Sorption and Solubility of Composites Cured
with Quartz-tungsten Halogen and Light
Emitting Diode Light-curing Units

Abstract
Aim: The objective of this study was to evaluate the effect of light polymerization on water sorption and
solubility of hybrid composites.
Methods and Materials: Three composite resins were used to make discs cured with either quartz-tungsten
halogen (QTH) or light emitting diode (LED) curing units. The specimens were stored in a desiccator at
37ºC and weighted to a constant mass, then immersed in deionized water for different periods of time, and
reconditioned until achieving a constant mass. Sorption and solubility were calculated and subjected to analysis
of variance (ANOVA) and Tukey tests (p<0.01).
Results: There were no statistically significant differences between the light sources. Water sorption increased
with storage time for all the composites. The lowest sorption was observed for Herculite XRV™, followed by
Tetric Ceram™, and Filtek Z250™. Increased storage times reduced the solubility of Filtek Z250™ but did not
affect the solubility of Herculite XRV™ and Tetric Ceram™.
Conclusion: Water sorption and solubility of composites are not affected by the type of polymerization when
the same intensity and exposure times are used. Thus, the differences found are probably related to the
composition of the materials.
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Clinical Significance: Water sorption and solubility of composites can lead to a shortened service life.
However, these properties are not correlated to the type of polymerization.
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Introduction
The interaction of dental resin composites with the
aqueous oral environment can result in a decrease
of their mechanical properties, such as flexural
strength,1,2 modulus of elasticity,1 tensile strength,3
4
and wear resistance. Two different mechanisms
occur when a composite is immersed in water:
(1) water sorption, which leads to swelling and
mass increase and (2) elution of components
from filler particles or unreacted monomers which
leads to a reduction in mass.5,6 Water sorption
is a diffusion controlled process that takes place
largely in the resin matrix.7-9 However, water may
additionally cause debonding of filler particles from
the matrix or even cause hydrolytic degradation
of filler particles.10 The phenomena of sorption
and solubility may act as precursors to a variety
of chemical and physical processes that can
lead to deleterious effects on the structure of the
polymeric network, which can compromise the
clinical performance of the material.11

in the composition of resin matrix, size and
distribution of filler particles, as well as the type
of polymerization used.16 However, there are no
studies reported in the literature about the effect
of polymerization using light emitting diode (LED)
light-curing units on the sorption and solubility of
resin composites.
Therefore, the aim of this study was to evaluate
the effect of light polymerization on water sorption
and solubility of three hybrid composites cured
with quartz-tungsten halogen (QTH) and LED
light-curing units after different periods of storage
in water. The hypothesis tested was composites
polymerized with both curing units with the same
intensity and exposure time would exhibit the
same water sorption and solubility during three
periods of storage in water.
Methods and Materials
The methodology used in this study was based
upon the ISO 4049 specification.17 A stainless
steel mold was used to create composite discs, 15
± 0.1 mm in diameter and 1 ± 0.1-mm thick. The
three commercial, light-curing resin composites
used in the study, as well as their resin matrix
composition, type, content, and mean size of
fillers (technical profiles), are shown in Table 1.
Sixty specimens were made with each composite
(A3 shade color). Half of the specimens were
irradiated with a QTH light curing unit (Optilux
VLC 501, Demetron Research Corp, Danbury, CT,
USA) and the other half with a LED light curing
unit (LEDemetron I, Demetron Research Corp,
Danbury, CT, USA). The mean output intensity of
both light sources was 600mW/cm2, as assessed
by the radiometer attached to the respective units.
The discs were irradiated with an 11 mm diameter
tip positioned on one central and four peripheral
points for 20 seconds each, leading to 100
seconds of exposure time for both top and bottom
surfaces of each specimen.

The incomplete polymerization and reduced
conversion of monomers can result in increased
solubility of the composite material.5,12 Some
studies have demonstrated unreacted monomers
are the main components leached from dental
composites, and most of these monomers are
12,13
released within the first days.
The diluent
monomer triethyleneglycol dimethacrylate
(TEGDMA) has been identified as the main
component leached from dental composites.
However, fewer amounts of other monomers,
such as bisphenol A glycol dimethacrylate (BisGMA) and urethane dimethacrylate (UDMA), can
also be released into the water.13 The leaching
of components in composites can affect the initial
8,11
5,11
dimensional change, the clinical performance,
14
the aesthetic aspect of the restorations, and the
12,15
biocompatibility of the material.
Sorption and solubility of dental composites can
be affected by many factors, such as variations
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Table 1. Technical profiles of the resin composites evaluated.

Note:
Bis-GMA = bisphenol A glycol dimethacrylate
TEGDMA = triethyleneglycol dimethacrylate
UDMA = urethane dimethacrylate
Bis-EMA = bisphenol A polyethyleneglycol diether dimethacrylate

The procedures were carried out in a room
with controlled temperature (23°C ± 2°C) and
relative humidity (50% ± 10%). After removal
from the molds, the specimens were transferred
to a desiccator containing silica gel maintained
at 37°C for 22 hours and then transferred to
another desiccator at 23°C ± 2°C for two hours.
The specimens were weighted to a precision of
0.0001 g using an analytical balance (Bel Mark
U210A, Bel Engineering, Monza, MI, Italy). This
cycle was repeated until a constant mass was
achieved (m1). In a pilot study a period of 60
days was determined to be necessary to obtain a
constant mass of the composites.

