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ABSTRACT

Background: Recurrent caries were attributed to the lack of antibacterial properties of the 
dental materials. Silver nanoparticles (AgNPs) and calcium fluoride nanoparticles (CaF2NPs) are 
broad‑spectrum antibacterial agents. The object of the study was to investigate the antibacterial 
properties of composite‑incorporated AgNPs and CaF2NPs on Streptococcus mutans.
Materials and Methods: This experimental study forty‑eight disks containing 0.5, 1, and 
1.5% wt AgNPs s  (n  =  24) and 5, 10, and 15% wt CaF2NPs were prepared from flowable 
composite resin (n = 24). The third group consisted of 9 types of the combination of AgNPs 
and CaF2NPs (n = 72). A field emission scanning electron microscope with an energy‑dispersive 
X‑ray spectroscopy analysis system was used to test for the presence of nanoparticles in 
composite resins. The antibacterial efficacy of dental composite was evaluated by disk diffusion 
agar test. The minimum inhibitory concentration (MIC) and minimal bactericidal concentration 
were conducted. Data were analyzed using one‑way ANOVA and multiple Tukey HSD (Honestly 
Significant Difference) tests. Significance level was set at 0.05.
Results: Nanoparticles added to composite produce bacterial inhibition zone. The greatest 
inhibition of bacterial growth was recorded in the third group which contained both 
nanoparticles (P < 0.05). MIC values decreased after adding CaF2 NPs to the AgNPs‑containing 
composite. The results of the FE‑SEM test indicate the presence of AgNPs and CaF2NPs in the 
dental composite resin sample. On the other hand, the formation of AgNPs and their elemental 
nature were proved using energy dispersive X‑ray microanalysis EDX  analysis. According to 
the results, composite resins containing 0.5% of AgNPs s and 15% of CaF2NPs exhibited a 
significantly lower antibacterial activity compared to the 1.5% and 1% of AgNPs s with 15% of 
CaF2NPs (P < 0.05).
Conclusion: Dental composite resins‑containing CaF2NPs and AgNPs showed anti‑bacterial 
activity against S. mutans.

Key Words: Anti‑bacterial agents, calcium fluoride, composite resins, nanoparticles, silver

Received: 08‑Jan‑2024
Revised: 05‑Aug‑2024
Accepted: 27‑Aug‑2024
Published: 21-Nov-2024

Address for correspondence: 
Dr. Somayeh Hekmatfar, 
Ardabil University of Medical 
Sciences, Ardabil, Iran. 
E‑mail: hekmatfar24@
gmail.com

Access this article online

Website: www.drj.ir
www.drjjournal.net
www.ncbi.nlm.nih.gov/pmc/journals/1480
DOI: 10.4103/drj.drj_12_24

How to cite this article: Fathi M, Hosseinali Z, Molaei T, Hekmatfar S. 
The effect of silver and calcium fluoride nanoparticles on antibacterial 
activity of composite resin against Streptococcus mutans: An in vitro 
study. Dent Res J 2024;21:58.

This is an open access journal, and articles are distributed under the terms 
of the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 
License, which allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and the new 
creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com



Fathi, et al.: Antibacterial activity of silver and calcium fluoride nanoparticles against Streptococcus mutans

2 Dental Research Journal / Month 2024

INTRODUCTION

Dental caries is one of the most frequent bacterial 
diseases, that causes tooth structure loss.[1] 
Currently, composite resins are used in dentistry as 
tooth‑colored restorative materials in a wide range 
of applications, due to good maneuverability and 
excellent esthetic.[2] The bacterial accumulation on 
the surfaces of composite resin restorations compared 
to other dental materials can lead to the creation of 
a bacterial source and the development of secondary 
caries.[3] Nanotechnology could make available novel 
techniques in the prevention of demineralization and 
treatment of dental caries. The antibacterial activity of 
nanoparticles could control dental plaque biofilms and 
prolong restoration service life.[4,5]

