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Abstract—The purpose of this study was to evaluate the influence of different light sources and photoacti
vation methods on degree of conversion (DC%) and polymerization shrinkage (PS) of a nanocomposite resin
(FiltekTM Supreme XT, 3M/ESPE). Two lightcuring units (LCUs), one halogenlamp (QTH) and one light
emittingdiode (LED), and two different photoactivation methods (continuous and gradual) were investi
gated in this study. The specimens were divided in four groups: group 1—power density (PD) of 570 mW/cm2
for 20 s (QTH); group 2—PD 0 at 570 mW/cm2 for 10 s + 10 s at 570 mW/cm2 (QTH); group 3—PD
860 mW/cm2 for 20 s (LED), and group 4—PD 125 mW/cm2 for 10 s + 10 s at 860 mW/cm2 (LED). A testing
machine EMIC with rectangular steel bases (6 × 1 × 2 mm) was used to record the polymerization shrinkage
forces (MPa) for a period that started with the photoactivation and ended after two minutes of measurement.
For each group, ten repetitions (n = 40) were performed. For DC% measurements, five specimens (n = 20)
for each group were made in a metallic mold (2 mm thickness and 4 mm diameter, ISO 4049) and them pul
verized, prensed with bromide potassium (KBr) and analysed with FTIR spectroscopy. The data of PS were
analysed by Analysis of Variance (ANOVA) with Welch’s correction and Tamhane’s test. The PS means (MPa)
were: 0.60 (G1); 0.47 (G2); 0.52 (G3) and 0.45 (G4), showing significant differences between two photo
activation methods, regardless of the light source used. The continuous method provided the highest values
for PS. The data of DC% were analyzed by Analysis of Variance (ANOVA) and shows significant differences
for QTH LCUs, regardless of the photoactivation method used. The QTH provided the lowest values for
DC%. The gradual method provides lower polymerization contraction, either with halogen lamp or LED.
Degree of conversion (%) for continuous or gradual photoactivation method was influenced by the LCUs.
Thus, the presented results suggest that gradual method photoactivation with LED LCU would suffice to
ensure adequate degree of conversion and minimum polymerization shrinkage.
PACS numbers: 42.55.f, 42.62.b, 42.62.Be
DOI: 10.1134/S1054660X09230066
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1. INTRODUCTION

The determining factors of the polymerization
quality is the light power density (mW/cm2) produced
by the light curing unit (LCU). The power density rep
resents the amount of photons emitted in the light
guide. A minimal power density of 300 mW/cm2 is
required to effectively polymerize a 2 mm deep incre
ment with a lightcuring unit conventional halogen
(QTH) and light emittingdiode (LED) [4].

The polymerization process of a composite resin
occurs by the conversion of the monomer molecules of
the matrix into a polymer chain, followed by a reduc
tion of the space between these molecules, which then
occupy a smaller volume than the initial. This reduc
tion in the total volume of the material is known as the
polymerization shrinkage [1]. Although the composite
resin is considered the best esthetic direct restorative
material, excessive shrinkage of polymerization is one
of the main factors that contribute to the failure of res
torations [2]. The magnitude of the stress is influenced
by several factors, including the overall shrinkage, the
curing rate, the elastic modulus, and the stress reliev
ing characteristics of the composite restoration [3].
1

LCUs are an integral part of the daily practice of
restorative dentistry. Quartztungsten halogen
(QTH), plasmaarc (PAC), argon laser and light
emitting diode (LED) curing lights are currently com
mercially available and different light sources may also
influence the development of physical properties. The
QTH curing light has a long, established history as a
workhorse for composite resin polymerization in den
tal practices and remains the most common type of

The article is published in the original.

