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Abstract 

Background: Professionally applied topical fluoride preparations have been commonly used and have proven to 
prevent dental decay. Alternative preparations that provide further benefits may be of interest to investigate. This 
study aimed to investigate the effect of experimental nano silver fluoride (NSF) formulation compared to commercial 
sodium fluoride varnish (FV) on prevention of in vitro demineralization of initially sound enamel in primary teeth.

Methods: Forty‑eight extracted/exfoliated sound molars were sectioned buccolingually into 96 specimens then 
assigned randomly into two equal groups. Each group was further subdivided into two equal subgroups (Ia: NSF, 
IIa: FV, Ib and IIb as negative controls). The test materials were applied, then all the specimens were subjected to a 
demineralization pH cycling model for 7 days. Specimens were examined for surface microhardness using Vickers 
microhardness device and lesion depth was evaluated by polarized light microscope using image J 1.46r software. 
Data were analyzed using paired t‑test, independent t‑test, and Mann Whitney U test.

Results: The test materials were significantly superior to their negative controls, (P < 0.001) and comparable to each 
other, (P > 0.05) regarding microhardness and lesion depth. In comparison to FV, NSF showed lower yet statistically 
insignificant percent increase in microhardness and decrease in lesion depth, (P = 0.81, 0.86, respectively). Qualitative 
evaluation revealed that both agents reduced the lesion depth formation.

Conclusion: NSF showed similar effect to that of FV in limiting in vitro enamel demineralization caused by acidic 
challenge. Hence, it could be regarded as a promising alternative preventive agent in primary teeth.
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Background
Dental caries is still a major health problem despite den‑
tal care improvements [1]. Repair of carious primary 
teeth is excessively time‑consuming, costly, and challeng‑
ing [2].Considering the enormity of this problem and its 
effect on the children’s quality of life, prevention should 

be a prime concern of the dental profession [2]. Primary 
prevention of caries or demineralization resistance is 
achieved via using various fluorides [3]. Professionally 
applied topical fluoride varnish (FV) is a prominent suc‑
cessful agent amongst the available anti‑caries agents [2, 
4]. Its application two to four times a year would substan‑
tially reduce tooth decay in moderate and high‑risk chil‑
dren [5]. However, it is technique sensitive and costly on 
the individual and community levels as it requires multi‑
ple applications per year [6, 7]. Moreover, concerns about 
ingestion, toxicity and dental fluorosis have been aroused 
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by scientific research [8]. Owing to these drawbacks, 
seeking alternatives could be valuable.

Nano silver fluoride is another promising anti‑caries 
agent. It is an experimental formula that has combined 
the preventive and antimicrobial properties of nano sil‑
ver particles and fluoride [9]. It is obtainable as a reddish 
yellow solution containing silver nanoparticles (AgNPs), 
chitosan and fluoride [10]. Various studies have shown 
that chitosan and AgNPs have excellent antimicrobial 
properties against mutans streptococci and lactobacilli, 
which are the primary cariogenic promoting pathogens 
[9, 10]. Fluoride significantly reduces the bacterial extra‑
cellular polysaccharide formation and interferes with 
bacterial enzyme activity [11]. The caries arrest effective‑
ness of NSF was explained by the synergism of the com‑
ponents of its formulation [12]. It is claimed to be safe 
[11], stable for three years, cost‑effective, ecofriendly, 
easy to use and could be applied annually [9, 12]. It is 
also worth mentioning that this simple, non‑invasive, less 
technique sensitive material provides a great scope for its 
use in public health programs [13].

Although data on NSF have shown promising results in 
arresting [12, 14] and remineralizing pre‑formed or pre‑
existing carious lesions [10, 15], to the best of our knowl‑
edge, no published studies have investigated its effect on 
resisting demineralization of initially sound enamel in 
primary teeth. Therefore, the present in vitro study aimed 
to investigate the potential of experimental NSF formula‑
tion in prevention of demineralization of sound enamel 
compared to commercial 5% sodium fluoride varnish in 
primary teeth. The proposed hypothesis was that NSF 
and sodium fluoride varnish would have similar preven‑
tive effect on the enamel surface microhardness (SMH) 
and lesion depth formation after artificial acidic chal‑
lenge in sound primary teeth.

