El-desouky et al. Doi: 10.21608/adjalexu.2020.20537.1017

EVALUATION OF THE ANTICARIOGENIC EFFECT
OF NANO SILVER FLUORIDE ON
DEMINERALIZATION OF ENAMEL IN PRIMARY
TEETH
(AN IN VITRO STUDY)

Dina I. EI-Desouky* BDS, Azza Hanno? PhD, Karin M.L. Dowidar? PhD, Sara A. Hamza® PhD, Lubna
M. El-Desouky* BDS

ABSTRACT

INTRODUCTION: Fluoride varnishes have proven to prevent dental decay. Alternative preparations that provide further benefits may
be of interest to investigate.

AIM OF THE STUDY: was to compare the anticariogenic effect of Nano Silver Fluoride (NSF) with fluoride varnish (FV) on primary
teeth enamel.

MATERIALS AND METHODS: Forty eight sound primary molars were coated with nail varnish, leaving squares of 4x4 mm then
sectioned longitudinally in a buccolingual direction into two equal halves. One half received a treatment and the other half remained
untreated to serve as control. Each half was considered as a specimen (96 specimens). The NSF group (n=48) was subdivided into
subgroup la (n=24) treated with NSF and subgroup Ib (n=24) served as negative control, the FV group (n=48) was subdivided into
subgroup lla (n=24) treated with FV and subgroup Ilb (n=24) served as negative control. Specimens were subjected to pH cycling then
they were examined with Vickers Microhardness device and Polarized Light Microscope.

REULTS: Percent difference in surface microhardness of subgroup la and subgroup Ib was 3.79+2.13, while the percent difference
between subgroups Ila and I1b was 5.40+3.79. Using Mann Whitney U test, there was no statistically significant difference between the
two values (P=0.81). The percent differences in lesion depth for subgroup la in comparison to Ib, and lla in comparison to Ilb were -
36.36+9.54 and -37.30+16.67 respectively. The difference between both values was non-significant (P=0.86).

CONCLUSIONS: NSF and FV are equally effective as anticariogenic materials that can limit enamel demineralization caused by cariogenic
challenge.
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INTRODUCTION

Dental caries is considered one of the most
common chronic diseases of childhood (1). Taking into
consideration that lower socioeconomic status is one of
the risk factors of dental caries, dental researchers and
clinicians faced the challenge of developing anti-caries
agents that can reduce caries rates in underprivileged
populations (2,3). As dental caries is a multi-factorial
disease, many etiological factors contribute to the dental
caries process such as diet, bacteria and the host. On the
other hand, some factors are considered protective and
when present, they reduce the incidence of dental caries

(4).

For several years fluoride preparations have
proven to prevent dental decay, and many professionally
applied topical fluorides are available for this purpose. It
has been found that the continuous exposure to low levels of
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fluoride is the most beneficial (5). However, in high caries
risk patients the use of professionally applied high
concentration fluoride treatments is highly recommended
(6). One of these preparations is fluoride varnish (7). It
was concluded in a systematic review that following
treatment with fluoride varnish the caries prevented
fraction for primary and permanent teeth was 37% and
43% respectively (8). Despite its efficacy, fluoride
varnish is expensive, technique sensitive and requires
multiple applications per year; therefore alternative
preparations that provide further benefits may be of
interest (9).

Silver Diamine Fluoride (SDF) is one of the
silver based fluoride preparations that is most widely
tested. Some studies were conducted to evaluate the
effect of SDF on the development of enamel carious
lesions. Some of these studies concluded that SDF was
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effective in preventing demineralization and gave effect
that is comparable to FV (10,11), whereas other studies
considered SDF non effective as an anticariogenic agent
when compared with fluoride varnish (12).

The reported side effects of SDF are the black staining of
dental hard tissues and irritating soft tissues upon
accidental contact (13). These drawbacks led to the
consideration of another silver-based fluoride preparation
which is Nano Silver Fluoride (NSF). Nano silver
fluoride is an experimental formula obtained as a reddish
yellow solution containing silver nanoparticles (AgNPs),
chitosan and fluoride. It has cariostatic and antimicrobial
properties and is considered to be an effective anti-caries
agent that does not stain the porous dental tissues black
and does not irritate the soft tissues as does silver
diamine fluoride (14).

Thus, the present study aimed at comparing and
evaluating NSF and FV as anticariogenic agents on
primary teeth in vitro. The proposed null hypothesis was
that NSF will have the same anticariogenic effect as that
of fluoride varnish in preventing enamel caries in
primary teeth.

