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Abstract

Aim: In this study, the degree of conversion (DC) was analyzed on the surfaces of dental
composite resins cured in different mould materials with different irradiation times. Methods:
Samples of three composite resins (Grandio®, Grandio Flow® [thickness = 2 mm; 4 mm; Ø = 5 mm]
irradiated for 10 s, 20 s and 40 s and an experimental composite (EXPM) [thickness = 6 mm; Ø
= 5 mm] irradiated for 40 s) were cured in moulds made of polytetrafluorethylene (PTFE), high-
density polyethylene (HDPE) and stainless steel (SS). The DC was analyzed by FT-Raman
spectroscopy. Results: The DC was significantly lower for the 2-mm-thick samples of Grandio®

cured with 20 s in the SS mould than in the PTFE mould. The same trend was found for the 4-mm-
thick samples of Grandio Flow® cured with 40 s. The main difference of the DC between Grandio®

and Grandio Flow® occurred when 10 s irradiation was used, independently of the mould
material and thickness of the samples. The analysis of the DC on the sites around the samples of
EXPM showed no significant difference from those at the bottom when cured in each mould
material with 40 s irradiation. Conclusions: The DC was not affected by the mould material,
instead, the resin formulation and the irradiation times were the main factors affecting the degree
of conversion.
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Introduction

For composite resin-based materials (CRM) used in dentistry, the reaction of the
carbon-carbon double bonds (C=C) at the functional methacrylate groups of the
monomers is important for the mechanical and physical properties of the resultant
polymer. It is already known that not all double bonds react during the
photopolymerization process1. Unreacted monomers and/or functional groups within
the polymer can act as plasticizers and, therefore, have a negative impact on the
mechanical properties1-5. Factors including type of monomers used and their viscosity6,
the amount and type of filler particles7, the amount and type of initiators8-9, the
curing device and the irradiation time10-11 have been found influencing the DC.
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The effectiveness of the photopolymerization process
can be measured by the DC (i.e. percentage of the reacted
aliphatic carbon-carbon double bonds) and has been directly
correlated with mechanical properties (e.g. hardness and
shrinkage) of the composite resin-based materials6,12-17.
Analyses of the DC have been performed using Fourier
transformed (FT)-Raman spectroscopy, an effective
quantitative method to analyze the reacted functional groups
in the material18-21.

When testing composite resin-based materials in vitro,
however, the results of the degree of conversion can be incorrectly
estimated if different mould materials affect the DC, for instance,
by the influence of entrapped oxygen into the mould material22-24.
Therefore, in order to eliminate the risk of using a mould
material that could bias the results achieved, further
information about the influence of different mould materials
on the DC of composite resin-based materials is needed.

The moulds used for preparing composite resin-based
materials are often made of stainless steel (SS) as this mould
material is used in the ISO-standard for dental composites25.
However, the use of SS mould may need the addition of a
lubricant agent (e.g. 3% wax in hexane) on the inner area of
the mould in order to prevent the sample from being stuck
inside the mould. The presence of lubricant may affect the
degree of conversion in the final product. Moulds made of
high-density polyethylene (HDPE) and polytetrafluore-
thylene (PTFE) have also been used for testing both
commercial and experimental composites26. In addition, since
degree of conversion is affected by the type of the monomers
within the mixtures6, an investigation on the effectiveness
of the DC of different CRM cured in different moulds seem
also needed, due to the variety of monomer mixtures existing
in the market. Therefore, the hypothesis of the present study
was that plastic mould materials (PTFE and HDPE) would give
a lower DC on the samples’ surfaces directly in contact with
the mould walls compared with the SS mould. The aim of the
present investigation was to analyze the DC on the surfaces of
samples with different thickness of two commercial composites
and an experimental composite after being light-cured in 3
different mould materials with different irradiation times.

