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Objectives: Light-curing of resin-based materials (RBMs) increases the pulp chamber
temperature, with detrimental effects on the vital pulp. This in vitro study compared
the temperature rise under demineralized human tooth dentin during light-curing
and the degrees of conversion (DCs) of three different RBMs using quartz tungsten
halogen (QTH) and light-emitting diode (LED) units (LCUs). Materials and Methods:
Demineralized and non-demineralized dentin disks were prepared from 120 extracted
human mandibular molars. The temperature rise under the dentin disks (n = 12)
during the light-curing of three RBMs, i.e. an Ormocer-based composite resin (Ceram.
X, Dentsply DeTrey), a low-shrinkage silorane-based composite (Filtek P90, 3M ESPE),
and a giomer (Beautifil II, Shofu GmbH), was measured with a K-type thermocouple
wire. The DCs of the materials were investigated using Fourier transform infrared
spectroscopy. Results: The temperature rise under the demineralized dentin disks was
higher than that under the non-demineralized dentin disks during the polymerization of
all restorative materials (p < 0.05). Filtek P90 induced higher temperature rise during
polymerization than Ceram.X and Beautifil II under demineralized dentin (p < 0.05).
The temperature rise under demineralized dentin during Filtek P90 polymerization
exceeded the threshold value (5.5TC), with no significant differences between the
DCs of the test materials (p > 0.05). Conclusions: Although there were no significant
differences in the DCs, the temperature rise under demineralized dentin disks for the
silorane-based composite was higher than that for dimethacrylate-based restorative
materials, particularly with QTH LCU. (Restor Dent Endod 2014;39(3):155-163)
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Introduction

Light-cured resin-based composites (RBCs) have a wide range of applications in
dentistry." However, they might inflict thermal insults on the vital pulp because of the
heat generated by the light source, as well as that from the exothermic polymerization
of RBCs."” The 5.5C threshold reported by various authors for irreversible changes in
the pulp tissue remains controversial among authors.”®

A pulp-chamber temperature rise or a rise in the temperature under the dentin has
been reported during the light-curing of various adhesives and RBCs by using different
light-curing units (LCUs).>“* There are three principal techniques for monitoring and
recording such temperature rises. The first technique involves placing thermocouples
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within the pulp chamber via resected roots, the second
involves placing thermocouples under a specific dentin
thickness, and the third involves using a ‘split-tooth’
technique for directly visualizing and controlling the
remaining dentin thickness (RDT) and the thermocouple.®
It has been reported that when similar light energy levels
are used, the temperature increase is greater during the
light-curing of adhesives than that during the light-curing
of RBCs, low-energy light sources result in similar or lower
temperature rises.*”""

The temperature rise during the light-curing of resin-
based dental materials has been measured and evaluated
in a large number of in vitro studies using ground or
sound dentin substrates.?>°**® Nonetheless, sound
dentin substrates are not usually encountered in clinical
situations, and dental practitioners generally restore
carious dentin. Carious dentin usually consists of layers of
infected and affected dentin. Affected dentin is not usually
removed during restorative procedures.14 As a result, after
removal of the carious lesion and preparation of the cavity
during adhesive procedures, a large part of the cavity floor
contains caries-affected dentin.™

Very few studies have measured the temperature rise
during the light-curing of resin-based dental materials
under normal and affected dentin substrates."® Fanibunda
reported that carious dentin has considerably higher
thermal conductivity, which implies that the material is a
poor thermal insulator, compared to sound normal dentin.’
Tosun et al. evaluated the temperature rise under normal
sound and caries-affected dentin in primary teeth during
the light-curing of two adhesives and two resin-based
restorative materials.”” They reported that the temperature
rise during adhesive material polymerization exceeded
5.5C under the caries-affected primary tooth dentin. In
addition, adhesive systems exhibited a higher temperature
rise during polymerization than did RBMs.

