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Objective: The aim of this concise review is to summarize the use of silver nanomaterials

for caries prevention.

Methods: Two researchers independently performed a literature search of publications in English

using Embase, Medline, PubMed, and Scopus databases. The keywords used were (silver nano-

particles OR AgNPs OR nano silver OR nano-silver) AND (caries OR tooth decay OR reminer-

alisation OR remineralization). They screened the title and abstract to identify potentially eligible

publications. They then retrieved the full texts of the identified publications to select original

research reporting silver nanomaterials for caries prevention.

Results: The search identified 376 publications, and 66 articles were included in this study.

The silver nanomaterials studied were categorized as resin with silver nanoparticles (n=31),

silver nanoparticles (n=21), glass ionomer cement with silver nanoparticles (n=7), and nano

silver fluoride (n=7). Most (59/66, 89%) studies investigated the antibacterial properties, and

they all found that silver nanomaterials inhibited the adhesion and growth of cariogenic

bacteria, mainly Streptococcus mutans. Although silver nanomaterials were used as anti-

caries agents, only 11 (11/66, 17%) studies reported the effects of nanomaterials on the

mineral content of teeth. Eight of them are laboratory studies, and they found that silver

nanomaterials prevented the demineralization of enamel and dentin under an acid or cario-

genic biofilm challenge. The remaining three are clinical trials that reported that silver

nanomaterials prevented and arrested caries in children.

Conclusion: Silver nanoparticles have been used alone or with resin, glass ionomer, or

fluoride for caries prevention. Silver nanomaterials inhibit the adhesion and growth of

cariogenic bacteria. They also impede the demineralization of enamel and dentin.
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Introduction
Nanotechnology is science, engineering, and technology involves the synthesis, char-

acterization, and application of materials by controlling the shape and size at the

nanoscale.1 The development of nanomaterials for medical care is an important part of

nanotechnology. The European Commission defined “nanomaterial” in 2011 as

a natural, incidental, or manufactured material containing particles in an unbound

state, as an aggregate, or as an agglomerate. For 50% or more of the particles in the

number size distribution, one or more external dimensions are in the size range of 1 nm –

100 nm.2 Nanomaterials may possess unique physical properties, such as uniformity,

conductance, or special optical properties, that make them desirable in biology and

material science. Because of large surface area to volume ratio, they exhibit different

biomedical activities to materials with normal size.3 The application of nanomaterials

Correspondence: Irene Shuping Zhao
School of Dentistry, Shenzhen University
Health Science Center, Shenzhen,
People’s Republic of China
Tel +86 18823781964
Email zhao110@szu.edu.cn

Chun Hung Chu
Faculty of Dentistry, The University of
Hong Kong, Hong Kong
Tel +852 2859 0287
Fax +852 2858 2532
Email chchu@hku.hk

International Journal of Nanomedicine Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com International Journal of Nanomedicine 2020:15 3181–3191 3181

http://doi.org/10.2147/IJN.S253833

DovePress © 2020 Yin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0003-1167-2999
http://orcid.org/0000-0002-0572-2753
http://orcid.org/0000-0002-2663-4576
http://orcid.org/0000-0002-8167-0430
mailto:chchu@hku.hk
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


can make a significant improvement in the health and daily

lives of people during the past two decades.4

Among the various kinds of nanomaterials, metallic

nanomaterials—in particular, silver nanomaterials—have

shown great promise in terms of biomedical applications.

Silver nanomaterials in medicine allow researchers and

clinicians to advance medical imaging by providing more

detailed images of cellular processes.5 They facilitate med-

ical diagnosis by means of molecular contrast agents and

materials to enable an earlier and more accurate initial

diagnosis.6 Silver nanomaterials also improve drug delivery

by increasing solubility and thus enhanced bioavailability.7

They are additionally used in cancer therapeutics to kill

drug-resistant tumor cells and improve curative effect by

low selective target and delivery of these anticancer drugs

to tumor tissues.8

Silver nanomaterials also draw public attention for

their extraordinary antimicrobial activity with low toxicity

and cost.9 They are used in low concentrations and do not

generate bacterial resistance. Various antibacterial actions

of silver nanomaterials have been proposed although the

exact mechanism of silver nanomaterials’ antibacterial

effects has not been entirely clarified. Silver nanomaterials

release silver ions that penetrate through microbial mem-

branes and disrupt deoxyribonucleic acid replication and

protein synthesis.10 In addition, the silver ions can deacti-

vate respiratory enzymes and ultimately cause cell lysis.

