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Abstract:

Introduction/Objective: The colonization of Candida species on polymethyl methacrylate (PMMA) denture bases is
a major contributor to denture stomatitis and continues to be a prevalent clinical problem. The purpose of this
systematic review was to assess the efficacy of using organic and inorganic nanoparticles in acrylic resin denture
bases to control the growth of Candida, its adhesion, and biofilm formation. This study aimed to determine whether
adding nanoparticles would alter the material's mechanical and aesthetic properties.

Methods: In line with PRISMA, a systematic search was conducted across Web of Science (WOS),
PubMed/MEDLINE, Scopus, Google Scholar, the Cochrane Library, and Embase for peer-reviewed in vitro studies
published from January 2014 to February 2025. Combinations of words used in the search included “acrylic resin”,

“denture base”, “nanoparticles”, “nanomaterials”, “Candida”, “antifungal,” and “biofilm”. The eligibility and selection
of studies were then done tightly based on the PICO criteria.

Results: 28 studies were identified after screening 1,430 records and met the strict inclusion criteria. Metallic
particles (Ag and Cu), metal oxides TiO,, ZnO, ZrO,, SiO, and CuO, and even bimetallic (Ag-ZnO) and carbon-based
(nanodiamonds) were found to be antifungal and antibiofilm with a dose-dependent effect. The ability of silver
nanoparticles (AgNPs) in general, and TiO, in particular, to suppress the growth of Candida biofilm was fairly
consistent at concentrations in the range of 0.5 to 1.0 wt%. With higher concentrations, metal nanoparticles
sometimes caused decreased flexural strength, reduced surface hardness, and esthetic discoloration. Nevertheless,
the use of low concentrations (0.5-1.0 wt%) of nanodiamonds and silanized ZrO, was found to effectively inhibit
fungal growth while not affecting the denture base structure.

Discussion: The main mechanisms of action appear to be the continuous release of ions, the generation of reactive
oxygen species (ROS), and the disruption of the fungal cell membrane, which, in practice, physically limits biofilm
adhesion. However, biocompatibility can be an issue; nanoparticles can aggregate, and there is an increased risk of
cytotoxicity at high concentrations.

Conclusion: Adding a low concentration of silanized or hybrid nanoparticles (1 wt% AgNPs, TiO2, or ZrO2) would be
a promising method to prevent denture stomatitis by limiting Candida growth on acrylic resin denture bases. For
these nanocomposites to be routinely applied in dental care, standardized clinical trials are necessary, and long-term
biocompatibility testing should be conducted.
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1. INTRODUCTION

The oral cavity is a complex environment hosting
hundreds of distinct microbial species essential for
maintaining local physiological balance; disruptions, such
as systemic immunodeficiencies, nutritional problems, or
poor oral hygiene, can disturb this equilibrium, increasing
the host's susceptibility to opportunistic infections [1].
Candida albicans is a commensal microfungus that is part of
the normal human oral microflora and naturally resides on
mucosal surfaces [2]. This opportunistic yeast is capable of
assuming a pathogenic hyphal form and causing oral
candidiasis in conditions where the local or systemic
immune system is impaired [3].

Denture stomatitis is a localized, chronic inflammatory
condition associated with oral candidiasis and is a common
clinical manifestation [4]. The proportion of denture
wearers is high, with epidemiological data showing that
about 17% to 75% of wearers develop denture stomatitis,
with a slight tendency for older females [5]. In Iraq, it is
reported that 30% to 55% of complete denture users are
affected [6]. The relatively high prevalence, both worldwide
and in Iraq, is mainly attributable to inadequate denture
cleaning, overnight wear without removal, and the
formation of fungal biofilms on the porous, somewhat
hydrophobic surfaces of polymethyl methacrylate denture
bases [7, 5].

The physical surface features of the denture base, such
as the average surface roughness and surface wettability,
directly influence early microbial plaque formation and
subsequent biofilm development. A few small bumps and
grooves may be retained on rough PMMA surfaces,
providing small hiding places where microorganisms are
harder to remove with regular brushing or other
mechanical hygiene, making biofilm removal much more
challenging. Therefore, the clinicians typically seek a
denture base roughness average of 0.2 um or less to
minimize microbial adhesion. Furthermore, if the surface is
strongly hydrophobic, that is, low wettability, it helps the C.
albicans cell wall to quickly attach to the acrylic surface
and to begin to colonize the surface by fixing a first
hydrophobic link between the two [8].

Topical or systemic antifungal medicines are often used
to treat denture stomatitis. In practice, however, their
efficacy is frequently poor due to rapid dilution in the
saliva, noncompliance with drugs, and drug resistance by
Candida strains [5, 9]. Therefore, recent developments in
materials science have focused on incorporating organic
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and inorganic nanomaterials into PMMA to develop self-
disinfecting denture bases [10].

Metallic nanoparticles such as silver (AgNPs) and
copper (CuO) have been reported to exhibit broad-
spectrum  antimicrobial activity. The suggested
mechanisms are the disruption of microbial -cell
membranes and the generation of oxidative stress within
cells [9, 11, 12]. What's more, the use of metal oxide
nanoparticles such as TiO,, ZnO, and ZrO, has been widely
studied. They have been recognized as beneficial for
reducing biofilm formation and enhancing the mechanical
properties of PMMA [13, 14].

There are also carbon-derived nanostructures, such as
detonation nanodiamonds (NDs). These have received
considerable attention for their stability and lack of
cytotoxicity, and in many reports they do not adversely
affect the integrity of the polymer matrix [15].

Although the use of these nanoparticles appears to be a
promising way to control fungal biofilms, a balance needs to
be struck between optimal antifungal activity and the
mechanical, esthetic, and biocompatibility properties of the
denture base. Therefore, this systematic review will
synthesize recent literature on the in vitro efficacy of
nanoparticle-reinforced acrylic denture bases against
Candida species. Particular emphasis is placed on structural
trade-offs, clinical translatability, and mechanisms of action.

