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ABSTRACT

Objective: To investigate the effect of fluoridated solution based on silver nanoparticles (AgNano) associated
or not with toothpaste containing high fluoride concentration (TP) on dental erosion. Material and
Methods: Ninety-six enamel blocks from bovine incisors were prepared and analyzed for microhardness and
initial roughness. Then, divided into 8 experimental groups (n = 12): G1 - brushing with water (H.O); G2 -
brushing with TP; G8 - AgNano + TP; G4 - AgNano + H.O; G5 - SDF + TP; G6 - SDF + H.O; G7-FV +
TP; G8 - FV + H,0. SDF, AgNano, and FV were applied and, after 24 hours, all samples were submitted to
erosive challenge with 0.8% citric acid (pH 2.6) and brushing with TP or H,O for 5 days. After treatments
and erosion challenge, microhardness and roughness were again evaluated. The data were statistically
analyzed by ANOVA followed by Tukey's test (microhardness) and Kruskal-Wallis test (roughness), a=0.05.
Results: There was no difference between treatments (AgNano, SDF, and FV), (p>0.05); however, brushing
with toothpaste with high fluoride concentration significantly decreases loss of enamel microhardness.
Conclusion: AgNano associated or not with toothpaste containing high fluoride concentration was not able
to reduce dental erosion in the enamel, as well as SDF and FV.
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B Introduction

People's lifestyle has changed over the years, and, in recent decades, there has been a large increase in
the consumption of acidic beverages by populations [17. Thus, in addition to caries, another problem has
attracted the attention of oral health professionals: tooth erosion. Dental erosion is the physical result of the
pathological, chronic, and localized loss of dental hard tissues, which is chemically removed from the surface of
teeth by acids or chelation, without bacterial involvement [27]. Acids that cause erosion can be of intrinsic or
extrinsic in origin. Acids of intrinsic origin are those from recurrent vomiting and gastric disorders, such as
reflux [37. Acids of extrinsic origin are mainly represented by acidic foods and drinks [47].

Due to its usually quick and asymptomatic progression, erosion is usually diagnosed in advanced stages,
when the dentin substrate is already exposed. Although there is currently no efficient treatment option, palliative
care using products containing high fluoride content is performed [5], with fluorine concentrations varying
between 1100 and 1450 ppm [67]. Toothpastes with higher fluoride concentration (5000 ppm) may have a more
effective action (77, but Rios et al. [67] did not observe improvement in dental erosion with dentifrices containing
5000 ppm of sodium fluoride.

The use of fluoride varnish has been investigated as an option to avoid erosion [87]. A study showed
that the application of fluoride varnish can prevent loss of dental structure when the substrate is submitted to at
least 70 minutes of erosive challenge [97]. However, when erosion is combined with brushing, the varnish is
partially removed and the protective effect is reduced by at least 50%, indicating that the product must be
periodically applied or applied in multiple layers, in order to keep dental surfaces protected from erosive
challenges [107.

Silver diamine fluoride (SDF) has been suggested by many researchers as a non-invasive procedure to
stop dental caries in children. SDF has been shown to be effective in protecting teeth against new carious lesions
[117] and has been used as a preventive measure in pediatric populations at high risk of developing caries, due to
the bactericidal effect of SDF, as well as its ability to remineralize affected and softened tooth structures through
the deposition and incorporation of fluoride ions [127].

Recently, Ainoosah et al. [137] evaluated the effect of SDF on tooth erosion, both enamel and dentin.
However, the authors found that SDF was effective in eroding dentin, but not enamel. They reported that the
process of preventing erosion in dentin and enamel was probably mainly driven by fluoride, but further studies
testing erosion and the use of SDF in controlling tooth erosion are necessary.

Solutions based on silver nanoparticles have been studied, mainly due to the staining of the tooth
structure caused by SDF [14,157). The study by Scarpelli et al. [167] demonstrated that a solution based on silver
nanoparticles was able to remineralize dental enamel after pH cycling to obtain initial caries lesion in 14%.

Thus, based on the above, the objective of this study was to evaluate the effect of fluoride solution based
on silver nanoparticles associated or not with dentifrice with high fluoride concentration on the ability to

minimize tooth erosion.