Material and methods

Mould materials
The mould materials investigated were PTFE, HDPE,

and SS. The moulds were produced at the technical laboratory
of the Royal Institute of Technology in Stockholm, Sweden.
A 15-mm-thick block of each material was perforated through
with a circular hole of 5 ± 0.1 mm diameter (Figure 1a).
Three sticks, 9, 11 and 13 mm long, made of the same material
as each mould, were produced to fit inside the perforation.
The free space left inside the moulds was used to make the
CRM samples (Figure 1b). The moulds were cleaned before
the preparation of the samples with ethanol (96%) using Quick
stick (Aplicator Tips; Dentsply, Detrey, GmbH, Konstanz)
and dried before insertion of the CRM. A PTFE-Fat based
lubricant (Presto Tech; Motip Dupli GmbH, Hassmersheim,
Germany) was used on the inner area of the SS mould for the
samples made of the experimental composites.

Samples
The composition of the 3 dental composites tested are

presented in Table 1. The two commercial composites,
Grandio® and Grandio Flow® (VOCO GmbH, Cuxhaven,
Germany) were used to investigate the influence of the mould
material on the DC under different irradiation times and
thicknesses. The samples (thickness = 2 mm, 4mm; Ø = 5
mm) were divided in 36 groups (n=5), total of 180, according
to the composite resin system, type of mould material,
thickness of the samples and irradiation times. In a room
temperature 23 ± 1oC, the composite was placed as a bulk
in the hole with a slightly excess. A polyethylene
terephthalate (PET) sheet (0.50 µm) was placed on top of
each sample and a glass-plate was used to press the material.
The glass-plate was removed and the material was polymerized
directly on top of the PET sheet. A fully charged LED light
(Celalux 2®, VOCO GmbH) was used to cure the samples with
10 s and 20 s irradiation (850 mW/cm²) in addition to the 40
s irradiation with a curing cycle of 5 s irradiation (310 mW/
cm²) as soft start followed by 35 s (850 mW/cm²). The power

Fig. 1. Scheme of the mould for sample preparation. a) Mould and preparation of CRM sample; b) Sticks of mould material defining the sample thickness.

Influence of different mould materials on the degree of conversion of dental composite resins
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Table 1. Composition of the monomers mixture.

Composite Batch Shade Monomers Filler type Filler (Vol%) Company

Grandio 1110117 A1 Bis-GMA/TEGDMA       -      71.4 VOCO GmbH

Grandio Flow 1110110 A1 Bis-GMA/TEGDMA/HEDMA       -      65.6 VOCO GmbH

Exp V40005 A1 Bis-GMA/TEGDMA Silanated dental      52.3 VOCO GmbH

glass/fumed silica

density was checked before each curing by a radiometer
(Bluephase meter; Ivoclar Vivadent, Schaan, Liechtenstein).
The samples were then removed from the mould and the excess
was removed. Contamination was avoided when manipulating
the samples by the use of nitrile gloves. The analysis of the
DC in the FT-Raman spectroscope started at approximately 1
min after the irradiation was finished.

To investigate the influence of the mould material on
the DC of dental composite resins, samples of an experimental
composite with a well-controlled composition were also
investigated. Ten samples (thickness = 6 mm; Ø = 5 mm)
for each mould material (n = 30) were cured with 40 s
irradiation and made by following the same procedures
described for the commercial composites.

Degree of conversion
The DC was determined by using a FT-Raman

spectrometer (Spectrum 2000R NIR-Raman, Perkin-Elmer®,
US), equipped with an Nd:YAG-laser at near-infrared
excitation of 1064 nm and an InGaAs detector. The samples
were analysed with 32 scan co-addition at resolution of 4
cm-1, the spectral region was set as the mid-IR range of 4000-
500 cm-1 and laser power of 1 W. The degree of conversion
of each sample was determined by the following equation:

 DC = (1- [A
Cured

 / A
Uncured

]) x 100
where A

Cured
 is the ratio of aliphatic (1639 cm-1) to

aromatic (1608 cm-1) carbon double bond peak areas of the

Fig. 2. Delimitation of the area of the peaks of the aliphatic (1637 cm-1) and aromatic (1608 cm-1) double bonds by defining the baseline. The arrows show the points where
the areas were defined.

cured samples, and A
Uncured

 is the equivalent ratio for the
material before the polymerization process.

