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ABSTRACT

Objective: To compare the efficacy of resin infiltration and fluoride casein phosphopeptide amorphous
calcium phosphate varnish on non-cavitated active white spot lesions in 5-8 years old children. Material
and Methods: 60 non-cavitated active white spot lesions in 60 patients with ICDAS II score 2 from both
genders in the age range of 5 to 8 years were taken. Thirty lesions were treated by resin infiltration (Group
1) and 30 by Fluoride CPP-ACP varnish (Group 2). Resin infiltration was performed on the same day, while
Fluoride CPP-ACP varnish was applied once a week for 4 weeks. The follow-up was done at 3, 6 months,
and 12 months. Results: At 3, 6, and 12 months change in mean ICDAS II Score in group 1 was
1.5£0.5,1.18£0.73 and 0.9£0.88, respectively, while in group 2, it was observed to be 0.30+0.59, 0.4£0.89
and 0.0610.82, respectively (p<0.001). Conclusion: Resin infiltration was more successful than Fluoride
CCP-ACP varnish in active non-cavitated white spot lesions.
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Introduction

Dental caries is a significant public health concern and one of the most common widespread diseases
among youngsters. It originates from interactions between cariogenic bacteria in dental plaque, fermentable
carbohydrates (basically sugars), and an imbalance within the system of demineralization and remineralization
of enamel because of altered pH levels over time [17].

This cycle of demineralization—remineralization is an ongoing phenomenon, but if the protecting
elements of the oral cavity, for example, salivary buffers, fluorides, etc., are not able to hold the stability in
tavour of remineralization, there is a lack of mineral content which actuate incipient caries [27].

These incipient carious lesions are so-referred to as “white spot” lesions. A white spot lesion is defined
as sub-surface enamel porosity from carious demineralization that presents itself as milky-white opacity when
located on a clean surface [87. Differential diagnoses of white spot lesions include incipient caries, dental
fluorosis, and developmental defects of non-fluoride etiology. Among white spot lesions, active lesions are
described as ‘chalky’/dull and irregular on probing, while inactive lesions are glossy and smooth on probing
[4].

Restoring the tooth structure by using dental filling has been the first choice for treating dental caries,
but in recent years, the treatment has been modified from the large invasive approach to non-invasive or
minimally invasive preventive strategies [57. In addition, different options have been suggested for developing
the remineralization process, i.e., the use of casein phosphopeptide-amorphous calcium phosphate or fluoride
containing products, microabrasion, argon-laser irradiation and resin infiltration [67].

The resin infiltration approach is a unique technology offering an excellent middleman treatment
option in prevention and restorative therapy [77]. Furthermore, resin infiltration, with its high refractive index
(RI = 1.46), which is comparable to healthy enamel (RI = 1.62), additionally creates the so-called chameleon
impact — a blended shading of the managed lesions with the enamel surface [87].

Fluoride is a well-recognized remineralizing agent, interacting with oral fluids on the tooth surface
and subsurface and combining with calcium and phosphate ions to shape carbonate substituted hydroxyapatite
into fluorapatite [97. As a result, fluoride varnish takes less time, creates less patient discomfort, and enhances
patient acceptability, specifically in preschool-aged children [107.

In 1991, the casein phospho-peptide-amorphous calcium phosphate (CPP-ACP) complex, derived from
a milk protein called casein, became patented in the United States [117]. MI Varnishes is a 5% NaF varnish
improved with 2% RECALDENT(CPP-ACP) to provide an amazing fluoride varnish that releases greater bio-
available fluoride, calcium and phosphate. After a single application, MI Varnish has a lovely smooth
consistency and an impartial color with natural translucency.

The efficacy of resin infiltration in arresting caries lesions has been investigated n vitro [127], in situ
(1387, and n vivo [ 147 studies, and its effect in overlaying white spot lesions has been shown clinically [15,167].
Nevertheless, the camouflage effect of the resin infiltration technique with the possible remineralization eftect
of fluoride compounds within the non-cavitated active white spot lesions requires to need to be further study.
Due to the higher incidence of incipient caries in the age group of 5-8 years, this age group has been chosen for
the study [17].

Thus, the presenting study compared the efficacy of resin infiltration and fluoride casein

phosphopeptide-amorphous calcium phosphate varnish in non-cavitated active white spot lesions in 5-8 years.

