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ABSTRACT

Denture stomatitis is increased dramatically in the recent years, particularly in denture wearers.
It is a common inflammatory reaction with multifactorial etiology that usually appears in the oral
cavity as an erythematous reaction on the oral mucosa extends to the limits of the maxillary denture-
bearing area. Candida albicans is regarded as the primary cause of denture-associated stomatitis
owing to its high capability to adhere to oral tissues and denture surfaces in addition to biofilms
formation. Candida species can interact with different microorganisms within the mouth resulting
in a complex and mixed biofilm formation with an organized structure which is difficult to remove.
The presence of bacteria in the acrylic biofilms resulted in increased pathogenicity and virulence
of Candida biofilms making them more resistance to antifungal drugs. This article was introduced
to highlight on the denture biofilm microbiota and its role in Candida albicans pathogenicity in
addition to exploring the clinical manifestation, multifactorial etiology and management policies
of Candida-associated denture stomatitis frequently faced in dental clinic. An online search of
PubMed, Scopus, Science Direct, and Google Scholar was conducted using key words (Microbiota,
Candida albicans, Denture stomatitis, Biofilm) from 1978 up to 2021. The management of denture
stomatitis mainly depends on enhancement of oral hygiene processes, description of antifungal
agents either topical or systemic, as well as disinfectants description. Recently, medical extracts
that possess antimicrobial activity against oral pathogens was introduced as a safe and less side

effects protocol for management of denture stomatitis.
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INTRODUCTION The oral biofilm develops not only on the enamel
Oral Microbiota surfaces and soft tissues but similarly on the dental
Many microenvironments in the oral cavity, filling materials and prosthetic surfaces (Al-Ahmad
display suitable surfaces for microbial colonization. et al, 2013).
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These oral biofilm has ability to originate many
oral infectious diseases. Denture stomatitis is the
most common infectious disease, plus dental caries
and periodontal disease (Chapple et al, 2015,
Figuero et al., 2017, Aoun and Berberi, 2017).
Additionally the microorganisms forming biofilm
colony may be disengaged from the old biofilm and
transported to new places to reform a new biofilm.
This transportation may initiate a metastatic
infectious diseases as aspiration pneumonia as well
as endocarditis (O’Donnell et al., 2015, Leoney et
al., 2020).

On the other hand the microbiota resident in the
oral cavity can prevent the progress of dental caries
through decreasing levels of cariogenic bacteria by
direct struggle for colonization (Wade et al., 2013,
Kilian etal., 2016).

The healthy bacterial microbiota was character-
ized at tooth surfaces, oral mucosa and saliva in-
dicating that more than 700 bacterial species are
found within the oral cavity (Dewhirst et al., 2010,
Acharya et al., 2017).

Denture-Associated Biofilm Microbiota

The concept of biofilm was utilized to charac-
terize an entirely regular collection of microorgan-
isms embedded in a specific matrix. This biofilm
has ability to stick to animate or inanimate surfaces
(Nett et al., 2010).

Biofilm formation on the denture base could
be considered as the main cause of oral infections,
mainly denture stomatitis. This disease affects from
30% to 75% of denture wearing patients (Pereiral
et al., 2013). It appears as erythema in the palatal
mucosa that directly contacts the fitting-surface of a
partial or complete prosthesis.

Candida albicans has been pointed out as the
main etiological factor of oral lesions. It is the
strongest infectious pathogen among the other Can-
didal types. It is the most common type of Candida
found in the oral cavity, it counts about 70 to 80% of
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the isolated microorganisma from the oral mucosal
infections (Ribeiro, et al., 2012 a). It is an opportu-
nistic pathogen, that is able to reversibly transform
between yeast and elongated hyphae which is the
pathogenic form (Santana et al., 2013).

Candida species can interact with different

microorganisms within the mouth, such as
Streptococcus species and Staphylococcus species,
creating a hybrid and complex ordered assembly of
biofilm construction which is difficultly removed
inducing significant damage in tissues with a
significant increase in the immune response when
compared to Candida albicans biofilms. Thus, the
presence of bacterial species within denture biofilms
is essential in increasing pathogenicity and virulence
of Candidal biofilms (Cavalcanti et al., 2015).
Kashiwabara et al. in 2007 isolated high levels of
Staphylococcus species and Candida species from
fitting surface of upper prostheses in elderly patients

and those with defect in the maxillary arch.

