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The Efficacy of Resin Infiltrant and Casein Phosphopeptide–amorphous 
Calcium Fluoride Phosphate in Treatment of White Spot Lesions 
(Comparative Study)
Hussain A. Baafif, Ibrahim F. Alibrahim, Sami H. Alotaibi, Hatem G. Alharbi, Meshal N. Shubaily, Wahdan M. A. Elkwatehy1

Background: White spot lesions (WSLs) are considered as the first sign of the 
progression of dental caries that can be reversed. Casein phosphopeptide–
amorphous calcium fluoride phosphate (CPP-ACFP) varnish can promote 
remineralization process of the demineralized tooth structure. Also, WSLs can 
be managed by using caries infiltrant (ICON), which infiltrates etched enamel 
surface of the WSLs. Objectives: The main aim was to evaluate and compare 
the efficacy of ICON versus CPP-ACFP varnish to treat WSLs in the same 
oral environments. Materials and Methods: A total of 30 participants aged 
20–40 years with at least two WSLs have participated in this trial. Split-mouth 
technique has been used in this trial where WSLs on the left side have been treated 
with ICON, whereas WSLs on the right side have been treated with CPP-ACFP 
varnish. Clinical evaluation using DIAGNOdent was carried out at baseline, 1 
week, 1, 3, 6, and 12 months after application to determine the effectiveness of 
these materials in treating WSLs. Results: Significant differences were observed 
between all follow-up DIAGNOdent scores compared to baseline readings of both 
ICON and CPP-ACFP (P = 0.000 for all comparisons). Statistically significant 
differences were observed between DIAGNOdent scores of ICON compared to 
CPP-ACFP at all follow-up intervals (P = 0.006, 0.008, 0.045, 0.036, and 0.000). 
Conclusion: Both ICON and CPP-ACFP were effective in the treatment of WSLs 
of smooth surfaces but the efficacy of CPP-ACFP was better than ICON.
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Introduction

At the early stages of dental caries process, the 
relationship between pathogenic and protective 

factors is dynamic and thoroughly reversible.[1] White 
spot lesions (WSLs) are considered the first sign of the 
progression of dental caries and being reversed, they 
are enamel demineralization without cavitation, these 
lesions are characterized by white chalky appearance.[2] 
The WSLs can be treated with resin infiltrant[3] or 
remineralizing agents.[4]

The caries infiltration product (ICON, DMG Dental 
Materials, Hamburg, Germany) was introduced in 

Germany in 2009, it is widely used for the management 
of WSLs.[2,5] This infiltrant uses a special resin to fill, seal 
diseased enamel, and prevent the loss of healthy hard 
tissue by other invasive methods for caries removal, a 
low viscosity resin infiltrant is soaked into the porous 
lesion body replacing the lost mineral with resin.[6]
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The low viscosity resin infiltrates etched enamel surface 
of the WSL, filling the porosities by penetrating the 
enamel surface of the WSL, arresting progression of 
the demineralized lesion, and enhancing the mechanical 
integrity of the enamel surface.[7]

Caries infiltrant has been used for the management 
of smooth surface lesions interproximally and 
facially,[8] scattered light of the WSL can be reduced 
by this procedure, thus enhancing the aesthetics and 
the surface roughness of the filled teeth at distinct 
treatment times.[9-13]

Casein phosphopeptide–amorphous calcium phosphate 
(CPP-ACP), obtained from milk protein, can promote 
remineralization process of the demineralized tooth 
structures.[14] The localized anticariogenic property of 
CPP-ACP is a result of its topical anticariogenic effects 
due to its capability to maintain the amorphous state 
of calcium and phosphate.[15] For maximally effective 
remineralization, calcium, phosphate, and fluoride all 
must be available at sufficient levels in a bioavailable 
form in the oral environment.[14,16]

CPP is a sticky protein that binds and stabilizes 
calcium and phosphate ions in an amorphous state. 
CPP-ACFP has been shown to be localized to 
tooth surfaces, and during acidogenic challenges, 
it may release calcium, phosphate, and fluoride, 
and maintain the supersaturation of  calcium and 
phosphate ions in the vicinity of  the tooth surface, and 
thereby depressing demineralization and enhancing 
remineralization.[17]

