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PURPOSE. The aim of this study was to investigate the destructive effects of biofilm formation and/or biocorrosive
activity of 6 different oral microorganisms. MATERIALS AND METHODS. Three different heat polymerized
acrylic resins (Ivocap Plus, Lucitone 550, QC 20) were used to prepare three different types of samples. Type “A”
samples with “V” type notch was used to measure the fracture strength, “B” type to evaluate the surfaces with
scanning electron microscopy and “C” type for quantitative biofilm assay. Development and calculation of
biofilm covered surfaces on denture base materials were accomplished by SEM and quantitative biofilm assay.
According to normality assumptions ANOVA or Kruskal-Wallis was selected for statistical analysis (@=0.05).
RESULTS. Significant differences were obtained among the adhesion potential of 6 different microorganisms and
there were significant differences among their adhesion onto 3 different denture base materials. Compared to the
control groups after contamination with the microorganisms, the three point bending test values of denture base
materials decreased significantly (P<.05); microorganisms diffused at least 52% of the denture base surface. The

highest median quantitative biofilm value within all the denture base materials was obtained with P. aeruginosa
on Lucitone 550. The type of denture base material did not alter the diffusion potential of the microorganisms
significantly (P>.05). CONCLUSION. All the tested microorganisms had destructive effect over the structure and
composition of the denture base materials. [J Adv Prosthodont 2013;5:140-6]
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INTRODUCTION

Polymethyl methacrylate (PMMA) is primarily used for
removable partial and complete denture fabrication as a
base material. Reinforcements such as fibers, glass' and
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polyethylene or activation and processing techniques such
as injection-molding and microwave?® activation provided
new benefits in polymer knowledge. However, this material
still has some limitations about mechanical properties such
as dimensional stability, color and flexural strength.

Eventually fracture of acrylic resin denture base is
known to be the common clinical problem in prosthodon-
tic practice. Causes of such fractures are known to be relat-
ed to porosity, residual monomer, poor fit of denture base,
occlusal imbalance, design and fabrication failures, material
choices, stress after long clinical usage and accidents.™
Besides, in certain circumstances before complete fracture,
a crack formation may be propagated bound to different
types of stresses that denture base materials are subjected
to. It is known that rough surfaces present suitable condi-
tions for microorganism colonisation and/or biofilm for-
mation,> denture base cracks may become to be one of the
best sites for microorganism propagation.
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Biofilm is a microbial community that has dense and
complex structure and may represent multiple organisms.”
They are often encapsulated within a matrix of exopoly-
meric material that consists of intricate networks of cells
attached to biotic surfaces. They resist antimicrobials and
immune cell challenge® and are deeply embedded into
cracks and porosities of dental materials as mentioned
before. Metallic and non-metallic medical devices like cath-
cters, implants, dental materials are suitable sites for coloni-
zation of various types of microorganisms.” Corrosion at
the interfacial surfaces of non-metallic materials usually
starts with swelling after infiltration of little molecules or
microorganisms. The chemical bonds are often subjected to
corrosion with physiochemical process. Interfacial electro-
chemical process may be activated with the formation of
biofilm on metallic and non-metallic surfaces resulting in an
increased corrosion of colonized substratum. This develop-
ment can detoriorate the materials with the presence of
biofilm and is termed as biocorrosion.’

Three-dimensional structure of biofilm is known to
provide a highly complex arrangement of microorgan-
isms.'" Several studies regarding the developments and
structures of biofilms on different dental materials includ-
ing denture bases and their effects over oral health have
been constituted.*'* However the relationship between the
biofilm related biocorrosion and crack and/or fracture for-
mation still remains complicated even undefined.

The aim of this study was to investigate the destructive
effects of biofilm formation and/or biocorrosive activity
of 6 different oral microorganisms by evaluating the diffu-
sion potential of the microorganisms, fracture propagation
and scanning electron microscope (SEM) images (calculat-
ing biofilm covered surfaces) on three different denture
base materials.

MATERIALS AND METHODS

Three different heat polymerized acrylic resins (Table 1)
were used to prepare 50 X 15 X 4 mm (Type A; for three
point bending (TPB) test, n=210), 8 X 8 X 1 mm (Type B;
for SEM analysis, n=54) and 2 X 2 X 2 mm (Type C; for
spectrophotometer analysis, n=180) samples (Table 2).

