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Temperature Increase at
the Light Guide Tip of 15
Contemporary LED Units
and Thermal Variation at
the Pulpal Floor of
Cavities: An Infrared
Thermographic Analysis
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Clinical Relevance

The thermal variation at the pulpal floor of dental cavities during photopolymerization is
associated with the measured irradiance level of LED curing units.
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SUMMARY

In this study, a comprehensive investigation
on the temperature increase at the light guide
tip of several commercial light-emitting diode
(LED) light-curing units (LCUs) and the asso-
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ciated thermal variation (AT) at the pulpal
floor of dental cavities was carried out. In
total, 15 LEDs from all generations were
investigated, testing a quartz-tungsten-halo-
gen (QTH) unit as a reference. The irradiance
level was measured with a power meter, and
spectral distribution was analyzed using a
spectrometer. Temperature increase at the tip
was measured with a type-K thermocouple
connected to a thermometer, while AT at the
pulpal floor was measured by an infrared
photodetector in class V cavities, with a 1-
mm-thick dentin pulpal floor. The relation-
ship among measured irradiance, AT at the
tip, and AT at the pulpal floor was investigat-
ed using regression analyses. Large discrep-
ancies between the expected and measured
irradiances were detected for some LCUs.
Most of the LCUs showed an emission spec-
trum narrower than the QTH unit, with emis-
sion peaks usually between 450 and 470 nm.
The temperature increase at the tip followed
a logarithmic growth for LCUs with irradi-
ance >1000 mW/cm?, with AT at the tip follow-
ing the measured irradiance linearly
(R®=0.67). Linear temperature increase at
the pulpal floor over the 40-second exposure
time was observed for several LCUs, with
linear association between AT at the pulpal
floor and measured irradiance (R?=0.39) or AT
at the tip (R?=0.28). In conclusion, contempo-
rary LED units show varied irradiance levels
that affect the temperature increase at the
light guide tip and, as a consequence, the
thermal variation at the pulpal floor of dental
cavities.

INTRODUCTION

Dental dimethacrylate-based restorative composites
polymerize via free-radical polymerization under
irradiation with visible light. Development of the
polymerization reaction is influenced by many
factors related to the composite, such as comonomer
formulation, shade,” translucency,® and filler
loading/size,” as well as to the curing unit, such as
irradiance level,®1° exposure time,''? emission
spectrum,'® and thermal variation.'*'® Sufficient
light energy reaching the composite is necessary to
ensure adequate polymerization; the spectral irradi-
ance of the light also has to overlap as much as
possible the absorption spectrum of the photosensi-
tizer contained in the material, that is, camphorqui-
none (CQ).>*

Blue light-emitting diodes (LEDs) were introduced
to overcome shortcomings of the traditional quartz-
tungsten-halogen (QTH) light-curing units (LCUs).
LEDs consume little power in operating and do not
require filters to produce blue light. The main
difference in the emission radiation is the narrower
spectrum of wavelengths of the LEDs, usually
centered on 470 nm, which is the wavelength at
which CQ has its maximum energy absorption.'®
The semiconductors used for light emission in LEDs,
instead of the hot metal filaments in QTH bulbs,
generate less internal heating and undergo little
degradation over the course of the time. First-
generation LEDs emitted low irradiance, hence they
generated low heat and were considered “cold-light
devices.” However, as high-irradiance, second- and
third-generation LEDs were introduced, the increase
in irradiance was associated with a thermal in-
crease.”

It has been reported that external heating may
enhance the conversion kinetics of resin composites
and increase the network cross-linking.'*5 In-
creased temperature may enhance the mobility of
reactive species during polymerization, ultimately
resulting in further conversion. Therefore, LCUs
with low irradiance levels, despite tending to reduce
the heat generation, could pose a risk to increased
cytotoxicity and poorer mechanical properties of the
restorative due to lower conversion. There is also a
controversial issue regarding the critical tempera-
ture increase that may cause injury to the dental
pulp. Zach and Cohen'” reported that an increase of
5.5°C within the pulp chamber caused irreversible
damage to monkey teeth. Another investigation,
however, showed that a temperature increase of
11.2°C did not damage the pulp.'® Laboratory
studies usually analyze the temperature variation
at the light guide tip of the LCU, but the thermal
variation (AT) yielded at the pulpal floor or cham-
ber'??° is probably more relevant as regards the
biological issues related to high-irradiance curing
units.

