
Annals of Dental Specialty Vol. 5; Issue 1. Jan – Mar 2017 | 1 

 

 

ASSESSMENT OF TOP AND BOTTOM SURFACE OF SILORANCE AND 

METHACRYLATE COMPOSITES BY USING VICKERS HARDNESS TESTING 
Davari A,

 1
Amini M,

 2
 Daneshkazemi A

 3 

1. Professor, Department of Cosmetic & Restorative Dentistry, School of Dentistry, Yazd University of Medical Sciences, Yazd, Iran 

2. Dental General Practitioner, Department of Cosmetic & Restorative Dentistry, Yazd Dental School, Yazd University of Medical Sciences, Yazd, Iran 

3. Associate Professor, Department of Cosmetic & Restorative Dentistry, School of Dentistry, Yazd University of Medical Sciences, Yazd, Iran 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 
 

Composites are composed of three main constituents: 

organic matrix, non-organic filling components, and the 

binding factor or silane.
1
 The resin matrix is the active 

chemical component of composites and the polymeric 

matrix is formed during a radical increment polymerization 

reaction between oligomers.
2
 The scattered non-organic 

components include constituents such as glass or fine 

quartz or the microfine colloidal silica. The inclusion of 

these components to the resin matrix reduces 

polymerization contraction, improves mechanical 

properties like strength and hardness, creates radiopacity, 

decreases the thermal expansion index of resin matrices, 

and controls the aesthetic appearance of composites such as 

color and translucency. Silica-based fillers are hydrophilic 

because there is a layer of hydroxyl groups on their surface. 

The binding substance is silane which has functional 

groups like methoxy at its two ends that is hydrolyzed. 

RSi(OMe)3 is hydrolyzed to RSi(OH)3 and interacts with 

OH filler group (substrate(OH)3. It is bonded to the filler 

surface. On the other hand, it has methacrylate group on its 

other end which is bonded to the matrix via the dual bond 

of carbon.
3
 

 

Unlike the methacrylate-based composites in which the 

radicals trigger the initiation of polymerization reaction, the 

siloranes are a cationic monohybrid system with expanding 

cycles fabricated to overcome the problems induced by 

polymerization contraction.
4 

These monomers are produced 

by the reaction between oxyrane and cycloxan molecules, 

i.e., a process which is not sensitive to oxygen. This hinders 

the formation of oxygen inhibition layer at the composite 

surface. The formation of this layer is one of the 

shortcomings of methacrylate-based composites. It is 

formed by the inhibition of primer radicals by oxygen. 

Compared to methacrylate, silorane enjoys less volume 

contraction, less contraction stress, higher flexional 

strength, higher resistance to fracture, higher color stability, 

absence of cellular toxicity, better biocompatibility, 

insolubility in water, and lower translucency.
5
 

 

The light emitting diodes (LEDs) have been used for 

composite curing for the first time in 1995. LEDs emit a 

specific wavelength 470 nm to activate camphoroquinone. 

These lamps work for 10000 h and provide a high energy 

performance. They consume little power and can be 

battery-operated.
6
 

 

The degree of composite conversion affects its mechanical 

properties, solubility, stability of dimensions, color change, 

and biocompatibility.
7 

The curing depth and micro hardness 

test are reliable features used widely in assessing the degree 

of resin conversion, and consequently, in employing the 

light sources.
8
 Hardness is greatly dependent on composite 

type,
9
 polishing,

10 
maintenance conditions

11
 and curing 

conditions like distance from the light source, intensity, and 

duration of time.
12 

The effect of depth of curing on the 

microhardness in different composites have been evaluated 

in a limited number of studies.
12-13

 The present in vitro 

study assessed microhardness of surface and depth of cure 

on methacrylate-based and silorane-based composites after 

LED curing. 
 

Materials and Methods 
 

In this study, we used Filtek Z250 (3M ESPE, St Paul, 

USA) and Filtek P90 (3M ESPE, St Paul, USA). The 

characteristics of the restorative materials used in this study 

are given in Table 1. A total of 40 composite discs were 

prepared using plastic molds with inner diameter of 8 mm 

and height of 2 mm and divided into Group A (P90) and 

Group B (Z250). The molds were placed on glass slabs. 