Based on the fact that, denture in its place in
the oral cavity is adjacent to respiratory system,
so denture wearer is high susceptible to aspirate
opportunistic pathogens found in the denture into
the respiratory system resulting in elevated rate of
aspiration pneumonia (O’Donnell et al., 2015). In
addition to pneumonia, oral microorganis play a role
in bacterial endocarditis, gastrointestinal infection
and chronic obstructive pulmonary disease. Denture
acts as reservoir for pathogens related to these
infections (Przybylowska et al., 2015, Coulthwaite
et al., 2007). Therefore, careful denture cleaning is
mandatory to remove the oral bacterial and denture
biofilms using suitable denture cleaning agents to
avoid related oral and/or systemic diseases (Felton
et al., 2011).

Based on clinical study that was conducted to
evaluate the usage of next generation sequencing
for characterization of denture-associated biofilms
in patients with and without clinical manifestations
of denture stomatitis. The purpose of the study
was the characterization of species level with
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occurrence of disease. Genus-level information
is very important because there are considerable
differences existing among species with the same
genera. In the oral cavity, Streptococcus salivarius
and mutans are important examples of two distinct
species found within the same genus, particularly in
terms of pathogenicity and virulence. Streptococcus
salivarius is considered a commensal bacterial
species that are not normally associated with oral
infection, while Streptococcus mutans is a known
pathogen, associated with the development of dental
caries (Morse et al., 2019).

The
Streptococcusmutans and Candida albicans was
revealed by Kim et al., in 2017. They found
that the existence of Candida albicans rise the

inter-kingdom  collaborations among

microcolonies establishments and ensuing virulence
of Streptococcus mutans. They also concluded that
the elevated quantity and virulence of an individual
bacterial species can resulted in bad prognosis,

In non denture stomatitis cases (NoDS),
Pseudomonas putida, A. lwoffii, Lactobacillus
salivarius were decreased in number while A.
lingnae showed a minimal reduction in (NoDS). It
was also found that a unique for denture stomatitis,
two of the three greatest plentiful bacterial species
were isolated from denture base surface. These
included an unknown species within the genus
Myroides, and Pseudomonas fluorescens, with
relative abundances of approximately 8.5% and
7.2%, respectively. Furthermore, a greater increase
in Brevundimonasvesicularis in NoDS cases
compared with DS cases was evident. Conversely,
there were a reduction of S. oralis, Chrysobacterium
species, B. terraec and a slight decrease in A.

johnsonii in NoDS cases.

Streptococcus salivarius  taken from tongue
highest

abundance. However, a non-significant difference

swap was represented the relative
was detected between DS and NoDS patients.
Significant difference was found in the quantity of

P. fluorescens and S. mitis between DS and NoDS,
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Slighter variation was detected with other bacterial
species common between DS and NoDS patients,
but the extent of the differences weren’t so clear
(Kim et al., 2017).

Candida Albicans Denture Biofilm

The formation of fungal biofilm is a complicated
phenomenon that differs from adhesion (Chandra
et al.,, 2001). Biofilm formation is a specific
characteristic strain which greatly varies through
Candida albicans and non-albicans. It has a critical
part in infection insistence. (Hasan et al., 2009)
The spatial complexity and heterogeneity found
in the intact biofilms may be correlated to cell-cell
connection and they are extremely arranged gene
expression structures (Ramage et al., 2001).

The alterations in gene expression accompanying
C.albicans biofilm growth were performed utilizing
microarrays. The study suggests that the phenotype
and morphology of C. albicans biofilm are regulated
by genes belonging to interconnected different
functional categories (Yeater et al., 2007).

Candidal biofilms have been revealed to contain
a mixture of different types of cells as yeast, hyphal
and pseudohyphal cells. They also contain an
extracellular matrix consists of polysaccharide in
addition to protein. (Branda, 2005, Blankenship
and Mitchell, 2006) This biofilm matrix is formed
by focused synthesis plus secretion of the matrix
ingredients in addition to biofilm cells lysis (Nobile
and Mitchell, 2007). It has a very essential role in
biofilm creation. It provides a physical barrier that
protects microorganisms from their surroundings,
prevents
antimicrobial drugs and other stresses and also

the penetration of the biofilm by

maintains the biofilm architecture stability so it acts
as an adhesive holding the cells with one another
(Nobile et al., 2009).

