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Abstract Alpha-tricalcium phosphate (¢x-TCP) ceramic is
a bioresorbable material that degrades in bone tissue after
implantation, since it exhibits higher solubility than beta-
tricalcium phosphate (f-TCP) ceramics. The high solubility
of «-TCP in an aqueous solution causes its transformation
into hydroxyapatite (HAp) through hydrolysis. While one
expects the formation of hydroxyapatite after exposure to an
aqueous solution mimicking a body environment, we
occasionally find variation in HAp formation in the simu-
lated body fluid (SBF). In the present study, HAp formation
resulting from exposure to SBF was investigated for some
types of a-TCP ceramics with different porosities and spe-
cific surface area. Reduced porosity and large surface area of
porous specimens may increase the local density of Ca** in
the surrounding SBF to increase the degree of supersatura-
tion with respect to HAp. Thus, the porosity and specific
surface area are significant parameters for determining not
only bioabsorbability but also the ability to form HAp.
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1 Introduction

Tricalcium phosphate (TCP) is an inorganic compound that
produces bioresorbable ceramics for repairing bone tissue.
Bioresorbable ceramics are promising candidates for bio-
materials showing biodegradability though bone remodel-
ing as well as high biological affinity allowing direct
contacts with living bone. There are typically two crystalline
phases of tricalcium phosphate, the alpha-phase (o-TCP)
and the beta-phase (-TCP). -TCP ceramics are used as
bioresorbable bone substitutes, while a-TCP powders are
the main component of bioactive pastes used as bone fillers
called calcium phosphate cement [1-4]. o-TCP is thermo-
dynamically stable at above 1100°C while -TCP is stable
below 1100°C. The solubility of «-TCP is higher than that of
B-TCP, which leads to a higher rate of degradation. The high
solubility of «-TCP is desirable for a scaffold in drug
releasing systems. Recently, Kitamura and his colleagues
developed porous o-TCP ceramics with continuous pores
of about 1050 um by a conventional sintering processing
[5, 6]. Porous o-TCP ceramics were easily degraded after
implantation in bony defects. Because of the high solubility
of a-TCP, no agreement has yet been reached on the
behavior of «-TCP ceramics in the body environment.

To predict the potential of osteoconduction by in vitro
examination, Kokubo and his colleagues propose a simu-
lated body fluid (SBF) with ion concentrations similar to
those of human blood plasma [7-10]. Because HAp for-
mation on the surface of ceramics depends on the disso-
lution of the ceramics, one may expect that o-TCP leads to
better HAp formation than f-TCP after exposure to SBF.
However, we recently found that HAp formation is rarely
observed on the surface of porous o«-TCP ceramics with
80% porosity [11]. Therefore, the phenomenon of HAp
formation on TCP ceramics in the body environment is still
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debatable. We hypothesize that HAp formation on o-TCP
ceramics depends on the microstructure and is governed by
differences in porosity and the structure of the pores. In the
present study, we examined HAp formation on «-TCP
ceramics with different porosities and specific surface areas
(S.S.A.) after exposure to SBF.

2 Experimental procedure
2.1 Preparation of «-TCP porous ceramics

Specimens of «-TCP with different porosities and S.S.A.
were prepared in accordance with previous studies as fol-
lows [8, 9]. a-TCP or -TCP powder and potato starch or
rice starch were mixed at various mass ratios. The «-TCP
powder was kindly supplied by Taihei Chemical Industrial
Co., Ltd., Osaka. The S-TCP powder and potato starch
were bought from Nacalai Tesque, Inc., Kyoto, Japan. The
rice starch was bought from Sigma-Aldrich, Inc., USA.
Distilled water was then added to the powder mixture. The
mixture obtained was stirred by a mixer (HM-500 hybrid
mixer, Keyence, Japan) for 10 min. The slurry obtained
was impregnated in a polyurethane sponge (HR-08,
Bridgestone Corporation, Japan) of 15 x 15 x 15 mm?®
with continuous pores 1500 pm in diameter. The speci-
mens were dried at 100°C for 1 h. They were then sintered
with different sintering programs depending on the mate-
rial, and cooled to room temperature at the natural cooling
rate of the furnace. Table 1 shows the details of the fab-
rication including the sintering program. The surfaces of
the fabricated porous bodies were characterized by scan-
ning electron microscopy (SEM: JSM-5600, JEOL, Japan)
and X-ray diffraction (XRD: RINT2100, Rigaku, Japan).
The apparent density of the sintered bodies was measured
to determine the relative densities through a calculation
based on a theoretical density for a-TCP of 2.86 [12]. The
porosities of the specimens were calculated from the rela-
tive densities. The S.S.A. values of the specimens were
measured by an apparatus based on BET theory (Chem-
BET-3000, Yuasa Ionics, Japan).

