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Statement of problem. Routine cleaning of a denture may increase the surface roughness of the material.

Purpose. The purpose of this study was to investigate the effect of denture cleansers and time on the roughness and Candida
albicans biofilm formation on a reline resin.

Material and methods. Specimens of Tokuyama Rebase Fast II (20�10�2 mm) were prepared and divided into 9 groups
(n¼15): Test groups were toothbrushed (30 cycles per day) in 1 of the following solutions: water, soap, or toothpaste. After
toothbrushing, the specimens were immersed in solutions of water, sodium perborate, or chlorhexidine. These treatments
were done once a day for 365 days. The surface roughness was evaluated at 0, 7, 15, 30, 90, 180, 270, and 365 days, and the
C albicans biofilm formation was measured after 365 days. The roughness data were analyzed by 3-way repeated measures
ANOVA and the Tukey test (a¼.05), and the C albicans biofilm formation was analyzed by 2-way ANOVA.

Results. Significant differences were found in the toothbrush and time interaction and in the toothbrush, immersion, and
time interaction (P<.001). No significant differences were found between the toothbrush agent and chemical disinfection
(P¼.085) or between chemical disinfection and time interaction (P¼.604). Brushing with dentifrice (PPb and PCh) showed
a gradual decrease in surface roughness. The comparison among groups showed that PCh produced the lowest values of
roughness. For C albicans biofilm formation, no significant differences were found among the experimental groups.

Conclusions. The roughness values ranged from 0.31 to 0.69 mm for all evaluated groups. For all groups, no significant
differences were found in the quantification of C albicans. (J Prosthet Dent 2014;112:1523-1529)
Clinical Implications

Different denture cleaning methods can affect the roughness and Candida
albicans biofilm formation on reline resin. An estimation of the long-term
(1 year) behavior of reline materials when denture cleaning methods are
used found no significant differences in C albicans biofilm formation.
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The direct method used for relining
removable dental prostheses with auto-
polymerizing acrylic resins improves
fit and thereby reestablishes stability,
retention, and support for the
denture.1-4 However, these resins may
present a higher residual monomer
content compared with conventional
acrylic resins, especially on the surface
layer. This residual monomer could in-
fluence properties such as resistance to
abrasive wear.5-13 Thus, routine denture
cleaning may increase the surface
roughness of the material, increasing
biofilm formation.14-17 Surface irregu-
larities present in dentures can act as a
microorganism reservoir4,18-20 because
they are protected from oral hygiene
procedures. The adherence of the
Candida species to cells and the fitting
surface of acrylic resins is known to be
the first phase of denture stomatitis.21

Methods for removing surface con-
taminants include brushing, use of im-
mersion cleansers, or a combination
of these.22-24 Mechanical cleaning with
brushes and toothpaste, soap, or
water is the most common routine for
denture plaque control.20,24 However,
the abrasive action of this method,
caused by bristle stiffness, toothpaste
particle size, and type of abrasive used,
can increase the roughness of denture
material, causing bacterial growth and
biofilm accumulation.15,18,25-28 Heath
et al20 suggested the use of soap
to reduce the potentially abrasive ef-
fects of toothbrushing on the denture
surface, while Barnabé et al21 recom-
mended coconut soap as a cleaning
agent to control denture stomatitis.
Several authors showed that brushing
only is not sufficient to reduce the
Table I. Products used

Product

Tokuyama Rebase Fast II

Colgate Classic Toothbrush

Colgate Máxima Proteção anticaries toothpa

Coconut soap

Chlorhexidinegluconate 2% solution

Sodium perborate 3.78%
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number of microorganisms on den-
tures29,30 and recommended adjunc-
tive measures such as daily chemical
cleansing.30 The chemical disinfectant
should be chosen because of its effi-
ciency in eliminating microorganisms
without adversely affecting the denture
materials.4,31-33 Chlorhexidine is an
antiseptic and disinfectant that could
be used as a mouth rinse or denture
soak.34 Peroxide cleansers can also be
effective in decreasing the formation
of a Candida albicans biofilm.34 Although
many types of denture cleaning meth-
ods have been used, little information
is available concerning the effect of
toothbrushing, immersion in denture
cleansers, and the combination of these
methods on surface roughness and
C albicans biofilm formation.

