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SUMMARY

Uniaxial bending fatigue tests are conducted on alumina and zirconia bioceramics at various conditions. 

The resulst show that bending fatigue property highly depends on the testing environment and the frequency. 

Thus, it is necessary to evaluate the fatigue property of such materials under an environment similar in living 

body. The loading condition dependence on compressive strength is examined on alumina and zirconia 

femoral head with a taper. The loading by a line contact is better than that by a point contact. Fatigue 

property is examined on the femoral head with a taper by uniaxial compressive tests at 36°C in physiological 

saline solution. No fracture occurs even after fatigue of 107 cycles under a maximum load of 2.5tf in both 

materials. Impact tests are conducted on the femoral head with a taper, in which composition and thickness 

of absorber materials are changed. It is clarified that whether the fracture occurs or not depends on the elastic 

modulus of lower absorber and the thickness of the upper one.

Revised simulated body fluid (R-SBF) was prepared under the manual prepared by Dept of Prof. 

Kokubo, Kyoto Univ., and its appropriation was confirmed by the Thin-film X-ray Diffraction spectrum of 

the apatite formed on the bio-active glass surface. The surface of the bio-glass soaked for various periods 

into the R-SBF were analyzed by SEM and TF-XRD. After the glass was taken out, inorganic ion of the 

R-SBF was analyzed by ICP.

A simulated body fluid (I-SBF) which was prepared to have de-ionized ion concentrations equal to those 

of human blood plasma was found to be unchanged in its ion concentrations, when it was kept in a sealed 

bottle at 36.5°C up to 4 weeks. Micro-filtering treatment to remove bacteria was found to cause no 

changes in ion concentrations of conventional SBF (C-SBF), revised SBF (R-SBF) and I-SBF. The R-SBF 

and I-SBF were found to produce apatite with composition equal to that of bone mineral.

Five kinds of granules, showing different abilities of apatite formation in simulated body fluid, were 

implanted into the defect at femoral condyle of rabbits. Bone ingrowth behavior was examined with SEM. 

Quantitative analysis was performed measuring the depth of new bone ingrowth. Total volume of new bone 

into the particles and dissolution ratio of each glass were examined using CLSM. The depth of bone 

ingrowth into particles increased in proportion to the inductivity of apatite in vitro. CLSM study showed 

almost direct proportions between the quantity of labelled new bone and in vitro bioactivity, and also the 

same tendency between new bone formation and dissolution ratio. This study support the propriety of the 

method to evaluate the bioactivity of a material by examining formation of the apatite layer on its surface in 

SBF.

Information on ISO standardization was obtained by attending the ISO/TC150 meetings and discussing 

the proposed standards in Sweden. The information exchange was done with two universities in U. K.

KEYWORDS

Alumina, Zirconia, Fatigue, Impact, Phase transformation, Environment, Revised simulated body fluid, 

Bioactive glass, Biocompatibility, In vitro, Human blood plasma, Apatite, SEM-EDS, TF-XRD, ICP, In vivo, 

Animal test, Depth of cell penetration, ISO.
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* b, in vitro g%B b in vivo ©}Bla3irlS:©iPFfiBi£bb$it LT in vitro Wi0©S^'f$'S:5S 

ISt 6 O %(## 0001-6 #B)o 6®Cffli' & HAp ®fiE$6A5S» -5 *
7Xb,c,dtt. 'j^«$*sfr6,j$wssij-?,0 in vivo micfio

fe§IS*iJAsL6^(»J»^S)©^ 100-300 i; X n > X - h X*i£ 5 x bCJltojlMtH
#&e?„ mmrnK #mmb&mm#m#f6o ia©±> T*£ft£<,

(2) $4@ rffeftffl774>-t5k?XxtmffltoStotieplbj toESfli?

E B$ : 13 ^ 2 B 19 B(H) 14:45 ~ 17:10

m Sr: JFCC m^o

m% ■■ sm : wsscs** x5@ib(m^mwi*

- 12 -



WI !#£(£!» ; «ltie-ti3S©fyi)x ®SS(JFCA; |6<iSS©f91)x tST® 

#(#% e**56(B#)o

##« • jfcce^ss : mwm • • ssee • #nm# •

(Mffirg 
@»#®©5SiS 

@m$ 12
1) JFCC E^SJ%fi£$

wiiM^yisM pc ##©#*#& mmtommt,
tzm$if$Mb 13 ^RfflE^SCovTSitH U 7#$ft£o

WiRE^aaSAix SttSMffifftttMU M*XT- Hli ^6l2g@% UfcSt&aSMtil R-SBF 

©##&©#& kx cn^fflV'fcX(4>;Stt»"5X a,b,c,4e 17c gigXSt. TF-XRDx SEMx

EDXHl2j;?,ffttx SBF El3©*ffi ffiffitCOl, 'T ©Sf%S£$2: 13 ^%©E%7&t2oi'<-caM

Ux *8$©±x T^etlfco

2) is*(X)E^ga%f$*

'j^esesj; 6x mi
#J6C|@#8Lfc&SS© R-SBFCE$x t hlfolgklBI bJSE-f *>SS6*oI-SBF Uio
66*$© c-S«ftiS$inx. ®8© SBF©HAP/fMt£6 pet Sffli'TiWffiLfc,

=r V r**K±*Sx «#BEH©«»f*)fTofco 13 4#©Em%m:oiAt#m U HS$©_tx

7*jnt„

3) S*(E)E^|g%fi8$
b x in vitro aTfiffl -h in vivo ©}B^I3ilJlE©j?FfiBi1c ttSt LX in vitro B5Ff0i©§^'t3::£fiil!& 

t Z o 0002-5 #®)o HAp -5 #7 X b,c,d & ■>

■b-^©B*tiiAUx 5l#8iJ»$LI58lk^IE#toES&fT7Xr*ix ^?%*@©#«©K3@A%
I)x 51 S*ttsVIMFWIjiiSS-C-ti:!vlirtAfeS C tti^-oko 5#S©$*vS7XfflS
ssaxu a c 6x «»©£*$<$©<*»hs?$#s
sk©ffiMAm<6e>n/c= 13 ^©Em^a^vTBfl u bwi, 7*sh,£o

4)

*BE#ag7Ox 70^-x>Ti!att$n/i iso/rci50(^t#m7 vro>

ISO Wip7fc©tt5Hk$Bi'7->y v-*^sy:-r>yv 7 52*#c 

CM1--5®S»iafeo7e„
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4. efSEFBEHSIS*
4.1 7 ra >-b 7 5. y X
4.1.1
7/4>t7v?D A^oA###kE#bTSil/nMl 

##&#fEt©x LTS%CE
fflSnTVE.o Ml«A%mMgp@#(:#BT6k. #SMtmk btnv;. A-b7 5 y7X#

doaskut, r 11/ 5 AA 7 5 y X X7bs4*[*ll3**vXT6iSB, WH 
%k'A% < 0 6^A%V'C k.

%S#ltKM#^ck. bTlEtofnttcgfrvtvE) c k, #*E#1$agh,x
i'6c k^k*;fe(f e.n^o ftceisNititt’oi >r a. r;u 5. ASWwT-as: <4n>nrv>- 
VAy AT.JKKtgnk LTfflyXAaAErorEAtttiaao&AE)
t)©t$>3<, e^>t:, V nA vySE^mSSttc-o^r*}|#SAs*‘C%tinT*0. c©a
d^WMi^tiriHA-bA 5. y C0«to%mu-#
tt&Et"^>r;V5.A-b7 5. yAXCADXx %@ft© 7 $ y XX kbTikiVri nr
■by 5. yXXtfiaBSfttVEx, AfflSEtlkbTx T;i/? A#li^-lUiffi*±?E^^R§E
urai'-E.*©®. -e©8(osv'Cdsv-taas&WfESis^fe o. a oi&a©s,i 'Maw* 
®6nTV'E^A5$>a6h.E.0 ikil/n nr A 7 5. y X xanu 5. A* 7 5. y X X © 1.5 2
(gsa©®s&wv-t*-b. SfflibtiMtik bTVEActox #mm##k
bT4'«©ffiiB*s*'r*t'^c*Eibfflk@tinEo 
c n 6 r ;v ; AA 7 i. y ^ a* avy ;v=j nr a 7 ; y 77 r cou-ca. WWWtl 

iso iraosssnrv'E.= rii/iAWb-wra 1994 1SO6474
■e&Ox 7/;i/3nratV'<Aa 1997#a^&$E6 lS013356-e&6» bfrb&ASfex y-T'i'y 
A7* y^rffl^a^iBiA^a-cib'Ox AEi:kt»7#&©maba. satitoishE. 
^S'fefflrfeE.o *fex #mfEamaao*A^EE#ea$#$#r&Ox »r;t&«B©7i

A©$-Cx 3HfT©r;i7?AC*fAE IS06474j3a7>'i7;i/3nraM 
tz ISM3356 ©ia@Ak br x#*##©#K**Aa^'@»#amA^m@$EAi vs# 
$>a6h.Eo aaifcioib r*; AtabfAii/nnrAAs. yxxaA%asMm@mk bx 
©urn#*c^hE-cAOx t©#ma*-!^raamima#oso®b*<w-bWE>cta% 
6t-$>e.o c © a a 0 is b#@aMf E#%#ea#%»m#c a E,#a#% k a#^ E *
©r&Ox #BI:|#b-C##©#ek bTBMWS6*xEC kAa&$E°JAA$.E, k^fx6 
n&o afex &#mr@m$EE#^x gsAm47-c©#K@ka*%E#Rm&ri-w#^
$>bx iWUSbtt bT * BM&ESS-S-x E,-il-SAsfeE,»

*E%axr;v^ACSAE IS06474ajau'^^nnrCMtE IS013356 !:#%##©# B& 
BinAE. SeSS^HS* E>ak6Ss*tCx 4#l77^>b77 yXxM*4kb-c©r;iMA:fc‘ 
auw>rmr ax 5 ^-#m#m#k br©r*
5. A&aU'i'Vl/nnr-by 5 y X XCMbT&B&«*#tifil£B,9Ba'f E>ak£Btok bTi5 
CtiOc
*^aa, 6MztZtdsblz. 1 as©4*fflr;v’AAX $ y XXti
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^OlW&jSC&o&o

4.1.2 t£lfc£&

7%% Hf—X-f&ao ^@0^% b If—^

/X'^ b ACDmmt IS06474}:m^$^lT^6##k(Dit#&m4.1-l tA ASTM F603 t®tm 

^4.1-2 \Zmt [l]0vrno#M& ISOASTMC LTV^C k

(JFCC) ^mH#$#maLT%Ll:l^s;;i/3^7#mWg#:V77t7AZRl^j:^

;V3-Tt"X b tf-%^l^o#4.1-3 £. U7r-b^A ZR1 IS013356 (Cj: D
[2]0 V7r-t?^AZRl W >-t?^ 5.

y^;vm&U/b5x 3:9 ^ IS013356 C HfOzaom^)##

< y^XtLXOf-
Zlzg'MXfoZ) t&t>n%o —^ ^;i/n-7f^t'b“Xi;oi^K0W0B^l:t(:o
T£t>1\ %#Cc^T(±^miJLTl^V^0(D, 1997 W IS013356 tlfztt
#TDx f#f$#&#UTl^t)6Dk©fc>tl^o

4.1-1 ISOM74(C(t6#^a'k7^';/ M AO#### [1] t<Dtm

Unit Requirement b A

Bulk density g/cm3 £3.94 3.96

Chemical composition:

AI2O3 % £99.5 £99.7

MgO % 3 0.3 -

Si02+Ca0+alkali metal oxides % 3 0.1 3 0.03

Microstructure

Mean linear intercept distance pm 3 4.5 1

Standard deviation 3 2.6 -

average biaxial flexural strength MPa £250 -

Wear resistance

Wear volume £0.1 -
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4.1-2 [1]

Unit Requirement -fe-7'vy K A

Bulk density S/cm3 =>3.94 3.96

Chemical composition:

AI2O3 % £99.5 £99.7
Si02+Na20+K20 % 3 0.1 3 0.03

Average grain size pm 37 1
Flexural strength MPa £400 £500

Young’s modulus GPa £380 £383

4.1-3 IS013356 iZX&fflfeb ZR1 CD|g#t£ [2] t<Dttt£

Property Unit Requirement ZR1

Bulk density S/cm3 £6.00 6.07

Chemical composition:

Zr02+Hf02+Y 203 percent >99.0 >99.65

y2o3 mass 4.5 to 5.4 5.09
mo2 fraction 35 -

ai2o3 <0.5 0.238

Other oxides <0.5 0.07
Microstructure

Mean linear intercept distance pm 3 0.6 0.37

Strength:

4-point bending MPa £800 1,100

- 16



< v77^3x4x40mm(D@(fE#M'^[n:U/:o

&fz&>% 4/Store®£&Z.t^fzo ffit:f|»tiJISR1601 Clouts ± 
gfe^^tlOmm, T$H£WmXA> 30mm, 0.5mm/minT*£C&ofco g#C

li 4880 Ltz (#) S#M^F/fMcD^^^E@ SERVO PULSER EHF-FD1 &

MW/=o j;r>'36°c 1#D4A@U1:1D:&C
^o feo g#(± JIS R 1621 Ci-5l vt, 10mm, > 30mm T*

&Zt£-?fzo LTz MTS # 25kN < -/H ^ - 7 7II###^#^#

Egjoj;^ 4880 (#) SERVO PULSER

EHF-FD1 El 4.1-1 -V UZ= MTS^ 25kN ^-;W^-77II#$A

o 20Hz ^ iHz
-Z&Zt'ji'ofzo R=onJoTm^0.1 lxlO7
mtbtzo

%515nm(DAr-r^-
>u—(a^^, NR-isooso 

Ei 4.1-2

MvMM&ffi 5^im4)§: l^tzo V^VI/TtV 7n7—*7 UT

&D, XV y Mi51 = 100, 52 =25000, 53=500, 54=500, 55=500, s6=300pmT:&6o E@I*K£>V 
-tM-%%#5%EI&EI 4.1-3 o

4.1.3 ESEIn^;
(1) 7 7 ^ 17 < 7

^ckC5, ^^(±993MPa^M#&6W:o

Mt R=omin/omax=0.1, EjtWDlTMDlHlBti: lxlO^CO^T^Z^^fzo El 4.1-4 ^^1/3" 

Tf-7 h If—v h o EI^(D 
^mixl07EI(Dl:]"t,WDEI^'rmm^C6^^o^Ck^^UT^6o EIC(i#/J\

^^CoT^6Ck^o^x.6o #±#
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Monochromator

Mirror

Laser

(515nm)

Polarizer

Half mirror

Specimen
Rotation stage

@4.1-2 V



(Spectroscopy)

Ml M2 m m,

mon2monl

_S3 S2 S4_

TV1 —

Sample 
Stage 1

Sample

(Micro) (Macro)

El 4.1-3 v>1/"if—)*65§^^EI



Zr02
f=20Hz 
R=0.1Q_ 800-

Number of Cycles

04.1-4 X



«»r»-c©SDigu»jv k#A#mm±o^

©HH^t^N

o^N = Const. • • • (4.1-2)

k#$ii3o C3T-©fi#IH[}As$;tSS©jiEIImt;:iBE£tm'-5i:(E5£1‘-2>i^ 041©*®
«&*<&£

kc.5, n=22 klS6 6>h.teo
0 4.1-5 cyivn-T^x h tf-xc60'4E#!iei$kiaiMK«ttk©tte<&si-o mwss 

moxmtf'pttv'fctoliiiB*5*U'K $m%©eg-c«mima©«<bos©eea*-6#f© 
SSSfiTA^tlSo 1x10’0©fT*.tHb @|$(cj3V* 600MPa k V d iB'3&g
4SLTV'5St#4t)$.b1 k ur ©]te9-&t$ti6* L/C v 3 c k
5o 0 4.1-6 CXA-iA-b^ 5 i -y 9X©ftAfitt®l±6<£7St0 Cffl

Hi 1, nv;^-4z75 ->itsLTvW-7t7s. -yox<n&mm.trt>kUT

A%2p&o
cn$T-©EWi^'rSS*«4,'ei3i2»orv^„ AxuswafiSti-kur

©Effl6#x?>»e-. $»i*ik©d«%©Ee6%i*u^ij-nii*'o f cx. ^etven© 
»»t243V't, aitmstiEifcigJtk ur$a6®** 36-c-e©i$i66*5c»oico 0 4.1-7 
tcx.il/5; A-fc 5 5: yE7x©E%#l4C®StlSiS©S5®6Sfo ayafeifeW-C-tt, Aia-tT© 
sBSBBXCtixvt, H-l6*TCi;lt-S®»f»^*HSTfCl'^CkAsti*^<, t7vy^2l:
£wt, S%©Ee$Sia-C^SfiT6sec 3 C k A5 V« L«ESS n-60 c©3£gffi"FtiU *
=7"jV ftSSre-fb^SS&ff o fcjfobttAAsec SiSSSti-^ cktci^t©k#A&
hti'^. c©id%ti»*)S6l2*v'X. 45l27k©Mt KT-fflE? A ~j U'CkA:$S

$nt©-5. [3-5]0 *K%txW-6iB$ti:£©A"5ft5IStk-ai/t:fc‘tK Abbffl-te^ i

©WtoS14ff(ffiC*V^-tttS%©*?e6%Jt1"-E.ck#m#-e*,6CkA^6M:»o6. # 

tx 4-@tt4a6is*4’-c©g®L^j3c*-5Tv^vAk

#Llc#&t:f ©mR#*C##&&lif b, b A*mtc&i/\

a%fe©i$Et)i£:>ST-$>^ti©k@tin5o

0 4.1-8li»3-7 (U7®t?A) ©#%#@C&lifm#©##&^AA©-C&e. 0 

ICtiBl^gjo.I&o fcASW 1 Hz l!©EEte*6 ad -y h LT$>&oPP=l-7(0 7 T-fe^X) 

iC6Vtt;t 20Hz Ci5lj--5|«©i:bStT-l4^ni$k'AS*KE^*©fiT»sl,6n»Vx<, mm© 

&AKAim!@##g©#mi-C*b, $ £ b b1Hz T-ifc 3 c k*> 6, ib 

JEUWbkUTx £8616** 36°C. ISliSS 1Hz t©BM&Ac%V\ '-^SAS*. )fl$S 

20Hz T-©te*k©tt6t643C»o&o f ©iBX&0 4.1-9 (C^f . ASftCAl'TiA TlVi.*

kls]#f;Sm®Bf^#fflfiTA«^$n?.„ cogxt* £tofl-fex ; -y ? x©WtolStiff

fflc43©t, am©K#kkt^ j9is»©iJ*^A§i^k&^bTv^o am&
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f=20Hz1000- R=0.1

800 -03

w 600

Number of Cycles

04.1-6 711/5. 7 5 y X X tc*l



00(00

# # cooe o
oo •

Number of Cycles

04.1-7 IZM$tm%e>gZ!
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f=20Hz 
f= 1Hz 

•MftJfiTK't’ f=20HzOO O

O A O O

O O

Number of Cycles

H 4.1-8 (V77t^A)
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f=20Hz

oo o

BOOB

Number of Cycles

04.1-9 (U77t7i)



tAm&^A, f^T©5#&m#©mmki9
-a*mrc Ac »?c cidae-eg,o,
zwaattzc ttf—ovwM-c&z t®fcn-So

04.1-10iC%3 1 WS©73l/3=7T£>3731/3=77X t-K—XCot,YT|91i©|j®£:AC 
&ofdg*&7ri'fo y)13-7fx h tl—XCAl'Ttd. 73V d A k ISISCIWSE 20Hz T-©lt
#i:A^-cm#»#m#$©@TA##$AX:. c©d?(c, Bb^fflsstmkur©sts 
&Wcd"73t/337icoi,vt6, ^©E%!|etild*S <g&3Ck»sB9A;Mcftofc» cAA© 
#tttc*k LT^#»E%#e&#ET6X:©lcld, 
ttB*-e$.0, d. dnaj-f ?>? c
tft&SZ tl?jo

(2) 73V3^7* 5 f y X x##©E*gm%©#^m##

731/3^7*3 ; y X X &l!vxfcAXJKM®#®41-;HCAlvt, &*©{£« icd; 9 88Wf 
-5#MA#^$A-CU6o codo&fffitlcid, SM^©6MICA>)i>;V3-y-fe75 y XX© 
^m@m#EAmA^A##mt:m$mf%ckA##Lxi,\$k#xAA-c©6. 0 4.1-11c
Zr0,-Y203f-© ZtO2fflltt$0SS1" [6]o YA £ 3mol%116S&73V3 :=7* 3

5 y XXiCAV'TId, titSSSS (1500°C@$) (tetragonal, (#) Caa/jhh (cubic,

cffi) ©2ttJt«Et*, SSCAV'TttW4H (monoclinic. mffi) ©WiCASo LA'L^A^A, 5£
ACE 6 a L-em@£Ac%3#&, *%^($id lsoo-cesessc
aut i-4h geTfe^&toSA^TSttwcaf-6ck»<, jE*n*ti©tt®T!^a$n-?. 

