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Abstract

Background and Aim: Resin composites are widely used in restorations. 
The adhesion of bacterial plaque to restorations depends on the surface 
properties and the composition of materials. As the Streptococcus Mutans has 
a major role in primary and secondary caries, the purpose of this in-vitro study 
was to examine the effect of different surface treating techniques on surface 
roughness and the amount of bacterial plaque adhesion on two types of resin 
composites.

Materials and Methods: 120 samples (3×6 mm) of each Filtek Z250xt 
(3MESPE) and Filtek P90 (3MESPE) were produced and randomly divided into 
4 surface treatment techniques: 1) composite resin surface in contact with mylar 
strip with no finishing or polishing performed. 2) Soflex aluminium oxide disc 
(3MESPE) 3) silicon-carbide rubber points (Politip P and F: Ivoclar Vivadent) 
4) felt wheel with diamond paste (Diamond Excel: FGM). Surface roughness 
was measured with a profilometer. Test specimens were subjected to S.Mutans 
(PTCC 1683) biofilm development. The S.Mutans biofilm was calculated and 
recorded by the mean log of CFU/ml. The data was statistically analyzed by 
One-way and Two-way ANOVA analysis of variance and the Bonferroni test 
(P<0.05). 

Results: The mylar strips showed the lowest amount of surface roughness 
in the two type of resin composites. While in the P90 composite, using the mylar 
strips had the highest amount of bacterial adhesion. The composite type and the 
surface treatment methods had significantly influenced the surface roughness 
and the bacterial adhesion.

Conclusion: Using different polishing techniques after polymerization 
of P90 in contact with mylar strips significantly reduces the bacterial plaque 
adhesion.

Keywords: Composite, Surface roughness, Bacterial plaque, Surface 
treatment

Introduction
Resin composites are extensively used in anterior and posterior 

restorations [1]. The composite resins have been developed to 
minimize the critical drawbacks of the polymer-based materials such 
as polymerization contraction, fatigue, occlusal wear, organic matrix 
degradation, surface roughness, insufficient contour and fractures 
[2,3]. Surface treatments such as finishing and polishing have an 
important role in clinical performance of these resin-based materials 
[4]. The finishing procedure is required to refine the anatomy of the 
restoration, whereas the polishing procedure aims at reducing the 
surface roughness produced by finishing appliances [4]. Composite’s 
surface roughness also depends on the chemical composition and 
mechanical properties of these restorative materials [5-7].

In resin composites composition, the organic matrix and the 
inorganic fillers have different hardness values and in consequence 
present contrasting wear properties due to occlusal loads. The organic 
component wears rapidly and exposes the inorganic fillers, which are 
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dislodged by attrition. Therefore, higher surface roughness is achieved 
due to larger particle size of the inorganic fillers [8-12]. Furthermore, 
surface roughness value is an important factor in microbial plaque 
accumulation on composite surface in clinical situations [13-15]. In 
the point of fact, the type, size and amount of inorganic fillers have 
effect on mechanical properties and polishing of composite resins 
[16]. Therefore resin composites with wide distribution of nano-sized 
fillers, have been produced because of improved mechanical and 
esthetic properties [7,11]. Streptococcus Mutans is the most prevalent 
bacteria in secondary caries; therefore well-polished composite 
surfaces reveal a noticeably reduced amount of bacterial adherence 
and colonization [2].

