'CaO- Si O2- BASED B. | OACTI VE GLASS AND S| NTERED CALCl UM PHOSPHATE GLASS USI NG
SAME FIELD OF THE I NVENTION 5 The present invention relates to a
.Ca0O Si 02- based bioactive glass usable in bone restoration nmaterials such

as artificial joints, i a ntal roots and artificial bones, and a
sintered cal ci um phospﬁ@@eé agésﬁq RO TTBEJabASSeANass. 10 BACKGROUND
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of collagen fibers and thus isolated from nei ghboring bones However,

t here have been known sone artificial materials, which are not isolated by
15 such fifymys greMEaResy rongly connect to bones in a |living body.
Exanpl es of such artificla nao'?\teri al s include Na20 CaO Si O2- P205- based

bi ogl agses, sintghe I-Byéﬂt%y,@ﬂﬁbhé 812424 94 B! P%g@(%%_bgsg(ﬁgfog%t al lJ zed

gl asses. Known as the crystallize asses are

Si 02- P205-habeirbbone P AN OB HORCAIIY Mol 39 JAOHLA | Bfl, ﬁagﬁ@é?%‘llés 0 20

apatite crystals such as hydroxyapatite crys ese

referred tiotsatd aptfitiad boeaint®a Smré@ré%l&i%ﬁ’é@&é@%‘éﬁ%fﬁ%@}ﬁéfﬂ Lgal

use as inportant bone restoration materials

“have been byvodefiye gkd. i n medical treatnents as bone restoration nmaterials
wi th high bioconpatibility, and 25 production nethods thereof have been
widely studied. Wth demand for nore bioconpatible artificial bones; etc.

I ncreasing in recent years, however, it is desired to devel op bloactlve

cer aml®s CEGRE QEHH{)EMWNM a conponent of a bone in |iving

body. 111111 VI ~I1]] % LI~ ML e et
en an artificial material is implanted in a damaged region of a

living body, the material is generally surrounded by membranes of
collagen fibers and thus isolated from neighboring bones. However,
there have been known some artificial materials, which are not isolated by

15  such fibrous membranes and strongly connect to bones in a living body.
Examples of such artificial materials include Na,0-Ca0-Si0,-P,0s-based
bioglasses, sintered hydroxyapatite Ca;o(PO4)s(OH),, and crystallized
glasses. Known as the crystallized glasses are, for example, CaO-MgO-
S10,-P,0s-based bioactive glasses containing wollastonite crystals and

20  apatite crystals such as hydroxyapatite crystalé. These materials are
referred to as bioactive ceramics, and some of them have put mnto practical
use as important bone restoration materials.

The sintered hydroxyapatites have been widely used in medical

treatments as bone restoration materials W1th high biocompatibility, and

25  production methods thereof have been widely studied. With demand for
more biocompatible artificial bones, etc. incfeasing In recent years,

however, it is desired to develop bioactive ceramics containing a

carbonated apatite, a component of a bone in living body.
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1 *166166* ~~~~~~~ LR T vk Vil Vil ~~~~ ~~~~ *(nnnm Because the
carbonated apatites are lower in deconposition tenperature than the

hydroxyapatites, sintering is carried out at relatively |ow tenperatures
to sprovi de carbo cerarmics. . JP 2000- 72572 A discl oses a nol ded

n@t ed agﬁt i t :
i npl ant pr oduced BYCPISAINP CarPenaiEe ianaltas aradewenitdegamposithndy, and a

‘met hod for  producing..the | ded i npl ant, which conprises the steps of
sintering 5$m381éﬁctpf%t}éﬁn @@% PXYaheiles, iSimichgg s earsed et ad rejasivelye in a
pr edet er m Eed mol d, _and E(Lasti.aally working the sintered apatite at 300 to
780C. In t Y THHHEAUIES ENEVids

Cabanatetapatitsracamics. e TR 2000-72572

car bonat ed ,or. f L uori nat atite with | ow 10 deconposition tenperature can
be used toApflbg&hJ%%ﬁst%@q?&?ff gfﬁlpi%r&\ﬁr@équﬁeéhby plastisatintworkingye siosveder, thi s
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car bonat edbiocompatibility. However, this implant mainly comprises the apatite
‘without other crystal phases, thereby having low mechanical strength.
The use of glass as a sintering aid is known to increase the
mechanical strength of the bénerestoration ceramic material composed of
15  the apatite such as the carbonated apatite. In the sintering process, the |
glass is softened around main crystals of the apatite, and crystals are
generated between the main crystals to be sintered, whereby the
mechanical strength of the sintered apatite glass is increased.
Conventionally, non-bioactive glasses are used as the sintering aid of the
20  sintered hydroxyapatite body. However, becaﬁse such non-bidactive
glasses have high glass transition temperatures and/or crystallization
temperatures, they cannot generate preferable crystals by sintering at
temperatures lower than the decomposition temperatures of the carbonated
apatites. Thus, the sintered carbonated apatite bodies using the non-
25 bioactive glass as sintering aids are not sufficient in the mechanical

strength.

OBJECT OF THE INVENTION
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apatites. Thus, the sintered carbonated apatite _bod![ esnutshggnégﬁagf)gal
bi oactive glass as sintering aids are not ;uffl cien |b ect of the present
strength. OBJECT OF THE | NVENTI ON 2 Accordi ngly, _ an obj ec L one Pre
i nvention is toAfcevitnglyaan k»bgaw_toﬁ/ﬁqubmdt%éﬂh@g}]gi g&élr(%\tng L cal ol um
tenperature and/or a crystalli zation tenperature, S ed
phosphat ebiylag8yetglass losesn whelabs m‘smgﬂ t@%ﬁ%ﬁjﬁﬂﬁﬁﬁgﬁg@%%&wéﬁﬁm A &
bi oconpatibility and nmechanical strength. ( AN
resul t of laMAP&ASI¢eane sesan ﬁre?ma?¢1amqfh§s§i®%1§?«ggYét%89§BF% 575)})33?103636 90 to
have found that a bioactive glass conpri ] _ ,
Panal 1 on 1 cToe st ana o 5 as AT AT IR, % R
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aid is excellent in bioconpatibilit: char ngtn. cost
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conposi ti Qftered calcium phosphate glass using the bicactive glass as a sintering

aid is excellent in biocompatibility and mechanical strength.  The present

invention has been completed based on the findings.