B Material and Methods
Study Design

In this study, an experimental solution based on Silver Nanoparticles (AgNano) was tested in terms of
effectiveness compared to silver diamine fluoride (SDF) (Cariestop, Biodinamica Quimica e Farmacéutica,
Ibipori, PR, Brazil) and to fluoride varnish (FV) (Duraphat, Colgate-Palmolive Ind. e Com. Ltda., Sdo Bernardo
do Campo, SP, Brazil). Treatments with AgNano, SDF, and FV were associated or not with dentifrice with high
fluoride concentration (5000 ppm —F, ClinproTM 5000, 3M do Brasil Ltda., Sumaré, SP, Brazil).

’



(<%
Pesqui. Bras. Odontopediatria Clin. Integr. 2025; 25:¢230167
q p g

Table 1. Materials and their compositions.
Treatments / Treatment Agents Composition

AgNano: solution based on 0.04% silver Vial 1: Colloidal solution of silver nanoparticles, ethylene glycol,
nanoparticles and 2% sodium fluoride polyvinylpyrrolidone, and water. Vial 2: sodium fluoride and water.
(Biodinam, Ibipord, PR, Brazil).
SDF 30: 30% silver diamine fluoride Hydrofluoric acid, silver nitrate, ammonium hydroxide, and deionized water.
(Cariestop, Biodinama, PR, Brazil).
FV: Sodium fluoride varnish (5% NaF) Sodium fluoride, colophony, ethyl alcohol, shellac, mastic, saccharin, aroma,
with high fluorine concentration (22,600 and white beeswax.
ppm —F) (Duraphat® — Colgate®).
High fluoride toothpaste: 1.1% Sodium Water, uncrystallized sorbitol solution, precipitated synthetic amorphous
Fluoride toothpaste (5000 ppm-F, silica (crystalline-free), amorphous silica, glycerin, polyethylene glycol,

Clinpro™ 5000, 3SM ESPE). polyethylene-polypropylene glycol, sodium carboxymethylcellulose, sodium
fluoride, sodium lauryl sulfate, sodium saccharin, titanium dioxide,
flavorings, modified tricalcium phosphate.

Sample Preparation

For this study, 120 bovine incisors were selected, which had their crowns separated from the root with
the aid of a double-sided diamond disc (KG Sorensen Industria e Comércio, Barueri, SP, Brazil). Two-hundred
and forty enamel/dentin blocks (4 X 4 X 2 mm) were obtained from crowns and roots (2 blocks from each tooth)
using an automatic cutter (Isomet, Buehler, Lake Bluff, IL, USA). Blocks were embedded in a PVC pipe ring (/4
- 1.5 cm) (Tigre Materiais e Solugdes Para Construgdo Ltda., Castro, PR, Brazil) with chemically activated acrylic
resin (Varidur, Buehler, Lake Bluff, IL, USA) and were flattened with abrasive Al203 discs under refrigeration,
in the following granulation and time sequence: 400 (10 seconds), 600 (30 seconds), 1200 (60 seconds) in electric
polisher (APL4, Arotec S/A Ind. e Com., Cotia, SP, Brazil). Blocks were polished with felt disk (Arotec S/A Ind.
e Com., Cotia, SP, Brazil) and diamond paste in granulations of 1 and 0.25 um (Arotec, Cotia, SP, Brazil), for 3
minutes each. Between each polishing paper, samples were submitted to ultrasonic bath (Ultrasonic Cleaner,
Odontobrés Equipamentos Médicos e Odontolégicos, Ribeirdo Preto, SP, Brazil) in distilled water for 10 minutes

to remove residues.

Sample Selection and Initial Microhardness

Samples were examined under stereoscopic loupe (Bel Photonics, Bel Microimage Analyser, Monza,
Italy) to verify the presence of cracks and/or other defects. Samples showing defects and/or cracks were excluded
from the study.