2. MATERIALS AND METHODS

2.1. Main Question

The main question was whether adding nanoparticles
(Intervention), compared to plain, unmodified acrylic
denture bases (Population), reduces the growth and biofilm
accumulation of Candida species (Outcome).

2.2. Outcome Measures

The effect of combining nanoparticles into acrylic resin
denture bases on the antifungal property.

2.3. Searching Strategy

Relevant studies in English published between January
2014 and February 2025 were identified through searches
of WOS, PubMed/MEDLINE, Scopus, Google Scholar, the
Cochrane Library, and Embase. For the literature search,
the following search phrases and Boolean operators were
used: (“acrylic denture base” OR “denture base” OR
“PMMA”) AND (“nanoparticles” OR “nanomaterials” OR
“nano oxides”) AND (“Candida albicans” OR “antifungal
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Nanoparticle-modified Acrylic Resin Denture

effect” OR “biofilm inhibition”); the reference lists of
eligible studies were manually screened to identify
potentially relevant studies that may not have been
retrieved through the electronic search.

2.4. Selection Standards

In vitro studies that added nanoparticles, nanofillers, or
nano oxides to the acrylic denture base and compared their
antifungal effect to plain acrylic denture base were included
in this review.

2.5. Criteria for Inclusion

Studies involving the incorporation of nanoparticles into
acrylic denture base in vitro, studies contrasting with plain
acrylic denture base, and studies examining the impact of
incorporating nanoparticles on the antifungal properties of
acrylic denture base were all considered when choosing
which studies to include. Studies that qualified had to be
peer-reviewed and show academic indices. They also
needed to publish quantitative findings on fungal colony-

forming units (CFU/mL) or clearly report metabolic activity.
On top of that, there had to be an explicit report of the
nanoparticle concentration, given as wt%, and not just
something vague.

2.6. Criteria for Exclusion

The exclusion criteria include articles comparing
different brands of acrylic denture base material that are
sold on the market, as well as articles examining the color
stability and other biological as well as physical
characteristics of acrylic denture base mixed with other
fillers, coloring agents, and pigments. When reviewing the
PRISMA screening process, about 1,200 articles were
excluded because they did not focus on nanoparticle
modifications, were duplicates, or focused on non-acrylic
materials. In addition, 20 reports could not be retrieved
because they were behind restricted-access abstracts or
because the full text was not available online, even after
direct outreach to the corresponding authors. Figure 1
shows the PRISMA diagram.

Identification of studies via databases PubMed, Cochrane, and Medline

)

Records identified from:
Databases (n = 1430 articles)
Registers (n =1350 articles)

Identification

Records removed before
screening:

Duplicate records removed (n =
50 articles)

Records removed for ineligible
by automation tools or other

*| reasons (n =30 articles)

[

Records screened
(n =1350 articles)

» Records excluded

}

Reports sought for retrieval
(n = 150 articles)

(n = 1200 articles)

Reports not retrieved

Screening

|

Reports assessed for eligibility
(n = 130 articles)

— | Articles were not focused on

Studies included in review
(n = 28 articles)

Included

Y

(n = 20 articles)

Reports excluded:

nanoparticles in acrylic resin
denture base (n =45 articles)
Insufficient or unclear
methodology (n = 35 articles)
Similar studies with no new
findings (n =22 articles)

Fig. (1). PRISMA diagram illustrating the screening, selection process, and workflow of the systematic review on nanoparticle-modified

acrylic resin denture bases for controlling Candida species growth.
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2.6.1. Risk of Bias Assessment

The methodological quality and risk of bias of the
included in vitro studies were evaluated using a modified
version of an established assessment tool for dental
materials, adapted from earlier systematic reviews. The
criteria examined a number of important parameters,
including clarity of reporting sample size, standardization of
specimen preparation, presence of a control group,
standardized inoculation of Candida species, and blinding of
the outcome assessors. For each parameter, the risk of bias
was then categorized as low, high, or unclear.

2.7. Data Extraction
The first author carried out the data extraction, while
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the other authors reviewed it. Each full-text article that met
the requirements for inclusion underwent independent data
extraction, which was carried out in an electronic format
following a predetermined process (Office Excel 2024
software, Microsoft Corporation).

3. RESULT

28 studies met the strict inclusion criteria, primarily
focusing for how nanoparticle-based modifications could
improve resistance to microfungal growth. Table 1 lists the
key parameters, including nanomaterial type and
concentration, denture base types, the specific target
microorganisms, and the main findings from the included
studies examining antifungal effects when nanoparticles are
incorporated into acrylic denture bases.

Table 1. The results of studies on the antifungal effect of acrylic denture base after nanoparticle incorporation.

