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Assessment of Enamel Surface Microhardness with
different Fluoride Varnishes–An In Vitro Study
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ABSTRACT
Aim: This study aimed to assess the microhardness of the
enamel surface after fluoride varnish application.
Materials and methods: Thymol of 0.1% in distilled water was
used to store the collected healthy sixty teeth. The samples were
divided into three groups randomly as per the different application of fluoride varnish. Group A: Fluor protector varnish (FIV)
application, group B: Duraphat varnish application and group C:
Bifluorid 10 varnish application. The present study followed the
pH cycling protocol. Microhardness tester was used to test the
microhardness of enamel surface and was expressed as microhardness measurements of Vickers hardness number (VHN)
which was performed at baseline, on the 3rd day andon 7th day.
Results: At baseline, group A samples mean SMH value
was 230.64 ± 12.32 which was slightly more than groupB with
229.45 ± 10.22 and group C with 230.10 ± 11.45. There was
no significant difference showed with the analysis of variance
between the groups. On the 3rd day, there was a slight increase
in the mean SMH in group A with 235.39 ± 6.44 and no significant difference between the groups was seen statistically. On the
7th day, the group A showed high SMH value of 262.20 ± 4.89
compared to other groups which didn’t show a significantly high
statistical difference.
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Conclusion: On conclusion, post-application of fluorprotector
varnish showed higher enamel surface microhardness compared to Duraphat and Bifluorid 10 varnishes.
Clinical significance: In young children, fluoride varnishes
are effectively used as a noninvasive, anti-caries agent in
the treatment of initial caries. Therefore, in routine dental
practice, the knowledge about different fluoride varnishes is
of importance.
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INTRODUCTION
The tooth surface appearance of a white spot lesion (WSL)
is the first clinical sign of dental caries, which can be
considered as the initial stage of the demineralization
of the enamel.1 This initial stage lesion may progress as
cavity after a continuous process of demineralization
process. Therefore, for maintenance of healthy dentition,
an effective and noninvasive treatment is enhancing the
early carious lesion’s remineralization.2
The infectious micro-biological disease which leads to
localized destruction and dissolution of the calcified teeth
structure is called dental caries. The caries is a disease
which is multifactorial, depending on many factors and
is a complicated process.3 Dental caries is also known as
a microbial disease dynamic diet which involves a cyclic
process of demineralization and remineralization. The
caries early stage can be reversed by eliminating and
modifying etiological factors such as diet, and plaque/biofilm
and also by increasing in the protective factors such as
salivary flow, and fluoride exposure.4
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The effective method to prevent caries is by the
application of fluoride varnishes. About 40 to 56% of
caries incidences can be reduced by using varnishes.
Fluoride varnish is an adherent material applied
professionally consists of the high concentration of
fluoride as preparation of silane or salt in fast drying, for
natural varnishes as an alcohol-based solution. Varnishes
are coated on the enamel surface. The main purpose of
using fluoride varnish is to keep the fluoride in contact
with the enamel for a prolong period.5
The varnish with fluoride covers the enamel surface
for 24 hours with its adhesive property. This period
increases the fluoride ion absorption into the tooth
surface. The deposits of calcium fluoride act as a reservoir
for fluoride ions and released slowly.6
Fluoride ions can improve the enamel apatite
crystallinity. The stability of the enamel apatite is denoted
by the crystallinity improvement and persistence of few
dislocation and imperfections within the crystals. The net
result showed an increase in the stability of the enamel
surface substituted lattice even with the fluoride in its low
concentration. The fluoride treated enamel reduces the
depth of the carious lesion, more acid solubility resistant
decreases the rate of demineralization and increases the
remineralization rate.7
Physical properties can influence the fluoride
varnishes activity on the enamel surface. For the
effectiveness of preventive measure, the contact time
between the fluoride product and the enamel surface
plays a very important role; the use of some materials
could avoid Floss to saliva and, consequently, improve
its anticariogenic effect. Considering the null hypothesis
that there is no significant difference between the three
varnishes on the enamel surface of the tooth. Therefore
this study was conducted with an aim to evaluate the

microhardness of the enamel surface treated with
different types of fluoride varnishes.

