


Conclusions :

It is important to increase the light curing time and use appropriate light curing devices to

polymerize resin composite in deep cavities to maximize the hardness of hybrid composite resins.
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An important milestone in the history of modern
restorative dentistry is the development of light-
cured composite resins for direct procedures.’
Improvements in the mechanical properties of
composite resin and in the light curing devices
used to polymerize them have permitted their use
in posterior teeth with greater reliability than was
the case some years ago.”* Polymerization of
composite resin occurs through the conversion
of resin monomer molecules into a polymer
network accompanied by a closer packing of
the molecules which causes contraction of the
composite.”> When more intense light energy is
used to cure a resin composite, more photons
reach and activate camphorquinone (CQ)
photoinitiator molecules within the resin and
raise them to an excited state. The excited CQ
molecules then collide with amine molecules
forming free radicals which in turn react with

the carbon to carbon double bond (C=C) of a
monomer molecule and initiate the polymerization
process.’

Adequate polymerization is a crucial factor in
obtaining optimal physical performance to improve
the clinical performance of resin composite
materials.” However, there are several variables
affecting the amount of light energy delivered to

the top and bottom surfaces of a resin composite
restoration. These include the following:***

» Design and size of the light guide

» Distance of the light guide tip from the resin
composite

* Power intensity

» Exposure duration

» Shade and opacity of the resin composite

* Increment thickness and material composition

If the resin composite does not receive sufficient
total energy, various problems may occur with the
final restoration such as the following:***

* A reduction in the amount of mononmer to
polymer conversion

* An increased cytotoxicity of the restorative
material

* Areduction in hardness of the restorative
material

* An increased potential for staining

» A decreased dynamic elasticity modulus

* An increased wear of the restoration

* Increased marginal breakdown

* A weak bond between the tooth, adhesive,
and the restoration

Clinically, deficient polymerization can happen

in deeper Class | and Class Il cavities due to
the dispersion of light energy that occurs due to
the distance between the tip of the light curing
wand and the first resin composite increment.”
In a deep Class Il cavity the interface between
the first increment of resin composite and the
tooth structure may be under polymerized. The
exposure of this interface to the oral environment
can result in marginal discoloration, restoration
fracture, as well as solubility of the resin
composite and adhesive leading to microleakage
and secondary caries.
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Therefore, adequate polymerization is necessary
to achieve the physical and mechanical properties
of the material.”” During the past few years
widespread use of light curing techniques has
given rise to the development of several types

of light curing units.” High intensity quartz
tungsten halogen (QTH) and light-emitting diodes
(LED) were recently introduced as options for
polymerization. A strategy for overcoming the
reduction in light intensity with distance is to

use light curing units with higher light intensity.”
Wang and Sang® concluded a resin composite
polymerized with a high intensity rate significantly
increased the bottom surface hardness of resin
composite. Curing with high intensity light units
occurs very quickly. This is recommended
because of the curing depth and favorable
physical properties created when these systems
are used. However, high light intensities do not
allow enough flow for internal stress reduction in
the restorative material, thus, contributing to high
polymerization shrinkage.'*"

LED units feature very narrow spectral ranges
and are, therefore, highly efficient light sources.*
Operating around 470 nm, with a bandwidth

of about 20 nm, blue LEDs have all the

spectral purity for highly efficient curing of resin
composites.” Some studies have demonstrated
good performance of these units in terms of an
adequate depth of cure, flexural strength, and
surface hardness.”®* However, further studies
are necessary in order for these light curing units
to be used with safety when the light-curing tip is
some distance from the filling material.

Another way of overcoming the reduction in light
intensity due to distance may be to increase the
light curing time. According to Sobrinho et al.’
the curing time recommended by manufacturers
should be extended to cure the resin composite
regardless of the restoration depth. However,
according to Prati et al.," the clinician should
adjust the light curing time to the cavity depth and
light curing unit intensity.

However, few studies have been done with the
purpose of testing the depth of resin composite
curing in situations where the light curing tip is
distant from the filling material. It is important to
evaluate the minimum light curing time required
for correct polymerization for the light curing unit

used. With that in mind, the objective of this in
vitro study was to evaluate the influence of the
light curing time and the polymerization mode on
the hardnesses of top and bottom resin composite
surfaces in a clinical simulation when the light
curing tip was a distance of 8 mm from the resin
composite and the resin composite thickness was
2 mm.

Forty-five cylindrical specimens of Z250 hybrid
composite resin (3M-ESPE Dental Products, St.
Paul, MN, USA) were prepared in Teflon” ring
molds. The size of the resin specimens were

4.0 mm in internal diameter and 2 mm in depth.
The mold cavity was randomly filled in a single
increment and polymerized according to criteria
for nine experimental groups as shown in Table 1.

Five specimens (n=5) were assigned to each of
the nine groups. Three polymerization modes
were used as follows:

» Conventiona | - using an XL 3000 halogen
curing light (3M-ESPE, Grafenau, Germany)
at an intensity of 550 mw/cm’,

* LED - using an Elipar Freelight(3M-ESPE,
Grafenau, Germany) at an intensity of 360
mw/cm?,

» High intensit y - using an Optilux 501C high
intensity halogen light (SDS Kerr/Demetron,
Danbury, CT, USA) at an intensity of 1160
mw/cm?,

The specimens were held between two

glass slabs separated by Mylar matrix strips
and compressed with a 500 g static load.
Polymerization was performed with the curing
light tip positioned 8 mm away from the top
surface of the sample in a holding device
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Table 1. Experimental groups.

Manufacturers:

1. XL 3000: 3M-ESPE, Grafenau, Germany

2. Elipar Freelight: 3M-ESPE, Grafenau, Germany
3. Optilux 501C: SDS Kerr/Demetron, Danbury, CT, USA

controlled by an electronic digital caliper. Three
light curing times were used for each of the three
polymerization modes as follows:

» 1X = the manufacturer’'s recommended curing

time

e 2X = twice the manufacturer's recommended
curing time

» 3X = three times the manufacturer’s
recommended curing time

Each specimen was removed from its mold and
stored in a lightproof container at 37°C with a
relative humidity of 95% (z 5) for 24 hours. The
samples were then washed and the hardness
on the bottom and top of each specimen was
tested using a Knoop hardness testing device
(FM - Future Tech Corp., Japan) under a 25 g
load for 10 seconds. Five measurements were
taken at the approximate center of the specimen
as was done by Price et al.” The values
obtained in micrometers were converted to a
Knoop Hardness Number (KHN) using Excel for
Windows® software (Microsoft, Inc., Redmond,
WA, USA).

The results of the top and bottom surface Knoop
hardness tests were submitted to subdivided
parcels analysis of variance (ANOVA) (Split
Plot) test (p=0.05) and a Tukey test at the 5%

significance level. The factors of light curing
modes and light curing times were considered in
the parcels, and the surface factor (top and bottom
surfaces) was considered in the sub-factor.

The microhardness test results are charted in
Figure 1.

The ANOVA revealed significant differences
among the light curing mode, light curing time, and
surface and a triple interaction between the light
curing mode, light curing time, and surface. The
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Figure 1. Microhardness test results.

Table 2. Hardness media (KHN) for the top surface.
Mean values with the same letter were not statistically different (p<0.05). (Values with the same lower case
letter were not statistically different for comparison among different light curing modes, and those with the same
upper case letter were not statistically different for comparison among different light curing times).

1X = Manufacturer's recommended curing time.

2X = Twice the manufacturer's recommended curing time.

3X = Three times the manufacturer's recommended curing time.

() = £ Standard deviation

Tukey test was applied to individual comparisons
(p=0.05).

As shown in Table 2, the top surfaces showed
no statistically significant differences among

the light curing times for conventional and LED
polymerization modes. For the high intensity
mode, the 3X light curing time showed higher
hardness means and were statistically different
from the 1X and 2X curing times. Considering
only the light curing mode factor, the conventional
and LED polymerization modes showed higher
hardness means and were statistically different
from the high intensity mode for 1X and 2X light
curing times and for 3X light curing time. There
were no statistical differences among the three
polymerization modes.

As shown in Table 3, the bottom surface
presented higher hardness means at a 3X

curing time that were statistically different from

2X and 1X curing times for conventional and

LED polymerization modes. In the high intensity
group 3X and 2X curing times showed the highest
means and were statistically different from the

1X curing time. The conventional polymerization
mode was found to be significantly higher than the
high intensity mode using 1X and 3X light curing
times. The LED showed no statistical differences
from any polymerization mode using 1X and 2X
curing times. For all experimental conditions,

the top surface showed higher hardness than the
bottom surface.

Discussion

Adequate polymerization is a crucial factor in
obtaining the optimal physical performance of
resin composite materials.” Several studies” have
been performed with the intent of evaluating a
method of polymerization, a light curing device,
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Table 3. Hardness media (KHN) for the bottom surface.
Mean values with the same letter were not statistically different (p<0.05). (Values with the same lower case
letter were not statistically different for comparison among different light curing modes, and those with the same
upper case letter were not statistically different for comparison among different light curing times).

1X = Manufacturer's recommended curing time.

2X = Twice the manufacturer's recommended curing time.
3X = Three times the manufacturer's recommended curing time.

() = £ Standard deviation

or to determine if adequate polymerization of
a restorative material occurred under specific
conditions.

The effectiveness of composite polymerization
may be assessed by a direct or an indirect
method. Direct methods, such as laser Raman
and infrared spectroscopy, are not used

routinely as they are complex, expensive, and
time consuming.”* Indirect methods including
scraping, visual inspection, and surface hardness
evaluation are more commonly employed.”*
Incremental surface hardness has been shown
to be an indicator of the degree of conversion,”*
and it has correlated well with the infrared
spectroscopy.** Therefore, this method was
used in this study to evaluate the influence of
light curing time and polymerization mode on

the hardness of top and bottom surfaces of

resin composite in a clinical simulation when the
light curing tip was 8 mm away from the resin
composite during use.

6

Using the method described in the present study,
the results showed the time recommended by
the manufacturers of light curing devices and
resin composites was insufficient for optimum
polymerization, mainly on the bottom surface of
standardized specimens. The resin composite
on the bottom surface disperses the light of

the light curing unit. As a result, when the light
passes through the bulk of the composite, the
light intensity is reduced due to the scattering of
light by filler particles and the resin matrix.”****
On the top surface, the light intensity is usually
sufficient for adequate polymerization.”” The
results of the present study showed the top
surface had higher hardness values than the
bottom surface in all experimental conditions.

The bottom surface has been shown to

be problematic with regard to the degree

of polymerization because the thicker the

resin composite increment, the worse the
polymerization degree will be.”" In this study an
increment of 2 mm thickness was used for it was
determined to be an adequate depth based on
previous studies,*” but these studies were done
with the light curing tip almost in contact with the
top surface of the composite resin. The present
study showed an increased distance from the tip
of the light-curing unit to the top surface of the
composite resin was detrimental to adequate
polymerization. The ratio between the bottom and
top hardness for all experimental groups (Table 4)
was much lower than considered ideal (0.8 or
greater) even when the curing time was three
times that recommended by manufacturers. The
distance between the light curing tip and the resin
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Table 4. Hardness ratios between bottom and top surfaces.

Note: Curing time is expressed in terms of the multiples of the times recommended by manufacturers.

composite is a factor difficult to control clinically,
due to variations in caries progression and cavity
preparation depth. It is possible that placement
and light curing of thin increments of resin
composite can lead to improved polymerization.
Increments thinner than 2 mm have been
recommended by Atmadja and Bryant® and
Rueggeberg et al.” The disadvantages of thin
increments are the long cure times, which are
inconvenient for the patient, impractical with
children, inconvenient for the dentist, and more
expensive due to the increased clinic time
required.”

Atmadja and Bryant” and Prati et al.”
recommended increasing the light curing time
when the cavity is deep. The results of the
present study showed an improvement of
hardness means with an increase of the light
curing time, mainly on the bottom surface.

Three times the manufacturers recommended
curing time showed significantly higher hardness
means than twice the recommended time for

all light curing modes on the bottom surface of
the specimens. Increasing the light curing time
means increasing the total energy delivered to
the resin composite increment. This increase
may partly compensate for the energy loss due
to dispersion of light resulting from an increase in
distance between the resin composite and the tip
of the light curing unit.

For the high intensity group only, tripling the
curing times recommended by manufacturers
showed significantly higher hardness means

on the top surface than either doubling or using
the manufacturers’ recommended times. This
supports the concept of the top surface hardness
of composites being less dependent on light
intensity than the bottom surfaces.”

When light curing modes were compared, the
conventional mode showed higher hardness

means. Statistically significant differences

in the high intensity mode were found using

the manufacturer’'s recommended curing

time (1X) and three times the manufacturer’s
recommended curing time (3X) on the bottom
surface. This was also for the top surface using
1X and twice the manufacturer’'s recommended
curing time (2X).

The high intensity mode provides an intensity
of 1160 mw/cm?, along with a manufacturer’s
low recommended curing time of ten seconds
resulting in a total energy of 11600 J/cm®. The
conventional mode provides an intensity of 550
mW/cm’® and a recommended curing time of 20
seconds resulting in a total energy of 11000
Jicm?®). The total energy is nearly identical

for both light-curing times used in this study.
However, lower hardness means for the high
intensity mode may be due to the following
factors:™

1. Dispersion of the light intensity because the
standardized distance leveled the intensity
to that of the conventional mode; so the light
curing time was different for both conventional
and high intensity modes.

2. The high intensity mode leads to rapid
polymerization resulting in short chain
lengths in the polymer reducing the modulus
of elasticity modulus and decreasing the
hardness of the composite resin.

The former explanation seems to be more
plausible in this study when considering the large
distance between the resin composite and the
light-curing tip which resulted in the reduction of
the intensity for the above-mentioned light curing
modes.

The LED mode showed results similar to the
conventional mode for almost all groups except
for 2X curing times on the top surface. On
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the bottom surface the LED mode did not differ
statistically from the conventional mode for

any curing time, and it differed from the high
intensity mode in the 3X curing time group. The
LED has a narrow spectral range with a peak
around 470 nm which matches the optimum
absorption wavelength for the activation of the
CQ photoinitiator.”** While the LED mode usually
presents a lower intensity than the other light
curing modes, it provides a favorable degree of
conversion due to the high degree of overlap
within the absorption spectrum of CQ.* In spite of
the experimental distance between the tip of the
curing light and the lowest intensity of all of the
experimental modes of this study, it is possible
the LED mode showed hardness values similar

to the conventional mode because of the similar
spectral range of CQ and the light curing time
recommended by the manufacturer (40 seconds).

Within the limits of this study, the following
conclusions can be made:

1. Resin composite has the capacity of reducing
light penetration resulting in a decrease of
the light intensity and, consequently, the
polymerization effectiveness of the bottom
surface of the composite specimens.

2. In deep cavity preparations it is important to
increase the light curing time at least three
times to improve the polymerization in the
bottom surface of the first increments.

3. It is important to select a light curing unit
and an adequate time for satisfactory
polymerization of the hybrid resin composite
especially for restorations in deep cavity
preparations.

1. Hammesfahr PD, O’Connor MT, Wang X. Light-curing Technology: past, present, and future.

Compendium. 2003; 23 18-24.

2. Leinfelder KF, Bayne SC, Swift Jr EJ. Packable composites: Overview and technical considerations.

J Esthet Dent. 1999; 11 234-249.

3. Manhart J, Kunzelmann K-H, Chen HY, Hickel R. Mechanical properties and wear behavior of light-
cured packable composite resins. Dent Mater. 2000; 16 33-40.

4. Friedl KH, Schmalz G, Hiller KA, Markl A. Marginal adaptation of class V restorations with and
without softstart-polymerization. Oper Dent. 2000; 25 26-32.

5. Feilzer AJ, de Gee AJ, Davidson CL. Quantitative determination of stress reduction by flow in
composite restorations. Dent Mater. 1990; 6 167-171.

6. Price RB, Dérand T, Lonev RW, Andreou P. Effect of light source and specimen thickness on the
surface hardness of resin composite. Am J Dent. 2002; 15 47-53.

7. Knezevic A, Tarle Z, Meniga A, Sutalo J, Pichler G. Degree of conversion and temperature rise
during polymerization of resin composite samples with blue diodes. J Oral Rehabil. 2001; 28

586-591.

8. Yap AUJ. Effectiveness of polymerization in composite restoratives claiming bulk placement: impact
of cavity depth and exposure time. Oper Dent. 2000; 25 113-120.

9. Sobrinho LC, Lima AA, Consani S, Sinhoreti MAC, Knowles JC. Influence of curing tip distance on
composite Knoop hardness values. Braz Dent J. 2000; 11 11-17.

10. Ferracane JL, Greener EH. Fourier transform infrared analysis of degree of polymerization of unfilled
resins: methods comparison. J Dent Res. 1984; 63 1093.

11. Prati C, Chersoni S, Montebugnoli L, Montanari G. Effect of the air, dentin and resin-based
composite thickness on light intensity reduction. Am J Dent. 1999; 12 231-234.

12. Tarle Z, Meniga A, Ristic M, Sutalo J, Pichler G, Davidson CL. The effect of the photopolymerization
method on the quality of composite resin samples. J Oral Rehabil. 1998; 25 436-442.

13. Wang X, Sang J. Vicker Hardness of Hybrid Composites Cured by High Power Curing Lights. J Dent

Res. 2001; Special Issue, 80 Abstract (1743).

14. Mehl A, Hickel R, Kunzelmann KH. Physical properties and gap formation of light-cured composites
with and without softstart-polymerization. Oper Dent. 1997; 25 321-330.
15. Althoff O, Hartung M. Advances in light curing. Am J Dent. 2000; 13 77-81.

The Journal of Contemporary Dental Practice, Volume 8, No. 6, September 1, 2007




16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Hofmann N, Hugo B, Klaiber B. Effect of irradiation type (LED or QTH) on photo-activated composite
shrinkage strain kinetics, temperature rise, and hardness. Eur J Oral Sci. 2002; 110 471-479.
Kurachi C, Tuboy AM, Magalhdes DV, Bagnato VS. Hardness evaluation of a dental composite resin
polymerized with experimental LED-based devices. Dental Materials. 2001; 17 309-315.

Jandt KD, Mills RW, Blackwell GB, Ashworth SH. Depth of cure and compressive strength of dental
composites cured with blue light emitting diodes (LEDs). Dent Mater. 2000; 16 41-47.

Mills RW, Jandt KD, Ashworth SH. Dental composite depth of cure with halogen and blue light
emitting diode technology. Br Dent J. 1999; 186 388-91.

Yap AUJ, Wong NY, Siow KS. Composite cure and shrinkage associated with high intensity curing
light. Oper Dent. 2003; 28 357-364.

Soh MS, Yap AUJ, Siow KS. Effectiveness of composite cure associated with different curing modes
of LED lights. Oper Dent. 2003; 28 371-377.

Atmadija G, Bryant RW. Some factors influencing the depth of cure of visible light-activated
composite resin. Aust Dent J. 1990; 35 213-218.

Asmussen E. Restorative resins: hardness and strength vs. quantity of remaining double bonds.
Scand J Dent Res. 1982; 90(6):484-9.

De Wald JP, Ferracane JL. A comparison of four modes of evaluating depth of cure of light-activated
composites. J Dent Res. 1987; 66 727-730.

Neves AD, Discacciati JAC, Oréfice RL, Jansen WC. Correlacao entre grau de conversao,
microdureza e conteddo inorganico em compoésitos. Pesqui Odontol Bras. 2002; 16 349-354.

Yoon TH, Lee YK, Lim BS, Kim CW. Degree of polymerization of resin composite by different light
sources. Journal of Oral Rehabilitation. 2002; 29 1165-1173.

Rueggeberg FA, Caughman WF, Curtis Jr JW. Effect of light intensity and exposure duration on cure
of resin composite. Oper Dent. 1994; 19 26-32.

Emani E, Soderholm KJM. How light irradiance and curing time affect monomer conversion in light-
cured resin composites. Eur J Oral Sci. 2003; 111: 536-542.

Peutzfeldt A, Sahafi A, Asmussen E. Characterization of resin composites polymerized with plasma
arc curing units. Dent Mater. 2000; 16 330-336.

Asmussen E, Peutzfeldt A. Polymer structure of a light-cured resin composite in relation to distance
from the surface. Eur J Oral Sci. 2003; 111 277-279.

Tsai PCL, Meyers IA, Walsh LJ. Depth of cure and surface microhardness of composite resin cured
with blue LED curing lights. Dent Mater. 2004; 20(4):364-9.

Asmussen E, Peutzfeldt A. Influence of composition on rate of polymerization contraction of light-
curing resin composites. Acta Odontol Scand. 2002; 60 146-150.

9
The Journal of Contemporary Dental Practice, Volume 8, No. 6, September 1, 2007




Acknowledgments
This study was supported by FAPESP (Grant #02/13700-6).

10
The Journal of Contemporary Dental Practice, Volume 8, No. 6, September 1, 2007





<<
  /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 1.4
  /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