Materials and methods
This comparative in vitro investigation was approved by 
the Research Ethics Committee at the Faculty of Den‑
tistry, Alexandria University, Egypt  (IRB 00010556–
IORG 0008839), prior to commencement. The minimal 
sample size was calculated based on a previous study by 
Nozari [15] using G*power 3.0.10. A total sample of 40 
specimens was required based on 5% alpha error. 80% 
power, and standardized effect size (δ) of 0.915 [16, 17].

Forty‑eight human primary molars, whether normally 
exfoliated or extracted for serial extraction purposes [18], 
were collected from the outpatient clinic of the Pediat‑
ric Dentistry Department, Faculty of Dentistry, Alex‑
andria University, Egypt. They were cleaned carefully 
from blood and debris then examined using a magnify‑
ing lens [19] to ensure that they met the inclusion crite‑
ria. Teeth were included if they had no caries, previous 

fillings, cracks, or developmental anomalies. They were 
then stored in 2% formaldehyde at room temperature till 
required for use [20].

Randomization sequence in blocks of 4 was created by 
a trial independent person using random allocation soft‑
ware version 1.0.0 [21], to allocate the teeth to one of the 
2 main groups. A second randomization list was gener‑
ated for each group to allocate each half into one of the 
2 subgroups. The allocated subgroup was written on a 
piece of paper that was folded and kept in opaque sealed 
envelopes. At the time of intervention, the subgroup to 
which the tooth was allocated to, was identified by the 
trial independent personnel [15].

Sample preparation
The selected teeth were cleaned with fluoride free pum‑
ice then washed with distilled water and air‑dried. A 
4 × 4  mm square of self‑adhesive tape was stuck at the 
center of the middle third of the buccal surface of each 
tooth [22]. All surfaces of the teeth were coated with a 
layer of acid resistant nail varnish. After drying, the self‑
adhesive tapes were removed leaving only a window of 
4 × 4  mm of enamel exposed in each tooth [23]. Each 
tooth was mounted in a self‑cure acrylic resin inside a 
cylindrical plastic mold with its buccal surface facing 
upwards [24]. Each tooth was sectioned buccolingually 
into two equal halves [25]. 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
Preparation of NSF was carried out according to the 
method described by Targino et al. [9]. Synthesis of aque‑
ous solution of silver nanoparticles was carried out via 
chemical reduction of silver nitrate with sodium boro‑
hydride and chitosan biopolymer as a carrier for the sil‑
ver nano particles to improve the molecular weight and 
stabilize the compound. Chitosan (28.7  ml, 2.5  mg/ml) 
was first dissolved in 1% acetic acid by stirring overnight 
on a magnetic stirrer. Then, the chitosan mixture was fil‑
tered through a vacuum filter unit into a flask and trans‑
ferred to an ice‑cold bath. Under vigorous stirring, silver 
nitrate (1  ml, 0.11  mol/L) was added to the above mix‑
ture, 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 colorless 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 [9] 
to enhance the antibacterial effect of the compound in 
addition to favoring remineralization and inhibiting 
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demineralization which occur continuously in the oral 
environment [26].

Characterization of NSF
The size and morphology of AgNPs was characterized 
using field emission transmission electron microscope 
(TEM) (JEOL JEM‑2100F) [10]. The electron micro‑
graphs showed that most of the particles exhibited a 
spherical shape and more than 50% of the detected 
particles’ size ranged from 13 to 16  nm (Fig.  1a). Silver 
nano particles were also validated using UV/Vis spectro‑
photometer (Thermo Electron‑ Evolution 300) to detect 
the UV/Vis absorption spectrum of the resulting solu‑
tion  [14, 27]  (Fig.  1b). The tested specimen exhibited 
a peak at 401  nm wavelength, denoting the presence of 
AgNPs with average size of 15 nm [28].