Sample selection was performed by reading the surface microhardness of enamel and dentin. The test
was performed using a Shimadzu microhardness tester (HMV-G 215, Shimadzu Corporation, Kyoto, Japan)
coupled to a microcomputer, with specific software (HMV-G) using Knoop-type pyramidal diamond indenter
(KHN) (HMV-G - Shimadzu Corporation, Kyoto, Japan), with a static charge of 50 grams, applied for 5 seconds.
Three indentations were performed in each sample, 100 um apart from the center, and the average indentation
values of each sample represented the sample value at baseline. The calculation of the overall average was
performed and samples with microhardness values 10% above or 10% below the overall average were excluded,
which resulted in 96 enamel samples. Then, each substrate was divided into 8 experimental groups (n=12), as
shown in Table 2.

All groups went through the erosive challenge process. As observed in Table 2, treatments were applied

and brushing was performed with dentifrice or water in enamel blocks.
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Table 2. Division of experimental groups according to treatments.

Group Treatments Dentifrice
G1 - No
G2 - Yes
G3 AgNano Yes
G4 AgNano No
G5 SDF Yes
Gé6 SDF No
G7 FV Yes
Gs FV No

AgNano: Fluoride solution based on silver nanoparticles; SDF: Silver Diamine Fluoride
(Cariestop®); FV: Fluoride Varnish; D: Dentifrice with 5000 ppm —F (Clinpro 5000).

Initial Roughness Evaluation

Before treatment, the surface roughness of the samples was evaluated. This evaluation was carried out
in three different directions (vertical, horizontal, and cross-sectional) using a rugosimeter (SJ-410, Mitutoyo
Corporation, Kanagawa, Japan). The surface of each sample was analyzed at an extension of 0.25 mm, with speed
of 0.01 mm/sec, three times. The mean surface roughness (Ra) in pm represented the arithmetic mean of the size
of peaks and valleys found during the reading of the surface scanning of each sample. Subsequently, the mean of

the three measurements representing the initial roughness (baseline) was calculated.

Treatment Application

Both SDF and AgNano were applied prior to the erosive challenge using a disposable applicator (KG
Brush - KG Sorensen Industria e Comércio, Barueri, SP, Brazil), for 1 minute on the enamel or dentin surface.
Then, samples were washed with deionized water and stored in artificial saliva at 37°C for 24 hours prior to the
erosive challenge [187. Fluoride varnish (Duraphat, Colgate-Palmolive Ind. e Com. Ltda., Sdo Bernardo do
Campo, SP, Brazil) was also applied prior to the erosive challenge. A thin layer was applied, following the
manufacturer's recommendations, using a disposable applicator (KG Brush - KG Sorensen Industria e Comércio,

Barueri, SP, Brazil). Specimens were rinsed with deionized water and kept in artificial saliva for 24 hours at 37°C.

Erosive Challenge

The erosion challenge sequence followed the model proposed by Ainoosah et al. (137, described in Table
3. Each day, samples were immersed for 5 minutes in 0.8% citric acid solution, with an approximate pH of 2.6,
followed by immersion in artificial saliva (pH 7.9) for 60 minutes. The artificial saliva formulation consists of
0.213 g/L of CaCly*2H,0; 0.738 g/L of HH,POs; 1.114 g/L KCl; 0.881 g/L NaCl; 12 g/L of Tris buffer, pH
adjusted to 7 with concentrated HCL. This procedure was repeated 5 times a day for 5 days.

For brushing, an electric brush was used (Oral B Professional Care 5000 Oral B Schwalbacham Taunus,
Germany) equipped with a pressure alert that signals when the pressure reaches a value of 2N 17,187, using
toothpaste or water according to treatments described in Table 2, performing light abrasion. After brushing,

samples were washed in running water for 30 seconds and then proceeded to the next step.

Table 3. Daily cycling sequence for the erosive challenge.

