
Abstract
Denture stomatitis (DS) is a multifactorial disease, but the proliferation of Candida albicans (C. albicans) 
is the main causative factor. Different modalities have been suggested for the prevention and treatment 
of DS. Among the different approaches that have been implemented to inhibit and control DS there are the 
topical application of antifungal agents, the surface modification of the denture base and the incorpora-
tion of antimicrobial agents into the denture base material. Antifungal agents can effectively control DS, 
but the recurrence of the disease is common. Accordingly, it has been suggested that coating the surface 
of the acrylic denture base may result in a decreased fungal adhesion. In recent years, nanotechnology has 
dominated the research, and several nanoparticles have demonstrated antifungal effects.

Therefore, the aim of this article was to review the antifungal effects of the different methods that have 
been suggested for the prevention and/or control of DS as well as the antimicrobial activity of denture base 
acrylic resin additives, including nanoparticles. Studies reporting the incorporation of antifungal/antimi-
crobial agents into the polymethyl methacrylate (PMMA) denture base were included in this review. The 
PubMed, Web of Science, Google Scholar, and Scopus databases were searched for the articles published 
between January 2000 and December 2018 using the following key words: dental prosthesis, denture 
stomatitis, candidiasis, antifungal agents, biofilm formation, polymethyl methacrylate, and PMMA. The 
antimicrobial material incorporated into the resin may have a superior effect in preventing DS over simply 
coating the surface of the denture base. However, some antimicrobial fillers can have adverse effects on the 
physical and mechanical properties of the denture base resin.
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Introduction 
Denture stomatitis (DS) is an  inflammatory reaction 

that mainly occurs due to a fungal infection by Candida 
albicans (C.  albicans).1 According to Newton and Silva 
Pinto et al., DS is classified into 3 types that appear in the 
denture-bearing area: dispersed petechiae in the palatal 
mucosa (type I); diffused erythema (type II); and papillary 
hyperplasia with diffused erythema (type III).2,3 Many 
factors contribute to its occurrence, including ill-fitting 
dentures, continuous wear, poor oral hygiene, and the 
type of denture base material.1 Additionally, any systemic 
conditions of the patient, such as xerostomia or diabetes, 
can be predominant factors in the pathology of DS.4

The surface properties of the denture base material, such 
as surface roughness and hardness, can have a significant 
influence on the incidence of DS.5 For example, a denture 
base material of high hydrophobicity and surface rough-
ness enhances C. albicans adhesion and proliferation.1,5 In 
addition, the adequate hardness of the denture base resin 
is important in order to resist scratches which may occur 
when using or cleaning the denture.1 These properties are 
adversely affected by denture cleansers, which impacts 
the long-term success of the prosthesis.5 The acrylic den-
ture base is a harbor for microbial colonization; therefore, 
a denture base material that resists C. albicans adhesion 
and proliferation could reduce the incidence of DS.1,5 Dif-
ferent approaches have been implemented to inhibit and 
control DS, such as topically applying antifungal agents, 
modifying the denture base surface and incorporating an-
timicrobial agents into the denture base resin.

Study design

Search strategy 

This review was designed to address the different 
methods that have been implemented in the control or 
prevention of DS, including the latest approaches of  in-
corporating antimicrobial agents and nanofillers into the 
heat-polymerized polymethyl methacrylate (PMMA). 
The question posed was as follows: Is coating or incor-
porating antifungal agents into the PMMA denture base 
resins more effective than conventional DS treatment? 
This review was performed according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines (Fig. 1).

The authors performed an  extensive bibliographic 
search using the PubMed, Web of Science (the core col-
lection), Google Scholar, and Scopus databases to iden-
tify relevant full-text articles in English which were pub-
lished between January 2000 and December 2018. The 
manual search of  the reference sections of  individual 
studies did not yield additional articles. The following 
key words were employed in the search of all the selected 

databases: dental prosthesis, denture stomatitis, candi-
diasis, antifungal agents, biofilm formation, polymethyl 
methacrylate, and PMMA.