Ref. | Year 1:;3‘23321?;:;?3: Denture Base/microorganism Findings and Mechanisms of Action
1161 | 2014 Ag NPs Heat-cured PMMA / C. albicans For 1mmunocompromlsgd and elderly 1nd1'v1duals, the antibacterial activity of
silver might be employed in the denture base.
Acrylic resin / S. mutans, C. The suppression of the principal bacteria linked to dental prosthesis’ biofilm may
(171 | 2016 Ag NPs AgVO, albicans be impacted by the addition of AgVO, to dental acrylic resin.
AgBr/cationic polymer Incorporating silver bromide/cationic polymer nanocomposites into heat-cured
[18] | 2017 g nanocom ozite};,s Heat-cured PMMA / C. albicans PMMA showed high contact-active antifungal properties against C. albicans
p without compromising essential mechanical characteristics.
Silanized Zinc Oxide PMMA modified with 2.5 wt% silanized ZnO NPs exhibited stronger antifungal
[19] | 2017 (ZnO) NPs (1.0-2.5 wt%) Heat-cured PMMA / C. albicans |efficacy and less color change compared to non-silanized ZnO, while maintaining
o 0 mechanical properties.
PMMA-ND composites may help prevent denture stomatitis, which is considered
[20] [ 2019 | Nanodiamonds (NDs) PMMA resin / C. albicans one of the most prevalent clinical issues among people who wear removable
dentures.
Silver nanoparticles biosynthesized via fungal pathways demonstrated potential
[21] | 2025 |Fungal-mediated Ag NPs| Acrylic resin / Candida species broad-spectrum antifungal properties when integrated into denture bases,
effectively inhibiting fungal biofilm growth.
Ag NPs (0.05% and It was determined that adding SNP to acrylic resin at concentrations of 0.05 and
[22] | 2021 g 0 5;,/) ° Acrylic resin / C. albicans 0.5% had antibacterial effects against the C. albicans biofilm, did not affect the
0% material's flexural strength, and could be regarded as biocompatible.
[23] | 2021 Ag NPs Denture basi;ﬁf&i;DBRS) / Oral DBRs include nanoparticles that inhibit bacterial growth.
ZrO, NPs were added to the polymethylmethacrylate denture base material to
o . inhibit Candida albicans adherence and provide a long-lasting antifungal action.
[24]| 2021 Zr0, (1 wt%) PMMA denture base / C. albicans Surface roughness and contact angles reduced with the addition of ZrO, NPs; 1%
was the ideal concentration.
When varying quantities of nano-ZrO2 particles were added to PMMA, surface
[25] | 2021 Nano-ZrO, PMMA / C. albicans biofilm roughness increased relative to the control; however, a negligible decrease in
the C. albicans biofilm was observed.
. . . C. albicans adherence to PMMA denture base resin was reduced with the
[26] | 2021 Nano-SiO, PMMA resin / C. albicans addition of nano-Si0,.
Against S. salivarius, S. sanguis, and C. dubliniensis, both concentrations of CuO
. PMMA / S. salivarius, S. sanguis, C.| and TiO, were efficient antibacterial agents, whereas the concentration of CuO
0,
(271 | 2021 | CuO and TiO, (7.5 wt%) dubliniensis was effective against S. mutans. Just 7.5% TiO, demonstrated effective
antibacterial action against C. albicans.
. : . Incorporation of nystatin-coated CuO particles into PMMA demonstrated
[28] | 2024 N};Srtgzllgsc?f tgd 5}1)0 PMMA based;}gg}t;rl]‘: material / C. antifungal activity against C. albicans, while also influencing the mechanical and
p s o =R thermal properties of the resulting denture-base composites.
oo . The presence of infection at the site of contact between the denture and the
(291 | 2022 Ag NPs Modified PMMA / C. albicans denture-support mucosa may be greatly reduced with modified PMMA materials.
Py o — - - -
Ag NPs and TiO, (0.5% - | Acrylic resin discs / C. albicans Bo!:hll wt/° AgNPs and 1. wt /o TiO, NPs exhlbltgd higher antimicrobial and
[30] | 2023 1%) clinical isolates antibiofilm effects, resulting in a notable reduction of the colony counts and
° biofilm biomass.
Heat-cured resin / S. mutans, C. | Incorporating 10% AgVO, provided antimicrobial activity against S. mutans in a
0, 0, 0,
[131 12023 | AGVO; (2.5%, 5%, 10%) albicans, C. glabrata multispecies biofilm, but reduced the flexural strength of the heat-cured PMMA.
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Ref. | Year WD (2 1L Type Denture Base/microorganism Findings and Mechanisms of Action
and Concentration
: . - CuO NPs at lower concentrations (up to 50 ug/mL) were biocompatible,
[111 | 2023 CuO NPs (0.5t0 500 | Heat: polymer.lzed PMMA / Gingival substantially increased the flexural strength of PMMA, and had no adverse effect
ug/mL) Fibroblasts
on surface roughness.
. TiO, NPs at 0.10-0.50 wt% significantly reduced C. albicans adhesion. Lower
TiO, NPs (0.10, 0.25, . . . . . . .
[14] | 2025 3D-printed resin / C. albicans concentrations showed more homogeneous nanoparticle dispersion, whereas
0.50, 0.75 wt%) . : -
aggregation occurred at higher concentrations.

4. DISCUSSION

Fungal infections have frequently increased among the
elderly and immunocompromised populations. Two
reasons include antimicrobial drug resistance and
restrictions on their use due to adverse effects [31]. One
example of an oral fungal infection brought on by Candida
albicans is denture stomatitis. Many antifungal compounds
and products have been developed in response to the
growing demand for innovative antifungal options due to
the increasing frequency of denture-induced stomatitis [4].

Denture adhesives, denture liners, and heat-cured and
cold-cured acrylic resin have all been enhanced with a
number of antifungal nanostructured polymers, according
to many articles and studies in the literature. The
inclusion of nanoparticles and their antibacterial qualities
into acrylic base materials for removable dentures was
identified in this study. Among the added nanoparticles
are silver, zinc oxide, titanium dioxide, zirconium dioxide,
silicon dioxide, copper oxide, and nanodiamonds. This
made it possible to create a modified denture foundation
with antifungal properties that would slow or prevent
Candida albicans biofilm from forming on denture
surfaces. Nanomaterials were shown to have a substantial
inhibitory and reducing effect on Candida albicans
accumulation and growth on denture acrylic resin.
Because of their low cost and attractive appearance, heat-
cure acrylic resins are often used to fabricate complete
dentures and removable partial dentures [32].

The antibacterial performance of nanoparticles
incorporated into acrylic denture base materials is
strongly influenced by their composition and
concentration. Usually used at 0.05-1 weight%, silver

nanoparticles are metallic silver that releases Ag" ions,
thereby disrupting bacterial membranes, interfering with
cellular respiration, and causing oxidative stress. Ag NPs
penetrate bacterial biofilms and stop microbial attachment
to denture surfaces, therefore displaying great
antibacterial action [22]

When incorporated at 2-5 weight percent, zinc oxide
nanoparticles are semiconductor metal oxides that
generate reactive oxygen species (ROS), including
hydrogen peroxide and superoxide anions, thereby
compromising bacterial membrane integrity. Effective
denture materials, ZnO NPs are well-known for their
antibacterial, antifungal, and UV-shielding qualities [19]

Commonly utilized at 0.5-3 weight percent, titanium
oxide nanoparticles (TiO, NPs) are made of TiO,, a
transition metal oxide with excellent photocatalytic
performance. TiO2 generates hydroxyl radicals (OH,") and

superoxide anions (O,") that destroy bacterial cell
structures during UV exposure, therefore halting
microbial colonization [27].

