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EFFICIENCY OF NANO SILVER FLUORIDE ON PREVENTION
OF DENTAL CARIES ON INTACT ENAMEL SURFACE ASSESSED
BY EDX-ANALYSIS (IN VITRO STUDY)
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ABSTRACT

Aim: The purpose of this study was to evaluate the preventive effect of nanosilver fluoride
(NSF) on intact enamel surface by using energy dispersive x-ray spectroscopy (EDX-analysis) to
detect the superficial fluoride precipitation on the surface of intact human dental enamel.

Methodology: In this study, we used energy-dispersive X-ray spectroscopy (EDX) to detect
the precipitation of fluoride on the surface of flat polished enamel surface after NSF application.

Results: Our data has shown that treatment with NSF for 2 minutes led to significant
precipitation of fluoride on enamel surface as compared to untreated samples. The precipitated

fluoride was detected 7 days after the varnish application.

Conclusion: Nanosilver fluoride varnish application on the surface of sound unaffected enamel
can be an effective caries preventive measure. Fluoride precipitation on the surface of enamel and
its further incorporation in the crystal lattice will lead to the formation of less soluble fluorapatite
crystals that are more resistant to the cariogenic bacterial demineralizing acids.

INTRODUCTION pathogenesis of dental caries is dynamic and involves

Dental caries remains the most prevalent oral periods of demineralization and remineralization

disease worldwide. It is a global public health which may be reversible if detected at. an early

problem that affects people in both developed —Stage.  The management of dental caries includes

and developing countrieS. Ferrnentation Of COHSGI‘V&tiVC and preVentiVe l’nethOdS that l‘equil‘e

carbohydrates by the cariogenic bacteria located in
the dental plaque results in organic acids that leads
to demineralization of enamel and dentin.  The

early diagnosis to preserve the tooth structure by
either arresting caries at an early stage or preventing

the initial demineralization process. ¢
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To date, topical fluorides are considered the
most effective method for the prevention of caries
occurrence and the arrest of early carious lesions.
@67 Sodium fluoride varnishes are widely used
due to the ease and rapid application as well as
fast setting on the tooth surface minimizing the
common drawbacks of topical fluoride application
including swallowing or gagging that may lead to
toxicity or dental fluorosis when especially in young
children. ® When the hydroxyl ions in the enamel
crystal lattice structure get partially replaced by
fluoride ions, the resulting fluoroapatite or calcium
fluoride crystals are more resistant to lowering of
the pH caused by the acidic bacteria. This crystal
lattice stability yields the enamel surface less prone
to dissolution by the microbial demineralizing acids
and thus has a protective effect against caries. ©

Silver has been utilized in dental field for
decreasing caries incidence in both primary and
permanent dentitions due to broad spectrum
antimicrobial activity, lower toxicity and lack of
bacterial resistance. ' Currently, nanosilver fluoride
(NSF) is considered an alternate to silver diamine
fluoride (SDF) regarding caries prevention!'?, but
without he common SDF disadvantages including
staining of the teeth porous tissues and restorations.

The superior properties of nanosilver fluoride
may be attributed to the nanoparticle size of silver.
(3 Silver nanoparticles are added to orthodontic
brackets and adhesive materials in an attempt to
prevent caries that commonly affects teeth during
orthodontic treatment. It can also be used as a
base for various restorative materials to prevent
the occurrence of secondary caries. ¥ Many
studies have previously discussed the role of silver
nanomaterials in caries prevention. ¥ However, for
the time being no studies have been done to evaluate
the preventive effect of NSF on intact enamel of
permanent anterior teeth. Therefore, the aim of this
in vitro study is to assess the effect of nanosilver on
prevention of dental caries fluoride by detecting the
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superficial fluoride precipitation on the surface of
intact human dental enamel using EDX following a
single two-minute NSF treatment.

MATERIALS AND METHODS

Materials

Artificial saliva was prepared in the Faculty of
pharmacy, Misr International University and as
previously described by Abo El Soud et al. ¥ Briefly,
the artificial saliva was prepared from 1.5 mmol/L
CaCl,, 50 mmol/L KCI, 0.9 mmol/L. KH, PO, and
adjusted to a pH of 7.3. Nanosilver fluoride varnish
was prepared by NanoGate company, Cairo, Egypt.
The size of nanosilver particles of this preparation
was approximately 10 nm. The concentration of
fluoride and silver nitrate was 10147 ppm and 400
ppm respectively.