1

2

COSTA et al.

light in use today [5]. The light emitted by these units
is generated when the tungsten filament is heated
emitting a visible blue light in a large spectrum. A filter
limits the interval of the wavelength in the range from
400 to 500 nm (nanometer). Consequently, the use of
QTH LCUs to polymerize dental composites has sev
eral limitations as the halogen bulbs, reflector and fil
ter degrade over time due to high operation tempera
tures and heat produced, resulting in a limited effec
tive lifetime of about 40 to 100 h [6–11].
The LCUs using blue lightemitting diode (LED)
has the advantage of a narrower spectral range than the
QTH light and a better match of light emitted with the
absorption spectrum of the photoinitiator cam
phorquinone [12, 13]. Additionally, LED units do not
use filters, which are required with halogen units for
wavelength selection. Thus, LED units represent an
improvement over halogen lamps [14–18]. According
to Aravamudhan et al. (2006) [19] and Calixto et al.
(2008) [11], in general, there were no differences
between the halogen and LED lightcuring units with
the same parameters.
In spite of the mechanical properties of current
composite resins have been improved, polymerization
shrinkage is still an inevitable problem. Polymeriza
tion shrinkage and degree of conversion (DC) of resin
composites are closely related manifestations of the
same process. Ideal dental composite would show an
optimal degree of conversion and minimal polymer
ization shrinkage. These seem to be antagonistic goals,
as increased monomer conversion invariably leads to
high polymerization shrinkage values [20].
The marginal integrity of composite resins restora
tions depends on many factors among them the differ
ence between the thermal expansion coefficient of the
tooth and the restorative material, however especially
the polymerization shrinkage related to the dimethy
lacrylatebased matrix of these materials. In the poly
merization process, composite resins shrink due to
their passage from a liquid to solid state and the
shrinkage is the result of the reduction in the intermo
lecular distance between monomeric units. The poly
merization shrinkage should be considered as the
principal mechanism responsible for problems con
cerning the interface failures [21, 22].
If shrinkage forces exceed the bonding strength at
the interface, the resulting interfacial gap can lead to
staining, marginal leakage [23], postoperative sensi
tivity [24] and recurrent caries [25, 26]. Moreover, the
contraction forces can be transferred to neighboring
dental structures causing cuspal deflection or fractures
in the enamel [27]. The clinical consequences of poly
merization shrinkage constitute the main reasons for
premature replacement of composite resin restora
tions [28]. This explains why it is regarded as the main
limitation of presentday resin composites and why its
elimination or minimization is one of the most impor
tant research tasks in this field.

Volumetric contraction and elastic modulus are
directly related to the composite degree of conversion
[29]. Because higher degree of conversion is also asso
ciated with improved mechanical properties [30],
there is an idea that high degree of conversion would
improve the performance of composite restorations
over time. However, it seems reasonable to expect that
higher degree of conversion will also lead to higher
contraction stresses, therefore, increasing the risk of
bonding failure. In fact, a previous study assessing the
relationship between degree of conversion and con
traction stress in an experimental composite found
that the stress development rate increases at higher
conversion levels [31].
As a consequence of the dependence of volumetric
shrinkage and elastic modulus on degree of conversion
(DC), a direct relationship between DC and polymer
ization shrinkage (PS) exists. Consequently, at this late
stage into the polymerization reaction, small incre
ments in DC produce significant increases in PS [31–
33]. Furthermore, in vitro studies verified that insuffi
cient conversion may cause allergic reactions and
stimulate bacterial growth around restoration margins
[34, 35]. Also, residual monomers can act as plasticiz
ers and compromise a composite’s mechanical prop
erties [36].
The contraction forces development and relaxation
are related to local conditions such as the Cfactor
corresponding to the bonded/unbonded surface area
ratio, structure that dentin exhibits [37–40], the com
pliance of the substrate corresponding to the sur
rounding tooth structure and the thickness of the
adhesive layer. Also they depend to the composite itself
(filler content) [41], ratio and type of comonomers,
concentration and system of photoinitiators and
finally, to the type of technique used (incremental
technique) [42, 43] and parameters of photoactiva
tion (light sources, power densities, photoactivation
method) [44].
The photoactivation method has a profound
influence on shrinkage stress. High intensity lights
provide higher values for degree of conversion, but
they also produce higher contraction stress. As lower
curing process that permits composite flow may allow
for stress relaxation during polymerization [45].
With the objective of to reduce polymerization
shrinkage stress different photoactivation methods
have been suggested. Commonly, QTH and LED
lights have been used in a continuous output mode
while emitting a fairly high irradiance [46, 47]. How
ever, radiation from this type of source can also be
applied for different methods. The softstart method,
i.e., employs an initial low irradiance for a specific
duration followed by a high one equivalent in value to
that of the continuous phase [48]. Some studies have
associated this method with better marginal integrity
of composite resins [47, 49–51].
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Table 1. Characteristics of restorative material used in the study (manufacturers’ data)
Material
FiltekTM
Supreme XT