Grouping and application of the preventive agents (Fig. 2)
Group I (NSF): in subgroup Ia, 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  min then 
rinsed with a flow of distilled water [15]. In subgroup 
Ib, the twenty‑four specimens were left untreated 
to serve as negative controls. Group II (FV): in sub‑
group IIa, twenty‑four specimens were treated with 
5% sodium fluoride varnish (Profluorid ®, VOCO, Ger‑
many) according to the manufacturer’s instructions. A 
thin uniform layer of fluoride varnish was applied to 
the exposed enamel windows using a disposable brush. 
All the specimens were stored in artificial saliva for 
24 h [15]. Afterward, the fluoride varnish was removed 
from the specimens’ surfaces with a cotton swab soaked 

in acetone [24]. In subgroup IIb, twenty‑four specimens 
were left untreated to serve as negative controls.

Acidic challenge
An in  vitro demineralization pH cycling model was 
used in this study. Over a period of seven days, all the 
specimens were subjected to 5 pH cycles at 37  °C fol‑
lowed by 2  days of remineralization to preserve the 
enamel surface layer allowing accurate surface micro‑
hardness determination [29, 30]. 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 ace‑
tate buffer, pH 4.7; 0.04  µg F/mL, 2.2  mL/mm2) for 
3  h, followed by distilled water rinse. Then, they were 
immersed in the remineralizing solution (1.5  mM 
CaCl2, 0.9 mM NaH2PO4, 0.15 M KCL had a pH of 7.0, 
1.1 ml/mm2) for 21 h [31, 32].

Outcome assessment
The preventive effect of NSF and FV was assessed by 
evaluating the specimens quantitatively and qualitatively. 
Quantitative assessment of the enamel surface micro‑
hardness was performed using Vickers microhardness 
device (Wilson microhardness tester, Japan) and assess‑
ment of the enamel lesion depth was performed by polar‑
ized light microscope (PLM) (Olympus America Inc.). 
Qualitatively, the extent of the lesion from the enamel 
surface into the depth of enamel, the presence or absence 
of Hunter Shreger Bands and the surface prismless layer 
of enamel were assessed using the PLM. The outcome 
assessors were blinded to the treatment type.

Fig. 1 A Transmission electron microscopy of the prepared NSF specimen showing the shape and size of silver nanoparticles and a histogram 
showing percentage distribution of silver nanoparticles in the same specimen. B Ultraviolet‑ visual spectrum of synthesized silver nanoparticles
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Microhardness test evaluation
After pH cycling, twelve specimens from each test 
subgroups (Ia, IIa) and their corresponding controls 
(Ib, IIb) (n = 48) were examined with Vickers micro‑
hardness device with a load of 50 gm for 10 s onto the 
surface of each specimen to make impression on the 
specimen surface. After load removal, the diagonals 
of the resulting impression were measured by built in 
scaled microscope. This measurement was converted 
into a hardness number using the following equation: 
HV = 1854 P/d2, where HV is the Vickers number, P 
is the applied load and d is the length of the diagonals. 
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 
[33].

Polarized light microscope evaluation
Specimens’ preparation The remaining twelve speci‑
mens from each test subgroup (Ia, IIa) and their cor‑
responding controls (Ib, IIb) (n = 48) were prepared for 
analysis by PLM. Longitudinal ground sections of about 
15 μm thickness were prepared and then mounted using 
Canada balsam to hold the specimen in place between the 
slipcover and the glass slide. A ground longitudinal sec‑
tion of normal enamel (Figs. 3a, 4a) of an untreated tooth 
was prepared as previously described to be compared 

Fig. 2 Flow chart of the study design
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with the sections included in the study as a reference sec‑
tion [34].

Quantitative lesion depth measurement The sub‑sur‑
face depth measurements were done using image J1.46r 
software (National Institutes of Health, USA). The read‑
ings by the software were represented in pixel unit. To 
turn the pixel unit into millimeter (mm) unit, a photo‑
micrograph was taken to a known 2 mm graduated slide 

of Olympus microscope with the same magnification of 
all specimens (40×) as a reference slide. The reference 
slide was projected onto the computer image process‑
ing software (Image J1.46r) as a scale. After setting the 
scale by the software to get the readings in mm, the 
results were all recorded in micrometers (μm) by multi‑
plying the numbers in thousand. The mean depth of the 
enamel lesion of each specimen was measured by aver‑
aging three lines: one at each side and one at the center 