Weinmann, et al. claimed that silorane based restorations have 
lower potential to absorb the dyes of the daily nutrition due to their 
silorane subcomponent, which has a hydrophobic property in the 
material. Therefore it can be supposed that silorane-based composites 
can have less potential for bacterial adhesion [17]. However there is 
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no distinct information about their potential of bacterial adhesion, 
which can have a considerable influence on their clinical longevity. 
Aluminum-oxide disks can be used for finishing and polishing of 
composite resins, however because of their shape, they are not used 
in occlusal surfaces and are mostly applied in proximal surfaces 
[6,8,11,18-21]. Multi-fluted carbide burs, diamond burs, brushes 
, abrasive pastes and silicon carbide burs are commonly used in 
order to have well-polished occlusal posterior surfaces [21,23]. A 
perfect polished composite surface illustrates extreme esthetics and 
significant decrease in initial bacterial adherence and colonization. 
Furthermore, polishing of a composite restoration will decrease 
periodontal disease, marginal staining and secondary caries which 
originate from S. Mutans and S.Sobrinus [8,11,12,24-27]. Generally, 
the most reason for replacement of composite restorations is 
secondary caries which has effect on the durability of the restorations. 
The formation of biofilm and bacterial colonization on composite 
restorations may result in secondary caries [28-31]. Based on the 
facts described, the aim of this study was to evaluate the adherence 
of  S.Mutans on the surface of Silorane-based (P90) and nanohybrid 
(Z250xt) composites which have been polished with aluminum-oxide 
discs, rubber points and polishing paste (and a control group with 
mylar strips). The correlation between bacterial adherence value and 
surface roughness of each prepared composite sample was estimated.

Methods and Materials
Composition information of two type of composites used in 

this study are presented in Table 1. 120 sample of each composite 
was prepared within a custom cylindrical-shaped steel mold (6 mm 
in diameter and 3 mm in height). The mold was filled with 1.5 mm 
increments of composite resin and the final increment was carved 
with mylar matrix strip. The top surface was cured for 40 seconds 
with a light curing device (Demi: Kerr-USA with 800 mw/cm2 

intensity). Samples were removed out from the mold and the excess 
composite was cut by surgical blade. Samples were immersed in black 
vials occupied with 37 °C distilled water for 24 hours [32].

Polishing techniques
120 specimens of each composite were randomly divided into 

four subgroups of surface polishing techniques (n=30) after removing 
the mylar strip.

A) No finishing or polishing technique is applied: 

The surface of the specimens were remained intact after remaining 
the mylar strip (control group)

B) Aluminum-oxide discs (Soflex 3M ESPE) are applied:

In sequence of coarse (100 µm), medium (29 µm), fine (14 µm), 
superfine (5 µm) for 30 seconds in a single direction on the surface of 
specimens; and between the application of each disc, the surface was 
rinsed for 5 seconds and dried [32,33].

Each disc was changed after every 5 specimens.

C)   Rubber points ( politip P and E: Ivoclar Vivadent, USA):

 The specimens were smoothed for 60 seconds with white stone 
at first, washed and air dried for 5 seconds and then polished with 
a sequence of grey and green stones for 60 seconds each in a single 
direction [33].

D) Polishing paste (Diamond Excel; FGM; USA):

The surfaces of the specimens were polished with polishing paste, 
applied on a felt wheel (TDV; USA) for 60 seconds [33].

Surface roughness
The surface roughness of the specimens was measured with a 

profilometer (TR200, Qualitest; Germany). Five different points (in 
the center and sides) of each specimen was measured and the mean 
value of surface roughness was recorded by µm [33].

The specimens were sterilized in an autoclave at 121 °C and 15 psi 
for 15 minutes [33].

Bacterial biofilm adhesion
The bacteria used in this study was Streptococcus Mutans 

(PTCC1683: Iran) to obtain a fresh bacterial culture. S. mutans 
was plated onto a brain heart infusion (BHI) agar (Darvash: Iran) 
and incubated in a CO2 atmosphere at 37 °C for 24 hours. After 
incubation, two colonies from fresh cultures were transferred into 
a tube containing 5 ml sterile physiological solution (0.9% sodium 
chloride) to obtain a bacterial suspension with turbidity equivalent 
to standard concentration of  0.5 Mc.Farland of  barium sulfate in a 

Figure 1:  24 well plated tissue culture. Figure 2: Ultrasonic bath.
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tube [32,33]. The suspension was concentrated as 108 bacteria ml-1 by 
counting the bacterial cells in a spectrophotometer.