Eligibility criteria 

The inclusion criteria comprised in vitro, in vivo and 
clinical randomized control trials that investigated the dif-
ferent modalities of DS treatment, including the modifica-
tion of the heat-polymerized PMMA denture base mate-
rial. Articles which were not related to the field of dentistry 
were excluded to eliminate any bias in the testing and re-
porting methods. Review articles and research papers in 
languages other than English were excluded from the study. 
Letters to the editor, personal communications, abstracts, 
and published theses were excluded as well as any unpub-
lished data. Likewise, studies in which antifungal agents 
were added to tissue conditioners, soft liners and cold-
cured acrylic denture base materials were excluded as well 
as studies reporting the effects of  these antifungal agents 
on the surface and mechanical properties of PMMA.

Data management

The authors (M.M.G. and S.M.F.) independently 
screened the titles and abstracts only. After duplicates and 
irrelevant articles were excluded, the full-length articles  

Fig. 1. Study design

PMMA – polymethyl methacrylate.
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were carefully reviewed and the 2 authors decided toge ther 
which articles to include in the review. The articles were 
then classified according to the mode of treatment: oral 
antifungal agents, natural extract-based antifungal agents, 
cleansing agents, surface modifications of  the denture 
base resin, and antimicrobial resins. The data obtained 
from the articles categorized under the inclusion criteria 
were tabulated in the prepared Microsoft® Excel sheet 
(Microsoft Corporation, Redmond, USA). The authors 
categorized the information based on author/year, type 
of  study, type of  resin, antifungal agents (type, methods  
of  use and applications, type of  additive, modifications/
treatment, and mechanism of  action), results, and con-
clusions/outcomes. The effects of  different treatment 
modalities were categorized for a descriptive review. Due 
to significant variations between the included studies, the 
data was analyzed descriptively, as the statistical meta-
analysis was not applicable. 

Results and discussion

Oral antifungal agents 

Several oral antifungal agents have been suggested for 
the treatment of  DS, such as fluconazole, nystatin, am-
photericin B, miconazole, ketoconazole, itraconazole, and 
clotrimazole (Table 1).6–9 They are effective in the treat-
ment of DS, but their drawbacks include toxic side effects 
and the development of  resistant strains.6,9 Moreover, 
DS commonly recurs. Therefore, after the completion 
of  the antifungal therapy, dentures must be disinfected  

and kept clean in order to avoid the recurrence of DS.10 
The topical application of antifungal agents is effective 
only for a  short period of  time. Besides, these agents 
are usually negatively affected by the constant flushing 
of saliva.6,10

Natural extract-based antifungal agents 

Several natural products have antifungal and antimi-
crobial effects, which can be used to combat DS. Natural 
products are cheaper, less toxic and less likely to induce 
microbial resistance in comparison with conventional 
drugs.11 However, some of  these natural products can 
show toxicity or cause intolerance; therefore, they must 
be used cautiously.12

It has been found that the Streblus asper leaf ethanolic 
extract (SAE), when used at a  dose of  62.5 mg/mL, re-
duces the adherence of C. albicans.4 It has been suggest-
ed that SAE affects the cell walls of  C.  albicans and/or  
changes the chemical structure of  the resin surface.4  
Pinelli et al. reported that Ricinus communis, when used 
as a mouthwash 4 times a day, could combat DS by de-
creasing biofilm formation.13 In addition, propolis, when 
added at 2% to an oral gel, demonstrated anti-inflamma-
tory effects, curing the lesions caused by C. albicans in-
fections.14 It has been suggested that propolis may not 
reduce the quantity of C. albicans, but rather it changes 
the fungus phenotype and acts on the dimorphism of the 
yeast.14 Moreover, the Equisetum giganteum extract con-
tains phenolic compounds and flavonoid heterosides, 
which have antimicrobial properties.15 They showed 
their antimicrobial effects when brushed on the acrylic  
resin surface at concentrations of  4 or 8  mg/mL.11,15  

