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ABSTRACT
Background: The characteristics of tissue conditioners support
microorganism development that can threaten the health of
the dentures user.
Purpose: The object of this study was to evaluate the effect
on antimicrobial activity, roughness and wettability surface of
a tissue conditioners material combined with the antimicrobial
polymer poly (2-tert-butilaminoethyl) methacrylate (PTBAEMA).
Materials and methods: Specimens of tissue conditioner
(Coe Soft ®) were divided into three groups, according to the
concentration of PTBAEMA incorporated (0, 10 and 25%).
Antimicrobial activity was assessed by adherence assay of one
of the microorganisms, Staphylococcus aureus, Streptococcus
mutans and Candida albicans. Roughness measurements
were made using a Mitutoyo SJ-400, and the mean arithmetic
roughness values (Ra) obtained were used for the comparisons.
The wettability properties were determined by contact angle
measurements.
Results: The group containing 25% of PTBAEMA inhibited
totally the S. aureus and S. mutans biofilm formation. A significant
reduction in the S. aureus (Kruskal-Wallis, p = 0,001) and
S. mutans (Kruscal-Wallis, p = 0,001) count for 10% PTBAEMA
group compared with respective control group. No significant
difference was found for C. albicans among PTBAEMA groups
and control group (ANOVA, p > 0,05). Incorporating 10 and
25% PTBAEMA increased surface roughness and decreased
contact angles (ANOVA and Tukey’s post hoc tests, α = 5%).
Conclusion: Incorporating 10% PTBAEMA into tissue condi
tioner increases wettability and roughness of tissue condi
tioner surface; and decreases the adhesion of S. mutans and
S. aureus on material surface, but did not exhibit antimicrobial
effect against C. albicans.
Significance: The PTBAEMA incorporated into tissue condi
tioner could prevent biofilm formation on elderly patient.
Keywords: Antimicrobial, Biofilm, Polymer, Roughness, Tissue
conditioner, Wettability.
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INTRODUCTION
The use of tissue conditioners has been recommended
to recover the denture base that is in contact with oral
mucosa. The principal use of these materials is to treat
and condition injured and/or postsurgery tissues in
patients with immediate complete dentures. When previously used, their resilient characteristics provided
patient comfort, reduced the friction of the complete
denture and avoided the transmission of strength to the
residual ridge. Although this is common practice, it is
also a suitable environment for the propagation of oral
microorganisms and biofilm formation, which can lead
to the appearance of denture stomatitis.1
Denture stomatitis, also known as Candida infection,
is a multifactorial etiology disease that is mainly caused
by Candida albicans. Previous studies have also shown
the prevalence of other species of microorganism on the
inner surface of complete dentures. Streptococcus mutans
and Staphylococcus aureus are also responsible for denture
stomatitis.2,3
Several studies have investigated the addition of
antimicrobial agents into denture material to reduce or to
avoid microorganism development on the surface of the
prostheses material.4-8 Others have added antimicrobial
agents to tissue conditioners.9,10
Poly (2 tert-butylaminoethyl) methacrylate (PTBAEMA)
is a polycationic polymer that acts as a substitute for low
molecular weight biocides. It works on the permeability
of the microorganism membrane cell, causing damage
and even death.11 The polymer provides the advantage
of low toxicity and is documented as causing no bacterial
resistance.8,11,12 In a previous report, PTBAEMA was
successfully incorporated into polyethylene or stainless
steel surfaces.11,13 In addition, the polymer has also exhibited
highly antimicrobial properties against Escherichia coli and
S. aureus11,13 and S. mutans in denture base resin. Marra et al7
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also observed antimicrobial properties against S. mutans
and S. aureus when incorporating PTBAEMA in denture
base resin, with no activity against C. albicans.
Paleari et al8 found the presence of amino groups
when TBAEMA was incorporated into the denture
base resin. The literature confirms that polymers func
tionalized with the association between pendent amino
groups and high antimicrobial activities. The presence of
amino groups caused the disorganization of the bacterial
membrane and eventually, its death.6,7
Thus, tissue conditioners could possibly exhibit activity against oral microorganisms after the incorporation
of PTBAEMA into the material. The literature reveals that
polymers functionalized with the association between
pendent amino groups and high antimicrobial activities.
The presence of amino group caused the disorganization
of the bacterial membrane and, eventually, its death.6,7,12
The aim of the present study was to assess the effect
of a tissue conditioner material, combined with the
antimicrobial polymer poly (2-tert-butilaminoethyl)
methacrylate (PTBAEMA), on antimicrobial activity,
roughness and wettability surface. The null hypothesis
tested was that the incorporation of PTBAEMA would
have no effect on the roughness or wettability and would
inhibit the formation of S. aureus, S. mutans and C. albicans
biofilm.

