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Addition of silver nanoparticles reduces 
the wettability of methacrylate and 
silorane-based composites

Abstract: Incorporation of silver nanoparticles into composite resins 
is recommended for their reported antibacterial properties, but this in-
corporation can affect the wettability of such materials. Therefore, this 
study evaluated the effect of nano-silver addition to silorane-based and 
methacrylate-based composites on their contact angle. Nano-silver par-
ticles were added to Z250 (methacrylate-based) and P90 (silorane-based) 
composites at 0.5% and 1% by weight. The control group had no addi-
tions. SEM-EDX analysis was performed to confirm the homogeneity of 
the nano-silver distribution. Seventy-two composite discs were prepared 
and standardized to the identical surface roughness values, and then dis-
tributed randomly into 6 groups containing 12 samples each (N = 12). 
Two random samples from each group were observed by atomic force mi-
croscopy. Distilled water contact angle measurements were performed for 
the wettability measurement. Two-way ANOVA, followed by the Tukey-
HSD test, with a significance level of 5%, were used for data analysis. 
It was observed that wettability was significantly different between the 
composites (p = 0.0001), and that the addition of nano-silver caused a 
significant reduction in the contact angle (p = 0.0001). Wettability varied 
depending on the concentration of the nano silver (p = 0.008). Silorane-
based composites have a higher contact angle than methacrylate-based 
composites. Within the limitations of this study, it can be concluded that 
the addition of 0.5% nano-silver particles to the composites caused a de-
crease in the contact angle of water.

Descriptors: Nanotechnology; Silver; Composite Resins; Hydrophobic 
and Hydrophilic Interactions.

Introduction
Silorane composites are a new generation of restoratives with a ring-

opening cationic polymerization mechanism.1-3 These restorative materi-
als have been introduced in an attempt to overcome the polymerization 
shrinkage of conventional methacrylate-based composites. A low potential 
to absorb the dyes from daily nutrition is considered to be an advantage 
of silorane-based restoratives because of their siloxane backbone, which is 
responsible for the hydrophobic nature of the restorative material.3,4

Measurement of the contact angle at the solid-air-liquid meeting 
point is a widely known technique used to investigate wettability of solid 
substrates. Lower wettability of the composite resin surface and less wa-
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ter sorption contribute to the reduction of staining, 
and is an effective factor affecting plaque accumu-
lation.5,6 Silorane-based composites are claimed to 
have a higher contact angle and a lower amount of 
plaque adhesion compared to methacrylate-based 
composites.7

In operative dentistry, secondary caries is the 
main reason for restoration replacement.8 Therefore, 
dental materials with low wettability properties are 
preferable to limit the adhesion and proliferation of 
pathogens and, consequently, to prevent secondary 
caries. Although the presence of silver in restorative 
materials has proved to be effective against strepto-
cocci of the human oral cavity, and it might also be 
useful as an antibacterial additive to dental restora-
tions,9 it is not known whether the addition of silver 
at the nano scale could interfere with the wettability 
of dental restorative materials.

Furthermore, considering that the incorporation 
of nanoparticles can affect restoration contact angle 
measurements,10,11 the aim of the present study was 
to evaluate the effect of the addition of nano silver 
particles to silorane-based and methacrylate-based 
composites on this surface property.

Methodology
Experimental design

This experimental study was performed on 72 
resin composite discs. Nano silver particles (TopNa-
no Tech Co., Taipei, Taiwan) with an average size of 
50 nm were added mechanically to Z250 (3M ESPE, 
St. Paul, USA) and P90 (3M ESPE) composites at 
0.5% and 1% by weight. The control group did not 
contain any silver. One sample from each test group 
was prepared for SEM-EDX analysis. Each sample 
was observed with a scanning electron microscope 
(Tescan, VegaII, XMU, Brno, Czech Republic) at 
350×. To assess the wettability of the samples dis-
tilled water contact angles on composite resins were 
measured using a contact angle measuring system. 
Two-way ANOVA, followed by Tukey-HSD, were 
used for data analysis. The significance level was set 
at 5%.

