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Abstract Several reports have pointed out that end-

odontically treated teeth can lack strength, and that the

teeth can be reinforced using posts. However, it has not

been clear how to select posts that meet the needs of most

clinical situations, particularly in terms of the post diam-

eter, which has a major influence on the occurrence of root

fracture. The purpose of this study was to analyze the stress

distributions of posts of various diameters during masti-

catory loads using a finite element method. A 3-dimen-

sional (3D) finite element model of a lower first premolar

was developed. We used the image software Geomagic

Studio (3D Digital 2002; Geomagic, Research Triangle

Park, NC, USA) to reduce the post diameter by 6 ratios to a

root diameter of 20, 30, 40, 50, 60, and 80% and then

individually implemented them into the root of a tooth. A

chewing static force of 100 N was applied as a 45� diag-

onal load on the buccal cusp tip, and the rvon Mises and rmax

stresses were calculated. Analysis of the rvon Mises values

revealed that the stresses were concentrated in the middle

1/3 of both the post and the root surface for all models, as

were the rmax values. The results also indicated that when

the diameter of the post was 50% of that of the root, the

stress distributions of the post and the root surface were

most favorable. In conclusion, the clinical implications of

the results will need to be further studied and discussed.
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Introduction

A post supports the core and crown, but can also compete

for space with root dentin in the tooth. In making pros-

theses, dentists must decide how much root dentin to retain

during placement of the post to avoid the risk of root

fracture. At times, it is necessary to remove infected dentin

during a root canal or to increase the likelihood of retention

of posts by enlarging the space within the root canal [1].

However, previous studies have demonstrated that over-

preparation of canals can weaken the root structure of

endodontically treated teeth [2–5], increasing the failure

rate of the prostheses. In reviewing the literature [6], there

are three distinct philosophies concerning the preparation

of post diameters for endodontically treated teeth. The

conservationist group advocates limited instrumentation of

the canal after removal of the gutta-percha. Use of the

narrowest possible diameter allows fabrication of a post to

the desired length. The proportionist group believes the

post space should be a given fraction of the root width,

usually having an apical diameter less than 1/3 of the

narrowest dimension of the root diameter at the terminus of

the post space. The preservationist group suggests that a

minimal amount of tooth structure should remain, usually

between 1.0 and 1.75 mm of sound dentin surrounding the

entire surface of the post. All three philosophies point out

that the remaining root dentin plays an important role in

implementation of posts. However, there is little scientific
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evidence to support these philosophies. Thus, an analysis of

the mechanical forces associated with post diameter

implementation in the root is important for clinical dentists.

The direct measurement of tooth strain using electrical

strain gauges in vivo is impractical. Photoelastic mea-

surements have been made using physical models of the

teeth, but these are of limited quantitative value. It is also

difficult to reduce the diameter of the post according to a

ratio and the form of the root diameter using the photo-

elastic technique. The most common approach to analyzing

biomechanical problems in humans indirectly has been use

of the finite element method (FEM). With 3-dimensional

mathematical models, it is much easier to model structures

with intricate shapes and to quantify complex mechanical

behavior at any theoretical point.

This study used a 3-dimensional finite element model

(3D FEM) to analyze the stress distributions of the lower

first premolar after insertion of posts with various

diameters.

Methods

The finite element analysis was conducted using a lower first

premolar extracted by forceps from a patient who received

orthodontic treatment. The coronal height was 9 mm, the

root length was 14.5 mm, the mesiodistal dimension of the

cementoenamel junction (CEJ) was 5 mm, and the bucco-

lingual dimension of the CEJ was 6.5 mm. There was no

abnormality in anatomical appearance. Using a 3D digitizer

(3D scanner optoTOP, Breuckmann, Meersburg, Germany),

we developed a model of the lower first premolar using the

top-down method (a method for establishing solid models

by volumes ? areas ? lines ? keypoint sequence). The

procedure for building the model was as follows:

1. Obtain the geometry of the lower first premolar from

an initial scan (Fig. 1).

2. Prepare the tooth according to the metal crown

modification standard, followed by a second scan.

3. Use the image software Geomagic Studio (3D Digital

2002) to reduce the diameter of the post by 6 ratios to a

root diameter of 20, 30, 40, 50, 60, and 80%, then

individually implement them into the root of the tooth.

4. After combining the images of the above three

procedures using Boolean expressions, develop six

different models (A–F) of the lower first premolar

based on the six different diameters of the posts

(Fig. 2).

The retrieval and synthesis of the above images were

performed using Geomagic Studio software (3D Digital

2002). During scanning, we used a splint with markings to

stabilize the tooth and aid in image combination (Fig. 3).

