
METALS AND MATERIALS International, Vol. 11, No. 6 (2005), pp. 449~456

Surface Characteristics of Clinically Used Dental Implant Screws
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Surface alteration of implant screws after function may be associated with mechanical failure. This type of
metal fatigue appears to be the most common cause of structural failure. The purpose of this study was
to evaluate surface alteration of implant screws after function through an examination of used and unused
implant screws via scanning electron microscopy (SEM). In this study, abutment screws (Steri-oss, 3i, USA),
gold retaining screws (3i, USA), and titanium retaining screws (3i, USA) were retrieved from patients. New,
unused abutment, and retaining screws were prepared for a control group. Each of the old, used screws was
retrieved with a screwdriver. The retrieved implant complex of a Steri-oss system was also prepared for
this study. SEM investigation and energy dispersive spectroscopy (EDS) analysis of the abutment and retaining
screws were then performed, as well as SEM investigation of a cross-sectioned sample of the retrieved implant
complex. In the case of new, unused implant screws, as-manufactured circumferential grooves were regularly
examined and screw threads were sharply maintained. Before ultrasonic cleansing of old, used implant screws,
there was a large amount of debris accumulation and corrosion products. After ultrasonic cleansing of old,
used implant screws, circumferential grooves were examined were found to be randomly deepened and scratch-
ing increased. Also, dull screw threads were observed. More surface alterations after function were observed
in titanium screws than in gold screws. Furthermore, more surface alteration was observed when the screws
were retrieved with a driver than without a driver. These surface alterations after function may result in screw
instability. Regular cleansing and exchange of screws is therefore recommended. We also recommend the
use of gold screws over titanium screws, and careful manipulation of the driver. 

Keywords: surface alteration after function, implant screw, gold and titanium screw 

1. INTRODUCTION

Successful implant therapy requires a dynamic equilib-

rium between biological and mechanical factors. The biolog-

ical factors are generally considered to be multifactorial,

whereas mechanical factors are associated with screw joint

instability between the abutment and the implant [1]. These

factors may result in screw joint instability including inade-

quate preload, inadequate prosthesis or screw design, poor

component fit, settling of surface micro-roughness, exces-

sive loading, and elasticity of bone [2]. 

Complications related to screws include screw fracture

and screw loosening [3-5]. Two mechanisms of screw loos-

ening have been investigated: excessive bending on the

screw joint and settling effects. If a bending force on the

implant restoration causes a load larger than the yield

strength of the screw, plastic permanent deformation of the

screw results. The higher the yield strength of the screw, the

less the plastic deformation in the screw for a given load [3]. 

The other mechanism of screw loosening is based on the

fact that no surface is completely smooth [5-7]. Even a care-

fully machined implant surface is slightly rough when

viewed microscopically. Because of this micro-roughness, it

is difficult completely to attain optimal contact with the sur-

face. When the screw interface is subjected to external loads,

micro-movements occur between the surfaces. Wear of the

contact areas might be a result of these motions, thereby

bringing the two surfaces close to each other. The magnitude

of settling depends on the initial surface roughness and sur-

face hardness as well as the magnitude of the loading forces.

Rough surfaces and large external loads increase the settling.

When the total settling effect is greater than the elastic elon-

gation of the screw, the screw loose because there are no

longer any contact forces to hold it [3]. 

In a study by Jaarda et al. [8], the contacting surfaces of

implants were found to play a major part in the torque pre-

load relationship and ultimately in the fatigue life of the

screws. Numerous investigators have examined the implant-*Corresponding author: hcchoe@chosun.ac.kr
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abutment screw joint. Many studies have dealt with the

assembly mechanisms and it has been reported that an inac-

curate interface places excessive stresses on the abutment

screw joint, creating instability [1]. 

When torque is applied to new screws and bolts with

rough textured thread surfaces, energy is applied partially

toward smoothing mating surfaces and less toward elonga-

tion of the screw. After engaging the threads, the surface

asperities are flattened so more input torque is applied

toward elongation of the screw and production of preload

[9].
 

