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INTRODUCTION

The restorative composite resins have undergone 
continuous development during the most recent decades 
(1). Composite formulations have continued to evolve 
since bisphenol A glycidyl methacrylate (Bis-GMA) was 
first introduced to dentistry by Bowen in 1962 (2), and 
have been modified in various ways based on different 
properties, like viscosity or polarity. These changes were 
produced by variations of functional groups. Different 
co-monomers, such as triethylene glycol dimethacrylate 
(TEGDMA) and urethane dimethacrylate (UDMA), 
have been developed over time and contributed, in 
very different ways, to the profile of contemporary 
composites (1).
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Currently, all commercially available composite 
resins have their common basis in the radical 
polymerization of methacrylates (1). These materials 
are composed of an organic matrix, load particles 
(glass, quartz and/or melted silica) and a bonding agent, 
usually an organic silane, that has a dual characteristic, 
enabling chemical bonding with the load particle and 
co-polymerization with the monomers of the organic 
matrix (3). The development of different composite 
resins has lead to remarkable improvements in terms 
of physical strength, wear resistance, and stability 
in the oral environment. Modern composites exhibit 
excellent physical resistance and esthetics. However, 
two major properties of composites that still have to be 
improved are polymerization shrinkage and the related 
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polymerization stress (1).
The amount of light available to excite the 

photoinitiator dramatically decreases from the top 
of the surface inward as a result of light absorption 
and scattering (4) by the composite itself or by the 
surrounding tissues/materials (5). The degree of cure of 
light-activated composite resins has been recognized as 
important to the clinical success of these materials soon 
after these materials were introduced (6). The advantage 
of testing the composite using the Knoop hardness test is 
the correlation between Knoop hardness and the degree 
of monomer conversion (DC) (7). DC directly influences 
the mechanical properties of a composite resin (7). Thus, 
after light curing, it is desirable to activate this restorative 
material in order to attain the best mechanical properties, 
and to convert all the monomer into polymer.

Moszner et al. (8) have reported that vinyl 
cyclopropane derivatives, such as radical curing ring 
opening monomers, are also able to copolymerize with 
common methacrylate-based resins. A different chemical 
approach was used for this reaction, focusing on cationic 
ring opening of spiro ortho carbonates, especially in 
combination with epoxy monomers (1). Silorane, a 
low-shrinkage, tooth-colored restorative material, 
as claimed by the manufacturer, 3M ESPE, St. Paul, 
MN, USA, has been recently introduced to the market. 
Silorane was so named to indicate a hybrid compound of 
siloxane and oxirane functional moieties (9). While the 
siloxane determines the highly hydrophobic nature of the 
siloranes, the cycloaliphatic oxirane functional groups 
are responsible for lower shrinkage when compared to 
methacrylate-based composites. Oxiranes, which are 
cyclic ethers, polymerize by a cationic ring-opening 
mechanism, while methacrylates polymerize via a free-
radical mechanism (1).

The aim of this study was to investigate the 
influence of different composite resins on light 

transmission and decrease in Knoop hardness between 
the bottom and top of cured specimens. The null 
hypothesis tested was that there is no difference in the 
decrease of Knoop hardness between bottom and top 
in silorane- and methacrylate-based composite resins.

MATERIAL AND METHODS

The restorative composite resins Filtek P90 (3M 
ESPE; shade A3) and Heliomolar (Ivoclar Vivadent, 
Schaan, Liechtenstein;  shade A3) were used (Table 1).

Among the light-curing units (LCUs) available in 
the market, the most traditional ones use a quartz tungsten 
halogen (QTH) light (10). For this reason, we used a 
QTH lamp (XL 2500; 3M-ESPE) with irradiance of 900 
mw/cm2. The LCU output (mW) was measured with a 
power meter (Ophir Optronics; Har-Hotzvim, Jerusalem, 
Israel). The tip diameter (7 mm) was measured with a 
digital caliper (model CD-15C; Mitutoyo, Tokyo, Japan) 
to determine the tip areas. The irradiance was calculated 
by dividing the light power by the tip area. The spectral 
distributions were obtained using a spectrometer (USB 
2000; Ocean Optics, Dunedin, FL, USA).

Standardized cylindrical specimens were 
obtained by placing composite into the circular elastomer 
mold (2 mm thick x 7 mm diameter). The bottom and 
top surfaces were covered with a transparent polyester 
strip and photoactivated for 40 s in accordance with the 
manufacturers’ recommendations. The LCU light-guide 
tip was positioned close to the elastomer mold/restorative 
composite set. Twenty specimens of each composite were 
fabricated with the dimensions of the elastomer mold.

