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ABSTRACT

Objectives: The aim of this study was to evaluate the effects of different light sources and curing
time on the degree of conversion and microhardness of two surfaces within a nanofilled composite
resin.

Methods: Four experimental groups (n=10) were formed in accordance with the light source
(quartz-tungsten halogen (QTH - 600mW/cm?), or light-emitting-diode (LED - 800mW/cm?)) and the
time of curing (20 s or 40 s). The specimens were prepared with a circular mould (5 mm @ and 2 mm
thick], according to the respective protocol, and the Knoop microhardness and degree of conversion
was measured at the top and the base of the specimens. The degree of conversion was evaluated by
the Fourier transform infrared spectrometer (FTIR). The results were analyzed by ANOVA two-way
repeated measures and Tukey’s test (a=,05).

Results: Both the degree of conversion and microhardness were higher at the top than at the
bottom of the specimens. The QTH light source presented better values on the degree of conversion
evaluation, but this result was not observed in the microhardness evaluation. Although forty seconds
of curing promotes an increased level of microhardness, it did not influence the degree of conversion.

Conclusion: It could be concluded that increasing the time of curing to 40 s promotes an increase
in microhardness, but it does not influence the degree of conversion of a nanofilled composite resin.
QTH promote better monomeric conversion; however, the microhardness values are similar to LED
curing. For all situations tested, the bottom of the specimens presented lower results than the top.
(Eur J Dent 2012;6:153-157)
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O Hardness and degree of conversion of a nanofilled resin

INTRODUCTION

Dental composites have been widely used in
dentistry, primarily with direct restorations. The
physical properties of these materials can be mod-
ulated by different factors, such as composition,
light source, and the length of the curing time.'®

Different factors related to the composition may
affect the mechanical properties of the material,
such as the type and concentration of the monomer
that is used*, or the size, type, and quantity of the
filler that is present in the material.5¢ Therefore,
nano particles were inserted into composites in or-
der to enhance their mechanical properties and to
promote greater esthetic value to the restorations
performed with these materials,>” as well as to in-
crease packing of fillers and thus to reduce polym-
erization shrinkage.

Quartz-tungsten halogen (QTH) and light-emit-
ting-diode (LED) are the most popular light sources
that are used to cure dental resins. The QTH pres-
ents a broad wavelength spectrum, which allows
efficient activation of different photo-initiators that
are used as an alternative to camphorquinone, the
most common initiator among light curing dental
resins.?

In comparison to QTH devices, LEDs have a su-
perior life span which does not compromise their
light intensity after lengthy use. Nevertheless, the
LEDs have a narrow wavelength spectrum, which
may inadequately cure composite resins that con-
tain alternative initiators (e.g., monoacrylphosphine
oxide or TP0O-390 nm™ and phenylpropadione, or
PPD-410nm'"), due to the different wavelength that
these photo-initiators require.®?

The properties of dental composites can also
be influenced by the length of curing time. A lon-
ger amount of time can result in the formation of a
greater number of polymeric chains, which results
in better properties (e.g., microhardness'' and
compressive strength™).

The optimal properties of a composite resin
should be obtained, not only closest to the tip of
the light cure unit, but also throughout the entire
sample area. Therefore, the aim of this study was
to evaluate the effect of two curing units and the
times of activation on the degree of conversion
and Knoop microhardness in different surfaces of
a nanofilled composite resin.

MATERIALS AND METHODS

Degree of Conversion

Specimens (2 mm thick and 5 mm @) were
made from a circular matrix, using a nanofilled
composite resin (Filtek Supreme A2, 3M ESPE, St.
Paul, MN, USA] in a single sample. A Mylar strip
and a 500-g weight were placed over the mold
and left for 20 seconds, allowing better accom-
modation of the composite.
light-cured through the strip, avoiding the oxygen
inhibition. After the preparation of the samples,
the finishing was performed with silicon car-
bide abrasive papers of decreasing abrasiveness
(1200, and 2000-grit).

The specimens were then light cured accord-
ing to the light source and time of activation, as
established in Table 1. The tip of the light cure unit
was maintained 2 mm of distance of the composite
resin, on the moment of curing. After procedures,
specimens were stored dry, at 37°C for 24 h.

