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ABSTRACT 
To determine the antibacterial activity of silver ions while incorporating with filters of composite resins for the protection of secondary 

caries. A systematic review was conducted based on a literature search using the search keywords (antibacterial activity) AND (composite 

resin) AND (secondary caries). An in-vitro study investigating the antibacterial activity of silver ions while incorporating composite resins for 

the protection of secondary and further followed by Cochrane database bias assessment was done. Eight in-vitro studies were included. The 

results of all eight studies were statistically significant with the antibacterial activity of silver ions with composite resins and protection of 

secondary caries. This study concludes that there is an effective antibacterial activity of silver ions while incorporated with the composite 

filling for the protection of secondary caries. All the study concludes there is a significant between the protection of secondary caries while 

filled with composite resin and antibacterial activity. 
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INTRODUCTION 

Dental caries is an infectious disease of bacterial 

Etiology (1). Although several species of bacteria have been 

isolated from dental plaque associated with caries lesions, 

there is evidence that Streptococcus mutans, Streptococcus 

sobrinus, and lactobacilli are the major human dental 

pathogens (2). Over long periods of time, resin composite 

restorations tend to accumulate more bacteria and dental 

plaque than enamel surfaces in vitro (3, 4) and in vivo (5), 

resulting in secondary caries around them. The possibility of 

recurrent caries increases with greater amounts of dental 

plaque accumulation on restorative materials. Caries rarely 

occur adjacent to glass ionomer restorations. On the other 

hand, caries around glass ionomer restorations occurred in a 

clinical follow-up study in rather high frequencies (6). 

SVANBERG et al. (7) demonstrated that the in vivo growth of 

oral streptococci was inhibited around silver-containing glass 

ionomer cement. This may have been due to silver ions 

released from the materials (8, 9). Silver has been used for a 

long time as an antimicrobial agent (10). Resin composites 

containing silver ion-containing, which release silver ions, 

have been found to have antibacterial effects on oral 

streptococci (11). Attempts have been made to prevent plaque 

accumulation on the surfaces of restorative materials by 

incorporating antibacterial agents such as chlorhexidine (12). 

Although initially strong, this antibacterial effect did not last 

long antibacterial agents such as chlorhexidine or antibiotics 

in methacrylate or other restorative materials affected their 

mechanical properties (13). Moreover, the release of these 

antibacterial agents resulted in further changes in the physical 

properties of the materials (14). To overcome these 

disadvantages, IMAZATO et al. (15) recently incorporated a 

non-releasing synthesized monomer with antibacterial 

properties in a resin composite. Other antibacterial materials, 

including silver ions in inorganic oxides as a carrier, have 

been developed. To give two examples of their methods of 

synthesis, silver ions may be hydrothermally supported into 

the space between the crystal lattices of network-structured 

zirconium phosphate, or silver complexes may be supported 

into a silica gel, and then thin sol-gel-derived silica is coated 

on its surface by a dipping method (16). Such materials have 

been shown to exhibit strong antimicrobial activity against 

Gram-positive and Gram-negative bacteria, yeast, and molds 

(17). For resin composites incorporating antibacterial agents 

into the resin part, these materials may solve the problem of 

the short-term durability of antibacterial activity and 

deterioration of the mechanical properties. In this study, we 

assessed the antibacterial activity against mutans Streptococci 
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of light-activated resin composites incorporating one of the 

three types of silver-containing materials into SiO2 and 

measured the amounts of silver ions released from the 

composites. In addition, we also investigated the influence of 

the incorporation of silver-containing materials on the 

mechanical properties of resin composites. The aim of the 

study is to determine the antibacterial activity of silver ions 

while incorporating filters of composite resins for the 

protection of secondary caries. 

 

MATERIALS AND METHODS 
A total of 120 articles were searched using among 

those 8 articles included in this study, and this systematic 

review was done using composite for caries protection.  

 

ELIGIBILITY CRITERIA 
Inclusion Criteria 

1. Studies published in English 

2. Articles on the composite with antibacterial activity 

3. Full-text articles 

4. In- vitro studies 

 

Exclusion criteria 

1. Only abstracts available 

2. Unrelated articles 

3. Animal studies 

4. RCT studies 

 

SEARCH ENGINES 
                PubMed 

                Wiley online library 

                Cochrane library 

                 Elsevier science direct 

                 Prospero 

                 Cinahl 

                 Scopus 

                 OSF 

                 Ovid Medicine 

                 Grey literature 

After the search using the appropriate mesh terms, a total of 

120 articles were found from the online databases. After 

duplicates removal, 109 articles were screened, and 99 full-

text articles were available. Inclusion-exclusion criteria were 

applied, and finally, 8 related articles were selected for further 

assessment.  

