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Abstract

Aim: The purpose of this study was to evaluate if Knoop hardness values (KHN) for top and bottom surfaces of
resin composite materials can reach a plateau within a clinically acceptable photoactivation time.

Methods and Materials: Four light-curing units (LCUs) were evaluated in this study (n=5): QTH (Optilux501:
550 mW/cm®) and LEDs (FreeLight2: 1100 mW/cm?; UltraLume5: 900 mW/cm?; and Radii: 750 mW/cm®).
Composite resin discs (4 mm x 2 mm) of Heliomolar (Ivoclar/Vivadent) and Herculite XRV (Kerr) were tested
using five photoactivation times (20, 40, 60, 80, and 100 seconds). KHN were obtained for each test specimen
and comparisons between LCUs, depths, and photoactivation times were analyzed using two-way analysis of
variance (ANOVA) and polynomial regression analysis.

Results: Data for Heliomolar discs using linear regression found a relationship between the independent
variables KHN and time with the Optilux501 at the top and bottom surfaces (r*=0.68/ r°=0.66). Radii presented
a linear regression at the top surface (r°=0.75) and a quadratic regression at the bottom (r°=0.94). A quadratic
regression was also detected for UltraLume5 and FreeLight2 at both top (°=0.84/ r°=0.94) and bottom surfaces
(r*=0.97/ r=0.90), respectively, reaching a plateau at 80 seconds in all cases. For Herculite XRV, a quadratic
regression was observed for all LCUs at the top and bottom surfaces and 80 seconds irradiation time was
needed to reach a plateau in KHN.
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Conclusion: There is a specific, but not clinically acceptable, photoactivation time that KHN at both top and
bottom surfaces can reach a plateau and is dependent on LCUs and the resin-composite tested.

Clinical Significance: The LCUs and the resin-composite formulation affected the exposure time required to
stabilize hardness values. The overall performance of LED LCUs was better than the QTH LCU regardless of

the material evaluated.
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Advances in light-curing technology have
contributed to the extended use of resin
composites in restorative dentistry. The most
commonly used light curing unit (LCU) is the
Quartz-Tungsten-Halogen (QTH) bulb, though
light-emitting-diode curing units (LED) are
gaining popularity. Most of the “first generation”
LED units were unable to cure resin composites
as accurately as QTH units.”” However, LED
technology has advanced allowing high power
LED units to polymerize some resin composites
as well as or better than some QTH units.** LED
emitted irradiance is approximately 470 nm;

this corresponds to the absorption peak of the
camphoroquinone (CQ) spectrum.®® However,
concerns exist this emerging technology may
not be able to fully cure different photo initiators
to the proper depth. The quality of cure is an
important parameter in determining the ultimate
physical and mechanical properties of the resin-

('

C

composite. Inadequate polymerization can result
in inferior physical-mechanical properties such
as poor resistance to wear, colour instability,
increased rates of water absorption, increased
solubility; all of which can result in poor clinical
performance.*”*

There are concerns regarding the photoactivation
times recommended by the manufacturers. These
photoactivation times may not be adequate to fully
cure all types of resin composites using some of
the available LCUs.>**"

In order to produce resin-composite restorations
with better physical-properties an increase in
the photoactivation time has been proposed.*
However, it is not clear if the hardness values
can reach a plateau within clinically acceptable
photoactivation times. On the other hand, some
studies have shown an adequate cure with QTH
curing units requires an irradiance of at least 300
to 400mW/cm?, an increment no more than 2 mm,
and a photoactivation time of 40-60 seconds.’
Some curing units deliver irradiances higher than
400 mW/cm?, and it has been shown these LCUs
may offer a greater depth of curing in reduced
photoactivation times.* High intensity LEDs may
achieve acceptable performance reducing the
photoactivation time.*"

9,11

The purpose of this study was to determine if the
photoactivation time for top and bottom surfaces
of resin composites where hardness values can
reach a plateau is clinically acceptable and if the
amount of time is dependent on resin-composite
and/or LCU. Three LEDs (all of high irradiance)
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Table 1. Resin composites tested.

