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ABSTRACT

BACKGROUND: Fluoride varnish has been used as therapeutic agent for white spot lesions. Bio-active calcium and phosphate was
included in the varnish in order to provide better subsurface remineralization. One of the most promising modifications is the addition of
casein phosphopeptide amorphous calcium phosphate to fluoride varnish (CPP-ACPF).

OBJECTIVES: Evaluate the therapeutic effect of intensive application of casein phosphopeptide amorphous calcium phosphate fluoride
(CPP-ACPF) varnish (Ml varnish) and fluoride varnish (Duraphat) on the activity of enamel white spot lesions (WSLSs) in primary teeth

over a 6 weeks follow-up period.

MATERIALS AND METHODS: Forty-four participants with at least 4 active WSLs each were divided randomly into two groups. Test
group (22 participants) received three times intensive professional application of MI varnish with two weeks apart. Control group (22
participants) received three times intensive professional application of Duraphat with two weeks apart. Lesions’ activity in both groups was
assessed using DIAGNOdent and visio-tactile lesion activity index at baseline and at 6 weeks.

RESULTS: Both groups had a significant decrease in mean DIAGNOdent scores and number of active WSLs when compared to their
baseline means score. However when comparing the results of both groups, the control group (Duraphat varnish) had a significant decrease
in DIAGNOdent mean scores and humber of active WSLs when compared to the test group (M1 varnish).

CONCLUSIONS: Intensive application of fluoride varnish decreases caries lesion activity which may lead to the arrest of the white spot
lesions. Duraphat varnish is superior to Ml varnish in remineralization of white spot lesions.

KEYWORDS: WSLs, remineralization, Ml varnish, Duraphat.

1. Bachelor of Dentistry, Faculty of Dentistry, Alexandria University, Alexandria, Egypt
2.Professor of Pediatric Dentistry, Department of Pediatric Dentistry and Dental Public Health Department, Faculty of Dentistry,

Alexandria University, Egypt.

3.Associate Professor of Pediatric Dentistry, Dental Public Health Department, Faculty of Dentistry, Alexandria University, Egypt.

*Corresponding author:
Email: ahmedibrahimmekky@gmail.com

INTRODUCTION

Remineralization is the process by which the enamel
surface is supplied with calcium and phosphate ions from
external sources to increase their deposition into crystal
voids in demineralized enamel. In modern dentistry, the
management of white spot lesion (WSL) non-invasively
through remineralization is the best way of intervention.
The optimal goal of minimally invasive dental caries
management is to prevent and heal the incipient lesion by
inhibiting the demineralization process, preventing any
further mineral loss and enhancing the remineralization
process (1).

The use of a high concentration fluoride
preparation on tooth surface forms a reserve of calcium
fluoride, which is released when the salivary pH drops so
it increases the rate of remineralization after caries attack.
Many preventive techniques provide fluoride in high
concentration to tooth surface either professionally
applied as acidulated phosphate fluoride gel and sodium
fluoride varnishes or home applied as fluoride rinses and
fluoridated dentifrices (2).

Weinstein et al 2009(3) in their randomized
equivalence trial introduced the intensive fluoride
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application regimen in preschooler’s primary dentition by
comparing 2 groups of 5% sodium fluoride varnish
application regimen. The control group with standard
biannual application regimen and the test group with 3
intensive applications for 6 weeks each of them were 2
weeks apart. They concluded that, although the intensive
treatment was superior to the standard one, the advantage
was minimal.

To produce better sub-surface remineralization,
remineralizing agents should include bioavailable calcium
and phosphate other than fluoride (4). Various
preparations have been examined, usually containing
between 1-3 mM calcium ions, with phosphate ions
present at a ratio of 1:1(5) or 1.66:1 respectively (6).
These preparations could be carried in a medium prepared
from bovine milk, which is a good source of
phosphopeptide-based products for dentistry. They
include  casein  phosphopeptides  (CPP);  casein
phosphopeptides with amorphous calcium phosphate
(CPP-ACP); and casein phosphopeptides with amorphous
calcium fluoride phosphate (CPP-ACFP) (7).

