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Introduction
Dental caries

disease worldwide [1]. In today’s world, more
attention has been directed to preventive

is the most common oral

Abstract

Background and Aim: Different fluoride varnish formulations may
exhibit varying effects on the recovery of demineralized enamel. This
study aimed to compare the effects of two fluoride varnishes on the
microhardness of demineralized enamel.

Materials and Methods: In this in vitro experimental study, 40 sound
enamel specimens were prepared and assigned to four groups (n=10):
sound enamel, demineralized enamel, remineralized enamel using AV
varnish (Avijeh Teb Parsian), and remineralized enamel using
Enamelast (Ultradent). In each group, the baseline enamel
microhardness was first measured at the surface and then from the
most superficial point towards the dentinoenamel junction at 10 pm
intervals. To measure the depth of demineralization and
remineralization, the specimens were mesiodistally sectioned by a thin
sectioner. A standard acid with a pH of 4.4 was used for enamel
demineralization. Microhardness was measured by the Vickers
microhardness tester. Data were analyzed by repeated measures
ANOVA and Tukey’s HSD test (alpha=0.05).

Results: Application of fluoride varnish effectively enhanced enamel
remineralization, and the efficacy of the two varnishes was significantly
different for enamel remineralization both at the enamel surface and
also at different depths (P<0.05).

Conclusion: The results showed that both Enamelast and AV fluoride
varnishes increased demineralized enamel microhardness. Enamelast
was more effective than AV for enhancement of superficial enamel
microhardness while AV was more effective in enhancement of deep
enamel microhardness. None of the varnishes could increase
demineralized enamel microhardness to the level of sound enamel.
Keywords: Dental Enamel; Fluorides, Topical; Hardness;
Demineralization; Tooth Remineralization
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measures and conservative approaches in
healthcare provision [2]. Dental caries is a
dynamic process composed of repeated cycles of

tooth demineralization and remineralization [3].
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Food fermentation by the activity of cariogenic
bacteria, subsequent acid production, and
dissolution of tooth minerals is the main cause of
the development of carious lesions [4]. Enamel is
composed of 96wt% minerals and 4wt% organic
materials and water [3]. Dental caries initiates in
the enamel and has a slow progression rate at
first, because enamel is more resistant to
demineralization compared with deeper tooth
structures [5]. Organic acids, produced as a
byproduct by the activity of bacteria, decrease
the biofilm pH. Long periods of low pH (the
critical threshold for enamel demineralization is
5.5) can convert the microbiome to acidogenic
and acidophilic bacteria (aciduric mutans and
non-mutans streptococci) and increase the
acidity of the environment. To reach an
equilibrium in a low pH, calcium and phosphate
ions are released from the tooth surface into the
biofilm, causing tooth demineralization. Calcium
and phosphate ions are the structural blocks
required for the remineralization process, which
are found in the saliva, and have different
saturation rates in different individuals [6].

At present, several materials are available in
the market for enhancement of remineralization
and prevention of demineralization; however,
their comparative efficacy is in need of further
investigations. The effects of fluoride therapy on
enamel microhardness have been the topic of
many previous investigations [7-10]. It has been
well confirmed that fluoride therapy enhances
enamel remineralization and increases enamel
resistance to demineralization [3].
are available for the

Several products

application of fluoride such as fluoride
toothpastes, mouthwashes, gels, and varnishes.
Immediately after the application of fluoride, a
relatively high concentration of fluoride can be
detected in oral fluids and dental plaque.
Nonetheless,  the

significantly decreases with time. Thus, repeated

fluoride  concentration

applications of relatively low concentrations of

fluoride are recommended to prevent
demineralization and enhance remineralization
[11]. Considering the need for an effective low-
cost, domestically manufactured fluoride
varnish, and the confirmed efficacy of Enamelast
for enamel remineralization [12,13], this study
aimed to compare the effects of AV fluoride
varnish and Enamelast fluoride varnish on
enamel microhardness and enhancement of
remineralization. The effects of varnishes on
remineralization at different depths of enamel
were also evaluated and compared. The null
hypothesis of the study was that no significant
difference  would be found between the

abovementioned two fluoride varnishes

regarding their effect on enamel microhardness.

