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Abstract
Introduction  Dental caries is the most common chronic disease worldwide, and various forms of fluoride are considered 
useful preventive tools. The production of nanoscale materials can significantly improve their mechanical and chemical 
properties. The present study compared the microhardness of primary tooth enamel after applying sodium fluoride varnish 
(conventional) and nano-sodium fluoride varnish.
Materials and methods  Sixty-eight sound canine teeth were selected in this experimental study. The teeth were mounted so 
that the buccal surface was exposed. A 3 × 3 mm square was obtained on the buccal surface of the crown of each tooth. Enamel 
surfaces were polished using sandpaper in the presence of water as a coolant. The samples were randomly divided into four 
groups (n = 17): G1, conventional 5% NaF; G2, 1% nano-NaF; G3, 5% nano-NaF; G4, control. The initial microhardness 
was measured. Before surface treatment with different fluoride compounds, the samples were placed in a demineralizing 
solution for two days, and the microhardness of all the samples was re-measured. Then G1, G2, and G3 were treated with the 
fluoride type specified for each group, and G4 was treated as a control (without treatment). Finally, pH cycling was applied, 
and the microhardness was measured again. Data were analyzed with SPSS 20, using Repeated measure ANOVA and post-
hoc Tukey tests. P < 0.05 was considered significant.
Results  Repeated measure ANOVA showed that microharness of G1, G2, G3, and G4 was statistically significant different. 
Tukey tests showed that the microhardness of G1, G2, and G3 were not significantly different. However, these three groups 
exhibited significantly more microhardness than the control group (P = 0.024, P = 0.027, and P = 0.010).
Conclusion  There was no significant differences in enamel microhardness of deciduous teeth between conventional 5% 
NaF,1% nano-NaF and 5% nano-NaF.
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Introduction

Dental caries, the most prevalent chronic dental disease 
worldwide, affects 60–90% of school-aged children and 
a significant number of adults (Al Dehailan et al. 2016). 
Since dental caries is a multifactorial disease, many etio-
logic factors, such as diet, microorganisms, and host, play 
a role in the dental caries process (El-Desouky et al. 2021).

Early childhood caries is still one of the most prevalent 
and rapidly advancing microbial diseases worldwide, lead-
ing to tooth destruction and pain, increasing the risk of 
dental caries in the permanent teeth, and adversely affect-
ing the children’s and their caregivers’ quality of life.

Recent treatments focus on remineralizing agents on 
incipient caries (Abdil-nafaa and Qasim 2020). Treat-
ment of dental caries, especially in children, may require 
advanced skills and higher general anesthesia costs for 
patient management. Prevention is the most effective 
method for reducing dental caries and is more cost-effec-
tive than treatment (Molaasadolah et al. 2017). Based on 
preventive dentistry, fluoride used locally and systemically 
is the most effective strategy to prevent carious lesions.

Deciduous tooth enamel is thinner, more fragile, and 
softer due to having half the thickness of permanent teeth, 
less mineral content and higher organic matter, and more 
susceptibility to caries (Abdil-nafaa and Qasim 2020; 
Mohammadi and Far 2018) as well as less microhardness 
than permanent tooth enamel and absence of the typical 
crystalline structure on the outermost layer of decidu-
ous tooth enamel (Tabari et al. 2013). Therefore, fluoride 
application is crucial to preventing the development and 
progression of caries in deciduous teeth (Al Dehailan 
et al. 2016; Mohammadi and Far 2018). Microhardness 
measurements of enamel can be evaluated by two different 
parameters, Knoop hardness number, and Vickers hardness 
number (Ten Cate 2004). The Vickers microhardness test 
(VMHT) is commonly employed to evaluate the hardness 
of materials using microhardness test loads, usually rang-
ing from 1 to 1000 g. A square pyramid is utilized by 
VMHT to make a small impression on the tooth surface 
by applying a predetermined load for a specific period. 
Following a microscopic examination of the indentation, 
the microhardness number is computed using the indenta-
tion load and the area of the remaining impression (Sahiti 
et al.2020). The residual indentation created by VMHT 
forms a square shape that is simple and precise to measure 
using a microscope (Sandeep et al 2015).

