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ABSTRACT:
LAV Introduction: Provisional restorative materials are fabricated immediately after tooth preparation and play a
Pol}./methylmethacryla.te crucial role in maintaining gingival and periodontal health. They help prevent secondary caries, plaque
» Bisacrylate composite accumulation, and ensure both intra- and inter-arch stability. However, microbial adhesion, particularly on long-

resin, Surface  term provisional restorations, may lead to oral complications and compromise the longevity of the final
roughness, Zone of prosthesis.
inhibition.

Objectives: This in vitro study aims to compare two commercially available provisional fixed
prosthodontic materials, polymethylmethacrylate (PMMA) and bisacrylate composite resin,
regarding their susceptibility to adhesion by Streptococcus mutans and Staphylococcus aureus, and
to evaluate the influence of surface roughness further.

Methods: A total of 20 disc-shaped specimens (10 PMMA and 10 bisacrylate composite resin) were
fabricated, each with a diameter of 10.0 mm and a height of 2.0 mm. Surface roughness was measured using
a surface profilometer. The specimens were incubated with Streptococcus mutans and Staphylococcus aureus
at 37°C for 24 hours. Bacterial adhesion was assessed by measuring the zone of inhibition. The data were
statistically analyzed using the Kolmogorov-Smirnov test, with significance set at p <0.05

Results: Surface roughness showed a statistically significant difference between PMMA and bisacrylate
composite resin (p < 0.05). Bisacrylate composite resin exhibited significantly lower bacterial adhesion by
Streptococcus mutans compared to PMMA. However, there was no significant difference in adhesion by
Staphylococcus aureus between the two materials.

Conclusions: Bacterial adhesion to provisional restorative materials varies significantly between PMMA and
bisacrylate composite resin. While bisacrylate composite resin demonstrated lower adhesion by Streptococcus
mutans, no correlation was found between surface roughness and bacterial adhesion in this strain.

for its acidogenic and aciduric properties.* Staphylococcus
aureus, another gram-positive coccus, is responsible for a

1. Introduction

Provisional restorative materials are fabricated immediately
after tooth preparation and are intended to maintain gingival
and periodontal health, prevent secondary caries and plaque
accumulation, and preserve intra- and inter-arch stability . It
is well documented that bacterial colonization on provisional
fixed materials is higher than on permanent fixed materials.’
The oral microflora is complex and consists of a diverse array
of bacterial species, with bacterial adhesion varying among
different  species. Microbial adhesion of specific
microorganisms in the oral cavity can lead to adverse health
complication.’ Various studies have identified Streptococcus
species as “early colonizing bacteria.” Streptococcus mutans,
a gram-positive coccus and primary cariogenic bacterium, is
notable for its ability to adhere to smooth tooth surfaces and
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wide range of diseases, including many nosocomial infections,
and is known for adhering to medical devices and releasing
toxins that cause severe infections.’Prolonged bacterial
adhesion on provisional materials can compromise oral health
and affect the longevity of permanent restorations.®’
Bacterial adherence to surfaces is influenced by surface
characteristics such as irregularities, pits, and grooves, which
promote higher bacterial adhesion.®

2. Objectives

The objective of this in vitro study is to compare two different
commercially available provisional fixed prosthodontic
materials in terms of their adherence to Streptococcus mutans
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and Staphylococcus aureus, and to evaluate the influence of
surface roughness. The research hypothesis is that surface
roughness has a significant impact on bacterial adherence.

3. Methods

All tested materials were commercially available and widely
used. The materials evaluated were Ivoclar crown and bridge
material (polymethylmethacrylate), which is the control
group, and Avue T Crown (bisacrylate composite resin) is the
test group. Surface roughness was assessed using a
profilometer, while antimicrobial activity was tested using
Mueller-Hinton agar plates. Ten specimens of each material
were prepared in a uniform disc shape (10 mm x 2 mm) using
a custom metal mold (Figure 1 and 2).

The specimens were polished, and their surface roughness was
measured using a surface profilometer. The profilometer,
equipped with a diamond stylus, measures minute surface
variations by moving the stylus vertically in contact with the
sample and laterally across it over a specified distance and
contact force. The vertical displacement of the diamond stylus
generates an analog signal, which is converted into a digital
signal, stored, analyzed, and displayed for each sample
(Figure 3).

