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Abstract
Introduction: Currently, new methods to reduce biofilm formation on 
biomaterials are very studied, for example the use of silver nanoparticles, 
which were bactericidal. However, there are few studies investigating the 
benefits of these particles in dental restorative materials. Objective: 
This study aimed to compare in vitro the Streptococcus mutans 
biofilm formation on conventional light-cured composite resin with 
that on experimental light-cured composite resin, modified with silver 
nanoparticles. Material and methods: Discs were produced with 
either conventional resin (control group) and resin modified with 
different concentrations of silver nanoparticles, 0.1%, 0.3% and 0.6 
% wt. (groups 1, 2 and 3, respectively). The samples were incubated 
in bacterial suspension (S. mutans) enriched with 20% sucrose to 
promote biofilm growth on the surfaces. Incubation times were 1, 4 
and 7 days. After each period, adherent biofilms were disaggregated 
by ultrasound. Then, the numbers of viable cells recovered from 
the biofilms were counted through the serial dilution method. A 
morphological analysis of biofilm was also performed by Scanning 
Electron Microscopy. The data were subjected to Anova and Tukey’s 
test (α = 0.05). Results: The number of viable cells was statistically 
lower in groups 2 and 3 than in group 1 and control group, after the 
three incubation periods, without statistical difference between groups 
2 and 3. The number of viable cells was statistically lower in group 1 
than in control group, after 4 and 7 days of incubation. Conclusion: 
Resins modified with silver presented reduction of S. mutans biofilm 
on their surfaces, according to the conditions of this study. 
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Introduction

Bacterial biofilm can be simply defined as 
a set of microorganisms and their extracellular 
products, adhered on many surface types. Although 
microorganisms can live free in the environment, 
most bacteria are associated in a biofilm. Biofilms 
make easy to obtain nutrients and increase the 
resistance to antibiotics [10]. In many situations, 
biofilm formation is harmful to human beings 
causing diseases. To discover methods of reducing 
the biofilm growth on some materials is challenging 
both for the science and industry [9]. 

The antimicrobial activity of some materials 
show when nanoparticles are added has been 
recently demonstrated and largely studied as the 
new method to allow controlling the microbial 
biofilm growth on surfaces [8, 17, 18]. Chitosan, 
silver, ZnO and TiO2 nanoparticles have been 
studied in coatings or incorporated to materials, 
especially biomaterials and food packages, to obtain 
products less favorable to microbial proliferation 
[2, 11, 16, 24]. Silver nanoparticles have already 
been commercially available as an antimicrobial 
component in parts of household appliances, such 
as air conditioners, air fresheners, water fresheners, 
and hair dryers [17, 18, 26]. 

Bacterial biofilm formation causes many 
diseases inside oral cavity: gingivitis, periodontal 
disease, and caries, so that the search for alternative 
methods for biofilm control are very important [6, 
28, 30]. Not only the teeth, but also the restorative 
material can be colonized by bacteria and allow 
biofilm growth [3, 7, 12]. Thus, innovations enabling 
the control of biofilm growth on such materials have 
been the aim of many researches, for example, the 
use of silver nanoparticles and other alternative 
compounds [4, 13, 15, 25]. A light-cured resin 
composite with antimicrobial activity of the surface, 
but without damaging to the physical properties, 
may help in secondary caries prevention, that is, 
those occurring around restorations or in tooth/
restoration interface, because resin composite is 
one of the material most employed in restorations, 
nowadays [19, 21, 22].

Some in vitro studies evaluated resin composite 
modified by silver [1, 5]. The results are encouraging. 
Bürgers et al. [5] evaluated the antimicrobial activity 
of a resin composite containing silver nanoparticles, 
at two concentrations, and verified that the amount 
of adhered bacterial cells was smaller. Ahn et 
al. [1] compared two conventional resin bonding 
agents with one bonding agent containing silver 
nanoparticles and also verified that the number 

of adhered bacterial cells was smaller on the 
experimental bonding agent. 