When added at 1-3 weight percent, zirconium oxide
nanoparticles (ZrO2 NPs) consist of ZrO2, a ceramic oxide
that reduces surface roughness and bacterial adhesion,
rather than relying on ion release, thereby limiting biofilm
development. Research shows that, despite preserving
mechanical strength, ZrO2 NPs incorporated into denture
bases exhibit long-term antifungal activity [24].

Used at 1-5 weight percent, copper oxide nanoparticles
(CuO NPs) contain Cu** ions that damage bacterial
proteins and enzymatic pathways, thereby generating
oxidative stress and bacterial cell death. The strong
bactericidal action of CuO NPs makes them a potential
antibacterial ingredient in dental materials [27].

When included at 0.5-2 weight percent, nanodiamonds
(NDs) are carbon-based nanoparticles with sp>hybridized
carbon structures and functional groups such as hydroxyl
(-OH) and carboxyl (-COOH), which physically and
electrostatically interact with bacterial cell walls, thereby
reducing microbial adherence. Furthermore, improving
the mechanical properties of denture bases is are ND,
which provides better resistance to microbial colonization
and durability [20].

These nanoparticles are carefully chosen and
concentrated to provide antibacterial effects while
preserving the mechanical and cosmetic integrity of the
acrylic denture base material. These nanoparticles greatly
enhance the antifungal and antibacterial activity of
denture bases, thus helping to avoid diseases such as
denture stomatitis [23].

Antimicrobial substances should not take away from
the prosthesis's appealing appearance when they are
covered. Due to scratches from mechanical cleaning, the
denture surface may gradually lose its optical properties.
These dents will serve as a breeding ground for germs,
which will discolor the area. The ophthalmic properties of
the acrylic resin denture material are affected differently
by the introduction of antifungal drugs. Glass fillers and
monomers change the color of the denture, while Ag NPs
and natural extracts make it gray, and TiO, nanofillers
make it white [28]. These materials may be used to
conceal the less-visible lower lingual and posterior
denture base sections. The addition of nanomaterials to
denture base materials substantially improved the
development of denture base material, but the amount of
the mentioned material has to be looked at to avoid
endangering the optical, physical, and biocompatibility
properties of the base denture material [33]. To determine
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the effects of adding more nanoparticles to various
denture base materials, adhesives, and reline materials,
more in-vivo and experimental research that mimics oral
circumstances is required.

4.1. Pathogenesis of Candida albicans Adhesion to
Denture Bases

The pathogenesis of denture stomatitis begins with the
early adhesion of yeast cells to the PMMA denture base.
This initial physical bond appears to be made by nonspecific
interactions such as electrostatic attraction and
hydrophobic forces, and by specific fungal adhesins, such as
the Als and Hwpl protein families, which bind to the
salivary glycoprotein pellicle that forms over the acrylic
resin, and is then followed by a change to a more
aggressive hyphal phase. This switch facilitates mechanical
penetration of tissues; it also promotes the secretion of
extracellular polymeric substances, thereby allowing the
biofilm to mature. The mature biofilm then acts as a
shielding wall, a protective barrier that protects the fungal
community from normal oral hygiene measures [5].

4.2. Detailed Antifungal Mechanisms and
Subsections per Nanoparticle type

4.2.1. Silver Nanoparticles and Silver Zeolites

The antifungal activity of silver nanoparticles is broad-
spectrum, primarily due to the release of silver ions [9].
These ions disrupt fungal cell membrane function, inhibit
various intracellular enzyme activities, and inhibit DNA
replication step by step [12]. A few studies [23] and [30]
suggested that a biofilm control of approximately 0.5-1.0 wt
% is optimal. Silver ions tend to aggregate, which
diminishes the antifungal effectiveness; the flexural
strength of PMMA declines, and its aesthetic qualities may
suffer, leading to a gray or dull discoloration of the denture
base. These issues pose a considerable challenge to its
clinical use [34]. Similarly, silver-containing zeolites (SZ)
rely on ion exchange to inactivate fungal enzymes, but at
high concentrations, they can compromise the material's
structural stability [35, 36].

4.2.2. Zinc Oxide and
Nanoparticles

Titanium  Dioxide

When light is present, they form Reactive oxygen
species (ROS), such as hydroxyl radicals and Superoxide
anions, which is the photocatalytic effect of zinc oxide and
Titanium dioxide nanoparticles. These ROS cause elevated
oxidative stress and lipid peroxidation, ultimately leading to
cell death in Candida biofilms [37]. Meanwhile, as for
silanized ZnO, it appears to retain flexural strength at c. 2.5
wt% and also curtails this problematic color shift [19].
However, when using unmodified ZnO or TiO2 at levels
above 3-5 wt%, a significant increase in surface roughness
and opacity occurs, compromising both appearance and
hygiene [19, 27].

4.2.3. Zirconium Dioxide and Silicon Dioxide
Nanoparticles

Zirconium dioxide (ZrO,) plus Silicon dioxide
nanoparticles is mostly achieved via physical and
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mechanical modification rather than strong photocatalytic
action. Unlike numerous metallic nanoparticles, ZrO, can
reduce the mean surface roughness of PMMA; it also
alters surface contact angles, making the acrylic base less
attractive for the initial fungal cell attachment [24]. An
auto-polymerized acrylic soft liner's C. albicans adhesion,
surface roughness, and contact angle were reduced by the
addition of 0.25% and 0.5% nano- SiO, [28].

4.2.4. Copper Oxide Nanoparticles

Copper oxide nanoparticles (CuO) are relatively strong
inorganic catalysts that act primarily by releasing copper
ions, thereby inducing oxidative stress and disrupting
fungal metabolic pathways [38]. More recently, Ayub et al.
(2024) investigated the incorporation of nystatin-coated
copper oxide particles into polymethyl methacrylate
denture base materials to improve their functional
properties. The modified PMMA demonstrated enhanced
antifungal activity, indicating the potential of CuO-based
particles to reduce fungal colonization associated with
denture use [28].