 The degree of conversion of the commercial composites
was analyzed at the bottom of the samples (Figure 2). Due to
the well-controlled composition of EXPM, the samples were
made thicker than those of the commercial composites to
allow additional measurements. Therefore, additionally to
the bottom, EXPM samples were also analyzed at 4 sites
randomly selected around the samples’ surfaces in contact
with the mould materials, at approximately half way distance
from top to bottom (Figure 2).

Statistical analysis
The statistical analysis was performed using IBM® SPSS®

Statistics, version 19 (SPSS, Inc., IBM Company, Armonk,
NY, US). One-way ANOVA and Tukey’s post hoc test were
used to analyze the data of the DC of the samples made with
all three composite resins. In addition, the Independent paired
t-test was used to compare the DC at the bottom of the samples
of Grandio® and Grandio Flow®. The level of significance
was set as p<0.05.

Results

The DC at the bottom of the two commercial composites
cured with 10 s, 20 s and 40 s irradiation time in each mould

Influence of different mould materials on the degree of conversion of dental composite resins
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Composite (Thickness)                10s                                           20s                                                 40s

PTFE HDPE      SS PTFE HDPE SS PTFE HDPE SS

Grandio (2 mm) 51.7 (3.1)A 53.9 (3.7)B 50.9 (3.6)C #56.2 (5.9) 52.4 (6.0) #46.1 (5.5)a 54.5 (5.1) 55.5 (6.6) 54.6 (2.3)a

Grandio Flow (2 mm) 38.5 (3.3)Abc 42.8 (3.9)Bde 36.7 (6.8)Cfg 47.4 (6.4)b 51.4 (5.8)d 48.8 (3.7)f 54.1 (1.5)c 55.6 (4.9)e 51.2 (3.4)g

Grandio (4 mm) 50.8 (3.8)D 49.6 (6.6)E 50.2 (3.7)F 56.4 (4.1)G 55.0 (4.8) 52.1 (5.1) 53.9 (7.2) 51.9 (3.2) 55.5 (3.5)H

Grandio Flow (4 mm) 35.9 (6.9)Dhi32.1 (4.4)Ejk 32.6 (7.9)Fl 50.1 (2.5)Gh 52.0 (3.4)j 42.5 (9.1) *56.9 (4.6)i 53.9 (5.9)k *47.2 (5.0)Hl

Table 2. Comparison between the DC (%) at the bottom of samples of the two commercial composites cured with different
irradiation times in each mould materials tested

The results are given as mean (Sd) (p<0.05).

Surfaces                                                 Moulds

     PE     PT    SS

Site 1 43.5 (3.0) 45.7 (2.4) 45.2 (9.3)

Site 2 45.1 (6.4) 48.5 (4.3) 50.7 (8.1)

Site 3 49.1 (4.3) 45.8 (4.3) 48.5 (7.3)

Site 4 49.1 (2.7) 49.2 (5.2) 49.4 (6.0)

Bottom 50.8 (5.4) 50.4 (4.2) 50.7 (4.9)

Table 3. Comparison of the DC (%) on the surfaces directly
in contact with the moulds for the samples of the
experimental composite resin (Exp.) cured with 40 s
irradiation in each mould.

The results are given as mean (Sd).
There was no significant difference value of the DC between each site
measured for the samples cured in all mould materials.

material is detailed in Table 2.
The comparison between the DC of the samples cured

in each mould material showed that when 20 s irradiation
was used, the DC of the 2-mm-thick samples of Grandio®

cured in the SS mould was significantly lower than those
cured in the PTFE mould. The same trend was found for the
4-mm-thick samples of Grandio Flow® cured with 40 s
irradiation (p<0.05) (Table 2).

Comparison of the DC between the two commercial
composites showed that  the DC of the samples of Grandio
Flow® was significant lower than those of Grandio® when cured
with 10 s irradiation, independently of the mould material
and the thickness of the samples (p<0.05) (Table 2). The
increase in irradiation time to 20 s restricted the difference
between Grandio® and Grandio Flow® to the 4-mm-thick
samples cured in the PTFE mould. With 40 s irradiation,
there as a significant difference between the DC of Grandio®

and Grandio Flow® only when the 4-mm-thick samples were
cured in the SS mould.

