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Abstract
Objective: This study aimed to evaluate the influences of surface roughness (SR) of denture base
and liner materials on Candida albicans biofilm formation.
Methods: Discs were fabricated using poly (methyl methacrylate) acrylic resin and poly(ethyl
methacrylate) denture liner, according to manufacturers’ instructions. Both acrylic resin and relined
discs were finished or finished + polished and the SR was measured. Discs were saliva-coated,
and C. albicans biofilms were developed on such surfaces for 48 hours. Biofilms were evaluated
for cell counts, metabolic activity, and structural characteristics. Data were analyzed by one-way
ANOVA and Tukey tests using a significance level of 5%.
Results: Finished acrylic resin and denture liner discs had higher SR compared to finished +
polished discs (P<0.001). Finished + polished acrylic resin discs contained fewer cells compared
to only finished discs (P<0.001). No metabolic activity differences were seen between biofilms
formed on both groups (P>0.05). Bulky, thick and less rough biofilms were formed on only finished
denture materials (P<0.05). Confocal images reveal increased presence of black spaces for biofilms
developed on finished + polished discs.
Conclusion: Reduced SR resulted in decreased C. albicans biofilm accumulation on both denture
materials.
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A rugosidade de superfície de materiais para prótese influencia a
formação de biofilmes de Candida albicans
RESUMO
Objetivo: Este estudo avaliou a influência da rugosidade de superfície (RS) de resina acrílica e materiais de
reembasamento na formação de biofilmes de Candida albicans.
Métodos: Discos foram fabricados usando resina acrílica a base de poli(metil metacrilato) e reembasador a
base de poli(etil metacrilato), seguindo as instruções dos fabricantes. Os discos tiveram a superfície acabada
ou acabada + polida, e RS mensurada. Película de saliva foi formada na superfície dos discos, e biofilmes de
C. albicans foram desenvolvidos por 48 horas. Biofilmes foram analisados para contagem, atividade metabólica
e estrutura. Os dados foram analisados por ANOVA seguido do teste de Tukey a 5%.
Resultados: Os discos apenas acabados apresentaram maior RS comparado aos acabados + polidos
(P<0,001). Discos de resina acabados + polidos formaram biofilmes com menos células quando comparados
aos apenas acabados (P<0,001). Não houve diferença para a atividade metabólica (P>0,05). Biofilmes
volumosos, espessos e menos rugosos foram formados nos discos acabados (P<0,05). As imagens de
confocal revelam o aumento da presença de espaços negros nos biofilmes em discos acabados + polidos.
Conclusão: Menores valores de RS resultaram em reduzido acúmulo de biofilme de C. albicans em ambos
materiais para prótese.
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INTRODUCTION
Candida albicans has been reported to play a major
role in Candida-associated denture stomatitis (CADS)
pathogenesis, and has been found on both poly(methyl
methacrylate) (PMMA) acrylic resin and poly(ethyl
methacrylate) (PEMA) liner materials [1-7]. For a successful
colonization, C. albicans must first adhere to the denture
surface [8] and the substratum characteristics, such as the
surface roughness (SR), could influence this process.
Denture materials with rougher surfaces have been
shown to exhibit higher yeast counts [7]. The higher porosity
provides an increased chance of microbial retention and
protection from the shear forces that arise during mechanical
and chemical cleaning [9,10]. PMMA denture bases with a
SR above 0.2 µm have been shown to be readily colonized
by C. albicans [6,7]. The physical characteristics of denture
liners also make them susceptible to sorption and dimensional
changes, which can result in porous surfaces that are easily
colonized by fungal cells [5]. Although several studies have
examined the role of SR in C. albicans adherence [2,3,7-12],
the influence of SR on mature biofilms has been poorly
investigated.
Studies on C. albicans adhesion and denture surface
properties have primarily intended to characterize the surface
properties of these materials and to assure standardization [2,
3,7-9,13,14]. Few studies have used experimental
conditions that simulate the clinical environment or studied
conditions with varying SR. Therefore, in this study, SR
differences were created by finishing and/or polishing
denture materials. The aim of this study was to evaluate
the influence of the SR of the denture-base material on
C. albicans biofilm formation.