Table 1. Description of denture base materials

Negative molds of the metal masters were obtained with a
medium viscosity impression material. This technique was
used to fabricate all types of the specimens. Wax patterns
were invested in metal dental flasks. Acrylic resins were
polymerized according to manufacturers’ instructions.
Flasks were left for 180 minutes cooling. Next, each speci-
men were deflasked and finished with 320, 400 and 600-grit
silicone carbid papers. To simulate a crack line on the den-
ture base, “V” type notch was carved in the middle of each
specimen of impact test groups (A type) along with the 15
mm surface by using a milling machine and a milling tool as
shown in the Fig. 1. The depth was 2 £ 0.2 mm. All type of
specimens were ultrasonically cleaned for 20 minutes and
immersed in distilled water for 48 hours at 37C before
tests.

S. aurens, E. faecalis, P. aeruginosa, E. coli, S. mutans and
C. albicans strains were inoculated in trypticase soy broth
media and grown to stationary phase overnight. The sam-
ples were diluted 1:100 and each diluted bacterial culture
(200 ul) was inoculated into each well in a fresh 96-well flat-
bottom microtiter polystyrene plates, which also contain
“C” type acrylic resin samples. Plates were incubated for 48
hours at 37C and visualized by staining with 0.5% crystal
violet for five minutes after washing with water. The bio-
film was quantified in duplicate, after adding 100 pL. of
95% ethanol and the contents were transferred to new wells
of microtiter plate. Optical density (OD) of stained adher-
ent bacteria was determined with a micro ELISA auto read-

er at wavelength of 620 nm spectrophotometrically.!*!
/ oy
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Fig. 1. Schematic view of 'V’ type notch carving.

Acrylic resin Lot number Manufacturer Description Polymerization type

Ivocap Plus M38730 Ivoclar Vivadent, Schaan, Liechtenstein High impact denture base material Heat polymerized
Injection method

Lucitone 550  1002V7 Dentsply International Inc., Chicago, IL, USA High impact denture base material Heat polymerized
Conventional method

QC 20 64015503 Dentsply International Inc., Chicago, IL, USA Denture base material Heat polymerized

Conventional method
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Table 2. Types of samples, names of microorganisms and denture base materials

Denture base material

Sample Microorganism )
Lucitone 550 (n) QC 20 (n) Ivocap Plus (n)
Type A S. aureus 10 10 10
for three point bending test S. mutans 10 10 10
50 x 156 x4 mm E. faecalis 10 10 10
E. coli 10 10 10
P, aeruginosa 10 10 10
C. albicans 10 10 10
Control 10 10 10
Total 70 70 70
Type B S. aureus 3 3 3
for SEM analysis S. mutans 3 3 3
8x8x1mm E. faecalis 3 3 3
E. coli 3 3 3
P, aeruginosa 3 3 3
C. albicans 3 3 3
Total 18 18 18
Type C S. aureus 10 10 10
for spectrophotometric analysis S. mutans 10 10 10
2x2x2mm E. faecalis 10 10 10
E. coli 10 10 10
P, aeruginosa 10 10 10
C. albicans 10 10 10
Total 60 60 60

These OD values were calculated as: “OD-control” and
considered as an index of bacteria adhering to acrylic sur-
faces and forming biofilms.

Ethylene oxide was used to sterilize the specimens. Ten
specimens of type “A”, 3 specimens of type “B” and 10
specimens of type “C” denture base materials from 3 dif-
ferent brands (Table 1) were randomly inoculated into one
of; Staphylococcus aurens (NTCC 6538), Streptococcus mutans
(ATCC 35688), Enterococcus faecalis (ATCC 10541),
Escherichia coli (NTCC 25922), Pseudomonas aeruginosa (ATCC
2327) ot Candida albicans (ATCC 18804) culture as indicated
in table 2 at 0.5 McFarland scale which corresponds to 10°
cfu/mL for 168 hours at 37C. A previously described
method was modified and performed for biofilm forma-
ton.!" In brief, 1 mL aliquot of the bacterial and yeast cul-
tures were introduced into 500 mL of brain heart infusion
broth media in conical flasks and prepared denture base
materials were inoculated into media. For the maintenance
of bacterial and yeast density near the steady-state growth
phase, 50% of the media were drained and replaced with
the equal amount of a fresh sterile medium every two days
and on day seven, the denture base materials were retrieved
from the inoculated media for SEM examination. The con-
trol group was composed of 10 non-contaminated “A” type
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samples of each denture base material (30 total) and was
kept in distilled water at 37C until the TPB test.