Composite Classification Filler Size Composition
: Filler: 46 vol% silicon dioxide, ytterbium

Heliomolar . : ;
(l M ) Microfilled 0.04 - 0.2uym trifluoride and copolymer

VDCI r/Vivaden

arvivace Resin: Bis-GMA, Bis-EMA, UDMA, TEGDMA
H lite XRV (Ko Microhvbrid 0.6 Filler: 79 vol% Ba-Al-F-B, silicate glass
rh .oym
st e 2 Resin: Bis-GMA, TEGDMA

and one QTH were used to cure two resin
composites materials. The null hypotheses tested
were:
1. Hardness values cannot reach a plateau
at top and bottom surfaces within clinically
acceptable time regardless of LCU or resin-
composite material.
2. Top and bottom composite surfaces
cannot reach a plateau using the same
photoactivation times.

Methods and Materials

Two commercial resin-composite materials
(Table 1) and four light-curing units (LCUs) using
five photoactivation times were investigated,
resulting in eight experimental groups, each with
five subgroups as presented in Figure 1 (n=5).

The optical power, in mW, of the four LCUs was
measured using a power meter (Ophir Optronics
Inc., Danvers, MA, USA) and the irradiance,

in mW/cm?®, was calculated by dividing optical
power by the area of the light guide tip. The
spectral distributions of the LCUs were obtained
using a spectrometer (USB 2000, Ocean Optics,
Dunedin, FL, USA). The total irradiance data and
the spectral distributions of the sources were
tabulated in the software Origin 6.1 (OriginLab
Corp. Northampton, MA, USA) to obtain, by
integrated calculus, the specific light irradiance at
the 450-490 nm wavelength range (Table 2).

The resin-composite materials were placed in
metallic moulds with cylindrical cavities 4 mm

in diameter and 2 mm deep. After insertion, the
material was covered with a Mylar strip in order
to provide a flat surface. Then, the samples were
cured for 50% (20 seconds), 100% (40 seconds),
150% (60 seconds), 200% (80 seconds), and
250% (100 seconds) of the recommended

Materials

Heliomolar
Herculite XRV

LCUs

LED Elipar Freelight 2
LED Ultralume 5

Photoactivation Time

T2 - 40 seconds
T3 - 60 seconds
T4 - 80 seconds
T5 - 100 seconds

Figure 1. Experimental
Groups Tested (n=5).

photoactivation time. The tip of the curing light
was positioned on the resin-composite surface.
After light curing, the Mylar strip was removed
and the specimens were immersed in water and
kept in lightproof containers for 24 hours at 37°C
before testing.

The Knoop hardness test was performed using a
25 g load for 20 seconds (Microhardness Tester,
Future Tech FM-1E, Future Tech Corp., Tokyo
140, Japan). The indentations were placed at five
points on both the top and the bottom surfaces.
The larger diagonal length of the indentation was
measured with a monitor (9M 100A Teli, Tokyo
140, Japan) and the values transformed in Knoop
hardness numbers (KHN). The mean KHN for

The Journal of Contemporary Dental Practice, Volume 10, No. 2, March 1, 2009




Table 2. Light irradiance of the LCU’s.

Irradiance
LCUs 2
(mWicm®)
Optilux 501- Demetrom 550
Radii — SDI 750
Elipar Freelight 2 - 3M ESPE 1100
Ultra Lume 5 - Ultradent 800

each surface and for each experimental group
was calculated.

The surfaces were imaged by high vacuum SEM
(Quanta 200, FEI, Hillsboro, OR, USA), operating
at 1 Torr pressure and 30 KeV and x 5000
magnification.

A two-way analysis of variance (ANOVA) with
Tukey’s post-hoc test (p=0.05) and polynomial
regression analysis were used to compare
Knoop hardness between LCUs, depths, and
photoactivation times.