Samples

We used twenty de-identified permanent incisors
that were extracted for reasons other than dental
decay, such as severe mobility due to irreversible
periodontitis. Our inclusion criteria encompassed
any permanent incisor that has never been restored
and showed intact enamel surface that is free of
caries, white spots, cracks, any visible anomalies
The selected teeth
were initially polished to be free of debris and

or signs of demineralization.

minimize inter-individual differences among teeth
as recommended by Scolz et al. 1 We randomly
divided our specimens into two groups (n=10).

Group 1: (Negative Control Group)

This group included ten incisors that were left
untreated (negative control). Teeth were stored in a
tightly capped container filled with artificial saliva
for seven days at 37°C. After the seven days, teeth
were removed from the artificial saliva, washed
with deionized water for approximately 30 seconds,
then lightly dried with cotton swabs for another
30 seconds. Before EM visualization, specimens
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were thoroughly inspected for any signs of
demineralization to make sure that enamel surface

of all teeth were visibly intact.

Group 2: (NSF varnish application)

This group included ten incisors that were treated
with nanosilver fluoride varnish using cotton swabs
for two minutes on the labial surface. Samples were
then washed with deionized water for approximately
30 seconds, then lightly dried with cotton swabs for
another 30 seconds. Specimens were then incubated
in a tightly capped container filled with artificial
saliva for seven days at 37°.

Methods of assessment

Scanning electron microscopy

All samples were removed from the artificial
saliva after seven days, and left for two hours to
dry at room temperature before the analysis. The
specimens were examined using scanning electron
microscope Zeiss Sigma 300 VP at the Egyptian
Petroleum Research Institute (EPRI), Cairo, Egypt
to observe the enamel surface ultra-morphology.

Energy dispersive x-ray spectroscopy:
(EDX-analysis)

We used energy dispersive x-ray spectroscopy
to measure the mineral content of the specimens
(Calcium, phosphorous and fluoride) as atomic
percentage (atomic %).

Statistical analysis

Numerical data were explored for normality by
checking the distribution of data and using tests of
normality (Kolmogorov-Smirnov and Shapiro-Wilk
tests). Data showed normal (parametric) distribution.
Data were presented as mean and standard deviation
(SD) values. Student’s t-test was used to compare
between the two groups. The significance level was
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set at P < 0.05. Statistical analysis was performed
with IBM SPSS Statistics for Windows, Version
23.0. Armonk, NY: IBM Corp.

RESULTS

Scanning electron microscopy (SEM):

SEM evaluation of group 1 (Negative control
group) revealed enamel rods with inter rod materials
on a smooth surface free of cracks and debris (Fig.
1A). Examination of group 2 specimens treated with
NSF varnish revealed precipitation of NSF particles
on the surface of enamel (Fig. 1B) suggesting a
potential protective effect of fluoride on the enamel
surface.

Energy dispersive x-ray spectroscopy (EDX):

Fluoride

As shown in table 1 and (Fig. 2): NSF varnish
group showed statistically significantly higher mean
Fluoride weight % than negative control group
(P-value <0.001, Effect size = 2.165).

Calcium

As shown in table 1 and (Fig. 2): NSF varnish
group showed statistically significantly higher mean
Calcium weight % than negative control group
(P-value <0.001, Effect size = 1.794).

Phosphorus

As shown in table 1 and (Fig. 2): NSF varnish
group showed statistically significantly lower mean
Phosphorus weight % than negative control group
(P-value <0.001, Effect size = 2.205).

Calcium: Phosphorus ratio

As shown in table 1 and (Fig.3): NSF varnish
group showed statistically significantly higher mean
Calcium: Phosphorus ratio than negative control
group (P-value <0.001, Effect size = 2.726).
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TABLE (1): Descriptive statistics and results of Student’s t-test for comparison between minerals weight
% in the two groups

NSF varnish Negative control
Mineral (n=10) (n=10) P-value Effect size (d)
Mean SD Mean SD
NSF varnish 8.03 201 4.6 1 <0.001* 2.165
Calcium 55.59 3.38 50.8 1.68 0.001* 1.794
Phosphorus 35.66 295 433 391 <0.001* 2.205
Calcium:Phosphorus ratio 1.57 0.14 1.18 0.14 <0.001%* 2.726

*: Significant at P < 0.05
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Fig. (1) SEM photographs. (A) Group 1 (negative control) showing arranged enamel rods and inter rod material (arrow heads). (B)
Group 2 (NSF treatment) showing fluoride precipitation of NSF particles on the surface of enamel. (Magnification 2500X
and 10000X respectively).
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Fig. (2) Bar chart representing mean and standard deviation  Fig. (3). Bar chart representing mean and standard deviation
values for minerals weight % in the two groups values for Calcium:Phosphorus ratios in the two groups
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DISCUSSION