Fig. 3 Polarized light photomicrograph of a longitudinal ground section of: a. Normal enamel with HSBs (black arrows) and prismless surface 
layer (red arrows). b. Control specimen (Ib) showing evident dark demineralized enamel band with high degree of positive birefringence (circle). c. 
Enamel treated with NSF (Ia) showing prominent lesion depth reduction with noticeable negative birefringence (circle) and surface mineralization 
(red arrows). d. Control specimen (Ib) showing demineralized enamel band (circle). e. Enamel treated with NSF (Ia) showing remarkable protection 
against demineralization (circle) with negative birefringent surface and remineralization band (red arrows), magnification ×40
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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 [34].

Qualitative histological evaluation All prepared sec‑
tions were examined by PLM to evaluate the changes in 
enamel after pH cycling. Photomicrographs were taken 
with a digital camera with magnification of 40× (eye‑
piece 10× & objective lens 4×) to achieve comparison 
in histological features between the study and control 

specimens. They were also compared to the reference 
section.

Statistical analysis
Data were analyzed using IBM SPSS for Windows version 
23.0 (IBM Corp., Armonk, N.Y., USA). Normality was 
checked using descriptive statistics, plots (histogram and 
box plot) and Shapiro Wilk test. Normally distributed 
data was presented using Mean ± SD, while median and 
inter quartile range (IQR) were used for non‑normally 

Fig. 4 Polarized light photomicrograph of a longitudinal ground section of: a. Normal enamel. b. Control specimen (IIb) showing a deep dark 
demineralization band. c. Enamel treated with FV (IIa) showing slight decrease in the lesion extent. d. Control specimen (IIb) showing high degree 
of positive birefringence with loss of typical structural enamel features within the lesion body. e. Enamel treated with FV (IIa) showing obvious 
lesion limitation with evident mineralized surface layer (red arrows), magnification ×40
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distributed data. Differences in lesion depth and surface 
microhardness between test and control in NSF and FV 
groups were analyzed using paired t‑test, while differ‑
ences between test subgroups were analyzed using inde‑
pendent t‑test. Percent change in surface microhardness 
and lesion depth were assessed using Mann Whitney U 
test and independent t test, respectively. Percent change 
was calculated according to the formula [(Values after 
treatment (test)—values after demineralization (control)/
values after demineralization (control)] × 100 [35].

Results
Surface microhardness (Mean ± SD) of all specimens 
is shown in Table  1. The microhardness in the test 
subgroups Ia: NSF (312.75 ± 26.35 VHN) and Ib: FV 
(309.27 ± 22.53 VHN) was significantly higher than their 
negative controls IIa and IIb (301.50 ± 26.95 VHN and 
293.69 ± 23.24 VHN), respectively (P < 0.001). In com‑
parison to Ib: FV, the Ia: NSF subgroup had insignifi‑
cantly higher absolute microhardness values (P = 0.73). 

Additionally, NSF showed lower yet insignificant percent 
increase in microhardness by (median = 3.23%) than the 
FV (median = 4.17%), (P = 0.81).

Lesion depth values are shown in Table  2. The lesion 
depth of subgroup Ia: NSF was significantly lower 
than that of subgroup Ib: control with mean values of 
244.03 ± 79.73  µm, and 384.30 ± 110.91  µm, respec‑
tively (P < 0.001). Similarly, a significant difference 
was observed in the mean lesion depth between sub‑
group IIa: FV (262.73 ± 99.65  µm) and IIb: control 
(416.96 ± 107.42  µm) (P < 0.001). The test subgroup Ia: 
NSF had a lesser mean lesion depth than IIa: FV with 
no statistically significant difference (P = 0.61). The NSF 
group had a 36.36 ± 9.54% decrease in lesion depth, 
whereas, the FV group had a 37.30 ± 16.67% reduction. 
The two materials, however, showed no statistically sig‑
nificant difference (P = 0.86).

