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ABSTRACT

Objectives: This study was conducted to analyze the effects of several fluoride-based varnishes: Sodium diamine fluoride (SDF), nanosilver fluoride
(NSF), and propolis fluoride (PPF). Fluoride-based varnish is proven to remineralize and arrest caries progression with minimal side effects. SDF, the
gold standard for this study, compared to NSF and PPF to observe the dentin morphology, hardness, and crystallinity test.

Methods: Dentin blocks were allocated and divided into control groups and treatment groups with SDF (38%), NSF (3.16%, 3.66%, and 4.16%), and
PPF (3%, 6%, and 10%). The dentin discs were demineralized using a demineralization solution (pH 4.4) for 96 h. Each dentin disc in the treatment
group received a topical application of various fluoride-based varnishes and was then subjected to pH cycling for 8 days. The surface morphology
of dentin was observed by a scanning electron micrograph (SEM), dentin hardness was analyzed by a Vickers microhardness tester, and the crystal
characteristics of dentin blocks were investigated by X-ray diffraction (XRD).

Results: This study showed crystal fluorapatite on the dentin surface of SDF and NSF. There was an amorphous layer on the dentin surface of
PPF (10%) detected when using SEM. The Vickers hardness number of dentin increased after the application of SDF, NSF, and PPE. XRD revealed
precipitates of apatite compounds, calcium compounds, and metal compounds in the treatment groups in higher concentrations than in the control
(demineralized) group.

Conclusion: It was concluded that SDF, NSF, and PPF were effective for dentin remineralization. Hence, NSF and PPF fluoride-based varnishes are
promising as anticariogenic agents.
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INTRODUCTION

Based on the data collected for basic health research from the Ministry
of Health, the percentage of dental and mouth problems in Indonesia,
in 2007, reached 23.3% and increased in 2013 to 25.9%. The decay
missing filling tooth index in 2013 reached 4.6, which means that tooth
decay in the Indonesia population affected 460 teeth per 100 people [1].
Fluoride is a natural mineral that can inhibit the development of dental
caries. Fluoride plays an important role in inhibiting demineralization
and improving natural remineralization [2]. The topical application of
fluoride is one of the protective factors affecting remineralization [2,3].

Fluorapatite, component of tooth enamel, has a better subunit structure
that is not easily soluble until the pH reaches 4.5. Fluoride is available
in a variety of dosage forms including sodium diamine fluoride (SDF),
nanosilver fluoride (NSF), and propolis fluoride (PPF) [4-14]. Previous
studies using SDF have shown that SDF consists of silver (Ag) and
fluoride (F); silver acts as an antimicrobial agent and fluoride plays a
role in enhancing remineralization as a strong anticaries agent [11]. SDF
causes black stains on the teeth, so NSF is formulated as an alternative
agent alongside SDF in dealing with dental caries. NSF has components
similar to SDE including silver (in the form of nanoparticles) and
fluoride [12].

Currently, Universitas Indonesia is developing a natural fluoride-
based varnish: PPF that in this study was tested for its ability to
arrest caries progression compare to SDF and NSF, which are silver
based. The content of flavonoids in propolis can inhibit the activity of
glucosyltransferase, which plays a role in the formation of biofilm [15].

This study observed the dentin morphology, the increase in
dentine hardness, and the crystallinity test to determine the
potential of SDF, SNF, and PPF as anticaries agents.

METHODS

This study was approved by the Ethical Committee of the Faculty of
Dentistry, Universitas Indonesia. This was an experimental laboratory
study using dentin blocks separated into several groups: Positive
control groups using demineralized dentin blocks, negative control
groups using dentin blocks without a demineralized process, and
treatment groups that received topical applications of 38% SDF, 3.16%
and 4.16% NSE and 3% and 10% PPF. Dentine blocks for the negative
control group received no demineralized treatment, while the positive
control group and treatment groups were demineralized for 96 h
followed by a pH cycling process 6 times a day for 8 days.