Materials and Methods

This in vitro experimental study was
conducted on sound human premolar teeth
(with no cracks, caries, or hypocalcification)
extracted due to periodontal problems or as part
of orthodontic treatment. The study protocol
was approved by the ethics committee of the
university (IRSBMU.DRC.REC.1402.087).

Sample size:

The sample size was calculated to be 9 in
each group using PASS 21, assuming o=0.05,
B=0.1 (study power of 90%), mean values of
ul1=350, p2=387, u3=447, and pu4=510, and a
common standard deviation value of 90 for all,
extracted from a pilot study. To increase
accuracy, 10 specimens were considered in each
group.

Pilot study:

First, a pilot study with a small sample size
was conducted to find the best duration of
application of varnishes and immersion in acid,
best mounting position, and best method of
Initial

measurement of  microhardness.

assessments revealed that immersion of
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specimens in acid for 96 hours did not provide
depth of
evaluation of changes. Thus, the deminerali-

sufficient demineralization for
zation time was increased to 14 days.
Specimen preparation:

Forty sound premolars with no caries or
enamel defects were used in this study. The
teeth were cleaned of debris and periodontal
tissue residues and were disinfected in 0.5%
chloramine T solution (Halamid®, Axcentive Co.,
France) for 24 hours. The buccal surface of the
teeth was polished with silicon carbide abrasive
papers (220-, 400-, 800-, and 1200-grit), and the
teeth were randomly assigned to 4 groups
(n=10):

Group 1 (control): The teeth were
decoronated, and their cross-section was sealed
with nail varnish. Each tooth was sectioned into
a buccal and a lingual half through a mesiodistal
section, and the sectioned surface was polished
with abrasive paper. The enamel microhardness
of the buccal surface was measured by a Vickers
hardness tester (Zwick Roell, Ulm, Germany) by
application of 50 g load for 10 seconds [14]. Also,
after mounting the specimens in acrylic resin
such that their buccal surface remained exposed,
the internal specimen surface was used to
measure the microhardness from the superficial
to deep areas at 10-pm intervals.

Group 2 (demineralized): The teeth were
decoronated, and their cross-section was sealed
with nail varnish. They were then immersed in a
demineralizing solution used in a study by Ozgul
et al. [15] at 37°C for 14 days. The
demineralizing solution was composed of 2.2
mM CaCl,, 2.2 mM NaH2PO,, 0.05 M acetic acid,
and 1 M KOH to adjust the pH to 4.4 at 37°C [15].
Next, the teeth were rinsed under running water
and were immersed in artificial saliva composed
of 1.5 mM CaCl;, 0.9 mM NaH;PO4 and 0.15 M
KCl with a pH of 7 for 24 hours [15]. The next
procedures were the same as those explained for
group 1.

Group 3: Enamelast varnish (Ultradent, USA):
The teeth were decoronated, and their cross-
section was sealed with nail varnish. They were
then
demineralizing solution at 37°C for 14 days. The

immersed in the aforementioned
teeth were rinsed under running water and
Enamelast varnish was applied on the enamel
teeth
manufacturer’s instructions. The teeth were then

surface of the according to the
immersed in artificial saliva for 24 hours. Excess
varnish was removed from the surface using
acetone. Sectioning and  microhardness
assessment were performed as explained for
group 1.

Group 4: AV varnish (Avijeh Teb Parsian,
Iran): The teeth were decoronated, and their
cross-section was sealed with nail varnish. They
were then immersed in the aforementioned
demineralizing solution at 37°C for 14 days. The
teeth were then rinsed under running water, and
AV varnish was applied to the enamel surface of
the teeth according to the manufacturer’s
instructions. The teeth were then immersed in
artificial saliva for 24 hours. Excess varnish was
removed from the surface by using acetone.
Sectioning and microhardness assessment were
performed as explained for group 1.