For the antimicrobial activity test, bacterial cultures
(Streptococcus mutans and Staphylococcus aureus) were
spread on Mueller-Hinton agar plates. Wells were then created
in the agar using a sterile core borer. Each well was loaded
with either polymethyl methacrylate or bisacrylate composite
resin. The plates were incubated at 37°C for 24 hours, and the
zones of inhibition were measured in millimeters (Figures 4
and 5).

4. Results
Zone of inhibition:

The antimicrobial efficacy of the polymethyl methacrylate and
bis-acrylate composite reisn was evaluated using the zone of
inhibition  test against Streptococcus mutans and
Staphylococcus aureus. The mean zone of inhibition for
the test group (bis-acrylate composite resin) was 2.8mm
for  Streptococcus mutans and 12.8mm  for
Staphylococcus aureus, whereas the control group
(Polymethylmethacrylate)  exhibited 11.4mm for
streptococcus mutans and 12.6mm for staphylococcus
aureus (P<0.001)

Table 1 and 2 depicts the statistical comparison of the mean
antimicrobial activity among commercially available
provisional fixed prosthodontic materials. According to
Levene's Test for Equality of Variances and t-test for Equality
of Means, it was found that the antimicrobial activity of the
Streptococcus mutants group was statistically significant.

The table 3 depicts that the surface roughness among
commercially available provisional fixed prosthodontic
materials with the highest mean surface roughness value of
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0.5974 in the Ivoclar group, followed by the Avue group
(0.2511). The table 4 depicts the statistical comparison of the
mean surface roughness among commercially available
provisional fixed prosthodontic materials. According to
Levene's Test for Equality of Variances and the t-test for
Equality of Means, it was found to be statistically significant.

5. Discussion

As per the result in this in vitro study, the surface roughness
of bisacrylate composite resin (test group) was significantly
lower than the polymethylmethacrylate (control group), with a
significant  difference. =~ For  antimicrobial  activity,
Streptococcus mutans showed less bacterial adherence in the
control group than in the test group, whereas Staphylococcus
aureus showed equal zone of inhibition in both groups.
Therefore, the null hypothesis was rejected, indicating a
significant difference in both the surface roughness and
bacterial adherence between the materials tested. In the
control group, PMMA crown and bridge material
demonstrated a mean surface roughness of 0.5974um. In the
test group, bisacrylate composite resin crown and bridge
material exhibit a mean surface roughness of 0.2511um. The
p-value was 0.001, indicating a significant difference in the
surface roughness between the two groups.

The same samples were used to determine bacterial adherence
(Zone of inhibition), control group (PMMA), Streptococcus
mutans showed an 11.4 mm zone of inhibition, and
Staphylococcus aureus showed a 12.6mm zone of inhibition.
In the test group (bisacrylate composite resin) streptococcus
mutans showed a 2.8mm of zone of inhibition, and
staphylococcus aureus showed a 12.8mm zone of inhibition.
The increased adhesion of streptococcus mutans to the
composite resin is attributed to its filler content and monomer
composition’. In previous studies, various methods have been
employed to evaluate bacterial adherence. The zone of
inhibition method, used in this study, is widely accepted due
to its simplicity, cost-effectiveness, and ability to provide
clear, quantitative results regarding the antimicrobial efficacy
of a substance. However, it primarily assesses the ability of an
agent to inhibit bacterial growth rather than directly measuring
bacterial adherence'?. The organic and inorganic content of the
resin also directly influences the surface characteristics of
restoration' 2. The quality of bacterial adherence differs
based on the matrix and the resin content'®. Burgers et al
reported that no correlation was found between the quantity of
bacterial adhesion and surface roughness and the surface
hydrophobicity. Additionally, bisacrylate composite resin and
acrylic PMMA showed lower bacterial adhesion than the
improved methacrylates'*. Gulsum Sayin Ozel observed that
the adhesion of Candida albicans was higher than that of
S.mutans.'>>Quirynen M et al, indicated that surface
roughness of less than 0.2micrometer does not influence
microbial composition. c.zortukM, observed that surface
roughness and the degree of bacterial adhesion differed
significantly. Mirjam Kozmos'® concluded that s.mutans
adhere less on the amalgam than the tooth surface. Néstor
Usiel Lara-Jara!” concluded that lower bacterial adherence
was seen in bisacrylate composite resin either in the polished
or unpolished samples. Vinayaga kumar et al'®, evaluated the


http://www.jchr.org/
https://www.scirp.org/journal/articles.aspx?searchcode=N%c3%a9stor+Usiel++Lara-Jara&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=N%c3%a9stor+Usiel++Lara-Jara&searchfield=authors&page=1

