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ABSTRACT 
 
INTRODUCTION: Fluoride containing casein phosphopeptide amorphous calcium phosphate (CPP-ACP) varnishes are now available as 
(MI Varnish). It has an effect on the remineralization process of demineralized enamel, since it has the highest release of calcium and fluoride 
ions. 
OBJECTIVES: To study the remineralizing effect of fluoride varnish containing casein phosphopeptide amorphous calcium phosphate (MI 
varnish) on the remineralization of caries-like lesions in primary teeth compared to sodium fluoride varnish. 
MATERIALS AND METHODS: Twenty-four freshly extracted primary maxillary incisors with standardized 4x4 windows were immersed 
in demineralizing solution for four days. Teeth were divided into two groups, group I (n=12 teeth); MI varnish and group II (n=12 teeth); 
Prevident varnish. They were sectioned into two halves in a buccolingual direction (48 specimens). One half was treated with the remineralizing 
agent and the other half remained untreated and served as its control. Specimens were assigned into subgroup I A (MI varnish) n=12 specimens, 
subgroup I B (untreated) n=12 specimens, subgroup II A (Prevident varnish) n=12 specimens and subgroup II B (untreated) n=12 specimens. 
Specimens were subjected to pH cycling for ten days. The specimens were evaluated quantitatively using energy dispersive x-ray spectrometer 
(EDX).  
RESULTS: MI varnish treated specimens (subgroup I A) showed significant high mean Ca, Ca/P ratio than the untreated specimens. Also, 
Prevident varnish treated specimens showed significant high mean Ca, Ca/P ratio than the untreated specimens. Median percent change of Ca/P 
ratio of MI varnish treated specimens was significantly higher than Prevident varnish treated specimens. 
CONCLUSIONS: Fluoride varnish containing CPP-ACP has a higher remineralization potential of the caries-like lesion in primary teeth in 
comparison to sodium fluoride varnish.  
KEYWORDS: (MI varnish), casein phosphopeptide amorphous calcium phosphate (CPP-ACP), remineralization, fluoride varnish, primary 
teeth, energy dispersive x-ray spectrometer. 
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INTRODUCTION 
Demineralization (mineral loss) and remineralization 
(mineral gain) is a dynamic physicochemical process. When 
oral bacteria form a biofilm on the enamel surface and get 
exposed to fermentable dietary carbohydrates, this biofilm 
becomes undersaturated with respect to the enamel mineral, 
and demineralization occurs (1). Remineralization is 
defined as the process whereby calcium and phosphate ions 
are supplied from a source external to tooth to promote ion 
deposition into crystal voids in demineralized enamel. The 
optimal goal of minimal invasive dental caries management 
is to prevent the incipient lesion by inhibiting the 
demineralization process, preventing any further mineral 
loss and enhancing the remineralization process (2). 
    Fluoride has an important role in remineralization and 
repair of incipient lesions (3). Fluoride ions promote the 
formation of fluorapatite in enamel in the presence of 
calcium and phosphate ions produced during enamel 
demineralization by plaque bacterial organic acids (4). 
There are microscopic porosities on the surface of the 
enamel, which enable fluoride deposition (5). 
Consequently, steady release of fluoride into the dental 

plaque can occur (6). Fluoride varnishes contain 5% sodium 
fluoride (approximately 20 times the fluoride concentration 
of conventional dentifrices), which aids in the formation of 
long lasting intraoral fluoride reservoirs (7).  
    Calcium phosphate remineralizing agents have been 
developed to manage non-cavitated caries lesions non-
invasively through remineralization (6). Peptide-based 
therapeutic approaches to prevent dental caries have 
resulted in a commercialized product marketed as 
(Recaldent™), which contains casein phosphopeptides 
(CPP) derived from milk caseins that bind with amorphous 
calcium phosphate (ACP) to form casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP) (8). Llena et al 
(9) have reported that CPP-ACP acts as calcium and 
phosphate reservoir, in which ACP is stabilized by CPP. 
CPP-ACP plays a main role by suppressing 
demineralization and enhancing remineralization of enamel 
subsurface lesions in situ caries models (10). Heikal (11) 
concluded that fluoride incorporated into CPP-ACP paste 
(CPP-ACPF) showed superior remineralization of 
subsurface enamel lesions in primary teeth than CPP-ACP 
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without fluoride using energy dispersive x-ray 
spectroscopy. 
    Therefore, there is a sound rationale for the addition of 
calcium ions to fluoride containing varnishes in an attempt 
to produce an increased retention of fluoride and calcium 
ions in the oral environment, leading to improved 
remineralization of early enamel lesions (6). Fluoride 
varnishes containing CPP-ACP are available as MI Varnish. 
It is composed of 5% sodium fluoride and 2% (RecaldentTM) 