It

Specific expressions of “he invention can be found in

15 independent claims 1, 5, 8 to 10 and 12.

It 15 preferred that the bioactive glass of the present invention
further comprises CaF, and/or B,Os. The bioactive glass preferably has a
glass transition temperature of 790°C or lower. The difference between
20 the glass ransition temperature and the crystallization iniiation
temperature of the bioactive glass is preierably 80°C or more. The

bioactive glass preferably forms a B-wollastonite crystal when drystallized.

In a preferred embodiment, the bioactive glass has a composition

substantially comprising 30 to 60 mol % of Ca0, 40 10 70 mol % of Si0,,

25 and at least one of Na,0, CaF, and B->O;, NagO being 20 mol % or less,

CaF, being 1 mol %, and B,0O; being 5 mol % or less. The bioactive
< = o

glass 1s preferably substantially free from P,0:.
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substantially conprising 30 to 60 nol %o of CaO 40 to 70 nol % of Si 02,
25 and at | east one of Na2Q, CO. ) and B203, Na, O being 20 nol % or |ess,
CaF2 being 1 nol and B203 being 5 nol %o or |less. The bioactive glass is
preferably substantially Tree from P205 A cal ci um phosphat e-contained in
the sintered cal ci um phosphate glass of the present invention is

preferably a hydrg atite r_%q,g; : .apatite or_trical cium phosphate.
BRI EF DESCRI PTI ON WWR@ %ﬁgﬁiénghﬁﬁ%ﬁr%%w}’@ Pih@sf’g&f@lt of
di fferenti adasdhef Rl . 102-based glass; Fig. 2 is a
schemati ¢ \a/él ew s%ow%%@?lhﬁé ‘%’rn rl%lg)tfrll @&%%%bﬁmbﬁggmg&apgn{q@ ehenated in the
process of g pkebt S gﬁ? [ggi ed glass; Figs. 3(a) to 3(d) are
schemati c, a?ross-sec%éﬁgna R?lle hagqflovm ng the changes of particle
boundarges in the process of sintering a green body conposed of

hydr oxyapatite particles and CaO Si 02-based gl ass particles, wherein Fig.

3(a) shows BREEMDESCRIRIAON @PD?HE@R@?W‘IFQS he CaO Si 02 15 based gl ass

particles at a tenperature |lower than a giass transition tenperature, Fig.
3(b) shows the pdfigi ¢lien gramh Cﬁlﬁivﬁhg Hd & atyre reaches.the
glass transition tenperature, Fig. 3(c) shgmggfgfefﬁésq%ﬁlg;ﬂ]emagﬁnéfyﬁﬂ%ri ng
with the f@feCaOnSitd,-bagedigiasgoundary phase (gl assy phase), and Fig. 3(d)
shows the formation of li-wollastonite 20. crystals after the tenperature

reaches a cr ystaIl’?i'gzatiiscavms<:t1'1ﬂﬂimeetﬁ<f:1’ﬂ/l!aﬁ;e;sho'ﬁl}iglﬁir.th@(fa,)‘.l\.}\%@l%n4(§1&)‘%:_i vg(.gl? 34%8 ﬁﬂgs

show ng the results of X-ray structure anafysi s, erein hows
t he resl t sTydtalsha the grotesseof ginverses 20CaBX8IDL Ahsddtd. b, and Fig. 4(b)

shows the results of the bioactive glasses of Conparative Exanples 1 to 5;
25 Fig. 5is a grdgh 3(voiid) aee semribsicobrogs: cramml Yidws Showil e
changes of particle boundaries in the process of sintering a green body
composed of hydroxyapatite particles and CaO-8i0,-based glass particles,
wherein Fig-.l 3(21) shows the hydroxyapatite particles and the Ca0-Si0O,-
15  based glass particles at a temperature lower than a glass transition
temperature, Fig. 3(b) shows the particles immediately after the
temperature reaches the glass transition temperature, Fig.. 3(c) shows
densification by sintering with the formation of a grain boundary phase
(glassy phase), and Fig. 3(d) shows the formation of B-wollastonite
20 crystals after the temperature reaches a Crystallization temperature;
Figs. 4(a) and 4(b) are graphs showing the results of X-ray
structure analysis, wherein Fig. 4(a) shows the results of the bicactive
glasses of Examples 1 to 6, and Fig. 4(b) shows the results of the bioactive
glasses of Comparative Examples 1 to 5; |
25 Fig. 5 is a graph showing the results of X-ray analysis of sintered
calcium phosphate glass in Example 7;
Fig. 6 is a graph showing the results of X-ray analysis of sintered
calcium phosphate glass in Example 8;
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. [ [ ; Fi [ | he results
cal ci um phosphate glass in Exanple 7; Fig. 6 is a graph show ng t _ _

of X-raypanalysis of sintered calciumphosphate glass in Exanple 8; 4 Fig.
7 is .a graph showing the results of X-ray analysis of sintered

' ' 2 . i ' t.om crograph with
2 mant 11 cati on orB0orar Srpl SRR il e BBl & SRt ¢ o
for one week, G- ' haten raph with a magnification of 200
of HOS Ceﬁygfﬁﬁg%}gdatﬁggl%giqlﬁ%&%gl%i%ghﬁ{pqgéﬁpu Eﬁ/lr_%at : veN_I?)éanpl eBi7 for§i Sge
week. DETAI LED I -RTI ne = E ﬁ’ _ _ \
gl ass 10 Tlhe bi o??ﬁelség&%g{g !E%;% Eogg'é 2T 40%0?’/501;%{?;(%(&08@&%0@8&6?
substanti a - gafgf) 7 o Of :
and 20 nol c(l%i(s)ﬁiﬁ eséstﬁgf O%a%élndonor%foﬁlﬁiﬁ roglogek}tﬁgsl‘goaé@poa ti oni 0
and 20 Tol vhor 1o or NSy otRb SRR FHRmitic Ban st shHeS 15
an 0 . _ _