This process aimed to create a similar environment to the oral cavity.
All treatment groups were fixed in 4% formaldehyde, rinsed with
distilled water, and dried using ethanol. Then, specimens were dried
in a desiccator and coated with a conducting material. The surface
morphology was assessed using scanning electron micrograph (SEM)
in 5 kV high vacuum mode. The dentin initial microhardness was tested
before being soaked in a demineralization solution using a Vickers
microhardness tester with 50 g of force in 10 s.

After that, the specimens were demineralized in 4.4 pH for 96 h
followed by deionization and drying. The dentin initial microhardness
was tested again using a Vickers microhardness tester under a light
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microscope. Each demineralized specimen was varnished, rinsed, and
dried followed by a pH cycling process. The dentin surface hardness
after treatment was tested using a Vickers microhardness tester, and
then, all Vickers hardness number (VHN) data were analyzed.

The crystallinity tests were conducted using X-ray diffraction (XRD).
All specimens were placed in a goniometer, and the measurement
parameters were configured in the software followed by XRD setting
(40 kV, 30 mA, 1 s step scanning speed, 0.02° step size). An X-ray
diffractometer was used so that all X-rays would radiate all the
specimens. The diffraction results were shown on the computer screen
and then printed out. The XRD results are graph, 26, d-spacing, and full-
width at half-maximum (FWHM) values.

RESULTS

The diameters of dentine tubules from the SEM results are shown in
Fig. 1. NSF showed dentinal tubules wider than SDF and PPF. Using
propolis with a 10% concentration produced the dentinal tubules
almost as wide as SDE.

The results of dentine hardness tests before and after demineralized
and after the application of SDF, NSF, and PPF are shown in Fig. 2,
which shows the difference in mean values for each group. After
demineralization, dentine hardness decreased from 64.82+8.15
VHN to 10.32+2.27 VHN in SDF 38%. The NSF 3.16% group had an
initial dentin hardness of 62.88+8.42 VHN, which then decreased to
9.86+1.49. NSF 4.16% had an initial dentin hardness of 66.16+4.53
VHN, which decreased to 10.98+1.53 VHN. Furthermore, in PPF 3% and
10% with an initial dentin hardness of 66.2+1.77 VHN and 66.68+4.51,
respectively, VHN decreased to 10.06+0.84 VHN and 11.44+2.33 VHN.

After being dissolved in the demineralization solution, SDF, NSF, and
PPF were applied to the specimens. The results showed that in SDF, the
dentin hardness increased from 10.32+2.27 VHN to 11.98+1.93. In NSF
3.16%, the hardness increased from 9.86+1.49 VHN to 12.22+1.94 VHN,
while the 4.16% group increased from 10.98+1.53 VHN to 12.36x0.80
VHN. In the PPF 3% group, the dentin hardness increased from
10.06+0.84 VHN to 12.52+1.08 VHN. The PPF 10% group increased
from 11.44+2.33 VHN to 13.56+0.96 VHN.

Based on a normality test using Shapiro-Wilk, the data on initial
dentin hardness before and after demineralization are not normally
distributed (p<0.05), while after the application of SDF, NSF, and PPF,
the data are normally distributed (p>0.05). The Friedman test was
conducted to show the significance of decreasing and increasing dentin
surface hardness values on each group, and the Wilcoxon statistical test
was then performed to show the significance of each treatment group
(SDF, NSE, and PPF).

The Kruskal-Wallis test was conducted to show the significance value
of dentin initial hardness before and after demineralization and after
the application of SDF, NSF, and PPE. Post hoc Mann-Whitney analyses
were performed as a continuation of the Kruskal-Wallis test.

Fig. 3 shows the average mean of overall dentine surface hardness in
the pre- and post-demineralization process and after the application of
SDF, NSF, and PPF in varying concentrations.

The statistical tests showed that there was a significant difference in dentin
hardness (p<0.05) after the application of NSF 3.16% (p=0.042) and PPF
10% (p=0.043) compared to the after demineralization values. However,
there was no significant difference in dentin hardness after the application
of SDF (p=0.138), NSF 4.16% (p=0.225), and PPF 3% (p=0.080) compared
to the after demineralization values. The results of the statistical tests
showed that there was no significant difference in initial dentin hardness
after the application of SDF, NSF, and PPF (p=0.909).