Silver nanoparticles from nanomaterials can accumulate in

the pits of the cell wall and cause membrane denaturation.

They are also capable of penetrating bacterial cell walls

and cytoplasmic membranes, causing the denaturation of

the cell wall and cytoplasmic membrane.11

Researchers investigated the use of silver nanomaterials in

dental materials as an antimicrobial agent for clinical care. For

example, silver nanoparticles modified implants were devel-

oped to prevent peri-implant infection.12 Plenty of studies

investigated silver nanomaterials for caries prevention.

Silver nanoparticles are incorporated into adhesives and ortho-

dontic brackets to prevent enamel caries, which is a common

complication of orthodontic treatment.13 Silver nanoparticles

can also be added to restorative materials to prevent secondary

caries, which is a common cause of the failure of a restoration.-
14 The application of silver nanomaterials to combat dental

caries, including the inhibition of biofilm formation and the

regulation of the demineralization and remineralization bal-

ance, is a promising direction for the prevention and treatment

of tooth decay. However, a search found rare review of silver

nanomaterials for caries prevention. Thus, the purpose of this

study is to perform a systematic review of the use of silver

nanomaterials for caries prevention.

Materials and Methods
Search Strategy
Two independent investigators (Yin and Zhao) performed

a literature search to identify publications using four com-

monly used databases: Embase, Medline, PubMed, and

Scopus. The search was restricted to publications in

English. They searched publications using the keywords

of ((silver nanoparticles) OR (AgNPs) OR (nano silver)

OR (nano-silver)) AND ((caries) OR (tooth decay)). No

publication-year limit was set, and the last search was

made on 29 February 2020 (Figure 1).

Study Selection and Data Extraction
The two investigators independently checked and excluded

duplicate publications from the four databases to generate

a list of publications. They screened the titles and abstracts

of the publications to identify the potentially eligible list of

articles. They excluded literature reviews, case reports,

conference papers, publications on silver compounds that

were not in nano scale, and studies not related to dental

caries and abstracts without full papers. The two investi-

gators retrieved full texts of the remaining publications for

review. They selected publications that studied the use of

silver nanomaterials on caries prevention, including the

use of silver nanomaterials for inhibiting the growth of

cariogenic bacteria and the demineralization of dental hard

tissue. The two investigators performed a manual screen-

ing of the reference lists of the selected publications. They

then discussed the inclusion of the selected publications

with another investigator (Chu) to achieve an agreement of

the list of publications included in this study.

For the publications included, the following information

was recorded: the publication details (authors and year), the

nanomaterials studied, the methods, the outcomes of the

assessments, and other main findings.

Results
The initial literature search found 376 potentially eligible

publications (95 articles in PubMed, 67 articles in

Embase, 132 articles in Scopus, 82 articles in Medline).

A total of 132 duplicate records of publications were

removed (Figure 1). Another 164 publications were

removed after the screening of the titles and abstracts

because these 164 publications were literature reviews,
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studies on other silver compounds, studies not related to

dental caries, and other irrelevant studies. Full texts were

obtained for the remaining 80 publications. A manual

search of the references of these selected 80 publications

did not identify any additional publications that met the

inclusion criteria. Fourteen publications were excluded

because they did not study silver nanomaterials’ effect

on cariogenic bacteria or dental hard tissue. The remain-

ing 66 publications that met the eligibility criteria were

included in this review. The silver nanomaterials studied

were categorized as silver nanoparticles (n=21), nano

silver fluoride (n=7), resin with silver nanoparticles

(n=31), and glass ionomer cement with silver nanoparti-

cles (n=7).