Manufacturer Shade
3M/ESPE

A2B

Material
type

Matrix

Nanofilled BisGMA,
composite BisEMA,
UDMA,
TEGDMA

Filler size

Filler
Lote
volume number

72.5%
Agglomerated/nonaggregated of
75 nm silica nanofiller and a loosely
bound agglomeratic silica nanocluster
consisting of agglomerates of primary
silica nanoparticles of 75 nm size fill
ers. The cluster size range is 0.6 to 1.4

6ER

Table 2. Characteristics of light curing units used in the study (manufacturer’s data)
Light curing unit/serial
number

Manufacturer

Light source

Light curing
method (LCM)

Optilux 501/5817562 USA DemetronKerr

Halogen lamp Continuous
Gradual

Bluephase/2124 Norway

LED

Ivoclar/Vivadent

Manufacturers have recommended high light
intensity to provide a higher degree of monomer con
version into polymer, thus improving the mechanical
properties of composite resins. However, the degree of
conversion is always proportionally associated with
shrinkage and a high rate of polymerization [52, 53].
Clinically, the effect of postgel shrinkage and con
traction stress can be minimized by flow during setting
by applying short pulses of energy (pulse activation) or
prepolymerization at lowintensity light followed by
a final cure at high intensity (softstart techniques) [8,
54], as these methods promote a longer pregel phase
in lightcured composites. Curing methods using
lower irradiance levels were shown to be effective in
reducing the rate of stress generation without compro
mising the conversion of the restorative composite
[55].
Some studies have shown that the polymerization
rate influences the polymer structure. Thus, socalled
softstart curing may reduce the degree of conversion
and, at a given degree of conversion, the crosslink den
sity [56, 57]. It was hypothesized that gradual photo
activation methods would exhibit a reduced crosslink
density, in despite the reduction of the shrinkage. The
degree of polymerization in crosslinked polymeric sys
tems plays a potentially large role in determining the
ultimate physical and mechanical properties of the
material [8].
Thus, in this study it was hypothesized that differ
ent light sources and photoactivation methods could
lead to different polymer structures and lowest degree
of conversion. Since DC and shrinkage properties are
correlated, the aim of the present study was to measure
the degree of conversion and polymerization shrink
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Continuous
Gradual

Description of LCM
Power density (PD) of 570 mW/cm2 for 20 s
PD of 0 at 570 mW/cm2 for 10 s + 10 s at
570 mW/cm2
PD of 860 mW/cm2 for 20 s
PD of 125 mW/cm2 for 10 s + 10 s at
860 mW/cm2

age of a nanocomposite resin photoactivated by QTH
and LED LCUs.
2. MATERIALS AND METHODS
2.1. Composite Resin Used in This Study
In the present study, the nanofilled composite
resin FiltekTM Supreme XT (shade A2B). The Table 1
shows the main composition the dental composite
resin used.
2.2. LightCuring Units Used (LCUs)
Two lightcuring units one QTH (Optilux
501/Demetron) and one blue LED (Bluephase/Ivo
clarVivadent), were used in this study. Two different
lightcuring methods (continuous and gradual) were
tested (Table 2).
Prior to the curing procedures, the output power of
the LCUs was measured with a calibrated power meter
(Fieldmaster Power Meter, Coherentmodel no. FM,
set no. WX65, part no. 330506, USA) and the diame
ter of the light guide tip with a digital caliper (Mitu
toyo, Tokyo, Japan). Power density (mW/cm2) was
computed as the ratio of the output power and the area
of the tip with the following formula: I = P/A, where P
is the power in milliwatts and A is the area of the light
tip in squared centimeters.
Figure 1 shows the emission spectrum of the two
LCUs obtained using a spectrophotometer USB 2000
(Ocean Optics).
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ples was placed in contact with the curing light tip. The
samples were photoactivated for 20 s of irradiation
times (manufacturer’s instructions).
After 24 h, the composite resin was pulverized into
fine powder. Five milligrams of the composite powder
was thoroughly mixed with one hundred milligrams of
KBr (bromide potassium) powder salt. This mixture
was placed into a pelleting device and then pressed in
a press with a load of 10 t during 1 minute to obtain a
pellet. The Table 3 shows the division of the groups.

