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The applicability of antimicrobial nanomaterial coatings in preventive dentistry such as dental
restoration practice in combating dental caries while embracing biocompatibility, and long-
lasting and low bacterial adhesion properties has been the main area of research for many
decades.Objective: To review the role of different types of nanomaterials in the field of
preventive dentistry by focussing on anti-microbial coatings for dental restorations. Methods:
The articles were taken from PubMed, Science Direct, and Google Scholar within the years 2018-
2024 following PISMA 2020 guidelines. The effectiveness of nanomaterials included in dental
coatings in terms of antimicrobial properties, biocompatibility, and durability in clinical
applications was observed. Bacterial adhesion, caries prevention, material nanotechnology,
and patient satisfaction were assessed. The antimicrobial efficiency and restorative outcomes
of different nanomaterials: via silver, zinc oxide and titanium dioxide; were evaluated. Initially,
109 articles were retrieved, which were then screened based on predefined inclusion and
exclusion, resulting in 16 studies for detailed analysis. The regions of study conduction were
North America, Europe and Asia. Results: The antimicrobial efficacy of nano-coatingsin dental
restorations was seen via reduced bacterial adhesion and biofilm. The link between
nanomaterials like silver nanoparticles and titanium dioxide enhanced secondary caries
prevention and improved the long-term stability of restorative materials. Biocompatibility
studies demonstrated that these coatings are biocompatible; however, more work is required.
The application of antimicrobial nano-coatings gives adaptive and therapeutic characteristics.
Conclusions: It was concluded that nanotechnology should lead to better durability and
performance of dental restorations thus better oralhealthandless caries.

INTRODUCTION

Both directandindirect restorative techniques rely heavily
on the use of adhesive procedures with resin fill materials
preferred commonly [1]. Despite good adhesion and
appearance, the formation of biofilm is higher when using
resin-based composite materials compared to amalgam
and natural enamel [2]. Biofilm development discolours
restorations and fosters bacterial proliferation chiefly of S.
mutans which synthesise acid that decalcifies tooth
tissues thereby causing secondary caries [3, 4]. Recent
studies suggest that after 10 years 48.3% of the dental
restorations are considered unsatisfactory mainly
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attributable to poor marginal seal [5], and redoing
contributes 50-70% of the overall re-treatment output [6].
This challengeis notunique to restorative procedures only.
In orthodontic treatments, bonded embrace devices,
including braces, present extra surfaces where oral
bacterium with cariogenic potential can thrive, thereby
causing the emergence of a white spot lesion(WSL)on the
enamel[7,8]. White spot lesions are the first sign of enamel
demineralization, and all patientswearing bracesare atrisk
of developing them[9, 10]. All carious lesions that are not
cavitation are avoidable and if diagnosed early curable, but
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if not wellmanaged the lesion may worsenand put the life of
the particular tooth at risk [10]. In addition, non-
pharmacological interventions where patients' adherence
to processes is less critical, including materials which
inherently do not promote bacterial colonization, are highly
preferred[11]. The primary cause of both secondary caries
in restorations and WSLs in orthodontic treatments is the
same i.e. carrio-pathogenic bacteria, and their acid by-
products[12]. One such area of research, which may helpin
enhancing the durability of restorations and decreasing
the rate of WSLs is the fabrication of dental materials that
inhibit bacterial attachment as well as counteract bacterial
metabolism on the tooth/ materialinterface[13]. It must be
noted, however, that conventional restorative materials
are sometimes unable to eradicate bacteria while
maintaining strength and toughness to other available
materials [14]. Several authors have highlighted that
nanotechnology offers possibilities for restorative and
preventive dentistry to work on existing problems. Due to
their small size and big surface, nanoparticles can be used
with better antibacterial properties as compared to the
previousresearch, without losing the restoration strength.
Literature reveals that particles such as silver, zinc oxide,
andtitaniumdioxide prevent bacterialadhesionand biofilm
formation which causes secondary caries [15, 16].
Furthermore, these materials show good mechanical
properties like superior abrasive attributes and enhanced
adhesive capability, clearly making them appropriate for
long-termuseinclinics[17,18].

This study aims to focus on the goal of identifying and
critically discussing the studies of incorporating
nanoparticles into dental restorative materials and their
antimicrobial characteristics. In this review, antibacterial
properties, mechanical properties, and overall
performance of nanoparticle-containing dental materials
used to enhance the performance and longevity of
restoration as well as prevention of secondary caries and
WSLswillbe discussed.

METHODS

The selection process of this systematic review was
rigorous and consistent with PRISMA quidelines
commenced from March 2024 to July 2024. Two
independent reviewers performed literature searches on
studies published between 2018 and 2024 in multiple
databases such as PubMed, Science Direct; Springer;
Google Scholaretc. The focus of the search strategy wason
nanomaterials that were used in dental restorative
applications, especially the antimicrobial effects of these
types of materials. We first searched with the following
search keywords: 'nanoparticles’, 'antimicrobial coatings',
‘dental restoration’, 'zinc oxide', 'titanium dioxide'and 'silver
nanoparticles," which initially yielded 109 articles. 8 of
articles were fetched from sources other than scientific
libraries and databases. Predefined inclusion and
exclusion criteria were used to perform the systematic
screening of articles. Inclusion criteriainclude studies that
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use nanoparticles for dental restorative applications for
evaluating their anti-microbial properties, ranging within
the years 2018 to 2024 and have enough data which is
relevant for analysis. Excluded studies were: a)did not have
enough data, b) did not focus on dental restoration or c)
were duplicates. 95 articles remained after removing 14
duplicate articles for screening. A total of 93 articles were
excluded because they were of no relevance or contained
insufficient data, and 16 studies met the inclusion criteria
that were reviewed in detail. Efficacy, biocompatibility and
mechanical properties of selected nanomaterials (Ag, Zn0
and Ti02) in dental applications were analyzed about the
related literature. These studies were mainly
geographically based in the Middle East, USA and Europe.
One clinical study was included, while the majority of them
were in vitro experiments. The article selection process
was illustrated in a PRISMA flowchart, excluding studies
whichdid not meet theinclusioncriteria(Figure1).