Daily Cycling* Sequence Procedures
1 Erosion challenge 5 minutes (0.8% citric acid)
Remineralization 60 minutes (artificial saliva)
Brushing 15 seconds
Remineralization 60 minutes (artificial saliva)
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2 Erosion challenge 5 minutes (0.8% citric acid)
Remineralization 60 minutes (artificial saliva)
3 Erosion challenge 5 minutes (0.8% citric acid)
Remineralization 60 minutes (artificial saliva)
4 Erosion challenge 5 minutes (0.8% citric acid)
Remineralization 60 minutes (artificial saliva)
5 Erosion challenge 5 minutes (0.8% citric acid)
Remineralization 60 minutes (artificial saliva)
Brushing 15 seconds
Remineralization 60 minutes (artificial saliva)

During the period between cycles, samples remained in an oven at 37°C; *Adapted from Ainoosah et al. [137.

Final Microhardness

After the treatments/erosion challenge, samples were analyzed again using the Knoop microhardness
test, in the same way as previously evaluated, with 3 indentations 100 pm apart. Initial microhardness (IM) and
final microhardness (FM) values were used to calculate the percentage change in surface microhardness (%M),

using the formula: %M = 100 - [(100 x FM)/IM].

Final Roughness
After the treatments/erosion challenge, samples were again submitted to surface roughness reading, as
previously described, and the final roughness values were compared with initial roughness values and the surface

alteration (SA) calculated by the formula: SA = Initial roughness — Final roughness.

Statistical Analysis

Microhardness and roughness data were evaluated for normality using the Shapiro-Wilk test.
Microhardness data showed normal distribution; thus, they were submitted to two-way Analysis of Variance
(ANOVA) (a=5%), considering factors brushing (dentifrice and water) and treatment (AgNano, SDF, FV and
without treatment), time (initial and final) and the interaction between factors (brushing x treatment x time). In
addition, percentage microhardness change (%M) was evaluated considering factors treatment, brushing, and
treatment X brushing. Roughness alteration values did not present normal distribution, being thus submitted to

the Kruskal-Wallis test (a=5%).

B Results

%M data were used to calculate the power test. The power test found was 0.97 (97%), considering 8
experimental groups, 12 samples per group, the greatest difference between groups of KHN = 22.65, and a
standard deviation of 10.60.

For microhardness, ANOVA identified statistically significant differences between groups in terms of
brushing (p<0.001), time (p<0.001), and interaction between them (p<0.001). For the other factors, no
statistically significant differences were observed, treatment (p=0.711), brushing x treatment (p= 0.600),
treatment X time (p=0.587), and treatment X time x brushing (p=0.158).

When %M was analyzed, a statistically significant difference was observed for the dentifrice factor
(p<0.001); however, for the treatment factor or interaction between factors (treatment x dentifrice), no
statistically significant difference was observed, p=0.0756 and p=0.170, respectively.

Figure 1 shows the effect on %M when toothpaste with high fluoride concentration was used, promoting

the statistically smaller loss of microhardness when compared with water, regardless of treatment. For

omo :

[




(<%
Pesqui. Bras. Odontopediatria Clin. Integr. 2025; 25:¢230167
q p g

roughness, The Kruskal-Wallis test showed no statistically significant difference, both for treatment (p=0.274)

NT
Figure 1. %M bar graph according to treatments performed (AgNano — solution based on silver
nanoparticles, SDF — silver diamine fluoride, FV — fluoride varnish, NT — no treatment).

and for brushing (p=1.00).
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Figure 2 shows loss of tooth structure in all groups and no statistically significant difference was

observed between them.
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NT: No treatment; AgNano: Fluoride solution based on silver nanoparticles; SDF: Silver
Diamine Fluoride (Cariestop); FV: Fluoride varnish (Duraphat®).

Figure 2. Box-plot graph of enamel roughness change values in um according to treatments.

H Discussion

This study evaluated the effect of fluoride solution based on silver nanoparticles (AgNano) associated
or not with dentifrice with high fluoride concentration on reducing dental erosion in enamel. Groups that
received the experimental solution based on silver nanoparticles were compared to groups that received SDF
and fluoride varnish.