[7]o #0f?ST-ffl<©;fc73l/337*3i.yXXId, S 4.1-3 CS U&d;-5i2#S(cE$"eEilil$@ 

fflai&tfflfSt), c©dd&73l/3=7-fe3 5 yXXicAi'-Cld^WlciESSttPAjlMBHa 
^©m^m&iScfck& <, c
k^sssnrvt^o cm a ya, c c a a vw-Stow:© a a i$
if, Sfc, iK^e@*sMBT-*>4«ifM0©EEi®l6*CJ;OjE*S^?>WS^©ffl*«AsWJ

Sh.?iCi:tCj;OiiBj§SnTVt-B [8]„ 1‘&AA, *gt^"effllvTVt.6 7343=7*3 = yXX
id;, SBtcAv 'T SiES HHM8T-6 -£, EAa^3l/3-7$iga#: (tzp) T8-B0 c©jE*H 
73i/3=7#ifc§llft/!>5, fi*i®©6MCA06tS$(6*$>51 'idS®b©Sj)*tcd-dtS#4#icfflte 

-5©dr&^K C©ffl6S!dS;(4Sfil;$©--o©&67347 >+m 4^:#7&6k#x A 
nxi'^o v3vy>-b-Y t-**id^Bf®fjcd?.s?0iisiaKi(cdo-cffeD-s«!itt®iffite^ 
TrifcD, Ad[9]0 cCx^yx+M- t-$<6ld#$tciE$&fg

##mm&#3Ckmi6mcua [io]« -t&aa, eas-wsffltestcavt 

ztm&mizm^Brntm^u 734337*7s.yxx©^£=gb<ffiT$*35Jt&ft*4if 
x A A-So
cct, 731/3=7*3 i. yXX©£Wili3IirECAtd5E:£!s@iB5©7347>'tM h$® 

kl/t, u < o^eqJSEEASifd. A A3<, -old(6*8§iS$«h:-$> 0, E*ifl>!343=7^gll
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f=20Hz
R=0.1

CL 800- °

Number of Cycles

m4.1-10
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04.1-11 Zr02-Y203M<D ZrO2WS0
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<*©!#& ®$-C-ISBBa*i6sW!-e$.^fctoldWH©E|gj£*Cj;»SSC*VT

#a^® $ k.% v ^ ® x $, a §i®«3(6*A^$n5 tv>
o6©?&3.

kV'dCkT-$.5o *3 —3©>1N JEAS^vnny^e

HttCkk'T, 7k©$>4S«T-ett h2o »saBC-fb¥nMU iEA@A^$$#g^0*mAHSm
[n]o ZOS.OtctiEW*# < Xff LteSirtcli,

T6giSj8ci-=jim*s#x.e.n^„ $e>tx i- >y hi ^mwu swigs!:
t&fctx -< v h v A©#m#sc -ot% wt asT-^syaA^tc^oT® < tz$>, _tia
©ffi^*tlia©^*Co^^?,'fe©t#^5,n?,o C©k9t:x y;V3-T-tz7=;'y5'X©4 
WSESiSTCjblt^ft^SMUeidi, &$g tc j; 3 v ;Vt" VIM h$«0%#@##x6 
K ^eoiWtt^scea-efc-Bk#x6n-5„ ?ct,

H4.1-12 CS%6®^-3Sii®ij®M-15vWV&iSI", ff 

hJESS®;^? Hu&sizt£b, < y <>x#E
^H^un-r^gntt-efe-sct^JSKi^n/io *£, inx*frtc<korw$#s^®ffi$® 

*#gt?m^Aox*IH@g#&gl§@cfck®^i^A-V7 
0-r&&ck#Wg$Wco

H4.1-13 idd;X@i£tii7k1l1 36°Ci*4jl, 'T\ fl|;k6ttS* SOOMPa t? lxio’Etokr^tiJb 15®$ 

-C-EE6%- e, teim>k®»*gi® 0 JfobB® ^*8Mp 6# 6teX^ HV6ST„ IT
%«*llllSc*T'ttBrt^ofe6®>ttk5UT*, JESS (t #) ®X^ Hv©^6HS$n 
to -r^tnfe, ^fem^ix-tau @^m©B#«imkA,a-'c k ? ic. i>u

^POT8A#*4kLTiSSb?-T&&bLX{mtZfztbM^ k'®J:d%*(tT-ffiE 
**sSib, f®@6C^®@g®#@@TA%c^®A^%6^l:Te^^&%<, ch-6® 
^SiS6*CT5fctoCli, MxliieBtjslk^inaK^SSc^vx f©Kj%&asc*#f 
•SkV'ofe^, $>e,»k®ti$®$-8-fc'»3^ycoi'Tie»S®&iDC6:vx
ma©s%k##*$©eT®M#&#&w:f6%^»h'&#c%c-ci\<a'a#&6'6®
k#x&ki6o
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4.2 W >-fe7 5 77XgWtoSMtotSttFFfltoiSel&Et
4.2.1
(i) it
lisicsvI:. AxMSS^Ax#*

y;v5.±#s*ft-iK2jb-vTiit~et2gt75^jffle*ieM6i#6i"^i$k'T-$>^0 AiflSH®gm 

-efe-6#a*-;vt24b-;vt, • vAv hk©»i$• »*mtttt#scegx:&D,

^©fctol2*$$a i:SHBtose$» yr^i’-k&S. -b7 i; y7#Bt)5S’<ffli'6ft-&aEti 

ti:, 2ffli2477?^-CWtTWKWffisitt^WtTV'^fctoTfeStStiti-So 

kt,

®-b75 ■ vA-y h©«ft£[6«S#l4

®V>T"J h ©*#!$6©e«t2 k. 5 AxM®«tt©BAB©lRl±
®7H<)jl3-\s> • v-y-y h ©mm###R#©@*

tn^) [12]. cn$T*tt-fe7 5 y7#g|kUT$l2Z;V5.A#a^-MifflV'e>n,
cffli

d%y;v5; AttHtf-ivcinx, *@ft©m%a-k 7 5 y 7#si: ur yiun-yfi-atf-iv# 
aiJftti'5, ^©86kUT, 7)14A-n-sflft-A(ierr;±4tA6:566^4?LTtil >7>*© 
©, ^©8i[)ftvt:j3V'TttaB6*f^$fl'Asfe[), J;[)^6©l«v^S6s#©6nTi,'5^ 
^felf 6.ti4. 7)V3-y#EA—)MiE,SB5S6(:A‘V >TAA 7 ASsSfl—)!-© 1.5 (g©K6558 
a6WLT*‘9 [12], 4-E©ffifflAs$f $t"SAtc*56©k@t)ti-E.o 

C© A-512-by 5. -7 7#Sii1""C-(2SAl2fflV'6n"CV;6'fe©©, $©6jT.6###B#(20l\ 
x©6sstt7!$,^. Ayfl$M®a$ti"l2l=1:9SMSl^S b*

■©5[SSSfflS0$ci^fgSStrt*b, AfflA-S&Sb®-S 
#%#BIA#*Pk#mi: A ^%%#B k (AH* 3 ^ ©@p#©#B tVX ZZt
A7A^A^AA66EAt6A6. $A, AiJBHSaSMtcA^SEWti*© lO<S@S2:t>v 
tint43D, ifflti»##(:*LTt>glW©«H$kUrB«^#S6-^x6CkA%9^q[A

ac, Tii/ < At^y#afi-;i/©#*#Bt zmm*B©mmAa©#w, se, 
i:Ag^#%#B#Azammi#Bm&BmKT-s c a & i wt L-ctok -5.
*#sia, tenuxttftiWA3$©itit6joe7k

Mzt&tz&fc, SS^aSig** 36"Cl2*5it^ 1 lte6^S®645-i^ote. AA, ElKSSC 
68UT1A, gEMSBRkAF^Syiy A—£ t VT,

l) 6C8ttS
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^9;i/3-y.;i/7r 

& D, >7 V 77—7 Tit—26mmCD v 3—b 7 7 7 +^7ft—yJl/T'^^o 77 A <h U

(#) ^(DPERFIX SV 77—M :#13-Mj3j;ir7>7- (#) ^077 h 

<v777A^mi^o 

ikAjfz&Ojk^^fzo

WMte&2>}±M$8fc%:&zt£'ofzo HI 4.2-1 izU^kO^M^to ±TC

^(D7^—7——7, 90° (D7—
#%#:] —^(DV >7&7^—7—

36"c-e^c^^yco

Jm Ltz MTS M 25kN ^ -7H 7—77 1&WJW$E 20Hz, &#
B7itR= oj(w0.i T&c&lx D HIBti: lxio7\n}tLtz0 E.B&'^MW&CDU

0^7^ LT, -<>7C«kO%6U§#(D##&#%UZ:o 
7;i/3—7-^—E^mj^cDlX^cD^UT-CoiM:, 77>E^^Z6 

ffi^£&c&oD:o 7vyftyt&lzXv;i/3 —7 • 7—

X^oZf^tzo ^MlfrS^HlyT^ j\^t£jX±iftfrfrZ)b&t)tiZ)$i\Ll^i^T-?'y¥>'?

77>E^^(±, #U@R'%r^L/:t)(D^|5]#(D, #^515nm
(D Ar m####, NR-isoo g)

5 m t. L, 7n7—7&Mix X 'J 7 bli si

= 100, s2 = 25000, s3=500, s4=500, s5=500, s6=300^m tbfzo

2)

ck^H^CD^ 3 AK&o&o m 4.2-2 }C^M^ck^m##CDT;i/^±CDH#l-CD#f
ck(±7r#f, m#/7z:XA(Dm^

#4.2-1 Mfl^fbCD##,

4.2-1

(xl03kgf)
7;i/<7 4.9
7;i/7-7 6.7
7;i/<7 7.8
7;i/7-7 10.3
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E9Ss®©SE, TlVi t, vib® - X E&=t 6Jr.5MMX 0 iifte 
W$SMS< HSt) btitzo Sfes ,6®«l3iblM&£c&o;fcT;v5Xi;.fc‘©T, ¥*»* 

®s6*tsi:Tig^5S6&5-rim/bsi.6nfco
-c-^6v>M,smcj;^s»'ettli^-3$As*S<6?.i9tgtt6s^dn&o^nB©$S$7b:‘61 
EISSm!itWIStSfW2£3ft<6EC*©T&©»x©kAsa$U'kB;bftiE>o 

tkCx E*a®©S*C#-o§, Sgwtc<t 3-HES6S%S®S© 6 o fc„ 
ifokE 36°C©EftTCi5VM:, J5$820Hzn 'Z'ftJ.O fltlR= a„Jaml„=().l, BCi60tT*.ttJ D US 
lxio7© & o £„ (96n/c@E*lzl4.2-3(-/Tit,, r;i/5E^-;K iAvn-x*'- 
Ektk:2if2.5trCBC#&tc%^A:kC5, L'tXi©OT4. Elti: 
jb‘V'T6fT*>ti)bSifStWIiSHC 6£„ ESErnimSH*^ >Xt:X bS5fiUSS 
®**sm^iSE^ v'-fn©Ettt*0T'fe#s(Mis^n**^fc„ -«atc, a®#bsm 
Stt io6[a]@@-efc^ kv*hTv>6„ $ta Ati to f* /> A XKAtomi,i<*fii © s (SMST-fex 

kV'k)ki-C06o toMmtoSltoffti. $4?to©#Aamto43lA6 6<ft©.totoT c 10EEttl Lfc© 
kllfl$©EfrT-fcE XAtoA^-ik vii-©-©©-.®xtb

m»Tt)/T:UfcJ;ot2N -»3-r-b75 x Xxtc&uTttS*ftto2£ bZSS/b>e>W4,l 
^®ffl'$SAse© 5 RT!6tt»s$> 5„ C ©ffi$Si*#K«Sff 5 fc®, 8^A%4bU#L©#a

f CX\ 7V>S-3,6SC1t5tB@$6*5®*oAc„ E©ISflk ft 
esa2.5tfi:#iVT lxio7 IS® fito-tiJ b @a$T-EHtASSc 6>&*o AcESWcvr *, ti$
UteES^ii&iiPofco

C©A?I2. *##©*@XI±, Xto5.to*'—Ik itokn —y#—;vk*c$y8£^£ 1\ $ 

fc'>*;V3-7;ti—©toil A 41 A; i : tS to to#A?to totoA, UTi > 
^tokAto^toto,, UPb**se>x;i/5:Hr;-;k toEx-T#-;i/k&cs-ikLT&mt&tz 
0kaft##mk###i$©M#&K^A4cfE©to©kl±. R#©#©5C## 

tofflufcj; bIWTtoiiilWSt-S b, 4a#©#M# 6<,
*EE® b -5 - - o © fSJgii ft A to Ir'iJ ©1,%® to to % o *E%"ettSE*|c|6:> feft(SS*5©6oT 

k6Ato EEtoAXIBMasAtofftiaAStotoiStofcSSem^SStootofteAbbtopiBtotk 
totitoi8kAstij3qJSbt$to3;$to-8to:ko c©tooto:R@to#%to-5to©to, H 4.2-4 
-5%ft#AlSto$Wto8Utoco ©©SStoto-iltlEAto toto#to@l&1"^C 
kcAbs ai#pb-c0ft#Ais&#mLA:#m#4rma»6. ^#iic©z-5%#m6^c%c 
tok§, #$4btoAC%otok<E&toto6o
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1)

&, 4.2-6 M

#&m-3T#Tf&^5tT&6o #(±3, & 12kgf(D3##^ 3kg®#^2#&6/:A^## 

'T24kgf##m&tvhf;&C2:#-C^;Z)o #$(±#±T:1.5m'r$)b, #±-e^350JCDE#^

#) ^O^^APERFIX SV M :#13-M ckD^V^gB^WKrL/z^^&fT^

)A/U:&0-C&&o

^fuzm^faTas

l®P'Mt^^b^tU)o f CT\ #£ 15mm (D Ti UHMWPE £Ell

UHMWPE ^vy^±gP###kLTMl^o

7###&42, 52, 56mm03@#C^b$'M-^C^Cj:D±^###(D#<^&^b^'1±, #1#

4.2-7 #1#^#®^#

2)

c^^%6A4c^o/:o fc-c, "C^

^)o 24kg %#& 353J

CNj:#m6Okg0AA#6Ocm®#$^6^WD/:(Z)k|5|#(7)@j#'r&6o # 4.2-2 ^Z 

4:6####$:^ oTnP###k LT UHMWPE

^ 6,42mm(Z LX:#^^Z( j:, V/r V h ^)##f

TgP##J#^ LT Ti &MI ^#A, ±gB#@T#(D^@^ 42mm ^Z L^: ^ C 5g#M-(±m#

Lfzo

4.2-2

ymmm
±mmtttm

(mm) ##

42 » V^rv
UHMWPE 52

56 #

Ti lB4iz:
42 #
56 ifit V<r v H##
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U^U^^6. ch&#Mbf&/=#)&:#, f
C-e, ###Cj;:5#%&#C&oZ:o 13 4.2-9 #

PE±?yy, #

m, H, T, 4\

£ = ~—Vn + -^-vu +-?-vr +^-ve
H Er

w =— V„ + -^-VH + ^-Vr + —vz
2E, 2 EH 2ET 2E.

(4.1-1)

CD j; o c c-e. ^ (:#§T6 a, * y %gc

^4.1-1 (D±^:&^BU a%Ci, Cz&m^Tx

£ H
C,

x + C2
(4.1-2)

^(D^#&El4.2-lO0j;o^#fCk^'r#6o |5|#Z, 

^4.1-1

^CD^#&I3 4.2-11 0(k 9 C a^T# 6o

CCDcko^#(^^#%C^C^l\ fCD^^^##f6^AC(j:, &g;#CD3#W&%]6
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peJjvJ (c)

■SUCH) 

T-/<—(T)

mm# (a)

04.2-9 t*0*550
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m 4.2-10 £ y 7<Dmfr% x{%bfzt%<Dx
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04.2-11 Vx^Ltzh^CDx hX}'ffr<Dm%
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4.3.1 JFCC

dto^<DE^#:rt(Rivised Simulated Body Fluid: RSBF)(7)lllto&£SIE L,

U/z(7D-H)0 R-SBF ©S!S^&, ## L^c R-SBF ^

R-SBF ^ Xv^A^^(ICP-AES)#C

£3SJ/££SISL7co —15, iUlfc R-SBF ^IZ 5 MM<D Na20-Ca0-Si02 Zkft?

a##^(SEM)^tT7- V h ;1/&(FT-IR)£ J; D SM L, #

(1) Itbdblz

f commczkmT

&ft&&Gtzfr&fr&w%TZo m&tLrmmtz&fcrs&tf^ziziz, ts&omftz
Na20-CaO-Si02 $U5 7 X <D&£%)'?$> t) , V?)£L t LT £t

i&g'V&Zo ft&%W£lz&iS&(Dm'tf7Z<DM1R1fiBtolZ&&tZ£%3Lt>tlZo -15, ft

&&o

zk#7z^^ x mm^^Aezk^zz^^

i#A-czk#yzif ^

zk^yz^^

(2) #<W#:#(Simulated Body Fluid: SBF)

SBF (±. A###}:### ^ D , pH 7.25-7.4 CDflET'^&rS

t^&^-DoCCDSBF^C^#:^#-!:^ < t % t^M$lr7i$ J b3[1‘3]0

C 0 SBF '%'s-fcb 07kMitT7i^ ^ b (7)3M;^ ^5^T'-¥xe>n^o [1]

10Ca2++6P043 + 20H " = Ca10(PO4)6(OH)2 

zk##P#(Z)7Z^^ b(D^^>fS#J^#IP^,

IP=(a Ca2+)10( a P043")6( a OH )2
= (7 Ca2+)10( a P043’)6( a OH)2[Ca2+] 10[PO43]6[OH"]2
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^<D7^94 bo-f 9.4x 10'98 T\ i£'oXffiMfofflL'Z:&|Hjb'T&£o -*£, zki#

b(D#^^#Ko(i, 37°Ct 5.5X10‘118trfe^)o Cftti: SBF ti5#^X6DES$"£ 

b(:^LT^$n-C&^C o om OWcCMf&T/if-f b

b&#m

L^(D\ts EE$£:r:^bT^^&M^©^ST&5fc&bTfe3o CCDSBF M&rS'E-fe 

7 < btCNbZ SBF
0ip/Ko(D^^%^^±#b, ip/Ko^&a6cacj;D, $ggy;^-r b^^^x

(3) %#0##(#:#(ConventionaPSBF:C-SBF)^a%m#^#:#(R-SBF)

Mj£Ltz&ofc SBF tiu ^b#

[1]

bvb>U t/r C-SBF ^O^H^XDpE Ca, P, K, Mg^Na &A

^mto citlfi C-SBF MW$(D pH##& HCl 'Mute £*) ft^fztz fate ClX^>#j^^#< 

& 0, Z <D HCl WiMz ck D HCO3X ^ >©—gflli C02 £ LT^fiFlCf bX:CbCj;^b#Ab 

tlfco ^otztb C-SBF M% t LA U/ 'OUDfiiMJ * >^a W $ A £ ii 3 #> £,

C02EE£ 14.8kPa KlllMbfc C02#HtTF't:£ftrSf£-fe 7 < 74 b ££

C(D CQ2EE(±, C02^ CO2/H2O(##bb)=0.592 Ozk^^f ^
^UTn 14.8kPa £ C02EE£lH^f 5ChT, C-SBF 4^ HC03"SJ^£ 27mM S 5

[2]

H2C03->HC03 + H Ki=4.4 X10 7

HC03^C032 +H K2=5.6 X1011

EaBCD^^TW:, nco3m^X0M%(D^tit^L <t%z cr-f

^ b < 1*3 lZltMM^(DUM(D^^^O tz&\Z.'&^(Dm^fe'£\±MW'T:'fo^tzo Z(D C-SBF

b(i#0T7^^ b j: D t) ci<, Hco^^/j/^vhva

C 0m^Lf&(DM&<D tz&te, R-SBF

C-SBF t R-SBF 2:(Zbt#&##/&#, Na II®il0fc«fetH:i0li^l0tfbi: SBF# 

pH iHH't: $> 3 oC-SBF T'tib 1 M HCl t. <&> Z> Tris(Tris-hydroxymethylaminomethane)

pHiffi£fr3ftb R-SBF ^tib NaCL0#AM&M6 b, ftt> D £ Na2C03 £$ffc 

X.j 1M- NaOH bMWM Hepes (2-(4-(2-Hydroxyethyl)-l-piperazinyl)ethane sulfonic acit)