The dentin hardness values of all groups after demineralization also
did not show any significant difference (p=0.390). However, there were
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significantly different hardness values after the application of SDF, NSF,
and PPF to the specimens (p=0.013).The results of the crystallinity
test were obtained from XRD. Using this test, the ability of several
fluoride-based varnishes to maintain the crystallinity of the enamel can
be observed. The diffraction was processed using automated powder
diffraction so that the crystal pattern could be formed. The pattern was
then adjusted to the International Centre for Diffraction Data (ICDD)
database, and XRD pattern analyses were conducted using the X'Pert
High Score Plus application.

The results of the analysis were as follows: There was an image of
an XRD peak showing the type of crystal compound in the specimen.
This diffraction peak represents the function of the crystal atom
position. The peak intensity showed the intensity of the diffracted
crystal compound, but it did not show the number of certain
crystalline compounds in the specimen. The shape and width
of the diffraction peak, also called the FWHM form, can be used
to determine the degree or quality of crystallinity and the size of
crystallites. The smaller the FWHM, the better the crystallinity. The
improved level of crystallinity indicates a normal crystal form and
increased crystal homogeneity.

Fig. 4 shows the results of the diffraction pattern formed from the
dentin block group. After the search and/or match between XRD
graphs and ICDD data, it can be concluded that there were three types
of crystalline compounds that are diffracted: A (calcium compound),
b (apatite compound), and c¢ (metal compound). Calcium compounds
were generally seen at angles of 2, = 250-270. Apatite compounds
were seen at angles of 26=310-330. Meanwhile, the metal compound
was generally seen at angles of 26=460-530. The type of compound at
each peak may vary depending on the crystal formed. In this study, the
compounds observed were (a) calcium compounds (CaF, and CaOH),
(b) apatite compounds (Ca,, (PO,),OH, and Ca,, (PO,),F,), and (c) metal
compounds (Ag,PO,). One apatite peak on all specimens has a relative
intensity of 100%. However, the FWHM values for each specimen show
varying numbers depending on the intervention given. The XRD graph
can also be interpreted through FWHM values and forms.
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Fig. 4. X-ray diffraction patterns, (a) sodium diamine fluoride
38%, (b) nanosilver fluoride (NSF)3.16%, (c) NSF 4.16%, (d)
propolis fluoride (PPF)3%, (e) PPF 10%

Fig. 5 shows the FWHM values in all specimens, especially apatite
compounds that have 100% relative intensity. The graph also shows
that the lowest FWHM value was in the negative control group. The
treatment group showed lower FWHM values than the positive control
group with SDF, NSF 3.16%, PPF 3%, and PPF 10%. The biggest
difference in FWHM values occurred between the positive control
groups with PPF 3%, for which the difference between the two groups
was 0.40.

The FWHM shape also related to the quality of the crystals in all
specimens. As shown in Fig. 5, the FWHM form in the negative control
group was pointy and sharp, and it was also closely related to the low
FWHM value. Meanwhile, in the positive control group, the shape of the
FWHM form becomes split and irregular so that the crystal surface was
not as smooth in the negative control group. In the treatment group, the
FWHM form was similar to the positive control groups.

Figs. 6-10 show the FWHM values in SDF, NSF (3.16% and 4.16%), and
PPF (3% and 10%). The graph shows that NSF 4.16% produced the
highest diffraction of calcium.

Fig. 11 shows SEM images of the control, SDF, NSF 4.16%, and PPF
10% groups. This image shows the dentin surface of control without a
demineralized process (a) and with a demineralized process only (b).

The crystal fluorapatite on the dentin surface can be seen in SDF and
NSF (d). There was an amorphous layer on the dentin surface of PPF
10% (e) seen when using SEM.