Table 1. Antifungal agents used in denture stomatitis (DS) treatment

Antifungal agent Formulation Dose Effectiveness Adverse effects

Fluconazole
tablets 50–100 mg/day effective;  

relapse after 4 weeks
nausea, vomiting, diarrhea, abdominal pain

suspension 100 mg/mL per day 

Nystatin

suspension, 60 mL 4–6 mL/6 h effective;  
clinical cure – 87.5%  

mycological cure – 66%

well-tolerated

ointment, 30 g 2–4 applications/day uncommon

tablets 2/8 h nausea, vomiting, gastrointestinal effects

Amphotericin B
topical 3 times/day effective;  

relapse after 12 weeks
renal, cardiovascular, spinal, and neurological

infusion 100–200 mg/6 h

Miconazole gel, 2% 100 mg/6 h effective
uncommon;  

burning sensation, irritation, nausea, diarrhea

Ketonazole

gel, 2% 3 times/day

effective nausea, vomiting, abdominal paintablets 200 mg 1–2 times/day

suspension, 30 or 10 cc 200 mg (20 mL) 4 times/day

Itraconazole capsules 100–200 mg/day
effective;  

relapse in patients with 
poor oral hygiene

nausea, vomiting, diarrhea, abdominal pain

Clotrimazole
gel, 1% 3 times/day

effective occasional skin irritation, burning sensation
tablets, 10 mg 5 times/day
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Surface modifications (resin coating) 

The surface roughness of the inner surface of a dental 
prosthesis is one of  the factors that affect the adhesion 
of  C.  albicans and biofilm formation.26 The adherence 
of C. albicans to the denture base resin followed by the 
colonization of  microorganisms occurs mainly due to 
hydrophobic interactions and electrostatic forces.27 In 
addition, an  increased surface roughness of  the denture 
base resin enhances microbial adhesion28 and makes it 
difficult to detach microorganisms, even with the use 
of  antimicrobial agents.27 Therefore, it has been sug-
gested that coating the surface of the denture base resin 
may decrease microbial adhesion.1 Several materials have 
been used for coating the surface of the denture base resin 
and reducing C. albicans adhesion, such as 2-octyl cya-
noacrylate, silane-silicon dioxide (SiO2) nanocomposite 
films, and coatings containing zwitterion or hydrophilic 
monomers.29–31 Ali et al. suggested that coating the den-
ture base resin with 2-octyl cyanoacrylate could reduce 
C. albicans adhesion by increasing surface hydrophilicity 
and providing a smoother surface.29 Similarly, silane-SiO2 
nanocomposite films reduced the surface energy of  the 
coated acrylic resin and increased its hydrophilicity, thus 
decreasing C. albicans adhesion.30

Lazarin et al. found that photo-polymerized coatings 
containing zwitterion or hydrophilic monomers could re-
duce the adhesion of C. albicans to the acrylic resin, par-
ticularly at a high concentration (35%).31,32 They conclu ded 
that these coatings changed the chemical composition, but 
did not alter the hydrophobicity of the surface. A signifi-
cant decrease in C. albicans adhesion was reported when 
the surface was coated with sulfobetaine or hydrophilic 
monomers.31–33 They caused changes to the carbon and 
oxygen content of the acrylic surface, and so did the pre-
sence of sulfur.34 Applying a  zwitterionic coating to the 
surface of  the substrate reduced microbial adhesion, in-
cluding that of C. albicans, and this antibioadherent pro-
perty was associated with the sulfobetaine component.34

A reduction in C. albicans adhesion was detected in the 
case of certain polymer coatings, such as parylene, which 
also improved surface wettability.35 Accordingly, increas-
ing the hydrophilicity of the denture surface could reduce  
C. albicans adhesion and microbial colonization.32 Park et al.  
found a significant reduction in the amount of C. albicans  
adhering to the resin surface modified with surface char ges 
and self-bonding polymers.36 They suggested that these 
surface modifications created an  electrostatic repulsion 
between C. albicans and the acrylic resin, which prevent-
ed the initial attachment caused by hydrophobic interac-
tions and electrostatic forces.36 Similarly, Hirasawa et al. 
reported a  significant decrease in the initial adhesion 
of C. albicans to the denture base coated with a crosslink-
able copolymer containing sulfobetaine methacrylamide 
(SBMAm).34 Sulfobetaine methacrylamide increases the 
hydrophilicity of  the surface it coats, thus decreasing  