Silver nanoparticles  (AgNPs) have a strong 
antimicrobial activity and effectively oppose 
Streptococcus mutans of the human oral cavity. The 
antimicrobial activity of AgNPs is typically determined 
by the size and shape of the particles.[6,7] Studies have 
proven that AgNPs can avoid acid production through 
dental plaque by growing inhibiting Lactobacillus 
and S.  mutans.[8,9] This nanoparticle had an excessive 
surface area‑to‑mass ratio; therefore, a small quantity 
of it was sufficient for strong antibacterial protection 
of the composite. According to some earlier reports, 
AgNPs have been incorporated into the composite 
and did not compromise the physical and mechanical 
properties of the composite as well as color and 
esthetics.[10,11] Barot et  al.[11] investigated the effect 
of AgNPs immobilized halloysite nanotubes  (HNT/
Ag) fillers on the mechanical properties of resin 
composite and observed that 10% HNT/Ag exhibited 
a weakening effect on the mechanical properties. 
However, they provided the best antimicrobial effects.

Recently, a study combined calcium fluoride 
nanoparticles  (CaF2NPs) with restorative material 
to help remineralization capabilities and reduce 
secondary caries.[12] Studies evaluated that the release 
of F and Ca ions could accelerate the remineralization 
of the tooth structure.[13,14] Some studies confirmed 
that the mechanical features of the CaF2NPs were 
several times better than that of resin‑modified glass 
ionomer and matched those of composites with little 
F release.[12,15]

Therefore, it might be notably proper to mix 
AgNPs with CaF2NPs to gain the double benefits of 
antibacterial effects and remineralization capabilities. 

There has been no report on the synergic effect of 
AgNPs and CaF2NPs on antibacterial activity. The 
objectives of this in  vitro study were to examine 
the antibacterial activity of composite resin with 
nanoparticles in opposition to S. mutans.

MATERIALS AND METHODS

This experimental study was approved by the 
Ethics Committee of Ardabil University of Medical 
Sciences  (IR.ARUMS.REC.1399.240). In this in vitro 
study, flowable composite resin (DenFil Flow‑Vericom, 
Korea) was used. The AgNPs  (Sigma‑Aldrich, 
Germany) had a concentration of 0.5, 1, and 1.5% 
wt, with an average particle size of  ≤50  nm, and 
CaF2NPs, (Sigma‑Aldrich, Germany) powder 
had a concentration of 5, 10, and 15% wt, were 
incorporated in the structure of the composite resin. 
The third group consisted of a combination of AgNPs 
and CaF2NPs[16] [Table 1].

Preparation and combination of  s i lver 
nanoparticles and calcium fluoride nanoparticles 
with dental composite resin
The nanoparticles were mechanically blended with 
the composite resin with the aid of using a plastic 
spatula constantly for 30  min in a dark room. Round 
mold was fabricated from polyvinyl chloride with a 
diameter of 10  mm and a thickness of 2  mm. The 
nanocomposite resin  (Ag, CaF2) was inserted into the 
mold and two glass slides were immediately placed 
on the bottom and the top of the mold. Then, the 

Table 1: Average diameters of bacterial growth 
inhibition zones (mm) in each group
Groups Percentage of nanoparticle Mean±SD P*

Ag CaF2

Group 1 0 5 2.57±0.41 0.778
0 10 2.42±0.61
0 15 2.32±43

Group 2 0.5 0 2.27±0.50 0.137
1 0 2.70±0.88

1.5 0 3.30±0.48
Group 3 0.5 5 2.20±0.35 0.008

1 5 2.75±0.50
1.5 5 3.00±0.41
0.5 10 2.77±0.75
1 10 3.30±0.38

1.5 10 3.40±0.29
0.5 15 3.45±1.10
1 15 3.80±0.355

1.5 15 3.72±0.33

SD: Standrad deviation. *The level of significance was set to 0.05
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specimens were cured using an LED light‑curing 
unit from both sides. The final composite was stirred, 
then molded and cured for 60 s by LED  (Demi LED 
Light Curing System, Kerr Corp, Orange, CA, USA) 
light‑curing unit with a light intensity of 800 𝑚𝑊/cm2. 
To gain highly polished samples with the same surface 
roughness values, all the samples were polished with 
600, 800, and 1200 grit silicon carbide papers  (Stark 
Sandpaper, German) for about 2 min.

Before the relevant tests are carried out, the final 
composite is kept at room temperature and away from 
any direct light for 24 h.