To measure the bacterial adherence, sterile TSB (Tripticase 
Soy Broth) (and 24-well polystyrene tissue culture plates were used 
(Figure 1). In each well of these plates; one specimen, 1.5 ml of sterile 
culture medium (TSB) (Darvash: Iran) and 0.1 ml of standardized 
S.Mutans suspension were placed. The plates were incubated in a 
CO2 atmosphere at 37 °C for 24 hours. The specimens were removed 
from the well and irrigated twice with sterile PSB (PH=7.2) to remove 
the loosely attached materials. Each specimen was placed in a tube 
of 3ml sterile physiological solution and the tubes were placed in 
an ultrasonic bath with the frequency of 25 Hertz for 10 minutes to 
separate the biofilms from specimens (Figure 2).

Serial dilutions10-1 -10-3 were prepared from the each suspension 
containing separated biofilms. For calculating the amount of bacteria 
in these diluted suspensions, 0.1ml of the suspension was inoculated 
onto the plate of BHI agar and was incubated in CO2 atmosphere at 
37 °C for 24 hours. After the incubation, the S.Mutans colonies on the 
agar were counted by the colony counter (trade mark) and the mean 
values were recorded by CFU/ml and converted into logarithmic 
(log10) values [32]. Finally, the obtained data were analyzed using the 
Two-way ANOVA and Bonferroni tests. All analyses were processed 
using SPSS11 (SPSS Inc., Chicago, Illinois). The level of significant 
difference was set at P<0.05.

Results
The mean and standard deviation values of the surface roughness 

(Ro=µm) of two groups of composites with different surface 
treatments are stated in Table 2.

Two way ANOVA indicated that the surface roughness values had 
significant differences depending on the composite resin type (P90, 

Z250XT) and the surface treatment techniques (Mylar strips, Discs, 
Rubber points, Polishing pastes) table(3). The surface roughness 
value was significantly higher in Z250XT than P90. The One-way 
ANOVA and Bonferroni analysis revealed that the surface roughness 
value by only using the mylar strip in each composite types (P90, 
Z250XT) was significantly lower than the three surface treatment 
types (Discs, Rubber points, Polishing pastes). (P value <0.001) While 
the surface roughness values among three surface treatment types 
had no significant differences. The analysis between the two types 
of composite in each group of surface treatment revealed that the 
surface roughness value in the rubber point group was significantly 
(P value=0.025) higher than P90.

Bacterial adhesion
The mean and standard deviation of the bacterial adhesion 

amount on P90 and Z250XT with different surface treatments are 
stated in Table 4. The Two-way ANOVA analysis revealed that each 
of the composite type and surface treatments had significant effect 
on bacterial accumulation, while P90 had a higher value of bacterial 
adhesion in contrast with Z250XT.(0.0353 CFU/ml) Table 5.

As stated in Table 4, the amount of bacterial accumulation on 
the surface of P90 group, using the mylar strip without any surface 
treatment had a significant higher value than three other polishing 
techniques. While the significant lower value was shown in using 

Composite type Color Fillers Mean size of fillers 
(µm)

Filler loading % 
weight

Filler loading % 
volume Resin matrix

Filtek P90 A2
quartz and 0.47 µm 76 55 Silorane (oxirane and siloxane)

ytterbium fluoride 0.1-2 µm    

Filtek Z250xt A2

Surface-modified 
zirconia/silica 0.1-10 µm 82 68 BIS-GMA, UDMA,BIS-EMA, PEGDMA, 

TEGDMA
Nanosilica particles and 

nanoclusters 20 nm    

Table 1: Composition, type and filler loading of the composite resins tested.

Composite type  Surface treatment techniques       Specimens   Mean value of Ro. mµ Standard deviation

P90

Mylar 30 0.046 0.017

Disc 30 0.105 0.035

Rubber point 30 0.117 0.024

p.paste 30 0.108 0.029

Sum 120 0.094 0.039

Z250xt

Mylar 30 0.045 0.03

Disc 30 0.113 0.036

Rubber point 30 0.133 0.028

p.paste 30 0.12 0.036

Sum 120 0.103 0.047

Table 2: Mean and standard deviation of the surface roughness (Ro).