Material and Methods
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Study Design and Patients Selection

This is a prospective randomized clinical trial. The patients were selected from both genders in the
age range of 5 to 8 years presenting at least one active non-cavitated lesion with ICDAS II score 2; all
participants selected were practicing twice daily brushing with fluoridated age-appropriate dentifrice.
Exclusion criteria included patients older than 8 years; a known history of chronic systemic illness like
diabetes, renal failure, epilepsy, etc.; a history of taking medication for any disease; and a child who was not
willing to participate. At baseline, dietary patterns, type, frequency and consumption of food, sweet scores and
oral hygiene practices over the past week were evaluated. Diet counselling and oral hygiene instructions were
carried out on all the patients by a single investigator. The investigator was trained to satisfaction in the
counselling measures by two experienced instructors in the field.

Patients who fulfilled these inclusion criteria were recruited from the outpatient settings of the
Department of Paedodontics and Preventive Dentistry, University College of Medical Sciences and Guru Teg

Bahadur Hospital, Delhi, India.

Sample Size
Based on literature with a similar methodology, considering an improvement rate of 69% in the Resin
Infiltration group and 83% in Fluoride varnish group for early smooth surface lesions [247, to estimate this
difference at =5% and power=80%, a sample size of 30 lesions in each group was estimated. A total of 60 non-
cavitated active white spot lesions in 60 patients were taken. Among selected patients, if they had more than
one non-cavitated white spot lesion, then only one lesion was selected for the study in the following preference
order.
* Maxillary arch > mandibular arch
* Right side > Left side
* Central incisors > Lateral incisors > Canine> Molars
Allocation concealment was achieved using opaque envelops to assign the treatment group to the

subject. Finally, the randomization sequence was generated by the Statistician.

Clinical Procedures

All the carious lesions other than white spot lesions were treated simultaneously in both groups. In
lesions that were not taken up for the study, their appropriate treatment was performed. We maintained all the
photographs lesions recorded in all the patients.

The study consisted of two groups: Group1: treatment with resin infiltration; and Group 2: treatment
with Fluoride Casein Phospho-Peptide Amorphous Calcium Phosphate varnish (CPP-ACP).

Thirty lesions were treated by resin infiltration and thirty by fluoride-based CPP-ACP varnish. Resin
infiltration was conducted as a single-visit procedure and the application of fluoride-based CPP-ACP was done
as four weekly applications. The follow-up was done at 8 and 6 months.

Prior to the initiation of the study, two examiners were trained to evaluate White Spot Lesions (WSL)
and in the consistent recording of the ICDAS scale criteria. This was further evaluated by two specialists in the
field using a 1-5 Likert rating. The consistency between experts for each examiner was found to be good, with
a Cronbach alpha score of 0.82. Disagreements were solved by consensus and a final ICDAS II score was
obtained. It was planned in this study to record caries clinically by means of the ICDAS visual scoring system.

The selected surfaces were cleaned professionally with dental floss and lesions were scored clinically from
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buccal, occlusal, proximal and lingual aspects using the ICDAS II visual scoring system. Lesions were
examined by running the probe; if it is rough, it was said to be active lesions and if it was found to be smooth
while probing, it was non-active. In addition, restoration and caries status related to surfaces was assessed on
the individual child. White Spot Lesions (WSL) treatment was considered successful when lesions regressed
(Scores 0 and 1) or remained the same (Score 2) and unsuccessful when lesions had progressed (Score >3). The
placement of restoration during the study period was considered as lesion progression.

After rubber-dam application, the lesions were etched with 15% hydrochloric acid for 120 s, followed
by rinsing and drying. The lesions were then dehydrated with ethanol for 80 s and air-dried. Subsequently, the
infiltrant resin was applied into the lesion with a syringe for 180 s and polymerized with blue light with a
wavelength of 450 nm and an intensity of 800 mW/cm. Next, the resin was re-applied for 60 s and
polymerized. The rubber dam was then removed and the infiltrated lesion was polished with rubber polishing

tips.

Treatment with Fluoride Casein Phosphopeptide Amorphous Calcium Phosphate Varnish

Teeth were isolated with a mouth retractor and the tooth surfaces were dried before the application of
MI Varnish. The foil lid had been peeled off the MI Varnish unit dose and stirred through. Applied a thin,
uniform layer of MI Varnish using a disposable brush. MI Varnish sets when came in contact with water or
saliva. The application was completed by waiting 2-3 minutes as the materials covered all teeth surfaces. MI
Varnish remains undisturbed on the teeth for 4 hours. Patients were instructed to avoid hard, hot or sticky
foods, tooth brushing and flossing, and products containing alcohol (oral rinses, beverages, etc.) during this

period. These clinical procedures were performed once a week for four weeks.