 

RESULTS 
TABLE 1: shows the characteristics of the intervention in the 

included studies.  

TABLE 2: shows an outcome and result of the composite in 

caries protection in the above-mentioned studies. 

TABLE 3: shows the bias analysis of all the included studies. 

It is categorized as high-risk bias “-“, low-risk bias “++” and 

unclear “?”. 

 

DISCUSSION 
Silver has been used for a long time in medicine as an 

antimicrobial agent (10). The inhibitory effect of three silver-

containing materials against S. mutans seen in this study was 

probably due to direct contact with S. mutans (17) and not to 

silver ion release because they were insoluble in the culture 

media, and there was no release of silver ions from the 

composites. 

Yoshida et al. 1999, a totally of 5 samples were used in 

this study, and the antibacterial activity found here was 

Streptococcus mutans. It is an in-vitro study here; the material 

used was Novaron (N), Amenitop (AM), and AIS, and it has a 

concentration of 5% Wt, 7% Wt, and 10% Wt. the 

intervention used is TEGDMA-UDMA-based light-activated 

resin composites, and the outcome shows light-activated resin 

composite incorporating silver-containing materials such as 

Novaron may be clinically useful due to its long-term 

inhibitory effect against S. mutans and favorable mechanical 

properties, and the p-value is P<0.01 which is statistically 

significant (18). 

Shahin kasraei et al. 2014, a totally of 30 samples were 

used in this study, and the antibacterial active found here were 

Streptococcus mutans and Lactobacillus. It is an in-vitro 

study, here, the material used was nano-silver and 1% nano 

zinc oxide, and it has a concentration of1% and 1%. The 

intervention used is flowable composite resin, and the 

outcome shows that light-activated resin composite 

incorporating silver-supported antibacterial material such as 

Novaron may be clinically useful due to its inhibitory effect 

against S. mutans and favorable mechanical properties, and 

the p-value is P<0.05, which is statistically significant(19). 

Mojgan kachoei et al. 2021, a totally of 30 samples 

were used in this study, and the antibacterial active found here 

were Streptococcus mutans, Lactobacillus and Candida 

albicans. It is an in-vitro study, here, the material used was 

ZnO nanoparticles and silver ions nanoparticles, and it has a 

concentration of 5% and 5%. The intervention used is 

composite resin, and the outcome shows Incorporation of ZnO 

nanoparticles and their compounds into orthodontic composite 

resins induced antibacterial properties against oral pathogens, 

and of all these nanoparticles, the AZ group exhibited the best 

antimicrobial activity and highest shear bond strength, and the 

p-value is P<0.05 which is statistically significant (20). 

Xanthippi chatzistavrou et al. 2018, a total of 24 

samples were used in this study, and the antibacterial activity 

found here was Streptococcus mutans. It is an in-vitro study; 

here, the material used was Ag-doped sol-gel derived 

bioactive glass, and it has a concentration of 5, 10, and 15 

wt.%. The intervention used is flowable composites, and the 

outcome shows new resin composites with antibacterial and 

remineralizing properties and new resin composites with 

antibacterial and remineralizing properties, and the p-value is 

P<0.05, which is statistically significant (21). 

Tanagawa et al. 1999, a totally of 7 samples were used 

in this study, and the antibacterial activity found here was 

Streptococcus mutans. It is an in-vitro study here; the material 

used was Novaron (N), Amenitop (AM), and AIS, and it has a 

concentration of 5% Wt, 7% Wt, and 10% Wt. the 

intervention used is TEGDMA-UDMA-based light-activated 

resin composites, and the outcome shows light-activated resin 

composite incorporating silver-containing materials such as 

Novaron may be clinically useful due to its long-term 

inhibitory effect against S. mutans and favorable mechanical 

properties, and the p-value is P<0.01 which is statistically 

significant (22). 
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Mohadese azarsina et al. 2013, a totally of 36 samples 

were used in this study, and the antibacterial active found here 

were Streptococcus mutans and Lactobacillus. It is an in-vitro 

study, here, the material used was Nanosilver, and it has a 

concentration of0.5 and 1% weight. The intervention used is 

composite resin, and the outcome shows Addition of silver 

nanoparticles to Z250 composite could significantly inhibit the 

growth of Streptococcus mutans and Lactobacillus on the 

surface of this composite, and the p-value is P=0.001 which is 

a statistically significant (23). 