Suspended planktonic cells of C.albicans and
biofilms synthesize extracellular prostaglandins
at 37°C during growth however biofilm cells
significantly secret more prostaglandins. It was



(778) E.DJ. Vol. 67, No. 1

suggested that prostaglandin may be an important
virulence element in infections associated with
biofilm, but its function in the morphogenesis of
Candida albicans is still enigmatic (Alem and
Douglas, 2005).

Biofilms of human Candida albicans can also
grow on mucosal surfaces, populate and penetrate
(Dongari-Bagtzoglou, 2008). This
capability to penetrate the surfaces was considered
as a virulence factor (Richard et al., 2005). C.
albicans is able to reversibly convert from its yeast

surfaces

form into another hyphal form. This convertibility
is considered as the main factor of its virulence
(Alem et al., 2006).The origin and development of
morphological characteristics of Candida albicans
is controlled through a complex control via quorum-
sensing molecules work act (Chen et al., 2004).

Some environmental factors have been thought
to be determinant factors induce Candida albicans
hypha formations. Stimuli such as elevation of pH
level and temperature, malnourishment and change
in cell density are considered as hypha-inducing
conditions (Ernst, 2000).

A relation between biofilm development and
quorum sensing was verified in different bacterial
species. The quorum-sensing molecule for biofilms
and their role is critical in the initial and intermediate
phases of biofilm creation (Alem et al., 2006).The
alteration of surface properties of biomaterials
affects Candida albicans capability to biofilms
formation (Chandra et al., 2005).

The candida biofilms consistently secrete viru-
lence attributes which is secreted aspartyl protease
(Saps) more than their planktonic counterparts.
(Mendes et al., 2007).

Candida biofilms are grown on substrate, such as
catheter or denture, affects biofilm morphology plus
its architecture. Biofilms of model denture which
were allowed to grow on polymethylmethacrylate
strips coated with saliva, mainly contains yeast
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forms with no distinct layers and are typically
between twenty and thirty millimeters in thickness
(Chandra et al., 2001a). On the other side, Candida
biofilms which are allowed to grow on silicone
elastomeric catheter discs coated with serum
contains a basal layer of yeast cells covered by
a layer of hyphae in the mature phase of growth.
Model biofilms of catheter are typically two and
three hundreds millimeters in thickness (Chandra
et al., 2001a; Kuhn et al., 2002).

The matured Candida albicans biofilms are
composed of a dense network of hyphal elements
embedded

material. Candida albicans biofilms have a complex

and yeasts cells in exopolymeric
3D structure with a typical architecture and spatial
heterogeneity appearing like microcolonies with
branching water ducts (Ramage et al., 2001). It
has been shown that biofilm formation proceeds
through three distinct phases of development. The
formation and development of candida biofilm
continue in a systematic manner through the early,
intermediate and maturation stages of formation.
These stages transform adherent blastospores to
well defined cellular communities embedded in a
polysaccharide matrix. Candida biofilms, which
are being developed, are correlated with the rising
attendance of extracellular material (Chandra et
al., 2001).

Finally, it is concluded that numerous factors
decide Candida harboring biofilms. These factors
comprise micro-organisms interactions, saliva,
surface properties and the architecture of biofilm.
(Pereira-Cenci et al., 2008). In addition to that cell
to cell communication of microbes has a critical
function in the process of colonization. Micro-
organisms found in the oral cavity interact with
each other in different ways, by communicating
more directly through signaling molecules or using
metabolic end-products of each other (Blankenship

and Mitchell, 2006).
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Denture Stomatitis

Denture stomatitis exists as the commonest type
of candidal oral infection affecting palatal mucosa
of denture wearer (30-75%). Candida albicans is the
most predominant species, found in fifty to ninety
eight percentages of all cases (Baena-Monroy et
al.,2005, Salles et al., 2015).