MATERIALS AND METHOD

This in vitro experimental study was approved by the
ethics committee in the Faculty of Dentistry Alexandria
University. The minimal sample size was calculated
based on a previous study (15). Calculation resulted in a
standardized effect size (§) of 0.915 that resulted in a
minimum required sample size of 20 specimens per
group (number of groups=2) so, total sample size needed
=40 specimens (16,17) as statistically significant with
80% power and at a significance level of 95% (alpha
error accepted= 0.05). Sample size per group was
increased to 24 specimens per group (total sample size =
48 specimens) (20% increase) to control for elimination
of specimens (attrition) bias (18). The sample size was
calculated using IBM SPSS sample power 3.0.1.(2010)
(19).

Forty eight human sound primary molars were
collected and examined using a magnifying lens to
ensure that these teeth met the inclusion criteria of
having no caries or previous fillings and no
developmental anomalies. The teeth were stored in 2%
formaldehyde at room temperature till required for use
(12). The teeth were randomly allocated using a
computer-generated list of random numbers to one of the
two treatment groups, where in group | the teeth were
treated with NSF solution and in group Il the teeth were
treated with FV (15). A flow chart of the study design is
shown in (figure 1)

Sample preparation:

The teeth were cleaned with fluoride free pumice then
washed with distilled water and air-dried. A 4x4 mm
square of self-adhesive tapes were stuck at the center of the
middle third of the buccal surface of each tooth (10). All
surfaces of the teeth were coated with a layer of acid
resistant nail varnish. When the nail varnish dried the self-
adhesive tapes were removed leaving only a window of 4x4
mm of enamel exposed in each tooth (20). Each tooth was
mounted in a self-cure acrylic resin inside a cylindrical
plastic mold with its buccal surface facing upwards (21).
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Each tooth was sectioned longitudinally in a buccolingual
direction with a diamond disc mounted on a straight hand
piece to obtain two equal halves where each half was
considered as a specimen. Each two halves were kept
together in a separate container, as one half was treated with
the specific anticariogenic agent (group la and lla) and the
other half remained untreated and served as control (group
Ib and I1b) (22). All the specimens were re-coated with nail
varnish to cover any surface that has been exposed due to
sectioning as well as the cut surface (15).
Nano Silver Fluoride preparation:
Nano silver fluoride was prepared in the laboratories of
Faculty of Pharmacy, Alexandria University. Chitosan
(28.7 ml, 2.5 mg/ml) was first dissolved in 1% acetic
acid by stirring over night on a magnetic stirrer. Then,
the chitosan mixture was filtered through a vacuum filter
unit into a flask and transferred to an ice-cold bath.
Under vigorous stirring, silver nitrate (1 ml, 0.11 mol/L)
was added to the above mixture, then, freshly prepared
sodium borohydride (0.3 ml, 0.8 mol/L) was added drop
by drop. The reduction of Ag*was initiated immediately,
as the solution changed from colourless to light yellow
and ended up reddish. The flask was then removed from
the ice bath and the sodium fluoride (10,147 ppm of
fluorine) was incorporated (14).
Characterization of NSF
The size and morphology of AgNPs was characterized
using field emission transmission electron microscope
(TEM) (JEOL JEM-2100F) (3,23). The electron
micrographs showed that most of the particles exhibited
a spherical shape and more than 50% of the detected
particles' size ranged from 13nm to 16 nm (Figure 2).
Silver nano particles were also validated using UV/Vis
spectrophotometer (Thermo Electron- Evolution 300) to
detect the UV/Vis absorption spectrum of the resulting
solution (14,24) (Figure 3) . The tested specimen
exhibited a peak at 401 nm wavelength, which according
to Agnihotri et al,2014 (25) denotes the presence of
AgNPs with average size 15 nm.
Grouping and Method
Application of the anticariogenic agents
Group | (NSF): In group la, the twenty-four specimens
were treated with NSF. Each specimen received 2 drops
of NSF solution using a micro brush on the exposed
enamel windows of the buccal surfaces. The solution was
left in contact with tooth surface for 2 minutes then
rinsed with a flow of distilled water (15). In group Ib, the
twenty-four specimens were left untreated to serve as
negative controls.
Group 1l (FV): In group lla, twenty-four specimens were
treated with 5% sodium fluoride varnish (Profluorid @,
VOCO, Germany) according to the manufacturer's
instructions. A thin uniform layer of fluoride varnish was
applied to the exposed enamel windows using a
disposable brush and the specimens were stored in
artificial saliva for 24 hours (15). Afterward, the fluoride
varnish was removed from the specimens' surfaces with a
cotton swab soaked in acetone (21). In group Ilb twenty-
four specimens were left untreated to serve as negative
controls.
pH cycling:
Over a period of seven days, all the specimens were
subjected to 5 pH cycles at 37°C followed by 2 days of
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remineralization (26). Each specimen was stored in a
separate container. Specimens were immersed in the
demineralizing solution (calcium and phosphate, both 2.0
mmol/L, in 75 mmol/L acetate buffer, pH 4.7; 0.04 ug
F/mL, 2.2 mL/mm?) for 3 hours, followed by distilled
water rinse. Then, they were immersed in remineralizing
solution (1.5 mM CaCl,, 0.9 mM NaH,PO4, 0.15 M KCL
had a pH of 7.0, 1.1 ml/mm?) for 21 hours (27,28).
Microhardness test evaluation