Light Energy Transmission Test

Ten specimens of each material chosen at 
random were attached to the LCU light-guide tip with 

Table 1. Information about the composites employed according to the manufacturers.

Composite Organic Matrix Filler Photo-initiator Batch number

Filtek P90 Silorane resin 76% by weight (mean: 0.47 μm)
quartz and yttrium fluoride

Camphorquinone, 
iodonium salt and 

electron donor 
8BL

Heliomolar
Bis-GMA, UDMA, 
and 1,10-decanediol 
dimethacrylate

66.7% by weight (mean: 0.04-0.2 μm)  
Silicon dioxide, ytterbium trifluoride

 and copolymer
Camphorquinone F58116
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black adhesive paper. The light that passed through the 
composite was measured with the power meter (Ophir 
Optronics) (10). The spectral distributions were obtained 
using a spectrometer (USB 2000; Ocean Optics). The 
irradiance data were subjected to ANOVA and the means 
were compared by the Student’s t-test (α=0.05).

Knoop Hardness Test

After the photoactivation procedure, the other 
10 specimens of each material were stored dry at 37ºC, 
for 24 h. Thereafter, both the top and bottom surfaces 
were ground with #200-, 400- and 600-grit SiC abrasive 
(Carborundum; Saint-Gobain Abrasives, Recife, PE, 
Brazil) to obtain polished, flat surfaces.

Indentations for Knoop hardness number (KHN) 
measurements were sequentially performed in a hardness 
testing machine (HMV 2; Shimadzu, Tokyo, Japan). 
Three readings were taken on the top and bottom surfaces 
under a load of 50 gf for 15 s each. The KHN for each 
surface was recorded as the mean of the 3 indentations.

The difference in Knoop hardness between the 
top and bottom (DKH) surfaces was calculated for 
each specimen (10). The DKH data were subjected to 
ANOVA and the means were compared by the Student’s 
t-test (α=0.05).

RESULTS

The amount of light (irradiance) (p>0.05) that 
passed through Filtek P90 (272 ± 7.8 mW/cm2) was 
not significantly greater compared to Heliomolar (271 
± 8.0 mW/cm2).

Table 2 shows that the DKH of Filtek P90 was 
significantly (25.84%) higher (p<0.05) than that of 

Heliomolar (12.85%). Figure 1 shows the wavelength 
distributions of the QTH LCU, and the light that passed 
through the specimens of both composite resins.

DISCUSSION

The tested null hypothesis was rejected, since 
differences were found in the decrease of Knoop hardness 
between the bottom and top surfaces of the silorane 
and methacrylate-based composite resins. Adequate 
polymerization is a crucial factor in obtaining an optimal 
physical mechanical performance of composite resins 
(11). A previous study indicated that factors such as 
filler and polymeric matrix refractive index, monomer 
type, filler type and filler content, can influence the 
light transmittance of composite resins (5). Hardness 
evaluation was used as an indirect method to verify the 
degree of conversion of composite resins (7).

During the photoactivation process, the light 
that passes through the resin composite is absorbed 
and scattered (12). Thus, the irradiance is attenuated 
and its effectiveness is reduced as the depth increases 
(13). Nevertheless, the polymerization depth depends 
on light irradiance, exposure time and several other 
factors namely material composition (14), composite 
shade (15) and translucency (16). All of these factors 
influence the amount of light (irradiance) that reaches 
the deepest layers of the material. If the amount of light 
is not sufficient, the degree of conversion in these areas 

Table 2. Mean values of Knoop Hardness Number (KHN) and 
difference in Knoop hardness between the top and bottom (DKH) 
surfaces.

Composite 
resin

KHN
DKH (%)

Top Bottom

Filtek P90 45.61 (0.48) 33.87 (0.71) 25.84 (4.00)a

Heliomolar 33.18 (0.30) 28.91 (0.24) 12.85 (0.98)b

The values are expressed as means and standard deviations. 
Different letters indicate statistically significant difference 
(Student’s t-test; p<0.05).

Figure 1. Wavelength distributions of the QTH LCU, and light  
irradiance that passed through the specimens of both composite 
resins.
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is low and the mechanical properties of the material, 
including Knoop hardness, are negatively affected. In 
the present study, the irradiance and the wavelength 
distributions (Fig. 1) that passed through the resin were 
similar between the composite resins.

