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Abstract
Purpose: The aim of this study was to evaluate the effect of three denture hygiene
methods against different microbial biofilms formed on acrylic resin specimens.
Materials and methods: The set (sterile stainless steel basket and specimens) was
contaminated (37◦C for 48 hours) by a microbial inoculum with 106 colony-forming
units (CFU)/ml (standard strains: Staphylococcus aureus, Streptococcus mutans, Es-
cherichia coli, Candida albicans, Pseudomonas aeruginosa, and Enterococcus fae-
calis; field strains: S. mutans, C. albicans, C. glabrata, and C. tropicalis). After inocu-
lation, specimens were cleansed by the following methods: (1) chemical: immersion in
an alkaline peroxide solution (Bonyplus tablets) for 5 minutes; (2) mechanical: brush-
ing with a dentifrice for removable prostheses (Dentu Creme) for 20 seconds; and (3)
a combination of chemical and mechanical methods. Specimens were applied onto a
Petri plate with appropriate culture medium for 10 minutes. Afterward, the specimens
were removed and the plates incubated at 37◦C for 48 hours.
Results: Chemical, mechanical, and combination methods showed no significant dif-
ference in the reduction of CFU for S. aureus, S. mutans (ATCC and field strain), and
P. aeruginosa. Mechanical and combination methods were similar and more effective
than the chemical method for E. faecalis, C. albicans (ATCC and field strain), and C.
glabrata. The combination method was better than the chemical method for E. coli
and C. tropicalis, and the mechanical method showed intermediate results.
Conclusion: The three denture hygiene methods showed different effects depending
on the type of microbial biofilms formed on acrylic base resin specimens.

Denture biofilm is defined as a dense microbial layer com-
prising 1011 microorganisms per gram in wet weight and their
metabolites.1 The biofilm formed with Candida species has
been shown to be a causative factor in denture stomatitis.2

Several oral bacteria have also been found to be important in
this disease process.3 In addition, it has been pointed out that
the colonization of oral surfaces, including intaglio surface of
dentures, could serve as a reservoir for disseminated infec-
tions.4 Appropriate denture hygiene is an important factor for
maintaining mucosal tissue health as well as overall health,
particularly in the elderly.5

Dentures can be cleaned mechanically, chemically, or by a
combination of the two.4 A significant feature of the chemical
method is the variety of possible active agents. Previous stud-
ies have evaluated enzymes,6-8 hypochlorite solutions,6,9-11 and

peroxide solutions.6,11-13 Effective disinfection can be attained
by 0.5% sodium hypochlorite.6,10,11 Enzymes have shown less
antimicrobial activity than sodium hypochlorite6 and perox-
ides,7 despite early reports of their potential usefulness as den-
ture cleansers.8 On the other hand, alkaline peroxide solutions
present good antimicrobial activity against denture biofilm,
comparable with that of sodium hypochlorite solutions.11 This
property, in addition to the absence of odor and aftertaste, makes
peroxide solutions good choices for denture cleansing.

The efficacy of denture hygiene methods has been examined
by means of an in vivo accumulated-plaque model6,14,15 and an
in vitro microbial model;7,8,16,17 however, controversial results
were attained as in vivo denture biofilm is a mixed-species com-
munity. Some in vitro assays have focused on a limited number
of isolated species, such as Candida albicans.7,8 A possible
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source of controversy is that some species are more sensitive
to certain substances than others, such as monocaprin against
C. albicans.15 A previous study found better antimicrobial per-
formance of alkaline peroxides when compared to brushing.16

However, this report was restricted to anaerobic bacteria; the
same assay could yield different results with aerobes. Another
important limitation of several studies is the comparison of a
chemical method with only one negative control, as opposed to
comparing with another treatment modality, such as brushing
or another substance.8,14,15,17

In summary, previous comparisons among a small number
of microbial species or the employment of in vivo designs
has not thoroughly elucidated the antimicrobial effect of den-
ture cleansing methods. The aim of this study was to evaluate
the effect of three denture hygiene methods against microbial
biofilm formed on the surface of acrylic resin specimens. The
null hypothesis for each microorganism was that the colony-
forming units (CFU) obtained from specimen surfaces would be
the same following the three methods tested, that is, chemical,
mechanical, or their combination.