Robert stencel et al., a totally of 5 samples were used in 

this study, and the antibacterial activity found here was 

Streptococcus mutans. It is an in-vitro study here; the material 

used was silver sodium hydrogen zirconium phosphate, and it 

has a concentration of 1%, 4%, 7%, 10%, 13%, and 16% Wt. 

the intervention used is composite resin, and the outcome 

shows composites exhibited properties similar to the control 

material and enhanced in vitro antimicrobial efficiency and the 

p-value is P=0.0002 which is statistically significant (24). 

Tejas barot et al. 2020, a total of Six groups of 

experimental resin composite samples were made: one control 

group was used in this study, and the antibacterial activity 

found here was Streptococcus mutans. It is an in-vitro study 

here; the material used was Halloysite Nanotubes, and it has a 

concentration of 7.5 and 10 wt. %. The intervention used is 

Bis-GMA/TEGDMA dental resins composites, and the 

outcome shows HNT/Ag containing dental composite is 

proposed to be highly valuable in the development of 

restorative dental material for patients with a high risk of 

dental caries, and the p-value is P<0.05 which is statistically 

significant (25). 

 

CONCLUSION 
This study concludes that there is an effective 

antibacterial activity of silver ions while incorporated with the 

composite filling for the protection of secondary caries. All 

the study concludes there is a significant between the 

protection of secondary caries while filled with composite 

resin and antibacterial activity. 
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Figure 1: Flow Diagram Showing the Number of Studies Identified, Screened, Assessed for Eligibility, 

Excluded, and included in the Systematic Review 
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TABLE 1: CHARACTERISTICS OF THE INTERVENTIONS IN THE INCLUDED STUDIES 

 

Sl. 

No: 

Author Year Bacteria Materials Concentrations 

Used 

Intervention 

1 YOSHIDA et al 

(18) 

1999 Streptococcus 

mutans 

Novaron (N), 

Amenitop 

(AM), and 

AIS 

5% WT 

7% WT 

10% WT 

TEGDMA-

UDMA-based 

light-activated 

resin composites 

2 SHAHIN KASRAEI 

et al 

(19) 

2014 Streptococcus 

mutans and 

Lactobacillus 

nano-silver 

and 1% nano 

zinc-oxide 

1% 

1% 

flowable 

composite resin 

3 MOJGAN 

KACHOEI et al 

(20) 

 

2021 Streptococcus 

mutans, 

Lactobacillus 

and Candida 

albicans 

ZnO 

nanoparticles 

and silver ions 

nanoparticles 

5% 

5% 

Composite resin 

 

4 XANTHIPPI 

CHATZISTAVROU 

et al (21) 

 

2018 Streptococcus 

mutans 

Ag-doped sol-

gel derived 

bioactive glass 

5, 10, and 15 

wt.% 

flowable 

composite 

5 TANAGAWA et al 

(22) 

 

1999 Streptococcus 

mutans 

Novaron, 

Amenitop and 

AIS 

5% WT 

7%WT 

10%WT 

TEGDMA-

UDMA-based 

light-activated 

resin composite 

6 MOHADESE 

AZARSINA et al 

(23) 

 

2013 Streptococcus 

mutans and 

Lactobacillus 

Nanosilver 0.5 and 1% 

weight 

composite resin 

7 ROBERT STENCEL 

et al (24) 

 

2018 Streptococcus 

mutans 

silver sodium 

hydrogen 

zirconium 

phosphate 

1%, 4%, 7%, 

10%, 13%, and 

16% Wt 

composite 

8 TEJAS BAROT et al 

(25) 

2010 Streptococcus 

mutans 

Halloysite 

Nanotubes 

7.5 and 10 wt. 

% 

Bis-

GMA/TEGDMA 

dental resins 

composites 
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TABLE2: OUTCOME DATA AS REPORTED IN INCLUDED STUDIES 

 

 
1 YOSHIDA et al 1999 

(18) 

5 samples In vitro study light-activated resin 

composite incorporating 

silver-containing materials 

such as Novaron may be 

clinically useful due to its 

long-term inhibitory effect 

against S. mutans and 

favorable mechanical 

properties 

P<0.01 

2 SHAHIN KASRAEI 

et al 2014 (19) 

30 samples In vitro study Composite resins 

containing silver or 

zincoxide nanoparticles 

exhibited antibacterial 

activity against 

Streptococcus mutans and 

Lactobacillus. 

p < 0.05 

3 MOJGAN 

KACHOEI et al 2021 

(20) 

 

30 samples In vitro study Incorporation of ZnO 

nanoparticles and their 

compounds into 

orthodontic composite 

resins induced antibacterial 

properties against oral 

pathogens, and of all these 

nanoparticles, the AZ 

group exhibited the best 

antimicrobial activity and 

highest shear bond 

strength. 