Statistical Analysis

The data was entered into the digital spreadsheets and subjected to analysis in SPSS version 20.
Descriptive results were obtained as frequency/ percentages and mean + standard deviation. Intra-group
comparison at different time intervals was done by using Repeated measure ANOVA. Inter-group comparisons

were done by using an independent student t-test and a chi-square test. The level of significance was set at 5%.

Ethical Clearance
Ethical clearance was taken from the Institutional Ethical Committee (Protocol No. IEC-

HR/2017/32/126), and parental consent and pediatrics were sent taken.

Results
All patients completed the study, and none were lost in the follow-up period. Sixty children aged
between 5 to 8 years (mean age 6.8 years), of which 33 were boys and 27 were girls (Table 1). The mean

ICDAS II scores for both the groups at baseline was 2 (as mentioned in the inclusion criteria).

Table 1. Distribution of study population by gender.

Gender G1 (Resin Infiltration) G2 (Fluoride CCP-ACP Varnish)
N (%) N (%)
Male 14 (46.6) 19 (63.3)
Female 16 (53.3) 11 (36.6)
Total 30 (100.0) 30 (100.0)
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Table 2 compares ICDAS scores in both the treatment groups at baseline, 8, 6, and 12 months

(Intracomparision).

Table 2. Comparison of ICDAS score at baseline, 3, 6, and 12 months.

Groups Baseline 3 Months 6 Months 12 Months p-value®
Mean Mean + SD Mean + SD Mean + SD
Resin infiltration 2 0.5+ 0.50 0.87+ 0.78 1.10+ 0.88 <0.001%*
Fluoride CPP-ACP Varnish 2 1.70+ 0.59 1.60+ 0.89 1.93+ 0.82 <0.05%

"Repeated Measure ANOVA; **Highly Significant; *Significant.

A one-way repeated measure ANOVA was conducted to compare the effect of Resin infiltration and
fluoride CPP-ACP varnish (Independent Variable) on ICDAS score (Dependent variable) at 3, 6, and 12
months. The mean ICDAS II scores at 3, 6, and 12 months in Group 1 were 0.5, 0.87 and 1.10, while in Group
2, it was 1.70, 1.60 and 1.93, respectively (Figure 1). There was a significant effect of resin infiltration (Wilk’s
Lambda= 0.092, I (3,27)=88.338, p=0.000) and fluoride CPP-ACP varnish (Wilk’s Lambda= 0.646, I
(8,27)=4.9, p=0.007) on ICDAS Score.

4,5
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2,5

1,5

0,5 0.87

0.5

Baseline 3 Months 6 Months 12 Months

Resin Infiltration e CPP-ACP Varnish

Figure 2. Comparison of mean ICDAS II scores between group 1 and group 2 at baseline, 3, 6, and 12
months.

Table 3 and 4 shows further results of pairwise comparisons among both groups.

Table 3. Pairwise comparisons of time for ICDAS score in resin infiltration group.

Pairwise p-value
Baseline 3 Months <0.001%*
6 Months <0.001%%
12 Months <0.001%%*
3 Months 6 Months <0.05*
12 Months <0.05*
6 Months 12 Months <0.05%

**Highly Significant; *Significant.

Table 4. Pairwise comparisons of time for ICDAS score in fluoride CPP-ACP group.

Pairwise p-value
Baseline 3 Months >0.05
6 Months >0.05
12 Months >0.05
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3 Months 6 Months >0.05
12 Months >0.05
6 Months 12 Months <0.05%

*Significant.

Clinical status of WSLs in both groups after 1-year follow-up. 10% of lesions had progressed to
cavitation, and 90% of lesions remained the same or regressed in group 1, and 27% of lesions had progressed
and 73% remained the same or regressed. The efficacy of resin infiltration compared with fluoride CPP-ACP

varnish is 17% which is statistically highly significant (Table 5).

Table 5. Clinical status of the test and control lesions after 1 year.