Spectrum emission,
arb. units
TM
1.0

Bluephase (IvoclarVivadent)
Optilux 501TM
(Demetron/Kerr)

0.8
0.6
0.4
0.2
0
380 400 420 440 460 480 500 520 540
Wavelength, nm
Fig. 1. Emission spectrum of the LCUs.

Load cell

Upper steel
Light

Composite
Lower steel

Distance light
guide/composity=

Fig. 2. Schematic illustration of the steel bases EMIC test
system and the light guide of the curing system device.

Mean of polymerization
shrinkage, MPa
0.7
Continuous
Gradual

0.6

2.4. Determination of the Degree of Conversion (% DC)
The number of double carbon bonds which are
converted in single bonds provides the degree of con
version (%DC) of composite resin. To measure the
degree of conversion the pellet was then place into a
holder attachment into the spectrophotometer
(Nexus470 FTIR, Thermo Nicolet, E.U.A). FTIR
spectra of both uncured and cured samples were ana
lyzed using an accessory of reflectance diffuse. The
measurements were recorded in absorbance operating
under the following conditions: 32 scans, 4 cm–1 reso
lution, 300 to 4000 cm–1 wavelength, internal standard
before and after curing of the specimen: aromatic C–C
(peak at 1608 cm–1). This experiment was carried out
in triplicate. The degree of conversion was determined
by subtracting the % C=C from 100%, according to
the formula:
–1

–1

( 1638 cm /1608 cm )cured
DC(%) = 1 – 

 × 100.
–1
–1
( 1638 cm /1608 cm )uncured
The percentage of unreacted carboncarbon dou
ble bonds (% C=C) was determined from the ratio of
absorbance intensities of aliphatic C=C (peak at
1638 cm–1) against.

0.5

2.5. Polymerization Shrinkage
0.4
0.3

QTH

LED

Fig. 3. Averages of the polymerization shrinkage depend
ing of the light source and photoactivation method.

2.3. Samples Preparation
For degree of conversion measurements, the sam
ples (n = 20) were made with a metallic mould (4 mm
in diameter and 2 mm in thickness). The metallic
mould was positioned in a glass plate of 10 mm thick
ness. The composite resin was packed in a single incre
ment and the top and base surfaces were covered by a
mylar strip. A glass sheet with 1 mm thickness was
positioned, and the 1 kg weight (kilogram) was used to
pack the composite resin. The top surface of the sam

The polymerization shrinkage was recorded by a
universal testing machine (EMIC, DL 500 BF
NO5775NS168, São José dos Pinhais, PR, Brazil).
Two opposite and parallel stainless steel plates were
used (6 × 1 × 2 mm). The bottom plate (cylindrical)
was fixed and connected to a Bencor Multitest device
especially adapted for this test. The top plate (rectan
gular) was connected to a 20 kgf load cell of a comput
erized testing machine (Figs. 2 and 3).
The dental composite resins were placed between
the plates (Fig. 3) and the test was performed simulta
neously to the composite resins photoactivated
record the shrinkage forces for a period that started
with the photoactivation and ended after two minutes
of measurement. The LCUs was positioned in a device
for maintaining a stable position and distance during
the test. For each group, 10 repetitions were per
formed (Table 3).
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The tip of the light curing units (LCUs) were
placed perpendicularly to the long axis and centred on
the middle of the specimen. The distance between the
light tip and the composite surface was 1 mm.
During test, the shrinkage stress generated by poly
merizing caused a minimal deflection in load cell,
which was transmitted to the universal testing
machine. Each measurement produced a graph
(force, in Newton X time, in seconds). The maximum
shrinkage stress obtained for each group was recorded.
2.6. Statistical Analysis
The data of polymerization shrinkage were statisti
cally analyzed by Analysis of Variance (ANOVA) with
Welch’s correction and Tamhane’s test. The DC’s data
were analysed by Analysis of Variance (ANOVA),
using a confidence interval of 95%.