In the light of this, this study aimed to evaluate 
quantitatively the Streptococcus mutans biofilm 
formation (the main species accounting for caries 
onset) adhered on the surfaces of both conventional 
and silver-modified resin composites, through the 
counting of viable cells recovered from the biofilms. 
Also, we aimed to evaluate the morphology of the 
biofilm formed on both materials through scanning 
electronic microscopy. 

Material and methods

Sample construction

Discs of conventional (control group) and 
silver nanoparticle-modified resin composite at 
three different concentrations of 0.1%, 0.3%, and 
0.6% (groups 1, 2, and 3, respectively), by weight 
were constructed. The resin composite was Filtek 
Z250®, (3M-ESPE, Maplewood, MN, EUA). The silver 
nanoparticle-base additive was Nanox Clean® (Nanox 
Tecnologia S.A., São Carlos, SP, Brazil). 

To construct the modified resin composite discs, 
previously portions of 1 g of resin and portions of 
the necessary amount of additive were weighted 
to obtain the desired concentration. The silver 
nanoparticle additive was incorporated into the 
resin composite by mixing both materials manually 
for one minute. 

Cylindrical plastic matrixes measuring 4 mm 
in diameter and 4 mm in height were used to 
construct the resin composite discs to standardize 
both the shape and dimension of all samples. First, 
a 2-mm increment of resin composite was placed 
inside the matrix and light-cured for 20 s. Then, 
the matrix was completely filled and the resin 
composite light-cured again. After that, the resin 
composite disc was removed from the matrix. The 
portion of resin composite mixed with the silver 
particles was stored into a black box until use to 
avoid the spontaneous light-curing by natural light 
and early setting. After the filling of the matrix by 
the modified resin, the next increment of modified 
resin was removed from the storage box to obtain 
a new disc. 

The light-curing device used (Optilight LD III, 
Gnatus, Ribeirão Preto, SP, Brasil), with power of 
15 VA and frequency of 50 Hz. Following, all sample 
surfaces were polished with the aid of silicone points 
(Enhance, Dentsply, Adlestone, Surrey, UK) and 
sandpaper (Sof-Lex, da 3M ESPE, Maplewood, MN, 
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USA). Then the samples were individually packed 
according to the experimental group and sterilized 
by autoclave (121ºC, 1 atm) for 15 min.

In vitro biofilm formation and counting of 
viable cells

Streptococcus mutans strain (ATCC 25175, 
from Oswaldo Cruz Foundation), was cultivated in 
brain heart infusion broth (BHI) for 24 h, and then 
a standardized bacterial suspension was prepared. 
The culture was centrifuged at 3,000 rpm for 20 
min (Excelsa II, model 206-B, FANEM, São Paulo, 
SP, Brazil). The supernatant was discarded and 
the biomass was precipitated and resuspended in 
phosphate buffered saline solution (PBS), enriched 
with 20% sucrose, previously sterilized until 
reaching an absorbance of 0.08, corresponding to a 
number of cells of 108 CFU/ml, measured under 600 
nm wavelength, with the aid of spectrophotometer 
(FEMTO – São Paulo, SP, Brazil).

The resin composite discs were incubated in 
24-well polystyrene microplate (Nunclon TM, Nunc, 
Thermo Scientific), at 37ºC. Each well was filled 
with 2 ml of S. mutans standardized suspension 
in PBS, to allow the biofilm formation adhered 
on the samples. The incubation time periods were 
1, 4, and 7 days. To this study, six discs were 
produced for each experimental group (n = 72). 
The experiment was performed in triplicate and 
repeated twice (six repetitions). 

Elapsed each incubation time, the medium 
inside the wells was removed by pipette and the 
discs were washed in PBS, three times, to remove 
the weakly adhered cells. Then, the discs were 
transferred into vials containing 10 ml of PBS and 
took to an ultrasound device (Digital Ultrasonic 
Cleaner, Kondortech, São Carlos, SP, Brazil) at 
cleaning power of 160 W, for 8 min to dissociate 
the biofilm. 