Table 1 presents the composition of the two
fluoride varnishes used in this study.

Table 1. Composition of the two fluoride varnishes used in
this study

Varnish Manufacturer Composition
Ethyl alcohol, 5% sodium
Enamelast Ultradent, USA fluoride, synthetic resin,
essence
AV Avijeh Teb Ethyl alcohol, 5% sodium

Parsian, Iran fluoride, natural resin, essence

Statistical analysis:

Normal distribution of data was confirmed by
the Shapiro-Wilk test (P>0.05). Accordingly,
two-way repeated measures ANOVA was applied
to analyze the main and interaction effects of
depth and group on microhardness, with depth
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as the within-subject factor and group as the
between-subject factor. Since their interaction
effect was found to be significant, subgroup
analysis was performed. For this purpose, the
mean microhardness at different depths was
compared within each group with one-way
repeated measures ANOVA followed by pairwise
comparisons with the Bonferroni test. Moreover,
the mean microhardness of the groups was
compared at each depth by one-way ANOVA,
followed by pairwise comparisons with Tukey’s
HSD test. All statistical analyses were performed
using SPSS version 26 (SPSS Inc., IL, USA) at 0.05
level of significance.

Results

Table 2 shows the mean microhardness at
different depths from the enamel surface in the
four groups. repeated measures
ANOVA showed a significant difference in
microhardness at different depths (P<0.001).

Also, the mean microhardness was significantly

Two-way

different among the four groups (P<0.001). As
shown in Figure 1, the interaction effect of group
and depth on microhardness was significant
(P<0.001); in other words, in the demineralized
group, microhardness increased with greater
depths. However, it decreased with increasing
depth in the remaining three groups. In total, the
microhardness in Enamelast and AV groups was
greater than that in the demineralized group at
60 and 70 pm depths. Considering the significant

performed, such that the effect of depth on
microhardness was separately assessed within
each group. Also, the microhardness of the four
groups was compared separately at each depth.
the
microhardness change by an increase in depth

In all four groups, association of
was significant (P<0.001 for all four). Also, as
shown in Figure 1, the change in microhardness
was variable in different groups by an increase
in depth. Table 3 shows pairwise comparisons of
microhardness at different depths within each
group. Also, the microhardness of the four
groups was compared at each depth using one-
way ANOVA, which

differences among the four groups at all depths

revealed significant
(P<0.001 for all 11 comparisons). Thus, pairwise
comparison of the microhardness of the groups
was performed separately at each depth (Table
4). The microhardness of superficial enamel
(HO) in the Enamelast group was significantly
higher than that in the AV group (P<0.05).

Estimated Marginal Means of Hardness
g
s

) ) Figure 1. Interaction effect of group and depth on

interaction effect of group and depth on microhardness

microhardness,  subgroup  analysis  was

Table 2. Mean microhardness (VHN) at different depths from the enamel surface in the four groups
) @ @ @ @ @ @ @ @ @ @ 2 g
T ., £§ £§ 2§ 2§ g§& :§ :§ 2§ g§8 :z=&

Group = = Te ©To To T2 Ee TTe To TEe TEe TS
§ < — < N T N < ¥ < N CRRC] < N o X T < =

T - - - = = = = = = =

Demineralized Mean 63.875 168.20 18790 21540 23330  256.60 258.30 275.70 293.00 317.70 336.40
SD 21.6611 29.472 39.630 12.066 13.817 13.574 22.241 49.405 36.648 46.421 55.203

Enamelast Mean 219.900 387.20 345.20 314.10 280.30 263.30 245.60 229.60 205.10 190.20 162.20
SD 33.8137 47.403 64.111 61.428 35.994 30.335 36.473 44.615 45.246 34.563 30.990