Application of Silver Nanomaterials on

Caries Prevention
Twenty-one publications investigated silver nanoparticles

used for caries prevention. Eighteen of them reported the

synthesis of silver nanoparticles and silver nanocompo-

sites, which have the potential to manage caries. One

study used silver nanoparticles in dentifrice.15 One study

reported coating silver nanoparticles on orthodontic brack-

ets to prevent enamel caries.13 Seven studies reported the

Figure 1 Flow chart of the literature search.
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use of nano silver fluoride solution for remineralizing early

enamel caries and arresting dentin caries.16–22 Thirty-one

studies used resins with silver nanoparticles to prevent

caries. Silver nanoparticles were added into restorative

materials, such as filling resins and adhesives, to prevent

secondary caries.23,24 Silver nanoparticles were also incor-

porated into the resin of orthodontic materials, such as

adhesives, elastomeric ligatures, and removable retainers,

for caries prevention.25 A clinical trial reported that

a dental sealant with silver nanoparticles was better than

a traditional sealant in preventing the enamel caries of first

permanent molars.26 Seven studies examined glass iono-

mer cements with silver nanoparticles for caries preven-

tion. Six of them utilized glass ionomer with silver

nanoparticles as orthodontic cements to prevent enamel

caries. The remaining study applied it as restorative mate-

rial to prevent secondary caries.27

Effects of Silver Nanomaterials on

Cariogenic Bacteria
Most of the publications (59/67) showed that silver nanoma-

terials have antibacterial effects mainly on Streptococcus

mutans. Table 1 summarizes 59 publications that studied the

antibacterial effects of silver nanomaterials on cariogenic bac-

teria. Among them, 42 studies measured antibacterial proper-

ties using monospecies bacteria, such as Streptococcus,

Lactobacillus, Enterococcus, and Pseudomonas, and 17 stu-

dies used oral microcosm. Most studies measured bactericidal

properties in vitro, whereas only four studies were operated

in vivo, including two animal studies and two clinical

trials.13,28-30 The results of the minimum inhibitory concentra-

tion and the minimum bactericidal concentration of silver

nanomaterials against cariogenic bacteria have high degrees

of variation in different studies.31–33 The agar diffusion test

demonstrated that disks treated with silver nanomaterials have

larger inhibition zones compared with disks treated with

water.34 In addition, colony-forming unit counts proved that

silver nanomaterials have the ability to inhibit the growth of

bacteria.29 They also revealed that biofilm treated with silver

nanomaterials have less bacteria compared with that treated

with water.35 The live-to-dead ratios of the bacteria in biofilm

were significantly lower after the application of silver nano-

materials compared with after the application of water.36

Furthermore, biofilm treatedwith silver nanomaterials reduced

the activity of metabolism, the production of lactic acid, and

the expression of the glucosyltransferases gene.37 It was evi-

denced that silver nanoparticles with smaller sizes have

a stronger antibacterial effect.38 Meanwhile, antibacterial

properties were improved with the increased concentration

of silver nanoparticles in materials.39 Capping agents can

also influence the bacterial effect of silver nanoparticles.40

Effects of Silver Nanomaterials on Enamel

and Dentin
Some (11/67) studies reported the inhibition of the deminer-

alization of enamel and dentin under acid or cariogenic

challenge. Table 2 summarizes the 11 publications that stu-

died the effects of silver nanomaterials on themineral content

of enamel and dentin. Sound enamel treated with silver

nanomaterials had a shallower lesion depth than did enamel

treated with water after biofilm challenge.23 In addition,

enamel with artificial caries can be treated with silver nano-

particles to increase microhardness.41 An orthodontic bracket

coated with silver nanoparticles decreased the caries rate on

an incisor’s surface in a rat’s mouth.13 In addition, resin with

silver nanoparticles can increase the microhardness of dentin

caries after acid (pH-cycling) challenge.14 A dental sealant

with silver nanoparticles reduced the mineral loss of chil-

dren’s first molars in a clinical trial.26 Six studies investigated

the remineralizing effect of nano silver fluoride. Sound

enamel treated with nano silver fluoride has a similar value

of microhardness to that of enamel treated with sodium

fluoride.18,19 The microhardness value of enamel caries trea-

ted with nano silver fluoride is higher than that of enamel

caries treated with sodium fluoride.20 However, the differ-

ence in the mineral content between nano silver fluoride– and

sodium fluoride–treated decayed enamel cannot be detected

using optical coherence tomography.16 Nano silver fluoride

did arrest the dentin caries of children in two clinical

trials.17,21

Discussion
Although no time limitation was used as part of the search

strategy, the publications that used silver nanomaterials to

control caries emerged in 2008. Almost half (32/67, 48%) of

these publications were published in 2016 to 2019. Silver

nanoparticles of different sizes, of different concentrations,

and with different synthetic materials were synthesized to

investigate their potential use for caries prevention.