P <0.05 

4 XANTHIPPI 

CHATZISTAVROU 

et al 

2018 (21) 

24 samples In vitro study New resin composites with 

antibacterial and 

remineralizing properties 

new resin composites with 

antibacterial and 

remineralizing properties 

p < 0.05 

5 TANAGAWA et al 

1999 (22) 

 

7 samples In vitro study light-activated resin 

composite incorporating 

silver-supported 

antibacterial material such 

as Novaron may be 

clinically useful due to its 

inhibitory effect against S. 

mutans and favorable 

mechanical properties. 

P<0.01 

6 MOHADESE 

AZARSINA et al 

2013 (23) 

 

36 samples In vitro study Addition of silver 

nanoparticles to Z250 

composite could 

significantly inhibit the 

growth of Streptococcus 

mutans and Lactobacillus 

on the surface of this 

composite. 

p = 0.001 
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TABLE 3: BIAS ANALYSIS OF INCLUDED STUDIES 

S.

No 

Author And 

Year 

Random 

Sequence 

Generation 

Allocation 

Concealment 

Selective 

Reporting 

Incomplete 

Outcome 

Data 

Blinding Of 

Outcome 

Assessment 

Blinding 

Participants 

And Personals 

1 YOSHIDA et 

al 1999 (18) 

++ - ++ ++ ++ - 

2 SHAHIN 

KASRAEI et 

al 2014 (19) 

++ - - ++ ++ ++ 

3 MOJGAN 

KACHOEI et 

al 2021 (20) 

++ - ++ ++ ++ ? 

4 XANTHIPPI 

CHATZISTA

VROU et al 

2018 (21) 

++ - ++ ++ ++ ? 

5 TANAGAWA 

et al 1999 (22) 

++ ++ - - - - 

6 MOHADESE 

AZARSINA 

et al 2013 (23) 

++ - - - - ++ 

7 ROBERT 

STENCEL et 

al 2018 (24) 

 

- - - ++ - ++ 

8 TEJAS 

BAROT et al 

2020 (25) 

- - ++ - ++ - 

 
 REFERENCES 

1. Van Houte J, Lopman J, Kent R. 1994. The predominant 

cultivable flora of sound and carious human root surfaces. 

J Dent Res, 73: 1727-1734.  

2. Loesche WJ. 1986. Role of Streptococcus mutans in human 

dental decay. Microbiol Rev, 50: 353-380.  

3. Skjoè Rland KKR. 1973. Plaque accumulation on different 

dental filling materials. Scand J Dent Res, 81: 538-542.  

4. Skjoè Rland KKR.1976. Bacterial accumulation on silicate 

and composite materials. J Biol Buccale, 4: 315-322. 

5. Vandijken, Sjoè Stroè M S. 1991. The effect of glass 

ionomer cement and composite resin fillings on marginal 

gingiva. J Clin Periodontol,18: 200-203 

6. Mjoè R IA. 1997.The reasons for replacement and age of 

failed restorations in general dental practice. Acta Odontol 

Scand. 55: 58-63.  

7. Svanberg M, Krasse B, OÈ Rnerfeldt HO.1990. Mutans 

streptococci in interproximal plaque from amalgam and 

glass ionomer restorations. Caries Res, 24: 133-136. 

8. Opperman RV, Johansen JR.1980. Effect of fluoride and 

non- fluoride salts of copper, silver and tin on the 

acidogenicity of dental plaque in vivo. Scand J Dent Res, 

88: 476-480.  

9. Forsten L.1990. Short- and long-term fluoride release from 

glass ionomers and other fluoride-containing filling 

materials in vitro. Scand J Dent Res, 98: 179-185. 

10. Hill WR, Pillsbury DM. 1939.Argria, the Pharmacology of 

Silver. Baltimore: The Williams & Wilkins Co.  