Twelve specimens from each test group (la, I1a) and their
corresponding controls (Ib, 1lb) (n=48) were examined
with  Vickers  Microhardness  Device  (Wilson
microhardness tester, Japan) with a load of 50gm for 10
seconds. Three indentations were made in the enamel
surface of each specimen then the mean was calculated
and considered as the hardness number of the specimen
(29).

Polarized light microscopic evaluation

The remaining specimens from each test group (la, 11a)
and their corresponding controls (Ib, 1lb) (n=48) were
prepared for analysis by polarized light microscope
(Olympus America Inc.). Longitudinal ground sections
of about 15 pm thickness were prepared, and then
mounted using Canada balsam to hold the specimen in
place between the slip cover and the glass slide. Depth
measurements were done using (image J.46) software
(30). The mean depth of the enamel lesion of each
specimen was measured by averaging of three lines: one at
each side and one at the center of the lesion within the
subsurface of the lesion body, perpendicular to the outer
layer of the enamel surface and extending to the translucent
band (Figure 4).

Statistical analysis

Data were analyzed by the use of SPSS software (SPSS
version 25.0). Data were reviewed to check for any
errors during data entry. Normality was checked using
descriptive statistics, plots (histogram and box plot) and
Shapiro Wilk test. Normally distributed data was
presented using MeantSD while median and inter
quartile range (IQR) were used for not normally
distributed data.

Differences in lesion depth and surface
microhardness between test and control in NSF and
fluoride varnish groups were analyzed using parametric
test; paired t test while percent change in surface
microhardness between NSF and fluoride varnish was
assessed using Mann Whitney U test.

Percent change in lesion depth and surface
microhardness between NSF and fluoride varnish groups
relative to their controls was calculated according to the
formula [(lesion depth in test-lesion depth in
control)/lesion depth in control] x 100 and the same for
enamel microhardness.
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Figure 2: Transmission electron microgragh of silver
nano particles in the prepared NSF and a histogram
showing particle size distribution.

Figure 3: Ultraviolet-Visual spectrum of synthesized
silver nanoparticles
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Figure 4: Transmitted light photomicrographs showing
the use of (image J) software to measure the lesion depth,
magnification X40. (A&C): Sides of the lesion. (B):
Center of the lesion.

RESULTS
Surface microhardness (mean=SD) of all specimens are
shown in (Table 1). The mean microhardness values in
subgroup la and subgroup Ib were 312.75+26.35 and
301.50+26.95 respectively. Surface microhardness in
subgroup la was higher than subgroup Ib, and the
difference was statistically significant (P<0.001). On the
other hand, the mean microhardness values were
309.27+22.53 and 293.69+23.24 for subgroups Ila and
IIb respectively. Microhardness in subgroup lla was
higher than subgroup Ilb and there was a statistically
significant difference between the two subgroups
(P<0.001). When the mean microhardness values of
subgroup la (NSF) and subgroup lla (FV) were
compared, there was no statistically significant
difference between the two subgroups (P=0.73). Percent
difference between NSF test group (la) and its control
group (Ib) was 3.79+2.13, while the percent difference
between FV test group (lla) and its control (llb) was
5.40+3.79. The two values were compared and there was
no statistically significant difference between the two
values (P=0.81).