The local application of fluoride has been demon-
strated to be the most important method in reducing the 
occurrence and prevalence of caries. Fluoride interrupts 
the demineralization process, strengthens remineraliza-
tion, inhibits bacterial enzymes present in dental plaque 

(Al Dehailan et al. 2016), and replaces hydroxide ions in 
hydroxyapatite with fluoride ions, which results in the 
formation of acid-resistant hydroxyfluorapatite crystals 
(Kooshki et al. 2019). Today, a wide variety of profession-
ally applied topical fluoride products, including mouth-
washes, gels, foams, drops, and varnishes, are available. 
Fluoride varnishes have several advantages over other 
topical fluoride treatments, such as effectiveness, relative 
safety, and ease of application (Al Dehailan et al. 2016).

Due to its sticky nature, it can remain in contact with the 
tooth surface for several hours, preventing new caries and 
the spread of previous caries. Fluoride varnish is a safe way 
to protect teeth and provides the highest and safest fluoride 
concentration. Children are at greater risk for swallowing 
fluoride gels and mouthwashes. Fluoride varnish appears 
to be a good local fluoride treatment (Kooshki et al. 2019).

In recent years, studies on nano compounds aimed to pro-
duce effective formulations to reduce the loss of minerals 
and increase the absorption of minerals (Danelon et al. 2015; 
Nozari et al. 2017). Nanotechnology is the engineering sci-
ence and technology that entails synthesizing and applying 
materials with nanoscale shape and size. The development 
of nanomaterials for medical care is a significant branch of 
nanotechnology. Nanomaterials have unique physical prop-
erties such as homogeneity, conductivity, or special optical 
properties, making them proper materials in biology and 
materials science. Due to their high surface-to-volume ratio, 
nanomaterials exhibit different biomedical activities com-
pared to materials with normal sizes (Yin et al. 2020).

Studies have shown that excessive fluoride consumption 
is associated with many skeletal, cardiovascular, and neu-
rologic disorders and thyroid hormone imbalances. Today, 
fluoride therapy has raised major concerns about chronic 
toxicity potential, usually manifested as dental fluorosis. 
Since children may not be able to perform or understand the 
importance of emptying their mouth after topical fluoride 
application, it leads to repeated ingestion of small amounts 
of fluoride (Kheradpisheh et al. 2018; Mohammadi et al. 
2017; Yousefi et al. 2018). Therefore, if the effectiveness of 
fluoride therapy in the enamel’s resistance against the pro-
gression of caries increases, it might be possible to reduce 
dental visits’ frequency for fluoride and achieve better results 
in preventing tooth caries.

Considering the high effectiveness of 1–5% nano-NaF, 
Jahanimoghadam et al. showed that it might be possible to 
reduce the fluoride dose for each dental session and achieve 
better results in preventing caries progression. Increasing the 
time intervals between fluoride therapy sessions is another 
advantage of nano-sodium fluoride, and for young children 
who do not cooperate properly is very crucial. This method 
might improve the cost-effectiveness of routine fluoride 
therapy sessions and make the treatment available to the 
public (Jahanimoghadam et al. 2023).
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Several studies have been conducted on applying dif-
ferent materials, including nanosilver fluoride and nano-
hydroxyapatite, to increase the remineralization potential 
of incipient caries and prevent new caries (Danelon et al. 
2015; El-Desouky et al. 2021; Nozari et al. 2017). Consid-
ering the effect of many nanoscale materials and since only 
one study evaluated the effect of nano-sodium fluoride on 
strengthening permanent teeth against dental caries (Fidya 
et al. 2015), and as there has been no research on the rem-
ineralization and measurement of the microhardness of the 
deciduous tooth enamel surface when nano-sodium fluoride 
is applied, Therefore, the objective of the present study was 
to determine the effect of nano-sodium fluoride (1–5%) on 
the microhardness of the deciduous tooth enamel surface 
in comparison with the application of conventional sodium 
fluoride varnish. The current study’s null hypothesis was 
that there was no significant difference in microhardeness 
of deciduous tooth enamel when comparing conventional 
and nano sodium fluoride varnish (1–5%).