The aim of the present study was to provide a
comprehensive investigation on the temperature
increase at the light guide tip of commercially
available LED LCUs and the associated AT at the
pulpal floor of class V dental cavities during
photopolymerization procedures. In total, 15 LEDs
from all generations were investigated, testing a
QTH unit as a reference. The hypothesis tested was
that increased temperature at the light guide tip of
the LCUs would be associated with increased AT at
the pulpal floor of the cavities.
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MATERIALS AND METHODS

LED Units Tested, Irradiance, and Emission
Spectrum

Fifteen commercial LED units were tested, as shown
in Table 1. The conventional QTH unit Optilux 501
(Kerr, Orange, CA, USA) was tested as a reference.
The units (when applicable) were fully charged
before testing. The irradiance level of each unit
was measured five times with a calibrated power
meter (Ophir Optronics, Jerusalem, Israel), and the
spectral distribution was analyzed using a computer-
controlled spectrometer (USB2000, Ocean Optics,
Dunedin, FL, USA). The radiant exposure was
calculated on the basis of a 40-second exposure time.

Temperature Increase at the Light Guide Tip

Measurements were carried out under controlled
temperature (25°C) and humidity (45%) conditions
using a type-K thermocouple (Salcas, Sao Paulo, SP,
Brazil) connected to a digital thermometer accurate
to 0.1°C, with 0.1-second response time. After
calibration in water baths with temperatures rang-
ing between 25°C and 40°C, the thermocouple was
positioned in contact with the light guide tip. The
temperature was recorded every 5 seconds during
the total 40-second exposure time.

AT at the Pulpal Floor

The lingual faces of 150 bovine incisors were
removed. Standard class V cavities (2.5 mm wide X
3 mm long) were prepared 1 mm above the cemento-
enamel junction in the buccal faces using water-
cooled #3099 cylindrical diamond burs (KG Soren-
sen, Barueri, SP, Brazil) in a high speed handpiece.
Burs were replaced after every four preparations.
The cavity depth was controlled in order to stan-
dardize a 1-mm dentin thickness at the pulpal floor
of all cavities. The teeth were held in position using a
custom-made device, and temperature at the pulpal
floor was measured by infrared thermographic
analysis using a handheld quantum well infrared
photodetector (ThermaCAM SC 3000, FLIR Systems
Inc, Boston, MA, USA) with 0.01°C accuracy and
0.01-second response time. The thermographic cam-
era was directed to the pulpal chamber through the
exposed lingual face of the teeth at a 10-cm distance
between the sample and camera. The camera was
calibrated considering the dentin emissivity to be
0.91 within the temperature range of 20°C to
100°C,?! with data acquisition at 60 Hz. Measure-
ments were carried out under controlled tempera-
ture (25°C) and humidity (45%) conditions. The LED
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units were placed in contact with the buccal aspects
of the teeth, and light exposure was carried out for
40 seconds (n=10); data were processed using the
software ThermaCAM Research 2001 (FLIR Systems
Inc).

Statistical Analysis

Data for AT measured by the thermocouple/ther-
mometer setup and AT data from the thermographic
analysis were separately submitted to one-way
analysis of variance followed by the Tukey’s post
hoc test. The relationship among measured irradi-
ance, AT at the light guide tip, and AT at the pulpal
floor was investigated using linear regression anal-
yses. All analyses were conducted at a 5% signifi-
cance level.

RESULTS

Irradiance, Energy Dose, and Emission
Spectrum

Table 1 shows the characteristics of the LCUs tested.
In order to facilitate comparisons, the LCUs were
separated into four groups. Large discrepancies
between the expected and measured irradiance
levels were detected for most of the LCUs, especially
those with measured irradiance <800 mW/cm?.
Results for the calculated energy dose are shown in
Table 2; a wide range between 8 and 48 J/cm? was
calculated. The spectral distribution of the lights is
shown in Figure 1. Most of the LCUs showed an
emission spectrum narrower than the QTH unit
(OPL), with emission peaks usually centered on the
range between 450 and 470 nm.