' I Vi : | | l-, ~and has chani cal
bi oact i vi t ¥enk ¢hOIRRER JrOhelSEries of 3G BRLELIaY ¢ ech:
strength, sinterabili fy, etc. prePeré;(gjlq%%or U 5&338 sllcoﬁt(g}e! Wﬁeg?(éalon a
sintered calcium phosphate glass. The bioactive glass conprising
rel eases cal ciumii ons in a living body, thereby show ng bioacti v: t%/| 0;I]'he
bi oactive @mlelmBs@MPTmI%mrﬁRd I?FfERP_ El _Lsctgir}/f%% eﬁﬁﬁgysﬁ :Jca i
jorm a sl II1Ca gmel o etase ouel - _cpnposfe oI CIS:JIT: hos hate- crystal s, whereby
| ayer forml}hB1 w glass nucl eation of ca pl lo 2 stals, whereb
t he bioactive glass can strongly connect to cortical bones.

gl ass 8 the preskit bioagsivei glascofithd pessefia@eastion has a composition
substantially comprising 30 to 60 mol % of Ca0, 40 to 70 mol % of S10,,

and 20 mol % or less of Na,0, and more preferably has a composition
substantially comprising 40-to 50 mol % of Ca0, 40 to 50 mol % of S10,,
and 20 mol % or less 0of Na;O. The glass with such a compositibn has
15  bioactivity preferable for use as a bioactive material, and has mechanical
strength, sinterability, etc. preferable for use as a sintering aid in a sintered
célcium phosphate glass.
The bioactive glass comprising CaO releases calcium ions in a
iving body, thereby showing bioactivity. The bioactive glass, which has
20  lost part of the calcium ions by elution, forms a silica gel layer mainly
composed of silicon oxide. The silica gel layér forms the basis of
nucleation of calcium phosphate crystals, whereby the bioactive glass can
_.strongly connect to cortical bones.
The bioactive glass of the present invention comprises CaO and
25 Si0, as main components with approximately equal molar ratios. Thus,
the composition of the bioactive glass is suBstantially the same as that of
the B-wollastonite, whereby the bioactive glass easily generates B-
wollastonite crystals at a crystallization temperature. The crystal
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' ' [ | [ | nolar ratios. Thus,

25 Si 02 as nmin conponents with approxi mately equal

the conposition of the bioactive glass is substantially the sane as that of
the P-woll astonite, whereby the bioactive glass easily generates (3

: i ystal lization tenperature. The crystal 5
Soner oo S PRSP T R TR sl
| ' i -1 t , because the
rechani oal <2t TEhERS EhefDeiRe SrG T hesaipnbuprscbaics STBEHbOR
| hor ea cg such_a |l astonite crystal. as conpared with other crystals.
In the ¢ Sﬁ%ﬁl@ereda%\‘@f:ﬂﬁn& OSPHaLCaE RSt 1S gRoTepBTEaseidiy sueh a B-
b ot eC'?tsbilit b conventi onal t hods, however, the formation of the
oo e Oh e (PR o ot et e cans o8 ©
' e _hi ' t tion has inprov
bi ocompit | BIES AR FTRORBASEA:Caco dBRRENE DiRceTTMTOPBSS. | 1 10
ngp'?im;n because t |,as ransitiqgn tenperature and/or the
o 'It ||iz§PPXﬁnﬁPE$rﬁ@%Q%foSe5’WWf‘éa gh%zﬁ@rmaﬂéowéstbe #rwallaseonitecrygaged by
E’%; at he .bigactive glass of the..present invention is free of P205. Thus,
the  bioacti 9 e&pgggelgqfﬁtaié Wé?ﬁhganweﬁemmaagm ?i ntshnObPZOStit\r/]:rSF;SS .
easi i - ' : e bioac
the present | nverTISRIORHYRSIES SR prriaitanverienbasnmrBooRdi 5 pr of eranl y
' . : | % . Crystals of tricalcium
ggoggLafmeogé%ﬁﬂ?@%%gﬂg‘éﬁgﬁ?@@%@ © I(ﬁgrr“e %ggmg P)erﬁzﬁjn tIerpF_r at ur ed
. . . S . : : ¢ -
bi ocomat | Be o 4egahSe BOTLIAL ddhsiloR iR RRSo Searsdreliranan o) um
bi oconpatibility,” to %/Hd&re:xgapgel ggé Q_.[.é bh% : : 3 R oAU
h hat e FAHIRY : _
Bhgzghgte S?ggg Thersi nt elroaglﬁl [ @ 'S 1 rrpro{/lgécﬁtcg‘ & @Xﬁzﬁméﬁs t he
sintering bishctive glass of the present invention is free of P,Os. Thus, the

bioactive glass of the present invention contains no P,0s thereby éasﬂy _
generating the B-wollastonite crystal.

15 In the bioactive glass of the present invention, the total molar rafio
of Ca0 and SiO; is preferably 90 mol % or more, more preferably 95
mol % or more. |

Crystals of tricalcium phosphate Ca3y(PO,), may be generated at
the crystallization temperaturé. Tricalcium phosphate is similar in

20 -physical properties, solubility and biocompatibility, to hydroxyapatites.
Further, the crystal of tricalcium phosphate can improve the
biocompatibility of the sintered calcium phosphate glass.