Materials and methods

Preparation of samples

In this in vitro study, 68 primary canines without caries, res-
torations, hypoplasia, cracks, and wear were selected from 
children referred to the Department of Pediatric Dentistry, 
Kerman Faculty of Dentistry, and kept in buffered thymol 
solution. (pH = 7.0, 4 ºC) until used for the study. Before 
extraction, informed consent was obtained from the patients’ 
parents to use their children’s teeth for research.

The protocol of the study was approved by the Ethics 
Committee, Faculty of Dentistry, Kerman University of 
Medical Sciences, Kerman, Iran, under the code IR.KMU.
REC.1400.569 and process No. 400000506.

The criteria for inclusion were children who needed 
extraction of deciduous canine teeth for therapeutic reasons, 
including orthodontics.They had not received topical fluo-
ride during the last year, had no history of taking fluoride 
supplements, and their mothers did not use fluoride supple-
ments during pregnancy.

At first, the enamel surface was examined under a mag-
nifying glass for cracks, and the teeth with cracks were 
excluded from the study.

The teeth were mounted so that the buccal surface was 
exposed. A 3 × 3 mm square was obtained on the buccal 
surface of each tooth crown. The depth of the square sep-
arated from the teeth was 1 mm and only included tooth 
enamel. The enamel surfaces were ground flat with a silicon 
carbide disc (600-grit Al2O3 paper; Buehler Ltd,USA) for 
20 s to eliminate the fluoride originally present in the outer 
layers of teeth and reduce inter-individual differences due 

to different oral environments. In this way, approximately 
50–100 µm was removed from the surface enamel, which 
was prismless and mostly affected by the oral environment. 
Additionally, this process was monitored using a microm-
eter. Nano-sodium fluoride varnish was prepared in the Fac-
ulty of Pharmacy in Kerman by the Pharmaceutical Research 
Center in the Faculty of Pharmacy and in the Laboratory of 
Pharmaceutical Nanomaterials and Nanostructures.

Preparation of nano‑sodium fluoride

This study is part of a series of studies being conducted in 
the process of patenting this nano sodium fluoride varnish. 
The effectiveness of enamel fluoride absorption using nano 
sodium fluoride varnish has been established based on the 
findings of the earlier study (Jahanimoghadam et.al 2023). 
The nano-fluoride varnish was prepared in the Labora-
tory of Nanomaterials and Nanostructures, Pharmaceutical 
Research Center, Kerman School of Pharmacy, Iran.

To make the varnish, ethanol was added to a carbomer 
powder or CMC (carboxymethyl cellulose) along with 3% 
or 6% mint plant extract. The mixture was placed on a stirrer 
(Heidolph Company, Germany) for 45 min, during which a 
few drops of 0.02 M NaOH solution and 0.01 g of chitosan 
(Merck Company, Germany) were added. The resulting solu-
tion was placed in the reflux system (Kimia Aghigh, Iran) 
to perform growth and nucleation processes. After adding 
certain amounts of sodium fluoride in specific weight con-
centrations, including 5%, 3%, 2%, and 1% under magnetic 
synchronous conditions at 30 °C for 2 h, the resulting gel 
was placed in the microwave (Samsung, Japan) at 300 watts 
for 6 min, and each time was immediately placed in an 
ultrasonic bath (Elma-ultrasonic, Germany) at 60 watts for 
5 min To produce sodium fluoride nanostructures, reverse 
micelles were used as an aqueous solution of reactive raw 
materials that could be converted to insoluble nanoparticles. 
In this research, nanoparticles synthesized in micelles were 
obtained by various methods, including the hydrolysis of 
reactive raw materials using microwaves. Finally, solvent 
removal and subsequent calcination led to the production of 
the final product.

DLS (Dynamic Light Scattering) particle size analysis 
and SEM imaging are used to identify the prepared nano-
particles. FT-IR spectroscopy (Fourier-transform infrared 
spectroscopy) is also used to identify the chemical bonds in 
nanoparticles (Jahanimoghadam et al. 2023).