Studies Identified Through
Database(n=101)

Studies Identified Through
Other Sources(n=8)

Studies A fter Duplicates Removed
n=95
Studies Screened | __ Studies Excluded
(n=89) (n=18)

{

Full-Text Articles Retrieved
for Eligibility (n=71)
¢ Full-Text Articles Excluded
with Reasons (n=55)
Out of Scope(n=20)
Insufficient Data(n=30)
W asnot Research Articles

=9

Studies Included in
Qualitative Synthesis (n=16)

Figure 1: Selection of Studies for Review Process Showing
Elimination of Studies That Were Not Lying Under the Inclusion
Criteria

RESULTS

The majority of the papers were found to be written
according to experimental in vitro data. All the papers
included some sort of nanoparticle infused with other
materials for their antimicrobial and restoration effects
according to dental conditions. 16/17 of the studies were
longitudinal, correlation but in vitro studies and 1/16 was a
longitudinal clinical study. The majority of the studies were
taken from the USA and the Middle East few were taken
from the European region. Research studies were taken
fromthe last five yearsi.e. 2020_2024. The study reviewed
papers that were conducted in the Middle East (50%), USA
(40%) and Europe (10%) respectively. The studies were
taken from Google Scholar (80%), Science Direct (10%),
Frontiers (7%) and others (3%) from Research Gate and
PubMed. Results of these studies[19-34]are shown (Table
1).
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Table1:Schematic Review of Studies That Were Most Appropriate According to the PRISMA Defined Rules

Study Design

Outcomes Measured

Key Findings

Reference s Methodology A (regarding effects of Conclusions Limitations
(Nanomaterial Used), (efficacy), nanoparticle used)
Increase in :
: Evaluation of
Experimental study . Reduction of _ammonium monomer long-term
(quaternary ammonium Nanoparticles biofilm viability, increased antibacterial| yyaHDM and NACP bioactivity,
assessment of . P efficacy. [ ;
[9] monomer and antibacterial metabolic activity of Combination of 5% composite is mechanical
amorphous and mechanical microorganisms,lactic DMAHDM and 200/" effective in reducing stability and
calcium phosphate properties in vitro acid production and NACP led to ° dental biofilms. fatigue is
nanoparticles) | colony making units. significant biofilm required under
! linical conditions.
reduction. ¢
NACP+ DMAHDM
; i i adhesive showed The adhesive
Experimental in vitro In vitro Altern_atlon.m significant acid combining NACP
study (Amorphous Obif]fg\r’ggt?gn()f u%?tlg?ggﬁwa:ggic neutralization, and DMAHDM In vitro may not
[20] ~ calcium phosphate, between biofilm acid produlction reduced lactic acid showed great fully replicate
dimethylaminohexadecyl d adhesi biofilm thickness, and | Production, decreased promise for clinical conditions
methacrylate) anmaate?igllve pH change ' CFU counts, and preventing
’ improved enamel secondary caries.
remineralization.
Further in-depth
TiO2 coatings biological
N Coatings were . . doped with Agand Ga | TiO2 coatings doped evaluations
(Titanium dioxide (102) | Prepared using sol |y SIECRSYR, | displayed significant | with Ag and Ga needed to
[21] coatings doped with gel techniques in Cyt%(;oiicaity cand Yi| antibacterial effects | exhibited excellent |assess anti-biofilm
; vitro, their - o against S.aureus antibacterial properties and
Sélvﬁ.r(A%an))d efficacy was Osteoglftferzte.ntllatlon and E. coli, especially | properties without mechanical
allium{La measured otentia with Ag, without cytotoxicity. stability of the
cytotoxicity. coatings on
CoCrMo alloys
Adhesive containing ; ;
Long-term study e Silver nanoparticles
Experimental lab-based of antibacterial | Antibacterial activity Agll\loF;]s ?'E(grlrt::md (0.10%) synthesized e :tliuni%/té?ted
stug (Si i activity and of the adhesive. ng i in situ are ,
y (Silver nanoparticles h - L f antibacterial : concentration
[22] (A . adhesive durability | Durability of bonding, ; appropriate for 9
gNPs), synthesized properties over ; ; _ range (0.05%,
el tests conducted assessed by uyTBS A imparting long-term o o
in situ.) ; one year,effectively : ] 0.10%, and 0.20%)
over a period and NL tests. reducing biofilm antibacterial of AgNPs
of 1year. - properties
formation.
The antibacterial The
Experimental study (Silver activity was Antibacterial activity, SL':'?aEZ%r\?V?tSh surface-modified Co-l;]rgjigiggyir:'vﬁfm
nanoparticles (AgNPs) | assessed through Ag+ion release, b Ti-18Zr-15Nb . '
g
[23] h - . AgNPs exhibited : which may not fully
deposited on colony-forming surface strong antibacterial alloy with AQNPS | o100t real clinical
Ti-18Zr-15Nb alloys.) unit (CFU) counts characterization activity showed effective outcomes
against E. coli. ’ antibacterial action. )
The rechargeable
_ NACP-DMAHDM
Experimental study ] . Long-term The NACP-DMAHDN composite The study
(Nanoparticles of Testing of ion antibacterial composite showed effectivel was conducted in
amorph oi recharge and properties,lon significant . - "~
phous calcium - f ; suppresses biofilm | vitro, so real-world
[24] phosphate combined with | ,[e-release over recharge and antibacterial and lactic acid clinical efficac
dimethvlami 12 cycles (lasting re-release for properties, reducing : - y
ylaminododecyl M h oc z production, and remains to be
methacrylate.) 6 months)in vitro. remineralization CFU counts by 3-4 logs provides long-term validated
were effective. compared to controls. ion release for
remineralization.
Enamel shear bond Bond strength The combination of | Further clinical
) strength (SBS), (SBS), antibacterial NAgand NACin |studies are needed
E(prenrln;Eizll\']/tarl(,s\lth)y antibacterial activity (biofilm Incorporating orthodontic cement | to validate in vitro
[25] c%n'?bine?i withg capability, metabolic activity, 0.15% NAg and shows promise findings and
N-acetvloystein and cytotoxicity |lactic acid production,| 20% NAC enhanced for improving improve bonding
ace“\{Acg)) eine were evaluated CFUcounts), and | antibacterial efficacy antibacterial strength for
usingin vitro cytotoxicity performance and long-term
assays (cell viability). biocompatibility orthodontic use.
Mechanical
A The novel
properties, ion hanocom .
A P posite
Experimental E%Iﬁ)asti,fglof}lm Flexural strength, Iggﬁfgqn%%arzfﬂgg with nCaF2 and Further studies
study (Calcium [][y (CE”J')”Q fluoride and calcium aehioved stron DMAHDM are needed to
28] quoridegancapartri]cles metlantl)oslic actilvity iogl_fﬁlelase, biofi(;m antibacterial effegts shows promise for investigate
26 combined wit . . , lactic aci : i preventing long-term wear
DMAHDM and and Iaqtlc acid production, and reducing biofilm recurrent caries b and ion release
production were e ; CFU by 4 logs and y
2-methacryloyloxyethyl : biofilm metabolic : ; reducing biofilm | behavior in clinical
f evaluated using e decreasing lactic ? s
phosphorylcholine) A activity. : h formation and conditions.
in vitro assays acid production. :
on dental biofilm supporting tooth
models remineralization.
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[27]