3.1. Degree of Conversion

3.2. Polymerization Shrinkage
Mean values and standard deviations (SD) for
polymerization shrinkage (PS) are shown in Table 4. It
was observed that there is greater variability of the val
ues of PS for the QTH in relation to those obtained
with LED.
The Analysis of Variance (ANOVA) with Welch’s
correction showed that the polymerization shrinkage
was not influenced by LCUs (QTH or LED), but sig
nificant differences were found between the two
photoactivation methods (p < 0.001). The Tamhane’s
test indicates that the gradual photoactivation
Vol. 19

No. 12

Light
source
Halógena
LED

Photoactivation
method
Continuous
Gradual
Continuous
Gradual

Mean

*

SD

0.60
0.47
0.52
0.45

b

0.07
0.04
0.01
0.01

a
b
a

* Different letters denotes significant difference (p < 0.05).

Table 5. Mean (M) and standard deviation (SD) for degree of
conversion
Light
source
QTH

Photoactivation
methods
Continuous
Gradual
Continuous
Gradual

M

*

SD

46.21
49.35
52.32
52.30

a

3.03
2.28
0.67
1.14

a
b
b

* Different letters denotes significant difference (p < 0.05).

The Table 5 shows the degree of conversion (DC%)
mean values promoted by different lightcuring units
(LCUs) and photoactivation methods. The Analysis
of Variance (ANOVA) showed that the DC% was not
influenced by photoactivation methods (p < 0.05),
but differences were observed for light sources. Signif
icant differences were found only when QTH LCU
was used, i.e., the QTH provided the lowest values for
DC% (Fig. 4).
The DC (%) values varied from 46.21 (±3.03) to
49.35% (±2.28) for QTH LCU photoactivated for
continuous and gradual methods, respectively. For
LED LCU, the DC (%) values varied from 52.32
(±0.67) to 52.30% (±1.14) when continuous and grad
ual methods were used.
After 24 h, using the irradiation time recom
mended by the manufacturers, QTH (20 s) and LED
(20 s) were statistically different (p > 0.001). There
fore, the results revealed that the light source used had
a significant (p < 0.05) impact on the degree of conver
sion.

LASER PHYSICS

Table 4. Mean (M) and standard deviation for PS

LED

3. RESULTS

5

2009

method provided the lowest values for polymerization
shrinkage, regardless of the LCU used (Fig. 3).
4. DISCUSSION
Adequate polymerization or high degree of conver
sion is a crucial factor in obtaining optimal physical
properties and the clinical performance of composite
resins. Thus, inadequate polymerization leads inferior
physical properties, the solubility in the oral environ
ment, and an increased microleakage with a resultant
recurrent decay and pulpal irritation [58]. On the
other hand, polymerization shrinkage is considered a
major problem with resinbased materials because it
creates destructive stresses when the material is
bonded to cavity walls [59].
Degree of conversion, %
53
Continuous
52
Gradual
51
50
49
48
47
46
45
44
43
QTH