Surface treatment

The samples were randomly divided into four groups 
(n = 17). The initial microhardness was determined. Before 
the surface treatment with different fluoride compounds,the 
samples were incubated at 37  ºC for two days in a 
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demineralizing solution, which was renewed every day: pH 
was adjusted to 4.4 using 1 M KOH, 0.05 M acetic acid, 
2.2 mM NaH2PO4, and 2.2 mM CaCl2. A caries-like lesion 
was induced in the enamel samples. Then, the samples were 
washed with an artificial saliva syringe consisting of NaCl 
(2.9 g), CaCl2 (0.12 g), NaH2PO4 (0.13 g), NaN3 (5 mL) 
(2% ww) and placed in the artificial saliva container. Then, 
microhardness was determined again.

Group 1: In this group, 5% sodium fluoride varnish (Clin-
pro White Varnish, 3 M ESPE, USA) was used. Varnish 
application was carried out by cleaning the surface of the 
tooth with a special prophylaxis brush and dried with an 
air syringe. Then, the varnish was applied to the prepared 
enamel surface with a soft brush according to the manufac-
turer’s instructions (Kooshki et al. 2019) and the samples 
were incubated for 24 h in distilled water at 37 °C. Next, the 
varnish was removed from the surface of the samples with 
cotton dipped in 50% acetone (Merck Company, Germany) 
and washed with a syringe containing artificial saliva. The 
same procedures were carried out for the second and third 
groups, but instead of sodium fluoride, nano-sodium fluoride 
was applied with weight concentrations of 1–5%, respec-
tively. The fourth group (control): No fluoride product was 
applied to the enamel samples in this group. The pH of the 
fluoride varnishes used in the study was determined at 7 by 
a pH Meter (Metrohm Company, PL-700PV, Indonesia). The 
samples were placed in a pH cycler for 24 h to simulate the 
oral environment.

In each cycle, the demineralization solution was applied 
for 3 h, followed by rinsing and immersion in distilled 
water for 30  min. Then, the remineralization solution 
(pH = 7, 0.15 M KCl, 0.9 mM NaH2PO4, 2.2 mM CaCl2) 
was applied for 21 h and rinsed and immersed in distilled 
water for 30 min. The same procedure was repeated every 
day for 10 days (Kooshki et al. 2019). Microhardness was 
also determined after surface treatment (Fig. 1).

In this study, microhardness was measured by a Vickers 
hardness tester (Zwick Roell/ZHVμ, UK). Indentation was 
carried out at three points, under a force of 300 g and for 
15 s, which resulted in three numeric values for each sam-
ple; then, the mean of these values was considered as the 
microhardness of each sample. The standard applied in the 
Vickers test was the ASTM E384-22 Standard Test Method 
for Microindentation Hardness of Materials (Hardness AB 
1999).

Statistical analysis

The necessary parameters for determining the sample size 
were derived from previous studies (Godoi et al. 2019; 
Kooshki et al. 2019) and finally the sample size was deter-
mined based on the sample size formula for a one-way analy-
sis of variance was as follows:

Power = P[F(1,N-K,α,λ) > F(1,N-K,α)]

Power = P[F(1,N-K,α,λ) > F(1,N-K,α)]

where � =
�2
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�2
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α = 0.05, k = 4, σ2 = 10, and power = 0.9, with 338.73 and 
327.07 as the lowest and highest mean of the groups, respec-
tively, and a sample size of n = 17 for each group. The sam-
ple size was calculated with PASS based on the mentioned 
formula.

Data were analyzed with SPSS 20. Descriptive analyses 
were carried out in all the groups using means and standard 
deviations. Repeated Measure ANOVA and post-hoc Tukey 
tests were used to assess the changes of microhardness mean 
due to the normality and stability of variance. P < 0.05 was 
considered the significance level.

Results

The means and standard deviations of initial microhardness, 
microhardness after demineralization, and microhardness 
after remineralization in groups G1, G2, G3, and G4 was 
presented in Table 1.

Repeated measure ANOVA showed that the mean micro-
hardness in all the groups decreased after demineralization 
and increased after remineralization (P < 0.001) and the 
mean of microhardness of four groups was significantly dif-
ferent (P = 0.039). Furthermore, post-hoc Tukey tests were 
used for two-by-two comparisons in overall microhardness 
between the groups (Table 2).