The antimicrobial activity of  the Equisetum giganteum 
extract results from inactivating the adhesion proteins 
and disrupting the microbial cell membrane.11 The ex-
tract may also increase the hydrophilicity of  the acrylic 
resin surface and reduce its surface energy, thus decreas-
ing fungal adhesion.15

The Plantago major extract has shown an  antifungal 
effect against C. albicans through the active components 
aucubin and baicalein.16 They strongly inhibit C. albicans 
adhesion and growth by preventing the cell surface hydro-
phobicity pathway.16 Terminalia catappa and the lemon 
grass extract have been proven to cause a  reduction in 
C. albicans adhesion when used for the immersion of the 
denture base.17,18 Accordingly, they can be used as effec-
tive disinfectants against the formation of the C. albicans 
biofilms.18 In addition, the immersion of dentures over-
night in a 10% vinegar solution for 45 days has been found 
to exert a disinfectant effect against C. albicans.3,19

Cleansing agents 

Oral mouth rinses are more conservative in the ma-
nagement of DS as compared to systemic drugs.20 Several 
cleansing agents are available for denture immersion, such 
as sodium perborate, sodium hypochlorite, coconut soap, 
phosphoric and benzoic acids, chlorhexidine digluconate, 
and glutaraldehyde.20–23 Gornitsky et al. confirmed the 
antimicrobial effects of  sodium perborate-based tablets 
and suggested the controlled use of  these cleansers.20  
Sodium perborate is an effective denture cleanser when used 
at a concentration of 3.8% for 10 min daily.20 In addition, 
sodium hypochlorite (0.5% concentration for 10 min/day)  
eliminates denture plaque, but it also causes metal corro-
sion and skin irritation.21 The antifungal effects of sodium 
bicarbonate have been reported at a concentration of 5%; 
therefore, it can be used for the disinfection of removable 
prostheses.22 Chlorhexidine has excellent antimicrobial 
effects at a  low concentration (0.12%) and it is practical 
for everyday use.23

Denture cleansers are effective antimicrobial agents; 
however, their effects depend mainly on their continuous 
and proper use, according to the guidelines on preparation 
and immersion time.24 Unfortunately, denture cleansers 
adversely affect the physical properties of the denture base 
resin.24,25 Several studies have reported an increase in the 
surface roughness of the denture base resin following the 
use of  denture cleansers, which consequently increased 
the accumulation of plaque.25 Denture cleansers may also 
cause color changes to the denture base resin and a reduc-
tion in the flexural strength.24,25 Soft tissue irritation and 
mild cytotoxic effects have been reported when using glu-
taraldehyde and sodium hypochlorite, respectively. Addi-
tionally, sodium hypochlorite causes the bleaching of the 
denture base resin.25 Furthermore, chlorhexidine causes 
a burning sensation to the oral mucosa, tooth staining and 
denture discoloration.23
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C. albicans adhesion by reducing the hydrophobic interac-
tions between C. albicans and the denture base resin.37,38

Titanium dioxide (TiO2) has been used to coat a num-
ber of  medical products. It is biocompatible, and it has 
photocatalytic effects, which allows it to be used to coat 
the denture base resin.39 The TiO2 coating of the denture 
base resin has shown an inhibitory effect against the ad-
hesion of Streptococcus sanguinis and C. albicans.31,39,40 

Based on the review of coatings, it can be stated that 
coating the denture base modifies the surface, chang-
ing surface characteristics from rough hydrophobic to 
smooth hydrophilic, thus decreasing biofilm formation 
and C.  albicans adhesion. However, further studies are 
required to test the biocompatibility of these coatings as 
well as their durability and resistance to the chemical and 
mechanical procedures of denture cleaning.