LED

Fig. 4. Averages of the degree of conversion depending on
the light source and photoactivation method.
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Polymerization shrinkage and degree of conversion
of composites are closely related manifestations of the
same process. Ideally, composite resins would show a
high degree of conversion and minimal polymeriza
tion shrinkage. These seem to be antagonistic goals, as
increased monomer conversion invariably leads to
high polymerization shrinkage values [60].
The contraction stress developing in composites
during polymerization depends on many factors such
as: the chemical composition of the polymer matrix,
filler particles and silane, the rheology and viscosity of
the paste, the flow behavior of the material during the
pregel phase as well as the duration of the pregel
phase and the initiator systems. In the pregel phase,
the polymer chains formed are very flexible so that
material of the free surface of the cavity can flow. The
viscosity of the developing polymer is still low, so that
shrinkage stress can be compensated for. The time at
which the material is no longer able to compensate for
polymerization shrinkage (time until gelation) there
fore, determines the final stress in the material [61].
A higher degree of conversion, which is primarily
related to curing light intensity and irradiation time,
conflicts with the objective of achieving optimal mar
ginal integrity, because of increased shrinkage [62]. To
minimize shrinkage stress, “soft cure” or “softstart”
methods were suggested. These photoactivation
methods have the option of operating with an initial
period of low intensity illumination, which should
reduce stress development during composite curing
[29, 63].
The use of gradual photoactivation methods to
reduce shrinkage stress has become widespread in
restorative dentistry. However, an increased suscepti
bility to ethanol degradation of polymers formed by
gradual photoactivation was reported. Asmussen,
Peutzfeldt (2001, 2003) [56, 63] and Benetti et al.
(2009) [64] explains that a slow polymerization start
with low intensity is associated with relatively few cen
ters of polymer growth, resulting in a more linear poly
mer structure with relatively few crosslinks. On the
other hand, a high intensity during the initial phase of
the irradiation period will initiate a multitude of
growth centers and a polymer with higher crosslink
density results.
In agreement with previous observation, the results
obtained for Gonçalves et al. (2006) [65] suggest that
when low irradiances or gradual methods are used, a
relatively high radiant exposure is necessary to origi
nate a polymer network structure similar to that
obtained by continuous high irradiance photoactiva
tion.
In the present study, both degree of conversion and
polymerization shrinkage were used to estimate
crosslinking density of a resin composite photoacti
vated by two different light sources (QTH and LED)
and photoactivation methods (continuous and grad
ual). For the polymerization shrinkage (PS), statistical