Specimen preparation
Nano silver particles (TopNano Tech Co., Tai-

pei, Taiwan) with an average size of 50  nm were 
added mechanically to Z250 (3M ESPE) and P90 
(3M ESPE) composites at 0.5% and 1% by weight. 
Unloaded composite resins were used as controls. 
The nano particles were mixed continuously with 
the composites using a plastic spatula for 30  min 
in a dark room. The samples were prepared in PVC 
molds of 10 mm diameter and 1.5 mm height. The 
composite was inserted into the mold and imme-
diately covered with two glass slides from the top 
and the bottom. The specimen was polymerized by 
light, using an LED (Demi LED Light Curing Sys-
tem, Kerr Corp., Orange, USA) light-curing unit 
with a light intensity of 800  mW/cm2, measured 
with a radiometer for 60  s from both sides. All of 
the samples were polished with 600, 800, and 1200 
grit SiC papers (991A Softlex, Berlin, Germany) to 
obtain highly polished samples with identical sur-
face roughness (Ra) values. To confirm the Ra was 
homogenous, two samples from each group were 
observed randomly by atomic force microscopy 
(AFM) (Dualscope/Rasterscope C26, DME, Herlev, 
Denmark) under a load of 0.2 nN and a probe mo-
tion speed of 10 µm/s.

Silver distribution
SEM-EDX (Scanning electron microscopy with 

an energy dispersive X-ray analytical system) analy-
sis was performed to confirm the homogeneity of the 
distribution of the nano particles in the composite 
resins. Therefore, one disc-shaped sample from each 
test group was prepared for SEM-EDX analysis. 
Samples were broken into two pieces with a chisel-
like blade, and the broken surfaces were gold sputter 
coated (Sputter Coater, Emitech, K45OX Ashford, 
Kent, England) in a thin 15-nm layer to prevent the 
sample surfaces from burning during SEM observa-
tion. The elemental gold was finally eliminated from 
the diagram by the system software. The broken 
surfaces of each sample were observed with a scan-
ning electron microscope.

Wettability
The wettability of the samples was assessed by 

measuring the contact angles of distilled water on 
composite resins with a contact angle measuring 
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system (Sessile Drop, Kruss G10, Hamburg, Ger-
many). The contact angle was defined as the angle 
at which the liquid interface met the solid surface 
of the composite disc at four points on each sample, 
and the mean of the points was reported as the con-
tact angle of each sample. The surface of the drop 
was monitored constantly, and the contact angle 
was measured just after 20 s, when the droplet was 
stabilized.

All data were analyzed by SPSS Software (Ver-
sion 11, SPSS Inc., Chicago, USA) using two-way 
ANOVA and Tukey HSD multiple comparison tests. 
The level of significance was set at 0.05.

Results
Figures 1 and 2 indicate the distribution of 

nano silver particles in composite resins. Figures 3 
and 4 are the topographic images of the surface of 
composite resins taken by atomic force microscopy 
(AFM).

The means and standard deviations of the con-
tact angles of the studied groups are summerized in 
Table 1.

Analysis of factorial variance was performed in 

control and test groups for water contact angles. 
The contact angle was significantly different be-
tween the P90 and Z250 composites. The contact 
angle of the P90 composite was significantly high-
er than that of Z250 (p = 0.0001). The addition of 
nano silver particles reduced significantly the con-
tact angle (p = 0.0001). The interaction of the type 
of the composite and the concentration of the nano 
silver was significant (p = 0.006). Therefore, exclu-
sive of the type of composite, incorporation of dif-
ferent concentrations of nano silver reduced the con-
tact angle significantly (p = 0.008).

In the Z250 composite, increasing the concentra-
tion of nano silver particles from 0.5 to 1% caused 

Table 1 - The contact angles of the composites (mean ± sd).

Composite
% of nano silver particle

0% 0.5% 1%

Z250 80.50 ± 2.00 A,a 68.02 ± 0.62 A,b 74.37 ± 0.22 A,c

P90 94.57 ± 2.24 B,a 88.17 ± 1.86 B,b 88.32 ± 2.91 B,c

The different capital letters indicate statistically significant differences be-
tween the composites. Different lower case letters indicate statistically sig-
nificant differences between samples with and without nano silver.

Figure 1 - Image of the surface of composites containing 
0.5% nano silver particles.

Figure 2 - Image of the surface of composites containing 
1% nano silver particles.
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an increase in the contact angle (p = 0.0001), where-
as in the P90 composite the difference between the 
samples with 0.5% and 1% nano silver particles was 
not statistically significant (p > 0.05).