AV Mean 160.680  447.00 40530 34340 318.70  298.70 273.10 259.60 245.60 229.20 171.20
SD 45.3044 72.133 16.634  57.301 60.141 62.192 70.415 54.977 56.445  45.050 9.566
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Control Mean 351.950 513.30 446.00 425.50 401.20 401.20 383.10 376.70 360.70 349.50 347.40
SD 36.2798 79.165 72.009 81.102 75.323 87.341 52.560 60.312 49.374 62.013 50.127
SD: Standard deviation
Table 3. Pairwise comparison of microhardness at different depths within each group
Demineralized Enamelast AV Control
Hardness Hardness
Mean P Mean P Mean P Mean P
(VHN) (O (VHN) () diff 1 diff 1 diff 1 diff 1
11ference value 11ference value 11ference value 1rrerence value
60 pm -1.700 1.000 17.700 1.000 25.600 1.000 18.100 1.000
70 pm -19.100 1.000 33.700 1.000 39.100 0.010 24.500 1.000
50 pm 80 um -36.400 0.418 58.200 0.078 53.100 0.005 40.500 1.000
90 um -61.100 0.067 73.100 0.029 69.500 0.011 51.700 0.034
100 pm -79.800 0.038 101.100 0.002 127.500 0.006 53.800 0.497
70 pm -17.400 1.000 16.000 1.000 13.500 1.000 6.400 1.000
60 80 um -34.700 1.000 40.500 0.488 27.500 1.000 22.400 0.119
Hm 90 pm -59.400 0.176 55.400 0.118 43.900 0.628 33.600 0.015
100 pm -78.100 0.095 83.400 0.047 101.900 0.069 35.700 0.082
80 um -17.300 1.000 24.500 1.000 14.000 1.000 16.000 1.000
70 pm 90 pm -42.000 0.063 39.400 0.291 30.400 0.699 27.200 0.203
100 pm -60.700 0.115 67.400 0.225 88.400 0.035 29.300 0.228
80 90 pm -24.700 0.093 14.900 1.000 16.400 1.000 11.200 1.000
Hm 100 pm -43.400 0.095 42.900 0.732 74.400 0.110 13.300 1.000
90 pm 100 pm -18.700 1.000 28.000 1.000 58.000 0.100 2.100 1.000
Table 4. Pairwise comparison of the microhardness of the groups at each depth
Dependent Variable Group (I) Group (J) Mean Difference (I-]) P value
Enamelast -156.0250 0.000
Demineralized AV -96.8050 0.000
Hardness 0 um Control -288.0750 0.000
Enamelast AV 59.2200 0.003
Control -132.0500 0.000
AV Control -191.2700 0.000
Enamelast -219.000 0.000
Demineralized AV -278.800 0.000
Control -345.100 0.000
Hardness 10 pm Eramelast AV -59.800 0.139
Control -126.100 0.000
AV Control -66.300 0.085
Enamelast -157.300 0.000
Demineralized AV -217.400 0.000
Control -258.100 0.000
Hardness 20 pm Eramelast AV -60.100 0.070
Control -100.800 0.001
AV Control -40.700 0.326
Enamelast -98.700 0.003
Demineralized AV -128.000 0.000
Control -210.100 0.000
Hardness 30 pm Eramelast AV -29.300 0.682
Control -111.400 0.001
AV Control -82.100 0.017
Enamelast -47.000 0.198
Demineralized AV -85.400 0.004
Control -167.900 0.000
Hardness 40 pm Eramelast AV -38.400 0.362
Control -120.900 0.000
AV Control -82.500 0.006
Enamelast -6.700 0.993
Hardness 50 pm Demineralized AV -42.100 0.350
Control -144.600 0.000
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Enamelast