DISCUSSION

The diameter of dentin has become an important parameter in the
fluid diffusion and transfer through dentine associated with caries
development [16]. Dentin permeability is closely related to these
parameters, as the smaller the diameter of the dentin, the more
permeability decreases. Dentin permeability affects fluid movement
along the dentin tubules. In caries dentine, there are several factors
associated with decreasing dentin permeability, such as natural
appositional growth of intratubular dentine, deposition of calcium
phosphate, mineral deposits, collagen fibrils, the presence of bacteria,
and the formation of smear layers on dentine surfaces [17]. The low
permeability of dentine caries may protect the pulp and reduce the
amount of chemical irritation when further caries occur [18]. The
increased tubular diameter of dentin occurs due to acid exposure
during the demineralization process, which dissolves mineral present
in the intertubular and peritubular dentine [17]. The mean value
of dentin diameter at negative control is 1.01+0.2 um. Dentin tubule
diameter decreased in the negative control group due to being covered
by a smear layer. A smear layer is an aggregation of organic substances
or debris from the process of cutting the dentin specimens. The value
in positive control groups showed an increase in dentin diameter to
1.59+0.8 um due to exposure to an acidic demineralization solution,
thus dissolving the smear layer.

Based on SEM results from SDF, there was an increase in the diameter
of dentinal tubules after demineralization from 1.59+0.8 pm to 1.84+0.2
um. There is no decreased permeability in the dentinal tubules because
there is no increase in peritubular dentine. However, the formation
of fluorapatite crystals that cover the dentinal tubules can inhibit the
movement of bacteria into the dentinal tubules and improve the process
of remineralization. In NSF, 3.16% and 4.16% showed the formation of
fluorapatite crystals. Based on the fluorapatite crystals shown in the
SNF group, it can be stated that SNF has the same effect in inhibiting
demineralization and increasing the hardness of the demineralized
dentin. Based on the study of Santos et al. (in vivo) related to treating
caries in children, it was concluded that NSF is more effective in
increasing hardness and inhibiting caries in dentin than in no application
in dentin [12]. The SEM results after PPF treatment showed a deposition
layer of amorphous products along the surface of the dentin with a closed
tubule at concentrations of 3% and 10%. Propolis is a lipophilic sticky
substance that is insoluble in water and can act as a buffer to extend
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contact time with tooth structure surfaces and increase acid solubility
resistance. Propolis has a flavonoid component thatinteracts with dentine

to form crystals that can

reduce the flow of movement in the dentine [19].

In addition, the PPF specimens with these two concentrations show a

bright picture of the peritubular dentine indicating peritubular dentine
thickening. It may be related to the fluoride content of PPF and the pH
cycle process undertaken during treatment, which triggers peritubular
and intertubular dentine thickening.
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Fig. 11: Scanning electron micrograph images of test, (a) control (=), (b) control (+), (c) sodium diamine fluoride 38%, (d) nanosilver

fluoride 4.16%, (e) propolis fluoride 10%
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There was significant dentin degradation in the five groups after
being soaked in a demineralization solution. The degradation value in
the five treatments reached +80% of the initial dentin hardness. The
decrease in hardness is due to the loss of minerals such as calcium,
phosphate, and magnesium. In addition, collagen degradation
plays a role in mineral deposition [20]. The results of the Mei study
showed that SDF had a remineralization effect in increasing the
dentin hardness [8], and this study used the same SDF concentration
used here. SDF releases fluoride and helps the deposition of silver
phosphate retain the mineral content while increasing the hardness
of the dentin structure [20]. The remineralization effect in this study
was seen from the increase in dentin hardness after the application of
SDF. However, the increase in dentin hardness with SDF application
did not show significant results.

These data show the remineralization effect of NSF in the form of
increased dentine hardness. All concentrations of NSF showed an
increasing value after NSF application. The effectiveness of NSF in
increasing hardness can be caused by the formation of fluorapatite
crystals, as seen in the SEM results. The Friedman test showed that
there was a significant increase in dentin hardness in the five treatment
groups (p<0.05). The statistical test results showed a significant
increase in the group with NSF 3.16% and PPF 10% (p<0.05).

However, the other groups did not show a significant increase (p>0.05).
A Kruskal-Wallis statistical test followed by a post-hoc Mann-Whitney
test was performed to see an increase in dentin hardness from the
five groups after treatment. The results of the Kruskal-Wallis test
showed significant difference in the end hardness value in each group
(p<0.05). Differences in value between treatment groups occurred due
to differences in the type and concentration of materials.