This study evaluated the effect of
different denture-cleaning methods on
the roughness and C albicans biofilm
formation on a reline resin at different
times over the course of 1 year. The null
hypothesis was that denture-cleaning
treatments would not affect the sur-
face roughness of a reline resin.

MATERIAL AND METHODS

The products used and their iden-
tification codes, composition, batch
number, and manufacturers are listed in
Table I. The sample size was calculated
as 15 in each group (total¼135 sam-
ples) by using software (3.1.2; G* po-
wer) (effect size f¼0.25), (a err
prob¼.05), (power (1-b err prob)¼.99).
Reline resin specimens (total¼135)
were produced at room temperature
(25 �1�C and 50 �5% relative humidi-
ty) according to the instructions of
Code Batch No.

TK UF63115

TB 7005BR122F

ste TP 642BR1218

CS 101A04408

CHX IF071025

SP 92134 and 74048
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the manufacturer in a stainless steel
mold with a breakaway compartment
measuring 20�10�2 mm. To stan-
dardize the initial surface roughness,
specimens were prepared against glass
plates and pressure was applied until
complete polymerization. After poly-
merization, the specimens were removed
from the mold and the edges were
trimmed with a bur (Maxi-Cut; Lesfils de
August Malleifer SA).

Immediately after finishing, all spec-
imens were measured with a surface
roughness profilometer (SJ 400; Mytu-
toyo Corp). To standardize the reading
area, the specimens were each marked
with reference lines.35-37 In the central
area of each specimen, 3 measurements
were made38 at intervals of 2.0 mm, and
the average reading was designated as
the intact Ra value for that specimen.
The resolution was 0.01 mm, interval
(cutoff length) 0.8 mm, transverse length
2.4 mm, and stylus speed 0.5 mm/s. The
specimens were sorted by using Micro-
soft Excel and randomly distributed into
9 groups (n¼15) according to the
cleansing treatment tested (Table II). The
toothbrushing procedure was performed
with a mechanical cross-brushing ma-
chine.35,39,40 Slurry comprising 1 part
byweight of dentifrice or coconut soap to
1 part of deionized water was added to
the slurry bath. The specimens were
then brushed with 30 reciprocal strokes
per day (11000 reciprocal strokes),
which is equivalent to 1 year of denture
cleaning.25,41,42

After brushing, the specimens
were removed, thoroughly rinsed, and
immersed in chemical solutions for
10 minutes per day. The minimum vol-
ume of cleansers was calculated by
Manufacturer

Tokuyama Dental Corp

Colgate Palmolive Co

Colgate Palmolive Co

Uniao Fabril Exportadora SA

Raizes Pharmacy

Labsynth Produtos para laboratório Ltda

Izumida et al



Table II. Groups and treatments

Group Toothbrush Solution Chemical Disinfection

W Distilled water (10 minutes per day)

WPb Water (30 toothbrushing cycles per day) 3.78% Sodium perborate solution (10 minutes per day)

WCh 2% Chlorhexidine gluconate solution (10 minutes per day)

SW Distilled water (10 minutes per day)

SPb Coconut soap solution (30 toothbrushing cycles per day) 3.78% Sodium perborate solution (10 minutes per day)

SCh 2% Chlorhexidine gluconate solution (10 minutes per day)

PW Distilled water (10 minutes per day)

PPb Toothpaste solution (30 toothbrushing cycles per day) 3.78% Sodium perborate solution (10 minutes per day)

PCh 2% Chlorhexidine gluconate solution (10 minutes per day)
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measuring the volume that would com-
pletely cover a complete maxillary den-
ture.33 The treatments were performed
once a day for 1 year. After daily pro-
cedures, all specimens were stored in
distilled water. Surface roughness was
evaluated initially (baseline) and after
7, 15, 30, 90, 180, 270, and 365 days.