(CPP-ACP) (12). 
    Cochrane et al (6) showed that the ion release profile of 
MI varnish was the most efficient, as it had high fluoride 
and calcium ion release. Shen et al (13) reported that MI 
varnish was superior to the other varnishes in inhibiting 
enamel demineralization in permanent teeth. The ion release 
profile of MI varnish was the most promising in literatures 
as it has high fluoride and calcium ion release. However, 
insufficient evidence is available to prove its efficacy on 
remineralization of caries-like lesions in primary teeth. 
    Therefore, the aim of the study was to evaluate the 
remineralization potential of 5% sodium fluoride containing 
CPP-ACP (MI varnish) on caries-like lesions in primary 
teeth compared to 5% sodium fluoride (Prevident varnish).  
The null hypothesis was that there would be no significant 
differences in the mineral content of caries-like lesions of 
enamel between both varnishes. 
 
MATERIALS AND METHODS 
The current study was an experimental in vitro study that 
was performed in the departments of Pediatric Dentistry and 
Dental Public Health and Oral Biology, Faculty of Dentistry 
as well as the department of Geology, Faculty of Sciences, 
Alexandria University. The protocol of the study was 
approved by the Committee of Ethics, Faculty of Dentistry, 
Alexandria University, Egypt. The sample size was 
estimated using the assumptions alpha error=5% and beta 
error=5%. The minimum required sample size per group 
using these assumptions was calculated using MedCalc to 
be 9. This was increased to 12 per subgroup to make up for 
the errors in processing (30% increase) (14,15). The study 
sample was twenty-four maxillary anterior primary teeth 
that were collected from the outpatient dental clinic of 
Alexandria University hospital. The teeth were free from 
caries or cracks or any developmental defects.  
Creation of Caries-like Lesion: 
The twenty-four teeth were coated with nail varnish leaving 
4x4 millimeter window on the labial surface. The window 
was standardized to produce a uniform surface area of 
exposed enamel. All the teeth were immersed in the 
demineralizing solution [2.2 mM calcium chloride (CaCl2), 
2.2 mM potassium dihydrogen phosphate (KH2PO4), 0.05M 
acetic acid (CH3COOH), 1 M potassium hydroxide (KOH) 
(pH 4.4)] for 4 days to produce caries-like lesions (white 
spot lesion without cavitation). Then, the teeth were rinsed 
with deionized water and stored in artificial saliva (16,17).   
Treatment Procedure 
The twenty-four teeth were randomly assigned in two 
treatment groups; group I (MI varnish) and group II 
(Prevident varnish). Each tooth was sectioned 
longitudinally in a labiolingual direction with a diamond 
disc through the center of the window into two equal halves; 
a mesial half and a distal one. One half was treated with the 
remineralizing agent and the other half remained untreated 
and served as its control. Each half was considered as a 