The two-way ANOVA and Tukey’s post-hoc test
revealed differences among the LCUs for top
and bottom surfaces (p=0.05). The influence

of photoactivation time in the hardness values
for each LCU and (top or bottom) surface was
evaluated using the regression analysis.

Heliomolar Resin Composite

The Heliomolar discs in all cases presented
lower hardness values than Herculite XRV discs
independently of LCU or photoactivation time
(Figures 2a-d).

Figure 2 shows the KHN for Heliomolar discs at
the top (Figure 2a) and bottom (Figure 2b) in each
combination of LCU and photoactivation time.
UltraLume 5 LCU presented the highest values

at the top surface. No differences were detected
among Raddi, Elipar FreeLight 2, and Optlux

501 LCUs. By using 50% of the manufacturer’s
recommended time (20 seconds) no differences
among the LCUs were observed at the bottom
surface. For 80 and 100 seconds, UltraLume 5

LCU produced the highest values at top surface
while no statistically significant differences were
observed among the other LCUs. At the bottom
surface, in general, the Optilux 501 LCU produced
lower hardness mean values.

Figure 3 shows the results of the regression
analysis. A linear regression of the independent
variables KHN and photoactivation time was
observed for Optilux 501 at the top and bottom
surfaces (r°*=0.68/ r*=0.66). Radii produced linear
regression at the top (r*=0.55) and quadratic
regression at the bottom (r*=0.94) with 80
seconds irradiation time needed to stabilize KHN
values. A quadratic regression was also detected
for UltraLume 5 and Elipar FreeLight2 at top
(r*=0.84/ r*=0.94) and bottom (r*=0.97/ r*=0.90)
with 80 seconds required to reach a plateau in
KHN values in both cases.

Overall, a plateau was reached for LEDs only
after 80 seconds for both top and bottom
surfaces.

Herculite XRV Resin-Composite

Figure 2 shows the KHN for the Herculite
XRV discs at both top (Figure 2c) and bottom
(Figure 2d) in each combination of LCUs and
photoactivation time.

According to the results using 20 and 40 seconds
of photoactivation time, no statistically significant
differences were observed at the top or bottom
surface among the LCUs tested.

For 60, 80, and 100 seconds at the top surface,
LEDs always presented higher values than QTH
for either top or bottom surface.
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Figure 2. KHN values at (a, ¢) top and (b, d) bottom: LCUs versus photoactivation times.
(a) Heliomolar: top surface; (b) Heliomolar: bottom surface; (¢) Herculite XRV: top surface; (d) Herculite XRV:

bottom surface

Figure 3 shows the results of the regression
analysis. A quadratic regression of the
independent variables KHN and photoactivation
time was observed for all LCUs tested at the top
and bottom surfaces, 80 seconds irradiation time
was needed to reach a plateau in KHN values
(Optilux 501 r*= 0.70/ r*=0.76; Radii r’= 0.98/
r*=0.89; Elipar FreeLight 2 r°= 0.81/ r*=0.90; and
UltraLume 5 r’= 0.99/ r*=0.99).

Overall, a plateau was reached for all LCU’s after
80 seconds for both top and bottom surfaces.

The spectra for all LCUs are shown in Figure 4.
Figure 5 illustrates the SEM images for both resin-
composite materials.

Discussion

There is limited information in the literature
evaluating if there is a specific and clinically
acceptable photoactivation time at which

5

hardness values reach a plateau. According to
the results of this study, the hardness values can,
in some cases, reach a plateau within a specific
photoactivation time, but these values are LCUs
and resin-composite formulation dependent.
Hence, the first hypothesis was rejected.

A plateau in hardness values was reached for
all resin-composite/LCUs’ combinations with the
exception of Heliomolar/Optilux 501 (top and
bottom) and Heliomolar/Radii (top). In all cases
where the plateau was reached, it was achieved
at the same photoactivation time (80 seconds)
for top and bottom surfaces, regardless of the
LCUs or resin-composite formulation tested.
Hence, the second hypothesis was rejected. The
maximum difference between top and bottom
hardness values was at the 20 seconds and

40 seconds photoactivation times (Figure 2) for
all LCUs and both resin-composite materials.
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Figure 3. KHN of the resin composites at top and bottom surfaces versus photoactivation times and polynomial
regression analysis by using different LCUs. A. Heliomolar: top surface B. Heliomolar: bottom surface.
C. Herculite XRV: top surface. D. Herculite XRV: bottom surface.