Temperature Increase at the Light Guide Tip

Figure 2 shows the profiles of temperature increase
at the tip over the 40-second exposure time. Results
for AT at the tip are shown in Table 2. The statistical
analysis showed significant differences among the
groups (p<0.001). The LCUs with measured irradi-
ance >800 mW/cm? showed significantly higher AT
at the tip than the LCUs with lower irradiance
levels. The QTH unit (OPL) showed significantly
higher AT than all LED units with irradiance <800
mW/em? The AT profiles followed a logarithmic
growth pattern for the LCUs with irradiance >1000
mW/cm?,

AT at the Pulpal Floor

Figure 3 shows the profiles of temperature increase
at the pulpal floor over the 40-second exposure time;
a linear temperature increase was observed for
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Table 1:  Characteristics of the Light-Curing Units (LCUs) Tested
LCU Manufacturer Code Emission Expected Irradiance,? Measured Irradiance,
Mode mW/cm? mW/cm?
LCUs<450 mW/cm?
Ultra Blue IV Plus DMC, Sao Carlos, SP, Brazil UTB Continuous 600 200
Biolux Bioart, Sao Carlos, SP, Brazil BIO Soft-start 300 (5 s)/1000 (35 s) 200 (5 s)/400 (35 s)
Radii Plus SDI, Bayswater, Victoria, RDP Continuous 1500 410
Australia
Optilux 501 (QTH) Demetron Kerr, Orange, CA, OPL Continuous 850 448
USA
LCUs<800 mW/cm?
LEC 470 1 MM Optics, Sao Carlos, SP, LEC Continuous 400 475
Brazil
Mais Mais, Ribeirao Preto, SP, Brazil MAI Continuous 700 500
UltraLight I Sanders Medical, S. R. Sapucai, UTL Soft-start 1200 200 (5 s)/600 (35 s)
MG, Brazil
Elipar Freelight 2 3M ESPE, St. Paul, MN, USA EFL Continuous 1200 795
LCUs<1000 mW/cm?
LEDemetron Demetron Kerr LDM Continuous 800 800
Smart Lite PS Dentsply Caulk, Milford, DE, SML Continuous 950 995
USA
Celalux Voco, Cuxhaven, Germany CEL Continuous 1000 1000
Ultra-Lume LED 5 Ultradent, South Jordan, UT, ULM Continuous 800 1000
USA
LCUs>1000 mW/cm?
Demi Demetron Kerr DEM Pulsatile 1100 1015
Bluephase Ivoclar Vivadent, Schaan, BLP Continuous 1200 1180
Liechtenstein
Blue Star | Microdont, Sao Paulo, SP, Brazil BST Continuous 1000 1200
FLASHIite 1401 Discus Dental, Culver City, CA, FLH Continuous 1400 1200

USA

2 As provided by the manufacturer.
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Table 2:  Means (SD) for Energy Dose, Thermal Variation
(AT) at the Tip, and AT at the Pulpal Floor

LCU Energy AT (Tip), AT
Dose,? °C (Pulpal
Jicm? Floor), °C

LCUs<450 mW/cm?

uTB 8 3.8 (0.1)H 2.4 (0.04) H

BIO 15 4.6 (1.6) H 3.4 (0.02) GH
RDP 16.4 7.1 (0.1) gH 5 (0.08) EFG
OPL (QTH) 17.9 15.3 (0.8) E 6.3 (1.8) coerF

LCUs<800 mW/cm?

LEC 19 9.8 (0.3)Fc 4.7 (0.09) Fa
MAI 20 9.3 (0.3)aH 3.9 (0.06) aH
uTL 22 7.8 (0.4)eH 3.4 (0.9) aH

EFL 318  121(02)rc 4.9 (0.1) eFa

LCUs<1000 mW/cm?

LDM 32 12 (1.0) Fa 6.7 (1.17) coe
SML 39.8 22 (0.8)p  11.3(0.07) A
CEL 40 21.6 (0.8) 0 4.9 (0.09) Fa
ULM 40 38.8 (0.5) B 9 (1.7) a8
LCUs>1000 mW/cm?

DEM 40.6 28 (5.9) ¢ 2.3(0.12) 1
BLP 47.2 20 (0.3)p  10.6 (0.15) BC
BST 48 26.5 (0.3) c 7.2 (0.12) co
FLH 48 45 (2.0) A 7.7 (0.13) aBC

@ Calculated on the basis of a 40-second exposure time. In each column,
distinct letters indicate significant differences (p<<0.05).
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several LCUs. Except for OPL (QTH), none of the
LCUs with measured irradiance up to 800 mW/cm?
showed maximum temperature increase above 5.5°C,
while only CEL showed maximum temperature
increase below 5.5°C for the LCUs with measured
irradiance >800 mW/cm? Results for AT at the
pulpal floor are shown in Table 2. The statistical
analysis showed significant differences among
groups (p<<0.001). Similarly to the AT at the light
guide tip, the LCUs with measured irradiance >800
mW/em?, except for CEL and DEM, showed signif-
icantly higher AT at the tip than the LCUs with
lower irradiance levels.