Experimental study
(Silvernanoparticles
(nano-Ag) and Zinc oxide
nanoparticles
(nano-Zn0).)

The antimicrobial
effectiveness
against
Streptococcus
mutans,
Lactobacillus
acidophilus, and
Candida albicans
was evaluated,
along with cell
viability using
the MTT assay.

Antimicrobial activity
(biofilm inhibition) and

biocompatibility

(cell viability of

human gingival
fibroblasts)

superior antimicrobial

Nano-Ag showed

activity compared
to nano-Zn0,

Coating orthodontic
bands with
nano-Ag and
nano-Zn0 induced
antimicrobial
effects against
oral pathogens.

Multispecies
biofilms and
long-term
durability were
not assessed

[28]

Experimental (zinc oxide
nanoparticles)

Tested
antibacterial
activity against
Streptococcus
mutans biofilm.

Number of colony
forming units
(CFU/mL), biofilm
morphology (SEM)

Zinc oxide
nanoparticles did
not significantly
improve the
antibacterial activity
of the glass
ionomer cement.

antimicrobial activity

Low concentrations
(1% and 2%) of zinc
oxide nanoparticles
do not promote
additional

against S. mutans.

Higher
concentrations
and their effects
on antibacterial

activity and
material
properties were
not explored.

[29]

Prospective in-vitro study
(Graphene Oxide (GO)
Nanoparticles,
Silver-doped Titanium
Dioxide (AgTi02),
Zinc Oxide (Zn0))

Evaluated
antibacterial
efficacy against
Streptococcus
mutans.

Number of CFUs,
biofilm morphology
(SEM), cytotoxicity

GO+AgTiO2 exhibited
the highest
antibacterial activity,
followed by GO Twt%,
GO+Zn0. GO wt%
significantly reduced
bacterial growth
compared to control.

Coating metal
brackets with
GO andits
combinationscan
enhance
antibacterial
properties,
potentially reducing
white spot lesions.

As an in-vitro
study,it doesn't
replicate the oral
environment.

Experimental, In-vitro
study (Polymerizable
Quaternary Ammonium
Silane-Modified
Silica Nanoparticles)

Evaluated
mechanical
properties,

polymerization
shrinkage, curing
kinetics, and
degree of
conversion of
nanoparticles.

Mechanical properties

compressive strength),

(flexural modulus,

polymerization

shrinkage,curing
kinetics,degree
of conversion

The nanocomposites
exhibited superior
mechanical properties
and curing behaviour,
indicating potential
stability and
effectiveness for
dental applications

Quaternary
ammonium
silane-modified
silica nanoparticles
showed antibacterial
effects.

Limited to in-vitro
conditions, not
replicating
complex oral
environment.

Experimental study
(Zirconia/Silver
Phosphate
Nanoparticles)

Evaluated
nanoparticle
-based adhesives
for mechanical
properties,
biofilm inhibition,
bond strength,
and color stability.

Antibacterial activity,
mechanical strength,

bond strength,
colour stability

Increased
micro-hardness,
enhanced antibacterial

properties, better
bond strength and
colour stability at
higher nanoparticle
concentrations
(0.5 wt.%).

Adhesives with
zirconia/silver
phosphate
nanoparticles
showed improved
antibacterial
and physical
properties

Further studies are
required to assess
antibacterial and
cytocompatibility
efficacy
in more detail.

[32]

Experimental study
(Amorphous Calcium
Phosphate (NACP),
Dimethylaminododecyl
Methacrylate (DMAHDM))

Tested bond
strength,
antibacterial
efficacy, and
Ca/Pionrecharge
capabilities.

3 adhesive groups
were evaluated.