AbT pH##&fT9o :©ilMUot R-SBF T13b ClE 3b HC03E 1*

^hb#ATA0A#(Z)f Eb^b < [3]*^& R-SBF <7)DIS^t££SIEb, UMLfc

R-SBF <7>f£IE£ 1™ 3 o
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(4) SBF

i)

0 2-1 (£ SBF \Z 30 Na20-CaO-Si027j YW*WL®W$L
®&>&'£mLtz$)(D'X:&Z>o 041© A,B,C,D,E Na20:Ca0 kt% 1:1 £ U Si02 kt%£

A>B>C>D>E ^O^7^mi2-lf;^to

5 Mm(A^E)<Djj7Z(ioxioximm3)(Dmm*Kffi*'¥('h'X&ffi)tetkMLmmm

^^Zttbtzo
2-1 ^#m%

5t ^ )V tt(mo\%) m «
GlassA Na20:Ca0:Si02 25:25:50 SBFEE 12bSfiS
GlassB Na20:Ca0:Si02 22.5:22.5:55
GlassC Na20:Ca0:Si02 20:20:60
GlassD Na20:Ca0:Si02 17.5:17.5:65
GlassE Na20:Ca0:Si02 15:15:70 h#30 BR8®fi£Sn&V

S1O2
O: Apatite formation 
# : No apatite formation 
#: Dissolution

Glass formation 
No glass formation

mol%

&<D£o IZ £Xi^^tltz[l]o
Si02, Na2C03, CaC03(K### : 1600°C, 2

Xx>l/X^7°l/- h±lZ'M£&U^x>l^«M'e£P£x.Ti9£ lmm©E^^^B$n/:o

10 X 10X 1mm3 CTO L, 3-4//m0^X^t > % bT#^2:#,
T-fe h

SBFCE#f^#uC,

SBF CEE t* So
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2) mmm
(XRF)

XRF^I/f^g (Rigaku RIX-2000) \Z

tzo 2-2\Zjfsto

7C;

Ti—U

2-2 MxSS^t/rWb^b

#^^{4= ^#^^{4:

y y b : Rh 7 yy~7—*? — : 1/1
ISff(kV) : 50 : LIF1
^H^(mA) : 50 #m#§ : SC

: OUT % V 7 b : Coarse

Ca, K, Cl. S
P, Si, A1

(Ka)

m± m±
: PET

$itiK§s : PC

•

Mg, Na, F
(K a)

m± m±
: TAP

#m# : PC

MSSBiE Vac

SuSfi Tr/tt^bUr C 4:6 £ ft o fcc Na, Si, Ca, Fe, Sr, Pt, Mg, Ni, Cu,

Cr&TfP0^MC(±,#j####^y7Xx'^^^##@(ICP-AES ; Nippon Jarrell-Ash, Model 

ICAP-757V)&m^o

2-3 ICP

m g m
1.25 kW

Ar #7 : brtWXM 16.0 L/min
77X7^7iI 0.6 L/min
DtS^XSm 0.5 L/min

V V b 25/Zm
b—^ 7 t y 'te A'M'E^ b—^
tMJ«£ Z2 7 /VJb 15mm

7U77U-•m

Na : 589.592 nm Pt : 214.423 nm
Si : 251.612 nm Mg : 279.553 nm
Ca : 396.847 nm Ni : 221.647 nm
Fe : 238.204 nm Cu : 224.70 nm
Sr : 407.771 nm Cr : 267.716 nm
P : 213.62 nm
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&ft##T(FES)£fx&ofc0 2-4 C^fo

2-4 FES ##f

m a a s

FES
C2H2 ilT, 2.3 L/min, 0.3kg/cm2
Air 9.5 L/min, 1.6kg/cm2

V V h 1.3 nm
7^—~j~ iWicF 7.5mm
SJitzS# K : 766.5 nm

: ICP-AES & V-' FES lZ&Z>feS.'fr1tfr(Dtz&)\Zi #2-5, 2-6 V b V y ?
Na, ca

(looomg/L: ns<b^)^,

h v HCl(Merck-Ultrapur, 30%)5mL £ 19T S V fc o

7jC(i Millipore ##% ElixlO-MilliQ-SynthesisS^I-folC '>X x A H «t D ## L tz 18M Q • cm VX±(D
MWkZm^tzo

2-5 ICP-AES (Dfz&<D(JH g/ml)

#
TUS I II III
Na 0 100 200
Ca 0 100 200
Fe 0 0.1 0.2
Sr 0 0.1 0.2
Cu 0 0.03 0.06
Ni 0 0.03 0.06
Cr 0 0.01 0.02

Mg 0 0.01 0.02
HCl(Conc.) 5mL 5mL 5mL

P 0 0.03 0.06
Pt 0 0.03 0.06
HCl(Conc.) 5mL 5mL 5mL

Si 0 10 20

2-6 FES /:

jxM________________ I__
K 0
HCl(Conc.) 5mL

II
10

5mL

III
20

5mL
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50mg)o Mir, LX:#^#(-150mg) £ Si02^S^#f irflH^o

110°C, 2 Btm&ti LXfrmm Irtzo

Si02©^m^l/f

3 sio2(ZXb#^#^j#&Ta60 7 d—irmto

Sample 150mg / 6 AM

Na2C03 1.5g 

H3BO3 0.2g

HC1(1+1) 20ml

1 «

iooo°CT9&#L ab#o
m+M-ea^T^aio

1 *
»mu -b'v-ttt:

1 5 mm* o.osg

V l/77'Vn —;)/## lOml

/ 250ml 7^73

-5# : 250ml i:^0#, ICP-AES 3

->i» : # HCl(l+50),
tfc^ 5# / 6A^o(g

^ ◄------ H2S04(1+1) 1 #

iioo°cN ih tr^Bo

zk B?iS

H2S04(1+1) 3 #

HF 10ml

1

iioo°CT 5^\ 3#&o

r

0 2-2 © Si025£efl-tlT^li
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sio2

SiO 2 £Tld© 7 U - £ ^to

Sample 50mg / 50ml ir 7 D > tf—jl—

^----------- H2S04(1 + 1) 2ml
HF 5 ml

HN03 0.5ml

HC1(1+1) 10ml(*)

hmmm,
#7kT 100ml

l
ICP-AES feS.

i HC1(1 + 1) 10ml(*)

mmm,

I HF 3 ml

160°C, 2hT:M

1

I
HC1(1 +1) 10ml

|ifi7jCT- 100ml

1
ICP-AES

11 2-3 Si02U##J5&&(Z)^
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3) sbfES

R-SBF^rnjC, T^Y's^WM?.^iill 
R-SBF (:##f &o 

(D SBF CD##

SBF b###^# : #CDA#CD##4 # > &# 2-7 C-SBF &, CF&tf HC03

44" >SJ^£5 A£> AEb s& 3 0 R-SBF < , Cl HC03X^>#j^

&^A(DA#(Df flb^UV^o *^(±CCD2@#0 SBF

#2-7 A(DA#^a#A#:#(C-SBF&£>' R-SBF)4*CD

__________________________________________________________________________
4 4*>SS(mM)

4 t hAE C-SBF R-SBF
Na+ 142.0 142.0 142.0
K+ 5.0 5.0 5.0
Mg2+ 1.5 1.5 1.5
Ca 2.5 2.5 2.5
Cl" 103.0 147.8 103.0
hco3 27.0 42 27.0
hpo42 1.0 1.0 1.0
so/ 0.5 0.5 0.5

pH 7.2-7.4 7.40 7.40

#2-7 ^6 A 9 C, 36.5TC##L4^, #2-8

T* pH7.40 ^:##f ^CbCA D 2##CD SBF &##LX:o

2-8 SBF## (0.5L)

# s Fe C-SBF R-SBF
(%) (ppm) (g) (g)

1 NaCl 99.5 2 4.018 2.702
2 NaHC03 99.5-100.3 5 0.350 0.370
3 Na2C03 99.5 5 — 1.023
4 KC1 99.5 2 0.224 0.113
5 K2HP0*3H20 99 10 0.228 0.115
6 MgCl2-6H20 98 3 0.306 0.156
7 1M-HC1 40ml ----------

8 HEPES —— 5.964
9 CaC 12 95 2 0.278 0.147
10 Na2S04 99 5 0.072 0.036
11 TRIS 99 6.058 —

12 lM-NaOH — 0.38ml

- 57 -



sBFinsmn
SBF(0.5L)©||^Ji^7 U—(H 2-4) id 7^ 1*0 2-5, 2-6 L7c£E@£^f o

C-SBF h R-SBF CDlUi^JIIit |n]#T: 3 /b5, pH Midit^CDEE^J

pH/—f — (Mettler Toledo MA235 pH/t X >##rfh pH:0.00l) (t SBF CD^&$&#)&#%

idJEBidmELTtKo

Mr

4? >) yu tr 1/ S f—*—(0.5L), #7X^X77X3(0.5L),

4? V ;>< 3=-;i^>7" >®7i X i> U 41|J7'DeV>S(4A^E

• e-*-, 777773W^X7'J>?-

H®8s*i5t?fV >i$trf>$l(» V—>:n—X S), x^7—;l/, 1MHC1 *S*

• lifrbE

zomx+fti,zm&0 mw&, 
^ u—y^o^rtr-ss^T-i^^To

iiSI

t

0.5L td —*-id 350mL(7)^7jC$:An, :n*/—;i/, 1MHC1 

£Atl^io d. CD tf— t?— 2-5 id tjn itt O id , — "7—(Iuchi

HS-50 m, 50~3000mL^^qJ)±td@^/zfl^li(Iuchi HT-50N, Sfc5~80°C±0.05°C) 

id Ail, 36.5°Cid#Oo

36.5°Cid^fcn/i®>67iC^id^2-8 id^T)liid^$ii^0 ^tl^tUDUMt^±\Z 
^(tT £&0i^£)liid j}D A 3 o

#%CD KC1, K2HP04-3H20, MgCl2-6H20, Na2SQ4 itEB^T/t^ D W D , ^ 

t"6o

PH

t

(C-SBF)

• pH7.35 —7.4 CDflEt:, EE^J TRIS h 1MHC1 ££5idftP pH7.4 J/±id& £> &

Uctdid^SidStoV, MWt 1MHC1 T» pH7.40 lZ&t>-#Z>o 
(R-SBF)

• SBF##%CD##id lMNaOH ^rjjPxT pH7.40 tilt3o

#2-8 id^bfc lMNaOH pH7.40 id & b &, M id 1 MNaOH&APX.,

pH7.40 id##f6o d ©MAPS© lMNaOH it, SBFCDNa //->#^id(tB#t6 

#CD#J^'r(±tCb'o###m^#CDT b D v7/idd0^0 IMNaOHg&WOf &<,
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2-10 TF-XRD SeofSfFSfeft
II g ii «
x$s Cu/50kV/40mA

RINT2000 *§13-^-^-^
Tf 7^7> k *K, £PPIH^B 696046
7 0 7 k ^#(7 V V k : 0.4mm

E7 V 7 k : 0.8mm
V 7 k : 5.8mm

v v k : iomm
^7 V 7 k :

E7 ^ IS^^y 7 ny—£

2.000° /min
+i>yv >?m 0.020°

1.500°

© (sem) cj;-E,a#@ES
SEM (HITACHI S-4500S) (0 2-10)T-#HBtt®EibSEIIL£o ISSt

1 (¥ — ■?'< b , SSIhlS) ?###&&< LA&## (lOnm) 

Cfeo (EDS) (HORIBA EMAX-7000 ) Sffl VT$ttMr6

ffoteo SSB^ff*a2-lU 2-12

$2-11 SEM ©Jiffsfttt
II i iS ffl
MSE
gi^mumE

1/

'i)]/

20kV
0~6.5kV

3 IxHISE 1/ 77$0d^E7]

#2-12 EDS ©Mfifttt
@ g » m

Sit&tijg?
Na(Z=ll)~U (Z=92)

FWI1M 144eV BIT
P/B 10000/1 fel±
7 V 7 > 7 Pulsed Optical Field Back
#E#§ Be M

- 65



• h V V ^ X -7 y 5=- > i§«fflSlE (Na, K, Ca, Mg, Si)

(C'SBF) : iE$M Tris 0.6g SrXSa-ettfrDED , lOOmL K-*-#-Cto

50mL ffliffiSfokCig®#3° $?$6 lOOmL 77^3|C^U, bf—#-i5tift&A[]xfc)t, 1MHC1 

(3r'>l?lb#)4mL&lJDxT lOOmL SSL, 7"x 'stmt (BLK) k Lfc„ C©BLKig«lmL 

6<tmH)S?$C$iDl"niiSBF Tris gSMlJmSlfHCHICffiST

(R-SBF) : 81)9 Hepes to 1.2g 6XS®"eld:*D@(b , lOOmL 77 X# y X tf—*—ifCto

50mL ©@M*tri§/Sf lOOmL 7xX3l:#L, t‘—»—i$r$6inxte^, lMNaOH

(*->yib#) £AnxT lOOmLSSL, L6. lMNaOH©*tt R-SBFfflEB#

© pH MSfSttl Ltm& lOOmL CftSL.^ffle^efiiax SBF Hepes*#1)9

»;w NaOH sssm# tmm l < s-es,,
• (Na, K, Ca, Mg, Si)

2-15 c##. p(iooomg/L: ss

$ 2-15-1 C-SBF © ICP-AES fflfc©©t&M8M?g-&f§ipig«(/ig/ml)

7C# I
m s

ii III
Na 0 30 60
Ca 0 2 4
Mg 0 0.5 1.0
Si 0 0.5 1.0
BLK lmL lmL lmL
P 0 25 50
Tris(g) 0.6 0.6 0.6
lMHCl(mL) 4 4 4

2-15-2 R-SBF © ICP-AES fi-ft) © /c to © f&SjSJiig^SipiSiSCyg/ml)

7P* I
# ^

II III
Na 0 30 60
Ca 0 1 2
Mg 0 0.5 1.0
Si 0 0.5 1.0
BLK lmL lmL lmL
P 0 25 50
Hepes(g) 1.2 1.2 1.2
lMNaOH(mL) 3MC )SS MUL

# 2-15-3 AAS
a 6

TCS I II III
K 0 1.5 3.0
BLK lmL lmL lmL
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(5) R-SBF «aS6S6IS$

4»»fifFM«7X 5 8S(A~E)ffl XRF C3-1

3■ 1 »7X©XRF ®*(mol%)

A B C D E
NasO 20.8 (25)* 17.2(22.5) 15.5 (20) 13.4(17.5) 12.5(15)
Si02 48.8 (50) 52.2(55) 58.9 (60) 63.2 (65) 69.4 (70)
CaO 30.3 (25) 30.6 (22.5) 25.6 (20) 23.3 (17.5) 18.1 (15)
Fe20s I.I8XIO-2 1.37X10-2 0.976X10-2 1.75X10-2 6.34X10 2
SrO I.O8XIO-2 1.31X10-2 O.868XIO-2 O.8OXIO-2 6.33X10 2

*( )©#i±#7xmw@twm<, Tisii±^o

gBSC<t2.r§*fc@fcjx-5o SiOali,
4-HlfflV'^ 5a«©»7Xli Na20:Ca0 VI C&-5 <t d CligStoTl'SA5, ##f*§S7:l;l
Na2o iittaej;D6fiffl6, cao 
tfrM ® 4d ti -?> o

ff $£$ #7*ttttiAfi(CSV'«6c k*5 XRF frtfflzj:-?rmS£

ft£As, HC-fb^AffCJ:-5Sefl-fir6ffofc» (b$A-#l:«b^)S#a'#*S*&*3-2

XRFo fit. hms&^BWtis
5 <©<±attki$s-svT

use

3-2 (feftiEttttfffiMICP-AES SMdffilSS (N=2)

A B C D E

(^J5&&) (mol%)
Na20 23.9 (25)* 22.9(22.5) 19.2 (20) 16.2(17.5) 13.8(15)
SiOs 46.8 (50) 54.6(55) 61.0 (60) 66.4 (65) 72.1 (70)
CaO 29.3 (25) 22.5 (22.5) 19.8 (20) 17.5(17.5) 14.1 (15)
FesOs 6.83X104 2.58X103 5.17X10-4 3.73X10"4 7.14X10-4
SrO 4.62X10 3 5.99X103 4.49X10-3 0.39X10-3 2.68X10 3

(ppm)
K 13.6 26.4 16.1 15.4 10.4
Pt 7.3 5.6 8.6 19.1
Mg 4.6 8.3 8.3 8.7 2.7

*( )©fitt*'7X4^Rfflf±a©-«o Tmzi.f&fro
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2) sbf owattseEUBte*
GlassARV GlassE 60 2-4© 7 D-0T-S Ufc^JET'lflSiSftfc C-SBF 

24mL tCESL (0 2 6), C02)*®6 14.8kPa, 36.5°CCiELfe-f V + 1 B,

1, 2, 4&lF8aS<S}#Lfe„

® C-SBF ©ms

H 2- 4 ©7 D-»H C-SBF Siglt. f© pH tlteHTtit. 

c©®*^5, C-SBF -eteSHMitiU 6 pH7.40 tOKilt C tttfrlrZo

3-3 C-SBF ISK^fflpH mt (0.5L)
semis m a Fe C-SBF pH

(%) (ppm) W
1 NaCl 99.5 2 4.018 5.56
2 NaHCOs 99.5-100.3 5 0.350 7.97
3 KC1 99.5 2 0.224 8.05
4 K2HPO • 3H20 99 10 0.228 8.14
5 MgClg • 6H2O 98 3 0.306 8.11
6 1MHC1 40ml 1.55
7 CaC I2 95 2 0.278 1.55
8 Na2S04 99 5 0.072 1.55
9 TRIS 99 6.058 7.40

C-SBF

0 3-1 C-SBF iiSKf©pH
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1 BaE^»7X$H©TF-XRD 3-2-1 Z(0
&3& < t i, tz to ic£ft LTiSJte L *g*-efe 2,„

»* <«»*>

(a) GlassA

#* -:<»*;>

(b) GlassE

^3-2-1
(a) GlassA (b) GlassE

- 71 -



98
l | i | i | i |-----------r

20 n

®3-2-2 i umw&v>a>

m 3-2-2 121(51 X U®^i^^tz^>\ZmW^%^^ UfcfSH'Trfe^o 
D, 1B#E#(DA^7XT2 0=27° %^33° C(D[m#fk:-/7

Y\zmmtZ>bO'T:&Z>o E #7XU;*c©@1r©@#ft°-^ttES£to&Uo E 

tf^XCD@#f; 1 original ^7X®WM2: I*] DT6 o fCo E #7 XT

&m< UT^^ib(±M^^^o^o L^A^7XT(±,

A #^XT i H:^0f

3:D, SBF ®M$)!&i£%:H'£titzo
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0 FT-IRim

mma i wi/^b&Eis-s

Apatite

W avenumber

(a) GlassA

W avenumber
(b) GlassE

El 3-3 MbM:

(a) A (WE ^7^ (#$m ; ; i B#m#)
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t£0 3-7

-0.001 ■

-0.006

■ GlassA 
®— GlassE

H3-7 gat*'77 A»VE©MM*ft

0 3-6 ©#7Xg##M 0 Bl±, 7f7*£a«-f-Situ© C-SBF 

6, iSEStofc C-SBF ©S75*8Seiia 7 L& C-SBF ^©7E*iSKfiIkH«-gtL-tU

5ctw»), is®tfcc-sbf©^dia®ffl(i*tt*s«ig$nfeo
GlassA T li Af 7 X © 8Sfl5fa A5* < & -6 C 73 ft, C-SBF 4>©[Na], [Ca], [Si] lAltiP, [Plli 

«'>, [Mg], GlassE t(i[Na], [Si]l±l#mMlo|&^f^, fltj©S*B:«

[Na], [Ca], [Si]*s±iin]ilR|-Cfe-S>©tt, CAl&©7C##A!7X©±l&a-e 

£>3Ac©, SBF (p^«SL£Af5XA>6 SBF cfCSIS LT^E> 6© kSx. 6*13,, GlassE 6$ 

GlassA J; b t>^©iMl*Asffiv©ti:, 2-l)CJ;El6©k@bnElo

SBF *©4S#!H #>frZ£itrSa$5zmm£y;W'( h&Bl&ZtiZkTZt, i§r«4’©p 

k Ca Asffit)h,, ^©S@i4«'>UTV><o H 3-6 £ £-5 k GlassA T!tt[P]li«^UT^^*s, 

[Ca]liliiPLTV''5c,r7^^ Hto£t:St>jl,3 Ca'f j; o Cal"^>

Asf-l<'fe©[Ca]ASJgijpt-CUE, k#iSi]$nEo GlassE fii, [P] * [Ca] 6 6 S L, T
>\9'i hSeKUtvi^cv'C kA^A^ofco