Lesion depth values of all groups are shown in
(Table 2), and polarized light photo micrographs of one
specimen of each group is shown in (Figure 5). The
mean lesion depth of subgroup la was 244.03+79.73 pum,
whereas in subgroup Ib was 384.30+110.91 um. There
was a decrease in lesion depth in subgroup la and the
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difference was statistically significant (P<0.001). The
mean lesion depth of subgroup lla was 262.73+99.65
pm, whereas in subgroup Ilb was 416.96x107.42 pm.
There was a statistically significant difference between
the two subgroups, with a decrease in lesion depth in
subgroup lla (P<0.001). Lesion depth of subgroup la
(NSF) and subgroup lla (FV) were compared and there
was no statistically significant difference between the
two subgroups (P=0.61).

Percent difference between NSF test group (la)
and its control group (Ib) was -36.36+9.54, whereas the
percent difference between FV test group (lla) and its
control (Ilb) was -37.30+16.67. There was no
statistically significant difference between the two values
(P=0.86).

Figure 5: Polarized light photomicrograph of
longitudinal ground sections of one specimen of each
group showing (A): a specimen of the NSF control
group(group Ib) showing an evident dark demineralized
enamel band, (B): a specimen treated with NSF (group
la) showing prominent reduction in the depth of the body
of the lesion when compared in the control specimen,(C):
a specimen of the FV control group (group I1b) showing
the extent of the lesion that is almost reaching the amelo-
dentinal junction, (D): a specimen treated with FV
(group I1a) showing limitation in the extent of the lesion
depth compared to the control specimen. Note the
surface layer (red arrows) in (B&D) which appears more
mineralized compared to deeper area, magnification
X40.

Table 1: Vickers microhardness values of all studied
groups and percent difference between each test and its
control group

NSF (group la) Fluoride varnish

n=24 (group lla)
n=24
la (test) Ib Ila (test) | llb(contr
n=12 (control) n=12 ol)
n=12 n=12

Mean+SD 312.75+ | 301.50+ | 309.27+ | 293.69+
26.35 26.95 22.53 23.24

Paired t 6.40 5.35
P value <0.001* <0.001*
Perce | Mean 3.79+2.13 5.40+3.79
nt +SD
differ | Media 3.23 4.17
ence n
IOR 2.54-4.39 3.18-6.37
MWU -1.328
P 0.81
value
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*Statistically significant at p value <0.05
NSF: Nano silver fluoride
MWU: Mann Whitney U test

Table 2: Lesion depth values of of all studied groups and
percent difference between each test and its control

group

NSF (group la) Fluoride varnish

n=24 (group lla)
n=24
la (test) Ib lla lIb(cont
n=12 (control | (test) rol)
) n=12 n=12
n=12

Mean+SD 244.03 | 384.30+ | 262.73 | 416.96+
£79.73 | 11091 | #99.65 | 107.42

pum pum pum pum
Paired t -8.56 -6.65
P value <0.001* <0.001*
Perce | Mean -36.36+9.54 -37.30+16.67
nt +SD
differ | ttest 0.169
ence P 0.86
value

*Statistically significant at p value <0.05
NSF: Nano silver fluoride
t test: Student’s t test

DISCUSSION

In this study, nano silver fluoride solution was compared to
5% sodium fluoride varnish to evaluate their anticariogenic
effect on carious lesion formation. The results were in favor
of the null hypothesis, where NSF solution and FV had a
positive effect on enamel demineralization when applied to
the teeth before the acidic challenge. Thus proving their
preventive effect on lesion formation especially when
compared to the untreated specimens in which enamel
demineralization was more evident with an increased lesion
depth formation.

Nano silver fluoride is a new experimental
material that has been developed originally to arrest
progression of cavitated carious lesions in the same manner
as silver diamine fluoride (3). The preparation of NSF was
carried out according to the method described by Targino et
al, 2014 (14). The synthesis of aqueous solution of silver
nanoparticles was carried out via the chemical reduction
of silver nitrate with sodium borohydride and chitosan
biopolymer as a carrier for the silver nano particles, to
improve the molecular weight and to stabilize the
compound. The addition of sodium fluoride aimed at
enhancing the antibacterial effect of the compound in
addition to favoring remineralization and inhibiting
demineralization which occur continuously in the oral
environment (31).