Clinical Status Resin Infiltration Fluoride CPP-ACP Varnish p-value
N (%) N (%)
Progressed to Cavitation (ICDAS II Score >3) 3 (10.0) 8 (27.0) <0.001%*
No Progression (ICDAS II Score 2) 4(13.0) 13 (43.0)
Regression (ICDAS II Scores 0, 1) 23 (77.0) 9 (30.0)
Total 30 (100.0) 30 (100.0)

Table 6 shows a change in ICDAS Score at 3, 6 and 12 months in both the treatment arms
(Intercomparison). At 8, 6 and 12 months change in mean ICDAS II Score in group 1 was found to bel.5+0.5,
1.13£0.73 and 0.9%0.88, respectively, while in group 2, it was observed to be 0.30+0.59, 0.4+0.89 and

0.06£0.82, respectively (p<0.001).

Table 6. Change in ICDAS Score at 3, 6 & 12 months in both the treatment arms.

Groups 3 Months p-value? 6 Months p-value® 12 Months p-value?
Mean+SD Mean+SD Mean+SD

Resin Infiltration 1.5+0.5 <0.001%% 1.1840.73 <0.001%* 0.9+0.88 <0.001%*
Fluoride CPP-ACP Varnish  0.30+0.59 0.4+0.89 0.0640.82

SD: Standard Deviation; **Highly Significant; 2Parametric Independent t test.

Discussion

White spot lesions form the earliest stage of the caries process. At this stage, the ongoing
demineralization can be arrested or remineralized [187. White Spot Lesions (WSL) naturally receive
remineralizing stimulus from the saliva. Some researchers have suggested that white spot lesions cannot be
eliminated completely, whereas others claim that improvement may occur over 5—12 years. Enaia et al. [197]
showed that 57.1% of WSL improved, 26% remained the same and 16.7% became worse after a 1-year follow-
up without any treatment. The present study was performed to determine the efficacy of the resin infiltration
and MI Varnish application on non-cavitated active white spot lesions in 5-8-years-old children and follow-up
was done at 38, 6, and 12 months. The age group of 5-8-years-old was selected because the incidence of incipient
caries is commonly found to be considerably high in this age group [177].

A study by Paris et al. [207] showed infiltrant penetrates most parts of the demineralized enamel, but
lesions with ICDAS scores 3-5 had no infiltration. Furthermore, the depth of infiltration in ICDAS 4 and 5 was
significantly lower compared to score 2. In the current study, lesions having an ICDAS score 2 were included,
L.e., non-cavitated lesions [207].

The study comprised 14 males and 16 females in Group 1 (Resin Infiltration) and 19 males and 11
females in Group 2 (Fluoride CPP-ACP varnish). The treatment of white spot lesions was considered

successful when lesions regressed (Scores 0 and 1) or remained the same (Score 2). The treatment was graded
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as unsuccessful when the lesion had progressed (Score >3). At 3 months follow-up, no lesion progressed in
Group 1, and only one lesion progressed in Group 2. At six months of follow-up in the resin infiltration group,
only one lesion (1\30) had progressed, 26 lesions had regressed, and 8 remained unchanged. In group 2, five
lesions (5\30) had advanced and 14 lesions regressed and 11 remained unchanged (MI Varnish). The trend at
12 months follow-up in Resin infiltration group 1 was only 3 lesions (3\30) progressed, 28 lesions regressed
and 4 lesions remained the same. Among the cases in group 2, 8 lesions (8\80) progressed, 19 lesions
regressed, and 13 remained constant. Hence in Group 1, only 10% of the total lesion had shown progression,
and 90% of cases showed successful treatment. While in Group 2, only 27 % showed lesion progression, and
78% of cases showed successful treatment.

In our study, only 10% of lesions had progressed over 1-year follow-up in the resin infiltration group.
In a similar study by Meyer-Lueckel et al. [217, only 4 % of lesions were found to progress. However, as per a
study by Martignon et al. [227, 32% of lesions had progressed in the infiltration group after 3 years. The
possible reason for this might be the inclusion of non-cavitated lesions in our study compared to the Martignon
et al. [227] study because the probability of including microcavitated lesions increases with a higher proportion
of deeper lesions. These will show incomplete infiltration of cavitated areas and in turn, be more likely to
progress compared to non-cavitated lesions with a similar radiographic presentation.