After 365 days, the specimens were
cut in half (10�10�2 mm) and steril-
ized with ethylene oxide (ACECIL). On
the basis of peer-reviewed scientific
data, the Handbook of Disinfectants and
Antiseptics43 recommends that C albicans
fungus should be used as an indicator or
surrogate pathogen organism. In this
study, the organisms were American Type
Culture Collection (ATCC). C albicans
(ATCC90028) were incubated in Sabo-
uraud Dextrose agar with chloram-
phenicol (Acumedia) for 48 hours at
37�C, and 2 loopfuls of growth were
transferred to 10 mL of yeast nitrogen
base (YNB) broth (Difco; Becton Dick-
inson) with 50 mM glucose. After
21 hours of incubation at 37

�
C, the cells

were collected, washed twice with
phosphate-buffered saline (PBS, pH 7.2)
at 5000 � g for 5 minutes, and sus-
pended in 10 mL of YNB, supplemented
with100 mM glucose, and standardized
to 1 � 106 cells/mL, obtained spectro-
photometrically (Bio Photometer AG-
22331; Eppendorf AG). Using strict
aseptic techniques, the acrylic resin
strip specimens were inoculated
into presterilized, flat-bottomed,
24-well microtiter plates (TPP) contain-
ing 2 mL of the standardized yeast
Izumida et al
suspension. The cells were left to adhere
for 90 minutes at 37�C.19,44,45 After the
adhesion phase, the nonadherent cells
were removed from the specimen by
gently washing twice with 2 mL of PBS.
Two milliliters of YNB with 100 mM
glucose was added to each well. The
plates were incubated aerobically for
24 hours at 37�C. Each specimen was
transferred to a tube filled with 4.5 mL
of PBS. These tubes were vortexed for
1 minute and allowed to stand for 9
minutes, followed by a short vortex to
re-suspend any organism present. Di-
lutions of 10-1, 10-2, 10-3, and 10-4, and
replicate aliquots (25 mL) of the sus-
pension were plated in duplicate on
Sabouraud dextrose agar with chloram-
phenicol to determine the number
of microorganisms in the initial suspen-
sion. Plates were incubated aerobically
at 37�C for 48 hours. After incubation,
the numbers of colony-forming units
(CFUs) were determined with a digital
colony counter (Phoenix Scientific
Equipment Industry Trade). The loga-
rithm of CFUs per milliliter (log CFU/
mL) was made, with the counts having
been repeated by the same examiner.

The data were evaluated with statis-
tical software (Statistica 7.0; StatSoft).
The surface roughness values of each
condition were submitted to a 3-way re-
peated measures analysis of variance
(ANOVA), followed by the Tukey hon-
estly significant difference (HSD) post
hoc test. Candida albicans quantification
data were submitted to a 2-way analysis
of variance (ANOVA). For roughness, the
variables analyzedwere toothbrush agent
(water, dentifrice, and coconut soap),
chemical disinfectant (water, 2% chlor-
hexidine gluconate, and 3.78% sodium
perborate), and time (0, 7, 15, 30, 90,
180, 270, and 365 days). For C albicans
quantification, the variables were tooth-
brush agent (water, dentifrice, and co-
conut soap) and chemical disinfectant
(water, 2% chlorhexidine gluconate, and
3.78% sodium perborate) (a¼.05).

RESULTS

The roughness values ranged from
0.31 to 0.69 mm for all evaluated
groups. The 3-way ANOVA revealed
significant differences in surface rough-
ness among treatments over time
(P<.001). Significant differences were
found in the toothbrush and time
interaction and in the toothbrush, im-
mersion, and time interaction (P<.001).
No significant differences were found
between toothbrush agent and chemi-
cal disinfection (P¼.085) or between
chemical disinfection and time interac-
tion (P¼.604).