Bond strength,
antibacterial
efficacy, Ca/P ion
release/recharge

DMAHDM addition
significantly improved
antibacterial
properties.NACP
maintained ion
release.

The novel adhesive
formulation
demonstrated
strong antibacterial
activity and
ion recharge

Long-term clinical
performance and
effects of ageing
were not fully
assessed.

Experimental study
(Silver (Ag), Zinc oxide
(Zn0), and combination of
Ag/Zn0 nanoparticles)

Tested
antibacterial
activity of coated
orthodontic
bracketson S
.mutansand L.
acidophilus.
Coatings applied
by physical vapor
deposition.

Antibacterial
efficacy measured
by CFU reduction
and inhibition
percentage against
S.mutans and L.
acidophilus.

Ag/Zn0 combination
provided the highest
antibacterial effect,
with long-term
persistence of
efficacy.

Ag/Zn0
nanoparticles
showed superior
antibacterial effects,
suggesting their
potential for
preventing
decalcification
in orthodontic
brackets.

Friction effects
on coatings and
potential
cytotoxicity were
not evaluated.

[34]

Clinical study (Calcium
fluoride nanoparticles
(nCaF2))

The study involved
31orthodontic
patients who
were evaluated
for enamel
demineralization
and bacterial load.

Degree of enamel
demineralization
(measured by
DIAGNQdent pen)
Streptococcus
mutans bacterial
count (real-time PCR)
Incidence of WSLs
(photographic
assessment)

nCaF2-primer
significantly reduced
demineralization
scores within 6
months of bracket
bonding, particularly
in the first month.

nCaF2-primer was
effective in
reducing early
demineralization
and bacterial
colonization

The study was
conducted
inasingle
center,and its
generalizability
might be limited
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DISCUSSION

Nanoparticles play a significant role in enhancing the
dental materials utilized in restorative dentistry, making
this an emerging field of research. Numerous in vitro
studies have explored various nanoparticles, their optimal
concentrations, and methods for their incorporation to
inhibit bacterial attachment. In this systematic review, the
authors analyzed 109 experimental studies to highlight the
variability in experimental methodologies. Unlike other
literature reviews that focus on a single type of
nanoparticle, this review encompasses multiple
nanoparticles in the context of preventive dentistry. The
application of nanotechnology in preventive and adhesive
dental materials is discussed, including how nanoparticles
can effectively control oral bacterial infections and the
antibacterial and biological effects of silver nanoparticles
(Ag-NPs)used in dental materials[35, 36]. Only one clinical
study was included among all the studiesincorporated into
this review. However, clinical and in vivo experiments
typically yield more accurate outcomes, and certain ethical
and practical issues may arise during the initial
assessment. The presence of various experimental
conditions, including differences in control groups, can
introduce potential biases in comparisons. For example,
Yinetal., reviewedbothinvivoandinvitro experiments, but
their discussion was based solely on the in vitro findings
[37]. Although it is impossible to fully replicate the oral
cavity in vitro, these experiments are valuable during
preliminary assessments. Out of these, silver
nanoparticles are the most extensively studied and widely
used, either as standalone agents or in combination with
others, including zinc oxide [38], silver nanoparticle-
loaded hydroxyapatite nanowires [39], quaternary
ammonium di-methacrylate [40], and silica nanoparticles
[41]. One significant drawback is that the use of
commercially available nanoparticles may involve
undefined additives. Notably, a distinct study utilized laser
synthesis to create nano-metric fibres from Zn0 and Ca-0
powders using a CO2 laser[42]. However, no research has
yet applied in situ synthesized nanoparticles in dental
materials. It may be beneficial to compare the properties of
laser-synthesized nanoparticles with those of commercial
variants. Nano-diamonds (NDs) have recently garnered
attention in the medical and dental fields, particularly in
drug delivery and tissue engineering [43, 44]. However, to
the author's surprise, there have been no specific studies
investigating the incorporation of NDs into dental
restorative materials, despite earlier research highlighting
their potential as an antibacterial layer for implants [45,
4B]. The primary rationale for incorporating nanoparticles
into dental materials is to provide protection against
bacterial invasions and to minimize the formation of
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secondary caries. Inaddition to Streptococcus mutansand
Lactobacillus acidophilus, other microorganisms have
been tested, including Escherichia coli [47, 48],
Staphylococcusaureus[49,50], and Candida albicans[51].
Expanding the scope of testing to include various
categories of nanoparticles and a broader range of related
microorganisms could yield more comprehensive data on
their antibacterial efficacy. The disc diffusion method and
direct contact test are the most commonly used
techniques to assess the antibacterial properties of dental
materials. The disc diffusion test utilizes water-soluble
constituents released from the material [52], while the
direct contact test is essential for assessing insoluble
nanoparticles, such as zinc oxide [53], to determine their
antibacterial efficacy. For instance, Kim et al., employed
the disc diffusion method to evaluate chlorhexidine
nanoparticlesinresin, with chlorhexidine being solubilized
in distilled water before activity assessment [18]. Most
studies have focused on modified materials, including
resin-based products, dental adhesives, and glassionomer
cement, particularly orthodontic adhesives like Trans-
bond XT (3M) and Neo-Bond (Dentsply). In several studies,
the omission of manufacturer specifications has
negatively affected the methodological quality. Overall, the
majority of studies included in this systematic review
demonstrate that incorporating nanoparticles into dental
restorative materials enhances the antibacterial activity of
the base materials. Improvements were noted in various
dental materials, such as glass ionomer cement (GIC),
resin-modified (RM) materials, dental adhesives, and
orthodontic appliances (OA). However, some researchers
found that the antibacterial activity of the films was
comparable to that of the control groups. For example,
Magalhaes et al.. reported that while silver nanoparticles
(Ag-NP) in resin-based cement increased colour and
sorption, they did not enhance antibacterial activity
against Streptococcus mutans [54, 55]. Similarly, Garcia-
Contreras et al. indicated that the antibacterial effect was
only slightly increased in FX-Il Enhanced restorations
containing zinc oxide and titanium dioxide nanoparticles
[56]. Additionally, Garcia et al. observed that zinc oxide
nanoparticles in glass ionomer cement exhibited no
antibacterial properties against S. mutans [57]. However,
the varying concentrations of nanoparticles required for
antibacterial agents demonstrate significant variability,
despite nanotechnology being one of the most rapidly
developing and actively researched fields today. Low
concentrations may lack efficacy, and clumping can occur
if the pH of the medium is not optimal [58]. Additionally,
differences in sample storage and transport can also
contribute tovariability inresults. This clearly indicates the
need to introduce new dental restorative materials that
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possess enhanced antibacterial activity and incorporate
nanoparticles. The variation in nanoparticles and their
concentrations suggests the possibility of creating new
dental materials that are more finely tuned. Future studies
should establish protocols to minimize variability and
enhance clinical relevance. Consequently, there is
significant potential for the application of nanotechnology
indentistry, bothinrestorative and preventive procedures.