Structural characterizations
To determine morphology, size of nanoparticle, and 
structural characterization of obtained dental composite 
resin with AgNPs and CaF2NPs, the samples were broken 
into two pieces, samples were appended on an aluminum 
stub, sputter included with gold, and photograph 
captured with the aid of using a field emission scanning 
electron microscopy (FE‑SEM; MIRA3TESCAN‑XMU, 
Razi Metallurgical Research Center, IRAN) at  ×  5.00. 
The nanoparticle diameters were directly read from 
FE‑SEM. To gather an average value, five points were 
determined by a single FE‑SEM image obtained from 
at least five different spots on dental composite samples. 
Furthermore, the same device was used to perform 
energy dispersive X‑ray microanalysis (EDAX) analysis, 
to detect the elements in the composite.

In vitro antibacterial activity evaluations
Disc agar diffusion test was used three times for 
each group to evaluate the antibacterial activity 
of composites containing nanoparticles. Flowable 
composite resin (DenFil Flow‑Vericom, Korea) 
and gentamicin were used as negative and 
positive controls, respectively. S.  mutans bacterial 
suspension  (Persian type culture collection  (PTCC® 
1683.) in brain–heart infusion  (BHI) broth with a 
concentration of 0.5 McFarland was prepared. 0.5 
McFarland suspension was diluted 1,000  times to 
obtain a concentration of 1.5 × 105 bacteria in 1 mL. 
Bacterial suspensions were spread on the Hinton agar 
culture medium. Sterilization of composite discs was 
done in an autoclave. Composite discs have been 
positioned on the floor of plates at a 2‑cm distance 
from each other. The culture media in an anaerobic jar 
containing gasp  (A) were used to empty the culture 
medium for S.  mutans and incubated at 37°C for 
48 h. Subsequently, incubated for 48 h, the increased 
inhibition growth zones were recorded.

To determine morphology, size of the nanoparticle, 
and structural characterization of obtained dental 
composite resin with AgNPs and CaF2NPs, the 
samples were broken into two pieces, samples were 
appended on an aluminum stub, sputter included 
with gold, and photographs captured with the 
aid of using a field emission scanning electron 
microscopy (FE‑SEM; MIRA3TESCAN‑XMU, 
Razi Metallurgical Research Center, Iran) at  ×  5.00. 
The nanoparticle diameters were directly read from 
FE‑SEM. To gather an average value, five points 
were determined by a single FE‑SEM image obtained 
from at least five different spots on dental composite 
samples. Furthermore, the same device was used to 
perform EDAX analysis and to detect the elements in 
the composite.

Minimum Inhibitory concentration and minimum 
bactericidal concentration
The minimum inhibitory concentration  (MIC) and 
minimum bactericidal concentration  (MBC) were 
conducted using the CLSI 2015 guidelines for 
different nanoparticles against S.  mutans  (PTCC® 
1683.), at different concentrations (2000–15.62_g/mL) 
and by broth microdilution assay; in which serial 
dilution of compounds was done in a sterile 96‑well 
plate. The microorganism strain was cultivated on 
BHI, and it was grown for 12  h in a liquid BHI 
at 37°C with agitation at 150  rpm. Suspension of 
microorganisms was then adjusted to 0.5 McFarland 
in phosphate‑buffered saline.[17,18] Twenty microliters 
bacteria suspension and 180 μL of the compound 
solution were added to each well. We used the wells 
with microorganisms without tested solutions as a 
negative control. The wells were read for visible 
turbidity after 48  h of incubation at 37°C. The MIC 
was defined as the endpoint where no turbidity could 
be detected with reference to negative, positive, and 
blank controls. An aliquot of 50 μl from each tested 
well without turbidity was spread onto BHI plates.[19] 
After 48  h of incubation, plates that contained no 
bacterial effects were recorded. The MBC value was 
determined as the lowest concentration.

Statistical analysis
Data were evaluated using one‑way ANOVA and Tukey 
HSD post hoc tests. Significance level was set at 0.05.

RESULTS

FE‑SEM images of the fracture surface of the samples 
were prepared. Figure 1 shows the fracture surface of 
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the sample without nanoparticles is flat and the sample 
containing nanoparticles is brittle. The AgNPs consist 
of small grains with mean diameters of 50  ≤  nm. 
However, Figure  1a shows AgNPs of small grains 
and some dispersed nanoparticles which are more or 
less spherical. As shown in Figure  1b, CaF2NPs are 
spherical and close to the square for the large cases.