“The sinterabi_lity 1s improved in a case where the sintering aid of
the bidacﬁve glass has (1) a low glass transition tempcratﬁre Tg,(2)a
25  crystallization initiation tempe'r.'aturle-Tco femafkably l'ov.v_'er th_aii a
decoinpoSitiOn temperature of calcium phbsphate, and (3) a large

difference AT between the glass transition temperature and the



t he bioactive glass has (1) a low glass transition tenperature Tg, (2) a 25
crystallization initiation tenperature Tco remarkably | ower than a
.deconposi tion tenperature of cal cium phosphate, and (3) a large difference

AT :bet ween lass transj.tiqn tenperatyre and the 6 crystallization
initiation @%@%@f&?ﬁl&nﬁéﬁonﬁcwr §olfo. i et iesenhmvendom the
mcrystalli %Qn inilhiga{.i on terr'gerature" nmeans a tenperature at which the
bi oacti ve é s CHEHHZaHgNJBHER APR lEmpeEyaiuae seamsas tarhper@Baneat valsichni t e

crystal . Sggc' fically, the crystallization initiation tenperature is
defined 5 &8¢ 1‘?_@%&%@% CBIS 6 SeRAeLs arcrystah shak esithe @-aadlagtdidid om of
ifferential thermal analysis curve. The term

an exotherm ¢ peak in_a _

"crystalli fﬁﬁ%ﬁ taél?ﬁféiﬁ&? Vethtebyrfiallizesiopeindtiation aempler atird hedefived al i S
generated, with a definition as a tenperature of an exothermc peak in a .
di fferehti &° & WEIRRRUZR S yaicrsechioRr of Bdbass lanakndtzbottenedf get s of Na20,
etc. inas sg_iam of Ca? Si(&ﬁ_ and . Na20 on the glass transition

t enper at ur SXOHEMIC RERY 41 2 differgniiakt slysis dovenl TheatrgaO and 50
nmol % of Si..gﬁ,@-henei nafter used as a control. The graph of Fig. 1 shows
the exot her ¢ Hﬁa%%é?rﬁl@??ﬁt&r"chm A\perpperaitesr att which thetdrgsil i er ent i al

‘thermal an | f i tive 15 glass conposed of 50 nol % of CaO and
50 nol %o%ﬁ?@“ﬁr‘%ﬁ?%dg%lﬁ?’&oﬁi%éégmﬁ%awreﬁtm@x@ﬂwmgpmmas heat in
a tenperat HEEC{&EQF%%@P@W%g%We is above the line L, and absorbs heat

in a tenperature range ¢¥Se is belowthe line L. A t angenti al

line ag@t the in | ' rye at the begi hni ng_of heat
absorption, an a?ﬂ%lﬁ%eeﬂﬁ %Eefeg%ﬁt}g?ggsaﬁl'Flﬁél)s,ysé?mgcgnééﬁgg@i andline c

e b ven § e amRoaGs Saktfof et dhurt Woel b Bhe e Caperad e
range showofigOtrhel #nePOAE) ih& FVAMIGE of SiO, is hereinafter used as a control.
The graph of Fig. 1 shows the exothermic and endothermic
changes with temperature in the differential thermal analysis of a bioactive
15 glass composed of 50 mol % of CaO and 50 mol % of SiOz from 100°C fo
1100°C. The bioactive glass generates heat in a temperature range where
the curve is above the Iin¢ L, and absorbs heat in a temperature range
where the curve is below the line L. A tangential line ¢ at the inflection
point of the curve at the beginning of heat absorption, an approximate line
20 b (base line), and a tangential line ¢ at the inflection point of the curve in
the rising of an exothermic peak are given to the differential thermal
analysis curve in the temperature range showing the cndothermic changes.
The glass transition temperature Tg is obtained from the intersection of the
tangenti_yal line a and the approximate line b, and the cfystallization
25  Initiation temperature Tc, is obtained from the Vintersccﬁon of the
approximate line b and the tangential Hné c. | In Fig. 1, each of Tc, and

Tc, represents the crystallization temperature, and AT represents the

difference of the glass transition temperature Tg and the crystallization
"



The gl ass trahsition tenperature Tg i s obt a: ned Lrom éhfhgnis;:fg“?gaﬂon
. : . an
tangential line a and the approximate line b, : .
-tZEGi niti gt ion tenperature Tco is obtained fromthe intersect |h,onf Ofl’cahgnd
‘approxi mate_tine b and the t ngential line c. In Fig. 1, each o
pp t%aq%

1T onee G ABE g s Lrancit] on  smverat i T ane (hneragtLr |22 on 7
i Fon Bl i ol st s aiggeno.
it Reacﬁ ;g{)glr gt%rgﬁitbg%iffﬁq@ﬁ%%nﬁ%@ggﬁé;é%gg;eﬁézgi §g§it in;/gr iglnSSZi ‘é"' H)]r a
e S i TR i & o chapsc i i 1
ﬁgiio'r%o : thi[be:]uS%e 2%# gﬁﬁ%}gﬁgf&ql@gﬁ)g iﬁgﬁﬁggg%yﬂggﬁ%gﬁ {)d)r\]il ihﬁi tiation
et ur BB e SRS ol s v oot
\tM;aﬁrBe?a? {J]; fé&%lg) @fa?u%; leqavggr;ﬁ}%%(ef@é@%%?&ﬁoi tﬁm%fﬁ;d;ﬂ?igg tY)P ;: g ; SI gwer :
Targe-af SRR RV ERTORL o EGRin fevemerperaurant, e ©
Genaeory e AL OGS TR T2 ; R?%@r%lggsfﬁgbz? dhe ol o the
pref e bty S0C 6 e NEF el P SER o ARG pinsi 1 o
}-8 \Arrg\e/ (r:) ?t u; ﬁ]oggbggs’lid;%lggﬁ ;ﬁﬁgés!it@ g&g?;élé%ﬁ}‘e tieg is prefgrve\l%iy 998XC or lower,
more preferably 770°C or lower. Further, the bioactive glass of the
| present invention preferably has a large difference AT between the glass
fransition tcfnperature and the crystallization initiation temperature. -~
15  When the difference AT is large, dense crystals are easily obtained without
needing precise control of the sintering temperature. The difference AT
of the bioactive glass is preferably 80°C or more, more preferably 90°C or
more. |
The glass transition temperature Tg of the bioactive glass may be