Materials and methods
Specimen fabrication and sterilization

Two hundred and twenty cylindrical denture base acrylic resin
specimens were obtained by means of wax patterns with the
same dimensions (diameter 15 mm, width 4 mm). Hard wax
(Wilson, Polidental Ind. Com Ltda., São Paulo, Brazil) was
melted and poured in a stainless steel mold. Patterns were in-
vested in a metallic flask No. 6 (Jon, São Paulo, Brazil) and
type III dental stone (Herodent, Vigodent S/A Ind. Com, Rio
de Janeiro, Brazil). A layer of type IV dental stone (Herostone,
Vigodent S/A Ind. Com) was applied around the patterns to
avoid stone fragments in the acrylic resin. After the investing
material had set, the flask halves were separated, and wax was
removed with boiling water and liquid detergent. Two coats of a
separating medium (Al-quote, Dentsply Ind. Ltda., Petrópolis,
Brazil) were applied on the stone surfaces. Heat-processed
acrylic resin (Vipi, Dental Vipi Ltda., Pirassununga, Brazil)
was mixed according to the manufacturer’s recommendations
and packed into the stone mold. A hydraulic press (PM-2000,
Techno Máquinas Ltda., Vinhedo, Brazil) was used for packing
the denture base resin at 1250 kgf, maintained for 30 min-
utes. Specimens were then polymerized by a conventional heat
method with metal flasks in an automatic polymerization water
tank (Ribeirão Preto Dental School, Ribeirão Preto, SP, Brazil)
at 65◦C for 1 hour, followed by a stage at 100◦C for half an
hour.

All specimens were bench cooled overnight before deflask-
ing. They were then deflasked and immersed in distilled wa-
ter at 50◦C for 24 hours for residual monomer elimination.
The excess resin was trimmed with a bur (Maxi-Cut, Malleifer
SA, Ballaigues, Switzerland) and one of the surfaces was fin-
ished using 180-, 220-, 360-, and 400-grit wet/dry sandpapers
(Norton, Saint-Gobain Abrasivos Ltd., Guarulhos, Brazil), and
polished on a wet rag wheel with pumice slurry followed by
calcium carbonate. Polishing was carried out for a better vi-
sualization through the specimens. This procedure intended

Table 1 Origin and morphotype of microorganisms

Code Microorganisms Origin Morphotype

St Staphylococcus aureus ATCC 6538 Gram-positive cocci
Smp Streptococcus mutans ATCC 25175 Gram-positive cocci
Sm Streptococcus mutans Field strain Gram-positive cocci
Ef Enterococcus faecalis ATCC 10541 Gram-positive cocci
Ec Escherichia coli ATCC 10538 Gram-negative rod
Pn Pseudomonas aeruginosa ATCC 2327 Gram-negative rod
Cap Candida albicans ATCC 1023 Yeast
Ca Candida albicans Field strain Yeast
Cg Candida glabrata Field strain Yeast
Ct Candida tropicalis Field strain Yeast

ATCC: American Type Culture Collection.

to prevent incomplete contact between acrylic resin and solid
culture media during the microbial counting stage. The other
surface was employed for microbial counting and did not re-
ceive polishing. This way, it simulated the intaglio surfaces of
a complete denture.

Specimens were sterilized with ethylene oxide gas. The
hygiene methods’ efficacies were evaluated against standard
strains of American Type Culture Collection (ATCC) and field
strains (Table 1). These microorganisms have been used to an-
alyze the antimicrobial activity of diverse biocides and/or have
been found in the oral cavity and dental prostheses.

Contamination of the specimens

Five specimens were placed into a stainless steel basket (6.0-cm
length × 3.0-cm width × 3.0-cm height) with six compartments
(2.0 × 1.5 cm2) and an appropriate cover. This basket was
employed for the formation of biofilm without sedimentation
of microorganisms onto the specimens’ surfaces, as long as
the biofilm formation occurred in static culture. The set was
completely immersed in a container with culture medium broth
(200.0 ml) with 1.0% microbial inoculum at 0.5 McFarland
scale, which corresponds to 106 CFU/ml. After incubation at
37◦C for 48 hours, the baskets containing the contaminated
specimens were then dried by placing them in Petri plates with
filter papers.