Group W specimens exhibited sig-
nificantly higher mean roughness values
at 15 days compared with values at
270 days (Table III). At 15 days, Group
WCh promoted higher mean roughness
values compared with the other periods.
At 180 days, SW specimens showed
significantly lower mean roughness
values than at 30 days. The roughness of
SPb was significantly increased at day
15 than at day 365. PPb and PCh



Table III. Mean surface roughness values (mm) and standard deviations for
all groups

Group Value
0

Day
7

Days
15

Days
30

Days
90
Days

180
Days

270
Days

365
Days

W Mean 0.54 0.58 0.60 0.53 0.59 0.58 0.46 0.52

SD (0.10) (0.11) (0.12) (0.13) (0.14) (0.10) (0.08) (0.07)

Aab Aab ABb Aab Bab Bab Aba BCab

WPb Mean 0.54 0.54 0.53 0.59 0.54 0.53 0.51 0.59

SD (0.09) (0.11) (0.11) (0.13) (0.11) (0.12) (0.09) (0.16)

Aa Aa ABa Aa ABa ABa Ba Ca

WCh Mean 0.52 0.54 0.69 0.51 0.52 0.49 0.50 0.58

SD (0.13) (0.14) (0.16) (0.11) (0.12) (0.08) (0.13) (0.15)

Aa Aa Bb Aa ABa ABa Ba BCab

SW Mean 0.53 0.56 0.59 0.66 0.59 0.48 0.52 0.54

SD (0.12) (0.14) (0.13) (0.09) (0.15) (0.08) (0.15) (0.12)

Aab Aab ABab Ab Bab ABa Bab BCab

SPb Mean 0.51 0.54 0.60 0.55 0.52 0.51 0.49 0.45

SD (0.10) (0.11) (0.13) (0.14) (0.15) (0.10) (0.16) (0.13)

Aab Aab ABb Aab ABab ABab ABab ABCa

SCh Mean 0.57 0.59 0.60 0.58 0.58 0.54 0.54 0.59

SD (0.13) (0.13) (0.13) (0.16) (0.16) (0.10) (0.14) (0.15)

Aa Aa ABa Aa ABa ABa Ba Ca

PW Mean 0.53 0.49 0.52 0.51 0.42 0.40 0.43 0.41

SD (0.08) (0.12) (0.12) (0.13) (0.12) (0.08) (0.10) (0.10)

Aa Aa ABa Aa ABa ABa Aba ABCa

PPb Mean 0.53 0.54 0.57 0.56 0.49 0.44 0.39 0.40

SD (0.09) (0.09) (0.10) (0.08) (0.10) (0.09) (0.10) (0.12)

Ab Ab ABb Ab ABab ABab Aba ABa

PCh Mean 0.50 0.48 0.47 0.48 0.40 0.39 0.31 0.32

SD (0.15) (0.14) (0.12) (0.13) (0.10) (0.13) (0.10) (0.09)

Ab Ab Ab Ab Aab Aab Aa Aa

Means followed by same capital letter within column or small letter in row are similar (P>.05).
Number in parentheses is standard deviation.
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produced lower roughness values after
270 and 365 days than after 7, 15, and
30 days. In general, the comparison
among groups showed that PCh had
the lowest roughness values. The log
CFU/mL mean values and standard de-
viations of C albicans after 365 days of
treatment are shown in Figure 1.

DISCUSSION

This investigation evaluated the
effect of denture-cleaning methods on
The Journal of Prosthetic Dentis
the roughness of a reline resin after
long-term chemical disinfection and
toothbrushing. No published reports
were found in with the same experi-
mental procedure, so only indirect
comparisons are possible. The method
used in this in vitro study attempted to
simulate the denture-cleaning condi-
tions encountered in daily denture care
for 1 year. The null hypothesis that the
denture-cleaning treatments would not
affect the surface roughness of a direct
reline resin was partially accepted.
try
Although brushing is the most com-
mon method of cleaning dentures,30

the abrasive action of this technique
can increase the surface roughness of
the denture base material.2,27 The wear
of the resin is related to various factors
such as the number, rigidity, and shape
of tufts and bristles, toothbrushing
load, and number of strokes. In the
present study, these parameters were
standardized for all groups so that
consistent results could be achieved.
The results showed the roughness of
the Tokuyama Rebase Fast II was
affected by W, and WCh. W showed a
significant increase in roughness at 15
days (0.60 mm) and a significant
decrease in roughness at 270 days
(0.46 mm). WCh exhibited the highest
roughness mean value (0.69 mm) at 15
days. Despite these results, the rough-
ness tended to decrease over time. This
trend may be attributable to the
diffusion of monomer into the water
and also the continuing polymeriza-
tion, which improved the mechanical
properties of the reline resin.10 The
specimens were stored in distilled water
at 37�C between treatments. Most of
the residual monomer in dental acrylic
resin leaches from the material into
saliva or water within a few
days.2,3,10,11