Linear Regression Analyses

Regression plots are shown in Figure 4. It was
observed that AT at the light guide tip of the LCUs
follows linearly the measured irradiance (R?=0.67;
p<0.001) and AT at the pulpal floor (R?=0.28;
p=0.04). The relationship AT the pulpal floor and
measured irradiance is also linear (R%=0.39;
p<0.01).

DISCUSSION

The present results indicate that large discrepancies
between the expected and measured irradiance
levels emitted by some LED LCUs were observed.
The measured irradiances were, sometimes, less
than one-third the irradiance the manufacturers
originally claimed. This evidence reinforces the fact
that clinicians should be cautious about manufac-
turers’ claims. Each resin composite has a minimum
light exposure time indicated for proper polymeriza-
tion, and clinicians tend to follow this time; however,
shorter exposure times could sound reasonable when
high-intensity units are used. A way to avoid
problems is to always check the irradiance level of
the LCUs, regardless of the manufacturers’ claims,
and always follow the photoactivation time indicated
for the composite. The present results show that the
energy doses calculated based on a 40-second
photoactivation time also varied significantly, al-
though the radiant exposure calculated for most of
the LCUs was above 20 J/cm?. Care should be taken
again because a 40-second exposure time is usually
twice the time indicated for most of the resin
composites available in the market, and very low
radiant exposures could be delivered by some LCUs
in shorter photoactivation times. In addition, it has
been reported that the irradiance delivered from
LCUs is not uniform across the light tip,22 which
may also hinder calculation of energy doses applied
to the restorative materials.
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Figure 1.

Spectral emission of the light-curing units (LCUs) tested: Ultra Blue 1V Plus (UTB), Biolux (BIO), Radii Plus (RDP), Optilux 501-QTH (OPL),

LEC 470 I (LEC), Mais (MAI), UltraLight Il (UTL), Elipar Freelight 2 (EFL), LEDemetron (LDM), Smart Lite PS (SML), Celalux (CEL), Ultra-Lume LED
5 (ULM), Demi (DEM), Bluephase (BLP), Blue Star | (BST), and FLASHIite 1401 (FLH).

The light spectral emission of the LEDs tested was
usually centered on the 450- to 470-nm range, with
narrower emission distribution compared with the
QTH unit. This is important information because
efficient correlation between the light spectral
irradiance and the absorption spectrum of the
photosensitizer contained in the restorative may
overcome problems related to low light irradiance
levels.'® It is known that free-radical polymerization
of methacrylates, among other factors, is dependent
on the number of photons available in the area
around the peak of major absorption of the photo-
sensitizer (for CQ, at 468 nm).'® Variation in radiant
exposure may significantly impact the polymeriza-
tion kinetics of photoactivated restoratives as well
the mechanical properties of the resulting polymer.'!

Regarding the thermal variation results, the AT at
the light guide tip of the LCUs was linearly
associated with the measured irradiance of the

LCU. This is explained by the fact that higher light
power outputs are associated with increased gener-
ation of radiation energy. Compared with the QTH, 7
out of the 15 LEDs tested yielded significantly
higher temperature increase at the tip device. This
indicates that LEDs used for dental light-curing
purposes might not be considered “cold-light devices”
as a general rule. For some LEDs, the temperature
increase at the tip was 153% to 194% higher than the
QTH unit. The temperature increase showed a
logarithmic growth for LCUs with irradiance
>1000 mW/cm?, indicating that the heat generated
is not dissipated by the LCU itself.

The AT results at the pulpal floor provided
additional evidence that dental LEDs generate high
thermal energy. Only two LEDs from the eight units
that presented irradiance >800 mW/cm? generated
temperature increase below 5.5°C, which here is
used as a reference based on the work by Zach and
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Figure 2.  Profiles of temperature increase at the light guide tip over the 40-second exposure time. The temperature increase followed a logarithmic

growth pattern for the LCUs with irradiance >1000 mWi/cm?.

