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Abstract

Resin cement exhibits numerous therapeutic advantages over conventional luting materials. However, the
effectiveness of the antibacterial properties of resin cement remains unclear. Nanotechnology provides a viable
option, whereby the integration of nanoparticles (NPs) can potentially augment the antibacterial effectiveness of
resin cement. The objective of this study was to conduct a comprehensive literature review to assess resin cement’s
antibacterial effectiveness by incorporating nanoparticles. An extensive search of PubMed and Scopus databases
up to September 12, 2023, was conducted to identify relevant scholarly articles that examined and evaluated resin
cement’s antibacterial effectiveness with and without the incorporation of nanoparticles (NPs). This systematic
review adhered to the PRISMA guidelines for reporting the results. The search retrieved seven eligible studies.
Studies indicated that resin cement with NPs significantly reduced the colony forming unit (CFU) counts compared
to resin cement without NPs. Furthermore, resin cement, in addition to NPs, significantly reduced the bacterial
metabolic activity compared to the control group. The use of nanoparticles (NPs) in resin cement has been shown
to enhance its antibacterial properties, possibly mitigating the occurrence of secondary caries. Future clinical

trials are required to validate the beneficial effects of NPs in conjunction with resin cement in the prevention of
secondary caries.
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can be categorized according to their adhesive scheme,
which includes total-etch, self-etching, and self-adhe-
sive approaches [4—7]. They exhibit remarkable versatil-
ity in a wide range of dental applications encompassing
the cementation of various dental restorations, such as
full-cast metal crowns, ceramic crowns, zirconia con-
structions, indirect composite restorations, traditional
metal-ceramic constructions, metal and glass fiber posts,
implant-supported crowns and bridges, and ceramic
veneers [8—13].

Resin cements are known to have superior mechani-
cal and physical properties compared to the other lut-
ing materials used in past [14, 15]. They exhibit excellent
compression resistance, improved hardness, and good
flexural strength. In addition, resin cements have sub-
stantial strength against fatigue and demonstrate the
ability to bond well with a diverse array of materials.
Furthermore, these dental restorations can modify the
shade and color, have excellent durability, display resis-
tance to wear at the edge of the restorations, and exhibit
minimal marginal permeability [16—-19]. Nevertheless,
it is crucial to consider that resin cement may exhibit a
comparatively lower capacity to limit caries progression
when juxtaposed with alternative luting materials, such
as glass-ionomer cements. This raises concerns regarding
their potential role in the inhibition of secondary caries
[20, 21].

Nanotechnology has emerged as a promising field of
study in dental research, exhibiting a significant potential
for augmenting the antibacterial and mechanical char-
acteristics of dental materials [22-25]. By incorporating
nanoparticles (NPs) into dental materials such as silver
nanoparticles (Ag Nps), it is possible to create materials
that effectively inhibit bacterial buildup and the develop-
ment of secondary caries [26—30]. It has been observed
that adding Ag Nps to resin cements can be beneficial
in retarding bacterial growth [31]. The properties of
nanoparticles such as large surface area and high density,
assist in enhancing the antimicrobial properties, as they
can easily interact with negatively charged bacterial cells
[32]. It has been observed that the Ag Nps can be effec-
tive in retarding the growth of Streptococcus mutans, the
most common cariogenic bacteria [31]. The growth of
other bacteria such as Staphylococcus aureus, Streptococ-
cus mutans, and Enterococcus faecalis can be hampered
with AgNPs resin cements [33]. Furthermore, the appli-
cations of nanoparticles in various forms either com-
bined with polymers or coated onto biomaterial surfaces
was found to be having better antimicrobial properties
in the oral cavity [34]. In addition to Ag Nps, zinc oxide,
magnesium oxide, and silica particles have also been
investigated and found them exhibiting effective antimi-
crobial properties [35, 36].

Page 2 of 10

Although a limited number of studies have examined
the antibacterial properties of resin cement when com-
bined with the nanoparticles. A comprehensive investiga-
tion of this subject has not yet been undertaken. Resins
susceptible to bacterial colonization and infection are
commonly used in restorative and prosthetic dentistry.
These nanoparticles have unique antibacterial proper-
ties. Understanding the antibacterial properties of resin
cements, especially those containing nanoparticles, will
help in selecting the materials that can effectively prevent
bacterial growth and reduce the risk of post-treatment
infections. Future research should focus on optimizing
the usage, concentration and the combinations of those
nanoparticles that can significantly enhance the antibac-
terial properties of resin cements. Comparison of resin
cements with and without nanoparticles allows dental
professionals to make informed decisions when selecting
materials for various dental applications.