Toothpaste and soap have been
shown to be adequate for cleaning a
well-polished denture and for control-
ling denture stomatitis.21,23 Coconut
soap is an alkaline product without
abrasive particles. This characteristic
composition could reduce any abrasive
effect of toothpaste on the denture
surface.20 Regarding the groups that
were brushed with coconut soap solu-
tion, the results indicate no negative
effect on the roughness of the reline
material, except for SW at 30 and 180
days and SPb at 15 and 365 days.

Brushing with dentifrice is the most
common mechanical method used for
denture hygiene. Dyer et al25 suggested
that the capacity of the brush to hold
toothpaste within the filaments is a
relevant factor in toothpaste abrasion.
The complex composition of dentifrices
involves characteristics such as an
Izumida et al
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Water Sodium perborate Chlorhexidine

1 Mean and standard deviation of Candida albicans
growth after 365 days of treatment according to
toothbrush agent and chemical disinfection. For all
groups, no significant differences were found in C albicans
quantification.
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abrasive quality that is as low as
possible yet retains its cleansing and
debris removal capabilities. The Col-
gate dentifrice used in this study uses
abrasive particles of calcium carbonate,
a soft mineral, and might produce little
wear on acrylic resin.20 According to
Heath et al,20 the softened filaments of
toothbrushes reduce the load applied
to the abrasive system and produce
less wear. Furthermore, the sodium
carbonate particles of toothpaste pro-
duce a relatively low rate of wear. For
cleaning purposes, this dentifrice can
preserve the polished surface of acrylic
resin material, thereby maintaining its
hygienic benefits.26 Brushing with den-
tifrice (PPb and PCh) showed a gradual
decreased in surface roughness over
time, which was more evident at 270
and 365 days. The results also revealed
that PCh exhibited lower mean
surface roughness values than those
of other groups. The mean values
of surface roughness ranged from
0.50 to 0.32 mm. These results agree
with those of da Silva et al,19 who
observed that chlorhexidine gluconate
promoted a decrease in the superficial
roughness values of an acrylic resin.
Izumida et al
Neppelenbroek et al33 correlated this
decrease with the slow absorption of
disinfectant into the material, resulting
in some structural modification of the
polymer. These results are not in
agreement with Machado et al,36 who
observed that immersion in chlorhexi-
dine solution increased the surface
roughness of the Tokuyama Rebase
Fast II. This difference in results can be
attributed to the different concentra-
tion for CHX used by the authors.

Chlorhexidine gluconate is a bisbi-
guanide bicationic antiseptic that has a
wide spectrum of activity, controlling
secondary infection and forming a
white coating layer. This coating is
formed over the surface area within 24
hours of initiating the use of chlorhexi-
dine gluconate and may be due to
the substantiveness of the agent, form-
ing a protective barrier. According to
Jagger et al,18 a polymethyl methacry-
late surface readily adsorbs a cationic
antiseptic. Some components of the
solutions may penetrate into the acrylic
resin and soften and change the surface
morphology. In addition, immersion
time and chemical solution concentra-
tion may change the polymer structure.
Our results can be attributed to the
cross-linking of the Tokuyama Rebase
Fast II. This material contains a high
percentage of cross-linking agents. Ac-
cording to Pavarina et al,32 the cross-
linking agents reduce the acrylic resin
solubility in organic solvents, improving
the wear resistance of acrylic resin. In
addition, the dimethacrylates promote
a higher degree of conversion and
greater stability of physical properties.8

A significant decrease in roughness was
also observed with PPb, although the
results were slightly higher than those
found with PCh. Machado et al37

observed that the surface roughness
of the Tokuyama Rebase Fast II was
not affected by immersion in sodium
perborate solution. The authors attrib-
uted this result to monomer 2-acetoa-
cetoxyethyl methacrylate, which has
been used in this material with the
purpose of allowing the polymerization
to extend further.