As the photoactivation time increased (60-
100 seconds), this difference decreased. The

increase in photoactivation time is directly related

to an increase in radiant exposure (irradiance
x photoactivation time). When irradiance and

photoactivation time increase, the hardness and
degree of cure values also increase. As a result,
a material with better mechanical properties can
be obtained as is evident from the results of this
study and other studies in the literature.”™ Other

studies have shown it is possible to reduce the

photoactivation time when using LCUs with high

4,12

intensities such as second generation LEDs.

The reduction on photoactivation time is based on
the total radiant exposure concept that a certain
dose (irradiance x photoactivation time) of light

is needed to adequately cure a specific material.
However, this may not be applied for all kinds

of composites as well as LCUs." It has been
shown a high irradiance combined with a short
photoactivation time may reduce the degree of
cure and the kinetic chain length.” This may also
increase the frequency of cross-linking compared
with curing with intermediary irradiances for

long exposures that can be detrimental to the
mechanical properties of the composite.*'
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Figure 4. Spectrum distribution of light curing units.

Figure 5. Filler content of composites tested (SEM). A. Herculite XRV. B. Heliomolar.

Absorption and scatter within the material are the
major factors associated with light attenuation'
and can result in a low depth of cure and reduced
degree of conversion.™ These factors are
dependent on the material’s composition and also
on the LCUs’ spectrum.” ™ Light-scattering within
the resin-composite material increases as the
particle size of the fillers approaches the size of
the wavelength of the activating light.”"** Ruyter
has suggested scattering is maximized when

the filler size is one-half of the incident’s light
wavelength.” Furthermore, ‘Rayleigh scattering
equation’ states that higher scattering occurs at
lower wavelengths." Heliomolar is a microfilled
resin-composite containing fillers of 0.04-0.2

um size which corresponds to one-half of the

QTH maximum wavelength as can be observed
in Figure 5(a). The combination of Heliomolar/
Optilux 501 did not reach a plateau in hardness
values either at the top or bottom surfaces even
after 100 seconds of photoactivation time. On
the other hand, the LED units operating in higher
wavelengths reached a plateau in hardness
values for the Heliomolar material in 80 seconds
photoactivation time both at top and bottom
surfaces.

Interestingly, in the case of the Herculite XRV/
Optilux 501 combination a plateau was reached
after 80 seconds. This result can be attributed to
less scattering in the Herculite XRV compared
with Heliomolar resin-composite. According

7
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to a quadratic regression, 80 seconds of
photoactivation time produced a plateau in
hardness values both at top and bottom surfaces
for all LCUs tested for Herculite XRV. SEM
images [Figure 5(a) and (b)] are in agreement
with the composition data (Table 1) showing
Herculite XRV has a higher filler size than
Heliomolar, and this size corresponds to more
then one-half of the LCUs’ wavelength used.
Furthermore, a long photoactivation time can

be uncomfortable for both dentists and patients
and might increase the cost of the treatment. It
is generally believed that 80 seconds is not a
clinically acceptable photoactivation time. On the
other hand, a reduction in the manufacturer’s
recommended exposure will save the clinician
and the patient’s time but it may compromise
the long-term mechanical properties of the
material. The aim of this study was not to create

a new photoactivation protocol but to monitor the
behavior of the tested materials along the different
time intervals.

Therefore, one can conclude there is a specific,
but not clinically acceptable, photoactivation time
at which KHN at the top and bottom surfaces
might reach a plateau. However, this time is LCU
and resin-composite formulation dependent. The
overall performance of LED LCUs was better than
the QTH LCU for both resin composites tested.