Regarding polarized light microscope evaluation, 
the normal enamel specimen showed normal course of 
enamel rods with alternative Hunter–Schreger Bands 

Table 1 Vickers microhardness values (VHN) of all studied groups and percent difference between each test and its control subgroup

NSF Nano silver fluoride, FV Fluoride varnish, IQR Interquartile range, MWU Mann Whitney U test

*Statistically significant at P value ≤ 0.05

NSF (subgroup Ia)
(n = 24)

FV (subgroup IIa)
(n = 24)

Ia (test)
(n = 12)

Ib (control)
(n = 12)

IIa (test)
(n = 12)

IIb (control)
(n = 12)

Mean ± SD 312.75 ± 26.35 301.50 ± 26.95 309.27 ± 22.53 293.69 ± 23.24

Paired t test (P value) 6.40 (< 0.001*) 5.35 (< 0.001*)

Independent t test (P value) 0.347 (0.73)

Percent increase

 Median 3.23 4.17

 IQR 2.54–4.39 3.18–6.37

 MWU (P value) − 1.328 (0.81)

Table 2 Lesion depth values (µm) of all studied groups and percent difference between each test and its control subgroup

NSF Nano silver fluoride, FV Fluoride varnish

*Statistically significant at P value ≤ 0.05

NSF (subgroup Ia)
(n = 24)

FV (subgroup IIa)
(n = 24)

Ia (test)
n = 12)

Ib (control)
(n = 12)

IIa (test)
n = 12

IIb (control)
(n = 12)

Mean ± SD 244.03 ± 79.73 384.30 ± 110.91 262.73 ± 99.65 416.96 ± 107.42

Paired t (P value) − 8.56 (< 0.001*) − 6.65 (< 0.001*)

Independent t test (P value) − 0.507 (0.61)

Percent Reduction

 Mean ± SD 36.36 ± 9.54 37.30 ± 16.67

 Independent t test (P value) 0.169
(0.86)
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(HSBs) reflecting normal mineralization and birefrin‑
gence of enamel. It also showed prismless surface layer 
appearing as a continuous ribbon all over the enamel sur‑
face with no structural details (Figs. 3a, 4a).

The protective effect of NSF was observed by the out‑
standing reduction in the lesions’ depth seen in sub‑
group Ia (Fig.  3c, e) compared to subgroup Ib (Fig.  3b, 
d). The negative birefringence emphasized the effect of 
this treatment. Most of the specimens showed a surface 
layer that appeared more mineralized than the deeper 
areas. Almost all the specimens in subgroup Ib (Fig. 3b, 
d) showed evident dark bands starting from the enamel 
surface and proceeded inward circumscribing the created 
lesions and reflecting a high degree of positive birefrin‑
gence with loss of HSBs within the lesion body (magnifi‑
cation 40×). The protective effect of FV was observed by 
the noticeable reduction in the lesions’ depth in subgroup 
IIa (Fig.  4c) compared to IIb. A highly mineralized sur‑
face layer was noted in most of the specimens (Fig. 4e). 
The untreated specimens in subgroup IIb showed similar 
observations as in subgroup Ib. A relatively high degree 
of positive birefringence with loss of the typical struc‑
tural features of enamel was seen within the body of the 
lesion (Fig. 4b, e).

Discussion
In this study, the potential of experimental NSF for‑
mulation to resist enamel demineralization caused by 
acidic challenge was compared to that of commercial 5% 
sodium fluoride varnish in primary teeth. The obtained 
results revealed that both agents have similar effect 
in controlling the carious lesion formation. Thus, the 
null hypothesis was accepted. In line with these results, 
Teixeira et  al. [10] showed that NSF was more effective 
in decreasing enamel demineralization after pH cycling 
than the negative control sample.

Fluoride varnish was regarded as a commercial positive 
control because it is one of the most studied preparations 
with proved safety and efficacy in preventing dental car‑
ies [36]. Application of FV in the current study confirmed 
its ability to decrease demineralization in the treated 
specimens in which the mean microhardness value of the 
treated specimens was about 5% higher than that of the 
untreated specimens, and the lesion depth in FV treated 
specimens was 37% lower than that of the untreated 
specimens [24].

The fluorine content in the NSF used in the cur‑
rent study was 10,147 ppm, whereas that of the FV was 
22,600  ppm. In addition, the contact time of NSF with 
tooth structure was only two minutes, while it was 24 h 
with the FV. Regardless of the variation that might seem 
in favor of the FV, NSF showed similar preventive capac‑
ity to FV with no statistically significant difference.