Denture stomatitis appears in the oral cavity
as an erythematous reaction on the oral mucosa
beneath the maxillary denture (Aoun and Berberi,
2017) accompanied with burning, pain and change
in taste feeling. Candida albicans, which is pointed
out as the main etiologic microrganism, that
isolated from both denture inner surface and mucosa
beneath it (Martin and lamb, 1982). Denture
associated stomatitis may appear in there different
clinical categories: Type one, presents as localized
inflammation and often as pinpoint hyperaemia.
Type two, presents as diffuse erythema. Type three,
presents as diffuse inflammation and papillary
hyperplasia (Budtz-Jorgensen, 1978).

Denture stomatitis having many predisposing
agents that can be classified into systemic and
local factors. Denture trauma, continuous denture
wearing, poor denture hygiene, materials of the
denture base, diminished salivary flow, smoking
habits, and microbiota changes of the mouth is
considered as the main local factors of disease
emergence (Coco et al., 2008, Gasparoto et al.,
2009). While systemic factors include denture
wearers immunity, antibiotics, recurrent infection,
systemic steroids, endocrine diseases and age
(Budtz-Jorgensen, 1990).

Furthermore, denture biofilm is considered as
the most significant etiologic cause that trigger
DS. Where the denture existence may produce
a local alterations of the oral condition that may
enhance the proliferation of normally commensal
microbiota into pathogenic form. The denture acts
as a reservoir for opportunistic microorganisms that
cause the disease (André et al.,2011, O’Donnell et
al., 2015). Moreover, the reduced manual dexterity
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of elderly peoples as well as the elevated count of
immunocompromised cases elevate the liability of
the aged patients to various infectious diseases of
the oral mucosa (Coenye et al., 2011).

Management of Denture Stomatitis

Because of the denture stomatitis has multifac-
torial causes with many cases relapse, so its man-
agement is a challenge. The recommended treat-
ment strategy of DS mainly based on; removing of
predisposing agents.(Martins and Gontijo, 2017)
enhancement of oral hygiene procedures (Hasan et
al., 2015), description of antifungal agents either
topical or systemic, as well as disinfectants descrip-
tion (Hilgert et al., 2016). Slow release antifungal/
antimicrobial agents may be also incorporated into
denture base materials (Bueno et al 2013).

Denture cleaning and disinfection are impor-
tantly advised as the first aids in disease control.
However failure of obtaining a proper denture
hygiene share in recurrence of the disease even a
proper treatment protocol was allowed. (Martins
and Gontijo, 2017). Nevertheless, the efficiency of
trading denture cleaning agents in fungi elimination
still questionable (Felton et al., 2011).

Denture Cleaning and Hygiene

Although manual brushing method of dentures
is represented as the most commonly used cleaning
habit, (Papadiochou , Polyzois, 2018) it alone was
regarded as one of the least efficient methods used
to prevent and control denture biofilm. (Paranhos et
al.,2013). Adding dentifrice exhibited better results
compared to brushing with neutral soap (Paranhos
et al.,2013).

The manual brushing method requires visual acu-
ity and manual dexterity that are compromised in
denture wearers (Neppelenbroeket al., 2008). Fur-
thermore, the micro-porosities and irregularities of
acrylic denture bases enhance microorganisms pen-
etrating ability, making it difficult to clean them via
brushing only. Hence denture may be appointed as
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the origin of infection and re-infection for the den-
ture bearing area (Neppelenbroeket al., 2008, Bae-
na-Monroy et al., 2005). Thus ultrasound cleaning
was advised as an alternative cleaning method to
denture wearers with difficulty in performing manual
brushing. But it must be noticed that ultrasonic clean-
ing methods only with distilled water not enough to
remove denture biofilm it should be immersed in a
chemical solution. (Nishi et al., 2014)

Daily immersion of dentures within cleaning
mixture was advised in order to improve denture
hygiene. Such cleaning mixture presented better
outcomes in comparison with the brushing only
(Lucena-Ferreira et al., 2014).

Many commercial denture cleaning agents
are obtainable accompanied by various active
ingredients, such as peroxides, hypochlorite, acids
and enzymes. Homemade solutions are used by
complete or partial denture patients to perform
chemical cleaning of denture due to low cost and
their easy of gaining. 0.5% sodium hypochlorite,
0.2% digluconate chlorhexidine, and

peroxide solutions approved as the best chemical

alkaline

cleaning agents allowing reduction in the total
microbial counts. (Srinivasan, Gulabani, 2010,
Duyck et al., 2013, de Sousa Porta et al., 2015).