CONCLUSIONS

It was concluded that the utilization of nanoparticles in
dental restorative materials promises increased
antibacterial efficiency and working length of prevention
in preventive dentistry. It became clear that silver, zinc
oxide and titanium dioxide nanoparticles are primary
preventatives of the bacterial adhesion and biofilm
formation factorsthat contribute to secondary caries and
restoration failures. However, more in vivo studies are
required to corroborate these observations. Though lab
studies have demonstrated the antibacterial prowess of
these materials, application in oral environments needs
further study. This subject requires proper control of the
experimental procedures and nanoparticle synthesis,
which in turn, may offer materials that resist bacterial
attachmentand caries formation.

Authors Contribution

Conceptualization: SS, RS, FT
Methodology: SS, RS, FT

Formal analysis: SS, RS, FT

Writing review and editing: NK, Al, MZ, FA

All authors have read and agreed to the published version
of the manuscript

Conflicts of Interest
All the authors declare no conflict of interest.
Source of Funding

The author received no financial support for the research,
authorship and/or publication of this article.

REFERENCES

[11 RattanS, Fawcett D, Tennant M, Granich J, Poinern G.
Progress of Nanomaterials in Preventative and
Restorative Dentistry. Recent Progress in Materials.
2021Mar; 3(1): 1-42.doi: 10.21926/rpm.2101007.

[2] Zhang S, Lin L, Huang X, Lu YG, Zheng DL, Feng Y.
Antimicrobial Properties of Metal Nanoparticles and
Their Oxide Materials and Their Applications in Oral
Biology. Journal of Nanomaterials.2022;2022(1): 206
3265.doi:10.1155/2022/2063265.

[3] KaviyaNE, Somasundaram DJ, Roy DA. Advancement
in Nanotechnology for Restorative Dentistry.
European Journal of Molecular and Clinical Medicine.
2020 Dec; 7(1): 3295-3086.

PJHS VOL. 5 Issue. 11 Nov 2024 Copyright ® 2024. PUHS, Published by Crosslinks International Publishers
BY This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v5i11.2366

Sebold M, André CB, SahadiBO, Breschi L, Giannini M.
Chronological History and Current Advancements of
Dental Adhesive Systems Development: A Narrative
Review.Journal of Adhesion Science and
Technology.2021Sep; 35(18): 1941-67. doi: 10.1080/016
94243.2020.1865611.

Kanathila H, Pangi AM, Patil S, Shirlal S, Jaiswal R. An
Insight into Various Metallic Oxide Nanoparticles as
Antimicrobials and Their Applications in Dentistry.
Journal of Evolution of Medical and Dental Sciences.
2021Aug; 10(33): 2803-9.doi: 10.14260/jemds/2021/5
72.

Song W and Ge S.Application of Antimicrobial
Nanoparticlesin Dentistry. Molecules.2019 Mar; 24(6
):1033.doi: 10.3390/molecules24061033.

LiuY, Yang J, Yang Y, Li M, Xu HH, Weir MD et al.
Evaluation of the Ability of Adhesives with
Antibacterial and Remineralization Functions to
Prevent Secondary Caries in Vivo.Clinical Oral
Investigations.2022Apr;26(4):3637-50.doi: 10.1007/s
00784-021-04334-4.

Ameli N, Asadi S, Ghorbani R, Mohebi S, Hans M.
Comparative Antibacterial Efficacy of Orthodontic
Brackets Coated with Titanium Dioxide, Copper
Oxide,and Hydroxyapatite-Silver Nanoparticles
Against Streptococcus Mutans. Middle East Journal
of Rehabilitation and Health Studies.2022; 9(1). doi:
10.5812/mejrh.119536.

Hashem R, Ghobashy S, Abdel Hamid Z.The Efficacy
of Nano-silver Coated Stainless Steel Brackets in
Prevention of Enamel Demineralization in
Orthodontic Patients.Al-Azhar Journal of Dental
Science.2022 Oct; 25(4): 495-504. doi: 10.21608/ajd
sm.2022.129243.1328.

Duraisamy S, Anandan N, Kannan R. Evaluation of
Antibacterial Effect of Hybrid Nano-coating of
Stainless Steel Orthodontic Brackets on
Streptococcus Mutans-An in vitro Study. Journal of
Pharmacy and Bio-allied Sciences.2024 Apr;
16(Suppl 2): S1784-91. doi: 10.4103/jpbs.jpbs_1190_23.
Fan M, Yang J, Xu HH, Weir MD, Tao S, Yu Z et al.
Remineralization Effectiveness of Adhesive
Containing Amorphous Calcium Phosphate
Nanoparticles On Artificial Initial Enamel Caries in A
Biofilm-Challenged Environment. Clinical Oral
Investigations. 2021Sep; 25(9): 5375-90. doi: 10.100
7/s00784-021-03846-3.