Systematic reviews provide a comprehensive analysis
of existing scientific literature. This review contributes to
evidence-based dentistry by summarizing and evaluating
available research on the antibacterial properties of resin
cements with and without nanoparticles. Moreover, this
could potentially facilitate future investigations, advance-
ments and utilization of nanotechnology to enhance the
effectiveness and efficiency of resin cements.

The hypothesis for the research is following:

“Resin cement containing nanoparticles exhibits
enhanced antibacterial properties compared to resin
cement without nanoparticles when used in dental
applications.”

This hypothesis is based on the premise that the incor-
poration of nanoparticles into resin cement has the
potential to augment its antibacterial characteristics,
leading to improved resistance against bacterial coloni-
zation and reduced risk of post-treatment infections. By
comparing the antibacterial activity of resin cements with
and without nanoparticles, it is expected that the former
will demonstrate superior performance in inhibiting bac-
terial growth and preventing secondary caries.

Materials and methods

The authors ensured that they complied with all the
PRISMA recommendations for reporting systematic
reviews and meta-analyses [37]. The protocol used for
this systematic review was the registered International
Platform of Registered Systematic Review and Meta-
Analysis Protocols (INPLASY) (2023100035).

Research question

What is the comparative analysis of the antibacterial
properties of resin cements with and without the incor-
poration of nanoparticles?
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Eligibility criteria
The studies included in our analysis were selected based
on their adherence to the PICOS criteria, which included
the following elements: population, intervention, control,
outcomes, and research design.

The PICOS questions for this study are as follows:

+ Population: Resin cement.

«+ Intervention: Use of nanoparticles.

+ Control: Resin cement without nanoparticles.

+ Outcomes: Antibacterial properties.

«+ Study Design: Comparative studies (both
randomized and non-randomized) were conducted
in vivo and in vitro. Exclusions were made for single-
arm studies, conference abstracts, and studies using
composite resin or resin-modified glass ionomer
cement as well as those with commercial control
groups.

Inclusion Criteria:

1. Population: Studies focusing on resin cement.

2. Intervention: Studies that utilized nanoparticles in
conjunction with resin cement.

3. Control: Studies that included a control group that
used resin cement without nanoparticles.

4. Outcomes: Articles that provide a comprehensive
analysis of outcomes relevant to the research aims.

5. Research design: Comparative studies incorporating
both randomized and non-randomized
methodologies were conducted either in vivo or in
vitro.

Exclusion criteria:

1. Single-arm studies: Studies with only one group or
arm without a comparative design.

2. Conference publications: Papers published solely as
conference abstracts or proceedings.

3. Utilization of composite resin or resin-modified glass
ionomer cement: Studies that involve the use of these
materials are not within the scope of this analysis.

4. Commercial control groups: Studies that included
control groups consisting of commercially available
products or materials.

Information source

A comprehensive search was conducted in PubMed and
Scopus databases from their inception until September
12, 2023, using the following search strategy: (cement*
AND resin*) AND (nanoparticle* OR nanotechnology)
AND (antibact* OR anti-bact* OR antimicro* OR anti-
micro* OR antibiofilm* OR anti-biofilm* OR antiinfect*
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OR anti-infect* OR bactericidal* OR bacteriostatic*). No
language or publication type filters were applied. The
reference lists of selected articles were also reviewed for
additional relevant studies.

Selection process

Endnote software was used to consolidate and merge all
individual information. The data were converted into an
Excel spreadsheet and submitted in two distinct steps
to identify the studies that met the eligibility criteria.
Titles and abstracts were independently screened by two
reviewers for potential inclusion. Full texts of potentially
eligible studies were then independently assessed for eli-
gibility. Discrepancies were resolved through discussion
or consultation with a third reviewer.

Data collection process

In this systematic review, the primary author played a
crucial role in developing the meticulously organized
Excel spreadsheets. These spreadsheets served as valu-
able tools for reviewing authors to extract relevant data
from the included studies. The systematic extraction
process involved two researchers who independently col-
lected the data from each study to ensure a thorough and
comprehensive approach.

