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significantly higher modulus than the nanocomposites 
filled with ASN40. The models which have been developed 
for prediction of modulus in the composites with rigid par-
ticle in non-rigid matrix fitted better with the experimental 
values.
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Introduction

Dental composites have excellent esthetic properties com-
pared to their metal-based competitors and have currently 
become popular dental restorative materials. The polymeric 
matrix of the composites is usually reinforced by incorpo-
rating of particulate and/or short fibrous fillers to improve 
their physical and mechanical properties [1, 2]. Particle 
size of the reinforcing fillers varies from a few nanometers 
to several micrometers [3, 4] which significantly affects 
mechanical properties of dental composite resins [5, 6].

The effect of particle size or volume fraction of the fill-
ers on the flexural strength and flexural modulus of the 
resin-based composites have been investigated before [7–
9]. The flexural properties of the composites have also been 
studied and predicted using analytical models [9–11]. It has 
been shown that incorporating of nanoparticles into dental 
composites may improve some properties like wear resist-
ance, gloss retention [12], modulus [13], flexural strength, 
diametral tensile strength [14, 15], and fracture toughness 
properties [16–18]. In the composites, the main mechanism 
suggested for interactions occurring between the filler sur-
face and their surrounding resin matrix is chemical bond-
ing of the matrix monomer and the filler surface functional 
groups. The functional groups which present on the filler 

Abstract Mechanical properties of an experimental den-
tal composite filled with spherical silica nanoparticles, in 
two different particle sizes, were investigated. The experi-
mental results of elastic modulus and strength of the com-
posites were compared with the prediction of models. 
Amorphous silica nanoparticles (ASN) with primary par-
ticle sizes of 12 nm (ASN12) and 40 nm (ASN40) were 
surface treated by 3-(methacryloxypropyl) trimethoxysi-
lane (γ-MPS). Surface treatment of the particles was exam-
ined by FTIR spectroscopy and TGA. The composites 
were prepared by incorporating of the silanized ASN12 
or ASN40 particles in different percentages into a mix-
ture of 2,2-bis-[4-(2-hydroxy-3-methacryloyloxy-propoxy)
phenyl]-propane (bis-GMA), triethyleneglycol dimeth-
acrylate and a photoinitiator system. The pastes were trans-
ferred into the molds and light-cured. Diametral tensile 
strength (DTS), flexural strength and flexural modulus of 
the composites were then determined. The cross-section 
area of the fractured specimens and dispersion pattern of 
the fillers throughout the resin matrix were studied by SEM 
and TEM, respectively. Data were analyzed and compared 
using ANOVA and Tukey’s HSD tests at a significance 
level of 0.05. An increasing trend was observed in the 
flexural modulus of the composites as a function of their 
filler content. The same trend, however, was not observed 
for DTS and flexural strength properties. At the same filler 
fraction, the nanocomposites containing ASN12 showed 
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