Presently, new classes of highly filled RBCs are available
with a filler content and distribution pattern that endows
them with different handling characteristics."” A different
resin-based material has been manufactured using the
Ormocer technology. This newly developed inorganic/
organic copolymer characterizes Ormocers, thereby paving
the way for modifying its mechanical parameters and
properties.®" In addition, giomer is a proprietary product
composed of inorganic fillers and an organic/resin matrix.'
Rather than incorporating glass or quartz particles, as
is the case with traditional fillers, it contains inorganic
fillers originating from the complete or partial reaction of
ion-leachable glasses.”®* In recent years, a new silorane-
based composite resin characterized by low polymerization
shrinkage has been marketed.” The introduction of a
silorane-based composite paves the way for reducing
polymerization shrinkage and balancing volumetric
stresses due to polymerization shrinkage. Despite
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preliminary research studies on the silorane-based matrix
demonstrating significant decreases in polymerization
shrinkage, there is limited research on the influence
of silorane monomers on the physical and mechanical
properties of polymerized composite materials.”

Several studies have compared the use of light-emitting
diode (LED) and quartz tungsten halogen (QTH) LCUs with
respect to RBC polymerization, with some evaluating the
temperature rise under dentin or caries-affected dentin
substrates.”®*'**% However, to date, no study has
evaluated temperature variations during the light-curing
of a number of newly introduced materials, including low-
shrinkage silorane-based composites, Ormocer-based resin
composites, and giomers, under artificially demineralized
dentin. The present study aimed to achieve the followings,
1) comparison of the efficacy of the LED LCU and halogen
LCU in increasing the degree of conversion (DC) of three
resin-based materials (RBMs), namely, an Ormocer-based
composite resin (Ceram.X, Dentsply DeTrey, Konstanz,
Germany), a low-shrinkage silorane-based composite resin
(Filtek P90, 3M ESPE, St. Paul, MN, USA), and a giomer
(Beautifil II, Shofu GmbH, Ratingen, Germany), and 2)
comparison of the temperature rise during the light-
curing of the three materials using an LED and a QTH LCU
under artificially demineralized dentin. The null hypothesis
was that there would be no difference in temperature
variations between the three RBMs under mineralized and
demineralized dentin substrates during light-curing with
QTH or LED LCUs. Furthermore, it was also hypothesized
that there was no difference between the DC values of the
three abovementioned materials.

Materials and Methods
Resin-based materials and curing units

The particulars of the LCUs and the RBMs used in this
study are summarized in Tables 1 and 2. The QHT LCU,
Demetron LC (Kerr GmbH, Rastatt, Germany), was used
in the standard mode, which implies a full irradiation
intensity of 550 mW/cm’ from the beginning to the end
of the procedure. An LED LCU, Bluphase (Kerr GmbH), was
used with a low irradiation intensity of 500 mW/cm?® for
evaluating the effect of the LCU. An Optilux radiometer
and an LED radiometer were used for measuring the output
energy levels of the LCUs (Table 1).

Specimen preparation

The protocol followed in the present study was approved
by the Human Ethics Committee of the School of Dentistry,
Isfahan University of Medical Sciences. One hundred twenty
extracted human mandibular molars without any defects
or caries were used in this study. The samples were stored
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Table 1. Light-curing units used in the study, their characterizations and manufacturers

Light source Type Manufacturer Curing mode Power density
Bluephase LED Kerr GmbH, Rastatt, Germany Low (Standard) 500 mW/cm?® x 40 sec
Demetron LC QTH Kerr GmbH, Rastatt, Germany Standard 550 - 600 mW/cm® x 40 sec

LED, light-emitting diode; QTH, quartz tungsten halogen.