The specimens were divided in groups (n=10),
placed individually in glass tubes containing 12
mL of deionized water, and stored in an oven
at 37°C for 24 hours, seven days, and 28 days.
The deionized water was changed weekly for
the 28-day period. After each time of storage,
the specimens were removed from water, blot
dried with an absorbent paper, and waved in
the air for 15 seconds. The specimens were

The volume of the specimens was calculated by
measuring their diameters at two opposing points
on the circumference of the discs with a digital
caliper (CD6CS, Mitutoyo, Kanagawa, Japan),
their thickness at the center, and at four equally
spaced points with a micrometer (103-125,
Mitutoyo, Kanagawa, Japan).
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then re-weighted to obtain m2, reconditioned in
a desiccator at 37°C for 22 hours, and again in
another desiccator at 23°C ± 2°C for two hours
until a constant mass was achieved (m3).

Table 2 shows there were no statistically
significant differences between light sources for
sorption and solubility effects. Therefore, the
sorption and solubility mean values are shown in
Table 3, considering only composite and storage
time as sources of variation in this study.

The values for water sorption (Wsp) and solubility
(Wsl) in μg/mm3 were calculated according to the
following formula proposed by ISO 404917:

Herculite XRV™ exhibited the lowest water
sorption values, followed by Tetric Ceram™,
and Filtek Z250™ with statistically significant
differences among them (p<0.01). All the tested
materials had an increase in water sorption as a
result of the increase of water storage times with
statistically significant differences among them.
The composite Filtek Z250™ demonstrated
higher water sorption after 28 days of storage in
water (p<0.01).

Where:
m1 is the mass of the specimen, in μg,
before immersion in water,
m2 is the mass of specimen, in μg, after
immersion in water,
m3 is the mass of specimen , in μg, after
immersion and desiccation,
V is the volume of the specimen in mm3.

There were no statistically significant differences
in the solubility of Herculite XRV™ and
Tetric Ceram™ in the different storage times.
However, Filtek Z250™ showed a significant
reduced solubility with the increase of storage
time in water. The solubility of Herculite XRV™
was significantly lower than Filtek Z250™ in the
24-hour storage time. After 28 days of storage
in water, Filtek Z250™ showed significantly
lower solubility than Tetric Ceram™ (p<0.01).

The SPSS software version 13.0 (SPSS Inc.,
Chicago, IL, USA) was used for the statistical
analysis. A three-way analysis of variance
(ANOVA) and Tukey HSD test was carried out at
a significance level of 0.01.

Discussion
Resin composites indicated as restorative
materials must comply with ISO 4049 for a
maximum value of 40 μg/mm3 for water sorption
and 7.5 μg/mm3 for water solubility within a
seven day period of water storage.17 The water
sorption and solubility values obtained in this
study are remarkably lower than ISO guidelines,
even for a 28-day storage time. Moreover,
because water sorption increased from 24
hours to 28 days suggests a seven day period
of storage may be insufficient to evaluate the
real values of water sorption in composite
resins.13,18,19

Results
Comparing the mean values of sorption and
solubility, the ANOVA detected statistically
significant differences (p<0.01) between
composites and storage times.
There were interactions between the composite
and light source as well as the composite and
storage time for the sorption variable. There
were also interactions between the composite
and storage times for the solubility variable.

Table 2. Mean values of sorption and solubility
of composites according to light curing units.

Note: Groups with the same superscripted letter were not statistically significantly
different (p>0.01).
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Table 3. Mean values for sorption and solubility of composites after different storage times.

Note: Groups with the same superscripted letters indicate they were not statistically significantly different (p<0.01).

Differences detected for water sorption and
solubility results are probably related to the
composition of the tested composites. The
composites used in this study have a great
similarity in the filler particle content by volume
(approximately 60%). However, there are some
differences regarding the type of filler particles
and the monomers used in the resin matrix.
Several composites available in the market are
composed of a combination of Bis-GMA, UDMA,
TEGDMA and, more recently, the bisphenol
A polyethyleneglycol diether dimethacrylate
(Bis-EMA). The Bis-EMA has been used in the
newest composites due to its less hydrophilic
characteristic resulting from a molecular structure
resembling Bis-GMA but lacking two hydroxyl
groups.20

and Tetric Ceram™ composites basically have
glass fillers in their composition, and Filtek Z250™
composite has silica-zirconia filler particles which
can be responsible for a critical silanization.21
This fact could explain the higher sorption of Filtek
Z250 when compared to the other composites
used in the present study. The 28-day storage
time for this composite caused a considerable
increase in water sorption compared to the other
composites. The behavior of Filtek Z250 was
the main factor for the detection of interactions
between individual composites and their light
sources and the same composites’ storage times.

