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Introduction

Insertion in the oral cavity of a removable denture bathed in saliva 
is an ideal environment for dynamic biofilm development [1,2]. In 
these conditions the planktonic microbiota exposed to stress and flow 
can quickly create favorable conditions for denture biofilm growth. 
This is defined as a community of bacteria attached to the denture 
surface and surrounded by an extracellular matrix produced by the 
bacteria themselves. This matrix is composed of different elements 
such as exopolysaccharides, proteins or DNA. Under the denture, 
the combination of soft tissue and hard surfaces provides a favorable 
environment within the oral cavity for microbial colonization. During 
use, the denture is subjected to many factors such as composition and 
flow of saliva, food, temperature fluctuations, masticatory forces and 
appliance loading. These parameters are challenging from the clinical 
point of view. Under healthy conditions, these denture plaques are 
tolerated by patients. But in 7-60% of patients denture plaque is 
associated with stomatitis [3]. Denture stomatitis (DS) is considered 
as a polymicrobial biofilm-mediated oral disease. Clinically DS refers 
to erythema and edema of the soft palate and tissues of the oral cavity 
that are in close contact with the denture surface.

Mature natural and denture teeth biofilms have similar total 
numbers of bacteria but different proportions of species [4]. 
Furthermore, the bacterial communities residing on the teeth and 
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dentures of a single person are similar to each other independently 
of the surface material, and therefore denture health could impact the 
maintenance of the remaining teeth and vice-versa [5].

Although denture plaque cannot be totally eradicated, it can be 
controlled solely by oral hygiene measures that include a daily regimen 
of brushing the mucosa and denture, completed by rinsing with an 
antimicrobial mouthrinse [6]. This effective oral hygiene regimen can 
help control denture plaque biofilm and is a practical approach to the 
prevention of denture stomatitis and in addition accrues benefits in 
certain systemic diseases [7].

Biofilm Formation in Oral Environments

The oral microbiota includes a wide range of microorganisms, 
representing the three domains of life: Archea, Virus, Bacteria 
and Eukarya, providing numerous opportunities for physical and 
chemical interactions between different species and kingdoms [8-
10]. Oral environments present a constant and transient micro flora 
whose quantitative and qualitative composition depends on many 
factors such as individual factors related to general conditions such 
as still birth, nutrition composition and consistency, and general 
diseases. However, locally other parameters are involved such as 
oral hygiene, tooth extraction, sampling times during the day, oral 
health status, prosthesis restorations, dental and periodontal diseases 
and dental treatment [11,12]. On the other hand, the apparent 
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discrepancies between recent findings and previous 16S rRNA 
gene-based sequencing studies can stem from other parameters, 
ranging from geographical differences between patient populations 
to sample collection, sequencing (choice of 16S rRNA target region, 
the sequencing platform used, available read length and sequencing 
depth), or DNA extraction and PCR protocols [13].

Within the oral cavity, microorganisms are often found as 
part of highly organized microbial communities termed biofilms. 
Multispecies in biofilms, form complex microbial communities while 
maintaining their own autonomy and covering the different surfaces 
according to different micro environments such as teeth, saliva (108 
microbes per milliliter), tongue, gingiva and other epithelial surfaces 
of the oral mucosae [14]. Some denture surfaces can carry up to 1011 
organisms per gram in wet weight of plaque. Within this ecosystem, 
each species will produce metabolic intermediates, signaling 
molecules and toxins that will accumulate and impact the physiology 
of other members of the community [15].

During the early stages of biofilm formation, it is known that 
planktonic bacteria attach directly to the surfaces of the oral cavity 
or indirectly bind to other bacterial cells that have already colonized 
[16,17]. Other planktonic cells such as Candida spp possess a wide 
arsenal of glycoproteins located at the exterior side of the cell wall, 
many of which play a decisive role in these steps. In vivo, Candida spp. 
are members of mixed biofilms and subject to various antagonistic 
and synergistic interactions [18].

Consequently, Candida biofilm, even in the limited oral niche 
such as on dentures, decreases bacterial diversity and then changes 
the composition of the oral microbiota [19].

Composition of Denture-associated Biofilm

Available data conservatively estimate that at least ten fold more 
bacteria than yeasts colonize the surface of dentures. The prosthetic 
base acts as a support for the oral microbiota at the epithelial surface 
and is externally in contact with the planktonic flora. With time 
some organisms can penetrate inside the resin [20,21]. The palatal 
and mandibular covering mucosa, alternatively in contact with 
the removable prosthesis during the day and then released during 
the night, presents a particular ecosystem. In these conditions, the 
complexity of denture-associated biofilm increases, with the contact 
between the biotic layer of epithelial cells and the abiotic denture base 
(metallic or plastic biomaterials). These two dynamic biofilms coexist 
momentarily for many hours every day and are separate during the 
night, following the recommendations regarding the wearing of 
removable prostheses. Risk factors underlying stomatitis of the dental 
prosthesis must also be identified and treated: some prostheses need 
to be redone (inadequate prosthesis, unstable), certain diseases can 
interfere with wearing the removable prosthesis (general pathologies, 
diabetes, immunocompromised patients, cholesterol, lung and 
digestive diseases, cancers) and taking medication that can disrupt 
salivary secretion [7].