2.2 Soaking in a simulated body fluid

SBF was prepared by dissolving reagent grade NaCl,
NaHCO3, K2HP04'3H20, MgC126H20, CaClz, and
Na,SO, (Nacalai Tesque, Inc., Japan) in ultra-pure water;
Table 2 gives the detailed composition compared with
human blood plasma. The solution was buffered at pH 7.25
with an appropriate amount of tris(hydroxymethyl)amino-
methane ((CH,OH);CNH,, Nacalai Tesque, Inc., Japan)
and HCI at 36.5°C. Rectangular specimens 10 x 10 x
5 mm® in size were cut from the obtained porous body with
water. These samples were then sonicated for 10 min twice
and for 5 min in ethanol. They were dried at 100°C over-
night and then soaked in 30 cm® of SBF at pH 7.25 and
36.5°C for up to 7 days. They were then taken out of the
fluid and gently rinsed with water and ethanol. Finally, they
were dried at 100°C overnight. The surfaces of the samples
after soaking in SBF were characterized using SEM and
XRD. Changes in the calcium (Ca) and phosphorus (P)
concentrations of SBF before and after immersion of the
specimens were measured by inductively coupled plasma
atomic emission spectroscopy (ICP-AES: Optima 2000,
PerkinElmer, Germany). Three specimens were tested for
each porous body. Error bars show the standard deviations
for each condition.

Table 2 Ion concentrations of human blood plasma and simulated
body fluid (SBF)

Ion Concentration (mol m™>)
Plasma SBF

Na*t 142.0 142.0
K* 5.0 5.0
Mg>* 15 15
Ca** 25 25
cl- 103.0 147.8
HCO;~ 27.0 42
HPO,*~ 1.0 1.0
S0, 0.5 0.5

Table 1 Fabrication detail of

. Number Material Material  Pore former  Pore former = Water Sintering program
porous specimens mass (g) mass (g) mass (g)
1 p-TCP 95 Potato starch 5 85 1000°C 3 h, 1400°C 12 h
2 p-TCP 90 Potato starch 10 80 1000°C 3 h, 1400°C 12 h
3 p-TCP 70 Potato starch 30 75 1000°C 3 h, 1400°C 12 h
4 p-TCP 50 Potato starch 50 70 1000°C 3 h, 1400°C 12 h
5 p-TCP 70 Rice starch 30 70 1000°C 3 h, 1400°C 12 h
6 o-TCP 70 Potato starch 30 70 1400°C 12 h
7 o-TCP 50 Potato starch 50 75 1400°C 12 h
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3 Results

In the XRD patterns, all the peaks of the fabricated samples
were assigned to «-TCP. The fabricated porous ceramics
have porosities of 53 to 75% and 0.20t0 0.51 m*g "' S.S.A. In
what follows, specimens with X% porosity and Ym?g ™'
S.S.A. are labeled PXAY. Table 3 shows the porosity,
S.S.A., and sample name of the o-TCP porous specimens.
The porosity of the specimen increased as the ratio of potato
starch to TCP powder increased. The S.S.A. of the specimen
was controlled by changing the material and sintering pro-
gram or the type of starch. Figures 1 and 2 show SEM images
of P53A0.20, P58A0.20, P68A0.22, P75A0.22, P71A0.26,
P71A0.43, and P82A0.51 before and after soaking in SBF for
various periods. There are no closed pores on the surface of a
fractured surface. Thus, on the fractured surfaces before
soaking all the porous specimens have an open-pore struc-
ture with bimodal distributions having pore-size peaks at
10-50 pm and 100-300 pm [5]. Spherical particles were

Table 3 Porosity, S.S.A., and sample names of the «-TCP porous
specimens

Number Porosity (%) S.S.A. (m? gfl) Sample name
1 53 0.20 P53A0.20
2 58 0.20 P58A0.20
3 68 0.22 P68A0.22
4 75 0.22 P75A0.22
5 71 0.26 P71A0.26
6 71 0.43 P71A0.43
7 82 0.51 P82A0.51

Fig. 1 SEM photographs of
P53A0.20, P58A0.20,
P68A0.22, and P75A0.22 before

and after soaking in SBF P53A0.20 §

P58A0.20 g%

P68A0.22

formed on part of the surface of P53A0.20 and P71A0.43
after soaking in SBF for 3 days and covered the entire sur-
face after soaking in SBF for 7 days. Similarly, spherical
particles were formed on part of the surface of P5S8A0.20
after soaking in SBF for 7 days. No particles formed on the
surface of P6SA0.22, P75A0.22, P71A0.26, and P§2A0.51
even after soaking in SBF in 7 days.