Ten Cate and Imfeld [27] stated that there are two ways to prevent dental erosion: weakening the erosive
potential of acid challenges or increasing the resistance of the tooth surface. An option to reduce the erosive
potential of acids would be the consumption of acidic drinks with the aid of a straw, for example [27, or making
use of toothpastes with high fluorine content to increase the resistance of the dental substrate [5,7,197. The
present study showed that the loss of structure in enamel was quite significant after acid challenge, even in

groups where protective solutions were applied, supposedly due to the combination of erosion/abrasion,

SMo ’
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resulting in greater wear than the erosion-only condition. According to Rios et al. [67, the erosive attack softens
the tooth enamel, leading to increase in susceptibility to abrasive wear. It is also speculated that the short time
of fluorine application on the surfaces of bovine blocks did not allow the deposit of a calcium-fluorine layer
capable of preventing the erosive/abrasive attack [67.

Rios et al. [67] carried out an in situ study using bovine enamel, where they evaluated the effect of
fluoridated dentifrices on dental erosion (1,100 ppm —F and 5000 ppm —F) and found no significant differences
between dentifrices in terms of enamel wear; in contrast, Ren et al. [77] found positive results with the use of
dentifrice with high fluoride content (5000 ppm —F) on tooth erosion. Ren et al. [7] found, in an iz situ study
using human teeth, that the periodic application of dentifrice containing 5000 ppm —F can be beneficial in
individuals at risk of acid erosion associated with the consumption of soft drinks. This was also observed in this
work, where dental enamel groups that used fluoridated dentifrice with 5000 ppm —F (ClinproTM 5000, 3M
ESPE) showed positive results in microhardness in relation to groups that used water for brushing, showing
that the high fluoride concentration, in this case, was able to reduce loss of tooth structure.

The use of fluoride has shown promising results in increasing resistance and decreasing the
development rate of tooth erosion in enamel, when used at high doses [197. In the present study, all groups had
loss of tooth structure regardless of previous treatments. Imfeld [207] stated that fluoride varnish forms a film
on the tooth surface, which could justify a possible mechanical protection superficially created; however, this
layer can be easily removed by abrasion caused by brushing, requiring the development of a prevention product,
combining ideal chemical and mechanical properties [107].

Silver diamine fluoride (SDF) is a solution commonly used to stop dental caries. Crystal and Niederman
[217] highlight some advantages of using SDF, such as: retention of caries for deciduous teeth and root caries
and its ease of use, low cost, and relative safety in interrupting the carious process without the need to remove
the carious tissue. However, a very negative point is the fact that SDF leaves the carious lesion with a darkened
color [14,15,217. Solution containing silver nanoparticles, such as AgNano used in this study, does not
compromise aesthetics, as it does not cause darkening of the region where it is applied, as it does not form oxides
when in contact with oxygen in the environment [14,22,237 stopping the metabolism of bacteria [247], in
addition to promoting an effect similar to SDF in enamel remineralization with an antimicrobial effect without
cytotoxicity [25] and does not leave a metallic taste in the mouth [267].

In this study, due to its remineralizing potential, SDF was used as an agent for possible reduction of
dental erosion. According to Ainoosah et al. (187, SDF was able to reduce tooth erosion after simulation of an
erosion/abrasion model in dentin but was not effective in enamel. These results differ from those found in this
study, where SDF was not effective in preventing tooth erosion in bovine enamel. However, although the erosive
challenge was quite similar in both studies, the SDF concentration and the way of evaluating the loss of structure
were different, which could explain the contradiction found in the results.

Fung et al. [27] compared two different SDF concentrations, 12% and 38%, and found that 38% SDF
was more effective than 12% in stopping active caries in deciduous teeth. Mei et al. [287 also performed a study
comparing different SDF concentrations with solutions containing silver and fluorine and concluded that SDF
at three different concentrations (12%, 30%, and 38%) was able to inhibit the activity of cysteine cathepsins, an
enzyme that contributes to the degradation of collagen in the caries progression. Ainoosah et al. [187] used SDF
at 38% and reported that SDF was effective in preventing erosion in dentin agreeing with Gadallah et al. [297]
who stated that SDF is effective in preventing tooth decay in primary teeth, as well as FV. In our study, SDF at

30% was used. The divergence in results can be attributed to the difference in SDF concentration and to the

’



(<%
Pesqui. Bras. Odontopediatria Clin. Integr. 2025; 25:¢230167
q p g

different substrates tested; however, there is a lack of studies comparing the effectiveness of different SDF
concentrations on dental erosion.