Llena et al 2015(8) in their double-blinded
clinical prospective study on young permanent teeth
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proved that CPP-ACP and CPP-ACFP (MI paste & Ml
paste plus) are efficient in the prevention of
demineralization and increase in the remineralization rate
of early enamel white spot lesions. CPP-ACFP was also
superior to Duraphat varnish in the remineralization of
WSLs.

One of the recently available modifications of
fluoride varnish is the addition of CPP-ACP to sodium
fluoride varnish (MI varnish) to provide a vehicle of bio-
active calcium and phosphate ions to enhance sub-surface
remineralization (9). MI varnish (CPP-ACP FV) has
proven its efficacy in remineralization of WSL in in-vitro
trials; however, its effectiveness is needed to be verified
in clinical trials (10).

The current study aimed to compare the
effectiveness of the intensive application of casein
phosphopeptide amorphous calcium phosphate fluoride
varnish [MI varnish (GC AMERICA INC.3737 West
U.S.A.)] and 5% (22,600 ppm) fluoride varnish [Duraphat
varnish(Colgate, New  York, N.Y.)] in WSLs
remineralization in primary teeth. The null hypothesis
was that the effect of the intensive regimen of CPP-ACPF
Fluoride varnish (MI varnish) over a period of six weeks
wouldn’t be significantly different from that of sodium
fluoride varnish (Duraphat).

MATERIALS AND METHODS

Appropriate ethical clearance was obtained from the
ethics committee of Alexandria Dental University (#IRB
NO: 00010556-I0RG 0008839). Study was registered in
clinicaltrials.gov before recruitment started
(NCT03865680). This study was a randomized clinical
trial conducted on patients selected from the pediatric
dentistry department clinic, Faculty of Dentistry,
Alexandria University. Recruitment started at April 2019
and final data collection and statistical analysis done at
March 2020. All legal guardians of participants signed an
informed consent before participating in the clinical trial.

Sample size was calculated using
(http://powerandsamplesize.com/Calculators/Compare-2-

Means/2-Sample-Equality) using the  following
assumptions: alpha error= 5%, study power= 80%, mean
Diagnodent reading in the two groups= 4.8 and 3.7,
standard deviation= 2.5 (Llena et al) (8). The minimum
required sample size = 81 teeth. To make up for the
potential loss to follow up after 6 months, the number was
increased by 10 %= 89 teeth = 90 per group, with a total
of 180 teeth.

Inclusion criteria: 3-5 years high caries risk
participants. Having at least four active white spot lesions
on smooth surface of their primary anterior teeth with
NYVAD’s scale score 1 (11) and ICDAS score 2
(12).Participants must be medically free with no history
of milk allergy,

Patients were randomly assigned using a
computer generated list of random serial numbers to one
of the two parallel groups (MI varnish “study group”,
Duraphat fluoride varnish “control group™).The allocation
was performed by a trial independent individual and the
allocation ratio was intended to be equal. The allocation
was done in blocks of four to ensure that both study
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groups had an equal number of patients (22 patients per
group). Each participant included in the study was given a
serial number that was used in the allocation. These
numbers were written on identical sheets of paper with
the group to which each child was allocated and placed
inside opaque envelopes carrying the respective names of
the children. A trial independent person was assigned the
role of keeping the envelopes and unfolding them only at
the time of the fluoride varnish application session to
conceal the allocation of the participant from the
examiner. Only one examiner performed the whole study
procedures.

Examiner reliability

The main researcher received training for both NYVAD’s
scoring system and DIAGNOdent (calibration and
measurements), intra examiner reliability was done using
intra-class correlation coefficient (ICC) and Cohen kappa
test (K) for DIAGNOdent and NYVAD’s scores
respectively ICC (0.92) ,K (0.81).

At the orientation visit, oral hygiene instructions
were demonstrated to the legal guardian of participant,
Participants received a packet of fluoridated toothpaste
(500 ppm of fluoride) and a toothbrush. The caregiver
was instructed to put only pea sized toothpaste while
brushing the participant’s teeth (13) and to avoid giving
the participant any other fluoride supplements or
professionally applied ones during the study period.