Based on the features of the resin monomers,
more favorable water sorption results for Filtek
Z250™ would be expected but was not observed
in the present study. This suggests the relative
proportion of each monomer in the matrix should
be taken into consideration rather than the
composition of the matrix alone. Furthermore,
the inorganic components of composites can
contribute to the different degrees of water
uptake. Although there is not a great amount of
water sorption in the filler particles themselves,9
there may be an accommodation of water in
the matrix/filler interface which could cause
10
deleterious effects on bonding over time.
Differences observed in water uptake can be
attributed to the nature of filler particles and the
9,21,22
effectiveness of silanization.
Herculite XRV™

The results obtained by Herculite XRV might
be related to a higher cross-link density11,20 and
degree of conversion due to the presence of Bis23
GMA/TEGDMA copolymer. This combination
results in a synergistic effect on the polymerization
rate and a better compatibility between the
23
monomers.
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The solubility of dental composites reflects the
amount of unreacted monomers leached to the
water11,12,22 as well as other low weight molecules,
like filler particle compounds10,14,24 and photoinitiators.12,15

The presence of silica/zirconia filler particles in
the composite Filtek Z250™ might be the cause
of its higher solubility during the first 24 hours in
water. Ferracane12 reported a significantly higher
solubility of the composite Z100 in a 48-hour
period of immersion in water when compared
to other composites as Herculite XRV™. The
composite Z100 is the precursor of Filtek Z250™
and has the same type of silica/zirconia filler
particles. Filtek Z250™ showed a significant
decrease in solubility, reaching negative rates in
the 28-day period. As previously discussed, the
silica-zirconia filler might not be properly covered
by the silane leading to water sorption and an
entrapment of water inside the composite.21
Other studies also showed negative values of
solubility of composite restorative materials after
13,27
long periods of water storage.

In the methodology used in this study and that
proposed by ISO, the initial and final dehydration
of specimens are crucial in directly affecting the
solubility of composites. If the material is not
completely dehydrated in the beginning of the
process, the solubility values can reflect only the
final desiccation of the specimen. A recent study
evaluated the solubility of different materials with
and without initial dehydration and found values
up to eight times higher than those detected for
25
specimens not previously desiccated. Despite
the ISO standard suggestion of two to three weeks
to obtain a constant mass, a period of 60 days
was required in this study, as suggested by the
pilot-study. This period of time was the same used
by Scarret et al.4 for the complete dehydration of
the specimens before water immersion.

The extent to which hygroscopic and hydrolytic
effects influence the clinical performance of
polymer restoratives is yet unknown. However,
according to Ferracane11 water uptake and
hydrolytic degradation may affect their
mechanical properties, dimensional stability, and
biocompatibility leading to a shortened service life
of composite restorations.

The tested composites demonstrated higher
solubility values in the 24-hour storage time
which showed the majority of resin components
were leached in the beginning of water storage.12
However, this result differed from other studies
in which solubility increased with time.13,26 In
the 24-hour storage the higher solubility of
Filtek Z-250™ compared to Herculite XRV™
can be attributed to the differences in their
resin matrix composition. Sideridou et al.20
reported higher solubility of the copolymer BisGMA/TEGDMA when compared to UDMA and
Bis-EMA copolymers. Additionally, the same
authors found a higher degree of conversion with
23
Bis-GMA and TEGDMA resin matrixes. This
statement is in accordance to other studies that
found a correlation between a reduced degree
of conversion to a higher amount of leached
components.5,11,12,15

The performance of dental composites is directly
related to the efficiency of their polymerization.28
In this study the polymerization was carried out
with two different light-curing units, one based on
a QTH light and the other based on a LED. Both
lights were used with the same intensity and time
of exposure. Several studies have demonstrated
the use of the same energy density (intensity
x exposure time), even with different types of
light sources, results in similar properties of the
29-31
composites.
Another factor that can influence
the polymerization efficiency is the emission
wavelength of the light curing units.32 Unlike
QTH lights, LEDs produce light in a narrower
spectral range, but both are within the absorption
wavelength range to activate the camphorquinone
(450-500 nm).32 This is one of the factors that
could have contributed to the similar results for
sorption and solubility produced by both light
curing units, since the composites used in the
present study have camphorquinone as the
photoinitiator.

Beside the resin matrix components, the inorganic
components can also influence the solubility of
composites. Söderholm et al.24 found higher
leaching of barium in composites based on UDMA
resin immersed in distilled water when compared
to composites based on Bis-GMA resin. The
barium glass filler particles in the Tetric Ceram
composite could cause higher leaching of other
14,24
inorganic components, especially silicon.

The null hypothesis proposed was confirmed
since water sorption and solubility of the
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composites were not affected by the polymerization
with QTH and LED light-curing units.

sorption among all the tested composites.
• Different storage times in water did not affect
solubility of composites, with the exception of
Filtek Z250™.

Conclusions
• Water sorption and solubility of the evaluated
composites were not affected by the
polymerization using different light sources.
• The water sorption of the composites increased
with prolonged storage time.
• Herculite XRV™ exhibited the lowest water

Clinical Significance
Water sorption and solubility of composites
can lead to a shortened service life. However,
these properties are not correlated to the type of
polymerization.
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