Because sodium hypochlorite is able to dissolve
mucin and other organic ingredients, it is the
chemical solution of choice that is routinely used
for denture cleaning. It is highly efficient at cleaning
light stains. It has also bactericidal and fungicide
action. (Felton et al., 2011) on the other hand,
many drawbacks of using sodium hypochlorite
solution as denture cleanser have been found as it
corrodes metallic dentures parts also it has ability to
worsen component parts of acrylic resin resulting in
color alterations of acrylic resin as well as surface
roughness (Felton et al., 2011,Neppelenbroek et
al., 2015).

Chlorhexidine is commonly used chemical agent
due to its ability to prevent and treat many of oral
infections. It was recommended as disinfectants and
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antiseptics for removable dentures. Chlorhexidine
gluconate has significant substantively and wide
spectrum of action, so it was utilized efficiently
where mixed fungal and bacterial biofilms are
existing. It has also been suggested in a high
concentration 2% as an alternative denture cleaner
instead of brushing as an overnight disinfecting
agent (Ellepola and Samaranayake, 2000,
Banting et al., 2001, Kashiwabara., et al., 2007).

There are also commercial denture cleaning
agents used as alkaline peroxides. It produces
hydrogen peroxide as an alkaline fizzy solution,
having active oxygen, once becomes on touch to
water. The effervescent action removes debris by
mechanical act while the oxygen has stain-removing
action and antimicrobial action. There are other
products that have enzymes that destroy biofilm
proteins (Lucena-Ferreira et al., 2014).

Other alternatives to familiar denture cleaning
agents have been used. Products with antimicrobial
effect have been developed like Ricinus communis,
which is an oil derived from castor bean. It has
bactericidal and fungicidal effects with great
degree of biocompatibility. It is colorless without
an unpleasant smell, so with its detergent action,
it might be used as an alternative denture cleanser
(Salles, et al., 2015).

Due to the constant concern about controlling
biofilm, many studies have been carried out to
compare and assess the efficacy of different denture
cleaning methods (Lucena-Ferreira et al., 2014)

Thecombined methodof mechanicalandchemical
cleansers exists as the best manner for Candidal
biofilm removal. Pellizzaro, et al., 2012 found
that 1% sodium hypochlorite and 2% chlorhexidine
gluconate are the most effective solutions. While
de Sousa Porta et al., 2015 concluded that the
combination of brushing method and 0.5% sodium
hypochlorite produces highly satisfied cleaning
outcomes and efficient in decreasing numbers of
microorganism without producing roughness or
remarkable color alterations.
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However, Lucena-Ferreira et al., 2014 found
that the use of alkaline peroxide enzyme denture
cleaning agent, in-vitro, for three minutes daily
decreased total number of bacterial microorganisms,
on the other hand Candida albicans number elevated.
Accordingly, the regular use of it will control
bacterial biofilm. However the Candida albicans is

the main cause of oral candidiasis.

0.5%
recommended by Salles et al., 2015 as an effective
method to decrease denture biofilm when immersed

sodium hypochlorite solution was

for short period.

The significance of denture cleaning protocol
before overnight storing was clarified to decrease
the C. albicans establishment. If the possibilities of
dentures cleaning was difficulties and the cleaning
tablet is not available, the overnight dry storing
is advised to reduce C. albicans settlement, with
insignificant dimensional changes of the prosthesis.
Where dentures storing in water alone enhance C.
albicans colonization. (Verhaeghe et al., 2020).

Recently, photodynamic therapy was emerged
as a novel method of prostheses disinfection with
90% reduction of microbial counts. The mechanism
of disinfection of this technique depends on using
a special light source to activate a photosensitizer
that induce certain reactions that allow cell death
(Ribeiro et al., 2012, Cinzia et al., 2018).

As a conclusion, the regular oral cleanliness
habit, including brushing or ultrasound vibration
along with chemical cleaning agents, are important
factors assure daily meticulous elimination of oral
as well as denture biofilms. This cleaning protocol is
advised to decrease opportunistic infections, achieve
satisfactory oral hygiene, preserve odors-free and
esthetically acceptable prosthesis (Neppelenbroek,
2015, Papadiochou and Polyzois, 2018).