specimen (48 specimens). Subgroup I A: (n=12 specimens) 
5% sodium fluoride with CPP-ACP (MI varnish GC Corp, 
U.S.A) was applied on specimens' labial surfaces (12).  
Subgroup II A: (n=12 specimens) 5% sodium fluoride 
(Prevident varnish Colgate, U.S.A) was applied on 
specimens' labial surfaces. The 24 specimens were slightly 
dried with air and left in contact for four hours (18). The 
remineralizing tested varnish was removed from all 
specimens using a cotton swab soaked with acetone 
carefully to avoid damaging the enamel surface (19). All the 
specimens were rinsed with deionized water. For subgroup 
I B (n=12 specimens) and subgroup II B (n=12 specimens) 
were left untreated. All 48 specimens were stored in 
artificial saliva for 24 hours.  
The pH Cycling Model: 
Over a period of 10 days, continuous cycles of 
demineralization and remineralization were carried out for 
all the specimens. Each specimen was cycled in 5ml of each 
solution for 6 hours of demineralization and 18 hours of 
remineralization daily (20). Between each cycle, specimens 
were rinsed with deionized water. The demineralizing 
solution (pH=4.4) was previously described. The 
remineralizing solution (pH=7) consists of [1.5 mM 
calcium chloride (CaCl2), 0.9 mM sodium dihydrogen 
phosphate (NaH2PO4), 0.15 M potassium chloride (KCL)] 
(16).   
Energy dispersive x-ray spectrometer (EDX) 
evaluation: 
After pH cycling, the specimens were rinsed with deionized 
water and prepared for evaluation quantitatively using the 
EDX. Each specimen was mounted on a copper stub and 
analyzed using EDX (Jeol JSM-5300 Scanning Electron 
microscope, Faculty of Science, Alexandria University). 
Elemental content distribution of calcium (Ca) and 
phosphorus (P) elements weight % of enamel was 
determined in the form of peaks on a graph with their 
corresponding readings. The Ca and P contents were 
converted into Ca/P ratio for each group (21). 
 
STATISTICAL ANALYSIS 
Data were coded and fed to statistical software IBM SPSS 
(Statistical Package for Social Science) version 20. The 
resultant variables were tested for normality using 
Kolmogorov-Smirnov test. Comparison between variables in 
the same group was carried out using Paired t test. 
Comparisons were carried out between the two studied groups 
using Mann-Whitney test. P value less than or equal to 0.05 
was considered to be statistically significant.  
 
RESULTS 
The mean Ca content and Ca/P ratio of MI varnish treated 
specimens (subgroup I A) was statistically significantly 
higher than untreated specimens (subgroup I B) at 
(P<0.0001). The mean P content of subgroup I A was 
significantly lower than subgroup I B at (P<0.0001), Table 
(1).  
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Table 1: Mean Ca, P contents and Ca/P ratio of group I (MI 
varnish) between subgroup A (test) and B (control). 

Elemental content 

Group I(MI varnish) 

Paired t (P) 

Subgroup 
IA (Test) 

Subgroup 
IB 

(Control) 

Ca Mean± 
SD 70.68±3.40 64.68±1.86 7.13 (<0.0001)* 

P Mean± 
SD 29.3±3.39 35.28±1.85 7.27 (<0.0001)* 

Ca/ P 
ratio 

Mean± 
SD 2.45±0.41 1.84±0.15 5.96 (<0.0001)* 

*P < 0.05 (significant) 
 

    The mean Ca content and Ca/P ratio of Prevident varnish 
treated specimens (subgroup IIA) was statistically 
significantly higher than untreated specimens (subgroup II 
B) at (P<0.0001). The mean P content of subgroup II A was 
significantly lower than subgroup II B at (P<0.0001), Table 
(2). 
Table 2: Mean Ca, P contents and Ca/P ratio of group II 
(Prevident varnish) between subgroup A (test) and B 
(control). 

Elemental 
content 

Group II (Prevident 
varnish) 

Paired t (P)  

 Subgroup 
IIA (Test) 

Subgroup 
IIB 

(Control) 

Ca Mean± 
SD 62.50±2.51 60.59±2.38 5.36 (<0.0001)* 

P Mean± 
SD 37.52±2.49 39.42±2.40 5.30 (<0.0001)* 

Ca/P 
ratio 

Mean± 
SD 1.68±0.18 1.55±0.16 5.56 (<0.0001)* 

*P < 0.05 (significant) 
 

    The median percent change of Ca/P ratio of group I (MI 
varnish) was statistically significantly higher than median 
percent change of Ca/P ratio of group II (Prevident varnish) 
at P<0.0001, Table (3). 
 
Table 3: Median% change of Ca/P ratio between group I 
and II. 