At the baseline visit, patient’s teeth were cleaned
using prophylaxis brush without a paste. DIAGNOdent
(Kavo Dental Corporation Bismarck ring 39, Biberach,
88400, Germany) was calibrated against the device’s own
disk. Under cotton roll isolation a baseline zero value for
each patient was obtained from caries-free buccal surface
of an anterior tooth. The selected tooth was written on the
patient chart as a reference as it was used for further
measurements. The reference teeth were not included in
the statistical analysis of the study. DIAGNOdent scores
ranges from (0-99) the greater the score the greater the
demineralization in the caries lesion. Each WSL had three
readings recorded and the three scores had been averaged
to get the final score. The score of each lesion was
registered in the patient’s chart. At the end of the visit,
each participant received fluoride varnish application
under partial isolation. Both fluoride varnishes were
applied according to their manufacturer’s instructions (14,
15). The participants were instructed not to eat for the
next four hours (14).

At two and four weeks follow up visits, the
patient’s teeth were cleaned using a prophylaxis brush
with no paste and the fluoride varnishes were re-applied
as previously mentioned. Oral hygiene instructions were
given to both patient and the caregiver.

At the six week visit, the patient’s teeth were
cleaned using prophylaxis brush without a paste, lesion
activity score of each lesion was recorded in the patient’s
chart  following the Nyvad’s (11)  scoring
system.DIAGNOdent scores of the participant’s selected
teeth were registered in his chart as mentioned before.
DIAGNOdent scores were correlated to the white spot
lesion activity using Pinelli et al (16) Cut-off points that
included the following scores:

0-4 arrested or inactive lesion >4 active lesion.
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Study outcome

Change in white spot lesion mineralization status was
assessed after intensive application of either MI varnish or
Duraphat varnish using:

The change in DIAGNOdent scores either
indicates deminrealization when scores increased or
remineralization when scores decrease.

Change in white spot lesion activity state after intensive
application of either MI varnish or Duraphat varnish
using:

The change in NYVAD’S criteria scores. Either
receiving score 1 which indicates active lesion or score 4
which means as inactive caries lesion.

DIAGNOdent cut-off points.
Statistical analysis

Differences between groups in DIAGNOdent
readings was assessed using independet t test while within
group differences was assesed using paired t test. Fisher’s
Exact test and Chi Square tests were applied to lesion
activity comparsions and McNemar for paired nominal
data. Percent redcution was calculated as [(Values after
intervention- vales before)/Before]X100.Significance
level was set at 0.05. Data was analyzed using IBM SPSS
statistical software (version 25).

RESULTS

Thestudy sample included 44 children (25 males, 19
females) with mean age 3.8+0.70 having 180 active WSLs
(Fig 1). There was no significant difference between the two
groups in terms of sex ratio (p= 0.76) or mean age (p=0.85).

The assessment of DIAGNOdent scores at
baseline revealed no significant difference between the
MI varnish with a mean score of 8.56 (+2.40) and
Duraphat varnish with mean score 7.6 (£3.27) p=0.12. At
the end of 6 weeks follow up period (intensive fluoride
varnish application period) the results showed a
significant decrease in the DIAGNOdent scores of the test
group (MI varnish) with mean score 4.56(+1.54) with a
p<0.0001. The test group (MI varnish) showed a
percentage of reduction 46.99 (£9.11). The control group
(Duraphat varnish) showed a significant decrease in their
mean DIAGNOdent scores 3.46(+2.17) with a p<0.0001.
The control group (Duraphat varnish) showed percentage
of reduction 56.55 (+£12.62).

Comparing the decrease in mean DIAGNOdent
score between both groups the control group showed a
significant difference from the test one (Ml-varnish) with
a (p<0.001). By comparing the percent of reduction
between both groups the control group (Duraphat)
showed significant difference from the test group (MI)
with a p<0.0001 (Table 1).