The contaminated samples of type “A”, were rinsed
with PBS and kept in running water for 15 minutes. The
impact values of the specimens were measured under 2500
N maximum load (1 N preload) with 1 mm/min cross-head
speed with TPB test by using an universal testing machine
(Lloyd LRX, West Sussex, UK). The specimens were then
supported on the jigs with a diameter of 3.2 mm with span
length 50 mm. The “V notch” was placed face down on the
jigs and the load was applied to the centre of the speci-
mens. The data of the measurements were transferred to a
personal computer, and the results were recorded.

After incubation, each specimen of type “B” was
removed and kept in an ultrasonic cleaner for 1 minute and
rinsed with PBS to remove non or weak adhered microor-
ganisms. The samples were fixed in 2.5% glutaraldehyde
solution for 1h at room temperature, then rinsed with PBS.
Ethanol solutions with concentrations graded from 75% to
95% were used in 5 steps to dehydrate the specimens.
Specimens were then dried and placed on stubs to coat with
20 A’ gold/palladium for SEM (JEOL 6400, JEOL Cotp.,
Tokyo, Japan) analysis operating at 10 kV. Digital photo-
graphs as TIFF files at X5,000 magnification were obtained
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Fig. 2. SEM images of biofilm formations of C. albicans (A), E. coli (B), E. faecalis (C), P. aeruginosa (D), S. aureus (E), S.

mutans (F).

from three different regions of each sample surface (Fig. 2).
The images were transferred to a personal computer to cal-
culate total area and area fractions of biofilms using Image
J software.'® Since cleaning and dehydrating processes were
performed accurately, the arca aspects apart from denture
surface were all accepted as biofilm surface of that micro-
organism. Area fraction of each image was recorded as the
data of that sample.

Descriptive data were expressed as median, maximum,
minimum and mean * standard deviation. Statistical analy-
sis was performed using “PASW 18.0 Statistics” and
“STATISTICA-7” statistical software. When normality
assumptions were satisfied Analysis of Variance (ANOVA)
otherwise the equivalent non-parametric test: Kruskal-
Wallis was used for group comparisons. When significant
differences found between groups, we used Tukey and
Dunnett’s test (after ANOVA) and Dunn’s test (after
Kruskall Wallis) for multiple group comparisons. Results
were considered statistically significant at «=0.05.

RESULTS

Table 3 shows the mean quantitative biofilm values and sta-
tistical significances according to microorganism and den-

ture base material. There were significant differences
among the adhesion potential of 6 different microorgan-
isms and there were significant differences among their
adhesion onto 3 different denture base materials. The high-
est median value within all the denture base materials was
obtained with P. aeruginosa (0.095 £ 0.018) followed by S.
anreus (0.085 + 0.014), C. albicans (0.081 + 0.017), S. mutans
(0.079 £ 0.010), E. faecalis (0.070 £ 0.013) and E. co/i
(0.070 £ 0.012). E. faecalis and E. coli were found to be the
least adherent microorganisms. The difference of adhesion
between P. aeruginosa and S. aurens was not significant how-
ever there were significant differences between P. aeruginosa
and other 4 microorganisms. The adhesion potential of the
microorganisms over Lucitone denture base material was
higher than the other materials. The difference was not sig-
nificant compared with QC-20 but it was significant when
compared with Ivocap Plus. P. aeruginosa exhibited the high-
est median value on Lucitone 550 denture base material
surface (0.105 £ 0.020) while C. albicans exhibited the low-
est value on Ivocap Plus (0.067 + 0.021).