Antifungal Medications

like
amphotericin B, nystatin,miconazole or clotrimazole

The particular antifungal medications
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are described either locally or systemically to stop
development (Walsh et al., 2015).
Topical or systemic conventional antifungal agents
as Fluconazole and nystatin may be used for
treatment of DS (Bueno et al., 2017) because of
their elevated oral bioavailability as well as their
simple reach (Singh et al., 2017).

the disease

On the other hand, the ineffective action of these
drugs on the fitting surface of the infected dentures
moreover the biofilm resistance are considered the
main limitations of this line of treatment (Bueno et
al., 2017). The Candida biofilm resistance to anti-
micotic drugs may be attributed to physical barrier
performed by biofilm matrix. This barrier provide
a delayed and inadequate diffusion of antimicrobial
drugs inside the biofilm. Consequentially a unique
and more preserved phenotypic form was developed
adding difficulty to disease control (Samaranay-
ake, et al., 2009).

In addition to the above mentioned drawbacks,
nausea due to their unlikable taste, diarrhoea and
allergic responses is appeared with the topical
antifungal agents use (Walsh et al., 2015). As well
the systemic antifungal agents have unwanted side
effects as nephrotoxicity (Varlam et al., 2001) and
hepatotoxicity In prolonged protocols (Heinemann
et al., 1997).

Bueno et al., 2017 added that, diluent effect of
saliva salivary flow makes the maintenance of an
effective topical medication concentration at the
contaminated surfaces and tissues is hard. Beside
the swallowing action and the tongue movements
quickly eliminate and dissolve the drug from the ap-
plied area (Zhang et al., 2020).

Recent Antimicrobial Alternatives

In recent years, many researches were worked on
providing an alternative sources for management of
denture stomatitis extracted from natural products.
As it was also found that some herbal extracts
possess antimicrobial activity antagonistic toward
oral pathogens especially Candida albicans with
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safe and less drawbacks. (Endo et al., 2010, Labsi
et al., 2016, Zainal et al., 2020).

Allicin is one of the herbal extracts that has a
powerful antimicrobial properties against Staff
aureus and Candida albicans, thus it was considered
as a promising substitute for treatment of DS. Also,
it has capability to eliminate denture biofilm after
short exposure so it can be added to denture cleaners
as active ingredients (Zainal et al., 2020).

Punica granatum L, another herbal extract
has been studied for its antimicrobial effect by
Bakkiyaraj et al. 2013 and Labsi et al. 2016.
The raw extractor from Punica granatum is able to
prevent microbial sticking. It has been suggested
that C. albicans and oral bacterial biofilms were
responsive to it. So, these plant herbal extracts
may perform a critical role in the prevention and /
or treatment of denture stomatitis (Alavarce et al.,
2015). Thus, more attention was exerted to detect
these extract (Anibal et al., 2013).

Denture adhesives that recommended to com-
plete denture wearers specially the maxillary one
to improve the masticatory efficiency and patient
satisfaction by enhancing the retention of the pros-
thesis (Bartlett et al. 2013). Also the usage of the
adhesive allows wide distribution of the masticatory
forces on all denture bearing areas, this will result in
minimizing tissue irritation and decreasing the pos-
sibility of emerging denture stomatitis (Papadio-
chou et al., 2015). These adhesives possess antimi-
crobial ingredients like sodium tetra borate, hexa-
chlorophene, sodium borate plus ethanol (Grasso,
2004, Pradies et al., 2009). Thus, the continuous
apply of these adhesives biocompatible materials
linked with medications that have anti Candida ef-
fect may be very effective for prevention of denture
stomatitis or may aid in the treatment of it.

Almeida et al., 2018 also concluded that P.
granatum extracts and E. giganteum in combination
with COREGAR reduced the progress of Candida
biofilms on the acrylic resin surface by reducing their
colonization and metabolism. It played a innovative
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and synergistic role as a temporary material which
may help in the prevention and treatment of denture
stomatitis.