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 1851-1856 | ISSN:2251-6727

surface roughness and porosity of different provisional
restorative material,they found that surface roughness and
porosity was least in bis-acrylate composite resin (protemp)'®.
Several previous in-vitro studies used a flow chamber, the
precoating procedure to mimic the intraoral environment,
bacterial adhesion on surfaces within the oral cavity,
accounting for salivary wash, pellicle formation by salivary
proteins, and the cohesion effects of fungi'®. .However, this
study did not employ these techniques, as the primary
objective was to evaluate the impact of material composition
alone on microbial adhesion. In future research, these
techniques could be incorporated alongside our method to
more thoroughly evaluate and develop materials that prevent
microbial adhesion.

Conclusion:

According to this study, the quantity of bacterial adhesion by
Streptococcus mutans shows a significant difference between
polymethylmethacrylate and bisacrylate composite resin
which may be due to inherent material properties such as
surface energy, chemical composition and microstructural
characteristics that influence the bacterial affinity of
streptococcus mutans towards one material over the other.
However, the adhesion of Staphylococcus aureus shows no
significant difference between the two materials portraying
their less dependent potency on surface characteristics.
Further in vitro and clinical trial investigation are required to
study the complex interplay between material properties and
microbial behaviour.
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Figure 1 Bis-acrylate composite resin specimens

Figure 3 Zone of inhibiton assessed for PMMA and bis-
acrylate composite resin on Streptococcus mutans

Figure 2 PMMA resin specimens

Figure 4 Zone of inhibiton for PMMA and bis-acrylate

Figure 3 Surface profilometer with the sample
8 face profi P composite resin on staphylococcus aureus

Antimicrobial Activity Mean Std. Std. Error  Median Minimum Maximum Range
(mm) of
Deviation
Mean

Streptococcus mutans  [VOCLAR 10 11.4 1.81659 0.8124 12 9 13 4

AVUE 10 2.8 1.92354 0.86023 3 0 5 5

Staphylococcus IVOCLAR 10 12.6 1.67332 0.74833 13 10 14 4

aureus
AVUE 10 12.8 1.30384 0.5831 13 11 14 3

Table 1 Descriptive analysis of antimicrobial activity among commercially available provisional fixed prosthodontic materials
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Statistical analysis of the frequency of antimicrobial activity among the two study groups using an independent sample t

test
Levene's
Test for .
Equality of t-test for Equality of Means
Variances
Variable 95% Confidence
Interval
Mean Std. Error
Sig. -  Difference Difference  of the Difference
F Sig. t df tailed) Lower Upper
Equal
variances 0.021 0.888 7.268 8 <0.001** 8.6 1.18322 5.8715 11.3285
assumed
Streptococcus
mutants Egual
Var;ﬁces 7268 7.974 <0.001%* 8.6 118322 5.86995 11.33005
assumed
Equal ) -
variances 0.262 0.623 0211 8 0.838 -0.2 0.94868 2 38767 1.98767
assumed
Staphylococcus
aureus Egual
variances - -
ot 0211 7.549 0.839 -0.2 0.94868 2 41063 2.01063
assumed

Table 2 Statistical comparative analysis of the frequency of antimicrobial activity among commercially available provisional fixed

prosthodontic materials

Std. Std.
Surface Error - .
Mean . Minimum Maximum Range
roughness Deviation ©f Median
Mean
IVOCLAR 10 0.5974  0.29525 0.09337 0.55 0.2 0.92 0.71
AVUE 10 0.2511  0.1172 0.03706  0.2255 0.1 0.39 0.28

Table 3 Descriptive analysis of surface roughness among commercially available provisional fixed prosthodontic materials.

Statistical analysis of the frequency of surface roughness among the two study groups using an independent
sample t-test

Levene's Test

for Equality of t-test for Equality of Means
Variances
Variable
95% Confidence
Si Mean EStd' Interval of the
18- i rror Difference
Q- D‘ffee"enc Differenc
e
F Sig. t af ta‘)'ed

Lower Upper
Surface Equal 18.9 <0.001* 3.44 18 0.003 0.3463 0.10045 0.1352  0.5573
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Roughnes  variance 5 * 7 6 4
s S
assumed
Equal
variance 344 11.76 0.005 0.3463 0.10045 0.1269  0.5656
s not 7 8 5 5

assumed

Table 4 Statistical comparative analysis of the frequency of surface roughness among commercially available provisional fixed

prosthodontic materials
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