Different studies have shown that remineralization 
potential of CPP-ACP combined with fluoride has 
been more effective.[18-20] Combination of CPP-ACP 
with fluoride improves the surface microhardness of 
enamel, and its prolonged use decreases the caries 
incidence in children.[21,22] Recently, a combination of 
CPP-ACP with fluoride has been introduced as a dental 
varnish (MI Varnish, GC Corporation, Tokyo, Japan), 
which showed higher remineralization potential than 
fluoridated varnish.[23]

Very few studies have evaluated the efficacy of this 
recently introduced varnish, these studies were carried 
out in vitro and for short follow-up intervals, also, to the 
best of our knowledge, no studies were performed to 
compare the efficacy of CPP-ACFP and caries infiltrant 
(ICON) in the treatment of WSLs in vivo and for 
longer follow-up periods, Hence, this study was taken 
up to evaluate remineralization potential of varnish 
containing CPP-ACP and fluoride (MI Varnish) and to 

compare its effectiveness in the treatment of WSLs on 
smooth surfaces with that of ICON.

Materials and Methods

Ethical consideration and study design

This was an in vivo comparative clinical study carried 
out using split-mouth technique. It was conducted 
at the dental clinic of the Dental Teaching Hospital 
in Umm Al-Qura University, Saudi Arabia, after 
obtaining the ethical approval (IRB number 115–18) 
from institutional ethics committee. The study purpose 
and procedures were explained to the participants at 
the beginning of the study, and their participation was 
voluntary.

Sample size

The WSLs were the specific target of this study. The 
sample size was calculated at confidence level of 95% 
and expected percentages of caries prevention of 80%. 
The estimated sample was 27, which subsequently 
increased to 30 pairs of lesions.

Participant inclusion criteria

•	 Adult patients aged 20–40  years, free from the 
systemic diseases that affect salivary pH

•	 Patients with fair oral hygiene (mild-to-moderate 
plaque accumulation)

•	 Patients with at least one pair of smooth surface 
WSL (one initial carious lesion in each side), visible 
with or without prolonged air drying as a distinct 
visual change in the enamel

Participant exclusion criteria

•	 Patient with other WSLs such as enamel opacity, 
enamel hypoplasia, or any developmental defects

•	 Patient received glass ionomer restorations or 
any remineralizing agent other than the regular 
toothpaste during the last 3 months

Sample selection

All patients seeking dental treatment in the teaching 
dental hospital at Umm Alqura University were 
examined for smooth surface WSL. Consent forms, 
which explained the need for treatment of initial caries 
and the application procedure, were provided to 72 
selected patients who fulfilled the selection criteria. 
Consent forms were signed with an agreement to 
participate in this study obtained from 30 male patients 
who formed the study group.

Materials

The following two different materials were used in 
this trial:
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1.	 ICON, it is an infiltrant resin (DMG Dental 
Materials, Hamburg, Germany)

2.	 CPP-ACFP, it is a remineralizing agent (MI Varnish 
a product of GC Corporation, Tokyo, Japan)

Data validity

Well-trained and calibrated examiner, who was 
blind to the study design and materials, performed 
DIAGNOdent scoring at baseline and at different 
follow-up periods. The stability of measurements 
was confirmed at the baseline and during different 
follow-up periods. The intra-examiner consistency of 
measurements was confirmed through training and 
calibration of the same evaluator. The consistency 
of measurements was tested by the κ test, the intra-
examiner consistency was found to be 89%.

Clinical intervention

The DIAGNOdent baseline scores of WSLs were 
recorded at baseline. The participants were treated with 
ICON (on left side) and CPP-ACFP (on right side) 
according to manufacturer’s instructions. After the 
application of both materials, the DIAGNOdent scores 
were recorded at different follow-up intervals (1 week, 
1, 3, 6, and 12 months after application).