20  lowered by adding Na,O. However, an excess amount of Na,0 often |
~ Inhibits the formation of the B-wollastonite crystal. Thus, the amount of
Na,0 is preferably 10 mol % or less, more preferably 5 mol % or less,
particularly preferably 1 mol % or less. The lower limit of the amount of
Na,O is preferably 0.1 mol %. When the amount of Na,O added is less .
25  than 0.1 mol %, the effects of adding NaéO are substantially no.t obtained. .
The addition of CaF to the bioactive glass can lower its glass
transitién temperature Tg and increase the difference AT.  With CaF 2

added, the glass transition temperature Tg and the crystallization initiation

8



inhibits the formati on of the (3- wollastonlte crystal . Thds, t he amount of
Na20 is preferably 10 nol %or less, nore preferably 5 nol %or |ess,
sparticularly preferably 1 nmol % or | ess. The lower |imt of the anmount of

Na20 is pr, fer abl t he unt  of Na2Q added is | ess 25 than
0.1 mol %' W&r ES‘E% f lbé?é%j ‘ﬁeli@élzénéf g{) mﬁ%@m of the erystalbizatioed.  The
‘addi tion t he Di ctlve a Its glass transition

t enper at uglel ECTPHE%H% ¢ Sd‘ﬂﬁk g’h@e V%e\ﬁilﬂg lagerzansitiond, the gl ass
tran&hontengeratztxe g talllzatlon |n|t|at|on8terrperature
Teo are bOTHPER®I .S h 6953101@ WE@W@ Tedsdowered,randi at i on

t enperat ure Te er._than h of the ss transition tenperature
Tg. Thus, tﬁ?‘lg @Fgggcqnzir}gllpgrgﬁsq afovasided, isaprefe ]
di fferenc To ncreased unt added is preferably 1 5 nol
OAl)o'r Igss?n@Df"egB eesfsemlefrégeﬁ%r@ I@s%r €8903 nay bg added t)c/) t he

bi oactive gl ass.pThe mal | nt of_ _B203_can |lower its
- glass t rangl ti o@?@ﬁﬁ@%&p ga%@t%ﬁ?ﬁ ?9%&1};’1? IglII 358t i oG additwan ehat enper at ur e
Teo and i c dition of CaF2. The anount
of B203 agféfagﬁlé@ Bﬁlgfogqlﬁa%cﬁﬁlg% S‘%l?@ﬁ’s B@Qé W@W@ﬂ@'ﬁa@g ypnd rml % or
| ess. uId be con ned in
bi oact i velcgf%élsl%mqigh%%{e?se%ﬁﬁ %ﬁ{%ﬁg }rgcr%arsgftgueé:{f TERGR 20 CaF2
and B203 t oa i.nat.i on bL oacti ve.
gl ass w t%k?htge%ﬁelr%%ledf:?%ss trans # | ono¥gﬁ§g%ﬁaés?§e%5ﬁ he preferred
15 di 16 er enslel dr R, ﬁﬁ)@%@e@ﬁd&bygﬂp@ogig%tsel y conbi ni ng Na20, CaF2 and

B203. The total ampunt of “NaZQ is preferably 5 nol % or
| ess, nore prefeAabdast dnewf Na, 0, ('Jﬂ's?anﬁ@ (P??ﬁéulld'ﬁgﬁoﬁﬂ(auﬁ&?]ﬁ %@I anount

of Na20 CaF2 and B203 is preferably
bioactive glass of the present 1nvent10n It is preferable that Na,O, CaF,
and B,0O; are added to the bioactive glass in combination. The bioactive.
glass with the preferred glass transition temperature Tg and the preferred
15  difference AT can be obtained by appropriately combining Na,O, CaF, and
B,0;. The total amount of Na,O, CaF, and B,0; 1s preferably 5 mol % or
~less, more preferably 2 mol % or less. The lower limit of the total amount
0f Na,0, CaF, and B,0s is preferably 0.1 mol %. _
An inorgaﬁic compound such as K,0, Li,0, Ti'Oz; Al,O;, MgO and
20 ZrO, may be added to the bioactive glass. It is preferable to use an
Inorganic compound that does not_increase_ the glass transition temperature
Tg and does not inhibit the formation of the B-wollastonite crystal.
Thefe are no particular restrictions in a method for producing the
bioactive glass of the present invention. The bioactive glass may be
25  produced by a method described in JP 60-239341 A, etc. Speciﬁcally,
powders of materials (CaO, SiO,, Na,O, CaF,, B,0,, etc.) with a desired
composition are put in a platinum crucible and heated at 1,200°C to
1,600°C for approximately 3 hours to obtain a molten glass. The molten

9



An inorgani c conpound such as K20, Li20, Ti02, A1203, MgO and 20 Zr02 may
be added to the bioactive glass. It is preferable to use an inorganic
:conpound that does not increase the glass transition tenperature Tg and

parti cul ar st s mAtBATI A B 10 BF et e BRI Hiecelast cadtioveligiaiss of
N e A e e
L A S i o
poduce 1 PRIEES, el BBl e b S B R
?Ege[)sbagtea s, part icg\:éfcels, r_gg?ﬁi?{aes?glegp. ygepgﬁ%ﬁe%l?fﬁ %@%:}%ﬁf;‘ﬁ’éggéed en
cal o um phos i aFBelot, {BE igbefer Ot DRAERY E i s PORROIBRET T beo

bel ow, t hepdivaEationdr dlAgsibicaashi ve glass may be control | ed by
pul veri zation or classification. [2] Sintered cal ci um phosphate gl ass (a)

Conposi ti of2ofSigiteredrcadcitinh 9h5§%ﬁm%ll3§%e gl ass 10 A cal ci um phosphat e
contained In the sintered cal cium phosphate glass of the present invention

i s preferafdly GolmpdsitiotapékirteredcslaiRe! hadPalide or trical cium
phosphat e. When the hydroxyapatite is hgg%%g), itgl1 sS%graduaI |y deprived of

around 3. 300C o1 b gher - hue T a T he Casnore SEHELRPRARRATIATIRAR T ror
the si nt er gliss of ¢heipresons phretretiqr &sprefetablyiahpdialg apheiee sscabopagider abl y
apatite or trical¢ium phosphate. o
When the hydroxyapatite 1S heated, it is graduélly deprived of
hydroxyl grdups.at around 1,000°C or higher, causing decomposition at
156 around 1,300°C or higher. Thus, in the case of using the hydroxyapatité
for the sintered calcium phosphate glass, the sintering process is preferably
carried out at a temperature lower than 1,000°C.
The 'biocompatibﬂity of the sintered calcium phosphate glass may
be further increased by using the carbonated apatite. The carbonate
20 moiéﬁe_s of the carbonated apatite are eliminated at a temperature of
around 900°C or higher, which is lower than the elimination temperature
of the hydroxyl groups of the 'hydroxyapatite. - Thus, in the case of using
the carbonated apatite for the sintered calcium phosphate glass, the
sintering process is preferably carried out at a temperature lower than
25  900°C.
The sintered calcium phosphate glaés of the present invention
comprises the bioactive glass of the present iﬁvention as a sintering aid.
The bioactive glass preferably generates the B-wollastonite crystals at the