Figure 3 shows the XRD patterns for P53A0.20,
P58A0.20, and P68A0.22 before and after soaking in SBF
for various periods. All the peaks in the samples P5S3A0.20,
P58A0.20, and P68A0.22 were assigned to the o-TCP
phase before soaking. HAp peaks were detected after
soaking P53A0.20 in SBF for 3 days and 7 days and
soaking P58A0.20 for 7 days. HAp peaks were not detec-
ted for P68A0.22 even after soaking in SBF for 7 days.

Figures 4 and 5 show the changes in the Ca and P con-
centrations of SBF resulting from immersion of P53A0.20,
P58A0.20, P68A0.22, P75A0.22, P71A0.26, P71A0.43,
and P82A0.51. Remarkable decreases in Ca and P were
observed for P53A0.20, P58A0.20, and P71A0.43. In con-
trast, the Ca and P concentrations were nearly constant
during the soaking of P6SA0.22, P75A0.22, P71A0.26, and
P82A0.51. The Ca and P concentrations increased within
1 day for P53A0.20, P75A0.22, and P71A0.26.

4 Discussion

P53A0.20, P58A0.20, P68A0.22, and P75A0.22 have
almost the same S.S.A. but different porosities. The
HAp-forming abilities of specimens with the same S.S.A.
increased with decreasing porosity. Furthermore, P6§A0.22,

0d: before soaking
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Fig. 2 SEM photographs of
P71A0.26, P71A0.43, and
P82A0.51 before and after

soaking in SBF P71A0.26 N

P71A0.43

P82A0.51

0d: before soaking .

Fig. 3 XRD patterns of P53A0.20

P58A0.20

specimens before and after
soaking in SBF
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Fig. 4 Changes in Ca and P concentrations in SBF before and after soaking of P53A0.20, PS8A0.20, P68A0.22, and P75A0.22

P71A0.26, and P71A0.43 have almost the same porosity
but different S.S.A. values. The HAp-forming abilities of
specimens with the same porosity increased with increasing
S.S.A. Thus, porosity and S.S.A. are important factors for
the HAp-forming ability of o-TCP ceramics. However, HAp
was not formed on P82A0.51 although it had the largest
S.S.A. of all the specimens. The SBF is estimated to be
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unsaturated with respect to «-TCP and supersaturated with
respect to f-TCP [13]. «-TCP may dissolve in SBF.

The initial increase in Ca and P concentrations for
P53A0.20, P75A0.22, and P71A0.26 might be caused by
debris as well as dissolution of «-TCP. However, these
factors did not affect the HAp-formation of «-TCP
ceramics. The surface area of the specimen is important for
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Fig. 5 Changes in Ca and P concentrations in SBF before and after soaking of P71A0.26, P71A0.43, and P82A0.51

the dissolution of o-TCP porous specimens. The dissolu-
tion of ¢-TCP should increase the degree of supersaturation
of the surrounding fluid with respect to HAp.

Although P82A0.51 has the largest surface area per unit
mass, its surface area per unit volume may be smaller
because it has large porosity. The surface area per unit
volume depends not only on S.S.A. but also on the
porosity. Therefore, we calculated the surface area per unit
volume of the specimens. Table 4 shows this area and the
HAp-formation of the porous specimens. P53A0.20,
P58A0.20, P68A0.22, and P75A0.22 have almost the same
surface area per unit mass, but they have different surface
areas per unit volume because they have different porosi-
ties. The HAp-forming abilities of P53A0.20, P5S8AO0.20,
P68A0.22, P75A0.22, P71A0.26, and P71A0.43 increase
with increasing surface area per unit volume. However, we
can see that although P53A0.20 and P82A0.51 have the
same surface area per unit volume, their HAp-forming
ability is different. These two specimens have different
porosities.

The volume of SBF impregnated in a porous body
changes with the porosity of the specimen. An a-TCP porous
body may dissolve in SBF impregnated into a porous body at
an early stage. The volume of SBF impregnated into a
porous body may increase the supersaturation with respect
to HAp. Therefore, we calculated the surface area per unit
pore volume of the specimens. This value can be obtained by

Table 4 Surface areas per volume and HAp-forming ability of por-
ous specimens

dividing the surface area per unit volume by the pore volume
per unit volume. Table 5 shows this area and the HAp-
forming ability of the specimens. HAp-formation increased
with increasing surface area per unit pore volume.

The high HAp-forming ability of P53A0.20 and
P71A0.43 may be the result of the large surface area per
unit pore volume of these specimens, which increases the
supersaturation of the surrounding fluid with respect to
HAp. The surface area per unit pore volume increases with
increasing surface area per unit mass and decreasing
porosity. Therefore, the HAp-forming ability of porous
o-TCP sintered materials could be controlled by the
microstructure and depends on the surface area per unit
mass and the porosity.