Table 2. Resin-based materials used in the study, their chemical compositions and sources

. Filler Filler Filler
Material name e ae . . . .
& Manufacturer Classification Resin Filler composition content  content size
(weight%) (volume%) (pm)
Beautifil II Bis-GMA S;:Ei:aé:er;acfarsi?icr:l)or:etype’
Shofu GmbH, Giomer ' pr grass-inon 83.3 68.6 0.01-5
. TEGDMA with fluoroaluminosilicate
Ratingen, Germany
glass
Al e Silorane-based
3M ESPE, St. Paul, . . Silorane Quartz, Yttrium fluoride 76 55 0.04 - 1.7
composite resin
MN, USA
Ez?tr:.)l( DeTre Ormocer-based Mcflths?lcorz;‘;e modified Egz)i?ri-ca;:em”l]:sr:-Silicon 76 57 11-1.5
Py Y composite resin poly ! g'ass, 10

Konstanz, Germany Dimethacrylate resin  dioxide nanofiller

Bis-GMA, Bisphenol A glycidyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate.

in 0.1% thymol solution and used within four months
from extraction. One day before the study procedure was
instituted, the teeth were retrieved from the thymol
solution, rinsed thoroughly and immersed in distilled water
at 37C.

Dentin disks with a thickness of 1.5 mm and a diameter
of 4 mm were prepared from the deep dentin of 120 third
molars. To this end, each tooth was mounted in epoxy resin
(Triplex Acryl, Ivoclar Vivadent, Schaan, Liechtenstein) and
sections parallel to the long axis of each tooth were cut
using a low-speed diamond saw (SERVOCUT 301MA, Kemet
International Ltd., Maidstone, UK) under water spray.
Subsequently, perpendicular cuts were made for preparing
dentin disks with a thickness of 1.5 mm (Figure 1). Dentin
sample surfaces were wet-ground with 320- and 400-
grit silicon carbide abrasive papers under water spray for
achieving flat dentin surfaces.

Half of the disks were immersed in a demineralizing
solution for obtaining artificially demineralized dentin
disks similar to caries-like lesions in dentin. Each disk was
immersed in 20 mL of a demineralizing solution for 48
hours at 23°C." The solution consisted of 0.002 mole/L CaCl,,
0.002 mole/L KH,P0,, and 0.002 mole/L glacial acetic
acid, and the pH of the solution was 4.3. All the dentin
disk samples were stored in water until testing to prevent
dehydration.
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Measurement of temperature variations

The temperature rise during the 40-second irradiation
with each LCU was recorded for each RBM without any
dentin disk. The ambient temperature was 23 + 1C. For
evaluating the influence of the dentin disk’s structural
variables on temperature variations, the increase in
temperature was measured separately under the dentin
disks before insertion of the restorative material and during
the light-curing of each RBM.

The materials were placed on dentin disks and light-
cured according to the manufacturers’ instructions to
measure temperature variations during curing in the RBMs,
including an Ormocer-based composite resin (Ceram.X),
a low-shrinkage silorane-based composite resin (Filtek
P90), and a giomer (Beautifil II) (Table 2). To this end, a
black Teflon mold was prepared to serve as a support for
the light guide tip, dentin disks, and the resin material.
The resin material was placed in the central aperture of
the Teflon cylinder mold and polymerized according to the
manufacturers’ instructions (Table 1). A digital radiometer
(Curing Radiometer, Demetron Inc., Danbury, CT, USA) was
used for measuring and recording the output energy level
of the LCU before each procedure.

A K-type thermocouple wire with a diameter of 0.1 cm
(ST-8891E, Standard Instruments Co., Ltd., Kowloon, Hong
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120 Dentinal Discs

' ) 60 Non- demmerahzed Discs
n=30 n=30
LED LCU QTH LCU

/] /1N

n=10 n=10 n=10 n=10 n=10 n=10
Ceram.X Filtek P90 Beautifil-II

Ceram.X Filtek P90 Beautifil-IT

60 Demineralized Discs

7N

n=30 n=30
LED LCU QTH LCU
n=10 n=10 n=10 n=10 n=10 n=10

Ceram.X Filtek P90 Beautifil-IT Ceram.X Filtek P90 Beautifil-IT

40-s Light Irradiation

v
40-s Resin-Based Material Curing

Figure 1. Schematic representation of the different steps for the preparation of dentinal discs. LCU, light-curing unit;

QTH, quartz tungsten halogen; LED, light-emitting diode.