The elemental analysis of the AgNPs and CaF2NPs 
was performed using the EDX on the FE‑SEM. 
Figure  2 shows the EDX spectrum of AgNPs and 
CaF2NPs. The EDX spectrum revealed strong signals 
in the AgNPs region of 3 keV  [Figure  2b], therefore, 
confirming the formation of AgNPs and its elemental 

nature. This signal was formed due to the excitation 
of surface plasmon resonance of AgNPs. The peaks 
around 3.20 keV correspond to the binding energies 
of AgLα and AgLβ, respectively. Furthermore, a 
peak near 3.90 keV corresponding to CaF2NPs was 
observed  [Figure  2c]. Therefore, the EDX profile 
of the sample  [Figure  2] indicates that the dental 
composite resin sample contains AgNPs and CaF2NPs.

The results of the disk agar diffusion test are summarized 
in Table 1. Nanoparticles added to the composite produce 
a bacterial inhibition zone. The highest amount of 
bacterial growth inhibition was found in the third group 
that contains both nanoparticles  (P  <  0.05). According 

Figure 1: FE‑SEM (field emission scanning electron microscopy) images, (a) dental composite + Silver nanoparticles (AgNPs), 
(b) dental composite + Calcium fluoride nanoparticles (CaF2NPs) and (c) dental composite + AgNPs and CaF2NPs. Magnification: 
5.00 k× .Accelerating voltage (Kv):15.0Kv.

cba

Figure  2: EDX  (energy dispersive X‑ray microanalysis) spectra of dental composite  (a), dental composite  +  Silver 
nanoparticles (AgNPs) (b) and dental composite + AgNPs and Calcium fluoride nanoparticles (c).

c

ba
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to the Tukey test results, composite resins containing 
0.5% of AgNPs and 15% of CaF2NPs exhibited a 
significantly lower antibacterial activity compared to the 
1.5% and 1% of AgNPs with 15% of CaF2NPs. There 
was no significant difference in bacterial inhibition 
zone between composite resins with 0.5%, 1%, and 
1.5% of AgNPs  (group  1) and 5%, 10%, and 15% of 
CaF2NPs (group 2) and groups 3 (composite resins with 
AgNPs and CaF2NPs) by Tukey HSD test (P > 0.05).

Results of the MIC and MBC confirm the presence 
of optimal antibacterial properties in the composite 
that contains both Ag and CaF2 NPs. MIC values 
decreased significantly after adding CaF2 NPs to the 
AgNPs‑containing composite  (P  <  0.001). MBC and 
MIC values are recorded in Table 2.

DISCUSSION

Composite resins‑containing nanoparticles can 
interfere with the formation of biofilms, due 
to the general inhibitory effect of cariogenic 
bacteria.[6,20] They can also prevent secondary caries 
with significant antimicrobial activity against residual 
bacteria in the prepared tooth cavity and colonized 
bacteria in microleakage.[10]

The present study attempted to evaluate the 
antibacterial properties of composite resins‑containing 
CaF2NPs and AgNPs against S.  mutans. In this 

research, the mechanical stirring method was used 
to combine the composite with CaF2NPs and AgNPs. 
Most previous studies demonstrated the antibacterial 
activity of nanosilver and calcium fluoride 
incorporated into dental material. They have reported 
that different performance of composite resins 
containing these particles in different concentrations 
is observed.[3,10,21] However, there has been no report 
of the composite‑containing CaF2NPs and AgNPs to 
achieve antibacterial capabilities.

The antibacterial effect of nanoparticles depends on 
their size.[22] In the present study, the bactericidal 
properties of composite resins containing 1.5% 
silver were higher against S.  mutans in comparison 
to 15% of CaF2 nanoparticles. Through this study, 
Espinosa–Cristóbal et  al.[23] demonstrated the 
significant anti‑adherence and antibacterial activity 
against S.  mutans by Ag nanoparticle in  ≤50  nm 
size. Wojnarowska et  al.[24] doping fluorapatite 
nanoparticles with silver ion nanoparticles and showed 
a 30% inhibition of bacterial growth after 4  h of 
incubation while maintaining the natural morphology 
of fluorapatite. Discoloration due to silver is a major 
problem with this composite resin. The use of low 
concentrations of metallic nanoparticles can prevent 
the severe color change of composite resins.[25]

The addition of CaF2 nanoparticles can provide 
composite resins with antibacterial activity and reduce 
the caries‑causing composition of dental biofilms. 
Pandit[26] showed that the concentration of fluoride 
released from restorations can help reduce the 
cariogenic composition of S.  mutans biofilms when 
sufficient fluoride is released in the early stages of 
biofilm formation.