Antimicrobial resin  
(resin with incorporated filler and 
nanofiller antimicrobial agents) 

The conventional chemical and mechanical methods 
used to clean dentures are satisfactory in many cases. 
However, these methods present challenges for some ge-
riatric patients and patients with physical disabilities.19 
Incorporating antimicrobial and antifungal agents into 

the denture base resin could be an effective way to elimi-
nate biofilm formation and microbial adhesion. These ef-
fects have been investigated in many studies, but biofilms 
are difficult to eliminate because of their inherent resis-
tance to the incorporated antimicrobial and antifungal 
agents, in addition to altering the physical and mechanical 
proper ties of the resin.41

The addition of  a  fluoridated glass filler or surface 
pre-reacted glass-ionomer (S-PRG) filler to the acrylic 
denture base significantly reduces C.  albicans adhesion 
without negatively altering the physical properties of the 
resin. The modified resin releases fluoride ions and acts as 
a fluoride reservoir (Table 2).9,42,43

Microorganisms tend to adhere more to hydrophobic 
surfaces than to hydrophilic ones through the forma-
tion of strong hydrophobic bonds.3 Therefore, microbial 
adhesion is enhanced by the hydrophobic nature of  the 
denture base resin and electrostatic interactions.2,44 The 
addition of  methacrylic acid to PMMA creates a  nega-
tive charge, which produces a repulsive force toward the 
negatively charged surfaces of most bacteria, thus reduc-
ing adherence.45 There have been reports on the signifi-
cant antimicrobial activity of  the denture base acrylic 
resin containing antimicrobial polymers (2-tertbutylami-
noethyl methacrylate). While its antimicrobial activity 
was significant against the Staphylococcus aureus and  

Table 2. Types and mechanisms of action of the fillers and nanofillers incorporated into PMMA 

Additive Type Mechanism of action

Glass filler
S-PRG filler9

A S-PRG filler is capable of releasing 6 types of ions (Na+, Sr2+, SiO3
2−, Al3+, BO3

3−, and F−) and exhibits fungistatic effects against 
C. albicans. 
Boric acid can destabilize the membranes of C. albicans by decreasing the relative ergosterol content and it causes the 
disintegration of the cytoskeletal elements of C. albicans at the hyphal tip, thus inhibiting the growth of this fungus. 
Sodium fluoride (NaF) exhibits fungicidal activity; its antifungal effects are ascribed to the interaction of the stannous fluoride 
component with the plasma membrane of the yeast cells. 
Sodium (N) can create high osmotic stress and kill C. albicans cells, while increasing the doubling time for C. albicans.

fluoridated 
glass filler42 An acrylic resin modified with fluoridated glass fillers acts as a fluoride-releasing device.

Nanofiller

AgNPs52–54

AgNPs wrap around C. albicans cells and cause the disruption of the fungal membrane and the inhibition of the normal budding 
process. Silver (Ag) ions or AgNPs are released into the aqueous medium from the acrylic resin to exert their antifungal influence. 
AgNPs, with their rapid and broad-spectrum efficacy and the sustained silver cation (Ag+) release, appear to be more effective 
antimicrobial agents than micro-sized silver powder [μm], which shows lower antimicrobial activity owing to its limited surface 
area. The cation Ag+ interacts with cytoplasmic components and nucleic acids to inhibit the respiratory chain enzymes and to 
interfere with membrane permeability. AgNPs are sensitive to oxygen and convert oxygen into active oxygen through catalytic 
action. This active oxygen causes structural damage to microorganisms, which is called the oligodynamic action of Ag. Silver 
ions are positively charged, so they interact with the negatively charged cell membranes of bacteria, causing their death due 
to an increased cell wall permeability. In addition, Ag adheres to bacterial DNA, RNA, proteins, and enzymes, preventing cell 
division and damaging the cellular content of bacteria.

TiO2NPs41,44

The antibacterial effect of titanium dioxide (TiO2) occurs due to the deactivation of the cellular enzymes by coordinating the 
electron-donating groups, which results in gaps arising in the bacterial cell walls, leading to their higher permeability, and 
finally to cell death. The cell components of microorganisms degrade with no release of potentially toxic compounds. TiO2 
demonstrates photocatalytic properties in the presence of photons with wavelengths lower than 388 nm, by which electrons 
get excited (the prominent catalytic effect). Free radicals are subsequently formed with such a high level of energy that they can 
react with various organic materials and enable their degradation.