Mokeem L, Balhaddad AA, Garcia IM, Collares FM,
Melo MA. Nanoparticle-based Antimicrobial for
Dental Restorative Materials. In Emerging
Nanomaterials and Nano-Based Drug Delivery
Approaches to Combat Antimicrobial
Resistance.2022 Jan: pp.661-700. doi: 10.1016/B978
-0-323-90792-7.00013-0.

258




Sohail S et al.,

[13]

[16]

(18]

[19]

PJHS VOL. 5 Issue. 11 Nov 2024

Nanomaterials in Preventive Dentistry: Antimicrobial Coatings

Kazemi M, Navarchian AH, Ahangaran F. Effects of
Silica Surface Modification with Silane and Poly
(Ethylene Glycol) On Flexural Strength, Protein-
Repellent, And Antibacterial Properties of Acrylic
Dental Nanocomposites. Dental Materials.2023 Oct;
39(10): 863-71.doi: 10.1016/j.dental.2023.07.010.

Zhu T, Huang Z, Shu X, Zhang C, Dong Z, Peng Q.
Functional Nanomaterials and Their Potentials in
Antibacterial Treatment of Dental Caries. Colloids
and Surfaces B:Biointerfaces.20220ct;218:
112761.d0i:10.1016/j.colsurfb.2022.112761.

Siva S, Kishore S, Gopinath A. A Systematic Review on
Nano Coated Orthodontic Brackets and its
Antibacterial Effects. Journal of Clinical and
Diagnostic Research.2022Feb;16(2):ZE18-22.doi: 10.
7860/JCDR/2022/52649.16020.
Ferrando-Magraner E, Bellot-Arcis C, Paredes-
Gallardo V, Almerich-Silla JM, Garcia-Sanz V,
Fernandez-Alonso M et al. Antibacterial Properties of
Nanoparticles in Dental Restorative Materials. A
Systematic Review and Meta-Analysis. Medicina.
2020Jan; 56(2)55.doi: 10.3390/medicina56020055.
Pérez-Castro B, Flores-Ledesma A, Rubio-Rosas E,
Teutle-Coyotecatl B, Flores-Ferreyra Bl, Argueta-
Figueroa L et al. Comparison of the Physical
Properties of Glass lonomer Modified with Silver
Phosphate/Hydroxyapatite or Titanium Dioxide
Nanoparticles: in Vitro Study. The Journal of Clinical
Pediatric Dentistry.2024 Jul; 48(4): 160-7. doi: 10.225
14/jocpd.2024.089.

Kim YJ, Choe YE, Shin SJ, Park JH, Dashnyam K, Kim
HS et al. Photocatalytic Effect-Assisted
Antimicrobial Activities of Acrylic Resin
IncorporatingZinc Oxide Nano-flakes. Biomaterials
Advances.2022 Aug; 139:213025. doi:10.1016/j.bioad
v.2022.213025.

Balhaddad AA, Ibrahim MS, Weir MD, Xu HH, Melo MA.
Concentration Dependence of Quaternary
Ammonium Monomer On the Design of High-
Performance Bioactive Composite for Root Caries
Restorations. Dental Materials.2020 Aug; 36(8): €266
-78.doi:10.1016/j.dental.2020.05.009.

Fan M, LiM, Yang Y, Weir MD, Liu Y, Zhou X et al. Dual-
functional Adhesive Containing Amorphous Calcium
Phosphate Nanoparticles and Dimethyl Amino-
hexadecyl Methacrylate Promoted Enamel
Remineralization in A Biofilm-Challenged
Environment. Dental Materials. 2022 Sep;38(9): 1518-
31.doi:10.1016/j.dental.2022.07.003.

D'Agostino A, Bertolini M, Bono N, Pavarini M, Tarsini
P, Candiani G et al. Antibacterial Titanium Dioxide
Coatings for Cocrmo Orthopaedic Implants. Applied
Surface Science. 2023 Jan; 609:155300. doi: 10.1016
/j.apsusc.2022.155300.

[22]

[23]

[31]

Copyright ® 2024. PJHS, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v5i11.2366

Wang Y, Ding Y, Deng J, Nie R, Meng X. Antibacterial
One-Step Self-Etching Dental Adhesive with Silver
Nanoparticles Synthesized in Situ. Journal of
Dentistry.2023 Feb; 129:104411. doi:10.1016/j.jdent.2

023.104411.

Konopatsky AS, Teplyakova TO, Popova DV, Vlasova
KY, Prokoshkin SD, Shtansky DV. Surface
Modification and Antibacterial Properties of
Superelastic Ti-Zr-Based Alloys for Medical
Application. Colloids and Surfaces B: Biointerfaces.
2022 Jan; 209:112183. doi: 10.1016/j.colsurfb.2021.112
183.

Bhadila G, Baras BH, Weir MD, Wang H, Melo MA, Hack
GD et al. Novel Antibacterial Calcium Phosphate
Nanocomposite with Long-Term lon Recharge and
Re-Release to Inhibit Caries. Dental Materials
Journal.2020 Jul; 39(4): 678-89. doi: 10.4012/dmj.20

19-203.

Ding R, Qian Y, Chen M, Yi J, Zhao Z. The Effect of N-
Acetylcysteine On the Antibacterial Capability and
Biocompatibility of Nano Silver-Containing
Orthodontic Cement. The Angle Orthodontist.2021
Jul; 91(4): 515-21. doi: 10.2319/073120-670.1.