Researchers also combined silver nanoparticles with other

nanoparticles, such as calcium glycerophosphate and zinc

oxide, to develop multi-functional nanocomposites for caries

prevention.33 Sodium fluoride with silver nanoparticles can

act as a strategy for preventing and arresting caries.17,18 Also,
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Table 1 Publications of Silver Nanomaterials and Cariogenic Bacteria (n = 59)

Nanomaterial Study Design, Bacteria Main Finding Author, Year

AgNPs In vitro study, S. mutans MIC: 66.9±0 µg/mL Espinosa-Cristóbal et al, 200931

AgNPs In vitro study, S. mutans MIC: 141.2±45 µg/mL Espinosa-Cristóbal et al, 201247

AgNPs In vitro study, S. mutans MIC: 3.3±1.4 µg/mL MBC: 2.4 µg/mL Santos et al, 201732

AgNPs In vitro study, S. mutans MIC: 19.1 ppm Fernandes et al, 201833

AgNPs In vitro study, S. mutans Inhibited bacteria growth Lu et al, 201348

AgNPs In vitro study, S. mutans Inhibited bacteria growth Emmanuel et al, 201556

AgNPs In vitro study, S. mutans Inhibited bacterial growth Wang et al, 201757

AgNPs In vitro study, S. mutans Inhibited bacteria growth Scarpelli et al, 201741

AgNPs In vitro study, S. mutans Inhibited bacteria growth Kumar et al, 201858

AgNPs In vitro study, S. mutans Inhibited bacteria growth Jesse et al, 201840

AgNPs In vitro study, S. mutans Inhibited bacteria growth Ahmed et al, 201915

AgNPs In vitro study, S. mutans Inhibited bacteria growth and biofilm adhesion Pérez-Díaz et al, 201549

AgNPs In vitro study, S. mutans Inhibited bacteria growth and biofilm adhesion Tavaf et al, 201759

AgNPs In vitro study, S. mutans Inhibited bacteria growth and biofilm adhesion Espinosa-Cristóbal et al, 201838

AgNPs In vitro study, S. mutans Inhibited bacteria growth and biofilm adhesion Schwass et al, 201834

AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Espinosa-Cristóbal et al, 201351

AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Besinis et al, 201460

AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Freire et al, 201536

AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Saafan et al, 201861

AgNPs Rat study, oral microcosm Inhibited biofilm adhesion Metin-Gursoy et al, 201713

NSF In vitro study, S. mutans MIC: 33.5±14.5 μg/mL MBC: 50.3 μg/mL Targino et al, 201422

NSF In vitro study, S. mutans Inhibited biofilm adhesion Silva et al, 201818

NSF In vitro study, S. mutans Inhibited biofilm adhesion Teixeira et al, 201819

Resin with AgNPs In vitro study, S. mutans MIC: 6.1 µg/mL MBC: 6.1 µg/mL Hernandez et al, 201062

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth Ahn et al, 200963

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth Fan et al, 201164

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth Azarsina et al, 201365

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth Kasraei et al, 201466

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth Hernandez-Gomor et al, 201725

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth Mazumder et al, 20181

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth Mohammed et al, 201967

Resin with AgNPs In vitro study, S. mutans Inhibited bacteria growth and biofilm adhesion Cheng et al, 201368

Resin with AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Ionescu et al, 201569

Resin with AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Melo et al, 201670

Resin with AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Cheng et al, 201271

Resin with AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Cheng et al, 201272

Resin with AgNPs In vitro study, S. mutans Inhibited biofilm adhesion Li et al, 201337

Resin with AgNPs In vitro study, oral microcosm Inhibited bacteria growth and biofilm adhesion Cheng et al, 201273

Resin with AgNPs In vitro study, oral microcosm Inhibited bacteria growth and biofilm adhesion Zhang et al, 201374

Resin with AgNPs In vitro study, oral microcosm Inhibited bacteria growth and biofilm adhesion Cheng et al, 201375