Recent studies suggest that surface characteristics may

influence the successful outcome of implants [10]. Finally,

gold abutment screws remained more secure than titanium

screws [11]. 

Surface alteration of implant screws after function may be

associated with mechanical failure. Metal fatigue appears to

be the most common cause of structural failure and occurs

under repeated loading at stress levels [12]. 

Therefore, the purpose of this study was to evaluate sur-

face alteration of implant screws after function through the

examination of used and unused implant screws via SEM. 

2. EXPERIMENTAL PROCEDURE

2.1. Materials (Table 1)

2.1.1. Abutment screws 

The Steri-oss abutment screw (Bausch & Lomb company,

USA) was retrieved from a patient. The loading time before

retrieval was 4.4 years. The 3i abutment screw (Implant

Innovations Incorporated
TM

, USA) was also retrieved from a

patient. The loading time before retrieval was 1.6 years.

Each of the old, used abutment screws was retrieved with a

screwdriver. New, unused Steri-oss and 3i abutment screws

were prepared for the control group (Figs. 1 and 2). 

2.1.2. Retaining screws 

The 3i gold and titanium retaining screws were retrieved from a patient and the loading time before retrieval was 1.6

years. New, unused 3i gold and titanium retaining screws

were prepared for the control group (Figs. 3 and 4). Each of

the old retaining screws was retrieved with a screwdriver. 

2.1.3. Retrieved implant complex 

A Steri-oss implant complex of the left first and second

molars was retrieved due to peri-implantitis in the patient

(Fig. 5). The loading time before retrieval was 4.4 years. The

implant complex was retrieved with a trephine. The abut-

ment screws and retaining screws were not unscrewed. The

retrieved implant complex and surrounding tissues were

washed in saline solution and immediately fixed in 10 %

buffered formalin. 

2.2. Methods 

2.2.1. SEM investigation and EDS analysis of abutment and

retaining screws 

The surfaces of new abutment screws and retaining screws

Fig. 3. 3i gold retaining screws selected for this study: (a) new, unused
screw and (b) old, used screw.

Fig. 1. Steri-oss abutment screws selected for this study: (a) new,
unused screw, and (b) old, used screw.

Fig. 2. 3i abutment screws selected for this study: (a) new, unused
screw, and (b) old, used screw.
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as delivered by the manufacturer were investigated via SEM

(XL 30s, Philips, Netherland) at magnifications of up to

×1,000. A tungsten tip was used where micromanipulation

of the specimens was carried out under SEM investigation.

Care was taken not to touch the thread surfaces of the abut-

ment screws and retaining screws so as to avoid contamina-

tion of the surfaces. 

Retrieved old abutment screws and retaining screws were

also investigated by scanning electron microscopy. The old

abutment screws and retaining screws were subsequently

cleaned in liquid soap and water in an ultrasonic cleaner.

After cleansing, theses screws were also evaluated by scan-

ning electron microscopy. EDS was performed on the abut-

ment screws and retaining screws using an EDS (S-3000N

HITACHI, Japan). 

2.2.2. SEM investigation of cross-sectioned sample of

retrieved implant complex 

2.2.2.1. Cross-section of retrieved implant complex 

A cross-section of the retrieved implant complex was

made by mounting the sample in a translucent thermoses

type liquid unsaturated polyester. The mounting media (Epo-

vis, Cray Valley Inc) is a 2-part system made up of a resin

and hardener. The two components were mixed together and

poured over the sample and allowed to cure overnight. Once

Fig. 4. 3i titanium retaining screws selected for this study: (a) new,
unused screw and (b) old, used screw.

Fig. 5. Retrieved implant complex of Steri-oss system.

Fig. 6. Cross-sectioned sample of retrieved implant complex.

Table 1. Types of screw selected for this study 

                        Implant system & Screw material

Kind of screw
Implant system Screw material

Abutment screw (unused, used screw) Steri-oss, 3i Titanium

Retaining screw (unused, used screw) 3i, Titanium, gold

Retrieved implant complex (used screw) Steri-oss Titanium

Steri-oss: Bausch & Lomb company, USA
3i: Implant Innovations Incorporated

TM
, USA
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the mount was hardened, the sample was ground using a si-

licone carbide-type sandpaper (120 grit of finer). Mounts

were ground through a series of progressively finer grit

papers down to a 4000 grit finish. Final polishing was ca-

rried out with a plano cloth and 1 μm Al2O3. 