Experimental and control groups

The set containing the contaminated specimens (n = 5 for each
microorganism) was randomly assigned to one of the cleansing
methods evaluated, as follows:

(1) Chemical method: the contaminated specimens were
transferred to a sterilized basket, which was immersed in a
container with 200 ml of distilled sterilized water at 37◦C
and one effervescent tablet of alkaline peroxide (Bony-
plus, Bonyf GAC, Vaduz, Liechtenstein) for 5 minutes.
Volume, temperature, and time of immersion followed
manufacturer’s recommendations.

(2) Mechanical method: the contaminated specimens were
brushed on all faces with a soft-bristle toothbrush (Tek,
Johnson & Johnson Ltd, São José dos Campos, Brazil) for

428 Journal of Prosthodontics 18 (2009) 427–431 c© 2009 by The American College of Prosthodontists



Oliveira Paranhos et al Effect of Denture Cleaning Methods on Biofilms

20 seconds. A new toothbrush was used for each speci-
men, associated with a specific dentifrice for removable
prostheses (Dentu Creme, Dentco, Inc., Jersey City, NJ).
Fifty microliters of distilled sterilized water were also
used for wetting the bristles. After brushing, the speci-
mens were then transferred to a sterilized basket, which
was immersed in a container with distilled sterilized water
for 5 minutes.

(3) Combination method: the contaminated specimens were
first submitted to the mechanical method, followed by the
chemical method.

The other part of the sample was assessed as an experimental
control carried out simultaneously for the treatment groups for
each microorganism. It was divided in two groups:

(1) Negative control: The intent of this group was to con-
firm sterilization of the specimens. Previous immersion
in culture broth and incubation was similar to the other
groups, except for the absence of inoculum. Ten sets of
two sterilized specimens were transferred to a container
with distilled and sterilized water (200.0 mL) for 5 min-
utes.

(2) Positive control: five specimens for each microorganism
were transferred to another sterilized basket, which was
immersed in a container with distilled and sterilized water
(200.0 mL) for 5 minutes.

Regardless of the group, each set was dried in Petri plates
(20 × 100 mm2) with filter papers. This procedure was similar
for the three treatment groups and the two control regimens.

Microbial counting

For all specimens, the nonpolished surface was placed in con-
tact with appropriate culture medium contained by a 20 ×
100 mm2 Petri plate. Specimens were discarded after 10 min-
utes, the Petri plates were incubated at 37◦C for 48 hours, and
next, the number of CFU was counted. The culture media used
in Petri plates to recover/count the different microorganisms
from specimens were: Ni18 for Streptococcus aureus; SB2019

for S. mutans; Mueller Hinton agar (Oxoid, Basingstake, Hamp-
shire, United Kingdom) for Enterococcus faecalis, E. coli, and
Pseudomonas aeruginosa; and agar Sabouraud (Difco, Detroit,
MI) for Candida spp.

Statistical methods

The data obtained for microbial counts were expressed accord-
ing to an ordinal scale. The following values were considered:
(1) no microbial growth (0 CFU), (2) slight growth (1 to 20
CFU), and (3) large growth (more than 20 CFU). Values of
each microorganism were grouped and analyzed according to
the different hygiene methods by the Kruskal-Wallis test. Mul-
tiple comparisons were performed when indicated according to
the Dunn test. Procedures were performed with α = 0.05. Data
were analyzed with GraphPad InStat 3.06 (GraphPad Software
Inc., San Diego, CA).