7 ROBERT STENCEL 

et al 2018 (24) 

 

Not mentioned In vitro study composites exhibited 

properties similar to the 

control material and 

enhanced in vitro 

antimicrobial efficiency. 

p = 0.0002 

8 TEJAS BAROT et al 

2020 (25) 

Six groups of 

experimental 

resin 

composite 

samples were 

made: one 

control group 

In vitro study HNT/Ag containing dental 

composite is proposed to 

be highly valuable in the 

development of restorative 

dental material for patients 

with high risk of dental 

caries. 

p < 0.05 

http://www.eprajournals.com/


                                                                                                                               ISSN (Online): 2455-3662 
               EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
                     Volume: 8| Issue: 7| July 2022|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2022: 8.205 || ISI Value: 1.188 

 
 

                                                                                       2022 EPRA IJMR    |     www.eprajournals.com   |    Journal DOI URL: https://doi.org/10.36713/epra2013 247 

11. Yamamoto K, Ohashi S, Aono M, Kokubo T, Yamada I, 

Yamauchi J.1996. Antibacterial activity of silver ions 

implanted in SiO2 filler on oral streptococci. Dent Mater, 

12: 227- 229.  

12. Jedrychowski JR, Caputo AA, Kerper S.1983. Antibacterial 

and mechanical properties of restorative materials 

combined with chlorhexidines. J Oral Rehabil, 10: 373- 

381. 

13. .Ribeiro J, Ericson D. 1991. In vitro antibacterial effect of 

chlorhexidine added to glass-ionomer cements. Scand J 

Dent Res, 99: 533-540.  

14. Marks KE, Nelson CL, Lautenschlager EP.1976. 

Antibioticimpregnated acrylic bone cement. J Bone Joint 

Surg. 58: 358-364 

15. Imazato S, Iorii M, Tsuchitani Y, Mccabe JFM, Russell 

RRB.1994. Incorporation of bacterial inhibitor into resin 

composite. J Dent Res, 73: 1437-1443. 

16. Kourai H. 1996.The present state of development in 

inorganic antibacterial agents. J Antibact Antifung Agents, 

24: 509-515 

17. kourai H, Manabe Y, Yamada Y.1994. Mode of bactericidal 

action of zirconium phosphate ceramics containing silver 

ions in the crystal structure. J Antibact Antifung Agents, 

22: 595-601 

18. Yoshida K, Tanagawa M, Matsumoto S, Yamada T, Atsuta 

M. 1999.Antibacterial activity of resin composites with 

silver-containing materials. Eur J Oral Sci, 107: 290-296. 

19. Shahin Kasraei , Lida Sami , Sareh Hendi , Mohammad-

Yousef AliKhani , Loghman Rezaei-

Soufi,ZahraKhamverdi.2014.Antibacterial properties of 

composite resins incorporating silver and zinc oxide 

nanoparticles on Streptococcus mutans and Lactobacillus. 

Restorative dentistry and endodontics, pp:109-114 

20. Mojgan Kachoei , Baharak Divband , Mahdi Rahbar , 

Mahdiyeh Esmaeilzadeh , Milad Ghanizadeh , and Mostafa 

Alam. 2021.A Novel Developed Bioactive Composite Resin 

Containing Silver/ Zinc Oxide (Ag/ZnO) Nanoparticles as 

an Antimicrobial Material against Streptococcus mutans, 

Lactobacillus, and Candida albicans. Evidence-Based 

Complementary and Alternative Medicine, pp:1-8 

21. Chatzistavrou X, Lefkelidou A, Papadopoulou L, Pavlidou 

E, Paraskevopoulos KM, Fenno JC, Flannagan S, 

González-Cabezas C, Kotsanos N and Papagerakis P.2018. 

Bactericidal and Bioactive Dental Composites. Front. 

Physiol., 9:103 

22. M. Tanagawaa K. Yoshidaa S. Matsumotob T. Yamada b 

M. Atsutaa.1999. Inhibitory Effect of Antibacterial Resin 

Composite against Streptococcus mutans. Caries 

Res.,33:366–371 

23. Azarsina M, Kasraei S, YousefiMashouf R, Dehghani N, 

Shirinzad M.2013. The Antibacterial Properties of 

Composite Resin Containing Nanosilver against 

Streptococcus mutans and Lactobacillus. J Contemp Dent 

Pract.,14(6):1014-1018. 

24. Robert Stencel , Jacek Kasperski , Wojciech Pakieła , Anna 

Mertas , Elzbieta Bobela , Izabela Barszczewska-Rybarek, 

Grzegorz Chladek. 2018.Properties of Experimental Dental 

Composites Containing Antibacterial Silver-Releasing 

Filler. Materials, 11: 1-27 

25. Tejas Barot, Deepak Rawtani , Pratik Kulkarni.2020. 

Physicochemical and biological assessment of silver 

nanoparticles immobilized Halloysite nanotubes-based 

resin composite for dental applications. Heliyon, pp:1-10 

 

 

 

http://www.eprajournals.com/

