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ABSTRACT

The use of nano particle composite in posterior region is somehow difficult due to the limited 
space to place the light source as close as possible to the restorative material. The distance between the 
light source and restorative material surface leads to decreased light intensity that causing inadequate 
polymerization. The inadequate polymerization affects the composite diametral tensile strength. Two 
types of nano particle composite, i.e. FiltekTM Z-350 and Ceram-XTM were tested for their diametral 
tensile strength, which is affected by the distance of the light source from the composite material 
surface. Some cylindrical specimens were exposed to light with various distances from the light source, 
i.e. 0, 1, 2, 3, 4, and 5 mm from the specimen surface. From the six distance variations tested the 
diametral tensile strength of Filtek Z-350 is 64.09-58.20 MPa with the significant result in 2, 3, 4 and 5 
mm distances; and the diametral strenght of Ceram-X is 47.52-42.20 MPa with the significant result in 2, 
3, 4 and 5 mm distances. The results of this study show that the increased distance of the light source 
from the nano particle composite restorative material leads to decreased diametral strength of the two 
nano particle composites tested.
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INTRODUCTION

The use of resin composite as restorative 
materials in posterior teeth has several limitation 
such as the difficulty to place the light source 
as close as possible (tight contact) with resin 
composite material. To get optimum polymerization 
from light activated composite materials, the 
resin composite material and the light source 
should be in tight contact and the thickness of 
resin composite should not be more than 2 mm.1-3 
If there is any distance between the light source 
and composite material, the intensity of the light 

received by composite material will be less than the 
light intensity at the light source. Adequate light 
with precise wavelength range should reach the 
whole resin composite material that is activated 
by the light to get optimum polymerization3,4 and 
the long term clinical success.3

The distance between the light source and 
composite material will make polymerization 
of the resin composite imperfect which directly 
causes decreased mechanical properties of the 
resin composite materials such as reducing the 
strength of the resin composite material. Because 
the light-activated resin composite material 
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depends very much on the accurate light intensity 
with tight contact between the light source and 
resin composite material surface, those are 
necessary for optimum polymerization.3 Besides, 
with a distance between the light source and the 
resin composite material, the depth of the light 
penetration becomes limited and this leads to 
light scattering on the resin composite material.5

The light penetration depth is directly 
affected by filler particle size of resin composite. 
The light scattering in resin composite material 
increases due to the filler particle size that is 
similar to the wavelength of the light source that 
will reduce light transmission in the composite 
material.3  In addition to the filler side, the 
shape and amount of filler also affect the light 
penetration depth in polymerization that will affect 
the physical, mechanical and biological nature of 
the composite. The inadequate polymerization 
will reduce  hardness, strength and color stability 
and will increase water absorption.6 The best light 
penetration depth is at the restoration thickness 
of 1-2 mm.7,8

Several studies on the effect of light source 
distance from the resin composite surface have 
been performed by several researchers, such 
as the one performed by Pires et al.9 on the 
effect of light source distance from the micro 
filler composite material surface to the upper 
and lower surface hardness of the microfiller 
composite material. The result of this study 
shows that increased distance between the light 
source and resin composite material surface will 
cause reduced hardness, especially the hardness 
of the lower surface of the composite material.9 
Furthermore, Koupis et al.10 suggested that the 
hardness ratio of the lower surface to the upper 
surface reflects the relative curing degree of the 
resin composite material. A study by Sobrinho et 
al.3 on the effect of light source distance with 
resin composite material to the surface hardness 
of microfiller composite also show similar result 
with the study done by Pires et al.9

According to Neo et al.11 the maximum 
distance between the light source and resin 
composite material surface is 4 mm with a material 
thickness of 2 mm. Powers et al.12 suggested 
a maximum distance between the light source 
and the composite material of 1 mm with 2-2.6 
mm thickness to get optimum polymerization.16 

Ferracane2 suggested that if it is possible the light 
source and the resin composite material should be 
in tight contact to get optimum polymerization. 
If it is not possible to place the light source in 
tight contact with resin composite material, the 
maximum distance between the light source and 
the composite material is 1-2 mm.