The measurements of the degree of conversion
were performed with Fourier transform infrared
spectroscopy (Spectrum 100 Optica; PerkinElmer,
MA, USA) via an instrument that was equipped
with an attenuated total reflectance (ATR) device
24 hours after the specimens were prepared. The
assay was performed at both the top and the bot-
tom of each specimen.

The baseline technique, which was traced by
the spectrum program, was used to conduct these
calculations. The degree of conversion was calcu-
lated to consider the intensity of the C=C stretch-

The specimen was

Table 1. Experimental groups (n=10) in accordance with the light source and time of curing tested.

. Irradiance Irradiance . .
Group Light Source (mW/em?) (mW/cm?) at 2 mm Time of Curing
G1 QTH (Optilux 501, Sybron Kerr, Danbury, CT, USA) 600 600 20s
G2 QTH (Optilux 501, Sybron Kerr, Danbury, CT, USA) 600 600 40's
63 LED (Ultralume 5, Ultradent Products Inc., South 800 820 205
Jordan, Utah)
G4 LED (Ultralume 5, Ultradent Products Inc., South 800 820 405

Jordan, Utah)
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ing vibration (peak height) at 1635 cm™ and, as an
internal standard, according to the symmetric ring
stretching at 1608 cm™, as previously described.™

Knoop Microhardness

The microhardness measurements were ob-
tained for the same specimens and regions in
which the degree of conversion was analyzed. Three
indentations were performed on each surface, at a
relative distant of 100 pm, using a microhardness
tester (HMV-2T, Shimadzu Corp., Tokyo, Japan),
with a load of 50 g and a dwell time of 15 s.

Statistical Analysis

The normality of the data was evaluated accord-
ing the parameter, using the Kolmogorov-Smirnov
and Shapiro-Wilk tests (a=.05), and the analysis
of variance (Split-Plot ANOVA two-way) was per-
formed in accordance with Tukey's test (a=.05).

RESULTS

Degree of Conversion

The results of the degree of conversion are pre-
sented in Table 2. The factors “light source” and
the sub-parcel “surface” [i.e., top and bottom) were
statistical significant. The highest values were ob-
tained when QTH was used, and the top presented
better values than the bottom, regardless of the
light source. The length of curing time did not pro-
mote significant alteration on the degree of conver-
sion.
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Microhardness

The results of the Knoop microhardness test are
described in Table 3. The statistical analysis showed
an significant influence of “exposure time” and the
sub-parcel “surface” on the values. Better values
were obtained on top surfaces, and the 40-second
curing time promoted the highest means of achiev-
ing microhardness, independent of the light source
used.

DISCUSSION

Different situations can influence the properties
of dental composites. In the present study, the time
of curing (20 s and 40 s) did not influence the degree
of conversion and Knoop hardness of the nanofilled
composite resin that we evaluated. Two surfaces
were analyzed; the top surface, which is closest to
the tip of the light unit. This area receives the en-
ergy emitted by the device in a direct way, without
any attenuation, since there is nothing between the
light-curing tip and the resin composite. The other
surface is at the bottom of the resin increment, 2
mm below the top, allows the evaluation of differ-
ences of various properties within the same speci-
men.

The composite resin used in this study contains
camphoroquinone as a photo-initiator. It absorbs
the light in a broad wavelength spectrum of 360 to
510 nm, with a absorption peak of approximately
468 nm." Figure 1 show the spectral distribution
and irradiance of the two light cure units, which
were used in this study. It should be noted that they

Table 2. Means and (standard deviation) of the degree of conversion obtained with the different time of curing and light cure unit tested, on the respective surface analyzed.

Base
G1(QTH 20s) 56,29 (3,9 48,11 (4,31)%2 .
G2 (QTH 40s) 53,14 (3,19} 48,12 (3,83)¢2
G3 (LED 20s) 50,36 (6,05} 43,27 (3,828
G4 (LED 40s) 45,99 (3,46)% 44,49 (2,12)82

Different letters represents significant statistical difference.

Means followed by distinct capital letters in the same row, and distinct small letters in the same column, are significantly different at P<.05

* represents statistical difference between the light cure units

Table 3. Means and (standard deviations) of Knoop microhardness (KHN) in function of the light cure units, time of curing and surfaces studied.