4.2.5. Nanodiamonds

Nanodiamonds (NDs) are a nanocomponent of
hybridized carbon frameworks, which are functionalized
with hydroxyl and carboxyl groups on the surfaces. These
moieties tend to repel microbes' cell walls electrostatically;
thus, biofilm formation is physically blocked. Naturally, NDs
are chemically stable and have no cytotoxic effects on
human cells, making them biocompatible [15]. However, it
may be challenging to maintain a uniform dispersion within
the polymer matrix, and poor dispersion can lead to
localized stress concentrations, which is undesirable [38].

4.3. Clinical Translation Challenges and Structural
Trade-offs

While these nanocomposites show strong antifungal
activity in laboratory tests, their use in clinical settings is
limited. The current research reveals common obstacles to
clinical adoption, as a key issue is balancing antifungal
effectiveness with the material's flexibility and mechanical
stability. Metallic additives such as Ag or Cu that release
ions improve biofilm control but can also create
microporosity and surface defects, weaken flexural
strength, and discolor the denture base [36]. In vivo long-
term release kinetics of these particles in the dynamic oral
environment, involving salivation, thermal cycling, and
chewing, are still poorly understood, and the potential for
systemic cytotoxicity is challenging to address as
hydrophobic nanoparticles uniformly dispersed inside a
hydrophilic polymer matrix [39].

4.4. Proposed Mechanism of Action

The multi-directional mechanisms of action by which
nanoparticle-modified PMMA controls Candida colonization
and replication are schematically shown in Fig. (2).
Depending on whether the integrated additives are active
metallic nanoparticles or more passive ceramic- or carbon-
based ones, they follow distinct routes to reduce fungal
adhesion and slow biofilm development.
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Fig. (2). Schematic flowchart of the multidirectional pathways of nanoparticles in PMMA denture bases and their corresponding

mechanical trade-offs.

As shown in Fig. (2), metallic nanoparticles Ag and
CuO mostly follow active biological pathways. They
continuously release active ions, such as Ag+ or Cu+, and
generate reactive oxygen species, which in turn induce
strong oxidative stress. This can cause cell wall
degradation, lipid peroxidation, and inhibition of DNA
synthesis. On the other hand, inert ceramic or oxide
nanoparticles, such as ZrO2 and SiO2, rely on passive
physical pathways. These materials primarily enhance the
substrate surface by altering the average surface
roughness and contact-angle wettability, rather than
through chemical interactions. This reduction in adhesion
lessens Candida cell attachment and decreases
nonspecific hydrophobic interactions over time.
Understanding these mechanisms aids in designing hybrid
or bimetallic systems that effectively prevent biofilm
formation while maintaining structural stability.

4.5. Limitations of the Study

There are limitations to this systematic review: the
majority of included studies were in vitro and only
partially recapitulated the dynamic conditions present in
the oral cavity (salivation, chewing forces, thermal
oscillations, and interactions among different biofilm
species). There was also substantial variation between the
studies in nanoparticle size, applied concentrations, and
denture base preparation methods, making direct, clear
quantitative comparisons difficult.

CONCLUSION

Adding a low concentration of silanized or hybrid
nanoparticles (1 wt% AgNPs, TiO2, or ZrO2) would be a
promising method to prevent denture stomatitis by
controlling Candida growth on acrylic resin denture bases.
For these nanocomposites to be routinely applied in dental
care, standardized clinical trials are necessary, and long-
term biocompatibility testing should be conducted. There
is a mechanical and aesthetic balance problem: low levels
may effectively slow fungal replication, while high levels
often result in decreased flexural strength and
discoloration. Standardization of nanoparticle surface
treatment, such as salinization, is needed, and long-term
dynamic clinical trials should be conducted before these
nanoparticle-modified resins can be routinely employed in
clinical practice.

AUTHORS’ CONTRIBUTIONS

The authors confirm contribution to the paper as
follows: S.F.B., S.M.S.: Study conception and design;
S.M.S.: Data collection; S.F.B., S.M.S., M.A.F.A.: Analysis
and interpretation of results; S.M.S., F.M.S.:. Draft
manuscript preparation. All authors reviewed the results
and approved the final version of the manuscript.

LIST OF ABBREVIATIONS

AgNPs
AgVO,

= Silver nanoparticles

= Silver vanadate



8 The Open Dentistry Journal, 2026, Vol. 20

CFU
Cu0O
DBR
NDs
NPs

PICO

= Colony-forming units
= Copper oxide

= Denture base resin
= Nanodiamonds

= Nanoparticles

= Population, Intervention, Comparison, and
Outcome

PMMA = Polymethyl methacrylate
PRISMA = Preferred Reporting Items for Systematic

Ra
ROS
Sio,
TiO,
WOS
Zn0O
Zr0,

Reviews and Meta-Analyses
= Surface roughness average
= Reactive oxygen species
= Silicon dioxide
= Titanium dioxide
= Web of Science
= Zinc oxide

= Zirconium dioxide

CONSENT FOR PUBLICATION
Not applicable.

STANDARDS OF REPORTING
PRISMA guidelines and methodology were followed.

AVAILABILITY OF DATA AND MATERIALS

All the data and supporting information is provided
within the article.

FUNDING
None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.

SUPPLEMENTARY MATERIAL

PRISMA checklist is available as supplementary
material on the publisher’s website along with the
published article.

REFERENCES

[1] Mohamed SZ, Ismael NS, Rokaya D, Alghonemy WY, Tawfik EA,

[2]

Atia GAN. Efficacy of three mouthwashes on Candida albicans in
patients with denture stomatitis: In vivo study. Open Dent J 2025;
19(1): e18742106376765.
http://dx.doi.org/10.2174/0118742106376765250602104503

Ali Sabri B, Satgunam M, Abreeza NM, Abed N. A review on
enhancements of PMMA denture base material with different
nano-fillers. Cogent Eng 2021; 8(1): 1875968.
http://dx.doi.org/10.1080/23311916.2021.1875968

Agrawal A, Singh A, Verma R, Murari A. Oral candidiasis: An
overview. J Oral Maxillofac Pathol 2014; 18(4): 81.

