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Fabrication and evaluation of light-curing nanocomposite resins
filled with surface-modified TiO2 nanoparticles for dental
application
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Abstract A kind of light-curing nanocomposite resin,

which consisted of reactive monomers, surface-modified

TiO2 nanoparticles and a photoinitiation system, has been

developed for the application of dental restoration. It may

be noted that the conjugation of glycidyl methylmethac-

rylate (GMA) onto the surface of TiO2 nanoparticles (nano-

TiO2) contributed to improvement in miscibility between

nano-filler and matrix, because the reactive C=C group of

GMA participated in curing of the matrix, and hence

resulted in the enhancement of mechanical properties.

When the content of GMA-modified nano-TiO2 was 2

wt%, the flexural strength and modulus of the nanocom-

posite resin reached 147.8 and 2918.3 MPa, respectively,

which increased by 21.7 and 30.8 % in contrast to the resin

without adding nano-filler. Furthermore, the polymeriza-

tion shrinkage decreased after incorporating the nano-filler

while the degree of monomer conversion and the water

sorption for the nanocomposite resins was comparable with

those of the resin without nano-filler. In conclusion, this

study presented a new method, namely introduction of

functional groups onto the nano-filler surface to participate

in the reaction of resin monomer, to improve the interfacial

adhesion and the resultant miscibility between nano-filler

and resin matrix in light-curing dental nanocomposites by

chemical linkage mediated with surface-modified specie.

Moreover, the enhanced mechanical properties and

decreased polymerization shrinkage of nanocomposite

resins, which are considered the key to the effects of dental

restoration, contributed a great potential as a dental mate-

rial utilized for caries treatment and prevention.
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Introduction

Dental caries, otherwise known as tooth decay, with the

incidence up to 80 % is one of the most susceptible dis-

eases due to the long-term synergies of acid-producing

bacteria and fermentable carbohydrate in the oral envi-

ronment expecting the host factors of teeth and saliva [1].

Moreover, many kinds of dental materials have been

developed to meet the requirement of caries treatment and

prevention. Currently, light-cured resins have been widely

used as dental restorative materials depending upon their

excellent esthetic, biocompatible, adhesive, manipulative,

durable and physical properties [2–5]. Furthermore, it is

also verified that light-cured resins can match the complex

environment of oral cavity, such as the pH value varying

from 4 to 8, the temperature ranging from 0 to 70 �C, the

chewing force up to 80 N, and more than 700 kinds of

existing bacteria. Meanwhile, the dental restorative resins

are still explored to further enhance their physical and

mechanical properties because the traditional dental

materials usually show weak mechanical properties, poor

abrasion resistance and relatively low elastic modulus. In

addition, the shrinkage ratio of the resin material in the
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