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 
maximizing its effect [37]. Correspondingly, Teixeira 
et  al. [10] reported no statistically significant difference 
between NSF and sodium fluoride (NaF) dentifrices in 
preventing enamel demineralization although NaF has 
shown 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.

On the contrary, the study by Nozari [15] revealed that 
the specimens treated with NSF had the highest surface 
microhardness values compared to fluoride varnish and 
nano hydroxyapatite paste. This result could be related to 
the different study design which focused on comparing 
remineralization of the pre‑formed enamel caries lesion 
not the ability of the tested materials to prevent deminer‑
alization of sound enamel as in the current study.

The results of the present study revealed that the sub‑
groups which had the highest microhardness values (Ia 
and IIa) had the lowest lesion depth values and vice versa. 
This might be attributed to the formation of a highly min‑
eralized surface layer that resulted from direct contact 
with materials having high fluoride content [38]. In addi‑
tion, the pH cycling model that was used in the present 
study had the purpose of preserving the enamel surface 
layer and create a sub‑surface lesion that closely imitates 
the natural incipient carious lesion [29, 39]. 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.

Qualitative evaluation was performed using polarized 
light microscope as it is the most sensitive and descrip‑
tive‑analytical technique for evaluating the histological 
changes in the zones of caries like lesions [40]. In the 
current study, results from histological evaluation go 
in line with the changes in the microhardness values at 
the different phases. It was noted that all treated speci‑
mens in both groups showed a noticeable decrease in the 
extent of the lesion with a reduction in the positive bire‑
fringence of the body of the lesion in comparison to the 
negative control specimens. This was in agreement with 
Nozari [15] and Dos Santos et al. [12] who reported that 
the enamel treated with NSF showed shallower lesion 
depth and the caries was arrested compared to untreated 
enamel.

The current study also demonstrated that the quality 
of the lesions appeared different in the treated speci‑
mens as most of them showed a highly mineralized sur‑
face layer (negatively birefringent) that was not evident 
in the non‑treated specimens. This is mostly attributed 
to the effect of the high fluoride content provided by 
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both treatment materials on the specimens’ surface. 
In addition, the application of the treatment materi‑
als also led to the formation of calcium fluoride  (CaF2) 
like layer that acted as a reservoir during demineraliza‑
tion periods and slowly released fluoride that protected 
the enamel surface against dissolution. During rem‑
ineralization periods, fluoride attracted calcium and 
phosphate ions present in the remineralizing solution 
forming a highly mineralized layer on the surface of the 
caries like lesion [41].

This designed in  vitro study addressed the primary 
caries prevention level in which an initially sound host 
(human primary teeth) was used to investigate the 
impact of NSF on enhancing the resistance to demin‑
eralization caused by acidic challenge. To the best of 
our knowledge, the studies available in the literature 
on primary teeth are mainly focused on secondary car‑
ies prevention in which the experimental agents were 
tested for their attempts to repair/ remineralize the 
pre‑formed enamel caries like lesions.

In order to mimic the clinical conditions, we used a 
pH‑cycling model. However, the in  vitro study might 
not reproduce the results of an in vivo one as it might 
not provide insights into various aspects of the car‑
ies process. The limitations of this study were that the 
oral factors including biofilm, oral flora, different sali‑
vary components, individuals’ dietary habits and oral 
hygiene practices could not be considered. In addition, 
the present study was limited to a period of 7  days, 
while the dynamic de/remineralization processes are 
long‑term processes.

Therefore, it would be interesting for future studies to 
design pH‑cycling models as close as possible to in vivo 
conditions in which the solutions mimic plaque fluid 
ionic concentration and pH in individuals with different 
caries risk situations. Additionally, the models could 
include the addition of organic salivary components 
and brushing conditions. Moreover, to investigate the 
dose–response of NSF in situ as well as its association 
with other anticaries agents and its safety in the clinical 
setting.

Conclusions
Nano silver fluoride showed similar effect to that of FV 
on limiting enamel demineralization caused by artificial 
cariogenic challenge. Hence, it could be regarded as an 
alternative preventive measure to FV in primary teeth.
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