The viable cells after sonication were counted 
through serial dilution method. From the initial 
solution, five sequential solutions were obtained. 100 
µL of each solution was pipetted into Petri plates 
containing BHI agar culture medium, with 20% 
sucrose. The inocula were spread with the aid of 
Drigalski spatula and the plates were incubated at 
37ºC, for 48 h, to enable the bacterial proliferation 
and the appearance of the colonies visible to naked 
eye. The plates containing from 30 to 300 colonies 
were chosen for the counting of the number of 
colonies, corresponding to the number of colony 
forming unity (CFU), or viable bacterial cells. CFU 

value was multiplied by the dilution factor to obtain 
the value of cells in the initial solution and then 
divided by 10 to obtain CFU/ml.

The mean and standard deviation of the six 
values of each group and incubation time (n = 6) 
was recorded. Data was statistically analyzed by 
Anova and Tukey test.

Biofilm morphologic analysis

For this analysis, three discs were constructed 
for each experimental group (n = 12). The discs 
were also incubated in PBS + sucrose containing 
S. mutans inside polystyrene well plate. The disc 
surfaces were observed after the three incubation 
times for biofilm formation: 1, 4, and 7 days. 
Elapsed each period, the culture media were 
removed from the wells and the discs were washed 
by sterilized PBS, three times, with the aid of 
automatic pipettes. The biofilm fixation process 
was as follow: immersion in 20% glutaraldehyde 
for 15 min; progressive immersion in a series of 
alcoholic solutions at increasing concentrations (15, 
30, 50, 70, 90, and 100%) for 15 min each one; 
drying at environment temperature for 12 hours. 
Then, the resin composite discs were fixed into a 
metallic device of the microscope with metallic glue 
and covered by gold, inside a vacuum chamber, to 
obtain a conducting surface required for scanning 
electronic microscopy (model FEG XL30, FEI 
Company, Hillsboro, OR, USA).

Results 

Viable cell counting

Tables I, II and III display the means and 
standard deviations of the number of viable cells 
recovered from the biofilms for the four experimental 
groups, at three incubation periods. 

At one day, groups 2 and 3 exhibited CFU/ml 
value smaller than that of group 1 and control 
group, without statistically significant differences 
(p > 0.05). At four days, group 1 showed CFU/
ml value smaller than that of control group and 
that of groups 2 and 3 (statistically similar), with 
statistically significant differences (p < 0.05). At 
seven days, group 1 presented CFU/ml value smaller 
than that of control group, and that of groups 2 and 
3 (statistically similar), with statistically significant 
differences (p < 0.05). 
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Table I – Viable cells (CFU) of Streptococcus mutans 
recovered from the biofilms formed after one day of PBS 
+ sucrose incubation on conventional (control group) 
and silver nanoparticle-modified resin at concentrations 
of 0.1, 0.3, and 0.6%, wt. (groups 1, 2, and 3)

Material CFU/ml Comparative 
percentage (%)

Control 
group

3.2×104 ± 
0.2×104 a 100.00

Group 1 3.1×104 ± 
0.5×104 a 94.8

Group 2 2.9×103 ± 
1.0×103 b 9.0

Group 3 2.0×103 ± 
1.0×103 b 6.2

Different letters mean statistically significant differences 
(α = 5%)

Table II – Viable cells (CFU) of Streptococcus mutans 
recovered from the biofilms formed after four day of PBS 
+ sucrose incubation on conventional (control group) 
and silver nanoparticle-modified resin at concentrations 
of 0.1, 0.3, and 0.6%, wt. (groups 1, 2, and 3)

Material CFU/ml Comparative 
percentage (%)

Control 
group

4.9×104 ± 
0.3×104 a 100.00

Group 1 3.4×104 ± 
0.4x104 b 68.9

Group 2 1.0×103 ± 
0.6×103 c 2.1

Group 3 7.0×102 ± 
1.0×102 c 1.4

Different letters mean statistically significant differences 
(α = 5%)