Then, the P90 and Z250 composites were invested using 

the mass method. A celluloid film was put on it and another 
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glass slab was pressed on it to remove the overflow 

composite so that a composite thickness of 2 mm was 

achieved. Subsequently, the height of the samples was 

cured for 20 s from a zero distance (the tip of the light cure 

device was completely attached to composite surface) with 

LED device (Dentamerica LITEX 696 CORDLESS LED 

Curing Light) on the basis of the manufacturer's 

instructions using the standard method at 1200 mw/cm
2 

intensity. Also, a black light-absorbing plate was placed 

under the device to prevent light reflection. Then, the 

samples were separated from the mold and their surfaces 

were polished and finished. The upper surfaces of the 

samples were marked with an indelible mark and the 

samples were placed in dark room for 24 h at room 

temperature. Next, the samples were taken out of the molds 

and kept in metallic dishes containing distilled water till the 

time of preparation of other samples. Twenty samples were 

prepared from each of A(P90) and B(Z250) composites, so, 

there were a total of 40 composite samples placed within a 

container of 20 mL of distilled water and then dried. 

Vickers Hardness Test was performed on all samples on the 

surface close to the light source and on the inferior surface 

opposite to it using Vickers Hardness testing Machine 

(Copa MHI, Iran) with a force of 50 g for 15 s. The results 

were gleaned for statistical analysis. 
 

 
 

Table 1: Composites Characteristics 
 

The degree of hardness was measured with Vickers 

hardness testing device (Copa MHI, Iran) and recorded in a 

special data collection form designed for this purpose. The 

gleaned data were coded, imported to SPSS18 and analyzed 

using descriptive statistics including mean, SD, 

independent T-test, and paired T-test. The level of 

statistical significance was set at P-value=0.05. 
 

Results 
 

The mean and standard deviation related to the 

experimental materials are presented in Table 2 and 3. The 

mean VHN of both the inferior and superior surfaces of 

methacrylate-based composites is significantly higher than 

silorane-based composites (p=0.0001) (p=0.020). In the 

P90 composite, the cure depth of the superior surface was 

statistically significantly higher than the inferior surface (P-

value=0.0001), yet, the mean difference in cure depth of the 

inferior and superior surfaces of Z250 composite is not 

statistically significant (P-value=0.120). 
 

 

 
 

Table 2: Results of statistical analysis of hardness in two 

composite groups compared. 
 

 
 

Table 3: Results of statistical analysis of both the inferior 

and superior surfaces in each group 
 

Discussion 
 

This study compared the hardness of the inferior and 

superior surfaces of silorane-based and methacrylate-based 

composites. The study was conducted on P90 as a silorane-

based composite and Z250 as a methacrylate-based 

composite. The Vickers harness test indicated that the 

hardness value of silorane-based composite was smaller 

than the hardness value of acrylate-based composite. The 

difference may be attributed to the chemical differences of 

monomers,
12

 and type and scattering of nonorganic 

constituents.
14

 The study by de Moreas Porto et al.
15 

used 

the near-IR spectroscopy to measure the DC (degree of 

conversion) of composites. This method uses the difference 

in intensity of absorption and reflection of light by 

composite in the cured and non-cured states. The results 

demonstrated the greater degree of conversion (DC) of 

methacrylate-based composite which can lead to greater 

microhardnesss of Z250 composite. Also, in the study by 

Son et al.
14

, although the DC of P90 composite was higher 

than the DC of Z250 composite, the Vickers hardness (HV) 

of Z250 composite was much greater than the Vickers 

hardness of P90 composite. It is said that the hardness 

value is not always a predictor of DC and the higher H of 

Z250 composite is attributed to higher percentage of 

composite filler, so that the less the filler and the more the 

monomer, the smaller the HV. 
 

One reason for the difference in hardness of composites can 

be attributed to composite heat loss when it is removed out 

of the carpool till it is transmitted to the mold. It is reported 

that the composite temperature may fall by 50% in 2 min 

during the time it is taken out of the carpool depending on 

the type and brand of the composite.
16

 
 

According to the study by Gonzalez,
17

 the P90 composite 

has the highest hardness at 700 mW/cm
2
. Also, according 

to da Silva et al.
18

,  the micro hardness value of 

conventional composites increases at higher intensities of 
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the light cure device. Some scholars believe that the 

increased emission intensity of light cure device may 

produce more heat in the composite leading to increased 

kinetic motion of monomers which results in promoted DC 

of composites and subsequently, induces increased micro 

hardness. In this study, the emission of 1200 mW/cm
2
 in 

the LED device was stable on the basis of the 

manufacturer's instructions. 
 