Top Base
G1(QTH 20s) 67,72 (2,59} 47,54 (3,79)%
G2 (QTH 40s) 70,81 (3,63)% 54,54 (3,56)
G3 (LED 20s) 69,14 (3,5 49,2 (4,72)%
G4 (LED 40s) 72,21 (2,84)% 52,83 (3,29)8=

Different letters represents significant statistical difference.

Means followed by distinct capital letters in the same row, and distinct small letters in the same column, are significantly different at P<.05
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both overlap the required wavelength necessary to
achieve the correct curing of the resin composite
tested.

However, the highest mean values were ob-
served with the QTH lamp. The Ultralume 5, used in
this study, present a central LED, with four periph-
eral additional LEDs that emit light in the UV-Vis
area (the smaller peak], with maxim light emission
at 454 nm (BRANDT 2010). The four additional lights
increase the spectrum of wavelength of this light-
curing device, however, at distance of 2 mm, these
LEDs probably were underused, compromising the
optimal performance of the LED device tested.™

The degree of the conversion measurements
was lower at the bottoms of the samples than at the
top surface. This reduction probably occurred due
to the decrease in the irradiance incident on the
region. When the light emitted reaches the com-
posite resin, all the specimens is irradiated. The
light transmittance through the resin increment is
reduced, influencing negatively the degree of con-
version of the bottom of the increment. This results
are similar to procedures where the indirect res-
torations compromise the degree of conversion of
resin cement, due to the light attenuation through
the restoration."”

These results are relevant, since they demon-
strate that insufficient curing can compromise the
bottom of the sample. Therefore, the region that
sometimes is in contact, in direct restorations, with
the adhesive layer may be affected. This problem
can be aggravated in deep cavities, where a dis-
tance of a few millimeters that separate the tip of
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Figure 1. The light spectrum emitted by the light units that were evaluated. The
wavelength of the QTH lamp was between 380 and 515 nm, with the peak of emission
at 496 nm. The LED device presents a wavelength between 380 and 510 nm, with the

emission peak at 453 nm.

the light source and the resin increment can drasti-
cally reduce the intensity of the light incident at the
bottom of resin increment.

The results of the microhardness test were
somewhat similar to those of the degree of conver-
sion evaluation. Reflecting the outcome of similar
studies'®in each of the situations we noted the top
of the sample presents higher results than the bot-
tom. The results are probably due to the reduction
in the light intensity on the region, similar the de-
gree of conversion. Polymerization at reduced rate,
as bottom of the specimen, may lead to a more
linear polymer structure because relatively few
growth centers are formed."”? At a higher rate of
polymerization, as top of the increment, caused by a
higher power density, a multitude of growth centers
are formed, leading to a more branched and cross-
linked polymer structure.!?

Nevertheless, unlike of the degree of conver-
sion results, the extended time of curing (40 s)
influenced the microhardness in a positive way. In
observing the results of degree of conversion, dem-
onstrating similar values to 20 s and 40 s, it can be
speculated that the extended exposition to light
curing could have modulated the polymeric forma-
tion, leading to a composite with more crosslink
chains, and consequently, higher microhardness.
However, further studies should be conducted to
evaluate this concern.

The higher curing time probably stimulated
the formation of crosslinked chains. Such an out-
come resulted in an increased microhardness of
the nanofilled composite resin, since this pattern of
the polymeric chains promotes better mechanical
properties of the material.*"’

In the present study, the curing of the composite
resin was performed 2 mm distant of the composite
resin. This fact is justified since clinical procedures
performed in the posterior teeth require the po-
lymerization performed at 2 mm distant or more in
certain circumstances, due to the cuspal presence,
and the evaluation of this parameters is important
to reveal the behavior of restorative materials in
such situations.

In accordance with the obtained results, a period
of 40 s to light-cure the composite resin in a direct
restoration procedure is suggested. Despite the fact
that this protocol does not improve the values in the
degree of conversion in the nanofilled dental resin,
the microhardness increases and contributes to the
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achievement of better mechanical properties within
this material.

CONCLUSIONS

According to the results, it can be concluded that
the QTH lamp promotes better values on the degree
of conversion within the nanofilled composite resin
than the LED lamp. However, the light cure method
that was tested does not differ in terms of the mi-
crohardness evaluation.

The extended curing time promotes an increase
in microhardness and the results that were ob-
tained at the top of the increment were higher than
the bottom in all experimental conditions.

However, the extended time of curing (40 s) does
not influence the degree of conversion of the mate-
rial tested.
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