MATERIALS AND METHODS
The present in vitro study was conducted in the
Department of Pediatric and Preventive Dentistry, Sree
Anjaneya Institute of Dental Sciences, Keralam India.

Specimen Preparation
Sixty premolars which were healthy and extracted for
orthodontic reasons were stored after collecting (Fig. 1).
Teeth surface should be intact without any decalcification
signs or white spot lesions were included in the study.
Using a surface scaler, the deposits of calculus or any
soft tissues were removed. Pumice slurry was used to
clean the teeth. Thymol of 0.1% content in the distilled
water which inhibits the growth of microorganisms was
used as a storage media of the teeth. To obtain 2 × 2 mm
sectioning of the enamel blocks from the buccal surface
of the crown which was a prominent portion, hard tissue
microtone of Silverstone-Taylor was used. Polishing grits
(#800, 1000, and 1200) were used to polish and flatten the
blocks serially. A smooth flat surface was achieved by
embedding the blocks under acrylic blocks.

Baseline Surface Microhardness
Using the micro-hardness tester machine (Fig. 2); “Shimadzu
HMV-2000/Shimadzu Corporation, Kyoto, Japan”, each
sample’s surface micro-hardness (SMH) was initially
assessed. Applying a load of 25 mg for 10 seconds an inden
tation on enamel, SMH was assessed.8 The value was noted
when displayed on the machine.

Application of Varnishes
The samples were divided into three groups randomly
for 3 types of fluoride varnish application (Fig. 3).

Fig. 1: Samples used in this study
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Fig. 2: Micro-hardness tester used in this study
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Group A: Fluor protector varnish application,
Group B: Duraphat varnish application
Group C: Bifluorid 10 varnish application
As per the manufacturer’s instruction, a thin layer of
varnish was applied with the help of applicator tip with
soft-bristle on the blocks of enamel for all three groups.
The varnish was removed after 24 hours from all the
groups of enamel blocks carefully. The complete removal
of varnish was done using acetone-soaked cotton swabs.
Finally, the enamel blocks were washed for one minute
with deionized water.

Experimental Process
The process of the experiment was attempted to reproduce
the pH change as in the oral environment, for which the
specimens were alternatively treated with a cyclic pH
regimen of demineralization for 3 hours and remineralization
for 21 hours daily for a consecutive 6 days.
The immersion of the enamel blocks was done under
demineralizing solution for 3 hours (2.2 mM/L KH2PO4,
2.2 mM/L CaCl2, and 50 mM/L acetic acid, and the pH
were adjusted to 4 with KOH). The samples were taken
out of the demineralization solution after 3 hours and
removed the excess water with the help of blotting paper.
Following demineralization, the samples were immersed
for 21 hours under remineralization solution (with pH
adjusted at 7, the solution constituted of 1.5 mM/L CaCl2,
0.9 mM/L KH2PO4 and 130 mM/L KCl).

Surface Microhardness Testing
Microhardness tester was used to test the microhardness
of the enamel surface with a vickers diamond indenter
loaded with 25 mg for about 10 seconds. The average SMH
for each sample was calculated to be five indents. The VHN
measurements for the microhardness were made at the
baseline, on the 3rd day and 7th day.

Statistical Analysis
The mean and standard deviation was calculated and
analyzed using Statistical Package for the Social Sciences
(SPSS) software of version 17.0. For comparison, one-way
analysis of variance (ANOVA) was used to measure
within and between the fluoride varnishes. The data
with the p-value of less than 0.05 was considered to be
statistically significant.