Recent and former investigations of the microbiome have examined 
the microbial communities colonizing dentures and their relationship to 
oral health [4,5,22]. Denture-associated biofilms have been considered 

a reservoir for infectious disease agents [23]. In these conditions, the 
relations between oral microbial infections and numerous systemic 
disease conditions are should be reconsidered [24].

In many studies, Candida was not limited to denture stomatitis 
samples [25,26]. Candida occur as two different phenotypes, i.e., 
the planktonic form (free cells) or the sessile form (biofilms). The 
sessile phenotype involves the development of a group of strains on a 
polymeric matrix, which confers protection against the host immune 
response and prevents diffusion of antimicrobial drugs. Therefore, 
infections caused by Candida biofilms remain difficult to diagnose 
and treat [27]. The genus Candida as hyphae or pseudohyphae is 
associated with the proliferation and development of biofilms [28]. 
The virulence of C. albicans has been closely linked to the hyphae-
forming ability [29-32].

In denture wearers, the interactions that lead to an increased 
pathogenicity of fungi and bacteria are particularly intriguing [33,34]. 
The study of mixed C. albicans-bacterial biofilms, although only 
beginning, has already revealed unanticipated synergies that further 
complicate the treatment of biofilms in the clinic.

Denture Biofilm Management

Oral bacteria were long considered as individual cells, not being 
capable of complex behaviors. Today this simplistic vision of bacterial 
life has evolved and we know that bacteria are able to communicate 
with each other (Quorum Sensing) and live in association. Denture 
biofilm management has become increasingly important since 
awareness has arisen of their involvement in many public health 
issues. In fact, dentures give bacteria increased resistance to physical 
forces, antibiotic treatments and even the host immune system. This 
multifactorial resistance is due in particular to the presence of the 
extracellular matrix of biofilms, which contain structural proteins and 
enzymes that allow the formation and maintenance of these “microbe 
cities”. However, today the mechanisms that govern the secretion of 
substrates composing this matrix are unknown.

In these conditions, prevention via maintenance of a normal 
health-associated ecosystem is key for denture wearers. Recently new 
inquiries have influenced the upkeep of the denture.

Firstly, the numbers of bacteria colonizing the dentures of healthy 
subjects was significantly less than the numbers colonizing the 
dentures of stomatitis. These concern the proportions and frequency 
of isolation of Mutans streptococci; lactobacilli, bifidobacteria and 
yeasts were significantly greater in subjects with denture stomatitis 
[35].

Second, a recent study using the 16S rRNA gene sequencing 
data suggested a new approach considering the apparent strong 
mutual influence of bacteria colonizing dentures and teeth in the 
same individual (species/phylotypes). The health and integrity of 
the remaining teeth could be important factor in the mucosal health 
of denture wearers beyond their role in anchoring restorations and 
maintaining bone integrity. Similarly, the denture-associated oral 
mucosal health status could play a critical role in conserving the 
remaining teeth [5].
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albicans adhesion has been evaluated. Zirconium oxide nanoparticles 
possess antifungal properties on C. albicans and Aspergillus niger and 
could be used for prevention of DS [43,44]. Another interesting finding 
in vivo is the efficacy of methylene blue-mediated photodynamic 
inactivation on the oral mucosa and prostheses of patients with DS, 
against C. albicans [45].

For all this progress, the treatment is based the ecological plaque 
hypothesis, which states that disease prevention should not only focus 
on the inhibition of putative pathogens, but also on interference with 
the environmental factors that drive selection and enrichment these 
microbiota, as reported by Marsh [46].

The key characteristics of denture biofilm that could be targets for 
pathogen management include its behavior as an adhesive mass with 
viscoelastic properties. The placement of the biofilm obeys different 
sequences that can condition the maintenance of the prosthesis.

In the first stage, the pathogen management process consists of 
regular meticulous brushing of the prosthesis every day to reduce the 
pathogenic burden [47].

The second phase of antimicrobial therapy, including the use of 
mouthwashes, is intended to impede the passage of stage I (adhesion) 
biofilm to stage II biofilm by applying them at key intervals to combat 
attachment and maturation of the biofilm [48].

Many chemotherapeutic products and interventions recommended 
are effective against planktonic oral bacteria, but unfortunately live intact 
biofilms are able to persist even after treatment with many products such 
as sodium hypochlorite [49]. In vitro studies show that MoWs containing 
chlorhexidine digluconate or cetylperyridinium chloride may be favorable 
for oral health in terms of microbial balance [50]. However, these data 
must be confirmed by comparative in-depth in vivo studies.

In the presence of prosthetic stomatitis and after detection in 
culture of colonization by Candida, the use of Amphotericin B is 
considered the “gold standard” of antifungal therapy but is toxic 
because there is no selectivity between fungal and mammalian cells 
[51]. However, fungal biofilms that mature on denture material 
become resistant to antifungals [52].

In conclusion, four recommendations concerning the use of a 
removable prosthesis, written and verbal, are addressed to patients. 1) 
Daily brushing of the prosthesis. 2) Daily immersion of the prosthesis 
in an antiseptic liquid. 3) Refrain from wearing your prosthesis at 
night. 4) When you get up in the morning, rinse your mouth and its 
prosthesis well before reintroducing it in the mouth.
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