METHODS
This in vitro study was designed to be a random and
blind study. Discs were fabricated using acrylic resin and
permanent denture liner. After the disc surfaces were finished
or finished + polished, the SR values were measured. Discs
were saliva-coated and C. albicans biofilms were developed
on the discs for up to 48 hours. Biofilms were analyzed for
cell counts, metabolic activity, and structure. All assays were
performed in triplicate in three independent experiments.
Discs (10 mm diameter × 2 mm thickness) were fabricated
using PMMA acrylic resin (Lucitone 550; Dentsply, Rio
de Janeiro, Brazil) and PEMA permanent denture liner
(Tokuyama Rebase II; Tokuyama Dental Corp., Tokyo,
Japan), according to the manufacturers’ instructions. Acrylic
resin discs were prepared using a metal mold and polymerized
by water bath at 74 ºC for 9 hours. They were immersed in
purified water at 37 oC for 48 hours to release monomers.
Additional 1-mm-thick resin discs (10 mm × 1 mm) were
fabricated for relining using a metal mold, as described
elsewhere [3].
Both acrylic resin and relined discs were finished or
finished + polished. For finishing, discs were ground using

progressively smooth aluminum oxide papers (320, 400 and
600 grit) in a horizontal polisher (model APL-4; Arotec,
Sao Paulo, Brazil). For finishing + polishing, discs were
additionally subjected to polishing with pumice and felt. The
SR of each disc was measured to 0.01 µm with a measurement
length of 3.2 mm and 0.5 mm/s using a profilometer (Surfcoder
SE 1700; Kosaka Laboratory Ltd., Kosaka, Japan). Three
readings were made for each disc, and a mean value was
calculated. All discs were cleaned ultrasonically with sterile
water for 20 minutes to remove any contaminants [5,11].
C. albicans reference strain ATCC 90028 was cultured
with agitation at 37 ºC for 20 hours in Yeast Nitrogen Base
(YNB) broth (Difco Laboratories, Detroit, MI, USA)
supplemented with 50 mm glucose. Cells were washed with
phosphate-buffered saline (PBS, pH 7.2) and resuspended
in YNB supplemented with 100 mm glucose. Cell densities
were normalized optically to 107 cells/mL [11].
In order to mimic the oral cavity, the discs were coated
with human salivary pellicle prior to biofilm development.
Stimulated saliva was collected from two healthy
volunteers after they had provided written formal consent,
as required by the Local Ethical Committee for Research
(protocol 082/2010). Saliva was collected in an ice-chilled
polypropylene tube during masticatory stimulation with
a flexible film and clarified by centrifugation (10,000 × g
for 5 min at 4 ºC). The supernatant was filter-sterilized and
used immediately. Under aseptic conditions, each disc was
placed inside a pre-sterilized 24-well culture plate and 2 mL
of saliva was added to each well. The plate was incubated
aerobically under agitation for 1 h at 35 ºC to form the
salivary pellicle.
Saliva-coated discs were incubated under agitation at
37 ºC for 1.5 hours in 24-well microtiter plates containing
C. albicans in YNB media (adhesion phase). After adhesion
and every 24 hours thereafter, the discs were washed
with PBS, transferred to plates containing fresh media,
and incubated for 48 hours. After 48 hours of biofilm
development, the cell counts, metabolic activity, and
structures of the biofilms were investigated.
To determine cell counts, discs were immersed in PBS
and sonicated (7 W, 30 seconds) to disrupt the biofilm
structure. Suspensions were serially diluted in PBS and
plated in triplicate onto Sabouraud Dextrose Agar (Difco
Laboratories). Plates were incubated at 37 ºC for 24 hours.
Yeast cells were counted as the number of cells per mL.
Metabolic activity was evaluated using the adapted XTT
assay, as described elsewhere (15).
Biofilm structures were analyzed using confocal
microscopy (Leica Microsystems CMS, Mannheim, GE).
Biofilms were stained with SYTO-9 and propidium iodide
(Molecular Probes, Eugene, OR, USA) and incubated in
the dark at 37 ºC for 20 minutes. Images were captured
at 1-µm intervals along the z-axis. At least five random
optical fields were examined for each disc. COMSTAT
software (16) was used to quantify structural parameters,
including biovolume (µm3/µm2), average thickness (µm),
and roughness coefficient (µm).
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All data were analyzed using the SAS/LAB package
(SAS Software, version 9.0; SAS Institute Inc., Cary, NC,
USA) with the significance level set at 5%. Differences
in SR were evaluated by one-way ANOVA. Cell counts,
metabolic activity, and structural parameters were assessed
by one-way ANOVA followed by the Tukey test.

RESULTS
SR measurements for the processed acrylic resin and
denture liner are shown in Table 1. Significant differences
were observed between the SR measurements for the
processed surfaces of both materials. Only finished acrylic
resin and denture liner discs had higher SR compared to
finished + polished discs (P<0.001).
Table 1. Surface roughness of processed acrylic resin and denture
liner discs.
Denture-base
material
Acrylic resin
Denture liner

Processing

Surface roughness
(µm)

Finished

0.29 ± 0.03*

Finished + Polished

0.15 ± 0.05

Finished

0.52 ± 0.06*

Finished + Polished

0.18 ± 0.02

Data are the mean ± standard deviation (n=200).
* Indicates significant differences between the processed surfaces (Tukey test, P<0.05).