Discussion
Considering the higher level of sorption of mi-

croorganisms by the composite resins compared to 
other restorative materials,12 some previous studies 
have suggested the addition of silver as an antibacte-
rial material to the composite resin restorations.10,11 
Silver is a safe bactericidal metal, because it is not 
toxic for animal cells, while it is severely toxic and 
lethal to bacterial cells.13,14

Concerns have been raised about the adverse ef-
fect of nano particle additives on the mechanical 

properties of composite resins. Previous studies have 
reported silver compounds added at 10% or great-
er to dental materials would significantly reduce 
compressive strength, elastic modulus, and tensile 
strength.11,15 Therefore, it seems that nano particles 
added in low concentrations, as in the present study, 
would not adversely affect the mechanical proper-
ties of composite resins. Discoloration and a change 
in color to a tone of gray are common problems in 
all materials containing silver, especially composite 
resins.16,17 Using low concentrations of metal nano 
particles can prevent severe discoloration of compos-
ite resins.16 It has been reported in a previous study 
that the incorporation of silver microparticulates at 
concentrations of 0.3% and 0.6% into the compos-
ite resin imparted antibacterial properties to the ma-

Figure 4 - Topographic image 
of the surface of the P90  

composite with atomic force 
microscopy (AFM)

Figure 3 - Topographic image 
of the surface of the Z250  

composite with atomic force 
microscopy (AFM).
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terial. Therefore, according to previous studies, we 
chose concentrations of 0.5% and 1% silver nano 
particles to impart both the antibacterial properties 
of silver and the less detrimental effect of these nano 
particles on the color of composite resins.

In the present study, the influence of surface 
roughness was eliminated by polishing all specimens 
to a level of clinically acceptable surface smooth-
ness18 (about 1 µm), which was confirmed by AFM 
observations.

The contact angle of the silorane-based compos-
ite (P90) was significantly higher than that of the 
Z250 composite, which is indicative of the higher 
hydrophobicity of P90. This is in accordance with 
the study of Buergers et al.10 Addition of silver nano 
particles to P90 and Z250 composites caused a re-
duction in water contact angle of these composites. 
Both composites exhibited higher contact angles 
when the concentration of nano silver was increased 
from 0.5 to 1% by weight but the contact angles 
were still lower than that in the control groups. 
Therefore, depending on the type of the composite, 
addition of nano particles could significantly change 
(reduce) the water contact angle of the composites.

Contrary to the results of the present study, 
Bürgers et al.11 reported greater hydrophobicity 
upon the addition of silver to composite resins. They 
used a flowable composite in their study. Filler char-
acteristics of composites have been considered a sig-
nificant factor in their water sorption. The amount 
of water sorption by composite resin depends on 
the hydrophilicity of the polymeric matrices and the 
composition of the filler. There is also a correlation 
between filler load and water sorption.19 The flow-
able composite used in the study of Bürgers et al. 
(X-flow) contains 38% by volume silicon dioxide 
filler particles, whereas the Z250 composite is filled 
to 60% by volume with zirconia/silica particles, and 
Filtek Silorane contains 76% by volume quartz and 
yttrium fluoride filler particles. The contact angle of 
the flowable composite used in the study of Bürg-
ers et al.11 was 66°, which increased upon the addi-
tion of silver particles. In addition, they used mic-
roparticulates of silver with sizes ranging from 3.5 
to 18 µm. Metallic particles of silver have a large 
surface energy. The smaller the silver particles, the 

higher their energy and surface activity. Addition 
of nanometer sized silver particles, as done in the 
present study (50 nm) could result in an increase in 
the surface energy of composite resin, consequently 
decreasing the water contact angle. It is reported in 
previous studies that the addition of these particles 
to hydrophobic materials, such as composite resins, 
causes an increase in surface energy and a reduction 
of the contact angle, which is in accordance with the 
results of the present study.20

The results of our study indicated that the addi-
tion of nano silver could reduce the contact angle 
of the composite resins in comparison to the control 
groups; however, the water contact angle increased 
by increasing the nano silver concentration from 0.5 
to 1% by weight. It is possible that the addition of 
more than 0.5% nano particles caused the accumu-
lation of these particles, creating clusters of silver 
resembling microparticulate silver, and therefore re-
sulting in an increase in hydrophobicity and contact 
angle in comparison with composites containing 
0.5% nano silver.

Although the contact angle was reduced by the 
addition of nano silver to composite resins, numer-
ous other factors affect bacterial adherence. The 
anti-adherence and bactericidal properties of nano 
silver-containing composites against mutans strepto-
cocci are reported in some previous studies.5,6,11,16,17

Although nano silver particles might be useful as 
an antibacterial agent incorporated into dental com-
posites, this metal influences the color of the esthetic 
restorative materials and reduces water contact an-
gles of the heavily filled composite resins. Therefore, 
addition of silver nano particles into composite resin 
restorations may not be clinically advantageous.

Conclusions
Within the limitations of the present study, it 

was concluded that addition of 0.5% and 1% silver 
nano particles increased the wettability of the meth-
acrylate and silorane-based restorative composites.
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