Solutions based on silver nanoparticles have been gaining popularity due to their antibacterial,
antifungal, and antiviral potential [307. In this study, an experimental solution containing silver nanoparticles
(AgNano) was tested as a possible solution to reduce dental erosion, and it was compared with silver diamine
fluoride and fluoride varnish. The results show that AgNano was not effective against dental erosion in bovine
enamel. Abo El Soud et al. [317] performed a comparative study on the effects of SDF and nanoparticulate silver
fluoride on demineralized enamel. The authors concluded that nanoparticulate silver fluoride is more effective
than SDF in remineralizing the surface of demineralized enamel. Remineralizing solutions were applied after the
demineralization of specimens in the study by Abo El Soud et al. [317, unlike our study, where remineralizing
agents were applied before the erosive challenge, which may explain the divergence of results, as well as
differences in the composition of these solutions.

Chitosan is a cationic polysaccharide that forms acid-resistant multilayers [827]. Some authors
incorporated chitosan into the silver nanoparticulate solution and obtained positive results in inhibiting dental
caries [14,157, due to its antibacterial and remineralizing properties [227. Targino et al. [15] used chitosan
incorporated into the silver nanoparticle solution to improve the molecular weight and stabilize the compound,
increasing the solution's adhesiveness. However, Beltrame et al. [57, who extensively studied the anti-erosion
effect of chitosan, concluded that when compared to other fluoridated solutions, the solution presented
limitations in reducing loss of dentin surface after erosive challenge.

Some limitations of this study must be reported. Bovine teeth showed greater susceptibility to
erosion/abrasion compared to human teeth [67]. Furthermore, the oral environment, simulating dental

remineralization, could not be fully reproduced. Further studies are needed, as the evidence is still limited.

B Conclusion
AgNano associated or not with dentifrice with high fluoride concentration was not able to reduce tooth
erosion, as well as SDF and FV. Dentifrice with high fluoride concentration significantly minimized the effects

of enamel microhardness loss.

B Authors’ Contributions

GTZ {2 https://orcid.org/0000-0002-7802-7014  Conceptualization, Methodology, Validation, Investigation and Writing - Original Draft.

EPR {2 https://orcid.org/0000-0002-3263-0299  Conceptualization, Methodology and Resources.

AM (@ https://orcid.org/0000-0002-0695-402X  Methodology, Investigation and Writing - Review and Editing.

RBSO (& https://orcid.org/0009-0007-4665-843X  Methodology, Resources and Writing - Review and Editing.

MBL {® https://orcid.org/0000-0001-6198-7695  Writing - Original Draft, Writing - Review and Editing and Visualization.

RDG {® https://orcid.org/0000-0002-1625-3120  Writing - Original Draft, Writing - Review and Editing and Visualization.

SBB {2 https://orcid.org/0000-0002-7915-3207  Writing - Original Draft, Writing - Review and Editing, Visualization, Supervision and Project

Administration.

All authors declare that they contributed to critical review of intellectual content and approval of the final version to be published.

B Financial Support

This study was financed in part by the Coordination for the Improvement of Higher Education Personnel - Brazil (CAPES) - Finance code
001.

B Conflict of Interest

The authors declare no contlicts of interest.

i



(<%
Pesqui. Bras. Odontopediatria Clin. Integr. 2025; 25:¢230167
q p g

B Data Availability

The data used to support the findings of this study can be made available upon request to the corresponding author.