MATERIALS AND METHODS
Specimen Fabrication
After conducting a pilot study, it was determined that
27 disks (15 mm in diameter and 3 mm thick) of a tissue
conditioner material (Coe Soft GC America Inc, USA)
would be produced and divided into three groups, (n = 9),
according to the PTBAEMA incorporation: 0% (control);
10 and 25%9 (Table 1).
A metal mold was used to obtain disk-shaped objects
of the tissue conditioner material, which were placed
between two glass slides. After the polymerization, all
specimens were presterilized using ultraviolet light and
the surface roughness and contact angle were measured.

Surface Roughness Measurements
The roughness of the surface was measured using a
profilometer (Mitutoyo SJ-400, Mitutoyo Corporation,
Tokyo, Japan) with resolution of 0.01 mm, at a stylus speed
of 0.5 mm/s, a cut-off length of 2.4 mm, and a diamond
stylus tip radius of 5 µm. This method was conducted
by scanning a diamond stylus across the surface under
a constant load and then computing the numeric values
representing the roughness of the profile as Ra (µm). The
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Table 1: Mean and standard deviation values of roughness and
contact angle with 0, 10 and 25% PTBAEMA incorporated. The
same letters represent statistical similarity (ANOVA and Tukey’s
post hoc tests, α = 5%)
0%
10%
25%
Roughness
3.79 (± 0.7)a 5.66 (± 0.64)b 5.40 (± 0.69)b
Contact angle 58.6 (± 5.3)A 49.5 (± 2.9)B
48.9 (± 1.6)B
Identical letters denote no significant differences among groups.
Different letters denote significant differences among groups

Ra value describes the overall roughness of a surface and
is defined as the arithmetic mean value of all absolute
distances of the roughness profiles from the center line
within the measuring length.14

Contact Angle Measurements Method
The contact angle measurement method was used to
characterize the surface wettability. A liquid drop was
placed onto a substrate using a microsyringe. Droplets
of deionized water (volume of ~ 1.0 μl) were used to
measure the contact angle. An automated goniometer
(Ramé-hart 200, Ramé-hart instrument co, Netcong, New
Jersey, USA), connected to a computer, was used to measure the contact angles produced by the droplets on the
specimens. A charge-coupled Device (CCD) camera was
used to record the image of the droplets on the surface
and the analyses were performed using DROP image
Standard software (Ramé-hart instrument co, Netcong,
New Jersey, USA).14
These measurements were carried out optically with
an accuracy of ± 1°. Three drops were placed at different
random locations on each sample and the mean value was
then determined. This procedure took into account the
possible non-uniformity of the surface probed by the contact angle. All of these experiments were carried out by
the same operator in a controlled temperature (25 ± 1°C).

Adherence Assay
Three standard strain microorganisms were tested:
S. aureus ATCC 25923; S. mutans ATCC 25175 and
C. albicans ATCC 90028. Microbial suspensions were
obtained from single colonies isolated on agar plates,
which were inoculated in the appropriate broth (overnight cultures) at 37ºC. S. mutans was grown in Mitis Salivarius Bacitracin (Difco) whereas C. albicans was grown in
Sabouraud Dextrose Agar (HIMEDIA) and the S. aureus
strain grew in Tryptic Soy Broth (HIMEDIA). Microbial
suspensions were adjusted to 107cfu/ml by adjusting the
optical density to 600 nm for bacterium and 540 nm for
fungi with a spectrophotometer (Biophotometer plus;
Eppendorf Hauppauge, NY, USA).
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Antimicrobial Activity
Each specimen was inoculated with one of the tested
microorganisms (S. aureus, S. mutans and C. albicans) in
presterilized, 12-well polystyrene flat-bottomed microtiter plates, with 2 ml of standard cell suspension
(107cfu/ml), in an orbital shaker for 1.5 hours at 37ºC and
75 rpm. After the adhesion phase, each sample was
washed twice with 2 ml phosphate-buffered saline
(PBS, pH 7.2). To promote biofilm growth, 2 ml of the
appropriate fresh broth was added to each well and
incubated at 37°C and 75 rpm for 48 hours under aerobic conditions (S. aureus and C. albicans) or anaerobic
conditions (S. mutans). After incubation, each specimen
was gently washed twice with PBS and transferred to
a sterile tube with 4.5 ml sterile PBS and then vortexed
vigorously for 1 minute to remove adherent colonies.
Serial dilutions were made for each specimen solution and
10 µl of each 10 –7 – 10 –1 solution was plated in duplicate
on three selective media: Mannitol Salt Agar for S. aureus;
Mitis Salivarius Bacitracin for S. mutans and Sabouraud
Dextrose Agar containing 5 µg/ml of chloramphenicol
for C. albicans. After 48 hours of incubation at 37°C under
aerobic and anaerobic conditions, the bacterial and yeast
colony counts of each plated specimen were quantified.
The colony forming units per millimeter (cfu/ml) were
then calculated.6,7
No homogeneity of variances was observed for the
three species assessed (Levene test, p < 0.05). Consequently, no parametric tests were performed. The S. aureus and
S. mutans results were compared using the Kruskal-Wallis
test and the C. albicans results were compared using the
ANOVA test. All analyses were performed with a = 0.05.

