mineral formed is consistent with fluorapatite or fluorhydroxyapatite
58

. 

             Hence the present study was undertaken to compare the 

remineralization efficacy of a varnish containing casein phosphopeptide - 

amorphous calcium phosphate (CPP-ACP) added to 5% sodium fluoride 

(NaF) with that of 5% sodium fluoride varnish on artificial enamel caries-like 

lesions in primary and permanent teeth. 

Twenty permanent and ten primary samples were demineralized.  The 

fluoride varnishes to be tested were applied and were in contact with enamel 

surface for 24 hours as was done in previous studies by Dijkman et al
68

 and 

Santos et al
39

 to mimic the clinical situation, wherein patients who receive the 

varnish are instructed not to brush their teeth for 24 hours.   
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The samples were then subjected to pH cycling for seven days, which 

was similar to the protocol and time followed by Yimcharoen et al
69

 in his 

research work. Freshly prepared demineralizing and remineralizing solutions 

were used and pH was checked regularly with pH meter to prevent saturation 

of the solution. After completion of pH cycling, specimens were removed 

from the solution and teeth were sectioned longitudinally to 100-150 micron 

thickness to be examined under polarized light microscope for assessing the 

amount of remineralization. The observations were analyzed, tabulated and 

statistically evaluated using paired sample t test and independent sample t test. 

To assess remineralization, various techniques have been used, like 

microradiography (Featherstone et al),
70

 polarized light microscopy (Hicks 

and Flaitz),
71

 microhardness (Magalhaes et al),
72

 mineral analysis of calcium 

phosphate and fluoride phases (Buzalaf et al),
73

 and transmission and scanning 

electron microscopy (Whittaker).
74

 The most commonly used qualitative 

method in lesion depth analysis of artificial caries is polarized light 

microscopy (Hicks and Flaitz)
71

 and the same technique has been used in the 

present study to evaluate remineralization. 

Polarized light microscopy is a contrast-enhancing, light microscopic 

technique, which improves image quality and is based on the principle of 

birefringence.  The histological features of dentin and enamel can be 

visualized better due to it’s birefringence property, which is not well 

appreciated in transmitted light microscope.
75
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 The appearance of enamel under polarized light microscopy is derived 

from the transmitted light passing through the full thickness of the section and 

through the polarized filters and appearance of enamel depends on it’s 

structure. Normal enamel with uniform prism dimensions has a negative 

birefringence and will appear blue/turquoise in polarized light microscopy.  

When the enamel is porous or hypomineralized with heterogeneous prism 

dimensions, the transmitting light is influenced by the porous enamel’s 

capacity of retardation, resulting in the outcoming light vibrating at a different 

frequency compared to normal enamel. The porous enamel will then appear in 

colours from red (body of the enamel lesion exposed to oral fluids), yellow to 

green (body of the lesion) and opaque, depending on the degree of porosity 

when using polychromatic transmitting light.  However, demineralized areas 

are black.
76

  

The present study results revealed that in primary teeth, both 5% 

sodium fluoride varnish  (mean percentage reduction = 46.189) and 5% 

sodium fluoride with casein phosphopeptide – amorphous calcium phosphate  

varnish  (mean percentage reduction = 57.996) showed significantly effective 

remineralization potential, which was seen as percentage reduction in lesion 

depth of  artificial enamel caries-like lesions (p=0.000).
* 

Similar observations regarding the remineralization potential of 

fluoride varnish on artificial enamel caries-like lesions were seen in in-vitro 

studies done by Eronat et al,
23

 Santos et al,
39 

Shen et al,
49

and Badr et al.
55
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Also similar findings were seen in clinical studies done by Grozka et al,
77

 and 

Autio-Gold et al.
33

 

   The percentage change in the present study findings is closer to the 

findings of Santos et al
39

 and slightly lower than findings of   Rirattanapong et 

al
59

 [5% sodium fluoride (Duraphat) - 77.57 and   5% sodium fluoride with 

ACP (EnamelPro) - 69.90]. 