Cohen.'” An interesting result was found for DEM,
which emits a pulsatile light; despite the high AT at
the tip of this LCU, the AT at the pulpal floor was
below most of the other LCUs. This is explained by
the intermittent light exposure allowing more time
for the heat to dissipate by the tooth structure. In
spite of this example, the AT at the pulpal floor of
cavities followed linearly both the measured irradi-
ance of the LCU (R%2=0.39) and AT at the light guide
tip (R2=0.28). Therefore, the hypothesis tested is
accepted. As the irradiance level can be measured
clinically with a radiometer, despite its inaccuracy as
sometimes reported,?® and the correlation between
irradiance and AT at the pulpal floor was linear for
both the measured irradiance of the LCU (R*=0.39)
and AT at the light guide tip (R?=0.28), the
measured irradiance of the LCU might be taken as
a feasible tool to predict the AT at the pulpal floor
during photopolymerization procedures. The meth-
ods used here, however, have limitations, such as the
absence of pulpal fluid perfusion, use of bovine teeth,

and baseline temperatures below the intraoral
temperature, and these should also be taken into
account when extrapolating the results.

The present study was not focused on determining
critical temperature levels that may be harmful to
the pulpal tissues. For instance, the results reported
by Zach and Cohen'” that an intrapulpal tempera-
ture rise above 5.5°C might cause pulp cell vitality
injuries difficult to recover are for a sustained
temperature increase, but the temperature increases
during light-curing procedures are relatively brief.
The focus of the present study was rather to conduct
a comprehensive investigation of several LED LCUs
available on the market and investigate the rela-
tionship of irradiance level and thermal variations.
When the remaining dentin is thick (ie, in shallow to
medium cavities), light scattering may predominate
over light absorption because the dentin absorption
coefficient is low for the wavelengths emitted by
dental LCUs.?* Special concern lies for bonding
procedures in deep cavities, where photoactivation
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Figure 3.  Profiles of temperature increase at the pulpal floor over the 40-second exposure time. Data are shown not taking into account the baseline
temperature (25°C) in order to allow observation of the maximum temperature increase compared with the 5.5°C used as a reference.’” A linear

increase was observed for several LCUs.

of the adhesive is carried out without any layer of
restorative resin that could act as a barrier for
thermal conduction.®??

Clinicians should be familiar with the factors that
are involved in temperature increase during photo-
activation procedures in dental cavities, especially
the irradiance level emitted by the LCU and the
thickness of the remaining dentin. As the tempera-
ture at the pulpal floor increases linearly over the
exposure time for several LCUs, clinicians should be
aware of the possibility of overheating the area when
using prolonged photoactivation protocols,?® espe-
cially during the initial restorative steps, when the
dentin is more exposed. An alternative to reduce the
thermal increase at the pulpal floor in deep cavities
could be the use of a glass-ionomer base, but the
presence of such a base may decrease restoration
survival compared with total-etch restorations.?627
Therefore, clinical studies investigating the survival
and postoperative sensitivity of composite restora-

tions performed using different LCUs are still
necessary.

CONCLUSION

Within the limitations of the present study, the
following conclusions can be drawn:

¢ Large discrepancies between the irradiance emit-
ted by some LED units and the irradiance level
claimed by the manufacturers were observed.

e The thermal variation at the light guide tip
followed a logarithmic growth pattern for units
with irradiance >1000 mW/cm?, while a linear
temperature increase at the pulpal floor was
observed for several units.

e The measured irradiance of LED units was
linearly associated with the thermal variation at
the pulpal floor of dental cavities during photopo-
lymerization.
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Conflict of Interest

The authors of this article certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

(Accepted 17 July 2012)

REFERENCES

1. Moraes RR, Garcia JW, Barros MD, Lewis SH, Pfeifer CS,
Liu J, & Stansbury JW (2011) Control of polymerization
shrinkage and stress in nanogel-modified monomer and
composite materials Dental Materials 27(6) 509-519.

2. Peutzfeldt A (1997) Resin composites in dentistry: The
monomer systems FEuropean Journal of Oral Sciences
105(2) 97-116.

3. Stansbury JW (2000) Curing dental resins and composites
by photopolymerization Journal of Esthetic and Restor-
ative Dentistry 12(6) 300-308.

4. Watts DC (2005) Reaction kinetics and mechanics in
photo-polymerised networks Dental Materials 21(1)
27-35.

5. Cesar PF, Miranda WG Jr, & Braga RR (2001) Influence
of shade and storage time on the flexural strength,

10.

11.

flexural modulus, and hardness of composites used for
indirect restorations Journal of Prosthetic Dentistry 86(3)
289-296.