H3-7T*dA^J;-5tc, *-7X««lia*ntSat;-3n, a'i>ltV'5. y/^-f HMASBIg 

$nt^E. GlassA■?**Mtt«/J''LTV'Eo Af^XA^CiSttiAS^SV^ kAs^E>0
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© $k#>

C SBF ££3 SBF ©WiSlttSIBSeglSffV5, GlassA leftist 1

BESET'Aft j'l' FmK&mf XRDX^f M/tftfcfflSftfco MlttC 1 Ba«EFT-IR C<fc 

f)7A9'( Ha#©*:5W&JKA^ HU*sai;£$ftfec, $£ SEM KSC-k b#>ftR©7V'Sj''f 

H§®*5ffiS$ft£<, -*, £<rStt6^£&l^ GlassE Tli, ^©aamA5*<ft-oTi)Z 
©»B8Wf«ft:ttji,?>ft&*>ofe„ eft?>©$£**>?>, SBF &fflvfe4*E»ttffffl5£As*%b 

T-S>^ei:AsSSB:$ftfeo

4-08*^^^ hflMimev GlassA SliftVcA5, Sffl#S©Ene$-(b6sSI®CflJ$-e8 
fcfflliaii B©E$*4©^-e*o^o Ei* B &#11 £ -E> kAsIRttCM« U T L $ A 

e©*j«li, x$Bt■>7y-;ve*s$j$ u, eft*5)*# •-S-teLT^ U *
FDy;vk»^fc©k#^.e.ft-5o StitiEttti&ffttt-6Ac<Z>ftli, 7A?^f F®<$*5#u 

b^oti»tti.<, &A-c#m'tt©*6#M&m^TamA#&*A6&a*5&6. ciassA ©

@&-c#mtt*5&3ai&#{t*5m6ft%<, $*### 
WttCiSftStf^XMSeSWSSTifcSekASfilHLfc,,

C'SBFli, AffliMSb Cl'f^-Vk HCOs-'f *>8file*$^$*s^-B» SrUVSlltoiiftJ; 
oTH$!$ft£, A©A#^0b##'l'^>#@&#c R-SBF ©tffgA^BJATifc&o H 21 

©ffiHr-864*r5ttffli«V GlassA 2:3: < SS&V' GlassE AlIzITSK, <©^©rgtt6Sf 
GlassB, C, D SliVTl&ltSffV, e ttf&m t%Z btltz*
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3) sbf

SBF 6 C-SBF fr 5. R-SBF C$5 V, A~E©5#«4
#7^0§il8Sfiofc„SilWl, 3, 5 E, 1, 2, 3W4«i;U;. R-SBF

k©tfc«toi4©fcto, c-sBF i, 2 ®§i: vfc« r-sbf

&V C-SBF 6Sg«*fftC'Sf#U, &«©f¥ffi£ffofe0
CD R-SBF mi C-SBF ©18$
R-SBF OT C-SBF SB2-4 Cftl'ISg U * © pH ^-fb£ WE Lfc<>

3-4 R-SBF H*tEf©pH$-fb (0.5L)

me## # s Fe R-SBF pH
(%) (ppm) (g)

1 NaCl 99.5 2 2.702 5.58
2 NaHCOs 99.5-100.3 5 0.370 7.93
3 Na2C03 99.5 1.023 10.0
4 KC1 99.5 2 0.113 10.0
5 K2HPO • 3H2O 99 10 0.115 9.99
6 MgCl2*6H20 98 3 0.156 9.96
7 Hepes 5.964 7.21
8 CaC b 95 2 0.197 7.20
9 Na2S04 99 5 0.036 7.21
10 lMNaOH 0.36ml 7.40

R-SBF

.0 O

m 3-8-1 r-sbf ague© pH mt
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3-5 C-SBFUSWSOpH&fb (0.5L)
# s 

<%)
Fe

(ppm)
C-SBF

to
pH

1 NaCl 99.5 2 4.018 5.56
2 NaHCOs 99.5-100.3 5 0.350 7.97
3 KC1 99.5 2 0.224 8.05
4 K2HPO3H2O 99 10 0.228 8.14
5 MgCb • 6H2O 98 3 0.306 8.11
6 1MHC1 40ml 1.55
7 CaC I2 95 2 0.278 1.55
8 Na2$04 99 5 0.072 1.55
9 Tris 99 6.058 7.25

C-SBF

13-8-2 C-SBF SI$W)pH$-fb

a 3-4, 3-5 SOT 3-8-1, 3-8-2 ti, &-7-R-SBF £ C-SBF HUBS© pH $-(b6^To 
C ©*£**>& R-SBF li««SIHepes £ 1 MNaOH SflH'T pH Zmm.'t&tzlsbTfrj] Ott 

fHSUU pH7.40 C1K* U C-SBF T?ttS®SITris £ 1MHC1 MUT pH 5 fcti),
KttWScfcD pH7.40ClK$UTVN-E.CkAsS-*-E>o -3* b R-SBF Tii Na #3, < C-SBF "C 

tt Cl hBfiKjSSCElSrSISt-o iS«
©ttHtrov^Tli»:«T-SS1"-E.o
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0 TF-XRD 6
R-SBF C-SBF L& 5 ##(A-E)(0#7 TF-XRD :&(%

—v^\——_y\——/ \z\__

20.000 30.000
26 C )

(a) R-SBF

40.000 50.000

1W

5D

3D

ID

Original

2W

1W

20 000 ™‘~ " 30.000 —J ™ 40.000
___________ _.______ __________________ 26 C )

(b) C-SBF

56.000

Original

m 3-9-1 GlassA TF-XRD b/V
(a) R-SBF (b) C-SBF
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»

>-

I

A /

Satoo J sorted '' '--------- 4d.ted .... .*-------- sateo-
26 c )

(a) R-SBF

4W

3W

2W

1W

5D

3D

ID

Original

irteer—'—1-------- aeteo-------- J-------- toteo.... -J—----- sorted
9a r \

(b) C-SBF

2 W 

1W 

5 D

3D

ID

Original

M 3-9-2 GlassB Mo# TF-XRD >
(a) R-SBF (b)C-SBF
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20 000-------------- '...........  30 066 ------------ .....................Wjm-------------- 50To66
26 (* )

4 W

3 W 

2 W

1W

5D

3D

ID

Origins

(a) R-SBF

i-

26 r)

(b) C-SBF

2 W

1W

Original

|g 3-9-3 GlassC#@(DTF-XRD[E]#f/<fy
(a) R-SBF (b)C-SBF
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yv

26 r)

4 W

3 W

2 W

1W

5D

3D

ID

Original

(a) R-SBF

20,000 30.000
26 C )

40.000 50.000

2 W

1W

Original

(b) C-SBF

3-9-4 GlassD^M(DTF-XRD[S#f/<fy
(a) R-SBF (b)C-SBF
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J\
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L.......20 ooo-------- ‘-------------------- 3b dod........ ' .............4O.0oo ....... 1 so ood

'_____ 26 C )

(a) R-SBF

4 W 

3 W

2 W

1W

5D

3D

ID

Original

2 W

1W

20.000 30.000
28 r ) 40.000 50.000

Original

(b) C-SBF

(g 3-9-5 GlassE^a?)TF-XRD[El#f/<f>
(a) R-SBF (b)C-SBF
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/\y( K 13 ^r'yY4 h : [El 3-10 K13 ^rv"T^*?'i h (HA ; Apaceram40 ;
TF-XRD y ^ R-SBF K 1 2 GlassB (D TF-XRD F

i
20.000 30,000

20 C )

v VV
40 000

V VI
50:000

GlassB 

2 W

GlassB 

1 W

HA

IEI3-10 Kcr^ri/T/<^^ F&U^ GlassB
TF-XRD >

28=27° &tF33°
^28=27° &U^33°

\ t <D T $) 5 o IEI3-10 (7) R-SBF f T## L/b G1 assB (D/< <7 y ^ HA (7)/< ^7 y 1;(j:, 2 8 =27°
&U^33° k°—^7##%?—

L^L 28=27° &^33°
(Dk°—^7(D j: f ^ F@W(Dk°—^7 ^ L, T/<^7^T

5„
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h) <DM% : R-SBF tiSELfc GlassA Rtf GlassB T'lt, 1 «t?BK 

ftroeiz'SEfflWKfcV'T, 26=27° RtK 33° <07 ■'<?'( b BWto t°->7 T*ii* < , 26=29° ti­

ffin t°-? #5*1*1 £ t6IC-oK 26=29° rot°-^l4!i< ft 9, 1 jHNJEt

±f 6 ^ 2 6=27° Rtf' 33° cDT/^-f MSW® t°-^ U6#>-5„

#|C 1 BSEfiro GlassA djoV'TIl, 2 6=29° CD3&V't’-;?/£'ItT'ft < , ffiKV'<o^»©t°- 

^SSSSiLfc, Rro|g$SrEI 3-11

i I Jill i

Bl 3-11 R-SBF (C 1 R ###(7) GlassA (7)g]#/<^ >

GlassA B g) 3-9-2 GlassB (7) R-SBF C-SBF
R-SBF ### 1 1

C-SBF T####l

^LTV'5o C-SBF 1 B^|^(7)
R-sBF ^ c-ssp

R-SBF %r(j:HC03X^y#^ 
C-SBF ^HC03V^>^^#:<, Cl'

Z (7)^)6, R-SBF
6
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TF-XRD \Z£Z>(D%£&

R-SBF GlassA B 1 B i £ D £A/+H h ©;*^ h £ft,

1 Hg#©%^^ Wl//b5t&tij£ftfco GlassA 2 MPal©#XT'&,

Z(D£.faWi&<Dm>£ (Dtz&lZ XRD MMM5ft@/bsf# e> ft T tl/tT* § & o o GlassC 

UT&^©;x^ wwz^b&M^ft&ytPofco V GlassC J;D^#:rSti 

©#l4±f © GlassD^U^ET'ti, 2^^1?7/^^ b@W©X^^ WVyb^&^ft

fee C©mm(±El2-l L/r C-SBF DESJ$ tl/r 3 ^ hB^CeVn:

^ftMUT C-SBF T'(i GlassA^B -£7/^-f MEW©X^<^ Wl/^£B£ft, GlassC, D 

##E-C(±A<##2fl&&o&o C©MM(±EI2-1 

GlassB ©^^^6, C-SBF \Z 1 B###©^7^-eBtCT/^^ H@#©%^^ 

ft, f©^Jg^< %6C^^#^^ft/=o c©^(i, R-SBF X
D & C-SBF (JmjfrTn$>'{ bJ&f&jfe&ft^^t%mt;b(D'T:&Z>o 

C-SBF Cft(t^ ^j:, *5te® 2-1 & c-sbf D ^E©5EM

tr^^o L^ Lf CT(f 6 ft X: "7 X # R-SBF ^(± GlassA GlassB

R-SBF a C-SBF ©#&#5%©3gtA#, &\Z§£W%fotz
tT(A&&©a##J2ft&o

Cfte>©IS^J; D , R-SBF £ C-SBF f^aiLX:zk#T;^^ h©#^&^
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A 4. #^5lzy^V b©Sa7b 
B# 3. i^mW Ca + PO4 + CO3 CDDJ&: 

——^ SiOHCOm^

Ri] .......1....sIE^ir^jjI

i5is55?x

ms-14

1. Si-0-Na+ +H+ +OH~ -> Si-OH+ + Na+ (##) + OH"

• SBF frbO U+^tzlt H30+^ Na+-f ^>^0
2. Si-O-Si + H20 -> Si-OH + OH-Si

' Si(OH)4 0Wi't "I## NazSiOg^M^o

-> Si-O-Si IS^iitlSo 

-> y7V-;i/&(Si-OH)A#^ (^7^,

3. O O 0 0

0 —Si-OH + HO —Si —O O —Si —O —SiyO +H2O

O O 0 0

• #E@_kC Si02-rich layer (7)$l n" o'

4. • Si02-rich layer %'MLX$kMZ Ca2+^ PO/"###f 60

• Si02-rich layer ®±lZ Ca0-P205-rich film

#bbE© Ca0-P205-rich film kU^T^o

5. - 0H\ zk^fb#,

• #HW® Ca0-P205-rich layer O^iHbo
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■e®±tc6v«6stijS"r^(BI 3-16-1,3-16-2)o Th, L® 6 V'BM P 

b Ca 1 ©HiSTfe^ C b^UM^tlfco H 3-16-3 (i^n?> fi«*5**o

TSSfPf , €©A*sM(:llfflfbL!BI£*fi£LTV'< El 3-16-4 T*&^&©1*

»s*BHbLT—3©*§&66)MLTV'-E..I H 3-16-5 Tkt 3-16-4 Z 9

9 , S*KMMlcffv, ¥i#%-fe®ffli:&oTV' < fcHS$ti&„ L#L, C© 

®pg-ett»"7x©as.cj;DffMiaEciivAs^i^nfco #mimeco©Tii&m©^7^sijc 
<£5 SEMBSSlblcj^TSSI-SoH 3-16-5 fflfSimtiSfcSfrtter^T hS*©ISBili 

itsiitoofcP t ca#$£d>&v@pgk#zi£n, a?snem£®c#v\ p a c&#$< &
DISHT/v^T PAsSESh,TU< kJgfoftSo H 3-16-6 KZ&-m© EDS 

CaO-PjOj-rich layer OTBfiiiS ilTV' < kitSSilSo

BUJI0SEMBSCJ; 6 ,9=7"j 9<DX-?tz7^9 H Ml*s«iS,$hr V'3*s, C<D9 5 v 9 it, 
7)^9 4 b##m#%^©C%*^@i|&l#©M#lce0f Cffl-li©B^^e>r^

94 bBtm-BrL, -o©Ak%9, Stc^mSA^IHbLTV'<1SEAS^7 y 

-E.C k*RB*LTV'5t)©i:%x6h,^ =
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P t Ca ©t—X6st6tB$n, H 3-18-4 ©*S^E#k##7yi^i' 

HnaBllfc-E)® k^BISSh-SoSuffiCv; b dBR© EDStttBb"—X i 0 * Si ©t"—

X 5666s 36VOH:, 77’i?'f h6sffMS4vCV'>s5®^&ttJP$SA(m 7fcD, #7 XKS£$it;5 

|6lT*li*< , RH^|6)6>6ESUTV'^6:©, T)*©S5®^S(tT©^

68©'t<'~FJ1©'C'tt, s®ici3(j--5tr—siiiJiinu, PtfliBJfife.

®#1CA©-Ct Pl±#ai$fi^6stif $£©@67 ©$$731=17© EDS jtttib-X

ttiPlibW^ffi^nfe, C©JSHI4, ES?i;:ffl©fcffl»r*'dX6s, SBF CSl*T3iiii6sB 

f ©Wmm(:#6sA-3-C©X:M:#&#m btt©):, 8?*4=lc^©Stc SBF Sr$6sili8L, P 6s 

$$AlRlCffttiU6c60i:#xe>n^„U6sL,il3-18-5®6f7XS«©EDS^tilh:-Xktt^,

©«, ©B©^ttih--XliNa6s«'J>b, 0 6slijn, P6s#m$fi6o $fc®, ®B©SEMCi6
*f5*T-®EStc1kor*BI 3-18-2 7ilS$:ftfc#'dxStf7©6v'®£#Jt3:5fi|g$ix&6>-3 

tzo Ch,B©iE*6s6, ©■, ®@6s6)'dX*#©B7%lb: aAst#6o Si ©t6tHf—X6ST 

BfSa-ceSbTUSnltgttfe^ttb, SB < Ca0-P205—rich film t> b < li P SiO,C

SiiJ17$l31:#;£$tosE>o #lc©BI±B 3-18-4 7£flS$Ji.fcidf;) 6S@CS1ML6:SS

®6sESSh, h3-17-4r*ae>n^,@iec#ii5$4i-t$>^i:jeflij$n, 63$©Tii©7yix

i HlT-fc^i:itx.Bn3)<,

'J'^JRBIA, 7/^-1" HfMX*-XAttNa6s*‘dX#tti1SffiL, ^CCi/dy-Ai# 

®is$n'>v*7>je6siM$ft, ca, p tsi£bT*si«7y^i h*®jst^tssb-O' 

&. c©7y^Xi b®fi8i;Ht35'>V*y;vgl4, meBmyy^'f hffM;@e©7'mB$g$;h 

-CV3 6S, KBSXd^BliBjieciiBg-eSTfcfro/ze SB <©, ©*© Na 6s9t'> b Si 6S^ < 

SinsckiD, c©#6sf®7sm&#icb-c©%^@t»h66s, EC$$:Si=]^x©«ie!iJ6ff 

6dCk6s6:'gamAa6o $fc, 7^7i h®fi£®@®«itt:li|iig-A-dX6z:fl'|!|b, Brffi 

k¥ffl© 2 7}|6]6>B®ES • ##6SA#7&^,.
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SEMEg3;k®
R-SBF ft 14, ftylftft h 0#©#ntt0*SSAs8i*E, GlassA ft 5 0, GlassB, C, D,ME 

ftfctlSIfflftSEMftftSEg, ftfcEDS ftft&P, Caffltk-ftftft t>»H,£ftfto K@E*;v-><7 
A|gBa©ff Hi# GlassA SIR B ft£©ftiSI8£ftfco kft ?>ffl|gj|(ft GlassC, E&KS#, TF-XRD 
(S#fCft£fFffi*S*k-&bfto$SftGlassCftttXfiD9|£ftfcJ:ii?iRli£:ft< b

SEM ISST-lia?* 1 jmSttiftftysftft b|@,##Eg 
£ftfto GlassEfttft XRD TligilE 2 SRgftfty^ -T bS#fflIl#rlf-i? «S,ftftft/t>b SEM
Egftlft i saft#IS£ftfto k©|g*fre> sem-eds tc ®d«j*ftffift&3®

fflfflffik bftRjSftfilSlftfc-5 t8bh5„
R-SBF »«ftlft TF-XRD l$ffi|gSk B«ftH 2- 1 ICSSftfc4*S«tt©A‘5kS 

ft6|g*kftoft.k©matftR-SBF ©Mm#&ftSaft^%%©#Mftft6A©k#ft&ft6o 
Sfe R-SBF fttftTyS^ft bmm@#ftftftftft D=ft;5kk#Eg$ftft°GlassA%ftBftlft, 
P 4#&«£ftiftllAsJFM2ft, •eft*ssaE®C#v, fiMbftP, Ca *S±H*P b|gii,+4fflfi© 

b A#m$ftft©<(#lPl^M6ftft. GlassC, D JkV E ftift Si *!a8&«©-f:ftlgiil$ 
©Sv>7,yij''f bS/bsfftiiL.^ft^SSTbbryri5?'f USMbtb< BnWEg^ftfto 
k© R-SBF ftBl^ft, JCftSfty^ft h JIM®ISft-3©fttftMftftiit;i>s<&Bftfc-5o

-A, C-SBF fttftryli'ft bB#©#ft#lggm#@##, GlassB ft 1 EftEg^ftfto GlassA 
ft& 1 E#*"CES$ftTV'5o GlassC. D. E ftlftyys^ ft b©ISSliBESftf. P CSUI 
6 tfcili S ft* ft o ft „ b ft b, GlassC, D RV E ft I* v V * ft Jlft® $ $ft&kk ftKgft S ft „ 

Giassc i asg-c-y v *ftyp©#ft®a$ft,f ftft#i%
ftV< kkftilS,$ftft» ftft GlassB ftift 1 C-SBFftlil BiMEEftTy^ft big
SftffittilhSkkftB, R-SBF ft D C-SBF fflftftii<yyiftft b k k t>ftsg£hfco
k©|gmift TF-XRD CftagMSk-gtb, TF-XRD ®SrkH«CH 1 ft S ftIMtt #14 k -graf - 5 
|g^ k # y) ft o

kft5>©|g$ft D , R-SBF Sft C-SBF ©S*®iiVMCjBHft^ kSxBft37y^ft h® 
S©lS©ft SEM-EDSEglkftoftitS5$ftft„ C-SBF ftlftyyiftft h®/?JoabIft SEM Eg Ik ft?
-cm*©#aigftm3Bftmeuft©6kk##g,$ftft. sem-eds &m©ft#maift@PirEg
©&;###? ft, ry^4 bigmfta&#mt:

ft*gftfc£kkftSI§g£ftfco

■ ;>j ftS3kkftf5E£n, TF-XRD ©sbflftk b
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R-SBF RU C-SBF 3-29

R-SBF0.008

0.002

-0.002
-0.004

-0.006

Glass A
Glass B
Glass C

—Glass D
—Glass E

(a) R-SBF

C-SBF0.008 -

0.006

0.002

-0.002
- - B-0.004

-0.006

(b) C-SBF

-j3” Glass A
- o- G1 ass B

Glass C
- <- Glass D

Glass

LU 
1

(3 3-29 R-SBFC-SBF
(a)R-SBF (b)C-SBF
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H 3-29 R-SBF, C-SBF 4±C GlassASW B ji ? 7.<DnmM>l>m.\ti3 ?
XfflIKCISISitflIU, GlassA8^©«'>*6s*<*oTV^„ C-SBF 11± ^ 7 7©mai:itM

r-sbf c*it3>ee$ib©«e>o$ti:*$v',td-e$>3><>
R-SBF J; b t> C-SBF ©**sffiS9faT-«*T-E> £ kOTtigSftfco Ctl 

ii»7^#«m© C-SBF Cl-6^<StrS®««©)g?$-t-$l5&to, 711/* '!#%©#*?& 
3, R-SBF J; D V < &3>C kfisjiSBT-^ k@t>ft3„

C©*77A>6©Stijt::J;b, SBF tfaffl-t'^ViggA^-fbU 7/^-1" F0@#glcMf 
6S»6CfffflL7y^'f htflMSit^k#* 6>to3>©T-, C©»7XA^0Sttiii7y^^ h 
®fi£CB96s*$V'k@*>n3, C-SBF T-ttGlassASt/B 1 ®®©^l:*t < f
©it»J>LTl'S. C-SBF CAl\-C@mi@-C#7 7^6©me'^#mT^Ckk, C-SBF ©5 
*57^^-< FflMtfjaV'CkttfflMbTV^kJgfctiSo 

*77f$:9-#SBF 4^8ttiih-5Ckti:, 7/^1" Fm%©*@%BBk%c-CW&#, @#l:
j;3,ytf7XlM©$'fbSr$D3Cktt, ifefriPntiffOT©^SSVWStottk LT^ttW© 
*#sst«fe3. p &#/vX:em{b^7 7©<k-5»iK^%©m^#mm&#m-e$6##
©&I4 *fe i&SE k ©k>ti 3) o

##kLT, ^H-fb^5xcov>TEEiUfciE$&S^SiW:»T=
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R-SBFC-SBF tC 5 <Dlf 7 U & V tfcj Lfc&<D SBF rp<D Na, Si,
Ca, P, Mg,

(a) TC^SU^ib 

[Na]

R-SBF

(a) R-SBF

+ GlassA

—*— GlassB

-*- G1assC

GlassD

—V— GlassE

♦ turn

- C-SBF

m iso

00 10 30 50 1W 2W 3W 4W 5W

- □• GlassA

- 0- GlassB

-A GlassC
.... .. X GlassD
~ V* GlassE

—4— turn

(b) C-SBF

g| 3-30-1 ### SBF Na

(a) R-SBF (b) C-SBF
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[Si]

1D 3D 1W 2W 3W 4W 5W

GlassA
... GlassB

-hr- G1assC
GlassD
GlassE

(a) R-SBF

G1assA
- o GlassB
-A GlassC

GlassD
™ v-' G1assE

(b) C-SBF

0 3-30-2 mm. SBF * © Si 'f» >SS© tib

(a) R-SBF (b) C-SBF
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-f'
t (mM) 

'f 
ir (mM)

[Ca]
5

61assA
GlassB
GlassC

— GlassD
GlassE

❖..