Based on the conclusions of an in vitro study
of Namangkalaku et al., 2020, chitosan could be
established as an antifungal denture adhesive for
preventing and management of denture stomatitis.
Also Chitosan has many promising characteristics,
as, Chitosan was approved as broad-spectrum
antimicrobial activity anti fungi in addition to
bacteria. As Chitosan has ability to disrupt cell
membrane of microorganism and providing an
intracellular outflow of ions and inhibit (DNA),
(RNA), and protein production (Sahariah, Masson,
2017, Verlee et al., 2017). Moreover, chitosan has
ability to inhibit Candida adherence to denture thus
prompt antifungal drug resistance. Added to the
above mentioned advantageous, chitosan can help
in preserving mucosal integrity and healing process
(Singh et al., 2017). Thus, chitosan is biocompatible
and biodegradable material, in combination with
nystatin mouthwash can improve the -clinical
feature of denture stomatitis with no adverse effects;
therefore, it could be used as an alternative to the
currently available antifungal therapy using nystatin
alone (Dash et al., 2011).

Also, combination of Indocyanine green dye
-mediated Photodynamic therapy with nystatin
mouthwash can help in treatment of denture
stomatitis than using nystatin alone with no side
effects (Afroozia et al., 2019).

Alcohol-free chitosan—curcuminoid mouthwash
possibly provide an effective and safe topical
applicant substitute for management of denture
stomatitis (Mustafa et al., 2019).

Another promising mode of DS treatment using
probiotic straining Streptococcus salivarius K12 to
counteract Candidal colonization in acrylic dentures
was provided by Ishikawa et al., 2014, Labsi et al.,
2016, Passariello et al., 2020.
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Incorporation of nanoparticle metal oxides into
acrylic denture bases provide antimicrobial effects
against C. albicans and other microorganisms of
denture biofilm. (Ahmad et al., 2020). This nano
toxicity could be due to direct attack of nanopar-
ticles to fungal cell membrane causing cell death.
Takamiya et al., 2021 proved that the addition of
0.5% of nanoparticles SNP into PMMA resin is
considered biocompatible providing antimicrobial
actions against C. albicans biofilm with no interfer-
ence with the flexural strength of the material.

Alves et al., 2020 used PDZ-mediated aPDT to
treat DS. Their concluded that this method allows
reduction of Candidal counts by reduction of the oral
bacteria activity as well as antifungal activity and
improvement the oral lesions. So they considered
it as a promising treatment option help in reducing
the total microbiota located in the palatal area of the
patient and denture in cases of DS.

Miswak stick was introduced as an alternative
safe natural method of denture and oral cares for
completely edentulous patients. Also it may help
in management of mild and moderate denture
stomatitis as it has an antifungal and antibacterial
impact in addition to encourage bone formation
(Aboul Enein,2014,Bayaty etal.,2018, Mohamed
et al., 2020).

CONCLUSIONS

On the basis of this review of literature, it may
be concluded that the responsibility of multi-species
biofilms in the emergency of denture stomatitis was
explored by many current studies. Thus explanation
of biofilm adhesion to different surfaces as well as
its prevention is become mandatory.

The initial C. species adhesion to the materials
is affected by their surface roughness as well as
their free energy, so clinical studies that assess
these properties is essential. Therefore the current
studies have to work on production of a healthy
materials that favor health condition and diminish
recolonization by different microorganisms. The
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correlation between denture base material and its
influence on microbial growing needs more clinical
and epidemiological researches.

The
controlled gene

cell-cell communication and greatly
expression organizations is
responsible for the complexity of biofilm. Grasping
alteration in gene expression, accompanying biofilm
development on denture and catheter surfaces,
allow utilizing of these simulations for checking of

possible inhibitors of biofilm development.

Because of the denture stomatitis has multifacto-
rial causes with many cases relapse, so its manage-
ment is a challenge. The recommended treatment
strategy of denture stomatitis mainly depends on
enhancement of oral hygiene processes, description
of antifungal agents either topical or systemic, as
well as disinfectants description. The antifungal re-
sistance of biofilm is also attributed to many other
factors. Thus, recent researches by newer molecu-
lar biology tools have to work on the undiscovered
features of the antifungal resistance of Candida
biofilms.

The microorganisms forming biofilm colony may
initiate a metastatic infectious diseases as aspiration
pneumonia and endocarditis. These diseases are
hardy to treated with the conventional antibacterial
agents.

Considering the antibacterial activity of some
plant extracts, thus many attention and further
studies should be given to these medical extracts to
evaluate their natural antiplaque effects.
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