The comparison between the DC resulted from each
irradiation time tested showed that for the samples of
Grandio®, a significant difference of DC was found only when
the 2-mm-thick samples were cured in the SS mould. The DC
with 20 s  irradiation was significantly lower than with 40 s
irradiation (p<0.05) (Table 2). For the samples of Grandio
Flow®, 10 s irradiation resulted in a DC significantly lower
than the DC of the samples cured with 20 s and 40 s,
independently of the mould material and the thickness of
the samples. The exception was only for the 4-mm-thick
samples cured in the SS mould, where the DC of the samples
cured with 10 s differed only from those irradiated with 40 s
(p<0.05) (Table 2). In addition, there was no significant
difference between the DC of the samples cured with 20 s and
40 s, independent of the mould material (p<0.05) (Table 2).

 The DC at the bottom of the experimental composite
showed that the DC did not differed significantly from those
of the commercial composites (p<0.05) (Table 2 and 3). The
results for the DC values for the experimental composite on
the sites in contact with the mould (i.e. the four sites and
bottom) showed no significant differences between each
mould materials tested (p<0.05) (Table 3).

Discussion

The scope of this investigation was to assess whether
the type of mould material used for the preparation of the

samples could affect the DC on their surfaces directly in contact
with the mould walls. DC analyzed with Raman spectroscopy
can be performed by calculating the area or the hight of the
peaks representing the aliphatic and the aromatic double bonds.
Both methods have already been shown providing similar
values of DC27. The former method was used in the present
work, as shown in Figure 2. However, the determination of the
area can be tricky, due to the interference in the spectrum of
the double bonds peaks generated by the filler particles (Figure
3). Therefore, the choice of the points to determine the baseline
and also the point to separate the aliphatic and/or aromatic
double bonds areas could become shadowed by the peak of
the filler particles. As a result, variations of the DC within the
samples cured in the same conditions can be found (Figure 3).
In the present work, the choice of the points to determine the
areas of each spectrum was defined in the same range not
exceeding 5 cm-1 from each point in all spectrum to standardise
the evaluation.

Different values of DC of samples cured in different
mould materials have already been shown in the literature23.
Harrington and Wilson23 have found that the depth of cure
was greater for the samples cured with 10 s irradiation in the
PTFE mould than in the SS mould, independent of the shade.
It is worth noticing that the bottom of the samples was in
contact with a non-reflecting base instead of with the mould
materials, avoiding any interference on the DC at the bottom
of the samples by the reflection of the light from of the
mould material. Conversely, previous authors have already
shown that the DC at the bottom tends to level up with that
at the top with the increase of irradiation and/or power density
of the light source28-31, despite of using or not a non-reflecting

Influence of different mould materials on the degree of conversion of dental composite resins
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Fig. 3. The interference of the filler particles in range of the peaks of the aliphatic (1639 cm-1) and aromatic (1608 cm-1) double bonds in the Raman spectrum give some
noise in the spectra. The gray areas show where the interference of the filler particles occurred in the analysis of the DC at the bottom of the samples made of Grandio
Flow® cured with all irradiation times tested using all types of moulds.

surface at the bottom of the moulds. In the present work, a
significant difference of the DC value at the bottom of the
samples between those cured in the PTFE and in the SS
moulds was also found, however, only with the irradiation
times higher than 10 s (Table 2). The DC of the 2-mm-thick
samples of Grandio® cured in the SS mould was significant
lower than those cured in the PTFE mould when cured with
20 s irradiation, whereas for Grandio Flow®, the difference
was found only for the DC of the 4-mm-thick samples cured
with 40 s irradiation (Table 2).

Emami, Söderholm and Berglund29 have suggested that
the number of photons delivered during the light-curing (i.e.
energy density) is the important factor for achieving higher
values of DC. Energy density (E) is calculated by the power
density (PD) x irradiation time. The same power density from
the light source was used for curing all the samples, then the
energy density varied only with the irradiation time. Thus,
the energy densities provided by 10 s and 20 s were,
respectively, 8.5 and 17 J/cm2, whereas for 40 s irradiation
was 1.5 J/cm2 (5 s x 310 mW/cm2) plus 29.7 J/cm2 (35 s x
850 mW/cm2). Therefore, it could be suggested that depth
of cure, which indicates the effectiveness of the conversion
of the carbon-carbon double bonds at the bottom of the
samples is clearly dependent on the energy density delivered
by the light source.