Regarding the cell counts, it was observed that finished +
polished acrylic resin discs contained fewer cells compared
to only finished discs (P<0.001; Figure 1A). In contrast,
differences in SR did not appear to affect the cell counts
on denture liner discs (P>0.05; Figure 1A). No metabolic
activity differences were seen between biofilms formed on
finished and finished + polished discs (P>0.05; Figure 2B).

* Indicates significant differences
between the processed surfaces
(Tukey test, P<0.05).

* Indicates significant differences between the processed surfaces (Tukey test, P<0.05).

Figure 1. (A) Cell counts of C. albicans biofilms developed on finished
or finished + polished denture materials. (B) Metabolic activity of
C. albicans biofilms developed on finished or finished + polished
denture materials.

Figure 2.
(A) Biovolume (µm3/µm2);
(B) average thickness (µm),
and (C) roughness
coefficient (µm) of
C. albicans biofilms
developed on finished
or finished + polished
denture materials.
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Figure 3. Confocal images of C. albicans biofilms developed on acrylic resin that was (A) finished or (B) finished + polished.

The type of disc surface processing (finished vs. finished +
polished) affected the biofilm structural parameters of
biovolume, thickness and roughness coefficient, for both
denture materials (P<0.05; Figure 2). Rougher acrylic and
liner discs surfaces (finished only) presented bulky, thick
and less rough biofilms than the finished + polished surfaces
(P<0.05; Figure 2A, 2B and 2C).

DISCUSSION
We assessed C. albicans biofilm formation on materials
routinely used in prosthodontic procedures. The PMMA
acrylic resin is the material of choice for denture fabrication
due to its resistance, optical properties, aesthetics, and
biocompatibility to oral tissues (11). However, for clinical
situations in which patients present compromised alveolar
bone support or after postoperative periods, the rigid PMMA
base may damage the mucosa (4). In these circumstances,
the use of denture liner material has been shown to improve
denture retention and stability (5) and to distribute the
masticatory forces that are transmitted to the underlying
tissues (17).
Despite these favorable characteristics, C. albicans
colonization has been directly associated with PMMA and
liner materials. The SR of these materials have been shown
to affect C. albicans colonization (2-5). Although several
studies have examined the relationships between the SR
of denture materials and microbial adhesion (2,3,7-12),
to our knowledge, there were poor studies that evaluated
the SR after modifying the materials by finishing and/or
polishing (15).
The SR has been shown to be important for the adherence
and entrapment of microorganisms on polymeric denture
materials and for protecting microbes from shear forces (7).
These materials should be as smooth as possible to prevent
biofilm formation and oral mucosal inflammation, as well as

to facilitate denture cleaning (9,10). In contrast with other
studies (2,3,7-10), we found that the SR did not affect the
adhesion of C. albicans to either denture-base material.
Previous studies have reported a threshold roughness value
of 0.2 µm, below which the SR does not affect microbial
adhesion (6,7). In our study, the finished + polished PMMA
acrylic resin and PEMA denture liner materials had SR
values of 0.15 and 0.18 µm, respectively, and promoted
yeast adhesion.
Whereas most studies have measured the SR to
characterize the material surface and ensure the standardization of the finishing procedures, in this study, we evaluated
the effects of the finishing and/or polishing on adhesion
under conditions that simulated the clinical environment of
saliva-coated surfaces. The presence of the salivary pellicle
may have masked the inhibition of adhesion seen with a
low SR.
In contrast, for mature biofilms, the yeast cell counts
were higher on unpolished PMMA acrylic resin compared
to the polished resin. Because a higher SR means a greater
specific surface area and more available surface sites for
colonization (7,10), it follows that the SR is directly related
to the amount of microorganisms deposited on the surface.
It is possible that irregularities present within finishedonly surfaces entrapped the C. albicans cells and allowed
the formation of bulky and thick biofilms, as observed in
confocal images. To address this possibility, additional
experiments should be performed in the presence or absence
of salivary pellicle with discs that have a wider range of
roughness values.

CONCLUSIONS
Regardless of the limitations of this study, it can be
conclude that the SR of denture-base materials influenced
the C. albicans biofilms colonization. Discs with lower SR
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values had reduced C. albicans biofilm accumulation on
both denture materials.
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