Six models were obtained as described above, simulating

the structure of the alveolar bone with ANSYS (Swanson

Analysis Systems, Houston, PA, USA) for the analyses.

Using Free Mesh, these 3D models were developed into

finite element models of the lower first premolar (Fig. 4);

quantities for the nodes and elements upon completion are

given in Table 1. In brief, we used gutta-percha within

the apical 4 mm of the root of the post space, gold alloy for

the crown, and palladium alloy for the post and core. The

material properties are shown in Table 2 [7].

To simulate the origin site of the mylohyoid and mas-

seter muscles, the models were constrained at the buccal

and lingual surfaces of the alveolar bone boundaries, and

the freedom was 0. A force of 100 N was applied diago-

nally at 45� to the buccal cusp tip (Fig. 5).

In this experiment, we assumed that all of the materials

were isotropic, linearly elastic, and homogeneous, and that

all of the elements (solid45; 8 nodes having 3 degrees of

freedom at each node) were tightly bonded. Using ANSYS,

the post-processing function created a stress distribution

diagram. We then analyzed the stress distributions and

stress concentrations of the post and remaining dentin of

the root for each modeled diameter of the post.

Results

The stress distributions for the post and the remaining

dentin were represented by the von Mises stress, rvon Mises,

and the tensile stress, rmax. On applying the 45� diagonal

Fig. 1 Solid model of a lower

1st premolar
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Fig. 2 Solid model of 6 ratios

of post to root diameter:

(A) 20%, (B) 30%, (C) 40%,

(D) 50%, (E) 60%, and (F) 80%

Fig. 3 Splint with markings to stabilize the image combination

Fig. 4 Finite element model of the lower 1st premolar with a bone

block
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force, the rvon Mises stresses were concentrated on the

buccal and lingual sides of the middle 1/3 of the root for

both the post and the root dentin. The peak von Mises stress

was on the lingual side. The rmax stresses were concen-

trated on the buccal side of the middle 1/3 of the root for

both the post and root dentin. The peak tensile stress was

on the buccal side (Figs. 6, 7). The peak rvon Mises and rmax

stresses are shown in Table 3 for the post and root dentin.

When the diameter of the post was 50% of that of the

root (model D), the peak rvon Mises and rmax stresses were

both at a minimum in the root dentin among the 6 models.

The peak rvon Mises for the post was at a minimum when the

diameter of the post was 50% of that of the root, and the

peak rmax for the post was at a minimum when the diam-

eter of the post was 20% of that of the root (model A).

There were no significant tendencies in the maximum

stress values with different post diameters.

Discussion

In previous studies [4] conducting stress analyses of vari-

ous post diameters, a limited number of different ratios of

post diameter to the root were considered. However, den-

tists often face such problems clinically. The stress on the

root depends on the nature of the post, which in turn

depends on the diameter of the canal after endodontic

treatment. The type of post directly affects the distribution

of occlusal stresses. However, many non-artificial factors

(e.g., the innate condition of the canal, the infected area of

the dentin, etc.) contribute to difficulty in predicting the

appropriate post diameter or the amount of remaining

dentin. Therefore, it is of utmost importance for clinicians

to understand the effects of different post diameters on

stress distributions. To avoid inaccuracies seen in 2D

model results, we used a 3D model to more closely simu-

late the actual situation. In addition, we used CAD-CAM

technology to simulate posts with various ratios of the

diameter to the root diameter for the stress analysis. Based

on these results, we concluded that stress concentration was

the lowest in both the root dentin and the post when the

diameter of the post was 50% of that of the root.

It is difficult to analyze stress distributions in the teeth,

especially the roots, after the insertion of posts in vivo.

FEM provides an indirect approach for analyzing complex

problems related to teeth and the surrounding structures,

but there are some limitations. The materials used in this

study were assumed to be linearly elastic, homogeneous,

and isotropic. There was no cement layer or periodontal

ligament built into the model, and we used a simple bone

block. The cement layer between the post and the dentin

was too thin to adequately model in the finite element

simulation; therefore, the cement was treated as part of the

dentin because the mechanical properties of dentin and

cement are similar [8]. The periodontal ligament is a vis-

coelastic material that displays a combination of elastic and

viscous properties [9]. Some studies have included a peri-

odontal ligament layer in the FEM; however, it was treated

as an elastic material [8, 10, 11]. In this study, we focused

on the stress distribution within the root dentin and the post

itself, and the impact of the periodontal ligament on the

stress distribution was considered to be negligible due to its

thinness [12].