% Change 
Ca/P ratio 

Group I 
(MI 

varnish) 

Group II 
(Prevident 
varnish) 

Z of Mann-
Whitney test     

(P) 

Minimum 11.19 0 

3.70 
<0.0001* Maximum 70.24 15.49 

Median 28.96 7.40 

* P < 0.05 (significant) 
 
DISCUSSION 
The results of the present study rejected the proposed null 
hypothesis that indicated no significant differences in the 
mineral content of treated caries-like lesions of enamel 
between both varnishes. 
    In the current study, MI varnish treated specimens showed 
significant higher mean Ca content, Ca/P ratio than untreated 
(control) specimens when evaluated by EDX. The EDX 
quantitatively measured the levels of calcium, phosphorus 
elements in enamel representing an indication of the rate of 
remineralization and denoting lesion changes (21). The 
results are consistent with the data presented by Savas et al 
(22) who reported that Ca/P ratio was significantly higher in 

the remineralization phase of MI varnish compared to those 
of the demineralized surfaces in bovine incisor teeth. 
According to Reynolds (5) CPP stabilize nanoclusters of 
ACP preventing their growth into the critical size for phase 
transformations. This ensures that the ions remain 
bioavailable to diffuse into mineral deficient lesions to allow 
for remineralization of demineralized crystals. 
    Regarding the Prevident varnish, the treated specimens 
showed significant higher mean Ca content, Ca/P ratio than 
the untreated (control) specimens. These results were in 
accordance with De Carvalho Filho (21). Hicks et al (23) 
showed that fluoride application causes the chemical 
changes in the main component of the enamel 
hydroxyapatite as calcium fluoride deposition thus inducing 
chemical stability and remineralization. Oliveira and 
Mansur (24) revealed that applied fluoride varnish 
incorporates into enamel crystals, thereby forming a 
fluorapatite like mineral, which improves the 
remineralization ability of the enamel.  
    When comparing the MI varnish with the Prevident 
varnish, the MI varnish treated specimens had a 
significantly higher median percent change of Ca/P ratio. 
This may be due to calcium and phosphorus available in 
high concentrations in terms of composition of MI varnish 
indicating better remineralization capacity. This ensures that 
the ions remain bioavailable to diffuse into mineral deficient 
lesions to allow for remineralization of demineralized 
crystals. This finding is in accordance with Kariya et al (25) 
who demonstrated that CPP-ACP interacts with fluoride 
ions to produce an additive remineralization effect through 
formation of stabilized amorphous calcium fluoride 
phosphate phase. The remineralized minerals show 
improved acid resistance without being further 
demineralized. Moreover, Lippert et al (26) concluded that 
MI varnish showed an almost constant fluoride release for 
6 hours while, the remaining fluoride varnishes including 
Prevident varnish exhibited very low fluoride release 
overall with the majority of fluoride being released within 
the first 2 hours. Our results are in agreement with Cochrane 
et al (6) that determined the ion release by ion 
chromatography from different fluoride containing 
varnishes. It was concluded that MI Varnish was the most 
efficient as it had high fluoride and calcium ion release. 
Furthermore, Shen et al (13) evaluated the ability of 
different fluoride containing varnishes to inhibit enamel 
demineralization and it was concluded that MI Varnish was 
superior to the other varnishes in protecting against enamel 
demineralization in permanent teeth. 
    A possible limitation of the present study was that the 
controlled environment of the study lacks some of the 
natural oral condition. The pH cycling model didn’t entirely 
simulate the complex oral conditions where the pH 
fluctuates frequently. The attained levels depend upon the 
individual’s eating habits, oral hygiene practices, fluoride 
usage and the composition and the quality of saliva and 
plaque.   
    Within the limitation of the study, both MI varnish and 
Prevident varnish were effective agents for remineralization 
of caries-like lesions. Fluoride varnish containing CPP-
ACP (MI varnish) was shown to produce significant acid 
resistant remineralization relative to sodium fluoride 
varnish (Prevident varnish) when evaluated by means of 
elemental analysis. Further studies should be conducted to 
evaluate clinically the remineralization efficiency of using 
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MI varnish in high risk children with active caries-like 
lesions.  
 
CONCLUSIONS 
Based on the results of this study, it is concluded that: 
1. Using Elemental analysis, MI and Prevident varnishes 

showed significant remineralization of caries-like 
lesions in enamel. 

2. MI varnish showed significant acid resistant 
remineralization. 
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