Kong) was connected to a data logger (Standard, ST-8891E,
Taiwan) during the light-curing of the resin materials (Figure
2).° The data logger recorded temperature variations at a
rate of 1 sample/second from the start of light-curing to
almost 120 - 180 seconds until the temperature decreased.
The data were recorded and stored in a computer. The mean
of ten readings of the temperature rise was calculated at
a pre-determined light output energy at a distance of 3.5
mm from the thermocouple when the light guide tip was
secured in place on the mold. The difference between the
initial and the peak temperature readings was determined,
and the 10 recorded temperature changes were averaged to
arrive at the mean temperature rise value. In addition, the
temperature rise under a dentin disk during irradiation was
measured for simulating the temperature rise in the pulp
chamber in clinical situations (Figure 2). The LCU tip was
adjusted at the center of each resin material with no gaps
in between.
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Data Dentine Disk | 1.5 mm
Logger

Themocouple Wire

Figure 2. Schematic representation of the temperature rise
measurement during polymerization of the resin material
under the dentin disc.
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The temperature rise during the 40-second exposure
was due to both the heat of the polymerization reaction
and the heat generated by irradiation. The temperature
rise in the 2-mm-thick samples of each material during
irradiation, mediated with non-demineralized and
demineralized dentin, was recorded. This final thermal rise
was the difference between the thermal change due to LCU
irradiation and that due to RBM polymerization.

There were 10 samples in each group (Figure 1). Data
were analyzed with SPSS 13.5 (SPSS Inc., Chicago, IL,
USA) at a 0.05 level of significance. Data were analyzed by
three-way ANOVA (dentin type, dental material, and LCU).
Paired sample t-test and post hoc Tukey tests were used to
evaluate the inter-group differences.

Measurement of degree of conversion

The DCs of the two dimethacrylate-based restorative
materials, that is, Ceram.X and Beautifil II, were measured
using Fourier transform infrared (FTIR) spectroscopy
(EQUINOX 55, Bruker, Ettlingen, Germany). A small piece of
the resin composite was placed between two polyethylene
layers and pressed to form a very thin film, and the
absorbance peaks of the uncured samples were obtained.
Subsequently, the samples were light-cured using the
same time durations as those used for the temperature rise
readings, and the peaks of each light-cured sample were
recorded.

The DC (%) was determined from the ratio of the
absorbance intensities of aliphatic C=C (peak at 1,638 cm™)
against the internal reference aromatic (=C (peak at 1,608
cm™) prior and subsequent to light-curing. The DC was
calculated as follows,”

(1,638 cm™ / 1,608 cm™) peak area after curing
(1,638 cm™ / 1,608 cm™) peak area before curing

DC (%) = {1 : } x 100

Temperature changes during polymerization of resin-based materials

For Filtek P90, the DC was calculated using the ratio of
absorbance intensities of the reacting epoxy rings C-0-C (peak
at 884 cm™) against the Si-CH, internal reference (peak at
695 cm™) prior and subsequent to light-curing.”” The DC
was calculated as follows,

(884 cm™ / 695 cm™) peak area after curing
(884 cm™ / 695 cm™) peak area before curing

DC (%) = {1 - } X 100

The results were analyzed and compared using one-way
ANOQVA, followed by a post hoc Tukey test at a significance
level of 0.05.

Results

Temperature rise measurement

Table 3 presents the mean values of temperature
variations during the light-curing of the three resin-based
restorative materials. During the 40-second irradiation
of each LCU without any dentin disk and RBM, the
temperature rise values were 21.21TC and 18.19TC for
the QTH and LED LCUs, respectively. The mean values
of the temperature rise under the QTH and LED LCUs
were 7.28 + 0.33C and 6.26 + 1.10T, respectively, for
non-demineralized dentin. The same mean values for
demineralized dentin were 7.06 + 0.35TC and 7.02 + 0.43TC,
respectively. For both mineralized and non-demineralized
dentin, there were no significant differences between the
mean temperature values of the two LCUs (p > 0.05).