AV

Demineralized

Hardness 60 pm
Enamelast

AV

Demineralized

Hardness 70 pm
Enamelast

AV

Demineralized

Hardness 80 pm
Enamelast

AV

Demineralized

Hardness 90 pm
Enamelast

AV

Demineralized

Hardness 100 pm
Enamelast

AV

AV -35.400 0.501
Control -137.900 0.000
Control -102.500 0.001

Enamelast 12.700 0.937

AV -14.800 0.905
Control -124.800 0.000

AV -27.500 0.594
Control -137.500 0.000
Control -110.000 0.000

Enamelast 46.100 0.223

AV 16.100 0.903
Control -101.000 0.001

AV -30.000 0.585
Control -147.100 0.000
Control -117.100 0.000

Enamelast 87.900 0.001

AV 47.400 0.134
Control -67.700 0.015

AV -40.500 0.243
Control -155.600 0.000
Control -115.100 0.000

Enamelast 127.500 0.000

AV 88.500 0.001
Control -31.800 0.459

AV -39.000 0.283
Control -159.300 0.000
Control -120.300 0.000

Enamelast 174.200 0.000

AV 165.200 0.000
Control -11.000 0.930

AV -9.000 0.960
Control -185.200 0.000
Control -176.200 0.000

Discussion

This study compared the effects of AV
fluoride varnish and Enamelast fluoride varnish
on enamel microhardness and enhancement of
remineralization. The effects of varnishes on
remineralization at different depths of enamel
were also evaluated and compared. The null
hypothesis of the study was that no significant
the

varnishes

difference would be found between

abovementioned two fluoride
regarding their effect on enamel microhardness.
The results showed that application of fluoride
varnish effectively enhanced enamel
remineralization, and the efficacy of the two
varnishes was significantly different for enamel
remineralization both at the enamel surface and
at different depths. Thus, the null hypothesis of

the study was rejected.

The microhardness of sound enamel was 330
to 390 VHN in the present study, which was
expected and close to the values reported in
similar studies [1,15]. Also, as expected, the
microhardness of sound enamel decreased from
the
approximating the dentinoenamel

surface towards deeper areas as

junction,
which was also in agreement with previous
findings [6,16].

In line with previous findings [14,17], the
current results showed a reduction in enamel
surface microhardness due to the effect of
demineralization. The acidic compounds used
for enamel demineralization are variable in the
literature. The pH of the acidic solution used for
this purpose in the present study was 4.4. In a
study by Ozgul et al. [15], the specimens were
immersed for 4 days in an acidic solution with a

pH of 4.4, and they reported the resultant
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demineralization depth to be 60 pm. Considering
their results and the findings of the pilot study,
the specimens were immersed in the acidic
solution for 14 days (to be able to assess the
changes at deeper areas), yielding a 100-110 pm
demineralization depth in the present study. The
enamel surface microhardness after
demineralization in the current study was lower
than that in some other studies, which can be
due to differences in demineralizing solutions or
duration of immersion of the specimens.

Enamel surface microhardness is a suitable
measure for evaluation of the efficacy of fluoride
varnishes and other remineralizing agents [14].
In the present study, both varnishes increased
enamel microhardness. The greatest
microhardness for both varnishes was measured
at 10 um depth; the mean VHN at this point was
390 VHN for Enamelast and 440 VHN for AV,
which were still lower than the baseline (sound)
enamel microhardness at this point. At neutral
pH, formation of fluorohydroxyapatite occurs
too slow to compensate for the usual wear of the
tooth surface. Therefore, despite daily use of
fluoridated toothpaste, toothbrushing decreases
the fluoride content of the buccal surface enamel
over the years [18]. Since the specimens were
obtained from the buccal surface enamel in the
present study and were polished with abrasive
paper prior to microhardness testing, the
superficial enamel microhardness in all groups
was lower than that of subsurface enamel. Also,
considering this limitation, for measurement of
enamel microhardness at different depths,
unpolished proximal surfaces were used.

Godoi et al. [12] reported that the mean
enamel surface microhardness following the
application of Enamelast varnish was
significantly higher than that in the Duraphat
and Clinpro varnish groups. Also, Enamelast
provided a higher concentration of soluble and
insoluble fluoride compared with the other two

varnishes. They added that none of the tested

varnishes could effectively enhance subsurface
enamel remineralization. In the present study,
both Enamelast and AV varnishes effectively
increased enamel surface microhardness; while,
Enamelast was effective to a depth of 60 um, and
AV varnish was effective to 70 ym depth for
microhardness enhancement. This increase in
the subsurface enamel microhardness was
different from the results of Godoi et al. [12].
Since the method of demineralization was
different in the two studies, and they did not
depth of
difference in the results can be due to different

measure the demineralization,
demineralization patterns.