Bunyan et al.

http://dx.doi.org/10.4103/0973-029X.141325 PMID: 25364186
Yarborough A, Cooper L, Duqum I, Mendonga G, McGraw K,
Stoner L. Evidence regarding the treatment of denture stomatitis.
J Prosthodont 2016; 25(4): 288-301.
http://dx.doi.org/10.1111/jopr.12454 PMID: 27062660

Abuhajar E, Ali K, Zulfigar G, et al. Management of chronic
atrophic candidiasis (Denture Stomatitis) — A narrative review.
Int J Environ Res Public Health 2023; 20(4): 3029.
http://dx.doi.org/10.3390/ijerph20043029 PMID: 36833718
Bajunaid SO. How effective are antimicrobial agents on
preventing the adhesion of Candida albicans to denture base
acrylic resin materials? A systematic review. Polymers 2022;
14(5): 908.

http://dx.doi.org/10.3390/polym14050908 PMID: 35267731

Song YG, Lee SH. Efficacy of newly developed denture cleaning
device on physical properties of denture material and Candida
biofilm. ] Dent Sci 2019; 14(3): 248-54.
http://dx.doi.org/10.1016/j.jds.2019.01.011 PMID: 31528252
Arslan E, Akay C, Erdonmez D, Avukat EN. Evaluation of the
effect of new generation denture base materials aged in artificial
saliva at different pH levels on surface roughness and Candida
albicans adhesion. BMC Oral Health 2025; 25(1): 356.
http://dx.doi.org/10.1186/s12903-025-05700-4 PMID: 40055754
Carmo PHF, Garcia MT, Figueiredo-Godoi LMA, Lage ACP, Silva
NS, Junqueira JC. Metal nanoparticles to combat Candida albicans
infections: An update. Microorganisms 2023; 11(1): 138.
http://dx.doi.org/10.3390/microorganisms11010138 PMID:
36677430

Alqutaibi AY, Baik A, Almuzaini SA, et al. Polymeric denture base
materials: A review. Polymers 2023; 15(15): 3258.
http://dx.doi.org/10.3390/polym15153258 PMID: 37571151
Ansarifard E, Zahed M, Azarpira N, Jooyandeh S. Investigating the
biocompatibility, flexural strength, and surface roughness of
denture base resin containing copper oxide nanoparticles: An in
vitro study. Heliyon 2023; 9(9): €19846.
http://dx.doi.org/10.1016/j.heliyon.2023.e19846 PMID: 37809470
Burlec AF, Corciova A, Boev M, et al. Current overview of metal
nanoparticles’ synthesis, characterization, and biomedical
applications, with a focus on silver and gold nanoparticles.
Pharmaceuticals 2023; 16(10): 1410.
http://dx.doi.org/10.3390/ph16101410 PMID: 37895881

Teixeira ABV, Valente MLC, Sessa JPN, Gubitoso B, Schiavon MA,
Reis AC. Adhesion of biofilm, surface characteristics, and
mechanical properties of antimicrobial denture base resin. ] Adv
Prosthodont 2023; 15(2): 80-92.
http://dx.doi.org/10.4047/jap.2023.15.2.80 PMID: 37153005

Wally Z], Al-Jubouri OM, Al-Jlaihawi ZG, Almusawi RM, Alamoush
RA, Haider ]J. Effects of incorporating magnesium oxide and
zirconium dioxide nanoparticles in acrylic resin denture base
material: A comparative study. Front Dent Med 2025; 6: 1667644.
http://dx.doi.org/10.3389/fdmed.2025.1667644 PMID: 41127540
Bolshakova O, Lebedev V, Mikhailova E, et al. Fullerenes on a
nanodiamond platform demonstrate antibacterial activity with low
cytotoxicity. Pharmaceutics 2023; 15(7): 1984.
http://dx.doi.org/10.3390/pharmaceutics15071984 PMID:
37514170

Suganya S, Ahila SC, Kumar BM, Kumar MV. Evaluation and
comparison of anti-Candida effect of heat cure
polymethylmethacrylate resin enforced with silver nanoparticles
and conventional heat cure resins: An in vitro study. Indian J Dent
Res 2014; 25(2): 204-7.
http://dx.doi.org/10.4103/0970-9290.135923 PMID: 24992852

de Castro DT, Valente MLC, da Silva CHL, et al. Evaluation of
antibiofilm and mechanical properties of new nanocomposites
based on acrylic resins and silver vanadate nanoparticles. Arch
Oral Biol 2016; 67: 46-53.
http://dx.doi.org/10.1016/j.archoralbio.2016.03.002 PMID:
27023401

Zhang Y, Chen Y, Huang L, Chai Z, Shen L, Xiao Y. The antifungal
effects and mechanical properties of silver bromide/cationic