The pH cycling model applied in the present study
(26) was introduced in order to produce a sub-surface lesion
similar to incipient carious lesions that occur in vivo, and
accurately predict the effect of fluoride containing products.
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In this model the specimens were kept in remineralizing
solution for the last 2 days of pH cycling (6" and 7t
days). This step was relevant to preserve the enamel
surface layer allowing accurate SMH determination.
In the present study, the effect of NSF on enamel
demineralization was assessed by evaluating its effect on
surface microhardness and the treated specimens showed a
higher surface microhardness values in comparison to the
untreated ones. Likewise, the results of lesion depth
revealed the ability of NSF solution to resist enamel
demineralization in the treated specimens. The specimens
showed some degree of demineralization as evident by the
formation of caries-like lesions, these lesions were about
36% less in depth when compared to the untreated
specimens. In line with these results, Teixeira et al in 2018
(23) showed that NSF was more effective in decreasing
enamel demineralization after pH cycling than the negative
control sample.

Fluoride varnish was regarded as a control because
it is one of the most studied preparations, has proved to be
safe, and well tolerated by children. In addition, it is
recommended by the American Academy of Pediatric
Dentistry (AAPD) (32) for use for children younger than 6
years due to its proved efficacy in preventing dental caries
in children at high caries risk. Fluoride varnish was also
tested in the current study and the results showed its ability
to decrease demineralization in the treated specimens. Mean
microhardness value of the treated specimens was about 5%
higher than that of untreated specimens and lesion depth in
FV treated specimens was 37% lower than that of untreated
specimens. Mohammadi and Farahmand Far in 2018 (21)
assessed the effect of fluoridated varnish on enamel
demineralization resistance in enamel of primary teeth and
their results showed that microhardness values of the treated
group were about 3% higher than the untreated ones.

The fluoride content of the NSF that was used in the current
study was 10,147 ppm of fluorine, whereas, the fluorine
content in the FV was 22,600 ppm. In addition, the contact
time of NSF with tooth structure was only two minutes
while it was 24 hours with the FV. Despite these above
dissimilarities, that might seem in favor of the FV, the NSF
showed a preventive capacity that is comparable to the FV.
This is evident by the study results, which proved both NSF
and fluoride varnish were effective in resisting
demineralization of primary enamel with no significant
difference even though the FV showed a higher percentage
of microhardness variation and difference in lesion depth.
The protective effect of NSF could be explained by the very
small particle size of AgNPs which facilitated the
penetration of the material into the enamel structure leading
to maximizing its protective effect (33).

Similarly, in a study by Teixeira et al, 2018 (23), the results
showed no statistically significant difference between NSF-
containing dentifrice and sodium fluoride (NaF) dentifrice
in preventing demineralization, although the results showed
that NaF has lower percentage of microhardness variation.
This could be explained by the different pH cycling
protocol used and the repeated application of dentifrice
slurries before each pH cycle, which could have accentuated
the effect of the used materials.

On the other hand, in the study by Nozari et al in
2017 (15) the results revealed that specimens treated with
NSF had the highest surface microhardness values

157



El-desouky et al.

compared with fluoride varnish and nano hydroxyapatite
paste. This result could be related to the different study
design which focused on comparing remineralization of the
preformed enamel caries lesion, not the ability of the tested
materials to prevent demineralization of enamel.

It was noticed from the results of the present study

that the groups that had the highest microhardness values
(group la and group lla) had the lowest values of lesion
depth and vice versa. This finding implies that specimens
with higher microhardness had higher resistance against
carious lesion formation, thus having less lesion depth. This
might be attributed to the formation of a highly
mineralized surface layer that resulted from direct
contact with materials having high fluoride content (34)
(Figure 5). In addition, the pH cycling model that was
used in the present study had alternating
demineralization and remineralization phases. This
cycling model had the purpose of preserving the enamel
surface layer and create a sub-surface lesion that closely
imitates the natural incipient carious lesion (4,26,35).
This behavior might have led to a surface layer that had a
relatively high microhardness value and a sub-surface
lesion that was evident in the polarized light microscope.
The limitations of this study were the difficulty in
reproducing the oral environment including the biofilm and
oral flora, different salivary components, individuals eating
habits and oral hygiene practices. In addition, the present
study was limited to a period of 7 days, while the
de/remineralization processes are long-term processes.
In conclusion, the present results support the anticariogenic
effect of NSF; however, further studies are recommended to
evaluate the oral factors, the anti-microbial potential and the
safety in clinical settings.

CONCLUSIONS

Based on the results of this in vitro study, it was concluded
that:

Both Nano Silver Fluoride and Fluoride Varnish are equally
effective as anticariogenic materials that can limit enamel
demineralization caused by cariogenic challenge.

Both tested materials were not able to provide complete
protection against demineralization.

Nano silver fluoride could be used as an alternative to FV.
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