According to Weir et  al.,[27] the fluorine release 
concentration in NCaF2‑composite resin is similar 
to or even superior to that of commercially modified 
glass ionomer. CaF2NPs are promising to inhibit 
enamel demineralization, white spot lesions, and 
caries.[28] Xu et  al.[12] incorporated CaF2NPs  (10%, 
20%, and 30%) into composite resin and showed 
that increasing the nano‑CaF2 content will increase 
the F release. In addition, a lower pH increases the F 
release from the CaF2 particles.

Remineralization is a natural reparative process to 
restore the minerals to ionic forms that develop at a 
near‑neutral physiological pH. The calcium ions in the 
nanoparticles that precipitate from saliva and dental 
plaque fluid to form new hydroxyapatite crystals are 

Table 2: Minimum inhibitory concentration and 
minimum bactericidal concentration values of 
composite resin in each group
Percentage of nanoparticles in composite resin MIC/MBC

AgNPs CaF2NPs
0 0 ‑
0 5 125/500
0 10 62.5/500
0 15 62.5/125
0.5 0 125/125
1 0 62.5/125
1.5 0 62.5/125
0.5 5 62.5/125
0.5 10 62.5/125
0.5 15 62.5/62.5
1 5 31.25/62.5
1 10 31.25/62.5
1 15 31.25/31.25
1.5 5 62.5/62.5
1.5 10 31.25/31.25
1.5 15 31.25/31.25

AgNPs: Silver nanoparticles; MIC: Minimum inhibitory concentration; 
MBC: Minimum bactericidal concentration; CaF2NPs: Calcium fluoride 
nanoparticles
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larger and more resistant to attack by acids.[29] Xu 
et  al.[12] pointed out that high F‑release composite 
resin can help reduce secondary caries. The results of 
the present study showed that the growth inhibitory 
halo in the plates of composite resin‑containing 
AgNPs and CaF2NPs together was significantly higher 
than that in the other two groups, demonstrating the 
synergy in the bactericidal potential of the composite 
containing CaF2 and AgNPs against S. mutans.

There are concerns about the adverse effects of adding 
nanoparticles on the mechanical properties of composite 
resins. Previous studies indicated that a concentration 
of 1% AgNPs can significantly inhibit caries‑causing 
bacteria without reducing the mechanical properties.[30] 
However, silver compounds added in a concentration 
of 10% or greater to composite resins would reduce 
compressive strength, elastic modulus, and tensile 
strength.[31] There are few studies on the effects of 
adding CaF2NPs to resin composites. Mitwalli et al.[32] 
investigated the effects of incorporating 15% CaF2NPs 
into composites on the mechanical performance and 
reported the new composite resin had antibacterial 
activity against biofilms derived from humans without 
deteriorating the mechanical properties.

The production and application of composite resins 
with antibacterial activity can help improve the clinical 
outcomes of restorative treatments with composite 
resins. The use of composite resins‑containing Ag 
and CaF2 nanoparticles could be effective in reducing 
the risk of recurrent tooth decay by bringing notable 
antimicrobial properties. It is suggested that the physical 
and chemical properties of composite resins with 
different Ag and CaF2 nanoparticles be investigated to 
prevent problems in relation to mechanical strength, 
discoloration, or other possible changes.

CONCLUSION

In summary, the presence of silver and CaF2NPs in the 
dental composite resin was determined by FE‑SEM 
and EDX. In addition, the antibacterial activity of 
the dental composite resin was evaluated by the disk 
agar diffusion test. The results of this study clearly 
showed that composite resins containing the AgNPs 
and CaF2NPs inhibited the proliferation and growth of 
the important oral cavity microorganism: S. mutans.

Acknowledgment
The authors would like to thank Research Deputy 
of Ardabil University of Medical Sciences for the 
financial support of this study.

Financial support and sponsorship
This work was supported by the Research Deputy of 
Ardabil University of Medical Sciences.