The Kolmogorov-Smirnov test showed that the
temperature rise in all the test groups was normally
distributed. Three-way ANOVA was used for analyzing the
effect of the three variables, namely, the LCU, dentin
condition, and restorative material, on the temperature
rise during the photopolymerization of the resin-based

Table 3. Temperature rise values (mean + SD) during photopolymerization under demineralized and non-demineralized dentin

disks (n = 10)

Mean + SD (C)

LCU Groups Group definitions . . . . . .
Non-demineralized dentin Demineralized dentin
1 Dentin + Ceram.X 4.93 £ 0.54™ 5.70 + 0.52"
QTH 2 Dentin + Beautifil IT 5.06 + 0.53" 5.93 + 0.66™
3 Dentin + Filtek P90 5.47 +0.78% 6.48 + 0.86™
1 Dentin + Ceram.X 4.46 + 0.54™ 4.94 +0.81%
LED 2 Dentin + Beautifil II 4.69 + 0.89" 5.20 + 0.94"
3 Dentin + Filtek P90 5.58 + 0.86™ 6.25 + 1.20%

LCU, light-curing unit; QTH, quartz tungsten halogen; LED, light-emitting diode.
Different upper case letters show significant differences in the column. Different lower case letters show significant differences

in the row.
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restorative materials. The analysis revealed that the
temperature rise was affected by the LCU (F = 8.008, p
< 0.001), dentin condition (F = 24.782, p < 0.001), and
the restorative material (F = 15.472, p < 0.001). Two-way
ANOVA showed significant differences in the means of the
temperature rise values among all the restorative materials
for the demineralized and non-demineralized dentin (p =
0.012) and the LCU (p < 0.001).

The QTH LCU resulted in a higher temperature rise
during light-curing compared to the LED LCU (p < 0.001).
The effects of dentin, LCU and material variables were
evaluated through a paired sample t-test. The results
showed a significant difference in the mean thermal rise
during irradiation with QTH (21.21 + 0.15C) and LED
(18.19 + 0.137T) LCUs (p < 0.001). The post hoc Tukey
test, which was used to determine the differences in the
temperature rise among the groups within the materials,
showed that the temperature rise values measured under
demineralized dentin were higher than those measured
under non-demineralized dentin during the light-curing
of all the resin-based restorative materials (p = 0.012).
The highest final temperature rise was recorded during
the light polymerization of Filtek P90 under demineralized
dentin with the QTH LCU (6.48 + 0.86T), followed by that
recorded in the corresponding group with the LED LCU (6.25
+ 1.20C), as listed in Table 3.

Degree of conversion

Table 4 lists the DC of resin composites light-cured using
two LCUs. The curing conditions were identical to those
during the temperature rise measurements. The DC values
of the RBMs cured by the QTH and LED LCUs were from 53
+0.11% to 60 + 0.02% and from 52 + 0.11% to 63 + 0.08%,
respectively, with no significantly higher DC for RBCs with
either the LED or the QTH LCUs (p = 0.201).

Table 4. Comparison of the degrees of conversion in the
three studied resin-based materials

Material LCU Degree of conversion (%)
QTH 59 + 0.06°
Ceram.X .
LED 63 +0.03
TH 60 + 0.02°
Filtek P90 @ =
LED 63 + 0.08
TH 53 +0.11°

Beautifil II @ *

LED 52 +0.11°

LCU, light-curing unit; QTH, quartz tungsten halogen; LED,
light-emitting diode.

*Percentages followed by identical letters show insignificant
statistical differences (a = 0.05).
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Discussion

It is well known that certain dental procedures increase
the tooth temperature, including those of the hard
tissues and the pulp.?® Moreover, nowadays, there are
different pieces of equipment for RBM polymerization.””*’
The present study showed that the radiation-induced
temperature rise in all the 12 study groups was higher
than the overall temperature rise. This indicates that the
most important etiologic agent for temperature rise during
the light-curing of composite resins is the heat produced
by the LCUs. Therefore, the exothermic polymerization
of composite resins is a secondary factor. However,
temperature variations due to light activation with a gross
temperature rise due to the use of an LED LCU were not
statistically significant for Filtek P90. In addition, the
final temperature rise due to irradiation by QTH was not
significantly greater than that produced by the LED LCU for
this composite resin. This indicates that the temperature
rise due to photopolymerization in this composite is higher
than that in Ceram.X and Beautifil II. In a study by Miletic
et al., Filtek LS exhibited a greater temperature rise than
two methacrylate-based composite resins (Admira and
Herculite XRV), which is consistent with the results of the
present study.”