DIAGNOdent scoring

The instrument was calibrated according to 
manufacturer’s instructions. Under cotton roll 
isolation and after air drying with an air syringe, the 
DIAGNOdent probe was placed perpendicular to 
the test site and rotated along the lesion to scan the 
area completely, three measurements were taken and 
averaged to give the final test value.

ICON infiltrant application

The targeted WSLs were treated with ICON caries 
infiltrant as the following: ICON usage involved 
application of ICON-etch syringe (15% HCl) for 2 min, 
followed by rinsing with water for 30 s and drying with 
oil-free and water-free air. The etched surface then 
desiccated using the ICON dry syringe (99% ethanol) 
for 30 s, followed by drying with oil-free and water-free 
air. ICON infiltrant syringe was placed on the targeted 
surface, and caries resin infiltrant was dispensed. After 
3 min, excess infiltrant was wiped using a cotton roll, 

and the surface was light cured (430–490 nm, 600 mW/
cm2) for 40 s. Lastly, the infiltrant was reapplied for 
1 min and light cured for 40 s.

Casein phosphopeptide–amorphous calcium fluoride 
phosphate application

The tooth surfaces containing WSLs were cleaned and 
dried before application of MI Varnish. Peel off  the foil 
lid of the unit dose container of MI Varnish. Apply a 
thin, uniform layer of the varnish on teeth surfaces using 
a disposable brush. The varnish sets when in contact 
with water or saliva, and it should remain undisturbed 
on the teeth surfaces for 4 h. Instruct patients to avoid 
hard, hot, or sticky foods, toothbrushing and flossing, 
and products containing alcohol (oral rinses, beverages, 
etc.) during this time.

Every patient was educated and motivated about the 
importance of oral hygiene and toothbrushing. The 
DIAGNOdent was used to evaluate the effectiveness of 
those materials in the treatment of WSL at different 
follow-up intervals.

Statistical analysis

The collected data were analyzed using a Statistical 
Package for the Social Sciences software program 
(IBM SPSS Statistics for Windows, version 21.0, IBM, 
Armonk, New York). The descriptive data analysis 
included the mean and standard deviation for baseline 
and follow-up scores of the DIAGNOdent.

One-way analysis of variance (ANOVA) test was used to 
evaluate the efficacy of each material by comparing the 
DIAGNOdent scores at different follow-up intervals. 
Post hoc Tukey test was used for multiple comparisons 
within each group and to compare between the two 
materials. The level of significance was considered 
statistically significant at P ≤ 0.05.

Results

The data were analyzed for 28 participants who 
attended all follow-up intervals. Both ICON and CPP-
ACFP have a significant effect in the treatment of 
WSLs as significant differences were observed among 
DIAGNOdent baseline scores and different follow-up 
intervals (P = 0.000 for both groups) [Table 1].

Table 1: Efficacy of ICON and casein phosphopeptide–amorphous calcium fluoride phosphate in the treatment of white 
spot lesions

Groups Follow-up P
Baseline 1 week 1 month 3 months 6 months 12 months

ICON 12.214 ± 2.043 3.679 ± 2.539 3.429 ± 1.952 5.321 ± 1.945 6.643 ± 2.297 9.607 ± 2.283 0.000
CPP-ACFP 12.250 ± 2.066 5.786 ± 2.200 5.500 ± 1.347 4.357 ± 1.545 5.821 ± 1.294 5.893 ± 1.286 0.000
P = P value calculated by one-way analysis of variance (ANOVA) test
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Regarding the efficacy of ICON, the DIAGNOdent 
scores were significantly decreased at all follow-up 
intervals compared to baseline scores (P  =  0.000 
for all follow-up comparisons with baseline scores). 

Comparison between 1 week and other follow-up 
scores revealed that the DIAGNOdent scores were 
nearly similar at 1st week and 1  month (P  =  0.998), 
nonsignificantly increased at 3 month (P = 0.061), and 
significantly increased at 6- and 12-month follow-up 
(P = 0.000). Also, significant differences were observed 
between the 1-month scores compared to 3-, 6-, and 
12-month scores (P = 0.000, P = 0.000, and P = 0.018, 
respectively). Statistically nonsignificant difference was 
observed between 3- and 6-month scores (P = 0.216), 
whereas the differences were significant between 3 and 
6 months compared to 12-month scores (P = 0.000 for 
both) [Tables 1 and 2].