Table 2 The number of denture base resin specimens according to an

ordinal scale of microbial contamination

Hygiene method (CFU)

Chemical Mechanical Combination

Code 0 1–20 >20 0 1–20 >20 0 1–20 >20

St 3 2 0 3 2 0 5 0 0
Smp 0 0 5 0 0 5 0 0 5
Sm 0 0 5 0 0 5 1 1 3
Ef 0 1 4 5 0 0 5 0 0
Ec 0 1 4 0 3 2 1 4 0
Pn 0 0 5 0 3 2 0 1 4
Cap 0 0 5 2 3 0 0 5 0
Ca 0 0 5 4 1 0 2 3 0
Cg 0 0 5 1 4 0 2 3 0
Ct 0 0 5 0 2 3 0 5 0

St = S. aureus; Smp and Sm = S. mutans (ATCC and field); Ef = E.
faecalis; Ec = E. coli; Pn = P. aeruginosa; Cap and Ca = C. albicans
(ATCC and field); Cg = C. glabrata; Ct = C. tropicalis.

Table 3 Comparison among hygiene methods against microorganisms

Mean ranks Kruskal-Wallis test

Microorganisms I II III KW p value

S. aureus 9.4 8.6 6.0 2.62 0.270 ns
S. mutans 8.0 8.0 8.0 0.00 1.000 ns
S. mutans (field) 9.0 9.0 6.0 4.29 0.117 ns
E. faecalis 13.0 (A) 5.5 (B) 5.5 (B) 13.64 0.001∗

E. coli 11.10 (A) 8.3 (AB) 4.6 (B) 6.75 0.034∗

P. aeruginosa 10.0 5.5 8.5 4.46 0.108 ns
C. albicans 13.0 (A) 4.5 (B) 6.5 (B) 12.15 0.002∗

C. albicans (field) 13.0 (A) 4.5 (B) 6.5 (B) 11.17 0.004∗

C. glabrata (field) 13.0 (A) 6.0 (B) 5.0 (B) 11.08 0.004∗

C. tropicalis (field) 11.5 (A) 8.5 (AB) 4.0 (B) 9.50 0.009∗

I = chemical method; II = mechanical method; III = combination
method; ns = nonsignificant difference, p > 0.05; ∗significant differ-
ence, p < 0.05. Values with same capital letter are not significantly
different (Dunn test, p < 0.05).

Results
As presented in Tables 2 and 3, the Kruskal-Wallis test failed
to find significant differences among chemical, mechanical,
and combination methods for S. aureus, S. mutans (ATCC and
field strain), and P. aeruginosa. Additionally, mechanical and
combination methods were similar and more effective than the
chemical method for E. faecalis, C. albicans (ATCC and field
strain), and C. glabrata. Moreover, the combination method was
better than the chemical method for E. coli and C. tropicalis,
and the mechanical method attained intermediate results.

No microbial growth (score “1”) was observed for the nega-
tive control group, either in culture broth or Petri plates. For the
positive control, all specimens resulted in large growth (score
“3”). These results confirm that the sterilization and contami-
nation procedures were adequate.
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Discussion
In this study, the data support rejection of the null hypothesis
for six microorganisms. It was shown that the three denture hy-
giene methods presented variations in antimicrobial activities,
depending on the type of microbial biofilms formed on acrylic
base resin specimens.

The combination method was more effective than the chemi-
cal method for E. faecalis, E. coli, C. albicans (ATCC and field
strain), C. glabrata, and C. tropicalis. This is in agreement
with Lee et al,20 who stated that the combination of brushing
and chemical methods was the most effective type of denture
hygiene method. A clinical trial recently pointed out that the
brushing method has a better effect regarding denture hygiene
than immersion in a peroxide solution;21 however, some clini-
cal studies have found that brushing alone is less effective than
soaking in reducing microbial counts.16,22,23 A possible reason
for these different results is the set of participants’ characteris-
tics, that is, brushing can be influenced by patients’ dexterity.
Besides, diverse information on cleansing methods can also
be provided through verbal information and/or through visual
demonstration, and this can influence outcomes.24

E. coli is found as a transient microbiota in the oral cav-
ity25 and is able to promote initial adherence of yeasts on host
surfaces.26 Furthermore, E. faecalis is able to colonize sev-
eral sites, including the oral cavity,27 and has been associated
with oral mucosal lesions in immunocompromized subjects.28

In this study, a better reduction for both species was attained
by means of the combination method; however, the combina-
tion and mechanical methods were similar against E. faecalis,
which implies a minimal effect of the chemical method. For E.
coli, intermediate results for the mechanical method indicate
that immersion in a peroxide solution contributed to a further
antimicrobial effect than shown by the combination method.