Resin with AgNPs In vitro study, oral microcosm Inhibited bacteria growth and biofilm adhesion Sodagar et al, 201642

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Zhang et al, 201276

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Melo et al, 201377

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Melo et al, 201378

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Zhang et al, 201324

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Zhang et al, 201379

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Li et al, 201480

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Cheng et al, 201643

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Cao et al, 201781

Resin with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Dias et al, 201946

Resin with AgNPs Clinical trial, oral microcosm Inhibited bacteria growth and biofilm adhesion Ghorbanzadeh et al, 201528

(Continued)
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the addition of silver nanoparticles into restorative materials,

such as adhesives and filling resins, can prevent secondary

caries without compromising mechanical properties.23,24

Silver nanoparticles can furthermore be utilized in orthodon-

tic treatment to prevent initial caries by cooperating with

adhesives, brackets, elastomeric ligatures, and removable

retainers.25

Studies used cariogenic monospecies strains of genus

Streptococcus, Lactobacillus, Enterococcus, Pseudomonas,

and Candida to demonstrate the antimicrobial action of silver

nanomaterials on microbial growth.33,34,40 Streptococcus

mutans are the mostly frequently used bacteria in these stu-

dies. These are the most common cariogenic bacteria found in

a carious lesion. Streptococcus mutans are also associated

with the initiation and progression of caries. In the oral envir-

onment, bacteria are collective in the extracellular matrix to

form biofilm. The biofilm can increase the resistance of

microorganisms to antimicrobial agents by hindering the

transport of agents.42 Therefore, the inhibition effect of bio-

film adhesion is crucial for estimating the antibacterial effect

of silver nanomaterials. Some researchers chose the single-

species biofilm model in their studies because it is stable and

easy to operate. However, single-species biofilm has a huge

discrepancy with biological dental biofilm. Dental biofilm is

a complicated ecosystem containing 1000 bacterial species. In

addition, microcosm is cultured using materials including

various bacteria and the extracellular matrix removed from

the oral environment. It can effectively simulate the complex-

ity and heterogeneity of the biological biofilm in the human

mouth.43 Hence, the microcosm model was frequently

selected in reviewed publications to examine the antibacterial

effect of silver nanomaterials.39,44 An in situ model is still

necessary for examining the anti-biofilm efficacy because

even the microcosm model cannot entirely imitate the actual

oral environment. Four publications use an animal study or

clinical trial to obtain the authentic antimicrobial efficiency of

silver nanomaterial.13,28-30

Silver nanoparticles bring forth an antibacterial effect for

silver nanomaterials. Although the exact mechanism of silver

nanoparticles’ antibacterial effects has not been entirely clar-

ified, various antibacterial actions have been proposed. Silver

nanoparticles can release silver ions. The released silver ions

can enhance the permeability of the cytoplasmic membrane

and lead to the disruption of the bacterial envelope. After

penetrating into the cell membrane, silver ions can deactivate

respiratory enzymes and interrupt adenosine triphosphate

production. Silver ions can also inhibit the replication of

deoxyribonucleic acid and the synthesis of proteins.45 In

addition to the release of silver ions, silver nanoparticles

can kill bacteria by themselves. Silver nanoparticles can

accumulate in the pits that form on the cell wall after they

anchor to the cell surface. Also, the accumulated silver

nanoparticles can cause the denaturation of the cell mem-

brane. Silver nanoparticles additionally have the ability to

penetrate bacterial cell walls and to subsequently change the

structure of the cell membrane due to their nanoscale size.46

The antibacterial effectiveness of silver nanomaterials

toward cariogenic bacteria is related to the characteristics of

silver nanoparticles in nanomaterials. Literature reviews con-

cluded that silver nanoparticles of smaller sizes expressed

stronger antibacterial ability against the planktonic

Streptococcus mutans.31,38,47-49 Small silver nanoparticles

are prone to releasing silver ions due to their larger ratios of

surface to volume. A large number of released silver ions

intensely increases the inhibition effect of silver nanoparti-

cles. In addition, capping agents affect silver nanoparticles’

ability to inhibit cariogenic bacteria.40 Capping agents mod-

ify the surface of silver nanoparticles and then change silver

Table 1 (Continued).