In the current study, the temperature rise due to
irradiation and the total temperature rise induced by the
QTH LCU were higher than those in the case of the LED
LCU. In other words, the LCU effect was significant. In
accordance with the results of the present study, some
previous studies have shown that the temperature rise
is significantly higher when composite resins are cured
using QTH LCUs than that when using the PAC or LED
LCUs.”** Dogan et al. reported that when manufacturer-
recommended irradiation durations were used, the QTH
LCU produced significantly higher temperature rises than
the LED and PAC LCUs under all the test conditions.’
Tarle et al. reported that irrespective of the curing mode,
lower temperatures were achieved when a blue LED light
was used.” In addition, Knezevic et al. reported that the
LED LCU generates slightly lower conversion values and a
significantly lower temperature increase than conventional
lamps.” Contrary to these reports, Atai and Motevasselian
reported no significant differences in temperature rise and
the DC between the standard mode of Optilux 501 as the
QTH and the LED LCUs.*

The results of the current study showed that the
temperature rise under the demineralized dentin disks was
higher than that under the normal dentin disks. Tosun et
al. reported recording a higher temperature rise during
light-curing when caries-affected dentin was used as the
substrate than that when normal dentin was used as the
substrate.” Fanibunda reported that carious dentin has
a significantly higher thermal conductivity, indicating
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lower thermal insulation, than normal dentin.’® Electron
probe microanalysis showed that the elemental contents
of normal and caries-affected dentin substrates were
different.” These findings can explain the differences
between the temperature rise values of normal and caries-
affected dentin. To date, only a limited number of studies
have measured temperature variations during the light
activation of resin-based restorative materials under normal
and demineralized dentin.'"

Based on the results of this study, the temperature rises
during the light-curing of Filtek P90 were 5.47 and 5.58C
with the QTH and LED LCUs, respectively. In demineralized
dentin, these values were 6.48 and 6.25C with the QTH
and LED LCUs, respectively. The overall temperature rise
with Filtek P90 was significantly higher than that with
methacrylate-based composite resins. The temperature
rise in the methacrylate-based composite (Ceram.X and
Beautifil II) did not exceed the 5.5T rise obtained in
two previous studies by Zach and Cohen, and Pohto and
Scheinin, who speculated that any temperature rise
exceeding 5.5°C can induce irreversible pulpitis.***

In a study by Miletic et al. the silorane-based Filtek P90
exhibited a significantly different temperature curve with
higher values in comparison with two dimethacrylate-based
composite resins.”’ It has been shown in similar studies
that siloxane-based and oxirane-based composite resins
lead to a greater temperature rise than methacrylate-based
resins.”? In addition, studies employing optical pyrometry
have shown that the cationic ring opening polymerization
of oxiranes is a highly exothermic reaction, with
temperatures exceeding 100°C within seconds.”’” Studies
have shown that the temperature curves generated during
the light activation of Filtek P90 and the heat generation
pattern seen in Filtek P90 are affected by the slow heat
diffusion through dentin."”’

Temperature variations during the light-curing of RBMs
were evaluated under 1.5 mm of dentin in the current
study. Temperature variations reported in several studies
have been on the order of 1 - 15C depending on the LCU,
RDT, RBM, and measurement technique used. Al Qudah et
al. suggested that an RDT of 1.9 mm or more is sufficient
to protect the pulp from any thermal insults during the
light activation of composite resins, which is close to the
thickness of the dentin disks used in the present study.”
Their report was confirmed by Lonely, who suggested that
an RDT of 2 mm would provide adequate insulation against
restorative procedures.” The speculation was based on
a previous report by Stanely and Swerdlow, who found
that cavity preparation 2 mm away from the pulp elicited
minimal pulpal response.’ Hence, in the present study,
a dentin thickness of 1.5 mm was used for evaluating
temperature variations. According to Lonely and Price, a
thicker dentin can significantly cope with temperature
variations because of low thermal conductivity of dentin.”