  On comparing both fluoride varnishes, 5% sodium fluoride added to 

casein phosphopeptide - amorphous calcium phosphate varnish showed 

significantly better remineralization potential (p=0.009) compared to 5% 

sodium fluoride varnish, which was similar to the findings of Badr et al
55

 and 

contrary to the findings of Rirattanapong et al,
59

 who found no significant 

difference between 5% sodium fluoride, 5% sodium fluoride with amorphous 

calcium phosphate (ACP) and 5% sodium fluoride with tricalcium phosphate 

(TCP) varnishes. 

In permanent teeth, both 5% sodium fluoride varnish (mean percentage 

reduction = 40.456) and 5% sodium fluoride added to casein phosphopeptide – 

amorphous calcium phosphate (mean percentage reduction = 59.936) showed 

significant remineralization potential in artificial enamel caries-like lesions, 

which was seen as percentage reduction in lesion depth compared to baseline 

values (p=0.000).
*
 Similar findings was shown by Prabhakar et al,

58  
and 

Murakami et al,
78

  who concluded that sodium fluoride varnish has the ability 

to remineralize the demineralized surfaces. 
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However, contrary to the above study, results ranging from no or 

limited protection of topical fluoride against dental erosion was shown in 

studies by Larson et al,
79

 Hughes et al,
80

 and Hove at al.
81

 

The present study findings are slightly higher compared to the findings 

of Kumar et al,
54

  (7-23%); and Prabhakar et al,
58 

 (22-37%), both of whom 

used fluoride in the form of toothpaste. 

     Similarly Vashisht et al,
52

  Hegde et al,
53

 and Akin et al,
82

 showed that 

casein phosphopeptide – amorphous calcium phosphate was effective in 

remineralizing artificial enamel caries-like lesions in permanent teeth, whom 

used it in various forms.  Also studies done by Badr et al
55

, Patil et al,
62

 
 
and 

Groisman et al,
83 

showed that casein phosphopeptide – amorphous calcium 

phosphate with sodium fluoride was more effective than only fluoride or only 

casein phosphopeptide – amorphous calcium phosphate. 

Contrary to the present study results, findings of Lata et al
56

 and 

Prabhakar et al
58

 concluded that fluoride varnish is more effective in 

remineralizing early enamel caries than casein phosphopeptide – amorphous 

calcium phosphate alone or with fluoride.  Also Huang et al
60

, concluded that 

normal home care methods are more effective than fluoride paste and fluoride 

varnish; the variation in the results could be attributed to the form of fluoride 

that has been applied. 
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  The present study findings suggest that both the varnishes were 

showing remineralization potential on artificial enamel caries-like lesions in 

primary and permanent teeth and 5% sodium fluoride added to casein 

phosphopeptide - amorphous calcium phosphate varnish showed significantly 

better efficacy when compared to 5% sodium fluoride in both primary and 

permanent teeth, which is attributed to the ability of casein phosphopeptide – 

amorphous calcium phosphate to interact with fluoride  ions to produce 

stabilized amorphous calcium fluoride phosphate phase. However, to confirm 

the above findings, more in vitro and in vivo clinical trials are recommended 

with larger sample size. 
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CONCLUSION 

The following conclusions are drawn from the present in vitro study: 

1. Both 5% sodium fluoride varnish and fluoride varnish containing 5% 

sodium fluoride and casein phosphopeptide - amorphous calcium 

phosphate showed remineralization potential on artificial enamel  

caries-like lesions in primary and permanent teeth, which was seen as 

reduction in lesion depth (p=0.000).
*
 

2. In primary teeth, the fluoride varnish with 5% sodium fluoride added to 

casein phosphopeptide - amorphous calcium phosphate showed 

significantly better remineralization potential on artificial enamel 

caries-like lesions when compared to 5% sodium fluoride varnish alone,  

(p=0.009),
*
 which was observed as reduction in lesion depth.  