To maintain accuracy and consistency, collaborating
researchers engaged in collaborative discourse, discussed,
and analyzed the findings obtained from the data extrac-
tion process. This collaborative effort helped to minimize
errors and enhance the reliability of the extracted data.

The suggested methodologies outlined in the Cochrane
Handbook were followed diligently [38]. These methodol-
ogies provide a standardized approach for addressing and
resolving any discrepancies or missing information. By
adhering to these suggested methodologies, the authors
maintained the integrity and validity of the data, ensuring
that the final findings were based on reliable and accurate
information.

Data items (outcomes)

The primary focus of this study was to investigate and
compare the antibacterial characteristics of resin cements
using specific methodologies to assess their effectiveness
in preventing bacterial growth. The colony-forming unit
(CFU) count, a key measurement, provided valuable
information regarding the antibacterial properties of the
different resin cements under investigation. Addition-
ally, bacterial metabolic activity was assessed using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Incorporating these measure-
ments—CFU counts and MTT activity, enabled a com-
prehensive evaluation of the antibacterial properties of
resin cements.
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Data items (other variables)

The authors of this study compiled several param-
eters, including study ID, study title, resin cement type,
nanoparticle type, description of the intervention and
control, specifics of antibacterial tests, and species of
bacteria employed, as well as the findings derived from
each investigation.

Effect measures and synthesis methods

In the process of systematic review, findings from the
included studies were qualitatively synthesized to assess
the overall quality of evidence and to understand the
variations in study outcomes. The synthesis focuses
on the narrative description of results, considering the
reported means, standard deviations (SDs), and the con-
text of each study’s findings within the broader literature.
The methodological quality and potential biases of the
included studies were evaluated using appropriate qual-
ity assessment tools, tailored to the study designs (e.g.,
randomized control trials, observational studies). This
assessment helps to identify the strengths and limitations
of the evidence, including any potential sources of vari-
ability among study findings. Instead of statistical het-
erogeneity analysis, a narrative synthesis is conducted to
explore differences in study characteristics, populations,
interventions, and outcomes to explain variations in the
study findings. The aim is to provide a comprehensive
overview of the current state of research on the topic,
highlighting consistencies and discrepancies across stud-
ies, and to identify areas where the evidence is strong or
where further research is needed.

Citation chaser methodology

In addition to the comprehensive search conducted in
PubMed and Scopus, we employed a citation chasing
methodology to further ensure the thoroughness of our
literature review. This process involved reviewing the ref-
erence lists of all the studies that were identified through
our initial database search. The objective was to identify
any additional relevant studies that might not have been
captured by our search strategy.

However, it is important to note that the citation chas-
ing process did not yield any additional studies beyond
those already identified through the database search.
This outcome suggests that our initial search strategy was
comprehensive and successfully captured all pertinent
studies within the scope of our review. This finding rein-
forces the robustness of our methodology in ensuring a
thorough and exhaustive review of the existing literature.

Results

Literature search

A comprehensive search was conducted during the ini-
tial stages of this systematic review, resulting in the
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identification of 266 relevant records. These records
were then subjected to a meticulous screening process
that involved evaluating the titles and abstracts to deter-
mine their suitability for inclusion in the study. Conse-
quently, 63 records progressed to the subsequent stage of
full-text screening, and a more detailed assessment was
performed.

Following a rigorous evaluation of the full-text articles,
57 records were excluded for various reasons, such as not
meeting the specific inclusion criteria outlined for this
study. Ultimately, seven studies met the requirements
and were included in the final analysis. To provide a
visual representation of the selection process, Fig. 1 pres-
ents a flowchart depicting the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).
The relevance of this information lies in its transparency
and methodological rigor. By disclosing the number of
records initially identified, the screening process, and
ultimately, the inclusion of studies, this systematic review
ensures transparency in its methodology and provides
readers with a clear understanding of how the final set of
studies was determined.

Study characteristics

The present analysis includes a total of seven comparable
in vitro trials. The antibacterial efficacy of resin cement
in conjunction with nanoparticles was evaluated by all
researchers in relation to its impact on Strepfococcus
mutans. This systematic review included several types
of nanoparticles namely, silver nanoparticles (AgNPs) in
four studies [31, 33, 39-41], whereas magnesium oxide
nanoparticles (MgONPs) [42], zinc oxide nanoparticles
(ZnONPs) [35], and nano-silica with quaternary ammo-
nium salts [36] each in one study. Table 1 summarizes the
relevant features of the analyzed studies.

Demographics of Study Participants: Given that the
included studies were all in vitro, there were no human or
animal participants involved. Instead, the studies focused
on bacterial strains, primarily Streptococcus mutans,
which is commonly associated with dental caries.

Setting: All studies were conducted in controlled lab-
oratory environments, allowing for precise manipula-
tion of experimental conditions and measurement of
outcomes.

Sample Sizes: The sample sizes in the studies varied,
typically ranging from 10 to 30 samples per experimental
group. These sample sizes were sufficient to provide reli-
able and statistically significant results within each study.

Interventions: The primary intervention across studies
was the incorporation of nanoparticles (NPs) into resin
cements. The types of nanoparticles used included silver
nanoparticles (AgNPs), magnesium oxide nanoparticles
(MgONPs), zinc oxide nanoparticles (ZnONPs), and
nano-silica with quaternary ammonium salts.
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Fig. 1 PRISMA Flowchart

Intervention Comparisons: Each study compared the
antibacterial efficacy of NP-modified resin cements
against control groups that used unmodified resin
cements. The comparisons were designed to isolate the
effect of NPs on antibacterial properties.

Risk of Bias: The risk of bias in these studies primar-
ily arose from unblinded outcome assessments and vari-
ability in methods used to measure antibacterial efficacy
(e.g, CFU counts vs. optical density measurements).
Despite these concerns, the overall methodological rigor
was maintained, and results were generally consistent
across studies.

Effect of interventions on outcomes

Antibacterial Efficacy: All studies reported that NP
incorporation significantly reduced bacterial growth,
demonstrated by lower CFU counts, reduced biofilm
activity (via MTT assays), and larger inhibition zones in
agar tests. AgNPs, in particular, showed a strong inhibi-
tory effect on S. mutans.

Reason 1: differences in inclusion criteria
(n=48)

Reason 2: variation on outcomes (n=9)

Mechanisms of Action: NPs exert their antibacterial
effects through mechanisms such as generating reactive
oxygen species, disrupting cell membranes, and releasing
bioactive ions that inhibit bacterial replication.

Variability in Results: While most studies confirmed
the antibacterial benefits of NPs, some, like Magalhies
et al. [40] found no significant effects using certain mea-
surement methods. This highlights the need for stan-
dardized testing protocols and suggests that NP efficacy
may vary with concentration, particle size, and bacterial
strain.

Qualitative synthesis

Two studies [36, 42] investigated the effects of NPs on
CFU counts in resin cements and discovered that NPs
dramatically lowered CFU counts compared to resin
cements without NPs. Two studies [35, 42] investigated
the influence of NPs on MTT metabolic activity and dis-
covered that resin cements containing NPs dramatically
reduced biofilm metabolic activity compared to a control
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Study Resin Intervention Control Nanoparticles Test for antibacte-  Findings
ID rial efficacy
Limet Light- Resin cement+250 Resince-  Silver nanopar-  Antibacterial per- The inclusion of silver nanoparticles in resin
al.[311 cureresin  ppm NAg ment+0 ticles (NAQ) formance against cement resulted in a notable deceleration of
cement ppm cariogenic strepto- bacterial growth compared to resin cement
cocci using the Agar  without silver nanoparticles.
Diffusion Test
Kreve  Dual-cure  1-Resin cement+25% Resince-  Semiconductor Antibacterial per- Antimicrobial activity against Staphylococcus
etal. resin B-AgVO3 ment+0% nanostructured formance against aureus, Streptococcus mutans, and Enterococcus
[33] cement 2- Resin cement+5% B-AgVO3 silver vanadate  Staphylococcus faecalis was observed at both concentrations.
B-AgVO3 decorated aureus, Streptococ-
with silver cus mutans, and
nanoparticles  Enterococcus faecalis
(B-AgVO3) using the Agar Diffu-
sion Test
Seoet orthodon-  a-95% Resin+Zn0O 100% Resin  a- Zinc oxide Antibacterial per- A nanocomposite material used in this re-
al. [35] ticresin b-95% nanoparticles  formance againstS.  search showed antibacterial efficiency against
cement Resin+ZnO+HNTs (ZNONPs) mutans using MTT S. mutans while maintaining the mechanical,
b- Zinc oxide metabolic activity physical, and chemical properties of orthodon-
(Zn0O)-Loaded tic resin cement.
Halloysite
Nanotubes
Huet Self-adhe- a-Resincement+10% Resince-  Nano-silica Antibacterial per- Dental plaque microcosm biofilm metabolic
al.[36] siveresin Nano-silica ment+0% with quaterna- formance against S.  activity was significantly reduced by nano-
cement b- Resin cement+7.5% Nano-silica ryammonium  mutans using colony- antibacterial inorganic fillers in resin cement at
Nano-silica salts forming unit (CFU) 2.5% or higher. This finding suggests that the
c- Resin cement +5% counts resin cement exhibited an effective antibacte-
Nano-silica rial effect.
d- Resin cement+2.5%
Nano-silica
Magal- Resinlut-  Resin cement+0.05%  RelyX ARC  Silver nanopar-  Antibacterial per- Vitrebond exhibited bactericidal action both
hdeset ingcement NAG ticles (NAg) formance against 5. in the absence and presence of silver, with the
al.[39]  (Rely X mutans using the latter showing a stronger effect.
ARC) Agar Diffusion Test
Magal- Two Dual-  a- RelyX ARC with 1- RelyX Silver nanopar-  Antibacterial per- The incorporation of silver nanoparticles (NAg)
héeset cureresin  0.05% NAg U200 ticles (AgNPs)  formance againstS.  into resin-luting cements did not inhibit Strep-
al.[40] cement b- RelyX ARC with 2- RelyX mutans. tococcus mutans. The materials containing NAg
(onecon-  0.07% Nag ARC exhibited noticeable alterations in colour and
ventional  ¢- RelyX U200 with demonstrated increased sorption capabilities
“RelyX ARC" 0.05% NAg compared to the ones without NAg.
and one d- RelyX U200 with
self-adhe-  0.07% NAg
sive, RelyX
U200)
Wang Dual-cure  a-Resin cement+10% Resince- ~ Magnesium Antibacterial per- The incorporation of magnesium oxide
etal. resin ce- MgONPs ment+0% oxide nanopar- formance againstS.  nanoparticles (MgONPs) into resin cements has
[42] ment self-  b- Resin cement+7.5% MgONPs ticles (MgONPs) mutans using colony- been found to significantly improve the anti-
etching MgONPs forming unit (CFU) bacterial properties of these materials, while
adhesive c- Resin cement +5% counts and MTT maintaining their mechanical, bonding, and
MgONPs metabolic activity physicochemical characteristics. In general, the

d- Resin cement+2.5%
MgONPs

incorporation of magnesium oxide nanopar-
ticles (MgONPs) into resin cements can serve
as a viable option for inhibiting cariogenic
bacteria. This approach aims to mitigate the
occurrence of secondary caries associated with
biofilm formation, hence enhancing the long-
term effectiveness of cementation.
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group. The agar diffusion test was used in three studies to
evaluate the antibacterial performance. Kreve et al. [33]
discovered that NPs significantly inhibits Staphylococcus
aureus, Streptococcus mutans, and Enterococcus faecalis
in a dose dependent manner. Lim et al. [31] discovered
that resin cement containing silver nanoparticles con-
siderably reduced bacterial growth compared with resin
cement containing no silver nanoparticles. Magalhaes
et al. [39] revealed that the incorporation of silver NPs
enhanced bactericidal activity. Only one study [40] found
that NPs had no antibacterial effect, as measured by the
optical density of the culture broths.

Discussion

Currently, Resin cement is a widely used luting material
for dental applications. Resin cements exhibit superior
mechanical and physical qualities compared with their
predecessors in the field of luting materials. Neverthe-
less, the available information indicates that resin cement
may exhibit lower efficacy in preventing the formation
of caries than conventional luting materials. Nanotech-
nology is a potential solution, and the addition of NPs
to resin cements can improve their antibacterial prop-
erties. This study is the first comprehensive evaluation
of the antibacterial effectiveness of resin cements with
and without nanoparticles (NPs). Research indicates that
nanoparticles in resin cement significantly reduce bacte-
rial colony numbers and metabolic activity. Moreover,
the current systematic review revealed that the utiliza-
tion of NPs resulted in the generation of a more extensive
zone of inhibition and deceleration of bacterial prolifera-
tion in comparison to the control cohort.

Integration and implementation of nanoparticles in
dentistry is encouraged due to their broad-spectrum
antibacterial impact. Unlike antibiotics, they have an
advantage of not developing bacterial resistance despite
repeated use [43—45]. Silver NPs and magnesium oxide
NPs are the most common NPs known for their antibac-
terial effects. However, the underlying mechanisms are
not fully understood. There are several mechanisms that
have been put forward to explain this property. According
to a hypothesis, the oxygen changes into reactive oxygen
species and hydroxyl radicals which in turn cause struc-
tural damage to the bacteria [46, 47]. Another hypothesis
states that the silver and magnesium oxide ions are bioac-
tive and when released, they interact with cell membrane
structures to prevent the replication of bacteria [46, 48].
Lastly, another hypothesis postulates that the NPs, when
attached to the cell membrane, release ions at a very high
concentration which are cytotoxic in nature, thus act as
anti-bacterial [47].

The seven in vitro studies analyzed offer valuable
insights into the types of nanoparticles used and their
effects on resin cements. The predominant use of silver
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nanoparticles (AgNPs) in four out of the seven studies
can be attributed to their well-documented broad-spec-
trum antibacterial properties. AgNPs’ ability to inhibit
bacterial growth, as shown by the substantial reduction
in colony-forming units (CFU) and bacterial metabolic
activity, corroborates the hypothesis that incorporating
NPs into resin cements enhances their antibacterial capa-
bilities [49].

Interestingly, the use of magnesium oxide nanoparticles
(MgONPs) and zinc oxide nanoparticles (ZnONPs) in
resin cements also demonstrated significant antibacterial
effects. This suggests that while AgNPs are widely rec-
ognized, other NPs such as MgONPs and ZnONPs may
offer similar, if not complementary, benefits in enhancing
resin cement properties [49]. The diversity in NP types
and their consistent antibacterial effects across different
studies strengthens the argument for their integration
into resin cements for dental applications.

The findings align with a previous systematic review
[50], concluding that nanoparticles-modified dental
materials exhibit significantly enhanced antibacterial
activity compared to untreated materials. However, they
did not assess the efficacy of the resin cement modified
with NPs, and only assessed the antibacterial effect mea-
sured by CFU. In the present systematic review, similar
effects were found for resin cement integrated with NPs.
Additionally, NPs had a positive effect on MTT meta-
bolic activity.

The qualitative synthesis of the antibacterial efficacy
of resin cements containing NPs provides further evi-
dence of their superiority over traditional resin cements.
The studies consistently showed that NPs significantly
reduced bacterial growth, with silver nanoparticles prov-
ing particularly effective. The reduction in CFU counts
and the inhibition of biofilm metabolic activity suggest
that NPs disrupt bacterial colonization and proliferation,
which are essential in the prevention of secondary caries.

However, the variability in the results across different
studies, particularly the findings of that showed no signif-
icant antibacterial effect of NPs, indicates the complex-
ity of NP interactions with bacterial cells [40]. This could
be due to differences in experimental conditions, NP
concentrations, or methods of measuring antibacterial
efficacy. The non-significant results in some studies high-
light the need for standardized protocols to assess the
antibacterial properties of NP-modified resin cements
effectively.

The higher antibacterial performance of NPs was
consistent across all included studies, except that of
Magalhdes et al. [40]. Magalhdes et al. measured the
antibacterial performance of silver NPs using the optical
density of the broths and found no significant difference
between the groups. A similar finding was reported by
Wang et al. [42], in which magnesium NPs significantly
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reduced CFU and MTT, but produced a non-significant
effect on the optical density. Wang et al. [42] suggested
that MgONPs may directly inactivate adherent bacteria
rather than inhibiting plankton development by releas-
ing a high concentration of bioactive material into the
culture.

The antibacterial efficacy exhibited a positive cor-
relation with the filler content, whereas the mechani-
cal characteristics demonstrated a negative association,
yielding an inverse outcome [51]. It is worth noting that
the included studies showed that NPs did not compro-
mise the mechanical, bonding, or physicochemical per-
formance of resin cement. Wang et al. [42] discovered
that magnesium NPs had no effect on the shear bond
strength, water sorption, or solubility when MgONPs
were added at less than 10%. Seo et al. [35] reported simi-
lar results, revealing that ZnO NPs exhibit strong anti-
bacterial effects.

The concentration of NPs is one of the most impor-
tant factors influencing their antibacterial properties.
According to Wang et al. [42], the antibacterial effect
of MgONPs was concentration-dependent, with the
maximum significant drop in CFU counts occurring at
10% MgONPs and no significant effect detected at 2.5%
MgONPs. Lim et al. [31] discovered that increasing the
concentration of AgNPs resulted in greater suppression
of bacteria, as measured by the agar diffusion test. How-
ever, Hu et al. [36] discovered that 10% nanosilica and
2.5% nanosilica had similar effects on CFU counts, and
Wang et al. [42] found that 10% MgONPs reduced MTT
metabolic activity by less than 7.5% and 5%, respectively,
indicating a possible capping effect in which the antibac-
terial effect does not significantly increase beyond certain
concentrations. Future studies are needed to confirm the
optimal dose at which maximum antibacterial activity is
achieved.

Reducing the particle size to the nanoscale causes
agglomeration owing to the increased surface/volume
ratio [32]. According to Wang et al., [42], MgONPs in
resin cements showed a relatively homogeneous distribu-
tion; however, dose-dependent particle aggregation was
observed. The agglomeration of nanoparticles can have
a significant impact on material performance and char-
acteristics, potentially leading to increased fracture sus-
ceptibility and decreased material strength. This can be
achieved by altering the nanoparticle surface via grafting
with inorganic particles or polymers [42].

Most of the included studies assessed the antibacterial
properties of resin cement incorporated with nanopar-
ticles against S. mutans. This is attributed to the fact that
S. mutans is essential and active in early bacterial colo-
nization and the production of cariogenic plaques [52,
53]. Other types of microbes were also tested. Kreve
et al. 2022 [33] reported that resin cement with silver
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nanoparticles showed antibacterial properties against
Staphylococcus aureus, Streptococcus mutans, and
Enterococcus faecalis. Further studies are needed to test
the effects of NPs incorporated into resin cement on
other types of organisms.

Antibacterial activity is not exclusive to the NPs men-
tioned in the included studies, as other nanoparticles
have been reported to demonstrate antimicrobial activity,
such as gold, copper, iron, titanium, and cerium NPs [54].
However, silver NPs were used in most of the included
studies, which could be attributed to the broad spectrum
of their antibacterial properties [55].

The findings of this study have substantial implications
for the field. Secondary caries at the interface between
dental restorations and teeth, along with subsequent acid
attacks, pose a significant challenge to the durability of
restorations. This review revealed that the incorpora-
tion of nanoparticles (NPs) effectively decreases bacterial
colonization and metabolic activity. By integrating NPs
into resin cement, we can harness the material’s inherent
advantages in terms of chemical and physical properties
while simultaneously augmenting its antibacterial effects.
Consequently, NP-modified resin cement has emerged
as a viable solution for mitigating biofilm-associated
secondary caries and enhancing cementation durability.
Further research involving in vivo experiments and ran-
domized clinical trials should be conducted to substanti-
ate these findings.

Strengths and limitations

This analysis represents the first meta-analysis and sys-
tematic review evaluating the efficacy of NPs in addition
to resin cements, including trials regardless of language.
However, this study had several limitations. First, the
pooled analysis showed significant heterogeneity, which
could be attributed to the different types and concentra-
tions of nanoparticles used as well as the different incor-
poration methods that were applied. However, we used
a random-effects model to produce more robust results.
Moreover, the absence of sufficient data hindered our
ability to conduct subgroup analyses to examine the
impact of various types and quantities of nanoparticles.
The studies in this review varied in numerous ways,
including the incubation period, sample handling tech-
niques, and the specific types of resin cement employed.

Conclusions

The analysis demonstrates a substantial enhancement in
the antibacterial properties of resin cement through the
incorporation of nanoparticles (NPs), without compro-
mising the mechanical, physical, and chemical charac-
teristic of the resin cement. However, to validate these
findings and assess the efficacy of NP-modified resin
cements for the prevention of secondary caries, it is
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crucial to conduct future clinical trials. Moreover, owing
to the significant heterogeneity observed in the results,
additional research is necessary to establish a standard-
ized protocol for the selection of NP type, optimal con-
centration, and appropriate method of incorporation.
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