The LCUs and the resin-composite formulation
affected the exposure time required to stabilize
hardness values. The overall performance of LED
LCUs was better than the QTH LCU regardless of
the material evaluated.

1. Dunn WJ, Bush AC. A comparison of polymerization by light-emitting diode and halogen-based light-
curing units. J Am Dent Assoc. Mar 2002; 133(3):335-341.

2. Soh MS, Yap AU, Siow KS. Effectiveness of composite cure associated with different curing modes
of LED lights. Oper Dent. Jul-Aug 2003; 28(4):371-377.

3. Leonard DL, Charlton DG, Roberts HW, Cohen ME. Polymerization efficiency of LED curing lights. J

Esthet Restor Dent. 2002; 14(5):286-295.

4. Felix CA, Price RB, Andreou P. Effect of reduced exposure times on the microhardness of 10
resin composites cured by high-power LED and QTH curing lights. J Can Dent Assoc. Mar 2006;

72(2):147.

5. Stahl F, Ashworth SH, Jandt KD, Mills RW. Light-emitting diode (LED) polymerisation of dental
composites: flexural properties and polymerisation potential. Biomaterials. Jul 2000; 21(13):1379-

1385.

6. Nomoto R. Effect of light wavelength on polymerization of light-cured resins. Dent Mater J. Jun 1997;

16(1):60-73.

7. Ferracane JL, Mitchem JC, Condon JR, Todd R. Wear and marginal breakdown of composites with
various degrees of cure. J Dent Res. Aug 1997; 76(8):1508-1516.

8. Witzel MF, Calheiros FC, Goncalves F, Kawano Y, Braga RR. Influence of photoactivationmethod
on conversion, mechanical properties, degradation in ethanol and contraction stress of resin-based

materials. J Dent. Oct 2005; 33(9):773-779.

9. Rueggeberg FA, Caughman WF, Curtis JW, Jr. Effect of light intensity and exposure duration on cure
of resin composite. Oper Dent. Jan-Feb 1994; 19(1):26-32.
10. Price RB, Felix CA, Andreou P. Evaluation of a second-generation LED curing light. J Can Dent

Assoc. Nov 2003; 69(10):66.

11. Park SH, Krejci I, Lutz F. Microhardness of resin composites polymerized by plasma arc or
conventional visible light curing. Oper Dent. Jan-Feb 2002; 27(1):30-37.

12. Wiggins KM, Hartung M, Althoff O, Wastian C, Mitra SB. Curing performance of a new-generation
light-emitting diode dental curing unit. J Am Dent Assoc. Oct 2004; 135(10):1471-1479.

13. Emami N, Soderholm KJ. How light irradiance and curing time affect monomer conversion in light-
cured resin composites. Eur J Oral Sci. Dec 2003; 111(6):536-542.

14. Bennett AW, Watts DC. Performance of two blue light-emitting-diode dental light curing units with
distance and irradiation-time. Dent Mater. Jan 2004; 20(1):72-79.

The Journal of Contemporary Dental Practice, Volume 10, No. 2, March 1, 2009




15. Lovell LG, Lu H, Elliott JE, Stansbury JW, Bowman CN. The effect of cure rate on the mechanical
properties of dental resins. Dent Mater. Nov 2001; 17(6):504-511.

16. Schneider LF, Moraes RR, Cavalcante LM, Sinhoreti MA, Correr-Sobrinho L, Consani S. Cross-link
density evaluation through softening tests: effect of ethanol concentration. Dent Mater. Feb 2008;
24(2):199-208.

17. Musanje L, Darvell BW. Curing-light attenuation in filled-resin restorative materials. Dent Mater. Sep
2006; 22(9):804-817.

18. Pradhan RD, Melikechi N, Eichmiller F. The effect of irradiation wavelength bandwidth and spot
size on the scraping depth and temperature rise in composite exposed to an argon laser or a
conventional quartz-tungsten-halogen source. Dent Mater. May 2002; 18(3):221-226.

19. Ruyter IE, Oysaed H. Conversion in different depths of ultraviolet and visible light activated
composite materials. Acta Odontol Scand. 1982; 40(3):179-192.