B References

[17 Bowman SA. Beverage choices of young females: Changes and impact on nutrient intakes. J Am Diet Assoc 2002;
102(9):1234-1239. https://doi.org/10.1016/S0002-8223(02)90273-7

[27] ten Cate JM, Imfeld T. Dental erosion, summary. Eur J Oral Sci 1996; 104(2(Pt 2)):241-244.
https://doi.org/10.1111/§.1600-0722.1996.th00073.x

[87] Scheutzel P. Etiology of dental erosion—-Intrinsic factors. Eur J Oral Sci 1996; 104(2(Pt 2)):178-190.
https://doi.org/10.1111/§.1600-0722.1996.th00066.x

[47] Zero DT. Etiology of dental erosion—Extrinsic factors. Eur J Oral Sci 1996; 104(2(Pt 2)):162-177.
https://doi.org/10.1111/§.1600-0722.1996.th00065.x

[5] Beltrame A, Suchyta D, Abd Alraheam I, Mohammed A, Schoenfisch M, Walter R, et al. Effect of phosphorylated
chitosan on dentin erosion: An in vitro study. Caries Res 2018; 52(5):378-386. https://doi.org/10.1159/000486521

[67] Rios D, Magalhaes AC, Polo RO, Wiegand A, Attin T, Buzalaf MA. The efficacy of a highly concentrated fluoride
dentifrice on bovine enamel subjected to erosion and abrasion. J Am Dent Assoc 2008; 139(12):1652-1656.
https://doi.org/10.14219/jada.archive.2008.0107

[77 Ren YF, Liu X, Fadel N, Malmstrom H, Barnes V, Xu T. Preventive effects of dentifrice containing 5000ppm fluoride
against dental erosion in situ. J Dent 2011; 89(10):672-678. https://doi.org/10.1016/j.jdent.2011.07.009

[87] Sorvari R, Meurman JH, Alakuijala P, Frank RM. Effect of fluoride varnish and solution on enamel erosion in vitro.
Caries Res 19945 28(4):227-232. https://doi.org/10.1159/000261970

[97 Vieira A, Ruben JL, Huysmans MC. Effect of titanium tetrafluoride, amine fluoride and fluoride varnish on enamel
erosion in vitro. Caries Res 2005; 89(5):371-879. https://doi.org/10.1159/000086843

[107 Vieira A, Jager DH, Ruben JL, Huysmans MC. Inhibition of erosive wear by fluoride varnish. Caries Res 2007; 41(1):61-
67. https://doi.org/10.1159/000096107

[117] Chu CH, Lo EC. Promoting caries arrest in children with silver diamine fluoride: a review. Oral Health Prev Dent
2008; 6(4):315-321.

[127 Crystal YO, Niederman R. Silver diamine fluoride treatment considerations in children's caries management. Pediatr
Dent 2016; 38(7):466-471.

[1387 Ainoosah SE, Levon J, Eckert GJ, Hara AT, Lippert F. Effect of silver diamine fluoride on the prevention of erosive
tooth wear in vitro. J Dent 2020; 103S:100015. https://doi.org/10.1016/].jjodo.2020.100015

[147] Santos VE, Jr., Vasconcelos Filho A, Targino AG, Flores MA, Galembeck A, Caldas AF, Jr., et al. A new "silver-bullet"
to treat caries in children—nano silver fluoride: A randomised clinical trial. J Dent 2014; 42(8):945-951.
https://doi.org/10.1016/],jdent.2014.05.017

[157] Targino AG, Flores MA, dos Santos Junior VE, de Godoy Bene Bezerra F, de Luna Freire H, Galembeck A, et al. An
innovative approach to treating dental decay in children. A new anti-caries agent. J Mater Sci Mater Med 2014;
25(8):2041-2047. https://doi.org/10.1007/510856-014-5221-5

[167 Scarpelli BB, Punhagui MF, Hoeppner MG, Almeida RSC, Juliani FA, Guiraldo RD, et al. In vitro evaluation of the
remineralizing potential and antimicrobial activity of a cariostatic agent with silver nanoparticles. Braz Dent J 2017;
28(6):738-743. https://doi.org/10.1590/0108-6440201701365

[177] Lopes RM, da Silva JSA, Joao-Souza SH, Maximiano V, Machado AC, Scaramucci T, et al. Enamel surface loss after
erosive and abrasive cycling with different periods of immersion in human saliva. Arch Oral Biol 2020; 109:104:549.
https://doi.org/10.1016/].archoralbio.2019.104549

[187 Scaramucci T, Borges AB, Lippert F, Frank NE, Hara AT. Sodium fluoride effect on erosion-abrasion under
hyposalivatory simulating conditions. Arch Oral Biol 20183; 58(10):14:57-1463.
https://doi.org/10.1016/j.archoralbio.2018.06.004