(a) R-SBF

- C-SBF

3W 4W

GlassA
- o- GlassB

GlassC
"" x GlassD

GlassE
..♦... m

in

(b) C-SBF

13 3-30-3 ### SBF Ca ^ ^
(a) R-SBF (b) C-SBF
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R-SBF

00 10 30 50 1W 2W 3W 4W 5W

(a) R-SBF

—Glass A
—*— Glass B
—A— Glass C
#.. Glass D

—v— Glass LU

C-SBF

10 30 50 1W 2W 3W 4W 5W

(b) C-SBF

- m Glass A
- *- Glass B
-A Glass C

-♦ Glass D
-V Glass E

El 3-30-4 SBF 4=© P -f ^>8S©$-fb
(a) R-SBF (b) C-SBF



[Mg]

GlassA
GlassB
GlassC
GlassD
GlassE

(a) R-SBF

C-SBF

1W 2W 3W 4W 5W1D 3D

(b) C-SBF

G1assA
GlassB

-& G1assC
.... :> GlassD

GlassE

♦

|g 3-30-5 ### SBF Mg < ^
(a) R-SBF (b) C-SBF
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[K]

—0— GlassA
—*— GlassB

GlassC
— GlassD

_jy__ GlassE
....♦.....

(a) R-SBF

C-SBF

1D 3D 5D 1W 2W 3W 4W 5W

- i::> GlassA
_ Q. GlassB
-A GlassC
— <3k GlassD
_ ^ GlassE
❖ i+Wfi

(b) C-SBF

0 3-30-6 a*ESBF
(a) R-SBF (b) C-SBF
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pH

2W 3W 4W

0 3-30-7 SBF © pH Elb

R-SBF k C-SBF etc, [Na], [Si]tt«*0, [P]l*«ll>U [Mg],
•rfctffcfr-So [Ca]tt R-SBFC-SBF Triiiiiffl LTV'-So Hftfe©'!'E>ejg©E«J 

Si, Ca©*-7XA»6©iSiii, F®J$Cfl]V'"=ft-E> P, Ca ©iS^Cjg
Hf-5o COttAOtt, C-SBF y
y^-i- ca6sS’<saiL"tv5t)©k@tin5=c© SBF©@M©au
l*»«E SBF © pH Elb C t> $t> nr V' 3 = 0 3-30-7 CS L fciSXC * -61:, R-SBF t:tt pH
@uy>* v®«ic, c-sBF ? a pH b i: L T v \ a c k & a. c©pHE

F®fi£cs?e6L-cv.sk@fc>n3<,
[Na]ti, ES2m£-e®@|lg-e C-SBF ©SAtiliflUTV'S, C W* C-SBF A#K#%)g*© 

R-SBF *s pHpSt; lMNaOH £HH', Na ^UjSirc-ifc-Sfci&tfEy/tP6© Na 
©8tiH©MiBs9Xi£i$>3 ketotic R-SBF -mgflHS 1 iasg*e.rStt©$>-Z>16$&a'ti'TV^ 
C.k*s03-30-1 C©illn)tt[Na]^lj-e»<, [Si]t;*JI,?>tlSo

yyl^E [P]&IF[Ca]l** SBF ©**%#$, b , P t Ca ©Elb#*
*sa«UTi'-So Ca©^lbli^7X6^0)Sme©®SAs$>-67cto, P©^A^yyi^i' HIMS 
SB*Lfc^l66 VrV'-5kttSilSn^o R-SBF Ttt, [P]# GlassA \zii\,^X-&(Dm^XW,’Pt 
-5(i(°)AsM?>n-5o k©fl[=!tt, 8##1 SB jib P&#6m=#©P#8#mk*(c@L, 8 
Sttyyi^'f F tfNM^n-tV'ofe SEM-EDSijiSXkfc-Srf-So GlassB Xi> GlassA kim#©M
i=iyfeo&As, GiassByam#* 5 B*e, uaHa©S8T-yyij''f fima!$l<:, p, ca©5ss
^EFbL&Ckfi, 0 3-30-4 F: ZzSfiElb C %$£> nt v 3 „ GlassC JETTi*, Si C
stre©±tci§,Bti©iWvy^j,'f h«Auiiiig6iitcff my-a niAittB s-30-4 icsy®s$<b 
k1SMbTF'£o fc/zU, GlassC M^©

- 131 -



R-SBF Tii, 0 2- 1 (DiJvXMftSCito , P 
#WW>L/7/^l' -*, C-SBF CjoUTti:, SEMES®!/
TF-XRD©ite*hl9®l:,GlassA,GlassB Cffl&igg'S-fbtfa&nfcoC-SBF T'ii R-SBF fcfi&t), 
-®©i!i^T*S4'j>Lrv'-5 io-efe-SoCaiii Ea®®fficsx^ 0Eoss$ibij:-$"efc b, 
®» f 5 • i; W tut«-5 a ^ 7 > x 11V' •& i; ^ x & n-5 o 

£i'5i">iS6©$®SSXti:, TF-XRD ® U= SEMESiB*kUSt;, C-SBF -CliH 2-11;«# LX 
$i6U, R-SBF ?l±ma##@ai±m%oX:$*&L/-Ct,\6Ck&mU-CV^o h
AMOM-S-t-Bl' *>i«g©*iJtt, R-SBF ®U= C-SBF OW&m^SM UfcSS$-Cifc4CkAsE 
fg£iifco
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stub: §«& SBF ySSStfpH SlbSiSIS L£„ XRD MK&V SEM |gg t |B|«
CR-SBF-eii, H2-l©*‘7XtofiSttStt6^M-h,^ilS$A$f56.n, C-SBF
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SEM-EDS |g$r-* GlassA Sft'B ft Ift 1 BBftb 7AXft HS5H©4fi8»sBlg$ h,7c= GlassC 

~E ftfft-> V *br'Me»!)fMSnTV'7coai*^ SBF ©ft ft >zS6$fblft GlassA Sft B ftftS 

< , GlassC~E ftlftlftk/vk'^'fb&$$%A^to C02#HST® C-SBF fttftIH 2-1 tC/T^ft 

£ 7 XIfllSttStik —$ ft 3 $6$ft $> o fc „ ##©*a^A^G, CO2 SHST© C-SBF ftli

RSBF ftb txftftft bUMitfttfjifte tftmmztifzo cosSbsvf© c-sbfa?*fttft, 

ftxxaaaftpH«tt(c*fbc, *7x®53-©!§m*s¥ft2>fc»tsfcnso

4-@©mtcJ; b 2 aa©E16H*r$, R-SBF *ft C02#HM,T C-SBF fflStftffljiftftft b , 

TAP'( HfMBE 1^S&-3¥1)6S«S5n&o c© SBF ©#a©a©t:ft^7ftftft b®

a#R©aa@ift©#$&#i< b, sbf zmtztzta.
at, SBF ^©HCCVft ft>A>G C02 k bft©ff X., pH $lb$: Wlft 3 C k 6s RTIBk

%x 6ft-E>o

BRkft6##©lb*##a&#mft^Uft, WfflliP^*s:SV'k©diyft£ltft&<, ffiSft 

SoiEBT-BStttoifcSTaii/MlS-eifc-E.o Sip®&l¥ffi!iPs8£ 1 ®IHWl*lk bfcBb, 7/<X 

ft b®aiae^f©Bma&tf7/^i' b#©##@#, esmk Rue© $> sti$

®!$ti#4©ISiRAs>Rto6 ft 3» ft^SfMtbfc 5®S©;ti'5X©iii6$>e>ti: GlassB tfllTb 

4 kfiSSftfco IkST-ii GlassB CMft3tl®& $ kto^o
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R-SBF RTf C02#SMT CSBF (^EEL/t GlassB <D TFXRD

m 3-35-1 R SBF E#(7) GlassB <D XRD >
hm%)

20.000 30.000 4 "" ' '^.060“ L 50.000
26 f >

4 W

3 W

2 W

1W

5 D 

3D

ID

Original

® 3-35-2 R SBF EE<D GlassB (D XRD ^
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) A
!\ /

y

t

28 r )

2 W

1 W

5 D

3D

1 D

Original

H 3-36 COzSHST C-SBF #?*<7D GlassB <D XRD 0tFy ? >
(i Bg»T*r^^-c h&mm

II 3-35-1 Iff 3-35-2 It RSBF X'OmVi'*? 1 ISIlfliMIICjoV'TT/''"^ h H

t COzSBMT C-SBF UlftfltCfc GlassB <D XRD 0
3-35-3 IC#f. 7/<^f h0*(Df h/v^ 1 0a?»l?SbivTV'5r 1:^1

ttESjlfcc

rroest 9 GlassB Srffl V' /£ C02 SB-KT C-SBF Si* |C& It -5 XRD K£Z>7'<$X V ©W 
Sit, EflOT-W 1 aUSjT'+^T'fcS COaSH^T C-SBF SrfflV'ife GlassA fit
1 H a#(D b°-^ %)K GlassB IC^V'f t@*Bf (D#S^S#f&6 Z

R-SBF SrfflV'fc GlassB fcOEEtCjoVTIt, XRD 1^#8t
1 yFM^»f4ic/toTV'2>r Ei»wre 1 aw*s;

WfcrnmcoB^it, witttw»W£fro;y
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a=77.mmm^
GlassB ?©1g*£0 3-37 CSTo

-0.001

-0.002

-0.003

0 3-37 R-SBF m? C02 SBSVF C-SBF *?* t j; -5 GlassB ©

R-SBF
C-SBF

mt (n=2)

0 3-37 fflteScfc 0 , R-SBF St>'C02#HaT C-SBF *?> icon, f©

■m(i«'J>UTU<„ COzSHST C-SBF T-liai* 3 B $T*©^©#**^U <

ESS V, R-SBF-C-Ei9)o < D L2mxELX:Zo 

C C02fllB«T C-SBF © pH /tM^XSilEKtt^titCSfbL, ^7X6^©SttiAs¥V<»

zt^xzn, ^7xag©#'>*t7KWL.ri'-Bk#^.6tt5= r-sbfts,
pH Ufl|t*-(b'r-?>fc©,^5xA^© Na ©igai^WiSlsnTv^c ft£„

R-SBF C-SBF lijjh.6, SSiSm© 2 K#l@-C©f ©###Em <
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H
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(M

g,
K

,C
a,

P,
Si

,p
H

)m
M

mm# SBF ^ a- y mm&r; pH

GiassB eei- 3.3s ^^-rD

_ R-SBF

- V ' J^7- - V -„ A7- - V - -V-

OD 1D 3D 5D 1W 2W 3W 4W 5W 

(a) R-SBF

— V — pH

▼ Mg

K

Ca

—A— P

■ Si

C-SBF

160 s
- V -

OD 1D 3D 5D 1W 2W 3W 4W 5W

(b) CO,

HI 3-38-1 GiassB EE# SBF f pH mt
(a) R-SBF (b) C02SfflMT C-SBF

— V — pH

Mg

- A - K

Ca

P

Si
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- R-SBF
- C-SBF

0 3-38-2 GlassB tMJtlt SBF ffl pH jSHt (N=2)

R-SBF T-li U8l9&8ai: UlNa], [Si]^tg*Db, [P], [Caltt 5 U6to, 1 IS

H=1: D «'> A5# L < & & c i:#568S Fife o cWi R-SBF tpT-ffl*-7Xi§tijAs 1

=t b , y F 9 —

ttsn, Tiff'S $fcpH©^ttiiiginffliRitcfet>, -e

©BSttCttSTOHG-ogAs^Gn^o

CCbSBflTF C-SBF T-tt, [Naltf 1 Bailfcj; ^©ftJittbTffl-5©

k»!BlgSilfco GlassA ©#©#mka=%%.C©^)ClMbTI±#M^^g-C$,^Ab

[Na]©iSial* R-SBF J; 9 t>8!8'e$>3 = cntt C02#B«T C-SBF AsSeS«"Cfe3 ffl k £ <£ 

36fflT$>k> A = fflffl/ztolCalliT^k j: D

to, [p]©«'j>c6Mt3e>t* i Bailr-Jgip-r^o co2jfBfTF c-sbf r-ia i g-eor/^'f f

®B£AsttSSn, 1 BW.^toSWalT-y/^'f GTV'^C GlassB C*©T«

fg^nfeo pH ffl^-fhli 1 Bt:«'J>U ^©Elil$S-$fi6i$oTV'-E,o 14.8kPa ffl C02 # 

BMT-e?*iK#(:%?7ffl^^to-C&D, ^©BS6ttfivx„
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TF-XRD BtfrifcS:

TF-XRD &yT!: /T<f

A
/V

f \ 
/1

R-SBFCD

46 00020.000 30.000
26 <* ) 

(a) RSBF

50.066

(b) co2#h^t c-sbf

OSBF®

m 3-40 R SBF RXf C02 C-SBF 1
(a) R SBF (b) C02#fflMT C-SBF
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3-9 R-SBF ©R3H6
(R-SBF) Q ®
IS # 1 2 3 4 5 6

ee$ib(g) +0.00016 -0.00006 -0.00090 -0.00091 -0.00075 -0.00103
pH 7.65 7.69 7.60 7.73 7.91 7.95

[P] (mM) 0.381 0.367 0.328 0.666 0.748 0.908
[CaKmM) 1.91 1.70 2.01 3.10 2.81 2.80

(C-SBF) CD
IS # 1 2 3 4 5

M$(b(g)
pH

-0.00270
6.80

-0.00215
6.78

-0.00221
6.78

-0.00236
6.79

-0.00228
6.79

IP] (mM)
[Ca] (mM)

0.706
3.28

0.633
3.27

0.699
3.21

0.701
3.38

0.683
3.29

H 3-40 ffffl SBF®, ®, ©li, eSBF&##©#6^#(:mKL, 1 jlffi©«ESe®l4fi:o 

fckkSSLTU-E),, R-SBF SU-'COzSHaT C-SBFftC, ®, ©, @©@-© SBF 

e.n&^7Xa#4©BStttiAVCi:»sE@Sh,fco LfrU R-SBF T-tt R-SBF@ffii§«T-x 

F@*©XRF fetlfeo R-SBF®©SEESBF ©-f *>S

gWpHtftCoUtti, P k Ca ©eSSU1- pH ©M*©e-o-V'6S'J>6:V k k &B$, R-SBF 

®®Oc©k***M(iH,.i!)6tl*A^fcoR-SBF k GlassB k©#x%$y F 7-^(BA5 R-SBF 

®, ®kSSotfe»l:r/(?-f FJI:M)&#As@F'£)©k@fc>n-2>o R-SBFT-tt6K#©d% 3 

as*s i a^a«-eiiy/'i»'f Fa#© XRF

cni;»Lr, C02SHST c-sbf -ei$, f©K-fg&s©aia&.&#, A?©a#co^ 

T lSBBSilT-TAij'^ F0W©kf—

XRD FJfM©flST-tt, R-SBF ©##% A^@F & o t.