Recently, a resin composite material with a 
very small filler particle has been developed, i.e. 
composite with nanometer scale filler particle (0.1-
100 nm) called nanocomposite. The nanocomposite 
materials can be used as restorative materials in 
anterior and posterior teeth due to the fact that 
it is a combination of two composite types, i.e. 
hybrid composite with adequate strength for 
posterior restoration (high stress bearing area) and 
macrofiller composite for restoration in anterior 
teeth with better esthetics.13

From several studies performed, there has 
not been any study on the effect of the light source 
distance to the nano particle composite strength. 
Therefore, a research on the effect of the light 
source distance to the diametral tensile strength 
of the nano particle composite is necessary. 
The Nano particle composite can be used for 
restorative material in posterior teeth although 
the application is difficult clinically because it 
is difficult to place the light source as close as 
possible or in a tight contact with composite 
material surface.

MATERIALS AND METHODS

Two types of nano particle composite were 
used for this study, i.e. FiltekTM Z-350 and Ceram-
XTM, with a composition shown in Table 1. The 
total number of samples of the two nano particle 
composite products was 120, each product was 
represented by 60 specimens. Ten specimens 
were placed in each distance group. The light 
distance used were 0, 1, 2, 3, 4, and 5 mm from 
the composite material surface. The diametral 
tensile strength test specimens were cylindrical 
with a diameter of 6 mm and a thickness of 3 
mm 3 mm (ADA specification no. 27)14 and was 
made using metal splitmold. The specimens were 
exposed to light produced by Litex LED curing light 
instruments 20 second. Each time the specimen is 
exposed by the light, the light intensity produced 
by the light source was calibrated using Litex LED 
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Radiometer. One hour after the exposure, the 
specimen was removed from the mold. It was 
then washed using soft detergent and rinsed by 
water. The specimen was then kept in a plastic 
vial containing of 2 ml of aquadest and placed 
into an incubator with a temperature of 370 C ( 
+1oC ) for 24 hours. After 24 hours, the diametral 
tensile strength was measured using universal 
testing machine. Specimen is loaded by 250 kgf 
continually with a speed of 1 mm/minute until 
fracture occurred. The data collected were then 
analyzed using two way ANAVA. 

RESULTS

The diametral tensile strength of the two 
tested nano particle composite type, i.e. Filtek 
Z-350 and Ceram-X is listed in Tab. 2 and Graphic 
1. The statistical analysis using Anava test on 
Filtek Z-350 and Ceram-X composites show that 
there is an effect of the light source distance to 
the composite diametral tensile strength. Based 
on Tukey advance test for Filtek Z-350 composite, 
a light source distance of 2, 3, 4, and 5 mm 
from the composite material surface produces 
significantly different result for α = 0.05 in terms 
of composite diametral tensile strength. For 
Ceram-X composite, it is significantly different 
for α = 0.05 when the light source is 2, 3, 4, and 
5 mm from the composite material in terms of 
composite diametral tensile strength. 

Based on the surface analysis using SEM 
with a magnification of 500X, it is seen that the 
filler particle distribution on the two nanoparticle 
composites is very even (Fig. 1). The surface 
seems to be smoother for Filtek Z-350 composite. 
The analysis on the fracture point using SEM with 
2000x magnification shows a fracture pattern of 

brittle fracture (Fig. 2). 

DISCUSSION

The diametral tensile strength for the two 
nano particle composite studied decreases when 
there is increased distance between the light 
source with the composite surface. The average 
range of the diametral tensile strength for Filtek 
Z-350 composite is 64.09 MPa to 58.19 MPa, while 
for Ceram-X composite the range is 47.51 MPa 
to 42,21 MPa at the six light source distances 
in this study. The diametral tensile strength for 
hybrid composite is 42 MPa.1 While according to 
ADA specification no. 27 year 1977, the diametral 
tensile strength for resin composite is 34 MPa.14   

The SEM test results for the two composites show 
a similar feature, i.e. brittle fracture appearance 
(Fig. 2A and B).

The difference in the strength of the two 
nano particle composite type may be due to the 
difference in the composition of the two composite 
types, both in resin matrix and filler composition. 
A higher strength found in Filtek Z-350 composite 
compared to Ceram-X is especially caused by 
different fillers. The silica/zirconium filler in 
Filtek Z-350 composite increases the strength of 
the composite materials compared to the silicon 
dioxide and barium-aluminum-borosilicate glass 
filler in Ceram-X because silica/zirconium filler has 
a higher molecular weight and density compared 
to barium-aluminum-borosilicate glass.15 Although 
the silica/zirconium nanocluster filler particle 
absorbed more light, the resin matrix used in 
Filtek Z-350 composite, i.e. BisEMA and UDMA, 
can diffuse visible light better in the composite 
materials. Furthermore, the sylanization process in  
Filtek Z-350 composite is done through 2 methods, 