Yeast counts were high following the chemical method, but
further reduction was attained by brushing. This points out that
the mechanical method should be recommended for removal of
Candida species from acrylic resin surfaces; however, this does
not mean that the tested chemical method is ineffective. It was
reported that peroxide solutions are able to reduce C. albicans
from denture bases;17 however, soaking should be combined
with brushing to control candidal growth more effectively.

Specimen hygiene with chemical, mechanical, and combi-
nation methods showed no statistically significant difference
in the counts for S. aureus, S. mutans (ATCC and field strain),
and P. aeruginosa. The considerable counts found for S. mutans
and P. aeruginosa could be a consequence of a higher resistance
against denture cleansing methods when compared with other
species.

In this study, S. mutans (field strain) was not affected dif-
ferently by the tested methods. Some effect might be expected
after the use of peroxide solution29 or brushing;30 however, it
can be stated that it is a relatively resistant microorganism, and
none of the tested cleansing protocols was able to reduce it to
low levels. A possible reason for this resistance is the synthesis
of extracellular polysaccharides.31

Both S. aureus and P. aeruginosa can lead to opportunistic
infections associated with a decrease in immune function.32

Diverse microorganisms have been used as indicators for den-

ture disinfection effectiveness.33 Thus, careful hygiene methods
should not preclude disinfection protocols when dentures are
transferred from a dental laboratory to patients.

Microbiological assessment was based on the nonpolished
surface of the acrylic resin specimens. This procedure intended
to simulate the intaglio surface of removable dentures, as differ-
ent degrees of polishing may influence microorganism adher-
ence.34 There is a significant association between C. albicans
adhesion and denture base acrylic resin roughness.35,36

The procedures that have been used in studies on the ef-
fect of cleansing methods on denture plaque include placing
the contaminated specimen in a sterile container with sterile
saline, vortex-mixing, serial dilutions of the sonicate, plating
on culture medium, incubation, and counting of microorgan-
isms (CFU/ml).33,34 The method used in this study (applying
the nonpolished surface of the specimens onto a Petri plate with
appropriate culture medium for 10 minutes), although simple,
has disadvantages. The resolution is lower, since no continuous
quantitative variable as log CFU could be obtained. In addi-
tion, an ordinal scale, with a cut-off point of only 20 CFU,
had to be used because of the distribution of results found for
the Petri dishes. Two distinct microbial growth patterns were
found. Some specimens resulted in slight growth, with a max-
imum of 20 CFU, while several specimens presented intense
growth that resulted in colony aggregation, which made count-
ing impossible.

The sample size of this study demanded a nonparametric
analysis. The reduced number of specimens does not provide a
descriptive procedure based on median and quartiles. Therefore,
an ordinal scale was used, as data do not allow a parametric
description, that is, mean and standard deviation; however, the
use of specimens in a stainless steel basket was a useful and
inexpensive method to simulate denture biofilm, as well as to
evaluate a large variety of hygiene methods.

Another significant limitation of this study was that mixed
microbial biofilms were not assessed. In the oral cavity, mi-
croorganisms exist in polymicrobial communities and different
species interact in a complex manner to modulate biofilm na-
ture.37 It was found that some of the analyzed microorganisms
displayed distinct responses against denture cleansing meth-
ods. Thus, further studies should look at the in vitro response
of mixed communities. Another possibility is the molecular
analysis of biofilm composition38 as an outcome variable for
clinical trials on denture hygiene.

Conclusion
The three denture hygiene methods showed different effects
depending on the type of microbial biofilms formed on acrylic
resin specimens. The combination method provided results sim-
ilar to the mechanical method and was more effective than the
chemical method for the majority of the tested species (E. fae-
calis, E. coli, C. albicans [ATTC and field strain], C. glabrata,
and C. tropicalis).
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