In the current study, the microhardness
values in subsurface areas were greater in the
AV varnish group than the Enamelast group, and
it appears that in subsurface enamel and deeper
AV  varnish had a
performance compared to Enamelast. AV varnish

areas, the superior
has natural resin containing calcium in its
composition, which appears to be effective for
remineralization. The presence of modified
tricalcium phosphate in a varnish can enhance
enamel remineralization potential, especially at
greater depths [12].

Resin, sodium fluoride, and solvent are the
main constituents of varnishes. No consensus
exists regarding the precise durability of
varnishes on the tooth surface; however, this
time varies from 4 hours to a couple of days [19].
The main advantage of varnish compared with
other remineralizing agents is the increased
contact time of fluoride with the tooth surface.
Thus, manufacturers are searching for strategies
to prolong the durability of varnish on the tooth
surface. They particularly worked on the resin
components of varnishes for their further
stabilization on the tooth surface. In the current
study, removal of AV resin was challenging.
Removal of fluoride varnish resin for
microhardness assessment in vitro requires

frequent acetone irrigation. Nonetheless, despite
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frequent rinsing with acetone, removal of the
varnish might have not been performed
completely, which can explain the observed
differences in microhardness at the enamel
surface [12]. Enamelast contains synthetic resin
as thickener in its composition, which is
probably removed more easily with acetone
solvents, explaining lower enamel
microhardness in the AV varnish group. Both
varnishes had 5% NaF, and the solvent of both is
ethyl alcohol.

In general, it is believed that fluoride release
from varnishes is weak compared with other
methods of fluoride therapy due to the presence
of hydrophobic resin in the composition of
varnishes [20]. Another study also reported
higher efficacy of other remineralizing agents
such as MI Paste and ICON compared with
fluoride varnish, which may be due to the
absence of resin in their composition. In other
words, although resin increases the contact time
of fluoride with the tooth surface, resin-free
compounds and even natural saliva have greater
potential for deposition of minerals compared
with resin compounds [21]. In the current study,
at the

evaluated did not reach that of sound enamel in

the microhardness deepest point
any of the varnish groups; while at the same
depth,
enamel was almost comparable to that of sound

the microhardness of demineralized

enamel. This finding can be attributed to the
presence of resin in the composition of
varnishes, which serves as a barrier against the
penetration of remineralizing molecules into the
enamel structure. In the clinical setting, optimal
oral conditions for the formation of fluorapatite
crystals includes super-saturation of saliva, oral
fluids, and dental plaque with fluoride, which
usually occurs at a pH > 4.5 [18]. On the other
hand, availability of phosphate, calcium, and
even fluoride ions in the saliva and oral

environment is necessary to enhance

remineralization. Thus, it may be concluded that
when demineralization depth exceeds 60 pm,
application of fluoride varnish prevents the
penetration of saliva calcium and phosphate into
the enamel and impedes natural
remineralization, and is therefore, not suitable
for enhancement of remineralization.
Remineralization of superficial enamel also
decreases the porosities and subsequent
remineralization at deeper areas.

This study had several limitations such as an
in vitro design, which limits the generalizability
of the findings to the clinical setting, and lack of
microscopic observation of the enamel surface.
Future studies are recommended to assess the
changes in enamel structure following
application of different varnishes using a
scanning electron microscope. Also, the efficacy
of AV varnish should be compared with other

remineralizing agents.

Conclusion

The results showed that both Enamelast and
AV fluoride varnishes increased demineralized
enamel microhardness. Enamelast was more
effective than AV for enhancement of superficial
enamel microhardness while AV was more
effective in enhancement of deep enamel
microhardness. None of the varnishes could
increase demineralized enamel microhardness

to the level of sound enamel.
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