Mitwalli H, Balhaddad AA, AlSahafi R, Oates TW, Melo
MA, Xu HH et al. Novel CaF2 Nanocomposites with
Antibacterial Function and Fluoride and Calcium lon
Release to Inhibit Oral Biofilm and Protect Teeth.
Journal of Functional Biomaterials.2020 Aug;11(3):
56.d0i:10.3390/jfb11030056.

Bahrami R, Pourhajibagher M, Badiei A, Masaeli R,
Tanbakuchi B. Evaluation of the Cell Viability and
Antimicrobial Effects of Orthodontic Bands Coated
with Silver or Zinc Oxide Nanoparticles: An in Vitro
Study. Korean Journal of Orthodontics.2023 Jan;
53(1): 16-25. doi: 10.4041/kjod22.091.

Garcia PP, Cardia MF, Francisconi RS, Dovigo LN,
Spolidorio DM, de Souza Rastelli AN et al.
Antibacterial Activity of Glass lonomer Cement
Modified by Zinc Oxide Nanoparticles. Microscopy
Researchand Technique. 2017 May; 80(5): 456-61. doi:
10.1002/jemt.22814.

Malineni MK, Chandrasekhar G, Ponnada S, Anand H,
Gandikota A. Evaluation of Antibacterial Properties
of Metal Brackets Coated with Graphene Oxide
Nanoparticles and Its Synergistic Effect with Other
Metal Oxides-An In-Vitro Study. Orthodontic Journal
of Nepal. 2023 Dec; 13(2): 3-14. doi: 10.3126/0jn.v13i2

.52873.

Nikolaidis AK, Koulaouzidou EA, Gogos C, Achilias DS.
Synthesis of Novel Dental Nanocomposite Resins by
Incorporating Polymerizable, Quaternary Ammonium
Silane-Modified Silica Nanoparticles. Polymers. 2021
May;13(11): 1682. doi: 10.3390/polym13111682.

Khan AS, Alhamdan Y, Alibrahim H, Almulhim KS,
Nawaz M, Ahmed SZ et al. Analyses of Experimental

259




Sohail S et al.,

[36]

[39]

PJHS VOL. 5 Issue. 11 Nov 2024

Nanomaterials in Preventive Dentistry: Antimicrobial Coatings

Dental Adhesives Based on Zirconia/Silver
Phosphate Nanoparticles. Polymers.2023 Jun;
15(12): 2614. doi: 10.3390/polym15122614.

Al-Qarni F, Weir M, Melo MA, Al-Dulaijan Y, AlImulhim
KS, Xu HH. Novel Calcium Phosphate lon-
Rechargeable and Antibacterial Adhesive to Inhibit
Dental Caries. Clinical Oral Investigations.2022 Jan;
26(1): 313-23.doi: 10.1007/s00784-021-04002-7.
Zeidan NK, Enany NM, Mohamed GG, Marzouk ES. The
Antibacterial Effect of Silver, Zinc-Oxide and
Combination of Silver/Zinc Oxide Nanoparticles
Coating of Orthodontic Brackets (An in Vitro study).
BioMed Central Oral Health.2022 Jun; 22(1): 230. doi:
10.1186/s12903-022-02263-6.

Al Tuma RR and Yassir YA. Effect of Calcium Fluoride
Nanoparticles in Prevention of Demineralization
During Orthodontic Fixed Appliance Treatment: A
Randomized Clinical Trial. European Journal of
Orthodontics.2023Apr;45(2): 122-32. doi: 10.1093/ejo
/cjac055.

Sen D, Patil V, Smriti K, Varchas P, Ratnakar R, Naik N
et al. Nanotechnology and Nanomaterials in
Dentistry: Present and Future Perspectives in
Clinical Applications. Engineered Science. 2022 Apr;
20:14-24.d0i:10.30919/es8d703.

Makvandi P, Josic U, DelfiM, Pinelli F, Jahed V, Kaya E
et al. Drug Delivery (Nano) Platforms for Oral and
Dental Applications: Tissue Regeneration, Infection
Control, and Cancer Management. Advanced
Science.2021Apr; 8(8):2004014. doi: 10.10
02/advs.202004014.

Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. The
Antibacterial Mechanism of Silver Nanoparticles and
Its Application in Dentistry. International Journal of
Nano-medicine.2020 Apr; 15: 2555-62. doi:10.2147/1J
N.S246764.

Moghadam ET, Yazdanian M, Tahmasebi E, Tebyanian
H., Ranjbar R, Yazdanian A et al. Current Herbal
Medicine as an Alternative Treatment In Dentistry: In
Vitro, In Vivo and Clinical Studies. European Journal
of Pharmacology.2020 Dec; 889:173665. doi:10.1016/j
.ejphar.2020.173665.

Rajasekar N, Mohanraj KG, Martin TM. Advanced
Dental Care: $-Chitosan Zinc Oxide Nanoparticles
Targeting Cariogenic Microorganisms.Cureus.2024
Aug;16(8):e66296.doi: 10.7759/cureus.66296.
Mondal S, Park S, ChoiJ, VuTT, Doan VH, Vo TT et al.
Hydroxyapatite: A Journey from Biomaterials to
Advanced Functional Materials. Advances in Colloid
andInterface Science.2023 0ct;321:103013.doi: 10.10
16/j.cis.2023.103013.

El-Deeb M, Ismail MM, Kenawy ER, Habib NA.
Evaluation of Antibacterial Activity of an
Experimental Dental Adhesive Containing
Synthesized Quaternary Ammonium Compound: In

[43]

Copyright ® 2024. PJHS, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v5i11.2366

Vitro Study. Discover Applied Sciences.2024 Mar; 6(3
):120.doi: 10.1007/s42452-024-05756-x.