ZnO2NPs60
ZnO2NPs are responsible for the production of reactive oxygen species as well as for the accumulation of the nanoparticles in 
the cytoplasm or on the outer cell membranes of bacteria. The antifungal effect might also be attributed to the dissociation 
of zinc (Zn) ions from ZnO2NPs.

S-PRG – surface reaction-type pre-reacted glass-ionomer; AgNPs – silver nanoparticles; TiO2NPs – titanium dioxide nanoparticles;  
ZnO2NPs – zinc peroxide nanoparticles; C. albicans – Candida albicans. 
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Streptococcus mutans biofilms, it was not significantly ef-
fective against C. albicans.46 Moreover, the surface rough-
ness and wettability of the acrylic resin surface increased, 
and color changes have also been observed.46,47

Adding natural extracts such as henna (Lawsonia iner-
mis) and the seeds of Nigella sativa as fillers in the PMMA 
denture bases can play a  significant role in the preven-
tion of microbial or fungal adhesion and proliferation.48,49 
Nawasrah et al. found that a natural antimicrobial agent 
(henna) may control C. albicans proliferation on the den-
ture surface, and that it might serve as a possible method 
of prevention and treatment of DS.48 Thymoquinone (TQ) 
is the major ingredient of the essential oil obtained from 
the Nigella sativa seeds, and it has promising therapeutic 
potential in medicine and dentistry. Al-Thobity et al. re-
ported that adding TQ to the denture base resin could ef-
fectively prevent C. albicans adhesion and proliferation.49 
However, even with the significant antifungal properties 
of  natural extracts, their adverse effects on the physical 
and mechanical properties of the denture base resin may 
restrict their usefulness.50

Antimicrobial and antifungal effects have been report-
ed for nanofillers when they are added to the PMMA den-
ture base materials, forming nanocomposites with supe-
rior properties.51 Nanocomposites have been investigated 
in many studies in an attempt to produce a denture base 
material that is resistant to fungal and microbial adhesion, 
and subsequently to DS.51,52 Several studies have reported 
the antimicrobial effects of nano-sized particles, such as 
silver nanoparticles (AgNPs), titanium dioxide nanopar-
ticles (TiO2NPs), zinc oxide nanoparticles (ZnONPs), and 
zirconium dioxide nanoparticles (ZrO2NPs) (Table 2).

Silver nanoparticles are biocompatible and have shown 
strong antimicrobial effects against a wide range of bacte-
ria, viruses and fungi.53,54 Consequently, their incorpora-
tion into the denture acrylic resin may prevent DS.54 They 
have a smaller tendency to induce microbial resistance as 
compared to conventional antibiotics.55 Although several 
studies have reported the antifungal properties of the den-
ture base resin containing AgNPs – especially at high con-
centrations – the nanoparticles caused resin discoloration 
and did not improve their mechanical properties.54,56 The 
recent studies using silver-containing nanomaterials have 
suggested that the bacterial toxicity of  these materials 
originates partially from membrane damage and the dis-
ruption of ion homeostasis, with unpredictable effects on 
human health.53,54,57–59

The incorporation of ZnONPs into the acrylic denture 
resin has also been tested and it has been found that they 
might prevent fungal infections.57,60 The results indicate 
that filling denture base resin materials with commercial-
ly available ZnO, calcium oxide (CaO) or TiO2 nanopow-
ders inhibits biofilm formation on their surfaces.51

Titanium dioxide nanoparticles are considered to be 
an excellent filler for several reasons.61 Most importantly, 
titanium-polymer nanocomposites are biocompatible and 

they exert a non-contact biocidal impact.44 In addition to 
their antibacterial and antifungal properties, TiO2NPs are 
inexpensive and they enhance the mechanical properties 
of  the denture base resin61; they also provide the resin 
with photocatalytic effects. However, their antimicro-
bial and photocatalytic properties are significant only at 
a relatively high concentration of TiO2NPs (5 wt%), which 
may weaken the resin.39 When the TiO2 photocatalyst is 
exposed to ultraviolet light, it generates oxidative species, 
which kill microorganisms by damaging their cell walls. 
Additionally, it has excellent hydrophilicity.39,61