Table III – Viable cells (CFU) of Streptococcus mutans 
recovered from the biofilms formed after seven day of 
PBS + sucrose incubation on conventional (control group) 
and silver nanoparticle-modified resin at concentrations 
of 0.1, 0.3, and 0.6%, wt. (groups 1, 2, and 3)

Material CFU/ml Comparative 
percentage (%)

Control 
group

7.4×104 ± 
0.6×104 a 100.00

Material CFU/ml Comparative 
percentage (%)

Group 1 3.7×104 ± 
0.5×104 b 49.5

Group 2 3.5×102 ± 
0.7×102 c 0.5

Group 3 2.5×102 ± 
0.7×102 c 0.3

Different letters mean statistically significant differences 
(α = 5%)

Biofilm morphologic analysis

Figure 1 shows some SEM images of biofilm 
formation on the surfaces of the samples incubated 
for one day. The control group exhibited the 
plentiful presence of bacterial cells adhered to 
either the surface or among each other. Similar 
aspects were seen in group 1 samples Group 2 
and 3 samples showed a smaller number of cells 
than did control group. 

Figure 2 displays the surface images of 
the samples incubated for four days. Control 
group samples exhibited many cells of complex 
aggregation with extracellular matrix surrounding 
the cells by linking them. The cells were grouped 
in structures containing cell branches and internal 
channels for fluid circulation, which is compatible 
with a mature biofilm. Groups 1, 2 and 3 did not 
show mature biofilm with few cell groups on the 
surfaces. Figure 3 highlights the presence of the 
large extracellular matrix in some of the mature 
biofilm on the conventional resin composite after 
four days of incubation. 

Figure 4 presents the images of the sample surfaces 
incubated after seven days. It was noted that the final 
phase of biofilm formation was taking place, that is, 
cell dispersion and adhesion to new sites, originating 
new cell aggregates. Both in control group and group 
1, it was possible to verify the presence of these new, 
small aggregates with few cells and less complex 
than those registered in the images from four days of 
incubation. In groups 2 and 3, larger areas needed to 
be scanned to find those cell aggregates, which were 
seen in smaller number than those of control group 
and group 1.  
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Figure 1 – Images of S. mutans biofilm adhered to the sample surfaces incubated for one day. (A) Control group 
image. Note the presence of many bacteria adhered to either the surface or among each other. Red arrow indicates 
the biofilm; yellow arrows indicate resin surface; (B) Group 1 image. Note the presence of many bacteria adhered 
to either the surface or among each other (C) Group 2 image. Note the presence of aggregate with few cells on the 
surface; (D) Group 3 image. Note the presence aggregate of few cells on the surface, that is, with small cell number 
per group in relation to the cell aggregates found in control group samples  

Figure 2 – Images of S. mutans biofilm adhered to the sample surfaces incubated for four days. (A) Control 
group image. Note the cell aggregate containing many cells organized in a complex net with extracellular matrix 
surrounding the cells by linking them, with internal channels for fluid circulation, corresponding to a mature 
biofilm; (B), (C) and (D) Groups 1, 2, and 3 images. Note the cell aggregates with few cells without the typical 
arrangement of mature biofilm, as those found in control group samples
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Figure 3 – Image of the biofilm found on the surface of conventional resin composite (control group), after four 
days of incubation, at higher magnification, to verify the plentiful extracellular matrix present in the mature biofilm.  
Red arrow indicates the biofilm cells; blue arrow indicates the polysaccharide extracellular matrix 

Figure 4 – Images of S. mutans biofilm adhered to the sample surfaces incubated for seven days. (A) and (B) Control 
group and group 1 images. Note the presence of new small aggregates containing few cells; (C) and (D) Groups 2 
and 3 images. Observe the areas without bacterial biofilm. In the microscopic analysis of groups 2 and 3, larger 
areas needed to be scanned to find cell aggregates, which were present in smaller number than those of control 
group and group 1 
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Discussion