Sodium perborate is alkaline peroxide,
which releases oxygen when peroxide is
added to aqueous solutions. In addi-
tion, the temperature recommended for
denture soaking (35 to 50�C) may
lead to a higher release of soluble com-
ponents, resulting in damage to the
acrylic resin.32 According to Jagger and
Harrison,31 effervescent agents have a
chemical and a mechanical action,
resulting in the production of bubbles by
oxygen, which could increase the mate-
rial surface roughness. Some studies
have shown that cleansers containing
sodium perborate promote an increase
in surface roughness.19,29 Machado
et al37 observed that the Kooliner and
DuraLiner II resins showed a significant
increase in roughness after 7 days of
immersion in sodium perborate. How-
ever, this effect on Tokuyama Rebase
Fast II was not detected in the present
study. These differences can be ex-
plained by comparing the composi-
tion of the monomer liquids of the
materials. Tokuyama Rebase Fast II is
a cross-linked polymer, while the above
materials contain a monofunctional
methacrylate monomer without a cross-
linking agent. Cross-linking agents have
been added to the autopolymerizing
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reline resins to improve their mechanical
properties.

Studies have shown that surface
roughness can affect the bacterial
colonization of dentures.17 The sur-
face roughness of a material is im-
portant since it can affect staining
resistance, biofilm accumulation, pa-
tient comfort and oral tissue health.28

The overall Ra values for the experi-
mental conditions of this study ranged
from 0.31 to 0.69 mm. These values
were lower than those found by Zissis
et al,28 who found mean values be-
tween 0.7 to 4.4 mm for hard reline
resins, and those of Richmond et al,24

who observed an arithmetical mean
roughness ranging from 1.36 to 9.43 mm.
In addition, Azevedo et al4 studied the
effect of disinfectants in solutions (1%
sodium hypochlorite; 4% chlorhexidine
gluconate) for 7 days on the hardness
and roughness of reline acrylic resins
(Kooliner and Duraliner II). The mean
of the surface roughness for reline
resins ranged from 0.13 to 0.60 mm.
Similarly, Felipucci et al38 observed
that the roughness of the materials
evaluated (acrylic resin and alloy) was
not affected by immersion in the solu-
tions for 180 days (Periogard, Cepacol,
Corega Tabs, Medical Interporous,
Polident, 0.05% sodium hypochlorite).
Bollen et al15 suggested a threshold
surface roughness for bacterial reten-
tion (Ra¼0.2 mm), below which no
reduction in microorganism accumu-
lation could be expected. Neverthe-
less, Quirynen et al16 observed that
an increase in bacterial colonization
would be expected to occur on a
surface with Ra roughness values of
2.2 mm. In this study, the roughness
was measured over 365 days, and
considering that the mean roughness
values were lower than or equal
to values found by other authors,24,28

the treatments used exhibited favor-
able surface characteristics, with mean
roughness values such that biofilm
formation could be minimized and the
health of residual ridge tissues could
be preserved. No significant difference
in C albicans quantification was found
in any of the evaluated groups. These
The Journal of Prosthetic Dentis
findings are in agreement with da Silva
et al,19 who observed little increase in
microbial counts with increasing sur-
face roughness.

The limitation of this in vitro study
is that only 1 reline resin was used.
Therefore, other reline and denture-
base materials should be evaluated
under the same experimental condi-
tions as described for this study.
Moreover, as the mechanism of clinical
wear of resins is complex, long-term
clinical observations should be made.

CONCLUSIONS

Within the limitations of this inves-
tigation and for the material evaluated
in this study, the following conclusions
can be drawn:

1. Brushing with dentifrice (PPb and
PCh) produced a gradual decrease in
surface roughness.

2. The comparison among groups
showed that PCh produced the lowest
values of roughness.

3. The roughness values ranged from
0.31 to 0.69 mm for all evaluated groups.

4. For all groups, no significant
differences were found in C albicans
quantification.
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