Material Matric Filler Color Manufacturer

Filtek Z-350

Bis GMA,Bis EMA, Nanosilika filler 20 nm A3

3 M ESPE
Jerman

UDMA, and a little Aglomerat Zr/Si 5-20 nm

bit TEDGMA Cluster Zr/Si 0,6-1,4 µm

Volume filter: 78,5%

Ceram-X

Dimethacrylate, resin, Barium-Aluminium-Borosilicate glass~1 µm A3

Dentsply
USA

Methacrylate modified Nanofilter ~ 10 nm

polysiloxane Methacrylate functionalized silicon dioxide 
2-3 nm
Volume filler: 79,5%

Table 1. Composition of two nano particle composite product.

*TGA test result up to 5000C
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Table 2. Diametral tensile strength/DTS average and standard deviation of Filtek Z-350 and Ceram-X (MPa) composite.

** = Significantly different when α 0,05

Graphic 1. Comparison of diametral tensile strength average of Filtek Z-350 and Ceram-X  composites based on the distance 
from light source.

A                                                                                                        B
Figure 3. A. FiltekZ-350 surface, magnification 500x, B. Ceram-X surface, magnification 500x.

A                                                                                                        B
Figure 4. A. Filtek Z-350 fracture magnification 2000x, B. Ceram-X fracture magnification 2000x.

Exposure Distance 
(mm)

Average diametral strength/DTS + SD (Mpa)

Filtek Z-350 Ceram-X

0 64.091�1.07�1.07 47.52�0.42�0.42

1 64.08�0.95�0.95 46.79�0.76

2 63.69�0.89 **�0.89 ** 46.47�0.81 **

3 61.73�1.12 **�1.12 ** 46.13�0.87 **

4 58.75�1.27 ** ** 43.91�0.61 **

5 58.20�1.44 **�1.44 ** 42.2�1.26 **
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sylanization of nanomeric silica filler particle 
and sylanization of nanocluster silica/zirconium 
particle that can improve its strength compared 
to Ceram-X. Sylanization betweeen filler particle 
and composite matrix may affect the composite 
material strength.15 

The difference in resin composite matrix 
of the two composite also affect the strength of 
the composite material. Filtek Z-350 composite 
contains BisEMA, UDMA and some TEGDMA.  BisEMA 
and UDMA have a high molecular weight with good 
properties for visible light diffusion. BisEMA is a 
hydrophobic monomer and is able to maintain the 
bond between filler particles with resin matrix.

Meanwhile, UDMA can improve the toughness 
of the resin matrix. The diametral strength that is 
higher compared to this Filtek Z-350 composite is 
related to the ability of UDMA to make hydrogen 
bound in co-polymer producing sliding border of 
the polymer segment.18

The color used for the two composites are 
A3 with a thickness of 3 mm which may also cause 
decrease light penetration depth in the composite 
material. Darker color such as A3 and a thickness of 
more than 2 mm needs longer exposure to light to 
get a total energy that will enable the composite 
materials to polymerize the deepest part of the 
material. Furthermore, with the increased light 
source distance, a weaken light intensity will be 
received by the composite material.

The exposure time used in this study is 
20 seconds, which is the same as the exposure 
time instructed by the manufacturer of the light 
source. The light source used was LED with an 
early light intensity at the tip of the instrument 
of 1,120 mWatt/cm2. According to Peris et al.17 an 
exposure time of 20 seconds using LED is adequate 
for composite material polymerization because 
LED has a specific pattern in the light emission 
which is similar to the absorption spectrum of 
comporquinone as the photoactivator of the resin 
composite material. According to Sobrinho et al.3 
the polymerization depth is closely related to 
the thickness of the materials and light intensity 
provided. The weakening of the light intensity 
received by the resin composite material due to 
the distance between the light source and the 
resin composite material can be compensated by 
increasing the exposure time.

CONCLUSION

The strength of the two tested nanoparticle 
composite type is reduced with the presence of 
distance between the light source and composite 
materials. The decreased strength is significant 
for the distance of  2, 3, 4, and 5 of the composite 
material surface, both for nanotparticle composite 
Filtek Z-350 and Ceram-X while for the distance of 
1 mm, there is no significant strength reduction 
compared to 0 mm distance both for  both for 
nanotparticle composite Filtek Z-350 and Ceram-
X.  
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