SEM images revealed the regions of typical biofilm for-
mation of each selected microorganism on denture base
materials (Fig. 2). Table 4 shows the mean biofilm covered
regions (%) on denture base materials and statistical signifi-
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Table 3. Quantitative biofilm values: median and standard deviation (Kruskal Wallis)

Denture base materials

Microorganism ) Median + SD
Lucitone 550 QC-20 Ivocup Plus
S. aureus 0.0983 £0.012 0.086 = 0.017 0.075 +£0.018 0.085 + 0.0148abe
P, aeruginosa 0.105 + 0.020 0.095 +0.014 0.085 + 0.010 0.095 + 0.018¢°
C. albicans 0.087 £ 0.015 0.082 +0.013 0.067 + 0.021 0.081 + 0.0170¢d
S. mutans 0.081 + 0.008 0.078 £ 0.010 0.073 £ 0.011 0.079 + 0.010c9e
E. faecalis 0.073 £ 0.015 0.071 £ 0.013 0.068 + 0.013 0.070 + 0.013¢¢
E. coli 0.074 +0.013 0.068 = 0.014 0.068 = 0.010 0.070 = 0.012¢
Median + SD 0.085 + 0.018& 0.079 + 0.014x 0.073 £ 0.01%Y

No statistically significant differences with same letters

Table 4. The mean percentages of biofilm covered regions and standard deviation of 6 different microorganisms on 3

different denture base materials (ANOVA)

Denture base materials

Microorganism ) Mean + SD (%)
Lucitone 550 (%) QC-20 (%) Ivocup Plus (%)
S. aureus 70.58 +2.49 69.97 + 1.94 68.98 + 3.52 69.85 + 2.712
P, aeruginosa 70.96 + 2.70 69.96 + 2.70 68.66 + 3.33 69.86 + 2.97°
C. albicans 67.61 +£2.86 64.83 £ 2.54 65.78 + 2.52 66.07 + 2.80°
S. mutans 64.45 +1.75 64.45 + 2.11 64.43 + 1.56 64.44 + 1.75°
E. faecalis 59.13 £+ 2.22 58.93 + 1.85 57.64 +1.33 58.57 + 1.89°
E. coli 52.57 + 14.44 57.00 = 1.81 56.45 + 1.41 55.34 + 8.35¢
Mean + SD 64.21 + 8.94* 64.19 + 5.40~ 63.66 + 5.51*
No statistically significant differences with same letters
Table 5. The mean and standard deviation values of three-point bending test (ANOVA)
Microorganism ) Denture base materials N, Mean + SD
Lucitone 550 QC-20 Ivocup Plus
S. aureus 88.47 + 16.47 71.42 £ 11.91 92.21 £ 15.70 84.03 + 17.01d°
P, aeruginosa 88.28 + 12.78 7114+ 827 93.59 + 13.53 84.33 = 14.95°4
C. albicans 91.70 + 13.68 78.76 + 9.77 93.79 + 23.85 88.08 + 17.60°¢¢
S. mutans 92.55 +22.42 83.17 £ 12.67 93.90 + 18.53 89.87 + 18.330¢d
E. faecalis 96.17 + 18.16 84.81 + 14.15 94.47 + 16.47 91.81 + 16.570¢d
E. coli 108.82 £ 21.57 83.05 + 14.43 104.94 + 25.21 98.93 + 23.22°
Control 11751+ 8.64 109.50 + 14.81 122.08 + 13.49 116.36 + 13.252
N, Mean + SD 97.64 + 19.22% 83.12 + 16.95Y 99.28 + 20.51*

No statistically significant differences with same letters

cances according to microorganism and denture base mate-
rial. The type of denture base material did not alter the dif-
fusion potential of the microorganisms significantly. The
percentages of biofilm covered areas of denture base mate-
rials ranged from 52.57% to 70.96%. S. aurens and P. aerugi-
nosa had significantly higher (=268.66%) diffusion potential
than the other tested microorganisms, but the difference
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among them was not significant. E. co/i had the least diffu-
sion potential and was significantly different from all the
tested groups.

Table 5 shows the mean and standard deviation values
of TPB test and statistical significances according to micro-
organism and denture base material. Biofilm formation of
the tested microorganisms decreased the TPB test values
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compared to the control group and this was statistically sig-
nificant. Lucitone 550 and Ivocup Plus denture base materi-
als were significantly more resistant than QC-20 when
mean TPB test values were consulted. The difference
between Lucitone 550 and Ivocup Plus were not significant.
E. coli produced the minimum destructive effect to the base
materials when mean TPB test values of materials were
evaluated, however this was not significantly different from
E. faecalis (P=.699>.05), S. mutans and C. albicans.