RESULTS
Table 1 displays the effect of PTBAEMA incorporation
into tissue conditioner specimens on the surfaces by
roughness and wettability.
Table 2 displays the results obtained for the groups
with 0, 10 and 25% of PTBAEMA in the tissue conditioner
specimens and each microorganism.
The roughness data and the mean contact angle values of each group were compared by one-way analysis
of variance (ANOVA), followed by Tukey’s post-hoc test,
with the level of significance set at 5% (Table 1).
The statistical analysis demonstrated that the incor
poration of PTBAEMA increased the roughness of tissue
conditioner surfaces with significant differences (p <
0.001). No differences were found between the groups
PTBAEMA 10% and PTBAEMA 25% (Tukey’s test, p =
0.685) (Table 1).

Table 2: Mean (standard deviation) of the number of log (CFU/ml)
for Staphylococcus aureus and Staphylococcus. mutans (KruskalWallis test, p = 0.001) and for Candida albicans (ANOVA test, p > 0.05)
Groups
S. aureus
S. mutans
C. albicans

0%
6.51 (± 0.36)a
3.44 (± 0.64)A
5.14 (± 0.24)c

10%
2.77 (± 2.14)b
0.80 (± 1.65)B
5.22 (± 0.13)c

25%
0.00 (± 0.00)b
0.00 (± 0.00)B
5.26 (± 0.20)c

Identical letters denote no significant differences among groups.
Different letters denote significant differences among groups

Furthermore, the incorporation of PTBAEMA made
the material surfaces more wettable. Table 1 displays the
contact angle measurements obtained for the groups
with 0, 10 and 25% PTBAEMA. Significant differences
(p < 0.05) were detected between the groups (Group 0%
= 58.6° ± 5.3A, group 10% = 49.5° ± 2.9B, group 25% 48.9°
± 1.6B) (Table 1).
Significant antimicrobial activity was observed with
specimens containing 10% of PTBAEMA in comparison
to the corresponding control groups (Kruskal-Wallis Test,
p < 0.05) in terms of S. aureus and S. mutans biofilm formation. In addition, the 25% PTBAEMA group exhibited
no viable biofilm bacteria cells (Table 2). However, there
was no significant difference between the groups for the
C. albicans viable biofilm cells (Control group: 5.14 ± 0.24;
group 10%: 5.22 ± 0.13; group 25%: 5.26 ± 0.20) (ANOVA
test, p > 0.005).