The tests of the two commercial composites showed that
they behave differently with the increase in the energy density
used (Table 2). The difference between the two commercial
composites is mainly the monomer content, since they have
a similar volume of filler particles. Whereas Grandio® contains
a proportion of Bis-GMA (Bisphenol-A glycidyldimethacry-
late)/TEGDMA (Triethyleneglycol dimethacrylate monomers
in its matrix, Grandio Flow® has an addition of HEDMA
(1,6-exanodiol dimethacrylate), a low molecular weight
monomer, to reduce the viscosity of the resin (Table 1).

With 10 s of irradiation, the values of DC of the samples

made of Grandio Flow® were significant lower than those of
Grandio®, throughout the analysis (Table 2). Thus, one could
suggest that the addition of HEDMA in its composition may
have influenced the DC instead of the type of mould material.
Moreover, these results suggest that 10 s irradiation is not
suitable for restorations with Grandio Flow®. The increase of
the irradiation time to 20 s restricted the difference between
the DC values of the two commercial composite to the 4-
mm-thick samples cured in the PTFE mould, whereas 40 s
restricted it to the 4-mm-thick samples cured in the SS mould.
The latter was due to the lowest value of DC of Grandio
Flow® achieved, compared with the other moulds.

Due to the significantly different DC values at the bottom
of the samples of Grandio Flow®, when compared with those
of Grandio®, a comparison between the DC at the bottom of
the samples resulted from each irradiation time was also made
(Table 2). The analysis showed the samples of Grandio®

differed only when the samples were cured in the SS mould
when the DC resulted from 20 s irradiation was much lower
than that of 40 s irradiation. The samples of Grandio Flow®

seem to be more affected by the irradiation time,
independently of the thickness of the samples. The increase
in irradiation time showed that 10 s irradiation resulted in
significantly lowest DC values than 20 s and 40 s irradiation.
The exception was found only for 4-mm-thick samples cured
in the SS mould, when the DC of 10 s was similar of the 20
s irradiation (Table 2).

Irradiation times of 20 and 40 s have been recommended
by the manufacture as the proper curing time for Grandio
Flow®. However, no significant difference between the values
of DC for the samples cured with 20 s and 40 s irradiation,
regardless of the mould material and thickness. This finding
suggests that the curing time of Grandio Flow® could be
reduced by half without compromising the DC at the bottom
of the samples for both 2-mm and 4 mm thicknesses.

The comparison between the DC of the three composite

473473473473473Influence of different mould materials on the degree of conversion of dental composite resins
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resins cured in each mould material tested with 40 s
irradiation was also made (Tables 2 and 3). The samples of
EXPM were thicker than both commercial composites, but
have similar monomer mixture as Grandio®. In addition, the
samples of EXPM have much lower volume of filler particles
than both commercial composites. Despite their differences,
the values of DC at the bottom of the samples from all three
composites were similar, when cured with the same energy
density (E = 31.2 J/cm2). The exception was found only for
the 4-mm-thick samples cured in the SS mould, where the
samples of Grandio Flow® differed significantly from those
of Grandio®, as previously mentioned (Table 2).

The comparison of the DC on the different sites around
the samples of EXPM showed, no significant different between
the DC on the sites measured (Table 3). Thus, the results suggest
that DC occurs homogeneously throughout the surfaces of
the samples in contact with the mould materials.

Based on the obtained results, the hypothesis that plastic
mould materials (PTFE and HDPE) would give a decreased
DC on the samples’ surfaces directly in contact with the mould
walls compared with the SS mould was rejected. Instead, the
results of the present work suggest that the differences of DC
values found between the samples cured in the SS mould and
those cured in the PTFE mould were mainly due to the
irradiation time used to cure the samples and also to the content
of the monomer mixture of the composites.
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