DISCUSSION

This study investigated the effects of biofilm formation
and/or biocorrosive activity of 6 different oral microorgan-
isms on three different denture base materials. All tested
microorganisms significantly decreased the TPB test values
of the tested denture base materials.

After contamination with microorganisms, the TPB test
values of denture base materials were decreased significant-
ly compared with the control groups. It may be speculated
that the structure of all the denture base materials were
decomposed by the biofilm formation and/ot biocortrosive
activity of microorganisms.

Several studies have investigated the fracture resistance
of denture materials.”? In this study Ivocap Plus appears
to be the most resistant base material when the peak data
of control group and mean values at TPB tests were evalu-
ated. This was compatible with the results from the study
of Hedzelek and Gajdus.”’ However, when the percentages
of TPB test value reduction were examined, Lucitone 550
was the most resistant material. The mean TPB test value
of samples exhibited 18% resistance reduction at Lucitone
550 samples, 19% at Ivocap Plus and 24% at QC-20 den-
ture base materials compared with control group after con-
tamination processes of 6 different microorganisms.
Evaluating the subgroups data of denture base materials
and microorganisms of this study, the highest TPB test val-
ue reduction was observed in P. aeruginosa-QC group with
36%. Even E coli, known to have the least degenerative bio-
activity,'”? decreased the TPB test values of Lucitone 550 by
8%. Eventually considering all the mean TPB test values of
three denture bases of our study it can be affirmed that
microorganisms had biocorrosive activity and deteriorated
at least 15% of the initial physical composition of tested
denture base materials.

However, the difference of mean biofilm covered
regions on denture base materials at SEM display were not
statistically significant the mean quantitative biofilm values
of microorganisms on Ivocap Plus was significantly differ-
ent from Lucitone 550. This may be due to the dissimilar
accumulation of microorganisms on the material surface
(Fig. 2) that varies according to the production of extracel-
lular polysaccharides which can only be demonstrated using
advanced techniques like three-dimensional confocal scan-
ning laser microscopy.” Consequently, the two-dimensional
SEM display may have inhibited quantitative estimation of
this phenomenon.

Serrano-Granger ef al? claimed that there was no rela-
tionship between the microorganism adhesion and acrylic
resin type and/or composition. This was particulatly com-
patible with our study; when biofilm covered regions were
evaluated when we observed that microorganisms showed
minimal adhesion to Ivocap Plus. This result was not statis-
tically significant when compared with QC but significant
compared with Lucitone 550. This may be attributed to the
special fabrication technique of this material (injection
molding) which may form samples with smoother surface
and lesser microporosities. The other reason for minimal
adhesion may be the higher residual monomer release after
using injection molding technique.® It is known that the
PMMA monomer is toxic for living cells.”?** During the
experimental process, with the mentioned destructive
effect, PMMA monomer may have inhibited the survival
and/or adhesion of microorganisms tested on denture base
materials. On the contrary, the higher adhesion to Lucitone
550 may be attributed to the reinforcing materials that
pootly adhere to the polymer matrix forming microporosi-
ties that become suitable for microorganism accumula-
tion.?

C. albicans was shown to have higher adhesion potential
to denture base materials in most of the studies.!’
Conversely, in our study C. albicans-Ivocap Plus group
exhibited the least adhesion potential when all the sub-
groups of quantitative biofilm values were examined.
Nevertheless, P. aeruginosa appeared to be significantly the
most adherent microorganism. This result was compatible
with the literature that P. aeruginosa and S. aurens have higher
survival success over the plastic and/or metallic devices
used in medicine.* Additionally the mean biofilm covered
regions on denture base materials at SEM display indicated
the highest percentages for P. aeruginosa and S. aurens con-
firming the results of mean quantitative biofilm values of
our study.

Within the limitations of this study it was shown that
microorganisms diffused at least 52% of the denture base
surface that cannot be neglected in dental practice.
However it was a remarkable result that this rate did not
exceed 71% (Table 4) which may be attributed to the envi-
ronmental or local conditions of this study or the floral
equilibrium of microorganisms in certain circumstance.

CONCLUSION

It can be reported that all the tested microorganisms had
destructive effect over the structure and composition of
the denture base materials.
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