Nanomaterial Study Design, Bacteria Main Finding Author, Year

Resin with AgNPs Clinical trial, oral microcosm Inhibited biofilm adhesion Farhadian et al, 201629

GIC with AgNPs In vitro study, S. mutans Inhibited bacteria growth Li et al, 201382

GIC with AgNPs In vitro study, S. mutans Inhibited bacteria growth and biofilm adhesion El-Wassefy et al, 201827

GIC with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Wang et al, 201539

GIC with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Zhang et al, 201583

GIC with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Zhang et al, 201635

GIC with AgNPs In vitro study, oral microcosm Inhibited biofilm adhesion Zhang et al, 201644

GIC with AgNPs Rat study, oral microcosm Inhibited biofilm adhesion Li et al, 201530

Abbreviations: AgNPs, silver nanoparticles; S. mutans, Streptococcus mutans; MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration; NSF, nano

silver fluoride; GIC, glass ionomer cement.
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nanoparticles’ dissolution efficiency. The positively charged

silver nanoparticles show strong bactericidal activity against

Streptococcus mutans.50 Cariogenic bacteria, such as

Streptococcus mutans, on the other hand, have cellular mem-

branes with negative charges. Positively charged silver nano-

particles are inclined to approach cariogenic bacteria due to

the presence of the electrostatic attraction between them. All

in all, silver nanoparticles showed effective inhibition on

both gram-positive and gram-negative bacteria.34 Note that

gram-negative bacteria are generally more resistant to anti-

biotics than gram-positive bacteria are. The outer cell mem-

brane of gram-negative bacteria acts as a unique barrier to

prevent many antibiotics from entering cells. Also, silver

nanoparticles are nanoscale size, which can contribute to

penetrating into the outer cell membrane. Most studies used

silver nanoparticles smaller than 50 nm, as it is harder for

larger silver nanoparticles to penetrate biofilm.51

Silver nanomaterials reduce the production of lactic acid in

biofilm. It is circumstantial evidence to reveal that silver

nanomaterials have the potential to reduce the demineraliza-

tion of teeth. The assessment of mineral content is requisite to

show that silver nanomaterials can inhibit the demineraliza-

tion of teeth. Sound enamel treated with silver nanoparticles

reduced mineral loss after biofilm challenge.23 This proved

that silver nanoparticles can prevent caries by reducing the

demineralizing effect through decreasing the acids that biofilm

produces. A study using a chemical model (ie, no bacteria)

found that silver nanoparticles increased the microhardness of

enamel caries.41 Silver nanoparticles can penetrate into car-

ious lesions and attach to hydroxyapatite crystals.20 In addi-

tion, silver ions released from silver nanoparticles can

generate insoluble silver chloride on dental hard tissue.3 The

precipitated silver nanoparticles and insoluble silver chloride

increase the mineral density of dental hard tissue. In addition,

silver nanomaterials can preserve exposed collagen in carious

teeth. In the oral environment, the exposed collagen can be

degraded by bacterial collagenases as well as proteinases in

saliva and the dentin matrix, such as activated matrix

Table 2 Publications of Silver Nanomaterials and Mineral Content of Teeth (n = 11)