There are differing views on the effect of the ratio of the

post diameter to the root diameter [6, 13–17]. Many

investigators support the post diameter being less than 1/3

that of the root. The results of this study, based on the

mechanical stress analysis, do not support this point of

Fig. 5 A load of 100 N applied at 45� to the buccal cusp tip

Table 1 Numbers of elements and nodes of the 6 different models of

post to root diameters: (A) 20%, (B) 30%, (C) 40%, (D) 50%,

(E) 60%, and (F) 80%

A B C D E F

Elements 62,412 60,242 58,818 60,915 59,029 59,057

Nodes 11,682 11,307 11,065 11,389 11,118 11,114

Table 2 Mechanical properties of the components of the model

Young’s modulus

(MPa)

Poisson’s

ratio

Dentin 18,600 0.31

Palladium alloy 99,000 0.30

Gold alloy 77,000 0.33

Alveolar bone 1,260 0.30

Gutta-percha 0.69 0.45
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view. Previous studies conducting stress analysis of posts

have nearly all been based on a single-rooted tooth. The

results for the buccal–lingual section of the tooth suggest

that the best ratio derives from the post of the canal and the

dentin on both the buccal and lingual sides sharing 1/3 of

the force. However, it is difficult to obtain evidence to

prove this. Using a computer simulation, the present study

overcame difficulties associated with the implementation

of the post into the root, such as an inaccurate ratio of the

post diameter to the root diameter or achieving the

expected post diameter. More importantly, there was no

need to change any other parameters apart from the rela-

tionship of the post diameter to the root dentin. Thus, this

may be the only method that can analyze the stresses

associated with different post diameters in a single tooth.

The present study indicated that the stress concentration

was lowest in both the root dentin and the post when the

post diameter was 50% of that of the root. These results

appear to support the approach recommended by the pro-

portionists; however, the dentin strength should be taken

into consideration [18, 19]. Over-enlargement of the root

canal weakens the root dentin and increases the risk of root

fracture. We concluded that the stress was lowest when the

post diameter was 50% of that of the root, but we do not

know whether this level of stress may cause root fracture.

Sorensen [20] suggested that the presence of posts in

anterior teeth does not have a great influence on root

fracture; however, most studies on posts have focused on

central incisors [8, 10–12]. The present study used the

lower first premolar to investigate strengthening with a post

in posterior teeth for which less is known. We also used a

single-root posterior tooth model as a foundation for fur-

ther investigation of the effects of post diameter on stress in

multi-rooted posterior teeth.

The results demonstrated that there was a difference in

the stress distributions with differing post diameters. When

Fig. 6 Distribution of rmax

values (Mpa) within the lower

1st premolar with various post

to root diameters: (A) 20%,

(B) 30%, (C) 40%, (D) 50%,

(E) 60%, and (F) 80%
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the post diameter increased from 20 to 50% of the root

diameter, there was a smaller peak stress on the dentin. The

80% post model indicated less stress to the root than the

60% post model; it is possible that the increased diameter

of the post shares the force to the root along with the rest of

the tooth. Although the maximum stress on the root dentin

was smaller than in the 60% model, the 80% model had

thinner root dentin, implying that the 80% model does not

necessarily indicate a lower chance of root fracture. In

addition, the material of the post may affect the stress

distribution. Further study is needed to replicate these

results and verify whether they can be applied to different

post materials.

This study analyzed 6 different post diameters in the

lower first premolar. The results indicated that when the

diameter of the post was 50% of that of the root, the stress

distributions of the post and dentin were most favorable.

We support preserving as much of the dentin as possible,

with the caveat that the post diameter must be broad

enough to resist occlusal forces. At times, dentists must

enlarge the diameter of a root canal for mechanical or

pathological reasons, and in these cases, we suggest that

Fig. 7 Distribution of rvon Mises

values (Mpa) within the lower

1st premolar with various post

to root diameters: (A) 20%,

(B) 30%, (C) 40%, (D) 50%,

(E) 60%, and (F) 80%

Table 3 Peak (Mpa) rvon Mises and rmax stresses within the post and

root of 6 different models with various post to root diameters:

(A) 20%, (B) 30%, (C) 40%, (D) 50%, (E) 60%, and (F) 80%

A B C D E F

rvon Mises of the post 80.8 96.1 90.2 57.4 96.1 88.1

rvon Mises of the root 62.2 60.9 59.5 22.1 50.3 43.0

rmax of the post 17.3 41.8 54.6 37.4 61.3 73.5

rmax of the root 57.8 57.0 55.8 22.9 49.9 33.5

Odontology (2011) 99:148–154 153

123



the diameter be limited to less than 50% of the root

diameter. For convenience in clinical treatment, we com-

pare root diameters 4 mm from the apex as measured by

Tilk [21] and list recommended post diameters along with

ISO and Pesso reamer sizes (Table 4).