difference was observed among the curing methods,
independently of the light source used. The continu
ous method provided the highest values for PS. These
findings coincide with the results of Cunha et al.
(2006) [66] and Lopes et al. (2008) [10], which found
that the conventional mode with QTH and LED
LCUs produced the higher stress means. Several
authors have reported the efficacy of low intensity or
pulsedelay methods in reducing the polymerization
contraction stress of composites [10, 54, 60, 67].
For Visvanathan et al. (2007) [68] it is probable that
the effects of softstart method depends on the type of
the device used, i.e., LED or QTH and the light inten
sity, which was not found in this study. This is probably
associated to the similar power density between the
LCUs, a fact that was not seen in the first LED gener
ations, which had a much lower power density when
compared to the halogenlamp devices. The high light
intensity or power density of LCUs used in this study
caused fast polymerization with a very short pregel
phase. As a consequence, the contraction strain
occurring in the material during polymerization could
not be compensated for by flow and therefore, allowed
the development of contraction stress. This statement
is in accordance with Ilie et al. (2005) [61] and Tone
gawa et al. (2009) [69].
Photoactivation methods tested in the present
study did not affect the degree of conversion of the
composite resin, in accordance with results of other
studies [49, 54, 60, 70, 71].
In this research, the Fourier Transformer Infrared
Spectroscopy analyzes (FTIR) was used to evaluate a
possible interference in the DC% of composite resin
produced by the light source and photoactivation
method (continuous and gradual). Techniques such as
Fourier Transform Infrared spectroscopy (FTIR)
[29, 72], spectroscopy RAMAN [73], electron para
magnetic resonance (EPR) [74], nuclear magnetic
resonance (NMR) [75], differential scanning calorim
etry (DSC) [76] and differential thermal analysis
(DTA) [77] have been used to determine the DC.
Among these, FTIR is the most frequently used tech
nique.
Asmussen and Peutzfeldt (2003) [63] showed that a
lower DC is associated with softer polymers after stor
age in ethanol. This is in accordance with earlier work
[78, 79]. Low DC implies a less dense structure of the
polymer and therefore easier penetration of plasticiz
ing substances such as ethanol. Lovell et al. (2001)
[80], however, showed contradictory results. They
found that the mechanical properties were insensitive
to the rate of polymerization but strongly dependent
on the final double bond conversion.
However, the DC was influenced by light source.
The QTH provided the lowest values for DC. Similar
results from a study of Bala et al. (2005) [81], where a
LED LCU polymerization was superior to that of
QTH LCU. This result can be explained because the
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blue LED is almost totally absorbed by the material
along the polymerization procedure, producing uni
form curing without compromising the physical and
chemical properties of the material through time [82].
Several studies reported that the DC of composite
resin produced by the QTH was higher than that pro
duced by LED LCUs due to higher light intensities [6,
63]. Other studies reported that LED LCU cured bet
ter than did the QTH LCU [14, 83]. However, those
studies did not investigate DC in the softstart method
produced by high powered LED LCUs. In this study,
DC produced by QTH LCU show a significant statis
tical difference for both photoactivation methods (p >
0.001). However, polymerization produced by high
power LED (continuous or gradual photoactivation
methods) produced the highest DC. Calixto et al.
(2008) [11] showed that, in general, there were no dif
ferences in the curing depth between the QTH and
LED lightcuring units used with the same parame
ters.
For dental resins cured under clinical conditions,
final conversion is typically between 55 and 75% [73,
84], which also agrees with the DC observed in this
study, except for the gradual method. Under these cir
cumstances, the DC were 47 and 45% when QTH
(gradual method) and LED (gradual method) were
used, respectively. Nevertheless, according Soares et
al. (2007) [85] and Rastelli et al. (2008) [58] the mini
mum DC for a clinically satisfactory restoration has
not yet been precisely established. A negative correla
tion of in vivo abrasive wear depth with DC has been
found for values in the range of 55–65%. This suggests
that, at least for occlusal restorative layers, DC values
below 55% may be contraindicated [29]. From our
experiment, the DC ranged from ±46 to ±52%.
In this study, composite polymerization by QTH
LCU in the continuous photoactivation method pro
duced a DC of 46.21 and 49.35% for gradual photo
activation method, with possible influence on com
posite physical properties. However, composite poly
merization by LED produced DC of 52.32% (contin
uous method) and 52.30% (gradual method). Thus,
according to these results, it seems that the LED
based devices allow for a better conversion from
monomers to polymers.
The high power LED LCU is an alternative to the
halogen light LCU, because the LED is more com
pact, wireless and has a working lifetime of more than
10000 h, which is a significantly lower thermal emis
sion, and LEDs have wavelength peaks of around
470 nm, which match the absorption peak of the most
commonly used photo initiator camphoroquinone
[7, 86].
A lower degree of conversion could affect the lon
gevity of the composite restoration, because an
incomplete conversion may result in unreacted mono
mers, which might dissolve in a wet environment. In
addition, reactive sites (double bonds) are susceptible
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to hydrolization or oxidation and, thereby, lead to a
degradation of the material [58]. Additionally, this fact
could directly affect biocompatibility of the composite
restoration [87], since increasing the DC number of
methacrylate pendant groups available for hydrolytic
degradation decreases. Hydrolytic degradation and
oxidation of composites may lead to the leaching of
different degradation products from composite resin.
Formaldehyde has been identified as one of the degra
dation products. Methacrylic acid has also been iden
tified as an eluted species that can cause irritation of
the mucosa membrane and is cytotoxic [58].
The degree of conversion is an important parame
ter in determining the final physical, mechanical and
biological properties of composite resins, since it has
been demonstrated that resin composite properties
tend to improve as the degree of conversion attained
during photoactivation is increased. However, con
strained shrinkage during polymerization densifica
tion generates polymerization shrinkage stress, which
is one of the most significant concerns during the
highly techniquesensitive clinical placement of com
posite restorations.
5. CONCLUSIONS
The results obtained for this study indicate that the
photoactivation methods (continuous and gradual)
evaluated promoted differences in the polymerization
shrinkage, regardless of the light source used. The
gradual photoactivation method provided the lowest
polymerization shrinkage. However, the degree of
conversion was influenced by light source. The light
curing unit based halogen lamp provided the lowest
values for degree of conversion, either continuous or
gradual photoactivation methods.
Based on the results of this study may be suggested
that LED LCU promotes better conversion of the
nanocomposite. Additionally, the gradual photoacti
vation method should be used to minimize the poly
merization shrinkage of the material when the LED
LCUs second generation are selected due to the high
power density.
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