10



carried out at a tenperature |ower than 1,000C. The bioconpatibility of the
~ sintered cal cium phosphate glass may be further increased by using the
.carbonated apatite. The carbonate 20 noieties of the carbonated apatite are

el i'm nat ed ca¢st11ARBE" round 90QC or higher, which is |ower than
the eli m"n'atﬁl.dn te%@r@f‘&@aﬂ% B?FFEIQWHFB Ve Grodﬁ@_ perachgageydf theyapati te.
Thus, int f i .1 he carbgnated apatite for the sintered cal cium
phosphat e g? gg%?&g ﬁewgilﬁ?&qlﬁﬁcﬁ’rsg%lést@ ' C{iiﬁé\@’m’alglasscmrpri:&:iablyt l@atoa

t enper at ur qob%/vgklh%%n 25 900C. The sintered cal ci um phosphate gl ass of

t he present Invent " conprises the bioactive glass of the present

I nvention |, | | aid.. The biqactive glass preferably generates the
[ 3-wol | ast’g@l ?lgﬁil éﬁé@?ﬁfﬂ%‘i‘ﬁlﬂg SPBLeEP ¢ Saagium phpephaterglasat ur e as shown in
Fig. 2. The perc fithe . generated (3-wollastonite crystals to the
bi oact iVe gl ass ?@fe?%@e%?%@m?%l PEOSE’SG% Blasinad ¢he pnysestitroeh i mpryoduci ng
the. pr esentEr e eER AR Bt Sinterag Bsthotkomon oi nt eri ng. met hod. The.
average particl eqdlj - | ci,um phosphate particles is preferably
1 to 100 m rmreIgllreel;erg%? ?E{%&?ol Wr?ﬁgj%ﬁﬁlé’iwpmﬂphlﬂtmpmhdes iscl es
wi th such FapAS ' Lanet.er e 10 prepared by a spray
granul ati on mnet P(ll)%ng?ﬁﬂl;sd hﬁ%@@ﬁ?ﬁfﬁrﬁﬁ@éb@a@ &0 kayr t | Thesakmemaggl oner at es
of - fine capkbsHRPOBERID i (primar rticles). The cal cium
phosphat ealli):ryiptnal Ps pr%?gﬁg%ﬁ{;]/aill %nt eerﬁg?éa‘égg]er@ﬁmqiwmayﬂms havi ng
di ametle®r s brgh ok . y no- particles _having dianeters
of 10 to Ooe?nm ?ad;ﬁ§§ gfﬁ?ﬁﬁt%%%ﬁ:ﬁlga rﬁlu_s,t e calcrum phosphate

particles are agglomerates of fine calcium phosphate crystals (primary

particles). The calcium phosphate crystal is preferably in the form of

nano-parti_c_;_l_es having diameters of 1 pm or less, more preferably nano-

particles having diameters of 10 to 500 nm.
15 The pulverized particles of the bioactive glass of the present
%nventmn may be added to the calcium phosphate particles. The average
" particle diameter of the bioactive glass particies is preferably 0.1 to 10 um,
more preferably 5 wm or less. The percentage of the bioactive glass to thel
| calcium phosphate particles is preferably 0.5 to 10% by mass, more
20  preferably 1 to 5% by mass.
| The calcium phosphate particles and the bioactive glass particles
may be wet-blended with alumina balls and a solvent such as isopropyl
alcohol, ethanol, etc., and dried to obtain 2 mixture for sintering. The
drying time is preferably 0.5 to 5 hours, more preferably 2 to 5 hours.
25  The mixture is preferably put in a stainless steel die, etc. and press-molded

- and then cold-isostatic-pressed.

A green body thus obtained is sintered. The sintering

11



15 The pul verized particl es of the bioactive gl ass of the present
invention may be added to the cal ci um phosphate particles. The average
particle di arreter of the bi oactive glass particles is preferably 0.1 to 10

o or e BeSberably PRIl 9% 1 BECRELERTYRE, Ghghhe, boact ve o ass Lo
B erab vttt OB Ehe Sl e AtoamIeL s pectil s andthe T
so vent "susiyasaanepal, SLgatel TR St o S o
et bl et AP e A SopL Lol put g stal ese
o3 1%, PP e BT D Rl
o100 HRBLEOEPLY Bk 08 oy %ﬂmﬁeﬁﬁgsﬁs@sﬂs@ B
v evs o1 Py el BRI FLE 2 BB LB calofup phosphat
booy. ey e e e el AN 2%8,1dd 0LIRGR Aegper el ur e o
green bodypimsidles pbeetrhesinedp o}é‘sebét%é@ﬂ‘fﬂ? gh3 @%@5@ RafiEdghfgte o

pores between the cal ci um phosphate part es t

th f safinat) faseis 1%@33-2
3(5; eblfs gﬁ?ﬁ? Fi 32.1 gl(lg?mm%n t he gS| n?zlrs?{%g pr ?hs %lléggghgﬁé t he

green bodyas showatindiigl 34ct enperature at which at Ieast part of the gl ass

As shown in Fig. 3(d), when the sintering process proceeds and the -
green body is heated at a temperature at which at least part of the glass
components. forms crystals, crystals are generated in the grain boundary

15 phase to form crystal phases. Because the sintering temperature is lower
than the melting temperature and the décomposition temperature of the
calcium phosphate throughout the sintering process, the calcium phosphate
particles are hardly decomposed or dissolved in the glass. Thus, the
crystals such as the B-wollastonite crystals of certain glass components are

20 generated between the calcium phosphate crystals to provide the s1ntercd
dense calcium phosphate glass. The heating rate is preferably uniform,
and preferred heating rate is approximately 10°C/min. The siﬁtering
temperature is preferably maintained betv?een the glass Uaﬁsiﬁon
temperature and the crystallization temperature for 1 to.5 hours. The

25  sintered calcium phosphate glass is preferably cooled in a furnace.