Conclusions

Based on the results and limitations of this study, the fol-

lowing conclusions were made:

1. When the diameter of the post was 50% of that of the

root, the stress distributions of the post and dentin were

most favorable.

2. In clinical practice, it is recommended to preserve as

much of the dentin as possible. Excessive post diameter

should be avoided.

References

1. Standlee JP, Caputo AA, Hanson EC. Retention of endodontic

dowels: effects of cement, dowel length, diameter, and design.

J Prosthet Dent. 1978;39:400–5.

2. Trope M, Maltz DO, Tronstad L. Resistance to fracture of

restored endodontically treated teeth. Endod Dent Traumatol.

1985;1:108–11.

3. Sapone J, Lorencki SF. An endodontic-prosthodontic approach to

internal tooth reinforcement. J Prosthet Dent. 1981;45:164–74.

4. Grieznis L, Apse P, Soboleva U. The effect of 2 different

diameter cast posts on tooth root fracture resistance in vitro.

Stomatologija. 2006;8:30–2.

5. Reeh ES, Messer HH, Douglas WH. Reduction in tooth stiffness

as a result of endodontic and restorative procedures. J Endod.

1989;15:512–6.

6. Lloyd PM, Palik JF. The philosophies of dowel diameter prepa-

ration: a literature review. J Prosthet Dent. 1993;69:32–6.

7. Reinhardt RA, Krejci RF, Pao YC, Stannard JG. Dentin stresses

in post-reconstructed teeth with diminishing bone support. J Dent

Res. 1983;62:1002–8.

8. Ko CC, Chu CS, Chung KH, Lee MC. Effects of posts on dentin

stress distribution in pulpless teeth. J Prosthet Dent. 1992;68:

421–7.

9. Picton DC, Wills DJ. Viscoelastic properties of the periodontal

ligament and mucous membrane. J Prosthet Dent. 1978;40:

263–72.

10. Ho MH, Lee SY, Chen HH, Lee MC. Three-dimensional finite

element analysis of the effects of posts on stress distribution in

dentin. J Prosthet Dent. 1994;72:367–72.

11. Pao YC, Reinhardt RA, Krejci RF. Root stresses with tapered-end

post design in periodontally compromised teeth. J Prosthet Dent.

1987;57:281–6.

12. Rubin C, Krishnamurthy N, Capilouto E, Yi H. Stress analysis of

the human tooth using a three-dimensional finite element model.

J Dent Res. 1983;62:82–6.

13. Fernandes AS, Dessai GS. Factors affecting the fracture resis-

tance of post-core reconstructed teeth: a review. Int J Prosth-

odont. 2001;14:355–63.

14. Fernandes AS, Shetty S, Coutinho I. Factors determining post

selection: a literature review. J Prosthet Dent. 2003;90:556–62.

15. Perel ML, Muroff FI. Clinical criteria for posts and cores.

J Prosthet Dent. 1972;28:405–11.

16. Stern N, Hirshfeld Z. Principles of preparing endodontically

treated teeth for dowel and core restorations. J Prosthet Dent.

1973;30:162–5.

17. Sokol DJ. Effective use of current core and post concepts.

J Prosthet Dent. 1984;52:231–4.

18. Lehman ML. Tensile strength of human dentin. J Dent Res.

1967;46:197–201.

19. Renson CE, Braden M. Experimental determination of the

rigidity modulus, Poisson’s ratio and elastic limit in shear of

human dentine. Arch Oral Biol. 1975;20:43–7.

20. Sorensen JA, Martinoff JT. Intracoronal reinforcement and

coronal coverage: a study of endodontically treated teeth.

J Prosthet Dent. 1984;51:780–4.

21. Tilk MA, Lommel TJ, Gerstein H. A study of mandibular and

maxillary root widths to determine dowel size. J Endod. 1979;

5:79–82.

Table 4 Clinical recommendations for preparation of single-rooted

teeth

Tooth 1/2 of the root 1/3 of the root

Maxillary teeth

Central incisor 170a (6)b 110a (3)b

Lateral 140 (4) 90 (2)

Canine 150 (5) 100 (2)

Second premolar 130 (4) 90 (2)

Mandibular teeth

Central incisor 100 (2) 70 (1)

Lateral 100 (2) 70 (1)

Canine 150 (5) 100 (2)

First premolar 130 (4) 90 (2)

Second premolar 140 (4) 90 (2)

a Size of ISO
b Size of the pesso reamer

154 Odontology (2011) 99:148–154

123


	FEM analysis of the mandibular first premolar with different post diameters
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