The retrieved implant complex was cross-sectioned until

the half of retaining screw and the half of abutment screw

were remained (Fig. 6). 

2.2.2.2. SEM investigation of cross-sectioned sample 

The sample was cleaned in liquid soap and water in an

ultrasonic cleaner and then evaluated via scanning electron

microscopy. 

3. RESULTS

3.1. SEM investigation and EDS analysis of abutment

screws 

Scanning electron microscopy of old abutment screw sur-

faces showed a large amount of accumulation on the sur-

faces (Fig. 7). EDS analysis verified that the accumulation

consisted of carbon, oxygen, etc. These organic substances

consisted of plaque and food debris. Table 2 shows the sur-

face composition and contaminants on the used abutment

screw.

After ultrasonic cleansing, EDS on the old abutment screw

surfaces verified that these abutment screws consisted of

titanium and aluminum (Fig. 8). Accumulation on the old

abutment screw surfaces was verified to be organic plaque

products. 

In the case of old abutment screw surfaces, preexisting

grooves in the new abutment screw surfaces appear to have

been randomly deepened and new scratches appeared. The

unused abutment screw surfaces presented a surface struc-

ture characterized by parallel circumferential machining

grooves. The old abutment screw surfaces have dull screw

threads resulting from tightness in the fixture (Figs. 9

and 10). 

3.2. SEM Investigation and EDS Analysis of retaining

screws 

Similar to the old abutment screw surfaces, circumferen-

tial grooves appeared to have been randomly deepened after

use and new scratches appeared (Figs. 11 and 12). SEM of

Fig. 7. SEM micrographs showing the used and unused abutment
screw surfaces of Steri-oss system (magnification ×50): (a) before ultra-
sonic cleansing and (b) after ultrasonic cleansing. 

Table 2. Surface composition and contaminants of used abutment screw

Screw Type
Screw Area 

evaluated

Elements 

detected

SEM

Observations

Steri-Oss

Abutment 

Screw

Screw root C,O,P,Ti,Si
organic film and

food debris

Screw crest C,O,P,Ti,Al
organic film and

food debris

Fig. 8. EDS analysis on used abutment screw surfaces: (a) before
ultrasonic cleansing and (b) after ultrasonic cleansing. 



Surface Characteristics of Clinically Used Dental Implant Screws 453

old retaining screw surfaces showed a great deal of accumu-

lation on the surfaces (Fig. 13). EDS analysis verified that

these accumulations are plaque (Fig. 14). EDS peaks identi-

fied C, O, P, Si and Ti elements as organic film and food

debris.

Old retaining screws had relatively greater plaque accu-

mulation on the surface than the old abutment screws. 

Surface alterations after use were observed more in tita-

nium screws than in gold screws. In addition, the gold screw

surfaces were smoother than the titanium screw surfaces. 

3.3. SEM Investigation of cross-sectioned sample of

retrieved implant complex 

In this study, cross-section sample retrieved from an

implant complex refers to screws that were not retrieved

Fig. 9. SEM micrographs showing abutment screw surfaces of Steri-
oss system (magnification ×100, ×1000): (a) unused screw and (b)
used screw. 

Fig. 10. SEM micrographs showing abutment screw surfaces of 3i
system (magnification ×100, ×1000): (a) unused screw and (b) used
screw. 

Fig. 11. SEM micrographs showing gold retaining screw surfaces
(magnification ×100, ×1000): (a) unused screw and (b) used screw. 

Fig. 12. SEM micrographs showing titanium retaining screw surfaces
(magnification ×100, ×1000): (a) unused screw and (b) used screw. 