3. In permanent teeth, the fluoride varnish with 5% sodium fluoride added 

to casein phosphopeptide - amorphous calcium phosphate exhibited 

significantly higher remineralization potential on artificial enamel 

caries-like lesions when compared to 5% sodium fluoride varnish alone 

(p=0.019),
*
 which was observed as reduction in lesion depth. 
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SUMMARY 

This in vitro study was designed to investigate the remineralization 

potential of fluoride varnish containing 5% sodium fluoride with casein 

phosphopeptide-amorphous calcium phosphate and 5% sodium fluoride 

varnish on artificial enamel caries-like lesions in primary and permanent teeth. 

Twenty permanent and ten primary sound anterior teeth were coated 

with nail varnish except for three 1x1 mm windows before being immersed in 

demineralizing solution for four days. The testing varnishes were randomly 

applied to the incisal and cervical windows and nail varnish was applied to the 

middle window. Samples were subjected to pH cycling.  Samples were 

longitudinally sectioned and examined under polarized light microscopy.  

Lesion depth was measured using computerized method with Image-Pro Plus 

Program.  Data obtained was tabulated and statistically analyzed using paired 

sample t test and independent sample t test. 

In primary teeth, the mean baseline lesion was 173.446 ± 15.973 µm.  

After treatment with 5% sodium fluoride, the mean lesion depth was reduced 

to 92.999 ± 18.197 µm.  With a mean percentage change of 46.189 ± 10.848, 

the reduction in lesion depth and percentage of reduction is statistically 

significant compared to baseline value (p=0.000).
*
   

After treatment with fluoride varnish containing 5% sodium fluoride 

and casein phosphopeptide-amorphous calcium phosphate, the mean lesion 
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depth was 71.998 ± 13.225 µm and mean percentage change was             

57.996 ± 9.488, revealing that this varnish is significantly effective in   

reducing lesion depth compared to baseline lesion (p=0.000).
*
 

On comparing 5% sodium fluoride varnish with  varnish containing 

5% sodium fluoride and casein phosphopeptide - amorphous calcium 

phosphate, the latter showed significantly better efficacy (p=0.009)
*
 in 

reducing the lesion depth of artificial caries-like lesions in primary teeth. 

In permanent teeth, the mean baseline lesion depth was               

154.886 ± 47.368 µm.  After treatment with 5% sodium fluoride varnish, the 

mean lesion depth was reduced to  95.448 ± 44.592 µm and with the mean 

percentage change being 40.456 ± 24.216, the 5% sodium fluoride varnish  

was significantly effective in reducing lesion depth (p=0.000).
*
 

After treatment with 5% sodium fluoride added to casein 

phosphopeptide-amorphous calcium phosphate varnish, the mean lesion depth 

was 63.784  ± 36.376 µm. The mean percentage change in lesion depth was 

59.936 ± 22.270 and this showed that this varnish was significantly effective    

(p=0.000).
*
 

Also the fluoride varnish containing 5% sodium fluoride with casein 

phosphopeptide-amorphous calcium phosphate exhibited significantly better 

efficacy (p=0.019)
*
 compared to that of 5% sodium fluoride varnish in 

reducing depth of artificial enamel caries-like lesions in permanent teeth.  
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Thus it is inferred that both 5% sodium fluoride varnish and fluoride 

varnish containing 5% sodium fluoride and casein phosphopeptide-amorphous 

calcium phosphate remineralized the artificial enamel caries-like lesions in 

both primary and permanent teeth, which was seen as reduction in lesion depth 

(p=0.000).
*
 However, it is noteworthy, that the fluoride varnish with 5% 

sodium fluoride added to casein phosphopeptide-amorphous calcium 

phosphate showed significantly better remineralization potential compared to 

5% sodium fluoride varnish alone in both primary (p=0.009)
*
 and permanent 

teeth (p=0.019).
*
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