http://dx.doi.org/10.5395/rde.2014.39.3.155
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Haning and Bott reported that for an LCU energy output
of 670 mW/cmz, irradiation time of 40 seconds, and dentin
thickness of 1 mm, the temperature rise did not exceed
5.5°C.” The overall temperature rise in the present study
was consistent with that in previous studies.*** However,
it is important to note that clinically, the surfaces of most
restorations are in contact with the dentin walls and the
dentinal fluid within them. In addition, blood circulation
in the pulp chamber diffuses the heat absorbed by the
pulp. These factors and similar variables are the limitations
of experimental studies, including the present study, and
should not be ignored.

The DCs of three different RBMs were measured in this
study. The results of material evaluations, including those
of tests for mechanical strength, modulus, hardness, and
leachable components, are related to polymer conversion.
Therefore, DC evaluation is a critical component of
interpreting the test results of dental materials.® A high DC
is important for appropriate clinical performance of dental
materials. A low DC leads to poor wear resistance and low
color stability.""

The DCs of the RBMs were evaluated using FTIR
spectroscopy in the curent study. Of the several techniques
used to determine the DC of RBCs, FTIR spectroscopy has
been reported to be powerful and has been widely used.* In
addition, in this study, the degree of RBM polymerization
was measured with a QTH LCU and an LED LCU with almost
similar output powers (22 and 20 J/cm’, respectively). The
DC values varied from 52 to 63%. According to the results,
neither the LCU nor the restorative material is a significant
factor in DC (p = 0.621 and p = 0.130, respectively).
Previous studies have confirmed that DC depends on the
material composition, light source properties, distance
from the light source, and duration of irradiation. It ranges
from 43.5 to 73.8% when standard curing is employed.”*
Stupp and Weertman reported a DC range of 30 - 70% for
nine proprietary self-cured composite resins, and Asmussen
reported a range of 57 - 77% for nine proprietary Bis-
GMA-based anterior composite resins.”’** Ferracane and
Greener studied unfilled Bis-GMA-based resins and reported
that the DC value for these experimental resins varied
between 55 and 72%. Recently, a study showed that the
light polymerization of P90 low-shrinkage composite resin
resulted in a temperature rise approaching the threshold
value under artificially demineralized and undemineralized
dentin.®

According to the results of this study, the DC values
of Ceram.X with QTH and LED LCUs were 59 and 63%,
respectively, with no statistically significant differences (p
= 0.201). It appears that the lower filler content of Ceram.
X and the larger filler sizes than those of Beautifil II result
in an increased DC% in this material. A smaller filler size
might be responsible for greater scattering of light in the
superficial layers of the composite resin, thus decreasing
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the penetration of light into the deep layers.""’

In terms of temperature rise, it might be appropriate
to say that the temperature rise due to light irradiation
is more significant and important than that due to
photopolymerization when Ceram.X and Beautifil II are
compared. However, temperature changes due to the
polymerization of Filtek P90 were significantly higher
than those in the case of the two other composite
resins (p < 0.001). Moreover, Filtek P90 exhibited the
highest temperature changes and DC values among the
three materials studied, with no statistically significant
differences in DC (p = 0.130). This outcome could be
attributed to the number of DC evaluations, which was
three. However, it seems there is a relationship between
ATt and DC in silorane-based composite resins, and this
needs to be evaluated in future studies.

Conclusions

Under the limitations of this in vitro study, it was
concluded that the temperature rise resulting from
irradiation with QTH was higher than that with the LED
LCU. In addition, the temperature rise through all the
studied RBMs under demineralized dentin was higher than
that under non-demineralized dentin. The temperature
rise through Filtek P90 was higher than that through
Ceram.X and Beautifil II and the presence of 1.5-mm-
thick dentin diminished the temperature rise during the
light polymerization of the RBMs under study. Finally, the
DC values of all the RBMs studied were not significantly
different.
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