Fig. 13. SEM micrographs showing used retaining screw surfaces
before ultrasonic cleansing (magnification ×30, ×100): (a) gold screw
and (b) titanium screw. 
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with a screwdriver. Screw surfaces were not touched or

manipulated so it similar with in oral cavity. One retain-

ing screw and one abutment screw were removed by

cross-section. In the case of screws retrieved without a

screwdriver, surface alteration after use was found, but

screw thread blunting was not significant (Fig. 15).

4. DISCUSSION 

Very high long-term success rates are reported for titanium

osseointegrated implants [12,14].
 

In a study by Lekholm et

al. [15], an accumulative implant success rate of 93.3 % as a

mean for both jaws was found. 

Fig. 14. EDS analysis on retaining screw surfaces: (a) before ultrasonic cleansing, (b) after ultrasonic cleansing of gold screw, and (c) after ultra-
sonic cleansing of titanium screw. 
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Changes in the surface structure observed on the threads of

screws after use are difficult to explain [9]. A study by Rang-

ert et al. [16] identified fatigue as the failure mechanism. In a

study by Takeshita et al. [17], SEM analysis showed the

presence of linear scratches, indicating the development of

fatigue cracks, likely due to repeated tensile stresses [12,17]. 

The purpose of the present study was to evaluate surface

alterations of implant screws after function through an

examination of old and new screws via SEM. We examined

old and new screws via SEM, and EDS was performed on

screws. Screws retrieved without a screwdriver were also

examined using SEM. 

It is well-established that fatigue failures occur through

crack formation, which then propagate through the speci-

men. All cracks in the present study seen under SEM began

in notches on the surface of the components [18]. 

In this study, retaining screw surface alteration was more

prevalent than abutment screw surface alteration. This may

be related to a more frequent occurrence of retaining screw

fracture than abutment screw fracture [10]. 

Patterson and Johns [19] provided a theoretical analysis of

the fatigue life of retaining screws and concluded that appli-

cation of the correct torque resulted in long screw fatigue

life. Binon promoted the concept of a weak link for compo-

nents. The proposed weak link is the retaining screw, which

connects the gold cylinder to the transmucosal titanium abut-

ment. This retaining screw should fracture before any other

component does. This concept is widely accepted but has

never been scientifically validated [20]. 

In a study by Jörneus et al. [3], the design of the screw

head, screw material, and tightening torque were demon-

strated to be significant parameters for screw joint stability

[3,21]. The single most significant factor that determines the

bolting characteristics of the screw is the construction mate-

rial, and manufacturers have made numerous changes in that

regard. The friction resistance between the titanium of the

implant thread and the titanium of the screw threads, result-

ing in part from "galling," a form of adhesive wear that

occurs during the intimate sliding contact of two like materi-

als, limits the preload characteristics of titanium screws.

Hence, transition has been made to the gold-alloy screw.

Gold-alloy screws have a lower coefficient of friction, can be

tightened more effectively to higher preloads, and will not

stick to titanium [22,23]. 

In this study, old titanium retaining screw surfaces had

more plaque accumulation, scratches, and grooves than old

gold retaining screw surfaces. In addition, gold screw sur-

faces were smoother than titanium screw surfaces. 

The difference in surface defects between gold and tita-

nium screws can be explained in terms of the formation of

oxides, such as TiO and TiO2 [24,25]. In the case of the gold

screw, the surface is not activated for noble metals. There-

fore, gold screw surfaces can be protected without oxidation

film. In contrast, in the case of the Ti screw, Ti forms oxides

on the surface that protect against aggressive ions. However,

the Ti screw surface will easily be dissoluted at the broken

TiO2 film, which is formed for the tightening and loosening

process of the screw. The formation rate of scratch and plaque

is accelerated in the region of the broken TiO2 layer [25].

In this study, gold screw had better influence than titanium

screw on surface alteration of implant screws after function.

Therefore, we recommend the use of gold screws rather than

titanium screws. Since it appears to be difficult to predict the

longevity of implants, prevention of screw failure can only

be achieved by regular examination that includes cleansing,

as well as by the exchange of implant screws. 