5 Conclusions

The HAp-forming ability of porous «-TCP ceramics
increases with surface area per unit pore volume of the
specimens when they have similar pore structures. A large
surface area per unit pore volume leads to an increased
local concentration of Ca®" in the SBF impregnated into
the porous body, increasing the degree of supersaturation
with respect to HAp. Thus, the microstructure of the
specimens 1is significant for determining both the biore-
sorbability and the HAp-formation.

Table 5 Surface areas per unit pore volume and HAp-forming ability
of specimens

Sample name Surface area per

volume (m2 m73)

HAp-forming ability

Sample name  Surface area per unit

pore volume (m*m™)

HAp-forming ability

P53A0.20 0.26 Formed within 3 days
P58A0.20 0.24 Formed within 7 days
P68A0.22 0.20 Not formed within 7 days
P75A0.22 0.16 Not formed within 7 days
P71A0.26 0.22 Not formed within 7 days
P71A0.43 0.36 Formed within 3 days
P82A0.51 0.27 Not formed within 7 days

P53A0.20 0.50
P58A0.20 0.42
P68A0.22 0.30

Formed within 3 days
Formed within 7 days
Not formed within 7 days

P75A0.22 0.21 Not formed within 7 days
P71A0.26 0.32 Not formed within 7 days
P71A0.43 0.50 Formed within 3 days

P82A0.51 0.32 Not formed within 7 days

@ Springer



1926

J Mater Sci: Mater Med (2010) 21:1921-1926

References

. Rejda BV, Peelen JG, DE KGroot. Tri-calcium phosphate as a
bone substitute. J Bioeng. 1977;1:93-7.

. Metsger DS, Driskell TD, Paulsrud JR. Tricalcium phosphate
ceramic—a resorbable bone implant: review and current status.
J Am Dent Assoc. 1982;105:1035-8.

. Fujishiro Y, Takahashi K, Sato T. Preparation and compressive
strength of alpha-tricalcium phosphate/gelatin gel composite
cement. J Biomed Mater Res. 2001;54:525-30.

. Yuan H, Bruijin JDDE, Li Y, Feng J, Yang Z, Groot KDE, et al.
Bone formation induced by calcium phosphate ceramics in soft
tissue of dogs: a comparative study between porous a-TCP and
p-TCP. J Mater Sci: Mater Med. 2001;12:7-13.

. Kitamura M, Ohtsuki C, Ogata S, Kamitakahara M, Tanihara M.
Microstructure and bioresorbable properties of a-TCP ceramic
porous body fabricated by direct casting method. Mater Trans.
2004;45:983-8.

. Kitamura M, Ohtsuki C, Iwasaki H, Ogata S, Tanihara M,
Miyazaki T. The controlled resorption of porous o-tricalcium
phosphate using a hydroxypropylcellulose coating. J Mater Sci:
Mater Med. 2004;15:1153-8.

@ Springer

10.

11.

12.

13.

. Kokubo T, Kushitani H, Sakka S, Kitsugi T, Yamamuro T. Solu-

tions able to reproduce in vivo surface-structure changes in bio-
active glass-ceramic A-W. J Biomed Mater Res. 1990;24:721-34.

. Cho SB, Nakanishi K, Kokubo T, Soga N, Ohtsuki C, Nakamura

T, et al. Dependence of apatite formation on silica gel on its
structure: effect of heat treatment. J Am Ceram Soc. 1995;
78:1769-74.

. Ohtsuki C, Aoki Y, Kokubo T, Bando Y, Neo M, Nakmura T.

Transmission electron microscopic observation of glass-ceramic
A-W and apatite layer formed on its surface in a simulated body
fluid. J Ceram Soc Jpn. 1995;103:449-54.

Kokubo T, Takadama H. How useful is SBF in predicting in vivo
bone bioactivity? Biomaterials. 2006;27:2907-15.

Uchino T, Ohtsuki C, Kamitakahara M, Tanihara M, Miyazaki T.
Apatite formation behavior on tricalcium phosphate (TCP) por-
ous body in a simulated body fluid. Key Eng Mater. 2006;
309-311:251-4.

Elliot JC. Structure and chemistry of the apatites and other cal-
cium orthophosphates. Amsterdam: Elsevier; 1994. p. 34.
Ohtsuki C, Tanihara M, Miyazaki T, Ogata S. Hand book of
organic-inorganic hybrid materials and nanocomposites. Valen-
cia, CA: American Scientific Publishers; 2003. p. 265-93.



	Hydroxyapatite formation on porous ceramics of alpha-tricalcium phosphate in a simulated body fluid
	Abstract
	Introduction
	Experimental procedure
	Preparation of  alpha -TCP porous ceramics
	Soaking in a simulated body fluid

	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