The assessment of Visio-tactile lesion activity
score according to Nyvad’s criteria (14) at baseline
revealed no significant difference between both groups as
90 (100%) active lesions were found in both groups. At
the 6"-week measurement test group (Ml varnish) had a
significant reduction in the number of active white spot
lesions reaching 60(66.7%) active lesions p<0.0001,
whereas control group (Duraphat varnish) had a
significant reduction in active white spot lesions reaching
35(40%) active lesions p<0.0001. When comparing the
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results of both groups, the control group (Duraphat)
showed a significant difference from the test group (Ml
varnish) p=0.002 (Table 2).

By using DIAGNOdent cut-off points for lesion
activity detection (18), at baseline 96.7% of the test group
(MI varnish) were active lesions and 88.9% of the control
group (Duraphat) were active lesions with no significant
difference between both groups. At 6 weeks, the test
group (MI varnish) had a significant reduction in the
number of active lesions reaching 61.1% p<0.002
whereas the control group (Duraphat) had significant
reduction in active lesion reaching 27.8% p<0.002.
Comparing the reduction in the number of active lesions
between both groups, the control group (Duraphat
varnish) showed a significant difference in the decrease of
number of active WSLs from test group (MI varnish)
p<0.0001 (Table3).

Study design

Allocation N=a4

[ Swmtistical anatysis N=44 n=180

Figure 1: Consort flow chart
*N : number of participants , n : number of lesions

Table 1: Comparison of DIAGNOdent readings between
the test and control groups at baseline and after 6 weeks

Ml varnish | Duraphat
Time (N=22, varnish P value
points n=90) (N=22,
n=90)

Mean (SD)

Baseline

8.56 (2.40) | 7.60 (3.27) | 0.12

<0.0001*

6 weeks | 4.56 (154) | 3.46 (2.17)

P value <0.0001* <0.0001*

% . 56.55 (12.62) | <0.0001*
reduction

*Statistically significant at p value <0.05. Differences
between groups in DIAGNOdent readings was assessed
using independent t test while within group differences
was assessed using paired t test

168



Mekki et al.

Table 2: Comparison of lesion activity score between the
test and control groups at baseline and after 6 weeks

Time points

MI varnish
(N=22,
n=90)

Duraphat
varnish
(N=22,
n=90)

P value

n (%)

Baseline

Active

90 (100%)

90 (100%)

1

nactive

0

0

6 weeks

Active

60 (61.1%)

35 (27.8%)

<0.002*

nactive

30(38.9%)

55 (72.2%)

P value

<0.0001*

<0.0001*

*Statistically significant at p value <0.05. Fisher’s Exact
test and Chi Square tests were applied to lesion activity
comparsions and McNemar for paired nominal data

Table 3: Comparison of DIAGNOdent cut-off points
between the test and control groups at baseline and after 6
weeks

MI Durapha
varnish | t varnish
(N=22, | (N=22,
n=90) n=90)

n (%)

Time points P value

Baselin | Active | 87 80
e (96.7% | (88.9%)
)
Inactiv | 3 10
e (3.3%) | (11.1%)

Active |55 25
(61.1% | (27.8%)
)
Inactiv | 35 65
e (38.9% | (72.2%)
)

6 weeks

<0.0001
*

0.03* 0.04*

*Statistically significant at p value <0.05. Fisher’s Exact
test and Chi Square tests were applied to lesion activity
comparsions and McNemar for paired nominal data

P value

DISCUSSION

Fluoride varnish is widely accepted by the patient
especially at a young age due to ease of application and
acceptable taste (17). Semi-annual or quarterly
application is the gold standard for the remineralization of
white spot lesions (18-19). Casein phosphopeptide
amorphous calcium phosphate-based fluoride varnish (Ml
varnish) is proven effective in WSL remineralization in
in-vitro trials (20,21), as it provides a vehicle of bio-
active calcium and phosphate ions to enhance sub-surface
remineralization.