Discussion

One-way ANOVA showed that although the means of initial 
microhardness and microhardness after demineralization in 
groups G1, G2, G3, and G4 were not statistically significant, 
the differences in mean microhardness after remineralization 
between the groups were significant (P = 0.002). post-hoc 
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Tukey tests were utilized for pairwise comparisons of the 
groups, revealing no significant differences in microhard-
ness among G1, G2, and G3. However, G1, G2, and G3 were 

significantly different from G4, and the three fluoride groups 
showed higher microhardness than the control group (G4). 
The enamel surface layer plays a significant role in the caries 

Fig. 1   Diagram of the experimental phase. A Primary canines kept 
in buffered thymol solution. (pH = 7.0, 4 °C). B The samples with a 
standardized area of 3 × 3  mm were obtained. C The initial micro-
hardness of samples was determined.D The samples with different 
fluoride compounds were incubated at 37 °C for 2 days in a deminer-
alizing solution which was renewed every day E A caries-like lesion 

was induced in the enamel samples and they were placed in the arti-
ficial saliva container. F Microhardness was determined after demin-
eralization. G The samples were subjected to different treatments (G1 
to G4). HThe samples were placed in a pH cycler for 24 h to simulate 
the oral environment for 10  days. I Microhardness was determined 
after remineralization

Table 1   Means and standard deviations of microhardness (initial, 
after demineralization, and after remineralization) in groups G1, G2, 
G3, and G4

Groups Initial microhard-
ness

Microhardness 
after demineraliza-
tion

Microhardness 
after reminerali-
zation

G4 308.212 ± 60.865 218.329 ± 46.265 226.335 ± 54.947
G2 321.535 ± 43.173 242.776 ± 39.268 282.818 ± 51.911
G3 323.500 ± 46.597 230.635 ± 52.060 290.965 ± 48.406
G1 333.035 ± 49.722 251.712 ± 39.050 267.618 ± 53.281

Table 2   post-hoc Tukey test results in microhardness after deminer-
alization

Groups Mean difference P-value

G4-G2 − 31.418 0.024
G4-G3 − 30.741 0.027
G4-G1 − 36.163 0.010
G1-G2 4.745 0.728
G1-G3 5.422 0.692
G2-G3 0.676 0.961
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process (Molaasadolah et al. 2017). Microhardness test is 
a common method to investigate changes in tooth enamel 
surface after demineralization and remineralization cycles 
(Mohammadi and Far 2018).

Microhardness assessment is a simple, rapid, and non-
destructive method capable of repeated measurements. 
Many techniques, including the VMHT, can measure enamel 
microhardness. This method has high accuracy, quantitative 
measurement capability, the possibility of applying force 
with different sizes and re-measuring the hardness of sam-
ples in a certain period, and it is suitable for determining 
the hardness of very fragile materials such as tooth structure 
(Meshki et al. 2021; Molaasadolah et al. 2017). Therefore, 
the Vickers test was used in this study. pH cycle by creating 
acid challenges helps stimulate the dynamics of reminer-
alization–demineralization of the oral environment in vitro 
(Azadi et al. 2021; Meshki et al. 2021; Molaasadolah et al. 
2017).

Nanomaterials possess good bioavailability and bioac-
tivity and high reactivity. Therefore, these particles have 
excellent surface adhesion and strong protein binding. As 
an experimental material, nano-sodium fluoride has greater 
penetration into enamel and dentin due to the small size of 
nanoparticles (Fidya et al. 2015). The preparation of nano-
sodium fluoride was carried out with the method described 
by Jahanimoghadam et al. (2023). Many in vitro studies have 
compared the effect of different materials on increasing the 
microhardness of tooth enamel, both on extracted human 
permanent teeth or animal teeth (Godoi et al. 2019; Kooshki 
et al. 2019; Oliveira et al. 2019). Due to the differences in 
the structure of deciduous and permanent teeth, a similar 
study on deciduous teeth is possible. In vitro studies enable 
inexpensive, rapid, yet exact evaluation of any innovation in 
a highly controlled environment, which is a key component 
in validating product activity.