5. CONCLUSIONS 

The purpose of this study was to evaluate screw surface

alteration of implant screws after function through the exami-

nation of old and new screws via SEM. The following

results were obtained: 

(1) In the case of new, unused implant screws, as-manu-

factured circumferential grooves were regularly observed

and screw threads were sharply preserved. 

(2) Before ultrasonic cleansing of old, used implant screws,

significant accumulation and corrosion products were

observed. 

(3) After ultrasonic cleansing of old, used implant screws,

circumferential grooves were found to be randomly deep-

ened and scratching increased. Also, dull screw threads were

observed. 

(4) More surface alterations after function were observed

in titanium screws than gold screws. In addition, more sur-

face alteration was observed for screws retrieved with a

driver than those retrieved without a driver. 

Fig. 15. SEM micrographs showing the screw of retrieved implant
complex (magnification ×100, ×1000): (a) abutment screw and (b)
retaining screw.
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These surface alterations after function may result in

screw instability. Regular cleansing and exchange of screws

is recommended. We also recommend the use of gold screws

rather than titanium screws, and careful manipulation of the

driver.

REFERENCES 

1. R. Cibirka and S. Nelson, J. Prosthet Dent. 85, 268 (2001). 

2. D. Gratton, S. Aquilino, and C. Stanford, J. Prosthet Dent.

85, 47 (2001). 

3. L. Jorneus, T. Jemt, and L. Carlsson, Int. J. Oral Maxillofac

Implants. 7, 353 (1992). 

4. C. I. Park, H. C. Choe, and C. H. Chung, Met. Mater. -Int.

10, 549 (2004).

5. E. McGlumphy, and J. Holloway, Dental Clinic of North

America. 42, 71 (1998). 

6. A. Helsingen, and T. Lyberg, Int. J. Oral Maxillofac Implants.

9, 422 (1994). 

7. R. Mengel, C. Buns, and C. Mengel, Int. J. Oral Maxillofac

Implants. 12, 91 (1998). 

8. M. Jaarda, M. Razzog, and D. Gratton, J. Prosthet Dent.

71, 373 (1995). 

9. H. Schliephake and G. Reiss, Int. J. Oral Maxillofac Implants.

8, 502 (1993). 

10. J. Charles, J. Prosthet Dent. 81, 537 (1999). 

11. W. Laney, T. Jemt, and D. Harris, Int. J. Oral Maxillofac

Implants. 9, 49 (1994). 

12. A. Piattelli, M. Scarano, and E. Piattelli, J. Periodontol. 69,

185 (1998). 

13. L. Breeding and D. Dixon, Int. J. Prosthodont. 6, 435 (1993). 

14. J. Schulte and J. Coffey, Implant Dent. 6, 28 (1997). 

15. U. Lekholm, D. Van Steenberghe, and I. Herrman, Int. J.

Oral Maxillofac Implants. 9, 627 (1994). 

16. B. Rangert and B. Langer, Int. J. Oral Maxillofac Implants.

10, 326 (1995). 

17. F. Takeshita, Y. Matsushita, Y. Ayukawa, and T. Suetsugu,

J. Periodontol. 67, 86 (1996). 

18. H. Christoph, Int. J. Oral Maxillofac Implants. 11, 522

(1996). 

19. E. Patterson and R. Johns, Int. J. Oral Maxillofac Implants.

7, 26 (1992). 

20. P. Binon and M. McHugh, Int. J. Prosthodont. 9, 511 (1996).

21. R. Boggan, J. Strong, and C. Misch, J. Prosthet Dent. 82,

436 (1999). 

22. P. Binon, Int. J. Oral Maxillofac Implants. 5, 76 (2000). 

23. J. aack and R. Sakaguchk, Int. J. Oral Maxillofac Implants.

10, 529 (1995). 

24. M. K. Son, H. C. Choe, and C. H. Chung, Met. Mater. -Int.

10, 153 (2004).

25. R. Revie, Corrosion Handbook, Electrochemical Society

Series (eds. John Wiley & Sons, Inc.), p. 870, John Wiley

& Sons, Inc. (2000).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [7200.000 7200.000]
>> setpagedevice