The current study aims at exploring the
precipitation of nanosilver fluoride (NSF) on the
surface of enamel after NSF varnish application for
two minutes. In this in vitro study, we used energy-
dispersive X-ray spectroscopy (EDX) to detect
fluoride precipitation on the surface of enamel after
applying a thin layer of NSF varnish (10147 ppm)
for two minutes. We measured the weight percent
(Wt%) of Calcium, phosphorous and fluoride
before and after the varnish application, followed
by one week of incubation in artificial saliva. All
fluoridated specimens showed approximately two-
fold increase in the Wt% of fluoride following the
varnish application for two minutes, followed by
the seven-days incubation in artificial saliva. There
was almost no change in the Wt% of calcium and
phosphorous. Scanning electron microscopy images
of the treated specimens revealed precipitation
of the fluoride particles on the enamel surface as
compared to the non-treated control samples that
were only incubated in artificial saliva.

For decades, fluoride has been considered a
major contributor and a cornerstone of the decline of
dental caries incidence across populations. Amongst
various oral conditions, dental caries stands out as
the most prevalent condition with a 35% prevalence
(for all age groups combined) according to the Global
Burden of Disease (GBD) 2010 study ©. According
to the CDC, in 2014 the prevalence of caries among
adults (20-64 years) in the US was 92%. ” This
percentage has declined by 2% from 2004 to 2019.
On the other hand, the prevalence of dental caries
among children (6-8 years) in 2019 was 52% with
no decline detected since 2004. ® Topical fluorides
in the form of gel, varnish, toothpaste and mouth
wash have a significant effect in reducing dental
caries occurrence among children. ?2% The overall
prevalence of dental caries in developing countries
is comparatively high and varies according to the
socio-economic status. “" Low socio-economic
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status seems to be a predisposing factor to caries
incidence. ?» Even in the US and other developed
countries, dental caries continues to be a major
chronic disease of childhood. ¥

A previous cross-sectional study conducted
among a group of Egyptian children and published
in 2021, has shown that some children suffered
from distinct visual changes in enamel only without
breakdown according to the Caries Assessment
Spectrum and Treatment index system (CAST).
These carious lesions could have been prevented or
reversibly and non-invasively managed by fluoride
which has a preventive and remineralizing effect
on hard tooth structure ®¥. With the emergence of
nanotechnology as a promising armamentarium of
the 21% century, its applications in the dental field
have been extensively growing. The use of silver
nanoparticles in dentistry has gained much attention
for its anti-bacterial mechanism and its potential
to counteract the drawbacks of silver diamine
fluorides (SDF) such as tooth discoloration and
gingival inflammation. !**%> The effect of topical
fluorides on enamel includes enhancing enamel
remineralization and preventing demineralization.
Previous studies have shown that the presence
of fluorides in a solution surrounding the enamel
crystals yields them more resistant to acidic
challenges. ®® Our data have shown that fluoride has
precipitated on the surface of sound enamel, which
will increase the enamel surface resistance to acidic
environment that promotes dental caries, in addition
the silver nanoparticles have a direct antibacterial
effect that makes this formula more protective to the
hard tooth structure.

This result agrees with previously published
data by Wu and et al. which showed that treating
enamel surfaces with artificial carious lesions
by silver nanomaterials reduces the lesion depth
as compared to those treated by water following
stated that
the microhardness of enamel surface with artificial

biofilm challenge. ?” Scarpelli et al.
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caries can be increased by treatment of silver
nanoparticles @, and Nozari et al. mentioned that
treatment of enamel caries by nanosilver fluoride
showed higher microhardness than those treated by
sodium fluoride ®¥, which supports the significance
of using nanosilver fluoride as a preventive measure
for dental caries. On the other hand, Vieira Costa
e Silva et al. and Teixeira et al. proved that the
microhardness value of sound enamel surface
treated by nanosilver fluoride is similar to that
treated with sodium fluoride. ®*3% Furthermore,
two separate clinical trials by Tirupathi et al. and
Dos Santos et al. concluded that nanosilver fluoride
has no effect on arresting the dentin caries in
children. ®'*? Accordingly, further clinical studies
are needed to accurately assess the nanosilver
fluoride as a preventive measure.

CONCLUSION

Topical application of NSF varnish can be a

successful and cost-effective caries-preventive

measure for children. NSF overcomes the known
disadvantages of SDF such as tooth discoloration.
Further clinical studies will be necessary to examine
the caries reduction rate following NSF application.
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