The present invention will be explained in more detail with
reference to Examples below without intention of restricting the scope of
the present invention.

12



conponents fornms crystals, crystals are generated in the grai' n boundary 15

phase to formcrystal phases. Because the sintering tenperature is |ower

than the nelting tenperature and the deconposition tenperature of the

cal:ci um phosphate t hroughout the sintering process, the cal ci um phosphate
particles are hardly deconposed or dissolved in the glass. Thus, the -

‘crystal's S%&{gﬁle{){;e (3-wol lastonite crystals of certain glass conponents
era

are 20 gen tween the cal ci um phosphate crystals, to provide the

sintered, dense lfgéll Ci um,r{ph? te glass, The heating rate is preferably
uniform and pre oG Koot PAAEE Hhpmogi HaoEBy01 p6irder, adie

sintering e re 1s preferabl i ntai ned between the gl ass

transiti onrﬁﬁ%éfﬁéaﬁep%‘ﬁﬂeﬁ KéTe Wé‘tQFP‘PQéWIEﬁd 2k hPeOUT dor 2ftwurt, 0. 5
hours. dhe i red ecal cj um.phosphate glass is preferably cooled in a
fur naceg Pﬁczd‘%?ée]éz’ﬁﬁg‘ftﬁ\’aﬁeﬁhséﬁga%’af’fﬁab’@%ﬁmra Qi@ composteomet ai | wi t h
reference to Exanpl es bel ow wi thout intention of restricting the scope of
the present invention. 12 Exanple 1 49.5 nol % of CaO powder, 49.5 nol % of

Si @2 powdegy ed %06 % of Na20O powder were m xed and nelted at 1500C for
2 hours, to 5 progfuce a bioactive glass ingot having a uniform

‘conposition. Ex j wd re |ted at 1500C for 2
hours, to producguatﬁaééﬁvg%é}a;ygég#@d&qocga%gw%%fé% E&W&d@m@'dﬂlmns shown
in Tabl e TbioabivEaflags hngieRaing u 5t CRMRRRIHS 00k 00 S @ Ma20

CaF2 B703 _
10 :
Table 1
Bioactive Glass Composiion (mol %) .
| Ca0 Si0, Na,O CaF, B, O,
Example 1 49.5 495 | 1.0 i ;
Example 2 475 47.5 5.0 i ;
Example 3 40.0 50.0 10.0 - -
Example 4 49.5 50.0 - | 0.5 -
Example 5 49.0 495 1.0 0.5 -
Example 6 495 | 490 1.0 0.5 1.0

Comparative Examples 1 to 5

Material powders were melted at 1500°C for 2 hours, to produce

15  bioactive glass ingots having uniform compositions shown in Table 2.

13



Exanple 1 49.5 49.5 1.0 - - Exanple 2 47.5 47.5 5.0 - - | Exanple 3 4 0 .

050. 01 0. O0- - Exanple 4 49.5 50.0 - 0.5 - L Exanple 5 49.0 49.5 1.0

0.5 Exanple 6 49.5 49.0 1.0 0.5 1.0 Conparative Exanples 1 to 5 Materi al

powders were nelted at 1500C for ELOQ' to produce 15 bioactive gl ass

i ngots having uni form conpositions shown in Table 2. 13 Table 2 Bioactive
‘d ass Composition (nmol 9§ CaO S pZ P205  Conparative Exampte—+-50.0 50.0 -
Conpar atiye Exanple 2 49.0 51.0 -| Conpar dfomgoEtanp(®od %4P. 0 60.0 -

Conpar ati yve Exadlfibective1@lgssa7.5 5 Comparative Exanple 5 60.0 80.0 10.0

Each bioactive gl ass of Exanples 1 tocg and n’ga(ro)atlv rrpl es 1to 5
was subjected to differential thef aI ysi 2 obt ai n st he| gl ass
transition tenperature Ig, t(he crystatrtizatijonintratien—terperature Tco,

the crystal | Compasativedixemapler e Tk, a50L0t he |di f 6rencel AT between the
gl ass tra,q_s_|_t_|_g.n_t_g_|:qg_gr_at||rn ;mrl he crystalllization iphitiation

tenperature. Céﬁlﬁpass Pk af |t| on eacé{b §| oagti vgggj ass| of Exanpl etshé to 6

had 10 ajl ower t enper-ature Tg conpared with
bi oacti ve
Comparative Example 3 40.0 60.0 -
Comparative Example 4 47.5 47.5 5.0
Comparative Example 5 60.0 30.0 10.0

Each bioactive glass of Examples 1 to 6 and C.omparative

Examples 1 to 5 was subjected to differential thermal analysis, to obtain
5 the glass transition témperature Tg, the crystallization iﬁitiation

temperature Tc,, the crystallization temperature Tc, and the difference AT
between the glass transition temperature and the crystallization initiation
temperature.