In relation to the efficacy of CPP-ACFP, the 
DIAGNOdent scores were significantly decreased 
at all follow-up intervals compared to baseline 
scores (P  =  0.000 for all comparisons). Comparison 
between 1 week and other follow-up scores revealed 
that the DIAGNOdent scores gradually decreased 
until 3  months, then slightly increased during 6- 
and 12-month follow-up [Table 1]. No significant 
differences were observed between 1-week follow-up 
score compared with 1-, 3-, 6-, and 12-month follow-up 
scores (P = 0.992, P = 0.064, P = 1.000, and P = 1.000, 
respectively). Also, no significant differences were 
observed between 1-month scores compared with 3-, 
6-, and 12-month scores (P  =  0.189, P  =  0.986 and 

Table 2: Multiple comparison among DIAGNOdent scores 
at different follow-up intervals

Comparison Groups
ICON CPP-ACFP

P P
Baseline vs. 1 week 0.000* 0.000*
Baseline vs. 1 month 0.000* 0.000*
Baseline vs. 3 months 0.000* 0.000*
Baseline vs. 6 months 0.000* 0.000*
Baseline vs. 12 months 0.000* 0.000*
1 week vs. 1 month 0.998 0.992
1 week vs. 3 months 0.061 0.064
1 week vs. 6 months 0.000* 1.000
1 week vs. 12 months 0.000* 1.000
1 month vs. 3 months 0.018* 0.189
1 month vs. 6 months 0.000* 0.986
1 month vs. 12 months 0.000* 0.967
3 months vs. 6 months 0.216 0.038*
3 months vs. 12 months 0.000* 0.025*
6 months vs. 12 months 0.000* 1.000
ICON P and CPP-ACFP P  =  P value calculated by post hoc 
Tukey test
*denotes statistically significant value

Table 3: Comparison between the efficacy of ICON and casein phosphopeptide–amorphous calcium fluoride phosphate in 
the treatment of white spot lesions

Groups Follow-up
Baseline 1 week 1 month 3 months 6 months 12 months

ICON 12.214 ± 2.043 3.679 ± 2.539 3.429 ± 1.952 5.321 ± 1.945 6.643 ± 2.297 9.607 ± 2.283
CPP-ACFP 12.250 ± 2.066 5.786 ± 2.200 5.500 ± 1.347 4.357 ± 1.545 5.821 ± 1.294 5.893 ± 1.286
P 0.948 0.006* 0.008* 0.045* 0.036* 0.000*
P = P value calculated by post hoc Tukey test.
*denotes statistically significant value.
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P  =  0.967 respectively). Significant differences were 
reported between 3-month follow-up score compared 
with 6- and 12-month follow-up scores (P  =  0.038 
and P = 0.025), whereas no significant difference was 
observed between 6- and 12-month follow-up scores 
(P = 1.000) [Table 1 and 2].

No significant difference was observed between ICON 
group and CPP-ACFP group at baseline readings 
(P  =  0.948). At 1-week and 1-month follow-up, 
DIAGNOdent scores of ICON group were significantly 
less than CPP-ACFP scores (P = 0.006 and P = 0.008). 
On the contrary, at 3-, 6-, and 12-months follow-up, 
DIAGNOdent scores of ICON group were significantly 
higher than CPP-ACFP scores (P = 0.045, P = 0.036, 
and P = 0.000, respectively) [Table 3].

Discussion

Arresting dental caries in early stages is highly important, 
and there are different methods for the treatment of 
initial caries. In recent years, remineralization of the 
WSLs using topical products (such as CPP-ACFP 
varnish) and minimally invasive techniques (such 
as resin infiltration) has been introduced.[23,24] This 
study was carried out to evaluate and compare their 
effectiveness in clinical practice. In this study, every 
participant received ICON on one side and CPP-ACFP 
on the other side of the same patient to ensure equality 
in all factors, which may affect the results.