A decrease in the intensity of crystalline compounds in demineralized
teeth compared to teeth without being demineralized was found.
These findings also show that the entire treatment group had higher
apatite, calcium, and metal crystals than in the demineralized teeth. The
greatest crystal peak intensity difference occurs between demineralized
teeth and SDF. A significant difference in crystal peak intensity also
occurred between demineralized teeth and NSF 3.16% and between
demineralized teeth and PPF 10%. The results of this study are
supported by previous research, which concluded that the reaction
between hydroxyapatite in a tooth with SDF will produce calcium
fluoride and silver phosphate with fluorapatite as the end result [11].
The positive control peak had a highly crystalline image, but the relative
intensity was only 47%. This shows that at an angle of 26=260, the
diffracted crystal is 100% so that the recorded peak reaches a value
of 100. However, of the 100 diffracted crystals, only 47% of crystals
are pure calcium compounds (in this case CaOH or CaF,), and other
residues may contain crystals that are not calcium but are fused during
the diffraction process. Therefore, a peak shows only the presence of
crystals but is unable to show the purity of the crystals [21].

A peak shows the presence of a crystal of apatite. The sharp, smooth,
and uniform shapes of the negative control groups show that the
crystals of apatite compounds contained therein are excellent with high
homogeneity. Meanwhile, in the negative control group, Ca,, (PO,),0OH,
crystals appeared to dominate, while the content of Ca,; (PO,)F, was
lower. In the positive control group, there was a change in the shape
and width of FWHM, the form of which became split and irregular. This
was allegedly due to demineralization interventions in positive control
groups and is supported by previous research, which concludes that
mineral decomposition occurs in demineralized teeth [11].

The calcium in the positive control group was even lower when
compared with the negative control group. This is due to the relative
intensity of the negative control groups at an angle of 26=260 of 86.4%.
This shows that the demineralized teeth have lower calcium content
than the normal teeth. Meanwhile, the calcium crystals present in the
treatment group tend to increase from the positive control group. This
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was due to the varnish content that triggers an increase in calcium.
A comparison of the relative intensity of calcium in this study shows
that SDF can increase the intensity of calcium close to the negative
control groups. Previous research has shown that the reaction between
SDF and hydroxyapatite in teeth will produce CaF, and Ag,PO,, and CaF,
content is what triggers the increase in calcium [11].

This study showed that the NSF group has greater calcium intensity
than positive control groups, but the difference is not significant when
compared to SDF. In PPF, the intensity of the calcium is even smaller or
relatively the same as the positive control group, and it is influenced by
the low calcium content in PPF. This is supported by previous research,
which concludes that propolis contains low calcium and fluoride plays
a major role in improving remineralization [22]. The metal crystals
formed in the treatment group tended to be larger than in the positive
control group. Significant differences occurred mainly in the treatment
group with SDF; even the intensity of metal compounds contained in
the SDF treatment group was greater than in the negative control group.
This is suspected to be because SDF contains silver (Ag). In addition,
the formation of large amounts of metal crystals in NSF is suspected
to be caused by the silver content. Meanwhile, the metal compound on
PPF has the same intensity or smaller than the positive control group.
This is in accordance with previous research, which indicates that
propolis contains a small amount of metal compounds [22]. Moreover,
scientists have shifted their interest from chemical or physical methods
to biological methods as it does not involve a combination of abusive
or toxic chemicals to human health or any involvement of immense
machines or equipment [23].

CONCLUSION

The application of SDF, NSF, and PPF at each concentration showed
morphological changes on the dentin surface and may also increase
the value of dentine hardness after demineralization. However, this
application was not sufficient to maintain normal dentine hardness
values against the demineralization process. The application of NSF and
PPF effectively increases dentin remineralization, which increases the
intensity and quality of apatite crystal compounds. NSF and PPF varnish
applications are the groups that showed the best remineralization
increase, as seen from the quality of crystallinity.
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