. Paravina RD, Kimura M, & Powers JM (2005) Evaluation

of polymerization-dependent changes in color and trans-
lucency of resin composites using two formulae Odontol-
ogy 93(1) 46-51.

. Goncalves F, Kawano Y, & Braga RR (2011) Contraction

stress related to composite inorganic content Dental
Materials 26(7) 704-709.

. Froes-Salgado NR, Pfeifer CS, Francci CE, & Kawano Y

(2009) Influence of photoactivation protocol and light
guide distance on conversion and microleakage of com-
posite restorations Operative Dentistry 34(4) 408-414.

. Knezevic A, Tarle Z, Meniga A, Sutalo J, & Pichler G

(2005) Influence of light intensity from different curing
units upon composite temperature rise Journal of Oral
Rehabilitation 32(5) 362-367.

Lopes MB, Moraes RR, Gonini-Junior A, & Piva E (2009)
Impact of curing protocol on the selected properties of a
model bis-GMA/TEGDMA dental resin composite Bio-
medical Materials 4(2) 025014.

Calheiros FC, Kawano Y, Stansbury JW, & Braga RR
(2006) Influence of radiant exposure on contraction



Gomes & Others: LED Photoactivation and Thermal Variation at the Pulpal Floor 333

12.

13.

14.

15.

16.

17.

18.

19.

stress, degree of conversion and mechanical properties of
resin composites Dental Materials 22(9) 799-803.

Halvorson RH, Erickson RL, & Davidson CL (2002)
Energy dependent polymerization of resin-based compos-
ite Dental Materials 18(6) 463-469.

Price RB, Rueggeberg FA, Labrie D, & Felix CM (2011)
Irradiance uniformity and distribution from dental light
curing units Journal of Esthetic and Restorative Dentistry
22(2) 86-101.

Soh MS, & Yap AU (2004) Influence of curing modes on
crosslink density in polymer structures Journal of
Dentistry 32(4) 321-326.

Trujillo M, Newman SM, & Stansbury JW (2004) Use of
near-IR to monitor the influence of external heating on
dental composite photopolymerization Dental Materials
20(8) 766-7717.

Rueggeberg F (1999) Contemporary issues in photocuring
Compendium of Continuing Education in Dentistry
25(Supplement) S4-S15.

Zach L, & Cohen G (1965) Pulp response to externally
applied heat Oral Surgery, Oral Medicine, and Oral
Pathology 19 515-530.

Baldissara P, Catapano S, & Scotti R (1997) Clinical and
histological evaluation of thermal injury thresholds in
human teeth: A preliminary study Journal of Oral
Rehabilitation 24(11) 791-801.

Leprince J, Devaux J, Mullier T, Vreven J, & Leloup G
(2010) Pulpal-temperature rise and polymerization effi-
ciency of LED curing lights Operative Dentistry 35(2)
220-230.

20.

21.

22.

23.

24.

25.

26.

27.

Park SH, Roulet JF, & Heintze SD (2010) Parameters
influencing increase in pulp chamber temperature with
light-curing devices: Curing lights and pulpal flow rates
Operative Dentistry 35(3) 353-361.

Kabbach W, Zezell DM, Pereira TM, Albero FG, Clavijo
VR, & de Andrade MF (2008) A thermal investigation of
dental bleaching in vitro Photomedicine and Laser
Surgery 26(5) 489-493.

Price RB, Rueggeberg FA, Labrie D, & Felix CM (2010)
Irradiance uniformity and distribution from dental light

curing units Journal of Esthetic and Restorative Dentistry
22(2) 86-101.

Roberts HW, Vandewalle KS, Berzins DW, & Charlton
DG (2006) Accuracy of LED and halogen radiometers
using different light sources Journal of Esthetic and
Restorative Dentistry 18(4) 214-222.

Niemz MH (1995) Cavity preparation with the Nd:YLF
picosecond laser Journal of Dental Research 74(5)
1194-1199.

Loney RW, & Price RB (2001) Temperature transmission
of high-output light-curing units through dentin Opera-
tive Dentistry 26(5) 516-520.

Demarco FF, Correa MB, Cenci MS, Moraes RR, &
Opdam NJ (2012) Longevity of posterior composite
restorations: Not only a matter of materials Dental
Materials 28(1) 87-101.

Opdam NJ, Bronkhorst EM, Roeters JM, & Loomans BA
(2007) Longevity and reasons for failure of sandwich and
total-etch posterior composite resin restorations Journal
of Adhesive Dentistry 9(5) 469-475.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