[197] Murakami C, Bonecker M, Correa MS, Mendes FM, Rodrigues CR. Effect of fluoride varnish and gel on dental erosion
in primary and permanent teeth. Arch Oral Biol 20009; 54(11):997-1001.
https://doi.org/10.1016/j.archoralbio.2009.08.003

[207 Imfeld T. Prevention of progression of dental erosion by professional and individual prophylactic measures. Eur J Oral
Sci 1996; 104(2(Pt 2)):215-220. https://doi.org/10.1111/}.1600-0722.1996.tb00070.x

[217 Crystal YO, Niederman R. Evidence-based dentistry update on silver diamine fluoride. Dent Clin North Am 2019;
63(1):45-68. https://doi.org/10.1016/j.cden.2018.08.011

[227 Espindola-Castro LF, Rosenblatt A, Galembeck A, Monteiro G. Dentin staining caused by nano-silver fluoride: A
comparative study. Oper Dent 2020; 4.5(4):485-441. https://doi.org/10.2341/19-109-L

[287 Tirupathi S, Svsg N, Rajasekhar S, Nuvvula S. Comparative cariostatic efficacy of a novel Nano-silver fluoride varnish
with 38% silver diamine fluoride varnish a double-blind randomized clinical trial. J Clin Exp Dent 2019; 11(2):e105-
el12. https://doi.org/10.4317/jced.54995

’



=
Pesqui. Bras. Odontopediatria Clin. Integr. 2025; 25:¢230167

[247] Mallineni SK, Sakhamuri S, Kotha SL, AlAsmari A, AlJefri GH, Almotawah FN, et al. Silver nanoparticles in dental
applications: A descriptive review. Bioengineering 2023; 10(3). https://doi.org/10.3390/bioengineering10030327

[257] Favaro JC, Detomini TR, Maia LP, Poli RC, Guiraldo RD, Lopes MB, et al. Anticaries agent based on silver
nanoparticles and fluoride: Characterization and biological and remineralizing effects-an in vitro study. Int J Dent 2022;
2022:9483589. https://doi.org/10.1155/2022/9483589

[267] Chu CH, Lo EC, Lin HC. Effectiveness of silver diamine fluoride and sodium fluoride varnish in arresting dentin caries
in Chinese pre-school children. J Dent Res 2002; 81(11):767-770. https://doi.org/10.1177/0810767

[27] Fung MHT, Duangthip D, Wong MCM, Lo ECM, Chu CH. Randomized clinical trial of 12% and 38% silver diamine
fluoride treatment. J Dent Res 2018; 97(2):171-178. https://doi.org/10.1177/0022034:517728496

[287 Mei ML, Ito L, Cao Y, Li QL, Chu CH, Lo EC. The inhibitory effects of silver diamine fluorides on cysteine cathepsins.
J Dent 20145 42(3):329-335. https://doi.org/10.1016/].jdent.2013.11.018

[297] Gadallah LK, Safwat EM, Saleh RS, Azab SM, Azab MM. Effect of silver diamine fluoride/potassium iodide treatment
on the prevention of dental erosion in primary teeth: An in vitro study. BDJ Open 2023; 9(1):24.
https://doi.org/10.1088/541405-023-00153-9

[307] Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. The antibacterial mechanism of silver nanoparticles and its
application in dentistry. Int J Nanomedicine 2020; 15:2555-2562. https://doi.org/10.2147/1IN.S246764

[317] Abo El Soud A, Elsaied H, Omar S. Comparative evaluation of the effects of silver diamine fluoride (commercial and lab
prepared) versus nano silver fluoride on demineralized human enamel surfaces (in vitro study). Egypt Dent J 2020;
66(1):153-163. https://doi.org/10.21608/EDJ.2020.77529

[32] Aykut-Yetkiner A, Attin T, Wiegand A. Prevention of dentine erosion by brushing with anti-erosive toothpastes. J
Dent 20145 42(7):856-861. https://doi.org/10.1016/].,jdent.2014.03.011

10