RESULTS

Figs 3A to C: Materials used in this study. (A) Fluor protector
varnish; (B) Duraphat varnish; (C) Bifluorid 10 varnis

Surface microhardness values of the enamel from three
groups before the application were shown in Table 1.
The group A showed a slightly more, mean surface
microhardness 230.64 ± 12.32 when compared to group B
with 229.45 ± 10.22 and group C with 230.10 ± 11.45. There
was no significant difference seen from an analysis of
covariance between the groups.
Microhardness of enamel surface comparison within
different fluoride varnishes on 3rd day was described in
Table 2. The group A mean surface microhardness was
235.39 ± 6.44, which was slightly higher than that of the
baseline values, group B with 231.62 ± 8.35 and group C
with 233.54 ± 8.22. There was no significant difference
statistically between the groups.
Microhardness of enamel surface comparison
within different fluoride varnishes on the 7th day is
described in Table 3. The group A showed higher mean
microhardness value of 262.20 ± 4.89, followed by group
C with 253.24 ± 5.10 and group B with 244.12 ± 6.65.
The highly significant difference was noted statistically
between the groups.
Table 4 describes multiple comparisons of the fluoride
varnishes of different types. There was a statistical
difference between group A vs group B and between
group B vs. group C.

Table 1: Enamel surface microhardness values of the three
groups before the intervention

Table 2: Comparison of enamel surface microhardness with
different fluoride varnishes on 3rd day

A

B

Varnishes
Group A
(Fluorprotector)
Group B
(Duraphat)
Group C
(Bi‑Fluorid 10)

Mean ± SD

Std. Error F

p-value

230.64 ± 12.32 0.2441
229.45 ± 10.22 0.0232
230.10 ± 11.45 0.1742

28.342
C

0.841

Varnishes
Group A
(Fluorprotector)
Group B
(Duraphat)
Group C
(Bi‑Fluorid 10)
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Mean ± SD

Std. Error F

235.39 ± 6.44

0.0612

231.62 ± 8.35

0.1537

233.54 ± 8.22

0.1229

33.263

p-value

0.8
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Table 3: Comparison of enamel surface microhardness with
different fluoride varnishes on 7th day
Varnishes

Mean ± SD

Std. error

Group A
262.20 ± 4.89
(Fluorprotector)

0.1018

Group B
(Duraphat)

244.12 ± 6.65

0.1645

Group C
(Bi‑Fluorid 10)

253.24 ± 5.10

0.1007

F

p-value

Groups
Group A

38.547

0.001

DISCUSSION
The “preventive dentistry” new era has contributed
towards the early diagnosis of initial caries. The fluoride
efficiency is well documented in the prevention of caries
since the 1930s. Topical fluoride application agents
have dominated in the past few years in preventing
the development of dental caries.9 Between the late
1960s to early 1970s varnish containing fluoride were
developed to prolong the contact of the fluoride to tooth
surface which is lagging in the present topical fluoride
applications such as, fluoride mouth rinses and gels.
The resin base in the varnish, in which the fluoride is
suspended is tenacious towards tooth surface to adhere,
which in-turn prolong the interaction of fluoride-enamel
overtime.10
In this study, in-vitro enamel surface microhardness
was evaluated post application of three varnish types
and was compared. The microhardness was measured
after laboratory simulation of the oral environment
using the vickers hardness measuring (VHM) method.
The pH cycling method helps in stimulating the
mouth environment by creating acidic challenges in
the laboratory.11 However, 100% replication cannot be
expected because of the significant and essential factors
associated with the process of remineralization such
as the salivary speed and flow rate, and its buffering
capacity and composition.12
The present study focused mainly on the evaluation
of micro-hardness of enamel surface after application of
different types of fluoride varnishes. Different methods
in various studies have been used to access the microhardness of enamel surface; the commonly used tests are
the Vickers and Knoop microhardness test. The VHM
test uses an instrument which is designed to test rapid
microhardness of all shapes and types of nonmetallic
and metallic materials. The diamond indenter is used for
the indentation’s diagonal measurement and its resulting
values of hardness.5
The enamel is composed of fluorapatite and hydro
xyapatite mainly, and delta calcium metaphosphate in
traces. The early enamel surface changes are sensitive for
the measurement of fluoride efficacy and have the highest
anti-caries effectiveness predict value.13 The purpose of
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Table 4: Multiple Comparisons of different fluoride varnishes
using Tukey’s post hoc test