SEM ESiS*T-(i, GlassB & R-SBF k COsjfHfTF C-SBF TJifT'f h

SS«F*©«M-ttiSSfflBigC R-SBF T- 1 j@IB, COsSHSTF C-SBF T" 1 Bk^3*g&##

MtnAco cossamr c-sbf ### 1 aBB©Af?x

sib©xrdEijffiMS-c-, F0#©^^.<? F;vAs«K;$n^fetok%Ae.n2.o
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4.3.2

(l) t F 0A#C# Ul#^-r

1) ^#7^^

m. 4.3.2-1 izmtm D, tF (Dm^ ^ ZoC, m 4.32-2 izjr.tWM t
m.CD^fWMM&##a/JC^FCL/s pH £ HEPES (2-(4-(2-hydroxyethyl)l-piperazinyl)ethane sulfonic 

acid)&lT lM-NaOH 7.40 C##f 6 CbCj;D, I-SBF Efco ^ I-SBF 10mL£\

im 15ndL polystyleneECAtlWSt U 5°C£tdt 2>650C\ZU^tz.^M^\Z^X 8

Mf3^ L^o
I-SBF (D pH, tlSMH tTXVCICP)^^ 

^ > • pH y IM-55G)t:ckD#j^L^o HC03^:t>SJg£

;£#)3ECti:, ^^—C J; 5 co2©SJ^fiiC-oi^T"Fsd(D¥E^^D co2&7k
1 CM L 0.592 <DVm?CV:'feMtZ> bE/SLfco

C02 + 2H20 . HC03 +H30+Ki= 4.47X10 7 

HC03 +H20 . C032 +H30+K2= 4.68X1011

I-SBF & 3 [g## U ###C 3 @aij^ ¥&If®

4.3.2-1 b hCDSIt, C-SBF, R-SBF WCf I-SBF <ZH ^ >S^

*S/mM

JflLft C-SBF R-SBF I-SBF±m

Na+ 142.0 142.0 142.0 142.0 142.0
K+ 5.0 5.0 5.0 5.0 5.0

Mg2+ 1.5 1.05 1.5 1.5 1.05
Ca2+ 2.5 1.33 2.5 2.5 1.33

Cl- 103.0 103.0 148.8 103.0 103.0
H0O3- 27.0 27.0 4.2 27.0 27.0

HP042" 1.0 1.0 1.0 1.0 1.0
S042" 0.5 0.5 0.5 0.5 0.5
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43.2-2 C-SBF, R-SBF MI I-SBF

star *** _
mm

Wat
C-SBF4 R-SBF5 R-SBF5

NaCI 99.5% 8.036 g 5.403 g 5.585 g
NaHCOa 99.5% 0.352 g 0.736 g 0.965 g
NaaCOa 99.5% - 2.036 g 1.765 g

KCI 99.5% 0.225 g 0.225 g 0.225 g
K2HPO43H2O 99.0 % 0.238 g 0.238 g 0.230 g

MgCfe-HaO 98.0% 0.311 g 0.311 g 0.217 g
1M-HCI - 20 mL - -
HEPES2 99.9 % - 11.928 g 11.928 g

CaCl2 95.0% 0.293 g 0.293 g 0.191 g
NaaS04 99.0 % 0.072 g 0.072 g 0.072 g

TRIS3 99.0 % 6.118 g - -
1M-NaOH - - 0.75 mL 0.75 mL

1 mmizmu
2 THIS = tris-hydroxymethyl aminomethan
3 HEPES = 2-(4-(2-hydroxyethyl)-1-piperazinyl)ethane surfonic acid) 
436.5°C^TRiS&tXlM-HQ'TpH 7.40lC<|« 
536.5°C-eHEPES&i;iM-NaOH^ffit'rpH7.40lZ||«r

2) msam#

m 43.2-1 Mfm 43.2-2 £, 5°C^ 3630CtE^C)E^i^ LXi I-SBF ^>SJS

£^1“ o I-SBF<7MtTt h b(DA#&TbC-SBF&I7R-SBF(D^'t
I-SBF C-SBF &CT R-SBF

bl$tEl5]b<, l/WCR-SBF 0#Abl5iK i-sbf Ox;

Na\ K+, Mg, Ca2+, Cl', P Ji, 5°C, 36.5°C0^Ttl©^#^^^^T

& hco3 BJM 4 V, pH(±4Mbl#±#

Lfco Co LX: 4 MWk(D HC03SS©f&T, RZfpH<D±m£, 5°CX D 36.5°CTS

-ofzo
±IB HCO3X ^6 b,R-SBFJkUI-SBF ^©HC03"

-f 27.0 mM < XiC02EE£^R 15.0 kPa Cj^AX:

R-SBFI-SBF ## HCQ3 (

^hco3e^>®j^

4nxw-m^e>mmmimcD ph®±mmhco3x*xd

ccD^^b, r-sbf Rtf i-sbf 0Q%^x<Dm§nm$mm.
4 6E60

- 150



4.3.2-1 
3 C

-SB
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R
-SB

F
 W

II-SB
F O

jxM
W

J^ *

SS/mM *Jt/mM *J$/mM IS/mM

T-PP
WWW

S$ / mMConcentration / mM

o-|—A-LJ i L

room
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(2) £ Z> C-SBFs R-SBF RXf I-SBF ©-f ^ >?lg©^fb©f¥f0

1)

^ 4.3.2-1 i:^1X 4" >#j^iC# 16 Z 7 i:, E 43.2-2 i:^f##ha©##H^#&#^2K^ 

iC}§$? U, pH $: IRIS (tris-hydroxymethylaminomethane^.V' 1M-HC1, HEPES

lM-NaOH 7.40 iClJIM'r^ChiC.kD, C-SBF, R-SBF MF I-SBF Lfzo Cft£>

© sbf&g#o.22pm ©B«§®L£Wt‘3tf V 7Xi/>7;v7vi- >1£©7^ 7 n 7 >r

“ftfX Millex®-GX, Millipore Co., USA)tCjiI Ltzo
v>f 7 d 7 >r;v^Sj1£©111S^© sbf © ph, tcHO^K 4*>}IJ^£\ 2.1.1 iclMb

TzCDhU SBF 7 D 7 ^ ^##(SEM)i:

2)

m43.2-3ic, v^7D7^;v^icz^^AM##©c-sbf, r-sbfi-sbf©tlSXUW

:t>SS£^t"o C-SBF, R-SBF^ I-SBF 0V^Ttl© SBF iCOV^T^^ 7 U 7 >r ^ iC<fc

© SBF #j##ic^T-r 7 D 7 -r

U_b©i^M&6, VT^CDBS^:Btohf^)7d7;v^MMic j;D> sbf©

d- C h X:o

(3) C-SBF, R-SBF MI I-SBF ^7 ^ h ©IMX^Sia©!#

1)

5feic Kokubo m#©##^icm#L^

SUM 4.6MgO 44.7CaO 34.0SiO2 16.2P205 05CaF2 ©^^7(^77 G)&7/^7^ h©IWJ 

hU ^V^l/7^1/7^1/—h(PET)^#$:T;^^ hM©SibU C-SBF, R-SBFJ&3I 
I-SBF cpr'TS^J h££j%£'&fz0 HI 4.3.24 \ZmtXol^ # SBF 20mL V 7X1/ >#© 

EtCAft, f ©jgiC#g 150-300p©^77 Gig &##), f ©±iC PET^#&#K 36.5°CT* 1 

gFIEHEU ^©#, © SBF20mL

iC 36.5°C7:\SBF % 2 6 Uf\J
h^Am©PEr^mm@^#mxm[m#(TF-xRD).

(FT-IR)^'SEM iC^DIi^o SEEBb^y/^-f bOfoWl

If 0.05M©7^;i#*## V 7AX#^i:#/(PU im##©Ca, P, Mg, Na^IFa©7C^[F

J X >BS£: ICP RXfj t > -PH7—^icj;D^JSU t'©IM£^r V£o
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r C-SBF

G

C-SBF 
R-SBF 

L_ l-SBF

| =- SBF (36.5°C) 

7/^>r h
1

PET**

1 B 6B

KDfiES

EI4.3.2-4 HIM

2)

El4.3.2-5^U:E|4.3.2-6C, C-SBFx R-SBF^I-SBF&m^T/W#

7/^^ HfM^^^^#(Z)PET#M#@0TF-XRD;^ —X FT-IR7^F;i/^SEM^:

l&cFflZi <3.

M 4.3.2-3 X ib###0zk#7/^-r 5, #7/t^H K &i5m3 C-SBF, R-SBF^'I-SBF
C-SBF #7/^^ hZ

Ca/PM%L R-SBF ^ I-SBF

^^^^^7/^^ H±#C, #7/^<

R-SBF^IFI-SBF(1 C-SBFCtb^x C

^,6(DSBF^'r^^fl67;^^ Hd:, #7/^^

#7/^^ 6^1,60
L^SBFl^ f

'i h c }i'hv7f1yi~2> fzo

- 155 -



4.3.3

(1) Bf^Hg%©Bto

7r'f >t53 7 7X04ftattii$ci)t)^tc.koTffesnTv^o ltH/C©

ttt7 3. 7 77©&#AT©#B#&^b& in vitro T fl$ LH 3 *8$ k V T, t h ©Jfll 

IgtlEtEI!? LV W is- >Sg&#1"5EW*l$(Simulated Body Fluid, SBIJ^JBlAik in vitro T" 

©IffflTdS&ilVziLoo&So #B5ifli7 7'f>t7 3 y 77©f#o#ii6£'ti(£<*?S

in vitro #

k*^6fiTl^t5 3 y77i:cvrct#:a#&#a©ee"t4x *:##% 

t&^CT invivoTraffiiiil,, in vitro if fifll t.ftfk U, in vitro af ffii©§ *14^ 5. IE L, #^'nt4

©*<*1*1 if a * -s ff*a t ix mmmmt £ n $ c i: & iti 11 z„

(2) ¥fi8 li 4f60e%6£S£<kire@;5
HS6I2IE in vitro T-i*Vt4*?gtt4SftofiE© Na,0-CaO-SiO, *57(*57 A : Na20 

25.0%, CaO 25.0%, SiO, 50.0%) * 'f.ffrStt & /r; $ & l -#M© *57 E (NazO 15.0%, CaO 
15.0%, SiO270.0%)£fBlAifco *gg©**6 2#7R© Na20-Ca0-Si02* 5 7 7" V — h 
#MA L, ##4@, 8H71K0 fti L, 5l*SiJAstiS^(DetachingTest)Cr#J:©®^

g&mmu, semes, *$m«#ES, ##tAi/-y-mm*ESKin#k##©w
B©ES&ffofc„ gl##j^LK#?li*57 A*^*5 7 El:
ftS/flfe. SEMES7rtt7fy7AliSJ®aS^U#i:ilgiS^tri't*s, *57 ET- 
li#k®%Bi:tn-6@6E©yfc<, ffStSv -tf-EStiEEST-liBHtlitM-tfyt 
tSS£ftfcE£###*e>*5 7aiBt:|iW-mgUT*b, ®V'#EttSS5UaTvtteo 
*57 Ali«77 E l2lfc^T*SCMV>#k©iS'n'^eSSLS:f)©©, ##*B©## 
fte iIFJ»uBEftiemiMl:i D k & o VA^LHStotcflto'r-Bi:
in vitro ©IflSi-StSlTSti .£ in vivofr©&alEk&o7zo <v'[u]©^!l$t:ffll''7ii"5 folblfiTSfliii 
##l:i#i\*#g»t5 3 y770&#a@&*#%Cif#&T^@^li* in vivo If (i A
S©ffi^t€xtni5o 4>&:©i7&tto©4*i*i*¥to}g;»3li6&;$mfb7:$.$>*

l) #m#m©%*
§i*M*5ua^-ctt, mam%i:iif^T©»>77F##k7f7 7©#m-c#jA^to

failure load li, ®77Aff. *'57 EH, f flfflia* 0.57+0.52, 0.03±0.06kgf, 8® 

T* 0.81 ±0.47, 0.12±0.18kgf k#57 Al¥AsW*t2iWWii6^ U£° 4 j@H, 8@Hkf)l: 

*57 A##k*57E#im(:p<o.o5Tm:t#*)#mm$m©7c. *57 ahsiaofiii
Bioglass8a©®i Dfil'ft©©, Si02*5 7 8®J;!)Sl'lSil7c0
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2)

tt©a&gtffi&£ftfco TcSfl-ff-e Si 6#<-attS/£Sk Catp 6S-<StiS<6»6s
kftSOKitiJlMeiiT, p‘3@c^<©*85 

SfeSlSgfflg^tt 4 aett^T 8iaT-tfcClJP<%^(ilPlt;feofeo -*#x
x eT-tiu fthlieSiSir-ti-fol^ac
tt$U*6J*61gK>/£:„ $&#7X A-eEgtoteMBJltilgto&itPofco SISfJ^LIS^^ 
©:#5x3eB©KS"eti:, *?X A?id:*xX*B0a©#Ll#l#Aim<A6MX:A7 
7XET*tt¥»&5tf7XBfiMm$h,TV^= «±©fg*J; 0 #xX Al;miA:£*?Sti& 
7; LTUfctf^xaBmaseeEiltttffiifl Vs tfxx e T-tt#E«ttttiS©rc*©
©4»stt & s $ & v 7 k#w.8ltco ifc*fiaiiitii#7 2aia#k#gmm 
6^-STaSiBirVTV'fco VA^L»7X$BniS’<ffl*S*sE®Bnfc» cw±g|$ 

M#LSit!B0l$;i63vl;ito®13mMtC£b*t)©k@t>ft-5o *?X E Tli#k©# 
ft:»'ft9W/!isMlti'fco y-KaiiitttiJ7 2 A, #
7X e att:#7Xk#a©i@(:m7t#@f-5$<©#&#Mm$fk 7©gotten 
6. X ©*t4^-r * ©T*S> o

(3) 12 ^SOK^ItH

[S8S6 i] 11 tffii;aAlfe«72(«7X a k E)kfc»M©H&3 3 as©
Na20-Ca0-Si02 ^ 5 X©4ffffitt 6 B bSI@toiST,*7 xk# k®&Simgk, i)7Xi 

#k©#B&m#$KK:#m u, in vitro T?©ffekite<itEfi-^,

1) -Y>X5>h

2 93®© Na20-Ca0-Si02 #7 X 7" V — h -5 (15X10X2mm)o
d)S7XB: Na20 22.5%, CaO 22.5%, Si02 55.0% (mol%)
®H=J7, C : Na20 20.0%, CaO 20.0%, Si02 60.0% (mol%)

<3># 7XD: Na20 17.5%, CaO 17.5%, Si02 65.0% (mol%)
SI 1 ©IMHO*"!! in vitro "C ©7X1 £7 hSfiKEIi A>B>C>D>E 7?$i-6» #5XA 

*6 E ©#W#W?©7/if 4" h Slit; 7 Hi ini 6 S 1 (2/7; 1%

2) ####
fti2.8. 3.3kg ©J5£M*6fig5&£filV>3<, SKti* >7'#' —IV 0.5mg/kgMi*lS-¥ 

Aj;7f-7^7-11/ lOmg/kg S5|£|l*lK4&flH'', HflfrUi4r7D*7 7S?i*fVTKi»6ff 

9 „ K#i£e##iS® C i*l«SH#4 15 X 2mm*©* $ £ tci? > >? )V K D 11/ ZM1 'T P5S 

V, €©$BSl2HS*?,o #7XXV-h&#*©#&%&#< Zoic 

mmBK?RC#*f 6. Jf#ttMWE#t;«bTfT%o i*4SJ3J;Ot8iS?M4a 
ToMSU(H-24®), XV- h 6St?H#ffitiSIS6}6tii L, gi»MA:bK#m7##*6.
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SiOz O : Apatite formation 

® : No apatite formation 

® : Dissolution

Na 2O CaO

m 4.3.3-1 Na20-Ca0-Si02

4.3.3-1

Glass Composition / mol%

Na2Q CaO Si02

Induction period for apatite formation

Apatite formation / day in SBF

A 25 25 50 0.5 d

B 22.5 22.5 55 3d

C 20 20 60 7 d

D 17.5 17.5 65 21 d

E 15 15 70 None within 28 d
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3)

yl/- b L, #j&StcD^£/hUT'7DV" b tm

(Autograph Model S500, Shimadzu Seisakusho Co., Ltd., Kyoto, Japa^C#^ Ltz&ffiJS. 7 "J 7
ri/— b

35mm/min CD^ □X'xy b'Xh°— b'T^5(1"£o 7°L — b t failure

load£SJ/£t*5o &tz, test— b ^ failure

load & Okgf t.'t'&o L\ unpaired t-test

n=8)0

4)

51 ^ u 3 a o

io%^;i/v v y-A/^wcu

73-L>\ZXMaLX, ft U X-XT-^MBlZ&MtZo b V—(BS-3000, EXAKT,

Hamburg, Germany)lZXLOLf(500jUm)^:W D £B LX, 73 TT: > b'^—^—'C'M'jliTSfjll 

f So tl—rf>Z]-T-J >7'fe, Hitachi S-800, Tokyo, Japan) £T#

5i%mtsLWML&vwn^M® sem n^it, >m%.,

so. ioo/zm

—>(v;v b— ML150DC)£Tfiff^U

\zxmMtz>o
###Ai/- 3 Bm^^±3 > iomg/kg l,

villaneuva#CT^6Lx f ®#jWU5j:UW#U ^ V So ^

> bV.CTWb (500//rn)&tUDmLT, \20jJimOW-^ \Z77 3 79 ^
£T$fSU ##A1/ —if—^##(LSM-GB200, OLYMPUS, Tokyo, Japan)^T^@T'

s«

mm2] %n^(Dnmxmmt^rz,
T% Detaching test in
vivo S^&^ LT, mm 1 So

m ICO Afrh E(D UVt<D 3177%: 7 )lzi L,
&%W\Zti33 100. 3OO/zmOro^Ufc^>0$:^E#^®^#XL,

&& x TfmnwRiu&zmmm^mzmm l, in vitro t tmm.mtz> 0
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1)

5 MM® Na20-Ca0-Si02 #7£(100. 300/Zm)o 

©A 7XA: Na20 25.0%, CaO 25.0%, Si02 50.0% (mol%) 

(D#7 X B : Na20 22.5%, CaO 22.5%, Si02 55.0% (mol%) 

7% C : Na20 20.0%, CaO 20.0%, Si02 60.0% (mol%) 

(D# 7XD: Na20 17.5%, CaO 17.5%, Si02 65.0% (mol%) 

©#7^ E : Na20 15.0%, CaO 15.0%, Si02 70.0% (mol%)

2) ####

2.8.3.3kgngu 

^$ Mil J&H#ES 6mm^(D* § £ £ ^ ^ IV b D

60 2m 3 m, em,

07^»)^ lOOmgEl EX^'MEMn^ b Wk 1 b##A V -1f-fz&k
b, b v £o

3)

mm b/=±m##gp^^#b, b 3 oo

mzmzftnoojum-ewdmt*0 tuDmb^to#-&4000b^—

ES b, ik^—T-jyPLfclt, A S 5i S ^E (Hitachi S-4700)&^lX Back 

scattering image Ctb £ tb#?Ll*JiiftM?2(£>ff

OTlJ/£bfc)o XfzW.10#C SEM-EDX IZX&TtMfrfiT&iJOo
: %$fc 1 t D m b, 80. 120//m $

£ O
©## A b1 blri]#(7)A&T: villaneuva^6 b/2#(C%)A& 

tUDmb, 120Adm b, ## A1/ — tr—^#a&#(LSM-GB200, OLYMPUS,

Tokyo, Japan)HTESt*^o X b * V >A

<%£#^0bb$^#m b 5 &o NIH-image V7 b

£o

(4) ln^

[^mi]

1) ^(##U^bg(#(#e:-^-b»
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b, c, d teu-fft-MS
in vitro ^©yy^d' C titl: t &fro £o

2) $&##%##

A tmmimm-zfot), gi##j^u^m-r oepm^M^-r

2]

SEMmmcjsin: s @#0^yiws#

^ ^ # 4b m 'gm-f u 7c«

(D 15i"£<7)ES :

/Zm $r£#^Jt& 1200/Zm(4. Slayer)!: &o Ac o #?LW

gP!!(±#^#(j:m^^Al^^o7c^ ^7^C(±^2. 3/ZmCDM^#^##^AlA:o 

^7% B; amgpt:4b^^#^#(j:m#^^%)(p^^o L^u#fLamgp®m 

#%::##) io/zmCDMUi/b5ES£tiAco 

^7% a D. E; 

tl&frofco

(B 2^(D##

A; 20/zm cj&

A5otlA:o 'M&teBf&$tlfz'^&JPJ?$L%kLTi^fzo ff^#i!J^(i 3000/Zm (10 

layer)!! $>o o

^7XB; 52B7P e>#A5$r£ Ulto'iiMti: 1300/zm (5 layer)!: fo o Ac o #?L4ofr 

gP^\ ©#ff£ (i £ tl & o tz o

C; ft] llOO/im(41ayer)£y0#ff£Asii^£tlfco 

D; ^ 800/Zm (3 layer)$!:©#$:£A5ES£ AlAco 

Af^XE; ##r^(±m^$Al^^o7co

(B 3mr%##

A7!A; $5 3000/Zm(10 layer)©^£!:©#0r£o 4^l> gP <£>#&$!§ Ac A5?2S!:
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SEM-EDX \ZX Ca a P D 4.3.3-4a,b)0

^ C; #) 1000 /Z m (4 layer) 0 3; T* ©#§f£o

4.3.3- 5a,b)0

^7^ D; $J 800/Zm (3 layer) 0 £ X ©#fr£o 2S$ cr>#&J$B(0

4.3.3- 6a,b)o

^7^ E; 1/(0 4.3.3-7a,b)0

l/T l'£(12 4.3.3-3a,b)0
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a 43.3-3 §i §»w vi$®is$oEi+mff

Depth (Layers) of Bone Ingrowth from Periphery

Glass-A Glass-B Glass-C Glass-D Glass-E

lweek

2weeks

3weeks

4-5 layers

10 layers

10 layer

5 layers

10 layers

4 layers

4 layers

3 layers

3 layers

## : _kgB#4.3.3-3 4:0^ in vivo 5@#(D^7

SEM in vitro

2O//m0#W

Ajg j:^B(±Hench 6 Bioglass |5]#C Class A(D#B

'b bioactive implant T'^) b> C. dl1)%^ X.^tl'bo —^^77% C jo 42 If D

x cs d jo

2) :jpj a? 42 -?r
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4.33-4 si Lmsk&mommtfr

S^SEItS : Bone Ingrowth
m 1

mm w-mm mmmm mmmm

GA 12 11.424 4.225 1.220

GB 12 16.514 5.699 1.645

GC 12 11.131 4.188 1.209

GD 12 6.127 1.476 .426

GE 12 2.198 1.094 .316

3£:5f: Bone Ingrowth
$bM: m 1

GA GB GC GD GE

0 4.3.3-S
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4.3.3-s gi sst#

S^SSstS : XGIass area
m 1

GA 12 33.050 7.615 2.198

GB 12 33.523 10.720 3.095

GC 12 38.910 7.302 2.108

GD 12 56.085 6.810 1.966

GE 12 75.513 6.650 1.920

£K&ml$'7;77 : XGIass area
a*: 91 1

1 1 «

GA GB GC GD GE

8 433-9

±a3£ts£V!i'7 7tz&tJ:5C, NlH-image l’J; £EBI®flt3 =fc D , #?Ll3t5to-E>#

btzo
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tZo
*7XA0|in vivo t©#lr^mtin vitro XOTn$

4^ 6#&cW 12 M0#K *ll/-W >T'0 3 6 M
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4.4
4.4.1 yn*4z7 5.