DISCUSSION
The microbiological assay in the present study showed
that the group containing 10% PTBAEMA significantly
reduced the number of viable cells of S. aureus and
S. mutans on the specimens’ surfaces when compared
with the control group (0% PTBAEMA). Complete inhi
bition of S. aureus and S. mutans biofilm formation was
observed in the group with 25% PTBAEMA. In 2006,
Seyfriedsberger also found antimicrobial activity of
PTBAEMA incorporated into polyethylene surfaces. The
author observed a reduction of the CFU/ml of S. aureus to
zero after 24 hours of contact with a polyethylene surface
with PTBAEMA.
Several studies have confirmed that PTBAEMA exhibits antimicrobial activity. Ignatova et al13 observed a
reduction of S. aureus adsorption by 99.9%. In 2011, Paleari
et al8 concluded the incorporation of TBAEMA results in
the presence of potentially antimicrobial amino groups
on specimen surfaces of an acrylic resin. Compagnoni
et al6 demonstrated that the incorporation of PTBAEMA
into acrylic resins decreased the adhesion of S. mutans
and S. aureus biofilms on denture surfaces, but did not
exhibit an antimicrobial effect against C. albicans. Marra
et al7 reported that acrylic resin combined with 10 and
25% PTBAEMA exhibited significant antimicrobial acti-
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vity against S. aureus and S. mutans biofilms, but was
inactive against the C. albicans biofilm. The mechanism
of PTBAEMA antimicrobial activity was explained by
Lenoir et al.12 The polymer is a polycationic substance that
contains pendant amino groups which act as an efficient
contact biocide. The divalent cations Ca2+ and/or Mg2+
that cross-bridge the outer membrane of the bacteria are
replaced by the charged amino groups of PTBAEMA, followed by membrane disorganization and lysis of the cells.
The present study documented that the biofilm
C. albicans development on tissue conditioner surface
revealed no differences between the control group
and the 10% PTBAEMA and 25% PTBAEMA groups,
confirming the null hypothesis for this microorganism.
Similar results were found by Marra et al,7 who stu
died the biofilm formation of S. aureus, S. mutans and
C. albicans on acrylic resin surfaces with different PTBAEMA concentrations and demonstrated that the CFU/
ml of C. albicans did not decrease with higher PTBAEMA
concentrations.
Despite these results, several studies have explained
that the oral cavity is not colonized and infected by a
single living cell, but rather as a complex structured
microbial community. There are more than 500 species
of microorganisms that comprise the oral flora with a
pellicle, dynamic temperature, nutrition, the substratum
type and saliva all involved in the biofilm formation.15-17
In vivo, the presence of saliva conditioning films seemed
to favor the initial adherence of bacteria, followed by
epithelial cells and yeast cells admixed in an extracellular
matrix.16 In vitro, Pereira et al18 used scanning electron
microscopy and reported that the multi-species biofilm of
C. albicans, S. aureus and S. mutans were formed by yeast
cells and aggregated bacteria on the substratum, with
abundant extracellular matrix. The single species biofilm
exhibited a few cells on the substratum and a decreased
extracellular matrix.
A number of authors have shown that S. mutans
increased Candida biofilm formation.15-19 During initial
colonization, a synergistic beneficial process operates
between S. mutans and C. albicans over short periods. After
competition for longer periods, S. mutans is outcompeted
by C. albicans.19
Ishijima et al20 suggested that S. Salivarius K12 may
inhibit the process of adhesion to denture acrylic by
mechanisms not associated with antimicrobial activity.
Significant reductions of S. mutans biofilm were observed
in the present study. It is possible that an alteration of the
structure biofilm on material surface with PTBAEMA
could be found in a mixed microorganism assay with
C. albicans and S. mutans biofilm.
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The present study also assessed the physical and
microbiological influence of PTBAEMA incorporation
into a tissue conditioner with different concentrations,
through the roughness and wettability measurement
method. These factors are directly related to the initial
phase of microorganism adhesion. The antimicrobial
activity of PTBAEMA incorporated against the biofilm
development of C. albicans, S. mutans and S. aureus were
also studied.
The results showed that the incorporation of PTBAEMA into a tissue conditioner increased the surface roughness. These results were also found by Pero et al21 when
the author incorporated PTBAEMA into an acrylic resin
and observed a significant increase in surface roughness.
This aspect can interfere with microbial colonization
and the maturation of biofilm on denture surfaces,22,23
since the initial adhesion of microorganisms is directly
influenced by the surface roughness.24
According to Teughels et al,17 the surface roughness on
the biofilm formation is impacted by several factors: the
initial adhesion of bacteria starts where they are sheltered
against shear forces; roughening of the surface increases
the area available for adhesion; a rough surface is more
difficult to clean.
The mean values for tissue conditioner roughness25
ranged from 2.8 to 4.2 mm. Kang et al26 reported that
roughness does not interfere with the C. albicans biofilm
adhesion on tissue conditioner surfaces when there is a
controlled roughness (Ra <~ 1.5 mm). The results of the
present study were within the acceptable limits. Moreover, Pavan et al27 suggested that roughness is not the
main factor in microorganism adhesion.
The results of contact angle measurements on the
surface of tissue conditioners are in agreement with
previous studies.6,21
As found by Compagnoni et al6 and Pero et al,21 the
incorporation of 10% of PTBAEMA into tissue conditioners
modifies two properties of this surface. Roughness was
increased while the contact angle was reduced, making
the surface more hydrophilic. This property makes the
surface more susceptible to biofilm formation.17
Yoshijima et al28 suggested that hydrophilic coating of
denture surfaces could reduce the adherence of relatively
hydrophobic hyphal fungi, particularly C. albicans, which
is the main microorganism associated with denture
stomatitis. These findings demonstrate that the exact
mechanism by which the adhesion of microorganisms
occurs is dependent on other factors related to the substrate, such as surface free energy, surface tension and
electrostatic interactions.6,23,29-31
Within the limitations of the present study, favorable
outcomes were observed indicating that PTBAEMA could
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be used in association with tissue conditioners, since
Streptococcus sp are considered a fundamental building block of initial oral biofilms and S. aureus produces
substantial morbidity and mortality in hemodialysis
patients.32,33
In conclusion, the PTBAEMA incorporated in tissue
conditioners increased the roughness of surfaces and
the wettability. Significant antimicrobial activity against
S. aureus and S. mutans was recorded when 10 and 25%
of PTBAEMA were added to the material, but there was
no significant effect on the C. albicans biofilm formation.
The results demonstrated a potential use of PTBAEMA
to improve the oral health of elderly patients. Currently,
there is no research exploring this antimicrobial material
for prosthesis. Further, studies should be conducted to
assess the cytotoxicity of PTBAEMA.
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