In the study by Mohammadi et al.
19

, the researchers 

investigated the effect of pre-heating on the mechanical 

properties of P90 and Z250 composites. They placed the 

composites in a container with 25, 37 and 68° C water for 

15 min and then invested them in molds and cured them. 

The flexional strength and the elastic module were 

measured using three-point bending test and the surface 

strength was measured with Vickers hardness test. The 

results showed that pre-heating leads to increased elastic 

module and micro hardness, yet it had no significant effect 

on flexional strength. Also, Z250 showed higher results in 

all tests compared to P90 so that increased temperature of 

pre-heating had led to greater micro hardness of Z250 

compared to P90 composite. Hence, it could be explained 

that if the emission intensity of the LED device is 

increased, a higher temperature is produced which directly 

affects the mechanical properties of the composites, 

specially the Z250. 
 

Cellabus et al.
7
 investigated the effect of exposure time of 

LED and halogen sources on the hardness of composites. 

They found that increasing the exposure time from 20 s to 

40 s increased the composite hardness on all surfaces 

specially in higher depths, albeit, of course, our study 

emphasized 20 s exposure time for depths less than 2.5 

mm. Furthermore, Cardia et al. (2015) investigated the cure 

depth of silorane-based and Z250 composites and found 

that the difference in composite hardness with exposure 

times of 20 s and 40 s of LED exposure was not significant. 
 

After curing, the samples were polished with finishing 

discs. The study by Kaminedi et al.
20

 was carried out to 

investigate the effect of finishing and polishing on the 

physical properties of Z250. In this study, immediate 

finishing after curing caused the highest micro hardness for 

methacrylate-based composite. Grinding and polishing of 

the samples are the prerequisites of any hardness test using 

any method with any device. If the site of hardness testing 

is not properly polished, the obtained hardness value will 

be under-reported due to projections, porosities, and 

roughness and the created depression will not be readily 

pronounced and legible. 

 

Moreover, the study by Kusgoz et al.
11

 investigated the four 

properties of cure depth, surface hardness, DC, and cervical 

microleakage as important clinical parameters on silorane-

based and methacrylate-based composites during the three 

7-day, 1-day, and 30-day periods. The DC of methacrylate-

based composite was greater than the DC of silorane-based 

composite and the disparity is attributed to the difference in 

the structure of monomers and fillers. Increasing the 

immersion time of the samples from 1 day to 30 days 

resulted in increased DC of the samples, however, the 

hardness of the superior and inferior surfaces of the 

composites except silorane decreased. The difference in DC 

and KHN in the course of time is attributed to insufficiency 

of only DC in the three-dimensional structure of 

composites, unequal content of C=C in various regions of 

the composite and the presence of unreacted monomers 

besides the reacted monomers. Additionally, the immersion 

of composites in water reduces KHN in the course of time 

due to the absorption of water by the resin component, 

matrix inflation, and reduced force of polymeric chains. On 

the other hand, maintenance of silorane-based composite in 

water has no effect on KHN. This may be attributed to the 

structure of silorane and reduced water absorption and their 

solubility against methacrylate. 
 

de Moraes et al. 
21

 studied the effect of 6-month immersion 

of microhybrid composite in water on surface hardness. 

This study used Z250 composite. As predicted, after 6 

months of maintenance in a dark chamber filled with 

distilled water, the hardness of the superior surface of the 

composite was reduced to less than the hardness in the  first 

24 h due to resin matrix inflation, reduced cohesion 

between the polymer chains, and also reduced cohesion 

between the filler and the resin. Nevertheless, contrary to 

our expectation, the hardness of the inferior surface was 

greater than the hardness of the superior surface of the 

composite. It was explained that the free radicals that are 

the primers (initiators) of the reaction in methacrylate-

based composites, are surrounded by the components of the 

reaction from three dimensions in the major volume of the 

composite while they are surrounded from just one 

dimension in the superior surface. On the other hand, 

increasing the temperature (photo activation) during light 

cure is greater in the deeper layers of the composite than 

the superficial layers since heat transmission is smaller. It 

has been proved that even minor increase in temperature 

leads to increased hardness.  
 

Conclusions 
 

Based on the results of the present study, the hardness of 

methacrylate-based composites (Z250) was higher in both 

the superior and inferior surfaces compared to silorane-

based composite (P90). Also, the hardness of the superior 

surface (close to the light source) was higher than the 

inferior surface (away from the light source) for P90 

composite.  
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