Compared to fluoride casein phosphopeptide-amorphous calcium phosphate varnish, the efficacy of
resin infiltration in non-cavitated active white spot lesions was observed to be reduced by 17% (90%-73%). In
corroboration with the present findings, Ekstrand et al. (287 showed a clinical and radiological efficacy of resin
infiltration in conjunction with fluoride varnish treatment was 35.7% more effective than fluoride varnish
alone. In a study conducted by Turska-Szybka et al. [247], it was observed that after one year, 92.1% of the
infiltrated lesions (Resin Infiltration + Fluoride Varnish) and 70.6% of the Fluoride Varnish lesions had not
progressed (p<0.001) and the efficacy was 21.5%. These results were documented to be lower as compared to
our present study. The possible difference in results between our study and the study done by Ekstrand et al.
[237] and Turska-Szybka et al. [247] could be due to the presence of casein phosphor peptide amorphous
calcium phosphate fluoride nanocomplexes in MI varnish. The presence of these nanocomplexes would explain
the superior ability of MI varnish to inhibit demineralization in the present study, as the combination of CPP-
ACP and fluoride to form CPP-ACPF nanocomplexes has been shown to be superior to fluoride varnish alone
(used by Ekstrand et al. [237 and Turska-Szybka et al. [24]). Other studies [25-27] concluded that fluoride
varnishes containing CPP-ACP were more effective in increasing the acid resistance of primary enamel than
other fluoride varnishes.

In contrast to the studies mentioned above, Giiglii et al. [287 and Girish Babu et al. [297] observed no
significant difference in the remineralizing potential of a varnish containing CPP-ACP and fluoride with that of
a varnish containing only fluoride.

In the present study, the mean ICDAS II scores for both the groups at baseline was 2 (as mentioned in
the inclusion criteria). Among study participants in the resin infiltration group, the mean ICDAS II scores at 3,
6 and 12 months was 0.50, 0.87 and 1.10, respectively. The Fluoride CPP-ACP varnish group noted a mean
ICDAS II score was 1.70, 1.60 and 1.93, respectively, at the specified follow-up intervals. The above-mentioned
findings demonstrated a significantly higher decrease in mean ICDAS II score from baseline to 3 months and
from baseline to 6 months and from baseline to 12 months in the resin infiltration group as compared to

Fluoride CCP-ACP varnish. Additionally, there was an increase in the mean ICDAS II score from 8 months to
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6 months (0.50 to 0.87) and from 6 months to 12 months (0.87 to 1.10) in the resin infiltration group due to the
progress of a few lesions.

On the other hand, a decline in mean ICDAS II scores from 8 months to 6 months (1.70 to 1.60) and 6
months to 12 months (1.60 to 1.93) was recorded in the Fluoride CPP-ACP varnish. The probable reason why
resin infiltration shows higher efficacy than fluoride varnish may be explained by the quick precipitation of
minerals blocking the superficial enamel pores in the varnish group. The presence of this hypermineralized
layer limits the remineralization of the subsurface lesion body.

Similarly, in a study by Ciftci et al. (307, the mean ICDAS II score for resin infiltration and fluoride
varnish at 3 months follow-up was 0.53 and 1.57, respectively, which was quite similar to the present study.
Another study showed the efficacy of the resin infiltration technique and fluoride treatment on white spot
lesions were compared [17; the results showed that the resin infiltration group showed a statistically
significant decrease in the amount of reduction in the 6-month demineralization values relative to the baseline
values in the fluoride varnish group. Our findings also agreed with a recent n wvitro study that compared the
effect of resin infiltration and fluoride varnish (5% NaF) on enamel surface properties. In this study, the
authors also found that the surface microhardness treated by resin infiltration was significantly higher than

that in surfaces treated by fluoride varnish.

Conclusion

Both resin infiltration and Fluoride CCP-ACP varnish are clinically feasible and efficacious methods
for the treatment of incipient carious lesions, which are capable of arresting incipient caries and preventing the
tooth from further destruction. In our study, resin infiltration was found to be more successful than Fluoride
CCP-ACP varnish in active non-cavitated white spot lesions. Treatment of incipient lesions with resin
infiltration provides good esthetic recovery and high patient satisfaction. The effect of resin infiltration was
visible just after one application, while for fluoride CCP-ACP varnish, more applications were required.
Moreover, fluoride applications quickly precipitate minerals on the enamel surface and this hypermineralized
layer limits the remineralization of the subsurface lesion body leading to only partial remineralization. On the
other hand, resin infiltration completely remineralizes the lesions by diffusing deep into the lesion through its

capillary action.
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