Composite type
Surface treatment techniques Mean value ± standard 

deviation of Ro.
Mylar Disc Rubber point Polishing paste

P90 Aa Bb Cb Db

Z250 XT Aa Bb Eb Db

Table 3: Differences between surface roughness values (P-value <0.001).

Uppercase letters indicate significant differences between columns.
Lowercase letters indicate significant differences between rows.
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the rubber point. While in Z250XT group, no significant differences 
were seen between the surface treatment types Table 4. The analysis 
of bacterial accumulation between the two composites in each surface 
treatment group revealed that the mean value on P90 was significantly 
higher than Z250xt in mylar group. While, in the rubberpoint group 
there was a higher mean value on Z250xt than P90.

Discussion
Clinical surface treatment techniques such as finishing and 

polishing have a major role in enhancement of esthetics, longevity 
and performance of the composite resins. Polishing procedures are 
performed to decrease the surface roughness and cracks produced 
by the finishing devices on the composite surface. While increases 
the clinical longevity of the restorations and decreases the biofilm 
accumulation [4-6]. Therefore, polishing techniques on composite 
surfaces decreases the periodontal diseases, marginal discoloration 
and secondary caries [8,11]. Silorane-based composites are known as 
low polymerization shrinkage (<1%) composites versus methacrylate 
based composites. The polymerization process is a cationic ring 
opening reaction and resemble higher hydrophobicity and lower 
water sorption characteristics [17,34-37]. In addition to improved 
mechanical properties of these materials, biologic characteristics 
such as their effect on bacterial plaque accumulation should be 
evaluated. In general, the tendency of the biofilm adhesion to the 
restorations is as important as the restorations life time in the oral 

cavity. The adherence of the bacteria on the composite resin surfaces 
has an important role in secondary caries promotion [38]. This study 
evaluated the effect of different polishing techniques on surface 
roughness and bacterial adhesion of two composite types. (Z250xt 
and P90) As result, composite resin types and different surface 
treatments had a significant effect on surface roughness and bacterial 
plaque accumulation. The higher surface roughness value in each 
composite group was produced by the rubberpoint.

The significant lower surface roughness value was observed in 
group of composites with the mylar strips, compared to the three 
polishing techniques. The surface roughness values in Z250xt group 
finished with rubberpoint was significantly higher than P90 group 
with same treatment. Infact, the smoothest surface in the tooth colored 
materials was in the mylar strip groups. These differences between the 
surface roughness values on composite surfaces can be related to the 
size and amount of the particles in each composite type. As shown in 
Table 1, the Z250xt; is a hybrid composite which has filler particles 
greater than silica and zirconia with the size of 0.1-10 µm and nanofill 
and nanocluster particles with the size of 20 nm which occupy 82% 
by weight of the composite. While the P90 has quartz and yetribium 
floride particles with the size of 0.1-2 µm and 76% by weight of filler 
content. As Sakaguchi and Powers stated, nanohybrid composites 
consist of large particles (0.4 to 5 microns) with added nanocluster 
sized particles. Thus, abrasion causes the larger filler particles to 
pluck out and leads to higher surface roughness [39]. Z250xt has 

Composite type Surface treatment techniques Specimens Mean bacterial plaque adhesionlog (CFU/ml) Standard Deviation

P90

Mylar 30 6.65 0.304

Disc 30 4.95 0.093

Rubber point 30 4.79 0.143

p.paste 30 5.05 0.24

Sum 120 5.36 0.781

Z250xt

Mylar 30 4.92 0.089

Disc 30 5.03 0.47

Rubber point 30 5.07 0.417

p.paste 30 5.01 0.37

Sum 120 5 0.367

Table 4: Mean and standard deviation of bacterial adhesion.