Surface microhardness is an indirect method that comple-
ments direct measures of mineral gain and loss (Nadar et al. 
2022). The effect of nano-sodium fluoride on the microhard-
ening of deciduous tooth enamel has not been examined, so 
the present study compared the microhardness of deciduous 
tooth enamel after applying sodium fluoride varnish (con-
ventional) and nano-sodium fluoride varnish. In this study, 
fluoride varnish was considered as a reference since it is 
safe and well tolerated by children (Al Dehailan et al. 2016; 
Kooshki et al. 2019). Additionally, the American Academy 
of Pediatric Dentistry (AAPD) recommends its application 
for children < 6 due to its effectiveness in preventing dental 
caries in children at high caries risk (American Academy of 
Pediatric Dentistry 2013). Also, Azadi et al. reported that 
fluoride varnish is better than fluoride mouthwash and tooth-
paste in enhancing the microhardness of incipient caries in 
deciduous teeth (Azadi et al. 2021). Oliveira et al., in the 
microscopic analysis, reported that the calcium fluoride layer 

created by fluoride varnish was more uniform and less rough 
than a fluoride gel (2019).

Several studies have examined the effects of fluoride var-
nish on the remineralization of incipient caries. Their results 
showed that the microhardness of tooth enamel increases 
after the application of different concentrations of fluoride 
varnish (Azadi et al. 2021; Kooshki et al. 2019; Meshki et al. 
2021;Molaasadolah et al. 2017; Mohammadi and Far 2018), 
consistent with the present study. The increase in microhard-
ness of tooth enamel varies depending on the study method, 
different demineralizing and remineralizing solutions, and 
the type of varnish used. 5% sodium fluoride varnish (Clin-
pro White Varnish, 3 M ESPE, USA) applied in this study 
contains functional tricalcium phosphate (Bhadoria et al. 
2020; Godoi et al. 2019; Tuloglu et al. 2016). Tricalcium 
phosphate is derived from the combination of beta-calcium 
phosphate with sodium laureth sulfate (Bhadoria et al. 2020; 
Godoi et al. 2019), which activates enamel remineralization, 
increases the deposition of minerals on the surface of tooth 
enamel, and boosts the remineralization of the subsurface 
lesion body by releasing calcium and phosphate ions in 
saliva (Godoi et al. 2019). Adding tricalcium phosphate to 
fluoride toothpaste increases fluoride binding to enamel and 
dentin and facilitates remineralization (Tuloglu et al. 2016). 
Al-Amoudi et al. compared the effects of 5% sodium fluoride 
varnish with tricalcium phosphate (Clinpro White) and con-
ventional 5% sodium fluoride varnish (DuraShield) on the 
microhardness of deciduous tooth enamel and showed that 
adding tricalcium phosphate significantly improved the pro-
tective quality of fluoride varnish (AlAmoudi et al. 2013). 
Bhadoria et al. reported that tricalcium phosphate paste had 
higher remineralization potential than CPP-ACP with fluo-
ride (2020).

In the present study, despite functional tricalcium phos-
phate in Clinpro White fluoride varnish, the microhardness 
of nano-sodium fluoride, even at 1% concentration, was 
higher than Clinpro fluoride varnish, which is in line with 
the finding that the presence of CPP-ACPF nanocomplexes 
and combination with fluoride would explain the superior 
ability of MI varnish compared to Clinpro White fluoride 
varnish in inhibiting demineralization (Nadar et al. 2022). 
The CPP-ACPF consists of amorphous electroneutral nano-
complexes, and their hydrodynamic radius allows rapid dif-
fusion out of the varnish to enter the porosities of an enamel 
subsurface lesion through intraprismatic spaces, favoring 
remineralization (Nadar et al. 2022).

Several studies have tested the fluoride varnish com-
pared to nanosilver fluoride in deciduous teeth. El-Des-
ouky et al. (2021) reported that nanosilver fluoride (NSF) 
and fluoride varnish were effective in resisting enamel 
demineralization despite a higher percentage of micro-
hardness changes and difference in lesion depth in the 
fluoride varnish group without significant difference. The 
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protective effect of NSF can be explained by the very small 
particle size of AgNPs, which facilitates the penetration 
of the material into the tooth enamel structure and leads 
to the maximization of its protective effect.

Similarly, Teixeira et  al. showed no significant dif-
ference between toothpaste containing NSF and sodium 
fluoride (NaF) toothpaste in preventing demineralization 
(Teixeira et al. 2018).