http://dx.doi.org/10.2174/0118742106376765250602104503
http://dx.doi.org/10.1080/23311916.2021.1875968
http://dx.doi.org/10.4103/0973-029X.141325
http://www.ncbi.nlm.nih.gov/pubmed/25364186
http://dx.doi.org/10.1111/jopr.12454
http://www.ncbi.nlm.nih.gov/pubmed/27062660
http://dx.doi.org/10.3390/ijerph20043029
http://www.ncbi.nlm.nih.gov/pubmed/36833718
http://dx.doi.org/10.3390/polym14050908
http://www.ncbi.nlm.nih.gov/pubmed/35267731
http://dx.doi.org/10.1016/j.jds.2019.01.011
http://www.ncbi.nlm.nih.gov/pubmed/31528252
http://dx.doi.org/10.1186/s12903-025-05700-4
http://www.ncbi.nlm.nih.gov/pubmed/40055754
http://dx.doi.org/10.3390/microorganisms11010138
http://www.ncbi.nlm.nih.gov/pubmed/36677430
http://dx.doi.org/10.3390/polym15153258
http://www.ncbi.nlm.nih.gov/pubmed/37571151
http://dx.doi.org/10.1016/j.heliyon.2023.e19846
http://www.ncbi.nlm.nih.gov/pubmed/37809470
http://dx.doi.org/10.3390/ph16101410
http://www.ncbi.nlm.nih.gov/pubmed/37895881
http://dx.doi.org/10.4047/jap.2023.15.2.80
http://www.ncbi.nlm.nih.gov/pubmed/37153005
http://dx.doi.org/10.3389/fdmed.2025.1667644
http://www.ncbi.nlm.nih.gov/pubmed/41127540
http://dx.doi.org/10.3390/pharmaceutics15071984
http://www.ncbi.nlm.nih.gov/pubmed/37514170
http://dx.doi.org/10.4103/0970-9290.135923
http://www.ncbi.nlm.nih.gov/pubmed/24992852
http://dx.doi.org/10.1016/j.archoralbio.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/27023401

Nanoparticle-modified Acrylic Resin Denture

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

polymer nano-composite-modified Poly-methyl methacrylate-based
dental resin. Sci Rep 2017; 7(1): 1547.
http://dx.doi.org/10.1038/s41598-017-01686-4 PMID: 28484255
Kamonkhantikul K, Arksornnukit M, Takahashi H. Antifungal,
optical, and mechanical properties of polymethylmethacrylate
material incorporated with silanized zinc oxide nanoparticles. Int J
Nanomedicine 2017; 12: 2353-60.
http://dx.doi.org/10.2147/1JN.S132116 PMID: 28392692

Fouda SM, Gad MM, Ellakany P, et al. The effect of nanodiamonds
on Candida albicans adhesion and surface characteristics of
PMMA denture base material - An in vitro study. J Appl Oral Sci
2019; 27: €20180779.
http://dx.doi.org/10.1590/1678-7757-2018-0779 PMID: 31691740
Aboelnagga MM, Ahmed NY, Alabd SH, Sayed FEA. Effect of
silver-nanoparticles reinforced resin on Candida growth and
fracture resistance of maxillary complete dentures: In vitro
evaluation. Ain Shams Dental Journal 2025; 38(2): 217-28.
http://dx.doi.org/10.21608/asdj.2025.365256.1906

Takamiya AS, Monteiro DR, Gorup LF, et al. Biocompatible silver
nanoparticles incorporated in acrylic resin for dental application
inhibit Candida albicans biofilm. Mater Sci Eng C 2021; 118:
111341.

http://dx.doi.org/10.1016/j.msec.2020.111341 PMID: 33254968
An S, Evans JL, Hamlet S, Love RM. Incorporation of antimicrobial
agents in denture base resin: A systematic review. J Prosthet Dent
2021; 126(2): 188-95.
http://dx.doi.org/10.1016/j.prosdent.2020.03.033 PMID: 32800329
Hamid SK, Alghamdi LA, Alshahrani FA, Khan SQ, Matin A, Gad
MM. In vitro assessment of artificial aging on the antifungal
activity of PMMA denture base material modified with ZrO2
nanoparticles. Int ] Dent 2021; 2021: 5560443.
http://dx.doi.org/10.1155/2021/5560443 PMID: 34093706
Abualsaud R, Aleraky DM, Akhtar S, Khan SQ, Gad MM.
Antifungal activity of denture base resin containing nanozirconia:
In vitro assessment of Candida albicans  biofilm.
ScientificWorldJournal 2021; 2021: 1-8.
http://dx.doi.org/10.1155/2021/5556413 PMID: 34381318
Alzayyat ST, Almutiri GA, Aljandan JK, et al. Antifungal efficacy
and physical properties of poly (methylmethacrylate) denture base
material reinforced with SiO2 nanoparticles. J Prosthodont 2021;
30(6): 500-8.

http://dx.doi.org/10.1111/jopr.13271 PMID: 33020964

Giti R, Zomorodian K, Firouzmandi M, Zareshahrabadi Z,
Rahmannasab S. Antimicrobial activity of thermocycled
polymethyl methacrylate resin reinforced with titanium dioxide
and copper oxide nanoparticles. Int J Dent 2021; 2021: 1-8.
http://dx.doi.org/10.1155/2021/6690806 PMID: 33603788

Ayub Z, Liaqat S, Alamoudi A]J, et al. Effect of nystatin coated
copper oxide (CuO) particles on mechanical, thermal, and
antifungal properties of polymethyl methacrylate (PMMA)-based
denture materials. Adv Polym Technol 2024; 2024(1): 5530338.
http://dx.doi.org/10.1155/2024/5530338

[29]

[30]

[32]

Gligorijevi¢ N, Mihajlov-Krstev T, Kosti¢ M, et al. Antimicrobial
properties of silver-modified denture base resins. Nanomaterials
2022; 12(14): 2453.

http://dx.doi.org/10.3390/nano12142453 PMID: 35889677

Ismaeil MA, Ebrahim M. Antifungal effect of acrylic resin denture
base containing different types of nanomaterials: A comparative
study. J Int Oral Health 2023; 15(1): 78-84.
http://dx.doi.org/10.4103/jioh.jioh 62 22

Ishikawa KH, Mayer MPA, Miyazima TY, et al. A multispecies
probiotic reduces oral Candida colonization in denture wearers. J
Prosthodont 2015; 24(3): 194-9.
http://dx.doi.org/10.1111/jopr.12198 PMID: 25143068

Chen H, Han Q, Zhou X, et al. Heat-polymerized resin containing
dimethylaminododecyl methacrylate inhibits Candida albicans
biofilm. Materials 2017; 10(4): 431.
http://dx.doi.org/10.3390/ma10040431 PMID: 28772791
Abdulrazzaq Naji S, Jafarzadeh Kashi TS, Pourhajibagher M,
Behroozibakhsh M, Masaeli R, Bahador A. Evaluation of
antimicrobial properties of conventional polymethyl methacrylate
denture base resin materials containing hydrothermally
synthesized anatase TiO2 nanotubes against cariogenic bacteria
and Candida albicans. Iran ] Pharm Res 2018; 17(Suppl. 2):
161-72.