Conflicts of interest
The authors of this manuscript declare that they have 
no conflicts of interest, real or perceived, financial or 
nonfinancial in this article.

REFERENCES

1.	 Opdam  NJ, van de Sande  FH, Bronkhorst  E, Cenci  MS, 
Bottenberg P, Pallesen U, et al. Longevity of posterior composite 
restorations: A systematic review and meta‑analysis. J Dent Res 
2014;93:943‑9.

2.	 Drummond JL. Degradation, fatigue, and failure of resin dental 
composite materials. J Dent Res 2008;87:710‑9.

3.	 Kasraei  S, Sami  L, Hendi  S, Alikhani  MY, Rezaei‑Soufi  L, 
Khamverdi  Z. Antibacterial properties of composite resins 
incorporating silver and zinc oxide nanoparticles on Streptococcus 
mutans and Lactobacillus. Restor Dent Endod 2014;39:109‑14.

4.	 Nedeljkovic  I, Teughels W, De Munck  J, Van Meerbeek  B, 
Van Landuyt  KL. Is secondary caries with composites a 
material‑based problem? Dent Mater 2015;31:e247‑77.

5.	 Kesharwani P, Gorain B, Low SY, Tan SA, Ling EC, Lim YK, 
et al. Nanotechnology based approaches for anti‑diabetic drugs 
delivery. Diabetes Res Clin Pract 2018;136:52‑77.

6.	 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;15:2555‑62.

7.	 Saravanan  M, Barik  SK, MubarakAli  D, Prakash  P, 
Pugazhendhi A. Synthesis of silver nanoparticles from Bacillus 
brevis  (NCIM 2533) and their antibacterial activity against 
pathogenic bacteria. Microb Pathog 2018;116:221‑6.

8.	 de Castro DT, Valente ML, Agnelli  JA, Lovato da Silva CH, 
Watanabe E, Siqueira RL, et al. In vitro study of the antibacterial 
properties and impact strength of dental acrylic resins modified 
with a nanomaterial. J Prosthet Dent 2016;115:238‑46.

9.	 N a f a r r a t e ‑ Va l d e z   R A ,  M a r t í n e z ‑ M a r t í n e z  R E , 
Zaragoza‑Contreras EA, Áyala‑Herrera JL, Domínguez‑Pérez RA, 
Reyes‑López SY, et  al. Anti‑adherence and antimicrobial 
activities of silver nanoparticles against serotypes C and 
K of Streptococcus mutans on orthodontic appliances. 
Medicina (Kaunas) 2022;58:877.

10.	 Dias HB, Bernardi MI, Marangoni VS, de Abreu Bernardi AC, 
de Souza Rastelli AN, Hernandes AC. Synthesis, characterization 
and application of Ag doped ZnO nanoparticles in a composite 
resin. Mater Sci Eng C Mater Biol Appl 2019;96:391‑401.

11.	 Barot T, Rawtani D, Kulkarni P. Physicochemical and biological 
assessment of silver nanoparticles immobilized halloysite 
nanotubes‑based resin composite for dental applications. Heliyon 
2020;6:e03601.

12.	 Xu  HH, Moreau  JL, Sun  L, Chow  LC. Novel CaF(2) 
nanocomposite with high strength and fluoride ion release. J Dent 
Res 2010;89:739‑45.

13.	 Langhorst SE, O’Donnell JN, Skrtic D. In vitro remineralization 
of enamel by polymeric amorphous calcium phosphate 



Fathi, et al.: Antibacterial activity of silver and calcium fluoride nanoparticles against Streptococcus mutans

7Dental Research Journal / Month 2024 7

composite: Quantitative microradiographic study. Dent Mater 
2009;25:884‑91.

14.	 Deng DM, van Loveren C, ten Cate JM. Caries‑preventive agents 
induce remineralization of dentin in a biofilm model. Caries Res 
2005;39:216‑23.

15.	 Xu HH, Moreau JL, Sun L, Chow LC. Strength and fluoride 
release characteristics of a calcium fluoride based dental 
nanocomposite. Biomaterials 2008;29:4261‑7.