The generation of radical species for methacrylate 
curing is produced using a two component system 
consisting of camphoroquinone, which is the actual 
photoinitiator, and a tertiary amine, responsible for the 
hydrogen transfer reaction (1). This system decomposes 
immediately due to exposure of light with a wavelength 
between 410 and 500 nm, generating the radical species 
to start the polymerization process (17). The development 
of a photoactivated silorane-based composite occurs 
with a three component initiating system comprised of 
camphorquinone, iodonium salt and an electron donor. 
Camphorquinone was chosen as a photoinitiator to match 
the emission spectra of the currently used dental lamps. 
In this reaction path, the electron donor acts in a redox 
process and decomposes the iodonium salt into an acidic 
cation, which starts the ring opening polymerization 
process (1). It is beneficial to use non-coordinative 
counter-anions A- such as SbF6

- or B[(C6F5)4]- to enhance 
the reactivity. The 3-component system provides the 
optimal balance between high polymerization reactivity 
and light stability (1). However, in the present study, 
deeper layers of Filtek P90 presented higher DKH than 
deeper layers of Heliomolar (Table 2).

Moreover, composite hardness is influenced by 
several factors, such as organic matrix composition, type 
and amount of filler particles and degree of conversion 
(18). In this study, the Knoop hardness of Filtek P90 
was higher than that of Heliomolar. The organic matrix 
of Filtek P90 is composed mainly by silorane resin and 
the inorganic particles are quartz and yttrium fluoride 
(76% by weight). In contrast, the organic matrix of 
Heliomolar is composed mainly by Bis-GMA, UDMA 
and 1,10-decandiol dimethacrylate, and a combination 
of inorganic particles of silicon dioxide, ytterbium 
trifluoride and copolymer (66.7% by weight). For this 
reason, the DKH was analyzed. The higher Knoop 
hardness means obtained for Filtek P90 may be explained 
by differences in the filler type and organic matrix 
composition between the materials (Table 1).

Undercured composite resin may present a large 
number of problems, such as poor color stability, greater 
staining, and a risk of pulp aggression by uncured 
monomers and portions of the material with different 
values of Young’s modulus (19). It has been reported that 

loading well polymerized composite layers on poorly 
polymerized layers can lead the composite restoration 
to bend inward and displace, causing marginal fracture, 
open margins and cusp deflection (19). However, it has 
been suggested that a composite resin specimen has 
been adequately cured when there is no more than a 
20% difference between the maximum hardness at the 
top of the composite and the maximum hardness at its 
bottom (20). According to these studies, it is speculated 
that in the present study, Filtek P90 did not present an 
efficient polymerization in deeper layers (Table 2). 
Under clinical conditions, it may be indicate to increase 
the exposure time in silorane-based composites, or use 
LCUs with greater irradiance than that of the halogen 
lamp used in the present study (900 mW/cm2) to obtain 
better results. The irradiance must be sufficient to form 
free radicals and form polymers in both silorane and 
methacrylate-based composites. In summary, silorane-
based composites are not as well polymerized below the 
surface as methacrylate-based composites.

Although this study was performed in vitro and 
thus have some limitations, the following conclusions 
can be drawn: 1. There was no difference in light 
transmission between silorane- and methacrylate-based 
composite resins; 2. There was a greater degree of 
subsurface polymerization of the methacrylate-based 
composite compared to the silorane-based composite.

RESUMO

O objetivo deste estudo foi avaliar a influência da diferença entre 
a dureza do topo e da base em compósitos restauradores. Foram 
utilizados os compósitos restauradores Filtek P90 (compósito à 
base de silorano) e Heliomolar (compósito à base de metacrilato). 
A irradiância da unidade foto-ativadodora (UF) foi mensurada com 
um potenciômetro Ophir Optronics (900 mw/cm2) e o espectro de 
luz foi obtido usando um espectrofotômetro (USB 2000). Vinte 
espécimes cilíndricos padronizados (2 mm de espessura por 7 
mm de diâmetro) foram obtidos pela fotoativação utilizando UF 
(40 s) para cada compósito. A irradiância que passou através do 
compósito foi mensurada (n=10). O número de dureza Knoop 
para cada superfície foi calculado pela média de 3 penetrações. 
A diferença da dureza Knoop entre o topo e base (DDK) de um 
mesmo espécime foi calculada (n=10). A irradiância que passou 
através da Filtek P90 (272 mW/cm2) não foi estatisticamente 
superior a Heliomolar (271 mW/cm2). A DDK da Filtek P90 (25%) 
foi estatisticamente superior a Heliomolar (12%). O compósito 
a base de metacrilato apresentou melhor grau de polimerização 
na base quando comparado ao compósito à base de silorano.
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