Group B
Group C

Compared with
Group B
Group C
Group A
Group C
Group A
Group B

Mean difference
18.08
8.96
–18.08
–9.12
–8.96
9.12

Sig.
0.001
0.08
0.001
0.04
0.07
0.02

the varnish is to retain and prolong the fluoride’s close
contact with the tooth surface.
Featherstone et al.14 pH cycling protocol was followed
in this study as described. This protocol is a modified
protocol which was used on human enamel, which
was proposed by Ten Cate and Duijsters.15 This model
simulates a high-risk caries condition in vivo. This
model simultaneously measures the remineralization
enhancement and demineralization inhibition and
their net results. The dynamic demineralization and
remineralization cycles are simulated by immersion
of the enamel specimens in the acidic solution for
demineralizing and supersaturated buffer solution
for remineralization sequentially. These solutions for
demineralization and remineralization approximate with
the supersaturation and mineral ion composition of saliva
as reported by ten Cate and Duijsters originally.
The present study showed that the demineralization
inhibitory effect of Fluor protector was slightly higher
than that of Bifluorid 10. The study by Munshi et al.16
showed that an increase in the content of the minerals
after the application of two fluoride varnishes may be
responsible to obtain higher VHN values in both the
experimental groups. The fluor hydroxyapatite and
fluorapatite formation could be the probable reason for
the fluorapatite to be harder and more acid resistant
dissolution than hydroxyapatite.
In the present study, significantly higher SMH was
seen in Fluor Protector compared to Biflourid 10 varnish.
This result may be due to the formation of amount and
type of F compound on the enamel surface. The high
viscosity of Bifluorid 10 varnish makes it better adherent
to demineralized areas than tooth surface which is intact,
compared to FPV, as similar to the result of the study by
Pinar Erdem et al.17 However, fluor protector containing
“polyurethane-based compound difluorosilane” forms
a transparent thin film that easily adheres on the intact
surface of the tooth.
Even though Biflourid 10 gives more soluble fluoride
when compared with FPV, the result shows that
maximum amounts of fluoride are formed and retained
on the enamel treated with fluor protector. This retained
fluoride may be released during the cariogenic challenge
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and may spread into the enamel and reduce the caries
lesion progress, propitiate the reprecipitation of less
soluble calcium phosphate.5
Duraphat showed the least SMH value from the present
study. The study by Attin et al.18 showed that fluoride
is released from Duraphat™ topical application during
the experimental period. From the study conducted by
Delbem et al.19 showed that the retained CaF2 was higher
than formed CaF2 in the placebo groups. The pH cycling
model had a high acid challenge, attributed to use in
the present study. As demineralization of the enamel
increases, the enamel becomes more reactive which could
facilitate deposition of fluoride from the solution, though
the concentration of fluoride was low.
Fluoride varnishes increase the hardness of enamel
surface to form a reservoir to the underlying apatite
crystallites and act by a slow release of fluoride ions to
form a more stable complex which hampers crystalline
dissolution. The rate of demineralization will get reduced
and also increases calcium fluoride deposits. This depends
on the type and amount of fluoride compound formed on
the enamel surface. In the present study, Fluor Protector
Varnish increases the enamel surface microhardness,
because it contains 1.0% difluorosilane, polyurethane
varnish base with ethyl acetate and isoamyl propionate
solvents. The fluoride component is equivalent to 0.1%,
or 1000 ppm in solution. As the solvents evaporate, the
fluoride concentration at the tooth surface increases to a
much higher value. And in this study, we found that there
was a significant difference between the three fluoride
varnishes on enamel surface microhardness hence null
hypothesis was rejected and an alternative hypothesis
was accepted.
The study was conducted under in-vitro condition,
therefore; the result may be different from the dynamic
process occurring in the in vivo situation. Hence, there
is a necessity to conduct in vivo studies to validate the
current study result.

CONCLUSION
In conclusion, the application of FPV increases the
enamel surface microhardness compared to Duraphat
and Bifluorid 10 varnishes.
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