SB$* t VT*5ES8I3li 2000 %-9R 10 B—21 B,A^x—^>T-|g«$h.fcISO/TC150

sc, WGS«lcB*ftaS©-AkV-Cffl)SV, TCiso
o Sfc, y vA#©A>A^—d/ K'E^docfcy'A I’—>y 0—A^IRC ©A

A-ESES&SSSLfco

(l)Bto
r4fffl77-f >4z5 5. -7A A©m#as*©«wbj c#t^#*©t#R&nmT6 m 

tEsi-Me&ffofco c©i@*©itott, vtMzmtzwmt-imibisxvm
)#K#©##&lR#f 3C RPMEffi Wb(ISO)/TCl 50(Sx Affld AAA > h)Cjo

m*'m\ E%n%c#i-^,

(2) A A * -X > T*© ISO/TC150 k<S$lK*o

• B re : 9 B 11 B(fl) ~ 9 B 15 B(&)
• 1M Pfi • A A z-—A A$lStjMt&fiJi^LR/i(Swedi.sh Healthcare Standards Institution; HSS)Homsgatan 20,

10726 Stockholm, Sweden

1) : *ffl 33, %@8, M^7 4, 7->:n—^>4, 0*3, EiW 3, £*^2,

77 >7 2, *—7 b V 7 2, 7^72, 1, ;v—V—T 1, 1,
©0t 66 £iiJto

sci,4 c, sc2,6 ^mm)

*^&7 ^7 31—Tr>^*7 h hta-Dfzo
1/2 8£, M'^^I>x-r>04

3 & (## i <, iciso

2) TC150

^@©m^©Tci5omm#^&, (m 4.4-1 #m)o

sci UH (0*77^>t7< 777#^)

sc2 ^jBure^w > 77 > b

wgi

WG3 A#

WG4 A#@0##$o#g blood oxygenators

sc4 # • rmw&fc
WGI aW©W(ft)l®

SC5 tip Osteosynthesis

(0*77^ >t7 ^ 777^^)



wgi

WG2 h

SC6 b

WG3 

WG4
WG5 J>7P7>hT'g%##$##§ (#J)

WG11 (Tissue engineered Implants)

iso/tci so
(International Organization 

for Standardization)

Materials

Osteosynthesis

General
osteosynthesis

Oardiac valves

Spinal implants

Active implants

Bone and joint 
replacement

Cardiovascular
implants

Mechanical 
testing of 

components

ISO/TCI 50

Implants for 
surgery

Tissue
engineering

WG11

Cochlear
implants

Implantable
neuro­

stimulators

Implantable 
infusion pumps

0 4.4-1 ^#0 TC150 (%####
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^0cr>

Revised program of meetings of ISO/TC 150 and its subcommittees on 11th to 15th September 2000 in Stockholm/Sweden

Group Title Monday
11,h Sept.

Tuesday
12* Sept.

Wednesday
13 th Sept.

Thursday
14* Sept.

Friday
15* Sept.

9.30 am 14.00 pm 9.00 am 14.00 pm 9.00 am 14.00 pm 9.00 am 14.00 pm 9.00 am 14.00 pm
TC 150 Implants for surgery Stora

Hdrsalen
Stora . 

Hdrsalen
Stora

Hdrsalen
SC 1 Materials Stora

Hdrsalen
Stora Hors. 
-•-Cafeteria

Stora
Hdrsalen

SC 2 Cardiovascular implants Stora
Hdrsalen

WG 1 Cardiac valves Room 4 Room 4 Room 4 Room 4 Room 4 Room 4

WG 3 Vascular prostheses Styrelse
room

Styrelse
room

Styrelse
room

Styrelse
room

WG 4 Blood oxygenators Room 3 Room 3 Room 3 Room 3

SC 4 Bone and joint 
replacements Stora

Room 1

WG 1 Mechanical testing of 
components

Hdrsalen Stora
Hdrsalen

SC 5 Osteosynthesis Rum 1 Rum 1

WG 1 General osteosynthesis Rum 1

WG 2 Spinal implants Rum 1

SC 6 Active implants Stora
Hdrsalen

WG 4 Implantable infusion pumps Sjofartsh
Biljarden

Sjofartsh
Biljarden

Sjofartsh
Biljarden

Sjofartsh
Biljarden

WG 5 Implantable
neurostimulators

Sjofartsh
Kabyss

Sjofartsh
Kabyss

Sjofartsh
Kabyss

Sjdfartsh
Kabyss

ad hoc Ventricular assist devices HSS
7th floor

Secretariat's room Room 2 Room 2 Room 2 Room 2 Room 2 Room 2 Room 2 Room 2 Room 2 . Room 2

CO

T4

I
&

3

0
W>

^r

M

9ll

Meeting (am): 9:00 -13:00
Coffee break: 10:30 -11:00

Lunch break: 
Meeting (pm): 
Coffee break:

13:00-14:00
14:00-17:00
15:30-16:00



(so^m sc^

^T^M^9-jp>yy;i/-y(wG)^m^6o s ckwo^m^rnff

ISO/TC150 %&#;# 9 0 11 H t 15 0 £frt)fa 12 0 ^ ^ 14 0 & SC t WG £M&fft>tlfco 
90110(i^^K N472revT^o:>^&^U^o

ffll^#S h,WG'SC01/lf^—CckDxC^^ TCDfSiJ© £ a A6©#^^&o fcoTC150

©U^$%y^>©^, TC285 ^03—'>3>> illl^'Jxy^ClU^

EH00 9 0 15 H\£^\B\£;M(D£b&bLX, SC ^ WG D , WV:l—>>a

> (W0) ©{M£f7ofc0

SEMSimTMDo

(D ISO 4^—A^—V : http://isotc.iso.ch £TC SC WGl/^V

&o TC150 sc 1/^;i/"C( 6

ft> ^(D'^kCD^m^mc hC&o£o

(D WG11 <h LT Tissue Engineered Implants ^ o HH UtiiEiM'l© ~7 ^1/ Yt?"J
mv/io >y^> b6D^^/tS$:EifflU TC194, ASTM

(D SCI © 1/ V V J-—'>3>£t&o 
2000^90 12/13 0lZfft>tlfco 
10 >r@(7) 30 £©^fl;b5tiKSo ##W: P.G.LaingW& :

Resolution288: 7vx>¥WsR 
Resolution289 : t^'7 7 f ##©i3c#

Mrs.Villermaux (O <b Mr.Crosbie (%) $rfi^0 

Resolution 290 : 1/%K— h

ISO/TC150SC1 a#SVtf- b N374 >^P* WV- £ t^Xo
Resolution 291 : ISO 5832-5 U

SCKiCtl^BMt^C^^U 6©NWIP

(Metallic materials . Part 5- Wrought cobalt-chromium-tungsten-nickel alloy)

Resolution 292 : ISO 5832-9 (DfeMIM V 

SCI l&Ztl%mitZ>Zt£U H^'y^^ONWIP &#Oo 

(Metallic materials . Part 9- Wrought high nitrogen stainless stee)

Resolution 293 : ISO/TC194 t(D])^J>
SCI It TC194 k© V 6^, 1^^© U :nv >m&bt%o

Resolution 294 : ISO/DIS 5833 ©$ST

SCI (i 2ndDIS & ISO [#*#$1:^6 C ^ £$fe&> (Acrylic resin cements)
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Resolution 295 : £ A A 7 A TF ” UHMWPE”

TF” UHMWPE” Dr.Kurtz (A) ©##1?3 A > h©l/ Oo

Resolution 296: ISO 5834-2 ©$tJ

Tp V—©Dr.Kurtz DK) ©l/^t—h&^A, UfcnA > h £*fi^Atlfc CD £H] 

Hll"-So (UHMWPE Part 2 . Moulded forms)

Resolution 297 : ISO/ AWIs 5834-XX (2 # : #fbo AD^^<b)

TF U—©Dr.Kurtz (A) ©l/A—h £§A> T < WD ^00

Resolution 298 : £ A A 7 A TF** A A \) ;i/-fe A > h ©#^g#”

Harper (#) # ij - A2: & D TF g^BA^S U RRT^%t:"3V^A##o 

Resolution 299: ISO16402 7^>h*Db>

TF V —A'—Harper (%) ©1/^—h&^A, #A#^%©lt#©/c^)© RRT^&#Oo 

Resolution 300 : TF ” MRl”

Dr.Woods (A) TF ^ — =r4 >PWlU~£&Mo

Resolution 301: ISO/ AWI20159-1

TF U — A*—DrWoods(A) © Uh &^A, TF < “A -f >A*©S-d < WD (MRI

effects . Part 1: Test method for measurement of radio--)

Resolution 302 : ISO/ AWI 20159-2

TF V —A—Dr.Woods (A) © V A— h &^A. TF < “A >T > ^'©S^' < WD £f#00 (MRI 

effects . Part 2: Test method for measurement of magnetic^—)

Resolution 303 : ISO/AWI 20159-3

TF ')—y—Dr.Woods (*) ©l/tf—r£gAx TF 5— =r-i >^®Sr5< WD #

•lisaw* iso vea l&i ^tr-5 /&>£**,

(MRI effects- Part 3: Test method for evaluation of MR image-)

Resolution 304 : ISO/ AWI 20160

e © awi ©jSSiBWtfyx -f yr-fe b x wd fM^frSo )ig#tt iso *sS-3„

Pohler .

(Metallic materials- classification of microstructures for alfabeta titanium alloys)

Resolution 305 : TF ” Alumina ceramic”

Mr. Huber (MA) © )j — A~ A y Afccfc 0 N TF <—7^ >A$:#BT6o 

Resolution 306: ISO 6474 ©QfceT

SCI (2 TF V —y—Mr. Huber ( MX A) ©l/tf—§A, TF < —A ^ >^©Elffl^So 

< CD

(ISO 6474 i#6j^T;i/ < NWI ^D. AA*—

©^m-e(±A^AAAA^-A^m^m^u BA(±2

$Wf TC206 ©^hB^f IX A © 7 —/>b5 V —A'

Resolution 307 : NWIP <b©HBS

SCI (i SC4 “f—A—jll£an$” A5 NWIP “Wear and fretting corrosion testing cf prosthetic
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Resolution 308 : 1805832 #&©, t MRI compatibility iZHf £ M -f

N377 XS44z b'^ '.y©^;b5&ofcM SCI ttcft&gltAti&frofco Cil^O#f4/b5

3 ###4 D i^T-V W X ©4tf£T'fe § Xi&bo

@ sot © 1/ V V 3-—'>3 >£ £:#)o
2000 ^90 11/14 BlZfrfrftjfeo

io xs© 34 #m(± j.p. paui mm.
Resolution (SC4 Stockholm 1: 2000) 169:

7vi> ¥(SC4 N271)W 

Resolution (SC4 Stockholm 2: 2000) 170:

b ~y y b

K. Brummitt (#) k G, Reinisch (tf—X b V 7) £Ei^o 

Resolution (SC4 Stockholm 3: 2000) 11 : V zb— b

ISO/TC150SC1 1/ b (SC4 N272 £^A0

Resolution (SC4 Stockholm 4: 2000) 172: ISO 7206-1 U

3X>b(SC4N273,287)£#JtU ISO7206-1 £$STU ISO/CS 

(Partial and total hip joint prostheses, Part 1- Classificationand designation of dimension^

Resolution (SC4 Stockholm 5: 2000) 173: ISO 7206-8 V

3 X > b (SC4 N274)^#g L, ISO 7206-8 £$17 L, ISO/CS tZj#&f 61%,

(Partial and total hip joint prostheses, Part 8 Endurance performance of stemmed femoral 

components with application of torsio^

Resolution (SC4 Stockholm 6: 2000) 174 : ISO 7206-10 U

2ndCD(SC4N275)£, C©^E7©^S©So§SiE(SC4 N286)©±n

DIS tt%o

(Partial and total hip joint prostheses, Part 10 Determination of resistance to static load of modular 

femoral heads)

Resolution(SC4 Stockholm7: 20®) 175 : ISO/TC150/SC4/WG 1^7D'>*x7b X>—X©BS 

(SC4N288)

9 0 11/12 0© SC4/WG1 ^#©^#X&^Ao

1. Resolution (SC4/WG1 Stockholm 1:2000) 97: SC4 Stockholm 1: 7vx >X(SC4 WG1 N108)

2. Resolution (SC4/WG1 Stockholm 2:2000) 98 b 7 X b ## (Z K. Bmmmitt(^) t G, Reinisch

(;r-x b vx)

3. Resolution (SC4/WG1 Stockholm 3:2000) 99: ISO/CD17853 (Method for the isolation, 

characterization and quantification of polymer and metal wear debris)

1st CD (SC4 N270)C C (D^WXWm LA#iE£AnA CD (SC4 N276), &Sffl© CD £#

modular implant interfaces of femoral head bores and neck tapered cones (Zg
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4. Resolution (SC4/WG1 Stockholm 4:2000) 100: < —x >f 99

TC150/SC4 ifclUtetf—a h7<;y-eHEo

Resolution (SC4 Stockholm 8: 2000) 176 : SliEOFliill'E:

SC4 Paul

Resolution (SC4 Stockholm 9: 2000) 177: ISO/TC159/SC3 (ErgonomicsAnthropometry and 

biomechanics)^ O 'J iV ^

ISO/TC159/SC3 09—AAD99A£^Etl/£:|^, ISO/TC150/SC4 \t V

Resolution (SC4 Stockholm 10: 2000) 178: < —x >f 99

TC150 MS&U ^[0(1 A—A F 9 V AT### (2001 ^9 00^9 9^9, £fc&110 

09 F--) £&Mo S$L <0:110 19-23 0

:

(1) SC4; Wear and fretting corrosion testing of prosthetic modular implant interfaces of femoral head 

bores and neck tapered cones.

(2) ISO 7206-8:1995 (AXJ&MO& & Lfc^tSJIO \£, /SUMS lvO*g^, ##

(3) ISO 7206-10 (A%^N#OAm#gMgP^O#%^) &, DIS

(4) ISO 17853 (#^f ^ A#0###0^#, |sJ/£, ^#&) 0:, CD %#:[0

>a>e&t'cDmnmm
MisWuZtifzo

(5) ISO WD14243-3 (AxMlWoSIKlBc^ £MiS#) CTCT, #5^6

OitM£ 12 0 11

(6) 0^ 0 A%l#W##O#$a0# (jis #15) nwi b

*f£tl£o

(7) 6 ISO 6474 ( Ji NWI i: * 0,

0A^#mcmDo

Ltzo 0A(± 2 W(f j; D.TC206 0#&k#^A^—

F9 909—7s?—A5 V—9 — h UT£&1E^^:3;

(D&0 TC150 ^

2001^90^9 9^9, ££0:11 09 F-—"CrlUg^nS C h£&-o£ (AE^)o

(3) 9^—9A 0 — &9iA F A — AF A^O; W A##lbO£ AO0M9#
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Long Term Clinical Results of Total Joint Replacement with Alumina/Alumina 
Articulation (keynote lecture)

L. Sedel, P. Bizot, R. Nizard, M. Hamadouche, D. Hannouche (France)

Metal on Metal Articulation in Total Hip Arthroplasty (keynote lecture)
P.G. Marchetti, R. Binazzi, V. Vaccari, A. Manca, R. Rossi, A. Campagna, M. Magnani, 

M. Baldarelli, E. Pasini (Italy)

Outcome of Modular Press-Fit Acetabular Components in Total Hip Arthroplasty. A 

Comparative Clinical Trial Using Polyethylene and Alumina Liners 

R.P Pitto, D. Schwammlein, M. Schramm (Germany)

Total Hip Prostheses with Cup and Ball in Ceramic and Metal Sockets (student 
presentation)
P Gardelin, J.P Seminario, C. Corradini, J. Fenollosa Gomez (Italy Spain)

Ceramic on Ceramic Couplings - Twenty Years Experience

G. Gualtieri, P. Calderoni, A. Ferruzzi, S. Gnudi, P. Frontali, F Calista, I. Gualtieri 
(Italy)

Comparison of Ceramic on Ceramic to Ceramic on Polyethylene Total Hip 

Replacement (studentpresentation)
B.R. Roy A.B. Nevelos, E. Ingham, D.L. Shaw, J. Fisher (U.K.)

Histological and Ultrastructural Analysis of Alumina Wear Debris

E. De Santis, G. Maccauro, L. Proietti, G. Falcone, V. De Santis (Italy)

AI2O3 Particles from Blasted Ti Based Total Hip Implants Contaminate Metal on 

Metal Articulations and Increase Wear

H. Plenk jr, M.Bohler, K Knahr, I. Steffan, A. Walter (Austria)

3 to 18 Year Clinical Results of Total Knee Replacement with Ceramic Components 

H. Oonishi, N. Murata, M. Saito, S. Wakitani, K. Imoto, S. Kin, Y. Che, H. Nakaya, M. Tanka, H. 

Amino (Japan)
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II4.4-2 ISO y b V J-T(Y-TPZ))________

#+&<D^#(Subject)

v h V TS^bjE^^v;vn-y(Y-TZP) (MS)
Implants for surgery — Ceramic materials based on yttria-stabilized tetragonal zirconia (Y-TZP). 

^t&030ffl!6H(Scope)

V b V v;v=7-y(Y-TZPyD#f4tcE^f4^BbD ^x<d

E§ 69 <b 36 (Purpose & Justification)

%j%mt(D m i vs £ nx & g> Ts mm t lx z 0m a z> &ms&zt&tinzo
51 F&Wfet * lip$^CS(Normative Reference)

ISO 13356:1997, Implants for surgery- Ceramic materials based on yttia-stabilized tetragonal zirconia 

(Y-TZP).

ISO/FDIS 14704: Flexural strength of monolithic ceramics at room temperature.

ASTM C 1161:1990, Determination of the strength of advanced ceramics in^oint bending.

EN 843-1:1995, Advanced technical ceramics— Monolithic ceramics- Mechanical properties at room 

temperature- Part ^Determination of flexural strength.

JIS R 1621:1995, Testing methods for bending fatigue of fine ceramics at room temperature. 

^ytTC/SC/WG 

ISQ/TC150/SC1 (##)

riso/ici50(^#m#:^#m), sci(##)&If soKAxUS^^Ax^BElil^SiMj

mmm, iso/iec

Am#wmm^(ASTMb

PW T CD^E69ti|g^ h M&^X fo % o

JIS R1621 U ISO/FDIS 14704

^£TZo 1MISO 13356, ISO/FDIS 14704, ASTMC1161

Jk'U' EN 843-1 6o
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E4.4-3 ISOk-f v h Uyv>32-y(Y-TPZ^x7

i ^ _______________________________________________________

MI§©l£li(Subject)

v h V yS^bJE^^^Wn-y^-TZP^v M

T^o Implants for surgery— Hip joint prostheses— Fatigue test of zirconia heads— Part 1 : Test 

method.

#^03M#BI(Scope)

v b V -y(Y-TZP)Alt-;vb^MO^y >7AXJ&H

E§ %1b M. (Purpose & Justification)

-ECC, 1999 ISO CD NWI ^ LT#R$K

<pwmbj ffl9L<Dfm%mm\s. 
*5\F8Wf& * HHSAllKNormative Reference)

ISO/TC150/NWI:1999, Implants fa surgery — Hip joint prostheses™ Fatigue test of zirconia heads— 

Part 1 : Test method.

ISO/TC150/NWI:1999, Implants for surgery— Hip joint prostheses™ Fatigue test of zirconia heads— 

Part 2: Requirements.

ISO 7206-1:1995, Implants for surgery - Partial and total hip joint prostheses— Part 1: Classification and 

designation of dimensions 

% TC/SC/WG

ISO/TC15Q/SC4 (## ; # - §##&) 

rISO/TC150(^#M#:(*)@^#), SCl(##)#tf SC4(A%^#^IfA%#)@^g|^#Kf^

A8nmmxB^yr^ < ^a^)0

mmmm, iso/iec pmmmo'm®.
C1999 ^ 8 8, NWI b LT7^>A^ISO/TC150^^U 

b&lz WG \zmwt%> B©j£H£ 1999 ^ ll B t^fro tzo

ay izfim & 6 0

mfcoms® ft®
1999 mz&mztitz nwi t iso 7206-1 \z& yM^£trc

0.1 ©^i6©EB-j;D^c^vx saime 2ohzn mwvmik
fiffBWG ^)o

- 193 -



rn 4.4-4 iso 1
StS®$S(Subject)

7 7'f>-t7?7 » x©£l*S»ttfffflmAto$©$lito8;

Implants for surgery — Preparation of simulated body fluid for biocompatibility test. 

Sit6©j8ffli6H(Scope)

>-b7 5 y^X##©9i*Etott(#ig£"ft)»«B©, t l©A#k

8 69^2 9 6 (Purpose & Justification)

tow77-f 5. mmmfc&zmm
mumt>tix^z&s iwiimftv< ©*no,

WfHIC J; 6 »v ^E@6$*StottFMSffi6sS $ ivt V 3 „ A© A# k H#©#

*-< 66ta®*"c&^0 c©#A#*c## uw#±^©#mA7/;

i’d’ t-©%i&©@-&U#&Kf kCA 9, in vitro T##©4(tSflltt 6#St"

$<©####&#<ckm?$a.