Oral hygiene and denture care are important factors in 
the prevention and treatment of DS. Based on the afore-
mentioned factors, the question raised now is: Which is 
better – coating or incorporating the antimicrobial agent 
into the denture base resin? Coatings provide smooth sur-
faces, which prevents C. albicans adhesion, but they may 
affect denture retention by obliterating surface details as 
well as tissue adaptability. Moreover, the mechanical and 
chemical cleaning of  dentures may disturb the coating, 
leaving a rougher surface with an increased tendency to-
ward microbial adhesion, staining and poor esthetics. In-
corporating antimicrobial agents into the PMMA denture 
base may eliminate the drawbacks of coating by imbed-
ding the agents within the resin matrix.

Good esthetics is highly desirable in the case of remov-
able dental prostheses; therefore, the use of antimicrobial 
agents, whether they are coated or incorporated, should 
not compromise the esthetics of  the final composites. 
It has been found that coating does not alter the optical 
properties of the acrylic resin.37 However, over time, the 
optical properties are affected by the scratches result-
ing from mechanical cleaning, which makes the surface 
rougher and increases the susceptibility of the denture to 
microbial adhesion and staining. Antimicrobial mono-
mers and glass fillers result in minimal color changes 
to the denture base resin, followed by the TiO2 nano-
filler, which causes white discoloration, whereas AgNPs  
displayed the worst effects on the esthetics, with a grey-
colored acrylic resin. Silver nanoparticles have been re-
ported to have antifungal properties, but their adverse 
effects on the esthetics of the acrylic base may limit their 
clinical use. Therefore, it has been recommended to add 
them to less visible areas. The same method may be ap-
plied to natural extracts, such as henna and TQ, in order 
to avoid their deteriorating effects on the mechanical and 
physical properties of PMMA.

In the future, nanoparticle antimicrobial agents may 
become more common due to their potential antimicro-
bial activities. The use of  nanomaterials with larger ac-
tive surfaces provides antimicrobial effects at much lower 
doses, without affecting the PMMA structure. Moreover, 
some antimicrobial fillers are promising in terms of hav-
ing the required physical and mechanical properties for 
denture fabrication. Therefore, further investigations are 
required to evaluate the correlations between the effects  
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of  antimicrobial agents and the surface roughness of  the 
denture base resin. Are the resultant antimicrobial effects 
due to their antimicrobial activity or their action on the 
surface properties of the acrylic resin? The answer is very 
important in order to develop an antimicrobial resin that is 
satisfactory for dental prosthesis fabrication, with longevity 
and reasonable clinical applications. It is also important to 
test the resistance of denture coatings to cleaning methods, 
including brushing and immersion in denture cleansers, 
before they are used clinically.13

The addition of an antimicrobial material to PMMA has 
been suggested in order to obtain an antimicrobial denture 
base resin. However, the percentage of the additive which 
would be effective without altering the physical properties 
and biocompatibility of  the acrylic resin must be consi-
dered. Overall, preventing DS is better than managing it 
after it occurs. In addition, an antimicrobial material incor-
porated into the resin may be superior to a coating on the 
surface of the denture base in the prevention of DS. Fur-
ther studies are required to test the correlations between 
the antimicrobial effects of nanoparticles and the surface 
roughness of the acrylic resin, in addition to its durability 
and aging effects, under simulated oral conditions.

Conclusions
The present review included studies on the treatment 

of DS using different approaches. Based on the literature 
review, it can be concluded that the incorporation of dif-
ferent antifungal agents into the PMMA denture base 
material can control DS. In addition, coating the denture 
base resin with antifungal agents and topically applying 
cleaning agents are both effective in the treatment of DS in 
vitro. However, most of the published articles were based 
on in vitro studies, with or without simulating the clinical 
situations. There is also a lack of studies investigating the 
long-term effects of these treatment methods, and the re-
lationship between surface properties and nanofiller ad-
ditives. Therefore, further research is required to answer 
the remaining questions, such as those concerning the 
optimal dosage and the controlled release of drugs.
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