PMID: 31011350

Altaie SF. Tribological, microhardness and color stability
properties of a heat-cured acrylic resin denture base after
reinforcement with different types of nanofiller particles. Dent
Med Probl 2023; 60(2): 295-302.
http://dx.doi.org/10.17219/dmp/137611 PMID: 37260349

Yaman CK, Demir N, Arslan U, Cift¢ci N. Antimicrobial, optical,
and mechanical properties of saliva-contaminated silver-zeolite
nanoparticle-incorporated dental acrylic resins. Inorganics 2024;
12(10): 258.

http://dx.doi.org/10.3390/inorganics12100258

Taymour N, Haque MA, Atia GAN, et al. Nanodiamond: A
promising carbon-based nanomaterial for therapeutic and
regenerative dental applications. ChemistrySelect 2024; 9(35):
€202401328.

http://dx.doi.org/10.1002/slct.202401328

AlHamdan EM. Influence of contemporary photoactivated
disinfection on the mechanical properties and antimicrobial
activity of PMMA denture base: A systematic review and meta
analysis. Photodiagn Photodyn Ther 2023; 42: 103523.
http://dx.doi.org/10.1016/j.pdpdt.2023.103523 PMID: 36958538
Rao MH, Rajkumar K, Pavithra G, et al. Antibiofilm efficiency of
silver and copper nanoparticle incorporated calcium hydroxide as
an intracanal medicament: An in vitro study. J Oral Biol Craniofac
Res 2025; 15(2): 319-24.
http://dx.doi.org/10.1016/j.jobcr.2025.01.020 PMID: 40027858
Maldonado K, Xu D, Wang Y, et al. Mechanical and physical
properties of experimental antifungal denture base resins. Oral
Health Dent Stud 2018; 1(1): 5.
http://dx.doi.org/10.31532/OralHealthDentStud.1.1.005

DISCLAIMER: Please note that this article is currently in the 'Early view' stage and is not the final 'Version of Record'. While it has
been accepted, copy-edited, and formatted, however, it is still undergoing proofreading and corrections by the authors. Therefore,
the text may still change before the final publication. Although 'Early view' may not have all bibliographic details available, the DOI
and the year of online publication can still be used to cite them. The article title, DOI, publication year, and author(s) should all be
included in the citation format. Once the 'Final Version of Record' becomes available the 'Early view' will be replaced by that.


http://dx.doi.org/10.1038/s41598-017-01686-4
http://www.ncbi.nlm.nih.gov/pubmed/28484255
http://dx.doi.org/10.2147/IJN.S132116
http://www.ncbi.nlm.nih.gov/pubmed/28392692
http://dx.doi.org/10.1590/1678-7757-2018-0779
http://www.ncbi.nlm.nih.gov/pubmed/31691740
http://dx.doi.org/10.21608/asdj.2025.365256.1906
http://dx.doi.org/10.1016/j.msec.2020.111341
http://www.ncbi.nlm.nih.gov/pubmed/33254968
http://dx.doi.org/10.1016/j.prosdent.2020.03.033
http://www.ncbi.nlm.nih.gov/pubmed/32800329
http://dx.doi.org/10.1155/2021/5560443
http://www.ncbi.nlm.nih.gov/pubmed/34093706
http://dx.doi.org/10.1155/2021/5556413
http://www.ncbi.nlm.nih.gov/pubmed/34381318
http://dx.doi.org/10.1111/jopr.13271
http://www.ncbi.nlm.nih.gov/pubmed/33020964
http://dx.doi.org/10.1155/2021/6690806
http://www.ncbi.nlm.nih.gov/pubmed/33603788
http://dx.doi.org/10.1155/2024/5530338
http://dx.doi.org/10.3390/nano12142453
http://www.ncbi.nlm.nih.gov/pubmed/35889677
http://dx.doi.org/10.4103/jioh.jioh_62_22
http://dx.doi.org/10.1111/jopr.12198
http://www.ncbi.nlm.nih.gov/pubmed/25143068
http://dx.doi.org/10.3390/ma10040431
http://www.ncbi.nlm.nih.gov/pubmed/28772791
http://www.ncbi.nlm.nih.gov/pubmed/31011350
http://dx.doi.org/10.17219/dmp/137611
http://www.ncbi.nlm.nih.gov/pubmed/37260349
http://dx.doi.org/10.3390/inorganics12100258
http://dx.doi.org/10.1002/slct.202401328
http://dx.doi.org/10.1016/j.pdpdt.2023.103523
http://www.ncbi.nlm.nih.gov/pubmed/36958538
http://dx.doi.org/10.1016/j.jobcr.2025.01.020
http://www.ncbi.nlm.nih.gov/pubmed/40027858
http://dx.doi.org/10.31532/OralHealthDentStud.1.1.005

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Main Question
	2.2. Outcome Measures
	2.3. Searching Strategy
	2.4. Selection Standards
	2.5. Criteria for Inclusion
	2.6. Criteria for Exclusion
	2.6.1. Risk of Bias Assessment

	2.7. Data Extraction

	3. RESULT
	4. DISCUSSION
	4.1. Pathogenesis of Candida albicans Adhesion to Denture Bases
	4.2. Detailed Antifungal Mechanisms and Subsections per Nanoparticle type
	4.2.1. Silver Nanoparticles and Silver Zeolites
	4.2.2. Zinc Oxide and Titanium Dioxide Nanoparticles
	4.2.3. Zirconium Dioxide and Silicon Dioxide Nanoparticles
	4.2.4. Copper Oxide Nanoparticles
	4.2.5. Nanodiamonds

	4.3. Clinical Translation Challenges and Structural Trade-offs
	4.4. Proposed Mechanism of Action
	4.5. Limitations of the Study

	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES


