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Integration between dental model and CT digital data

ORIGINAL ARTICLES

Registration error for integration between
dental model and CT digital data

NORIYUKI KITATY, WAKAKO TOME”, MANABU MURABAYASHI",
SHUMA HATTORTY, AYA TAKEUCHT”, AKITOSHI KATSUMATA?

The purpose of this study was to investigate the registration error of the method for integration between
the dental model and CT digital data, and to present a three-dimensional (3D) digital dental model with
tooth root morphology. Three radiopaque copper triangle-shaped sheets were attached to the palate of the
phantom jaw, which comprises parts of the ready-made phantom for radiographic examination training.

The upper dental model was scanned using a 3D surface imaging device. The phantom was also radio-

graphed using a CT scanner. The dental model and CT digital data were integrated according to the con-

tact point between the bilateral upper central incisors, the bilateral canine cusp tips, the buccal cusp tips of

the bilateral second premolars, and the mesiobuccal cusp tips of the bilateral first molars using a 3D imag-
ng software program. The distances of the corresponding points between the dental model and CT digital
data for the 9 vertex points of the copper triangle-shaped sheets on the integrated image were measured. All
dimensions were measured five times by one of the authors with a minimum interval of one day between

measurements. The mean and standard deviation of the distances of the corresponding points between the
dental model and CT digital data were 0.59 and 0.19 mm, respectively. The results suggest that the dental
model and CT digital data were integrated with acceptable accuracy for orthodontic clinical use.

Key words : 3D, digital dental model, tooth root morphology

Introduction

Tooth alignment and the occlusal relationship
between the upper and lower dentition have been
evaluated using dental models, which are part of the
routine examination for an orthodontic diagnosis.
However, these models do not show the tooth root
morphology. If such information were included in
the model, it would be useful for determining the
direction of the tooth axis.

The three-dimensional (3D) direction of the
tooth axis has been evaluated using computed
tomography (CT)"”. However, CT cannot show the
tooth morphology along the occlusal surface, because
the upper and lower imaging data are connected at
the occlusal surfaces, and the upper occlusal surface
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cannot be distinguished from the lower one.

The occlusal surface is examined in detail using
a dental model. Therefore, in orthodontic practice
it is important to integrate the dental model image
with the CT image. The dental model and CT
images have been merged using several methods"".
Integrating the dental model and CT data can reveal
the tooth crown and root position as well as the
morphology.

The purpose of this study was to investigate the
registration error of the method for integration
between the dental model and CT digital data, and
to present a 3D digital dental model with tooth root

morphology.
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Materials and Methods

The subject was a devised phantom human jaw
comprising parts of the ready-made phantom for
radiographic examination training (Kyoto Kagaku,
Co. Ltd., Kyoto, Japan). Three radiopaque copper
triangle-shaped sheets were attached to the palate of
the phantom. The dental impression of the phantom
upper jaw was taken, and a dental model was
made from the dental impression. The upper dental
model was scanned using a 3D surface imaging
device (3Shape R700 Scanner; 3shape, Copenhagen,
Denmark). The phantom was also radiographed
using a CT scanner (SomatomEmotion6; Siemens AG,
Munich, Germany) (Figure 1). The X-ray tube voltage
and current were 130 kV and 25 mA, respectively.
Slice thickness was 0.6 mm with a one pixel size
of 0.35 mm. The dental model and CT digital data
were transferred to a personal computer (HP Z210
SFF Workstation; Hewlett-Packard Company, San
Francisco, CA, USA). From the CT dataset, upper
jaw structures were segmented on the basis of a
threshold CT wvalue, which was determined as -200
Hounsfield Unit (HU). The dental model and CT
digital data were integrated according to the contact
point between the bilateral upper central incisors,
the bilateral canine cusp tips, the buccal cusp tips of
the bilateral second premolars, and the mesiobuccal
cusp tips of the bilateral first molars (Figure 2) using
a 3D imaging software program (Body-Rugle, Medic

Engineering, Kyoto, Japan).

The distances of the corresponding points between
the dental model and CT digital data for the 9 vertex
points of the copper triangle-shaped sheets on the
integrated image were measured (Figure 3). All
dimensions were measured five times by one of the
authors with a minimum interval of one day between
measurements. The mean and standard deviation of
the five values were then determined.

Results

The distances of the corresponding points between
the dental model and CT digital data are shown in
Table 1. The mean and standard deviation of the
distances of the corresponding points between the
dental model and CT digital data on the integrated
image were 0.59 and 0.19 mm, respectively. The
registration error value was within 1.00 mm in the
most locations of the dental model and was around
5.00 mm on the cervical region of the tooth (Figure 4).
We can present a 3D digital dental model with tooth
root morphology (Figure 5).

Discussion

The dental model and CT digital data were
integrated in the present study. Several methods
for integrating images have been reported in

479 and

previous studies using the reference device
anatomical structures®” for registration. Whereas

the registration technique using the reference

Figure 1. A: The devised phantom human jaw, B: CT digital data of the phantom.
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Integration between dental model and CT digital data

Figure 2. The 7 points used for registration between the dental model and CT images. (A, the contact point between
the bilateral upper central incisors; B and C, the bilateral canine cusp tips; D and E, the buccal cusp tips of the bilateral
second premolars; F and G, the mesiobuccal cusp tips of the bilateral first molars)

Figure 3. The 9 vertex points (a, b, ¢, d, e, f, g h, and i) of the triangle-shaped sheet attached to the dental model for
evaluating the accuracy.
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Registration error (mm)

Point Mean S.D.
a 0.39 0.24

b 0.56 0.15

C 043 0.19

d 0.72 0.08

e 1.04 0.24

f 0.57 0.11

g 0.63 0.11

h 0.44 0.17

i 0.50 0.09

9 points 0.59 0.19

Table 1. The distances of the corresponding points between the dental model and CT digital data for the 9 vertex
points of the copper triangle-shaped sheets on the integrated image
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Figure 4. The distance between the dental model and CT images after integration. Warm colors (yellow, orange, and

red) indicate positive change, and cold colors (blue and purple) indicate negative changes. Green indicates no change.

(Positive change means the dental model image is located in front of the CT image and negative change means the
dental model image is located behind the CT image.)

device is complicated, the present technique
using the anatomical structure is considered quite
simple. However, the anatomical structure has
morphological variation, so the registration technique
should be applied to various cases in future studies.
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Regarding the technical procedure for registration,
the present study used a point-based method of
registration. A previous study showed that surface-
based registration is more reliable than point-based
registration as superimposition”. The surface-based
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Figure 5. The integrated 3D images between the dental model and CT digital data (yellow: dental model, white: CT).

registration technique might therefore be preferred
to the point-based registration technique for the
integration of the dental model and CT data. In the
present study, we did not adopt the surface-based
registration technique because it is complicated. On
the points for estimation of errors, we used the 9
points which are around midline of palate because
there are few common points between dental model
and CT digital data.

Regarding the clinical applications, integrating
a dental model and CT images has been applied
to implant placement” and orthognathic surgery”.
In orthodontic practice, the integrated image may
be useful for making an orthodontic diagnosis,
developing a treatment plan, and determining
treatment procedures. Using the integrated image,
the spatial relationship between the tooth crown and
root could be determined"'”. As the tooth should
be moved in consideration of the root position, the
integrated image may be useful for performing
indirect bonding techniques™. In addition, the
integrated image may be useful for mini-screw

placement™” and planning treatment for impacted
teeth™"

placed accurately so that the tooth can be moved

" in orthodontic practice. The brace must be

according to the orthodontic treatment plan. For
bonding braces in the mouth, the orthodontists need
to predict the tooth axis from the tooth crown' and
the present 3D digital dental model with tooth root
morphology could be useful for orthodontic practice.
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The mean registration error value of 0.59 mm in the
present study is acceptable for orthodontic clinical
use. The registration error value on the cervical
region of the tooth was around 5.00 mm but it is not
necessary to identify the detail of the cervical region.

Conclusion

The dental model and CT digital data were
integrated with acceptable accuracy for orthodontic
clinical use.

Acknowledgements

The authors would like to thank Brian Quinn (Japan
Medical Communication) for correcting the grammar
of this manuscript. This work was supported by
JSPS KAKENHI Grant Number 26463105.

References

1) Bouwens DG, Cevidanes L, Ludlow ]JB and Phillips
C. Comparison of mesiodistal root angulation with
posttreatment panoramic radiographs and cone-beam
computed tomography. Am [ Orthod Dentofacial
Orthop. 2011; 139: 126-132.

2) Tong H, Enciso R, Van Elslande D, Major PW
and Sameshima GT. A new method to measure
mesiodistal angulation and faciolingual inclination
of each whole tooth with volumetric cone-beam
computed tomography images. Am | Orthod
Dentofacial Orthop. 2012; 142: 133-143.

3) Tong H, Kwon D, Shi J, Sakai N, Enciso R and

Sameshima GT. Mesiodistal angulation and faciolingual



10)

11)

inclination of each whole tooth in 3-dimensional space
in patients with near-normal occlusion. A J Orthod
Dentofacial Orthop. 2012; 141: 604-617.

Nishii Y, Nojima K, Takane Y and Isshiki Y.
Integration of the maxillofacial three-dimensional
CT image and the three-dimensional dental surface
image. Orthod Waves. 1998; 57: 189-194.

Kohara A, Terada K, Matsubara T, Ochi K, Saito C
and Saito 1. Examination of precision of integrating
three-dimensional facial and dental data. Jpn J Jaw
Deform. 2009; 19: 193-198.

Frisardi G, Chessa G, Barone S, Paoli A, Razionale A
and Frisardi F. Integration of 3D anatomical data
obtained by CT imaging and 3D optical scanning
for computer aided implant surgery. BMC Med
Imaging. 2011; 11: 5.

Tachiki C, Matsumura E, Nishii Y, Nezu T, Nojima
K, Takaki T and Sueishi K. Long-term outcome
in a patient with discrepancy between dental and
mandible midlines. Jpn J Jaw Deform. 2012; 22: 228-
237.

Dong C, Chen YW, Seki T, Inoguchi R, Lin CL
and Han XH. Non-rigid image registration with
anatomical structure constraint for assessing
locoregional therapy of hepatocellular carcinoma.
Comput Med Imaging Graph. 2015; 45: 75-83.

Uechi ], Tsuji Y, Konno M, Hayashi K, Shibata T,
Nakayama E and Mizoguchi I. Generation of virtual
models for planning orthognathic surgery using a
modified multimodal image fusion technique. Int J
Oral Maxillofac Surg. 2015; 44: 462-469.

Sanjo K, Otsuka Y, Shinagawa R, Tomita S, Minoda A,
Hasegawa N and Suda N. Reconstruction of three-
dimensional craniofacial image with high-accuracy
dentition Images. Jpn J Jaw Deform. 2015; 25: 207-
217.

Jung YH, Liang H, Benson BW, Flint D] and Cho
BH. The assessment of impacted maxillary canine
position with panoramic radiography and cone beam

12)

13)

14)

15)

16)

17)

18)

19)

CT. Dentomaxillofac Radiol. 2012; 41: 356-360.
Haney E, Gansky SA, Lee ]S, Johnson E, Maki K,
Miller AJ and Huang JC. Comparative analysis of
traditional radiographs and cone-beam computed
tomography volumetric images in the diagnosis and
treatment planning of maxillary impacted canines.
Am J Orthod Dentofacial Orthop. 2010; 137: 590-597.
Bovali E, Kiliaridis S and Cornelis MA. Indirect
vs direct bonding of mandibular fixed retainers in
orthodontic patients: a single-center randomized
controlled trial comparing placement time and failure
over a 6-month period. Am J Orthod Dentofacial
Orthop. 2014; 146: 701-708.

Murakami T, Kawanabe N, Kataoka T, Hoshijima M,
Komori H, Fujisawa A and Kamioka H. A Single-
center, Open-label, Randomized Controlled Clinical
Trial to Evaluate the Efficacy and Safety of the
Indirect Bonding Technique. Acta Med Okayama.
2016; 70: 413-416.

Morea C, Hayek JE, Oleskovicz C, Dominguez GC
and Chilvarquer I. Precise insertion of orthodontic
miniscrews with a stereolithographic surgical guide
based on cone beam computed tomography data: a
pilot study. Int ] Oral Maxillofac Implants. 2011; 26:
860-865.

Cassetta M, Altieri F, Di Giorgio R and Barbato E.
Palatal orthodontic miniscrew insertion using a CAD-
CAM surgical guide: description of a technique. Int
J Oral Maxillofac Surg. 2018; 47: 1195-1198.

Bae M]J, Kim JY, Park JT, Cha JY, Kim HJ, Yu
HS
surgical guides assessed from cone-beam computed
tomography and digital models. Am J Orthod
Dentofacial Orthop. 2013; 143: 893-901.

Hanke S, Hirschfelder U, Keller T and Hofmann E.
3D CT based rating of unilateral impacted canines.
J Craniomaxillofac Surg. 2012; 40: e268-276.
Andrews LF. The straight-wire appliance. Br [
Orthod. 1979; 6: 125-143.

and Hwang CJ. Accuracy of miniscrew

162



Integration between dental model and CT digital data

LI
45% 375 157~163
201942 A

[TERRLE CT 79 % VT — % Ot fanis

& Al ’/ﬁl) & %D%%%” VI N il)
Bow s om0 Mol B LW R

ARWFZeD Bilgix, TTEFERME CT 7Y 7 V7 — 7 OMAEREZHME L, WilEE2 =0T T Y 2 VI
PR AR5 ETHDL. LY MNP UBEDO N L == FIHHT A7 7 0 NADO—E0 5557 7~
FAERBEAE LTHY, 2O00E LI XEAESAEO =AM Z 3 AT Lz, 77 >~ b 2o LS
FERIZ & R = R et i 2 - W IR 72 4 Vsl 2 R L7z, 72, M7 7> F2ADCT
W ERE L, B L2OEEERE CTEGEO T Y Z VT — ¥ %, ZRITCEESHY 7 b 2 7% Hw
T, WU Rk, PR R R ETE, WSS NS S TR TE, R 45— R e T O R TR T &
ML LCHA L7z, BARBROBIGRET, H#E LIS L7z 3O =MTIMROTH RIS DWW, IR &
CT W{&OxIET 5 SOz FHI L 72, $XTOFHNE—H U LEOBEEZ BT 5 RfT- 72, FHEEER
& CT WM OOy L ZlEFAEE, 22, 059mm & 019mm Tdh - 7z, IR 72 7 L i
& CT W, BHIEWRERICB W THFATEZHETRETE S Z LAVRBE SN

F—U— N ZRIT, 7YY IVIERLL, AR RE

VI R B S R S PR 5 T B R A 103 B T501-0296 I I S B TR A 1851
2RI H R PR A o FE I a2 B R B 43 B CPH314 1 A 7 HH)

163



	1k_表1
	下版_1901220008（朝大「岐阜歯科学会雑誌　第45巻3号」）本文
	2k_表4


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /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 /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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.)
    /JPN <>
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /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 /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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.)
    /JPN <>
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /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 /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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.)
    /JPN <>
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