The result of this study indicates that the 
antibacterial activity of silver nanoparticles continued 
even after the mixture with resin composite, which 
was also seen by previous studies [1, 5]. Moreover, 
morphologic differences were seen in S. mutans 
biofilms adhered to the surfaces of silver-modified 
resins in relation to the biofilms formed on the 
surface of the conventional resin. To discuss this 
difference, it is important to consider that the biofilm 
development involves some phenomena, which have 
been divided didactically by many authors into 
formation stages, as follows [14]:

• Init ial adhesion to the surface; first ly 
reversibly, then, irreversibly;

• Formation of cell aggregates (or microcolonies), 
involved by exopolysaccharide;

• Growth and organization of the aggregates 
by forming internal channels for liquid and 
nutrient circulation, also involved by plentiful 
exopolysaccharide, characterizing the mature 
biofilm;

• Releasing of the cells of the mature biofilm, 
which colonized new sites, forming new biofilms, 
characterizing the final stage (dispersion or 
disaggregation).

Considering this formation process, it can be 
concluded that any substance acting on preventing 
the initial adhesion of the microorganisms or on any 
other biofilm development stage would be useful to 
control biofilm growth on surfaces and reduce the 
diseases caused by them. During the maturation 
stage, the biofilm thickness and complexity increase 
due to cell multiplication: structures containing 
large amounts of non-cellular material are formed, 
including exopolysaccharide and channels for 
nutrient circulation [9, 14]. The mature biofilm 
arrangement was only seen on the surface of the 
conventional resin composite. 

Biofilm growth is limited by the nutrient 
availability that comes to the cells inside the 
structures, and by factors as pH, oxygen diffusion, 
carbon sources, and osmolarity. When the biofilm 
reaches some critical thickness, the most external 
layers release cells that colonize new surfaces, 
organizing new biofilms. Accordingly, it is possible 
to deduce that mature arrangements were seen in 
the images of four days of incubation on the surface 
of the conventional resin and then new small cell 
groups were found in the images of seven days of 
incubation. Thus, the biofilm was already mature 
at four days of incubation and following, the stage 
of cell dispersion and biofilm disaggregation took 
place on the surface of the conventional resin. 

Conversely, the typical biofilm formation did not 
take place on the samples of resin modified by 
silver nanoparticles, at all tested concentrations. 
Through microscopic images, none concentration 
displayed the stages of biofilm growth and mature 
biofilm arrangement.

The result of the cell counting was compatible 
with that of the morphologic analysis. At four and 
seven days of incubation, all groups of modified 
resin (groups 1, 2, and 3) showed number of viable 
cells statistically smaller than that of control 
group. This demonstrated that in the modified 
resin, the number of cells recovered from the 
biofilms was smaller over time together with 
the fact of the atypical evolution of the biofilm 
formation stages.  

Father studies are necessary to verify if 
the inclusion of silver nanoparticles alters the 
physical properties of the resin composite, is 
toxic to the human being, and is released to the 
saliva. Some studies have already concluded that 
silver nanoparticles were not toxic to both animal 
and human cells at the concentrations used in 
biomaterials [20, 27, 29]. It is important to continue 
the studies on resin composites modified by silver 
nanoparticles aiming to find a restorative material 
less favorable to bacterial adhesion and biofilm 
growth, to prevent secondary caries, gingivitis, 
and periodontal disease together with adequate 
oral hygiene.  

Conclusion

The number of bacterial cells adhered on 
the surfaces of resin composite modified by 
silver nanoparticles at concentrations of 0.3 
and 0.6%, (wt.) were statistically smaller than 
that on the conventional resin composite and on 
resin composite modified by silver nanoparticles 
at concentration of 0.1%, at the three tested 
incubation periods (1 day, 4 days, and 7 days). 
The microscopic images of the resin composites 
modified by silver nanoparticles demonstrated an 
atypical evolution of the cell arrangements during 
the biofilm formation process in comparison to 
the conventional resin composite. In conclusion, 
the antibacterial activity of silver nanoparticles 
continued to take place even after the mixture with 
the resin composite, resulting in biofilm growth 
control on the surface. 
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