Monitoring white spot lesions progression in a
non-invasive way can be achieved using either Visio
tactile assessments (11) or laser fluorescence devices such
as DIAGNOdent, which serves as a promising device to
observe the change in mineral content and the lesion
depth of white spot lesions (22-24).
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To our knowledge, there are no published
clinical trials comparing CPP-ACPF Fluoride Varnish
(M1 varnish) and sodium fluoride varnish (Duraphat). The
results of this study showed that the test group (MI
varnish) at the end of the six weeks (intensive fluoride
application period) had a significant decrease in their
DIAGNOdent scores when compared to their baseline
scores.as CPP-ACP stabilizes bio-active calcium and
phosphate ions in both supra-gingival plaque and the
deeper layers of WSLs which leads to better
remineralization and physical properties of the WSLs.
This is in agreement with Savas et al (25) who evaluated
the remineralization capacity of MI varnish on white spot
lesions using DIAGNOdent scores. Moreover, the control
group (Duraphat) had a significant decrease in their WSLs
DIAGNOdent scores as proven in several in vivo trials
(26, 27).

The number of active white spot lesions at the
end of the six weeks intensive fluoride varnish application
period decreased significantly in both test (MI varnish)
and control groups (Duraphat). As there is solid proof that
NaF varnishes are indeed efficient in increasing the
absorption of fluoride and reducing the enamel's mineral
loss under various conditions. Also, NAF varnish
intensive application has been proven effective in
remineralization of WSLs this was shown in Ferreira JM
et al (28) randomized clinical trial who used four
consecutive sodium fluoride varnish intensive application
as a treatment regimen for WSLs.

DIAGNOdent cut-off points that were developed
by Pinelli et al (16) to detect WSL activity using
DIAGNOdent scores in vivo, it has been used in this
study to correlate between DIAGNOdent readings and the
results from Visio-tactile assessment of WSL (11). These
results showed a significant decrease in the number of
active lesions in both groups when compared to their
baseline data, which is in agreement with the previous
results of the Visio-tactile assessment.

Comparing the results of both groups, the null
hypothesis is rejected as at the end of the intensive
application period control group  (Duraphat) had
significantly better results than the test group (Ml
varnish) in both reductions of laser fluorescence scores
and number of active lesions. This finding is in agreement
with  Mohd Said et al (29) who stated that fluoride
varnish (Duraphat) is superior to CPP-ACPF varnish (Ml
varnish) in remineralization of enamel caries lesions. This
could be clarified based on the high release of phosphate
ions from MI varnish (30), as high levels of inorganic
phosphate may be unfavorable for the formation of
loosely bound fluoride reservoirs as they can reduce the
formation of bioactive calcium fluoride (CaF+)and
calcium fluoride (CaF2) and favors the formation of
Fluor-apatite. The formation of ectopic Fluor-apatite will
dramatically decrease the activity and availability of
fluoride ions (31). On the other hand, Tuloglu et al(24) in
their in vitro study stated that CPP-ACPF Fluoride
varnish (Ml varnish) is superior to Duraphat in caries
lesions remineralization due to the anti-cariogenic
mechanism of CPP-ACP, which may involve the
incorporation of Nano-complexes into plaque and onto
the tooth surface. These localized CPP-ACP Nano
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complexes have been purported to buffer the activity of
free calcium and phosphate ions, thereby maintaining a
state of super saturation with tooth enamel, preventing
enamel demineralization and promoting remineralization.
The intensive application of MI varnish in the current
study might have increased the bio-available phosphate
ion concentration dramatically in saliva so yields to less
formation of Calcium fluoride (reservoirs) on the tooth
surface and formation of more ectopic Fluor-apatite
which leads to decreased amount of free fluoride needed
for remineralization. (29) On the other hand, intensive
application of Duraphat fluoride varnish allowed the
formation of more Calcium fluoride (reservoirs) on tooth
surfaces leading to better resistance to further acid attacks
by providing more free fluoride ions to incorporate in
WSLs remineralization.The main limitation of this study
was Participants’compliance for oral hygiene instructions
as it varies from one participant to another.

CONCLUSIONS

The Intensive mode of fluoride varnish application
decreased caries lesion activity significantly, leading to
the arrest of the white spot lesions.

Duraphat varnish was superior to MI varnish in
remineralization of white spot lesions when applied in an
intensive mode.
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