Composite type Surface treatment techniques Specimens Mean bacterial plaque adhesionlog(CFU/ml) Standard Deviation

P90

Mylar 30 6.65 0.304

Disc 30 4.95 0.093

Rubber point 30 4.79 0.143

p.paste 30 5.05 0.24

Sum 120 5.36 0.781

Z250xt

Mylar 30 4.92 0.089

Disc 30 5.03 0.47

Rubber point 30 5.07 0.417

p.paste 30 5.01 0.37

Sum 120 5 0.367

Table 5: Differences between bacterial plaque adhesion (P value <0.001).

Uppercase letters indicate significant differences between columns.
Lowercase letters indicate significant differences between rows.
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higher amount of inorganic fillers (silica and zirconia) Compared to 
P90. Hahnel, et al. stated that polishing of filled resins cause a higher 
fracture of inorganic components in the surface layer [40]. Although 
this finding confirms the significant level of surface roughness, in 
Z250xt compared to P90; but in Jones findings, the minimal clinical 
level of significant surface roughness is 0.5 µm. While the mean 
differences in surface roughness of the two composites is 0.009 µm 
which can be disregarded. As stated in Table 3, the bacterial plaque 
accumulation in Z250xt is significantly less than P90. The bacterial 
accumulation on the composite resin surfaces are related to the 
increase of surface roughness, degradation of the restorative material 
due to producing acids by the cariogenic microorganisms , hydrolysis 
of the resin matrix and decrease in surface micro hardness [39]. 
Little amounts of unpolymerized products of the resin monomers 
and biodegradation products of the resins affect the bacterial growth 
in conjunction with resin restorative materials [39]. Many studies 
reported that 25% of the carbon double bonds in methacrylate based 
composites remain unreacted in the bulk of the material [39]. Also, 
the degree of conversion amount in silorane-based composites is 
significantly less than methacrylate based composites. Porto, et 
al. stated that the reason is slower polymerization interaction [41]. 
Therefore the higher amount of bacterial accumulation in P90 
compared to Z250xt can be related to higher amount of resin matrix 
in this type of composite. In the P90 group, as shown in table 4, 
although there was less surface roughness in the subgroup with mylar 
strip only compared to other three polishing techniques, but the 
bacterial plaque accumulation was higher than the three subgroups. It 
is obvious that the smoothest surface of the composite resin materials 
is achieved with mylar strips without any finishing and polishing 
techniques. But it should be noticed that this surface has higher level 
of resin amount and therefore has resistance to abrasion [42]. In the 
fact, applying finishing and polishing techniques to remove the rich 
monomer layer on composite surface is necessary [43].

Therefore, because of higher level of resin in matrix and less 
degree of conversion in the P90, the bacterial plaque accumulation 
in the subgroup with mylar strips which has unpolymerized resin 
on the surface is higher. According to Table 5, bacterial adhesion on 
Z250xt, was the same between different surface treatments. Although 
it is known that smooth surfaces have less ability than rough surfaces 
to absorb bacterial adhesion. Bollen, et al. stated that, increase in 
surface roughness value from 0.2 µm threshold which increases the 
amount of surface energy, have significant effect on bacterial plaque 
accumulation on dental material surfaces [44]. Therefore, as the mean 
differences of surface roughness among the surface treatments are 
less than 0.2 µm, then it can be suggested that there is no significant 
differences in bacterial plaque accumulation between the sub groups. 
In the fact, the amounts of differences in surface roughness values in 
this study are negligible for clinical situations that can be concluded 
that, the most important reason for bacterial plaque accumulation is 
the type and composition of the composites which is the same as Ono, 
Ikeda and Gharachahi conclusions [1,10]. Ionescu’s studies revealed 
that there is significant relation between composite resin composition 
and bacterial plaque accumulation [45]. Priera concluded that the 
least amount of bacterial plaque accumulation is in subgroups of 
composites with mylar strips while in this study the bacterial amount 
was higher in P90with mylar strips whereas there was no significant 

differences between subgroups in Z250xt and this was explained by 
different composition in groups of composites [32]. Kontorski, et al. 
also stated that composites with higher surface roughness have higher 
bacterial plaque accumulation, while in this study, the composition 
of the composite and the surface roughness value together have 
significant effects on the plaque accumulation.
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