Nanomaterial Study Design Main Finding Author, Year

AgNPs In vitro study, enamel caries

Group 1: AgNPs, Group 2: SDF, Group 3: Water

Mineral content

SDF > AgNPs > Water

Scarpelli et al, 201741

AgNPs In vitro study, Sound enamel

Group 1: AgNPs, Group 2: NaF, Group 3: Water

Mineral content

NaF > AgNPs > Water

Wu et al, 201823

AgNPs Rat study, incisors

Group 1: Bracket (AgNPs), Group 2: Bracket

Caries rate

Bracket (AgNPs) < Bracket

Metin-Gursoy et al, 201713

Resin with AgNPs In vitro study, dentin caries

Group 1: Resin (AgNPs), Group 2:Water

Mineral content

Resin (AgNPs) > Water

Xiao et al, 201714

Resin with AgNPs Clinical trial (6 months), First molars, 40 children

Group 1: Resin (AgNPs), Group2: Resin

Mineral content

Resin (AgNPs) > Resin

Salas-López et al, 201726

NSF In vitro study, sound enamel

Group 1: NSF, Group 2: NaF, Group 3: Water

Mineral content

NSF, NaF > Water

Silva et al, 201818

NSF In vitro study, sound enamel

Group 1: NSF, Group 2: NaF, Group 3: Water

Mineral content

NSF, NaF > Water

Teixeira et al, 201819

NSF In vitro study, enamel caries

Group 1: NSF, Group 2: NaF, Group 3: Water

Mineral content

NSF > NaF > Water

Nozari et al, 201720

NSF In vitro study, enamel caries

Group 1: NSF, Group 2: NaF, Group 3: Water

Mineral content

NSF, NaF > Water

Silva et al, 201916

NSF Clinical trial, 1 year, 60 children 130 caries teeth

Group 1: NSF, Group 2: Water

Arrested caries rate:

NSF > Water

Santos et al, 201421

NSF Clinical trial, 1 year, 50 children, 159 caries teeth

Group 1: NSF, Group 2: SDF

Arrested caries rate:

No significant difference

Tirupathi et al, 201917

Abbreviations: AgNPs, silver nanoparticles; SDF, silver diamine fluoride; NaF, sodium fluoride; NSF, nano silver fluoride.
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metalloproteinases and cysteine cathepsins.14 Silver nanopar-

ticles can inhibit and deactivate these enzymes. Then, the

preserved collagen can act as a scaffold for the deposition of

a mineral crystal and for the prevention of calcium and phos-

phate’s further diffusion.

Despite the fact that silver nanoparticles display

a positive effect on dental hard tissue, fluoride possesses

a more profound remineralizing effect than silver nano-

particles do.23,41 Fluoride and its derivatives have been

clinically applied for caries prevention. Fluoride can

unite with calcium ions and hydrogen phosphate ions to

form fluorapatite and fluorhydroxyapatite, which are

more acid resistant than hydroxyapatite is. Fluoride also

inhibits collagenases and therefore hinders dentin col-

lagen degradation.52 Therefore, researchers proposed

using nano silver fluoride to promote the remineralization

of enamel and dentin. Studies showed that nano silver

fluoride has a remineralizing effect on enamel caries

using optical coherence tomography16,19 and the micro-

hardness test.20 Also, a clinical study demonstrated that

nano silver fluoride is as effective as silver diamine

fluoride is in arresting caries.17 However, nano silver

fluoride did not significantly stain a carious lesion,

whereas silver diamine fluoride stained a carious lesion

black. Still, many studies did not report the concentra-

tions of silver nanoparticles and fluoride. Thus, further

research is necessary to investigate the optimal concen-

trations of silver nanoparticles and fluoride for caries

prevention.

The toxicity of silver nanomaterials mainly depends on

the free silver ions released from silver nanoparticles. The

silver ions can enter mammalian cells provoke the produc-

tion of reactive oxygen species.53 This increase the oxidative

stress and produce deleterious effects.54 Silver nanoparticles

exhibit lower cytotoxicity to human oral cells, such as

human gingival fibroblasts and dental pulp stem cells, than

other silver compounds.3 And the silver nanoparticles-

containing resins did not harm the viability of fibroblasts

when they were immersed into typical saliva flow for an

average person.37 There was no toxicity and adverse effects

of 5% nano silver fluoride observed in clinical trial.17

Although silver nanomaterials possess antibacterial and

remineralizing properties, they are easily oxidized and

aggregative. The stability of silver nanomaterials is

a critical factor affecting the antibacterial effect of silver

nanomaterials.55 Nevertheless, no publication has reported

their long-term stability, and few studies have investigated

the long-term antibacterial effect of silver nanomaterials.

Conclusion
In this review, the silver nanomaterials used for caries

prevention are categorized as silver nanoparticles, resin

with silver nanoparticles, glass ionomer with silver nano-

particles, and nano silver fluoride. Silver nanomaterials

can inhibit the growth of cariogenic bacteria and the adhe-

sion of biofilm. They also inhibit collagenase activity and

preserve the collagen matrix. In addition, they hinder the

demineralization of enamel and dentin. Therefore, silver

nanomaterials are promising materials for caries preven-

tion. Because most studies are laboratory studies, further

clinical studies are essential before they can be used for

patient care.
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