16.	 Cao  W, Zhang Y, Wang  X, Chen Y, Li  Q, Xing  X, et  al. 
Development of a novel resin‑based dental material with dual 
biocidal modes and sustained release of Ag(+) ions based on 
photocurable core‑shell AgBr/cationic polymer nanocomposites. 
J Mater Sci Mater Med 2017;28:103.

17.	 Scarpelli  BB, Punhagui  MF, Hoeppner  MG, Almeida  RS, 
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;28:738‑43.

18.	 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;2022:1‑11.

19.	 Krishnan R, Arumugam V, Vasaviah SK. The MIC and MBC of 
silver nanoparticles against Enterococcus faecalis‑a facultative 
anaerobe. J Nanomed Nanotechnol 2015;6:285.

20.	 Ai  M, Du  Z, Zhu  S, Geng  H, Zhang  X, Cai  Q, et  al. 
Composite resin reinforced with silver nanoparticles‑laden 
hydroxyapatite nanowires for dental application. Dent Mater 
2017;33:12‑22.

21.	 Shin DY, Cheon KH, Song EH, Seong YJ, Park JU, Kim HE, 
et al. Fluorine‑ion‑releasing injectable alginate nanocomposite 
hydrogel for enhanced bioactivity and antibacterial property. Int 
J Biol Macromol 2019;123:866‑77.

22.	 Noronha VT, Paula AJ, Durán G, Galembeck A, Cogo‑Müller K, 
Franz‑Montan M, et al. Silver nanoparticles in dentistry. Dent 
Mater 2017;33:1110‑26.

23.	 E s p i n o s a ‑ C r i s t ó b a l  L F ,  L ó p e z ‑ R u i z   N , 

Cabada‑Tarín D, Reyes‑López SY, Zaragoza‑Contreras A, 
Constandse‑Cortéz D, et  al. Antiadherence and antimicrobial 
properties of silver nanoparticles against Streptococcus 
mutans on brackets and wires used for orthodontic treatments. 
J Nanomater 2018; 2018(1):9248527.

24.	 Wojnarowska‑Nowak  R, Rzeszutko  J,  Barylyak  A, 
Nechyporenko G, Zinchenko V, Leszczyńska D, et al. Structural, 
physical and antibacterial properties of pristine and Ag+ doped 
fluoroapatite nanomaterials. Adv Appl Ceram 2017;116:108‑17.

25.	 Kasraei S, Azarsina M. Addition of silver nanoparticles reduces 
the wettability of methacrylate and silorane‑based composites. 
Braz Oral Res 2012;26:505‑10.

26.	 Pandit S, Kim GR, Lee MH, Jeon JG. Evaluation of Streptococcus 
mutans biofilms formed on fluoride releasing and non fluoride 
releasing resin composites. J Dent 2011;39:780‑7.

27.	 Weir  MD, Moreau  JL, Levine  ED, Strassler  HE, Chow  LC, 
Xu  HH. Nanocomposite containing CaF(2) nanoparticles: 
Thermal cycling, wear and long‑term water‑aging. Dent Mater 
2012;28:642‑52.

28.	 Mitwalli H, Balhaddad AA, AlSahafi R, Oates TW, Melo MA, 
Xu HH, et al. Novel CaF(2) nanocomposites with antibacterial 
function and fluoride and calcium ion release to inhibit oral 
biofilm and protect teeth. J Funct Biomater 2020;11:56.

29.	 Chen H, Gu L, Liao B, Zhou X, Cheng L, Ren B. Advances of 
anti‑caries nanomaterials. Molecules 2020;25:5047.

30.	 Tavassoli Hojati S, Alaghemand H, Hamze F, Ahmadian Babaki F, 
Rajab‑Nia  R, Rezvani  MB, et  al. Antibacterial, physical and 
mechanical properties of flowable resin composites containing 
zinc oxide nanoparticles. Dent Mater 2013;29:495‑505.

31.	 Bürgers R, Eidt A, Frankenberger R, Rosentritt M, Schweikl H, 
Handel G, et  al. The anti‑adherence activity and bactericidal 
effect of microparticulate silver additives in composite resin 
materials. Arch Oral Biol 2009;54:595‑601.

32.	 Mitwalli H, AlSahafi R, Albeshir EG, Dai Q, Sun J, Oates TW, 
et  al. Novel nano calcium fluoride remineralizing and 
antibacterial dental composites. J Dent 2021;113:103789.