In this study, although NaF exhibited a lower percent-
age of microhardness changes, this can be explained by 
the different pH-cycle protocols and the frequent applica-
tion of toothpaste slurry before each pH cycle, which can 
enhance the effect of the materials used.

Nozari et  al. reported that the samples treated with 
nanosilver fluoride had the highest level of surface hard-
ness compared to fluoride varnish and nanohydroxyapatite 
paste (n-HAP). NaF varnish and n-HAP paste were similar 
in incipient caries remineralization (2017). This finding 
might be due to the different design of the study, which 
focused on comparing the remineralization of induced 
enamel carious lesions rather than the ability of the tested 
materials to prevent enamel demineralization.

In the present study, although the greater increase 
in microhardness after applying 5% nano-sodium fluo-
ride (290.965 ± 48.406) and 1% nano-sodium fluoride 
(282.818 ± 51.911) compared to the conventional 5% 
sodium fluoride group (276.618 ± 53.281) was not statis-
tically significant, the effect of nano-sodium fluoride is 
noticeable. This finding is not consistent with the results 
of Fidya et al. (2015), who reported no significant dif-
ference in the effects of nanoNaF to 5% NaF concerning 
enamel surface hardness, which could be due to the differ-
ent preparation method of nano-sodium fluoride and using 
permanent teeth in that study.

Fidya et al. also investigated the fluoride content of 
enamel samples treated with NaF and nanoNaF- in per-
manent teeth subjected to demineralization and reminer-
alization cycles to evaluate the resistance of permanent 
teeth against dental caries. They concluded that applying 
nanoNaF could increase fluoride and fluorapatite content 
compared to applying NaF (Fidya et  al. 2015). These 
results are consistent with the findings of Jahanimogh-
adam’s study (Jahanimoghadam et al. 2023).

The present study employed the same nano-sodium 
fluoride production method as Jahanimoghadam’s and 
reported no significant differences in primary tooth enamel 
microhardness between the NanoNaF and NaF groups. 
This finding may be because despite the smaller particle 
size and easier penetration of nanoparticles, the in vitro-
prepared NanoNaF has a production mechanism different 
from the more complex and advanced methods for NaF 
production in the industry.

Jahanimoghadam et al. reported no significant differ-
ences in fluoride element between samples treated with 
different concentrations of nano sodium fluoride (1–5%) 
(2023), consistent with our findings. This might help pro-
duce nano-sodium fluoride varnishes with very low fluoride 
concentrations that still exhibit high fluoride content and 
high microhardness when applied to the tooth structure, 
reducing the risk of potential toxicity related to fluoride 
ingestion during fluoride therapy sessions. In addition, it is 
possible to reduce dental visits for fluoride, which is benefi-
cial in preventing caries in young, uncooperative children 
(Jahanimoghadam et al. 2016). Also, Jahanimoghadam et al. 
reported no significant difference in the amount of fluoride 
in sound enamel samples with demineralized enamel in each 
group, indicating the effectiveness of fluoride therapy before 
and after the onset of incipient caries (2023).

However, more in vitro studies are recommended to con-
firm these findings, especially in the oral cavity, to consider 
variables that cannot be simulated in the laboratory.

Since this study was in vitro, simulating oral functions 
such as swallowing and chewing was not possible. Also, 
due to the significant role of factors related to the remin-
eralization process, such as the flow rate of saliva and the 
composition and buffering capacity of saliva, a complete 
simulation is not expected. More in-vitro and in-vivo stud-
ies are recommended to evaluate different aspects of enamel 
strength against caries after applying nano-NaF.

Conclusion

Considering the limitations of the present study, the follow-
ing conclusions can be made:

•	 Results from the invitro study indicated that there were 
no significant differences in enamel microhardness of 
deciduous teeth between conventional 5% NaF,1% nano-
NaF and 5% nano-NaF.

•	 The results of this invitro study revealed that 1% nano-
NaF and 5% nano-NaF are effective as well as conven-
tional 5% NaF regarding enamel microhardness of decid-
uous teeth.

•	 Fluoride therapy in children can be conducted using nano 
sodium fluoride varnish.
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