In this study, the DIAGNOdent device was used to 
evaluate the effectiveness of these materials because it is 
an objective accurate method of detecting initial carious 
lesions as compared to the visual and radiographic 
examination.[25] The DIAGNOdent laser fluorescence 
unit takes advantage of the fact that the light-reflecting 
and fluorescing properties of normal, healthy enamel 
differs from the characteristics of the enamel surfaces 
attacked by dental caries.[26]

The finding of this study indicated that the use of 
resin infiltration for treatment of WSLs is effective for 
6-month period as significant differences were observed 
between baseline scores and all follow-up scores, these 
results are in consonance with the results of previous 
studies.[27,28]

Although significant differences were observed between 
baseline scores and all follow-up intervals scores, the 
results showed marked increase in DIAGNOdent scores 
at the 3-, 6-, and 12-month follow-up [Table 1], this may 
be due to degradation and dissolution of the infiltrant 
in oral fluids after long periods. The results of previous 
studies concluded that infiltrant showed a higher extent 
of oxygen inhibition, lower hardness, lower elastic 

modulus, and higher plastic to elastic indentation 
energy. These inferior properties may reduce the sealing 
capacity, mechanical strength, and durability of the 
intraorally exposed part of the infiltrant coating.[29,30]

The results of this study indicated that CPP-ACFP 
varnish has highly potential remineralizing effect 
on WSLs of smooth surfaces [Table 1]. These results 
support the previous studies, which concluded that 
CPP-ACP when used in combination with fluoride 
has higher remineralization potential than when used 
alone.[31,32] The increased remineralization potential 
may be due to increased bioavailability of calcium, 
phosphate, and fluoride ions to the tooth surface, which 
promotes remineralization of carious lesions.[23]

The results of  this study confirm the stable 
remineralizing effect of  CPP-ACFP as the 
DIAGNOdent scores of  CPP-ACFP group were 
somewhat near each other at the different follow-up 
intervals (no significant differences between 1 week 
and 1-, 3-, 6-, and 12-month follow-up scores [Table 
2]) and significantly less than the baseline scores. This 
difference may be shown by the addition of  fluoride 
to CPP-ACFP, which enhances remineralization and 
at the same time stabilizes the remineralized lesions for 
long periods due to formation of  fluorapatite crystals, 
these results agreed with the results of  the previous 
studies, which concluded that the addition of  fluoride 
to CPP-ACFP leads to increased incorporation of 
ions into smooth subsurface enamel lesions and 
substantially increases remineralization of  subsurface 
lesions compared to fluoride alone.[33,34]

In this study, single application on CPP-ACFP 
produces acceptable remineralizing effect for 
12  months, and these findings support the results 
obtained by Savas et  al.,[35] who observed that CPP-
ACFP-containing fluoride varnish (MI Varnish) 
provides remineralization of  incipient carious lesions 
after a single application and suggested that it may be 
suitable for clinical use.

The results of this study confirmed that CPP-ACFP 
varnish is highly effective than ICON in treatment of 
WSLs as the DIAGNOdent scores starts to markedly 
increased at the 3, 6 and 12 months follow-up in ICON 
group while start to increase gradually at the 6-month 
follow-up and remain somewhat constant till 12-month 
follow-up in CPP-ACFP group and the DIAGNOdent 
scores were significantly less than those of ICON at the 
last three follow-up intervals [Table 3]. These results 
suggested that the treatment of initial carious lesions 
with remineralizing agent (CPP-ACFP) is better than 
the treatment with caries infiltrant (ICON) as its effect 
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extended for long period and produced more stable 
remineralizing effect [Graph 1].

Conclusion

Both agents were effective in treating WSLs but the 
CPP-ACFP varnish was more effective as its effect 
extended to longer period.

Recommendations

CPP-ACFP varnish is highly recommended for the 
treatment of white spot carious lesions.
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