20. Brodbelt RH, O’Brien WJ, Fan PL. Translucency of dental porcelains. J Dent Res. Jan 1980;
59(1):70-75.

About the Authors

Larissa Maria Cavalcante, DDS, MS, PhD

Dr. Cavalcante is a Professor at the Department of Restorative Dentistry in the
Dental School at The University of Passo Fundo, Brazil. She is also an Honorary
Researcher in the Biomaterials Research Group, School of Dentistry, The University
of Manchester in Manchester, UK. She received an MPhil and PhD in Operative
Dentistry at Piracicaba School of Dentistry, University of Campinas, Piracicaba, SP,
Brazil. Her research interests lie in the mechanical and the surface properties of
dental materials.

e-mail: lara_cavalcante @yahoo.com.br

Thiago Assuncéo Valentino, DDS, MS, PhD

Dr. Valentino is a Clinical Professor at the Department of Restorative Dentistry and
Dental Materials in University of Uberaba, Brazil. He received an MPhil and PhD

in Operative Dentistry at Piracicaba School of Dentistry, University of Campinas in
Piracicaba, SP, Brazil. His research interests are in dental materials and mechanical
properties.

e-mail: thiagovalentino@yahoo.com.br

Bruno Carlini-Jr., DDS, MS, PhD

Dr. Carlini is a Professor at the Department of Restorative Dentistry in the Dental
School at The University of Passo Fundo, Brazil. He received an MPhil and PhD
in Operative Dentistry at Piracicaba School of Dentistry/University of Campinas in
Piracicaba, SP, Brazil. His research interests lie in the adhesion to tooth structures
and mechanical properties of composites.

e-mail: carlini_bruno@yahoo.com.br

9
The Journal of Contemporary Dental Practice, Volume 10, No. 2, March 1, 2009




Nick Silikas, BSc (Hons), MPhil, PhD, FADM

Dr. Silikas is a Lecturer in Dental Biomaterials Science in the School of Dentistry

at The University of Manchester in Manchester, UK. He received a BSc (Hons) in
Chemistry, a MPhil in the School of Pharmacy, and a PhD in the School of Dentistry
in Dental Biomaterials from the same university. His research interests are in the
development of novel biomaterial formulations based on nanotechnology; adhesive
interactions with hard dental tissues and bone; surface studies of biomaterials; X-ray
microtomography and molecular interaction between collagen and adhesive organic
monomers using FTIR spectroscopy, atomic force microscopy (AFM) and molecular
modeling. He has been appointed as the Editorial Advisor for the Journal of Dental
Materials since 2004. He is a member of IADR and a fellow of the Academy of Dental Materials.

e-mail: nick.silikas@manchester.ac.uk

Luiz André Freire Pimenta, DDS, MS, PhD

Dr. Pimenta is a Clinical Professor in Dental Ecology in the School of Dentistry at
the University of North Carolina in Chapel Hill, NC, USA. His research interests are
in cariology, non-invasive management of superficial root caries lesions in elderly
and in disabled patients, the effect of materials with high fluoride concentration

on remineralization of root surface caries, and microbial flora associated with the
presence of root surface caries. He is a member of IADR and a member of the
Amercican Dental Education Association.

e-mail: pimental@dentistry.unc.edu

Acknowledgments
The authors are grateful to Dr. Luis Felipe Schneider and Dr. William Brandt for spectrum
measurements and to Dr. Spiros Zinelis for his expertise in SEM imaging.

10
The Journal of Contemporary Dental Practice, Volume 10, No. 2, March 1, 2009




	´J�«�ãQˆM! d�0½<W=[âg.øŒ¿Ù]¬�‡Ú�q¶³êk�åF„ï>ŠbÐ“
��°M,òÖ¯d�3—~ÍÂ™ùvžÍ<$Õ$•0à�øÐ÷JÖM¼¯î›”Í…åÜ¥8ﬂµtV�|šþ¨.Kš–9


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