• lijS^W(Normative Reference)

1. T. Kokubo, S. Ib, ZT. Huang,T. Hayashi, S. Sakka, T. Kitsugi, T. Yamamoto, Bio. Mater. Research, 24, 

331-343(1990).

2. T. Kokubo, H. Kushitani, S. Sakka, T. Kitsugi, and T. Yamamuro, J. Bio. Mater. Research, 24 

7211-734(1990).

3. M. R. Filgueriras, G.L. Tone, and L.L.Hench, J. Bio. Mater. Research, 27,445-453(1993).

4. H. M. Kim, F. Miyaji and T. Kokubo, C. Ohtsuki, T. Nakamura, J.Am.Ceram.Soc.,78 [9] 240511(1995). 

5.S. B. Cho, K Nakanishi, T. Kokubo, N. Soga, C. Ohtsuki, T. Nakamura, T. Kitsugi, and T. Yamamuro, J

Am. Ceram. Soc., 78[7]1769-74(1995).

6. H. M. Kim, K Kishimoto, F. Miyaji, T. Kokubo, T. Yao, Y. Suetsugu, J. Tanaka, T. Nakamura, J. Bio 

Mater. Research (accepted).

9%TC/SC/WG
ISO/TC150/#^ sq*# ; in vitro &##%*)/## WG(*# ; 

riso/TCisoc^ffl*AflW). sci(##)&V sc4(A%MmWA%#)B^@gmm#aj 

A a m^ah *7rf s y ?*&£)»

mom. iso/iec ftcoms0<m&

faltT0tm#)1ffl£&tm£1>s<£l-g-e&Zo

t#ffi7 7f a6-mmzmmtzrcMz, a

©Ai$y$i£«#m@^© 

ttwtm> • im®mm ■ ####© ph & 7.40

izmmt6 m Rvmm.
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# 4.4-5 ISO 7 7 ^ 17 < V 7 7##®^##%###^^)

MI&©^M(Subject)

7 7^ < v7

Implants for surgery— Biocompatibility testing.

##%D3M#iBKScope)

j&t z>^mu]) yW3)\s'yt> ko>&& - a,

B % t. SS (Purpose & Justification)

uTku^Am^

6Ca(Cj;D, in vitro 

*j\F8W@t • HjS^CS(Normative Reference)

1. T. Kokubo, S. Ito, Z. T. Huang, T. Hayashi, S. Sakka, T. Kitsugi, T. Yamamoto, Bio. Mater. Research, 24, 

331-343 (1990).

2. T. Kokubo, H. Kushitani, S. Sakka, T. Kitsugi, and T. Yamamuro, J. Bio. Mater. Research, 24, 7214734 

(1990).

3. M.R. Filgueriras, G.L. Torre, and L.L. Hench, J. Bio. Mater. Research, 27, 445453 (1993).

4. H.M. Kim, F. Miyaji and T. Kokubo, C. Ohtsuki, T. Nakamura, J. Am.Ceram.Soc.,78 [9] 240511 (1995). 

5.S. B. Cho, K Nakanishi, T. Kokubo, N. Soga, C. Ohtsuki, T. Nakamura, T. Kitsugi, and T. Ynamuro, J.

Am. Ceram. Soc., 78 [7] 1769-74(1995).

6. H. M. Kim, K Kishimoto, F. Miyaji, T. Kokubo, T. Yao, Y. Suetsugu, J. Tanaka, T. Nakamura, J. Bio 

Mater. Research, in press.

-Mtc/nc/vyg

ISO/TCI 50/SiS SC(*&; in vitro WO(*#; MMtiMZ A 3 ffitt

#mm)

riso/TCi50(Wffl WMSfi), sci(«S)*l>' S(^AXHS®»'Ai#)HI^@gil*f'Mj

to©Hm*a(*Org$)wmm, iso/iec

A!+:l#fl,li®l&A(ASTMx Ri'IttSVfbSHA(EN)CAIA& Wt&fbffl#J S' £a# L, MW'f-fM-
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S. y ?IfitSIBIcA6fT®<ECffffl1-.S> fctoC, A 
©i6iigmtE5$wm'i' *>8S6*A5lS«HE«mStA «»&««fcCAoTft 

«i--So mimwAm^xx *>s6$toii«9«R*8ierXAXv%)mjTStH *

sms,
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5 £§ii

5.1 mm%,
5.1.1 IffejxfegK*
i) 7r-otyiy

• 7)917^^ y;vnziy-tz7;y77Xk6t^ M*»&k'©

K#A#©B# 6* S < SI* 3 b k A$lfl e, *4;: & ^
• y;i/nny-b7 5 s'?X©;gE2?E!leti5Vvt. SUSiM* 36°C, »*AfirtS*f SOOMPa X 1

xio'ni$ -e«E»wc tcsakfrizi3i vct>, ies®* ^ sm^©#w®Asec o X
V'^cV'CkA^igStifco

2) W77'f y<7x

• away^ 5 xax.w>^-xx 7 ? ^xfrfe&-5Aiasw®5#ai;o^-c ###1$©

A@i#z d uvc kA%&

Mb&ofco

• ±a3»«C3UT. &###%#?!: 11*6j3C» o 6 k C 5, 2.5t©« 

ITCi-l'tt 10’®$TEtotfi8b Stive k^a&Mc&otco

• £#.mT)iii-ti&U'y)i'?-7-t7? ~j>??,i7bts.%AxflSH«#ai:ovx-t, ««#©«

*, k LtimKm&teticti^*, #S©®«©#«T®t8ij»©#

6**‘J;a!±@$i«ti'©)P^l3-K#t--5, ekA^SMeticti.

3) 4<*ii77'f>-t7v7*xw#©t#m###*Aa©#M

• A0*r«klEIEHU'teH*^>SSSSoE«* 

«&ig®U ISSiLfe SBF ^eSWStitolltiS #7 A68EV, f©mmi:y/^i' h#

H5fi$e tl-Z)ffifi& in vitro Tafttfl Lfco ##!##©##%&tf in vitro ffi"C©fF(illi©^IHt4

BIKUfco

• 2 ##©mi*#, C-SBF k R-SBF 6It® Utio C02 SHStT CSBF ttMiSS*5® < , R 

3mt>&MX3b-itc. R-SBF I* COsSHST C-SBF A b 3y$aS^8<, *fxA*Mk©SI 

RKtcotx-c^lEScg^AStttio

• b h©jM$©«®'i'^>iSS6*1-'E.E«W$ (I-SBF) ©l9S$6#Vz;U flOTmiimS 

«;4iaPtg-C*'?>bkA^ofeo I-SBF, C-SBF k R-SBF © 38 SBF ©MAt U y|&A©ti 

#>©y* A n 7 4 ;v41—®S5M©7cS**J:Ut'i'^">8S©BWI±6;v>o 3# SBF ©7A7 

■i VBfm&UXl/o'i 7 A SC A MM U #y/iiM FCIEIE1F UvytW* F4® 

a£$-tt-5CIA SBF <po>l%M'( XXDW&ftMMXfoZ) o tfffifr-ofco
• :ti7AlM&$x£®Stt©Bti3 5#m©*f7A&^»f*mc@#u, ammimkgiwi 

»sL5Sek0M«©Wf/f*‘<kytti'#^x©#Sflt©miff#$^6a»ES6fi:t\ in vitro -t©
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5.1.2 mmBmzmt,
1) tk&myy't >-b7 5

msfm%t\
TV'So

2) >t7 5; '77X
6%8®teoi,vttiu Slftwt-ftt®«m 7V yftttmiz<t 3fi$i;©®efWflr

wmm tour * sss"Faai*s®i:*5tt 6 ia»w ®*s*5 z vmfrzmtz #A#mw 

SWItoLTjbb, StotoiesafiEUTV'^o

3) &#m77'f>t5v^x##©t#:*%mMW&©#w 

$*mitt©KSkur, ffiST-saeA% o $stc*Kr/-ij-'f

eHWiigPffffTF-XRD), ®ffifES(SEM-EDS), ibmirllff (FT-IR® U= SBF tKW * 

xee&t/pH mmcp &v pH mti'o$£&«owi&.frt>vmtz> z 
S©iS®*B(i, SEM IgSMS/VW heStoEE^ear-Ellr-S-E.irJgton-E,#, g|S

TFXRD C££a»SBffll£u®«©t*fBfr?>r 

7^-f F®fiE©*iteSffx^,Ck*e,, TF-XRD M-BFFffliyflSlSns.

3;*S6»7X B (Na20:Ca0:Si02=22.5:22.5:55) WfflUT.SBF CS?* UTF-XRD

czbT/^T new© xrf msfe^- (20=27°, 33°) ©#m&K^

Lxm^i-%cb%U.frtzo SEM-EDS i:Zb#mf6Ckl:ZbZ b$ 

zt%z.t>nzo
7*?AfflBiK»KbTli, I-SBF ©$8$ti£»SI-&L3E SBF ©T^X-T HMI6W 

#*%(:!%6A4:U $£ in vitro -ca@©#%&##©m#W:,tb. 

l±#*3l©*mm##%» in vivo6gii6$i:tolti£STC<b»i#*o£o

cn6fflffttW8©H%BEWV'Tn6^ SaegSWasEVTv^o

5.1.3
1) ants77'f>t7v^x###ewmw&©#w
• HjftattWtt ©fffliftis Z Ot(S*»fflSv' W#Mbf s ^&©#%.
• y>3nT-fe7 5. -7 7XCj3lj-^i6%®iakffi$ttk©H®©iflB-fbo
• <t b4»t;fii'*ftT-e©«»i«o

• gB#©#*##a©#M0K*A.

2) 77'f>-t7>77x@Bw©#w%#e#mw&0#w
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0 5-1 C/T; l_k SBF >J 7,© Oy k © >XI: =fc 0itt4XSff(:tt#l:fr U
v'SBF»s#$ib, fttmffi&mtzzt&Rjm?-$>Zo •i&immmmz-ziz-ig-?zt&z- 

C (?) flSc i£ £ HI L • t r2 litoS: ©It, Sjiii lmL/min © SBF xftil-J:. 0 , •?© SBF 
-f > jig k pH /bsi$S-$S:,tile LTV' 6 c k #«§;£.$ ft, A©JM6C<fc D c k
^nJabCL-Q'-So SoyMSilSyAX© h 15®AsJ;biMX©*§&&©## BtlSk k t>
Ei?.Sh,"a'-5o V/j-L, 3?K?©UXjI:;fX -TlAAlMaitft'-SL/mn ©, ©xL#

SBF SUVA in vitro SAsgC$*t*lCffiV^®S®oc k»s-C$5fctoCttC®S
m:e< j;c ttf,m-z$>z>o
6Alq|©©#WA%@k%5x.

5.2 HEffiWb
5.2.1 f§6h©ddUR

• ;W At? 5 -V©XHE8ip-fbCH1--SteS1-aSk LTx XXi-yx-emiSnZi ISO/TCi

50 #:# • WG SECtitilS LSI6$©BI$K#6n-r-E, k#l:x #Mb**&#* ©4=0%

©x*¥&tofgLx *S3l£fi1o&„

• ;WAt? < ?XX©#ip-fbffl31tt6ElttLfc=

• aweete© hi4 ^gmt: g** 6 iso icmmmm&e? \-c#w&eo 6.

5.2.2 Sto©itoC=B6 LfcB&fcl3ikt©5ia

• ISO/TC150• WGSUCtMST-E.CkCjlOx /HAt?’yXXffl ISO HEWlb* 

BlJlt.M&iiSAftS, 4-*©#$&#^*# k % 0. iiifflfflitoSOML/t:,
©4=0x©x*¥imc,t.0x 4#©m±M*A#Mt0i*©Bi%&imLfco 

•E^$6WS/fLx H14 #glARI:g*A^ISO

@«©a%&maL6.

5.2.3 4#©%#RmS

• ;WAt? i ? X x© ISO HEL|ip-fb60^tetoClix 6® iSOfTCisoKi: • WGSrMBtiij

SLx s$^©s®& i so #&cs# $ t6a#©#@%%#K#m#-c&6.
• iso/tci5o ms-194 trc© %m&©me#ax ■ i*is • mimm©

s)£]ir©?*i;c/j-£-S© h e o

• *E%©fii$6sitTB**e> isommb&amf & 4a#*©m#%@-T&6.

• bes« •
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6. &t1?%
3 *^ftBre85* o 2 tfeo
^SliV/Sl i^S®®^6>5l$ESx &#m® 7iv;f b ^3-71 ? $ v 7 7##

*5 =k1>1W® >-fe7 5 7£7ti#®£<*Sfatiffffl;5i£6 =k
DilgMSLfe.

kE#m^®#gRm%t%m u, t h (Dimomm-i * >s$c®

i'E8tftSE«<*r$®i@$1: -enSffl vfcTv -s 7 -f HM*£®E3t
in vivo E^®M$Satox 7 T^l” >t7 5. 7 77-fe>7-C:fct:I-5ffl?&$iil 

kirb-e-Cs H®StSte$l*iS64SLTVx<ci:t:%^„ U£4ft® ISOtSU^-
/grtSssiEv^*^, K^-j'^ste^aiaTVti;! 4^sy.Bx B*A^®am&e7

^T-S>-5o
HW®«iFibC«b5ttS&*4i:, »gS*?Hbtj|l8®tt"82:H«# • •

SSiEifcyeS-trifcS, RC/W^t? 5 ^77© ISO B|SS«iM;&S!-?>&&t;«3 «@ ISO/ 
Tciso $1:6 • wg Sriiicatig u es#®Bi6)6 iso#&cM*$#e@*®#@%»#m^m 
Stfe-5o BbKiijk*®#«toti:#iD6s$>0, ISO © WFIS^v' 3 J; d C H3tt 6 fu 
®«t7^SI”3$6mS>ltTWl$'r-S.-i:'56s$>-E.= $ * * I j-ntf E ** 6 ©StSteS/MH^* 
tstst LtffilRSnt; < ;nt3H® u IS0/TC150 ®*i* ^>1*. TC194,
astmn cEN^®gn&fbiifftt«> 8*-(b?s«)®i+* • f*is • Mfj#mm&mtw9-z&z>v

¥fiU 3 riTirtt^ <©SfW>:$oTu^,A\ *¥6$"5©K%fi£$6$tc-

@s$* u rB**^ast"5,HKtsiFibi+e*4Sv, t® isommib&$mf%j kV7»n
g&Cft(tTf?*-f•5£'5Asft-5o CW:j:
fcV'o
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C-SBF R-SBF :#7X

##xmim#rX^X b;b

2 M© SBF(C-SBF ; tris R-SBF ; Hepes)C 2 @#©^^{b^7X & 1-8 jEf^EEl/fcOT

©##X^[m#fX^X h;i/&|gA-2

(1) 45S5 (Na20 24.4, CaO 26.9, Si02 46.1, P205 2.6 mol%)

(2) 60S5 (Na20 17.7, CaO 19.6, Si02 60.1, P205 2.6 mol%)

H»«HW ■.%<!,u«4»»

45S5 C-SBF 60S5 C-SBF

CL

20 23 30 39 40 45 90
2g 20 25 30 35 20 40 45 50

45S5 R-SBF 60S5 R-SBF

^A-2

ig A-2 x marx^x b 6^© j; o t:, 2 #m©^
ilfb^XX©? t>, Si02###©#^ 45S5 ^XX©^#fS#^#^o gt#© C-SBF

is^-m naw©x^x b;i//b^<ESj£tiTi^o

—R-SBF C-SBF mMVUUX*)&M< , 45S5 2 MEE

b©X^X 60S5 xid: 3 Zf^EETS XRDX^X bM£&m

ajwWbWVt'f

I ^,‘*>l" f ..................

3 weeks

- 205 -



SBF X pH mb
iy.T©2aS©|gg|-fb#7X6 2 a*(C-SBF ; Tris, R-SBF ; Hepes)© SBF tfKilS, 88# 

Dtuv.sBF f©##^ * >ss$A6»js ufc*s*&ia a-4 c pH $-fbk*tc^-r=

2 xfflffi^littT© i:* b-cfc-So

(1) 45S5 (Na20 24.4, CaO 26.9, Si02 46.1, P205 2.6 mol%)

(2) 60S5 (Na20 17.7, CaO 19.6, Si02 60.1, P2Os 2.6 mol%)

Soaking time (weeks)

K

—O—Hepes.45S

Soaking time (weeks)

-—□—Hepes.60S

S 142,

Soaking tim e (weeks)Soaking time (weeks)

HI A-l #### SBF t >SJ^^<b

Na 45S5 CD pH _h#CD^fk£5*£l V P(D#^^{b^6 C-SBF

tftfr^nzo 3p, c-sbf

60S5 Ca bT#£
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ESfiS

'J'^«S**®MSt <fc ti tfe.

1.##

FC HEWWb 1S0/TC150 4BfiLT/$*4tiiUTI$U^® j$gs#$>o£„
nedo e,, c a w®—o-e& o

2. ##WS 

Kft**4£B|gL£o

3. ESS®BS

(K#X*4 0001-02)

4.¥fi612 ipSE55li%l+H • @W?fl
1) A(#+Mi a#f(b?&(JFCC)

0001-03 w^gs^ 5mg%*$k be

tsipiiys®®iB!?cov^ 3 4=im®;tmiA*k i2^a®m%m$&gmL;t:. iso/rciso^

2) H12 ipa#R##m5:+im(jFcc)

• aGW®#W%###@

(x#oooi-o4a#m).

£*fflFC BSWofliStt, «59«ftt®a%l*)S$S*As$> o £„
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*xr- hii Lfc%A@mi*m©m#a k, £#m fc unt urife#*®#^ b.c.a
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WSiiDs W;l#*aamti:kc 3; -e# < 6S@t6 t-E, *> ? ti:ktotyiMSnaHAp k.
f©#© HAp ©*mam»%^?j k©Rm%bx rniraT-HApwm*s*

u##it tv'Tw 3 B®©a«-effiffliiwig-e$> d, m
Alt UrHZ-t,n'o HAp *M,ltB$mzJ:r)mbtZo zhU^faftr-tiiScnr^Zj k©ny 
> b jp$>~ofz<,

ftSSSHJ;!) r^#k UT®, mi#*k A# k©#K&^ A'?J k©fm*s$>ofc» 'J'£JS 
g*S*6 r##l#*Km8&b0x%gm&f-S k, HAp ®SC3f'6mti:'J>UE<&£*=, 
SmttfrtJbiffflttT-$5j kffln^Obit^afeofec,

'J'iXffiSlftfrfe r*y$ftfc£#:i*i©»m»ti^x-£tts MPMMlzHZtt
Lfcj k©3^ > b^feofeo

3) H124bSH8E*S*EliH(®*x)
'j'XffisesjiDx mi#*&mv 6m^#+im©#%M^&c A: (ss

0001-5 #®)o HU l:^Lfc&A@© R-mi#*C«tS, t b«k0klSaE'f#>SSS6
o i-mi#*©^ wt- v 7mmm±A&©#K %*s© c-E«#*sttixfc 3 #m&m 
v 'fc k * izM&Tz hap mm • #s©fM. ha p ®m$6©n&% ^^xEaeiassffvjfcc
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'J'^«8*#J: b rlfi»*5B)»*#T^i''f ^©3^>hA%c

tZo
*mmmm^ rmj.tmmkcmuzmifrimt,

<£li?j k©IWAfc D, /J'^«8*6A^ r®$y©is^©s®i-$Bt;i£iu>&¥B (®B 
ktm<&W A%<, HApmffMliXSig^ FTIR-C-m-C-g^o $?L#©@e©HAp 
SEM T-EtmiblSrBfEg4'f Z> hfiUj k©B@#%-3:t.

4) H12 ®KRSKSESIEItH( )
Z D\ in vitro fFffii: in vivo ©8Si5&6©l’F([lfiS:J:tlB( LT in vitro IffifitoSSf-t

(JB40001-6#hb)o HAp®fiKS8»yi
ts.i,iSvZK b,c,dte, 'J'^.e$*ft6^S#tSSIt-E>o in vivo T Z, £to, Hll
tffoycgis*ij*sbi« (««^s) ©ft, 100-300 ’>D>^-nn5#7^i7y Hca
©ati6$H6ff7= »*«*, mmMb&mmimmrzo

5)

17CNTZ,##A% b, rHAp &A^Z,Ck^*,6A

©, E5 ^n>fL©7 -f>^ —"CXS-eaf-Zic 1: C J; bSW CiSST-$ 3 j >h*s$>

o fzo

6) t©#

%B©@M6I±2001 ® 2 H 19 B (13) 4=#, 66B (JFCC) Sfio^o
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