Pavanello L, Cortés|IT, de Carvalho RD, Dal Picolo MZ,
Cavalli V, Silva LT et al. Physicochemical and
Biological Properties of Dental Materials and
Formulations with Silica Nanoparticles: A Narrative
Review. Dental Materials.2024 Aug; 40(11): 1729-1741.
doi:10.1016/j.dental.2024.07.028.

Zyoud SH, Ganesh V, Che Abdullah CA, Yahia IS, Zyoud
AH, Abdelkader AF et al. Facile Synthesis of Ni-Doped
Zn0 Nanostructures Via Laser-Assisted Chemical
Bath Synthesis with High and Durable Photocatalytic
Activity.Crystals.2023Jul;13(7):1087. doi: 10.3390/cry
st13071087.

Xu J and Chow EK. Biomedical Applications of Nano-
diamonds: From Drug-Delivery to Diagnostics. SLAS
Technology.2023 Aug; 28(4): 214-22.d0i:10.1016/j.sla
st.2023.03.007.

Al Qtaish N, Gallego |, Paredes AJ, Villate-Beitia |,
Soto-Sanchez C, Martinez-Navarrete G et al. Nano-
Diamond Integration into Niosomes as an Emerging
and Efficient Gene Therapy Nano-Platform for
Central Nervous System Diseases. American
Chemical Society Applied Materials and Interfaces.
2022 Mar; 14(11): 13665-77. doi: 10.1021/acsami.2c021
82.

Montoya C, Roldan L, Yu M, Valliani S, Ta C, Yang M et
al.Smart Dental Materials for Antimicrobial
Applications. Bioactive Materials.2023 Jun; 24: 1-9.
doi: 10.1016/j.bioactmat.2022.12.002.

Azmi AH, Adnan SN, Ab Malik N. The Prevalence of
Staphylococcus Aureus in the Oral Cavity of Healthy
Adultsin Malaysia. Sains Malaysia. 2020 Mar; 49(3): 5
83-91.d0i:10.17576/jsm-2020-4903-13.

Ahmad N, Jafri Z, Khan ZH. Evaluation of
Nanomaterials to Prevent Oral Candidiasis in PMMA
Based Denture Wearing Patients. A Systematic
Analysis. Journal of Oral Biology and Craniofacial
Research. 2020 Apr; 10(2): 189-93. doi: 10.1016/j.jobcr
.2020.04.012.

Benkova M, Soukup O, Marek J. Antimicrobial
Susceptibility Testing: Currently Used Methods and
Devices and the Near Future in Clinical Practice.
Journal of Applied Microbiology.2020 Oct;129(4):
806-22.doi: 10.1111/jam.14704.

Camilleri J, Moliz TA, Bettencourt A, Costa J, Martins
F, Rabadijeva D et al. Standardization of Antimicrobial
Testing of Dental Devices. Dental Materials.2020 Mar;
36(3): €59-73. doi: 10.1016/j.dental.2019.12.006.
Subramani K, Seo HN, Dougherty J, Chaudhry K, Bollu
P, Rosenthal KS et al. In Vitro Evaluation of
Antimicrobial Activity of Chlorhexidine
Hexametaphosphate Nanoparticle Coatings on
Orthodontic Elastomeric Chains. Materials Research
Express.2020Jul; 7(7): 075401. doi: 10.1088/2053159

260




Sohail S et al.,

[55]

[68]

PJHS VOL. 5 Issue. 11 Nov 2024

Nanomaterials in Preventive Dentistry: Antimicrobial Coatings

1/ab9e8b.

Gligorijevi¢ N, Mihajlov-Krstev T, Kosti¢ M, Nikoli¢ L,
Stankovi¢ N, Nikoli¢ V et al. Antimicrobial Properties
of Silver-Modified Denture Base Resins.
Nanomaterials. 2022 Jul; 12(14): 2453. doi: 10.3390/n
anol12142453.

Sihivahanan D and Nandini VV. Comparative
Evaluation of Mechanical Properties of Titanium
Dioxide Nanoparticle Incorporated in Composite
Resin as A Core Restorative Material. The Journal of
Contemporary Dental Practice.2021Aug;22(6): 686-9
0.doi: 10.5005/jp-journals-10024-3105.

Jowkar Z, Fattah Z, Ghanbarian S, Shafiei F. The
Effects of Silver, Zinc Oxide, and Titanium Dioxide
Nanoparticles Used as Dentin Pre-treatments On the
Micro-shear Bond Strength of a Conventional Glass
lonomer Cement to Dentin. International Journal of
Nano-medicine.2020 Jul; 15: 4755-62. doi: 10.2147/1J
N.S262664.

Bruna T, Maldonado-Bravo F, Jara P, Caro N. Silver
Nanoparticles and Their Antibacterial Applications.
International Journal of Molecular Sciences.2021Jul;
22(13): 7202.d0i:10.3390/ijms22137202.

Cronin MC, Awasthi MA, Conway MA, O'Riordan D,
Walsh J.Design and Development of a Material
Handling System for an Autonomous Intelligent
Vehicle for Flexible Manufacturing. Procedia
Manufacturing. 2020 Jan; 51: 493-500. doi: 10.1016/j.
promfg.2020.10.069.

Yudaev P, Chuev V, Klyukin B, Kuskov A, Mezhuev Y,
Chistyakov E. Polymeric Dental Nanomaterials:
Antimicrobial Action. Polymers. 2022 Feb; 14(5): 864.
doi:10.3390/polym14050864.
Nanjundeswaraswamy TS and Divakar S.
Determination of Sample Size and Sampling Methods
in Applied Research. Proceedings On Engineering
Sciences. 2021 Mar; 3(1): 25-32. doi: 10.24874/PESO
3.01.003.

DOI: https://doi.org/10.54393/pjhs.v5i11.2366

Copyright ® 2024. PJHS, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License. 261