As shown in Table 3, each bioactive glass of Examples 1 to 6 had

10 - alower .glass transition temperature Tg as compared with the biocactive

glasses of Comparative Examples free of Na,O, etc.  Each bioactive glass

of Examples 4 to 6 containing CaF, had a relatively large difference AT.
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rative Exanples free of Na2, O etc. Each bioactive glass
g:‘ asEf(SrsrpIOIasc?ln}t)g g cont ai nim;g CaF2 had a relatively |large difference AT. 14
.Table 3 G ass Crystallization Difference Bioactive Transition Initi atlron
Crystallization Tenperature AT bet \AeEinhg ass Tenperature TegpgrgtBurle C
(O Tg and Tco Tg (C Tco (C) (C) a8 1 774.4 862.5 88

X A ono wd =is) Exa e 96 0 814 3 63 1
‘Exanpl e 2 [717.4 859707829 3—141—6—753—0FExanrp! 662 9 7
918. 2  Example 4 780. 4 560185853, eCpial Lzahemy| | Cripiaf B3, Bp SDNiIBiEACO DS, 9
Exanpl e 674619957 _4) 63 ramiten 4 olrbratzmparat Ve 860 —X@FBEﬁve]cn 2.
861.8 68.8 9¥dla¥s ConTangisrmerEXaMRnepdads9 6 SCGIFETIUEEE Zggaﬁég% | Bam
Conpar ative Exanple 3| 78,8082 2 914,9cl01. 4| Coffadf@yive
le 4 944. 1070 ’
Examplel | - 774.4 862.5 882.6 88.1
 Example 2 717.4 859.0 829.3 141.6
| 753.0
Example 3 662.9 726.0 814.3 63.1
' - 91822
Example 4 780.4 862.6 883.8 82.2
Example5 |  763.1 859.0 874.9 959
' 851.6
Example 6 46, .
xample 746.4 837.4 869.4 91.0
Comparative 880.6
Examplo | 792.9 861.8 0147 68.8
Comparative _
Exaple 789.6 866.7 886.2 77.1
C ti |
é’zzf;?e 3 780.8 882.2 911.9 101.4
Comparative
Example 4 789.1 8961 944.9 107.0
- | Comparative
| Examplo 5 807.2 873.4 885.9 66.2

Each bioactive glass of Examples 1 to 6 and Comparative

Examples 1 to 5 was heated at the crystallization temperature or higher,

(@]

and the generated crystals were analyzed by X-ray structure analysis. The
results of X-ray analysis of Examples 1 to 6 are shown in the graphs of Fig.
4(a), and the results of Comparative Examples 1 to 5 are shown in the
graphs of Fig. 4(b).

As shown in Table 4, the B-wollastonite crystals were mainly

10 generated in the bicactive glasses of Examples 1, 2, and 4 to 6, and
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C'orrparative Exanple 5 807.2 873.4 885.9 66.2 Each bioactive gl ass of
Exanples 1 to 6 and Conparative Exanples | to 5 was heated at the
.crystallization tenperature or higher, 5 and the generated crystals were

- SLr r | ysis.. The results of X-ray analysis of

Bampl os 100D R TR RIS EHRE Gmieiny S sl the el 5 of
; i ' shown in the_ graphs of Fig. . shown
n Tabi e 4 ML RGPS zystmtmpam%ma%dymagenamw n the

[ [ f EX les 1, 2, and_ 4 to 6, and 15 nparative

?:Egg(r:r:): \ég %Lfsiﬂ ?Wé)ﬁ?i W%gﬁ?%‘?rﬁé%fi Kbgh‘éblﬁﬁ@@wglasecsaﬁéfomlimlaairvearrﬁuné | of
CaO and Si e- ot her _hand, P-wol | astonite crystals were hardly
gener at ed Eﬁm@e%?mg\?gn&l@(@%ﬁ- Conparative Exanples 4 and 5
contaiming P205 5 Table 4 Bioactive Crystallization G ass Tenperature

Crystal” System Tc C Exanple 1 882.6 13-wollastonite " Na2CaSi 4 Exanple 2

829.3 13-wol | astonite > Na2CaSi Q, ¢, ,Na2Ca2Si O7 753.0 Na2CaSi 308 >>
Na2CaSi 04 Exanple 3 814.3 Nazcao§?§6‘84>> Na2CaSi 04 918.2 Na2CaSi 308 >>

Na2CaSi 04 afd
Bioactive | Clystallization | B
Glass Temperature Crystal System
Tc (°C)
Example 1 882.6 p-wollastonite » Na,CaSiO,"
Example 2 829 3 B-WollasFoni;ce > Na,CaSiO,,
' Na,Ca,5i0,@
_ 753.0 N32CaSi308 » Na2CaSiO4
Example 3 814.3 Na,CaSi;O4 » Na,CaSiQ,
' . 918.2 Na,CaSi;Oq » Na,CaSiO,
Example 4 883.8 [B-wollastonite
Example 5 874.9 B-wollastonite » Na,CaSiO,
Example 6 851.6 Na2CaSiO4? B-wollastonite
869.4 [3-wollastonite > Na,CaSiO,
Comparative 880.6 [3-wollastonite
Example ] | 914.7 3-wollastonite
Comparative
Exa?nple ’ 886.2 B-wollastonite
Comparative '
Exa?nple 3 011.9 B-wollastonite
Comparative . '
Example 4 9449 a-wollastonite > B-wollastonite
Comparative R o
Example 5 8859 Ca,810, > Ca (POs),

Notes: (1) "»" means that the crystal on the left side was generated in
an extremely larger amount. |
(2) ">"means that the crystal on the left side was generated in
10 a larger amount. |
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Exanpl e 4 883.8 13-wol |l astonite Exanple 5 874.9 (3-woll astonite >>

Na2CaSi &4 Exanple 6 851.6 Na2CaSi 04 > 1-wollastonite 869.4 f

-wol lastonite > Na2CaSi ™4 Conparative 880.6 13-wollastonite Exanple 1

914.7 3-wol | astonite Conparative Exanple 2 886.2 R-wol |l astonite -

* -~ Conpar ative Exanple 3 911.9 13-wol | astonite Conparative Exanple 4 944.9
‘a-wol |l astonite > (%-wol | astonite Conparative Exanple 5 885.9 Ca2Si 04 > Ca
(P03) 2 Not esXaMRIE ¥n v pans that the crystal on the left side was generat ed

in an extrenely Jggr%}er armur%.ﬁ (2) ">" nmeans that the crystal on the left
side was gener at ed1f R103@1VE giasgdREahel hxammpletk wasimilvefizedhhmact i ve gl ass
particles with an average particle

i ngot of Exanple 1 was pul verized into
di anet er ofp%gcf%wﬁﬁm)ﬁ%%@rﬁg@d@ disgneiet ofd$ jandeddt 0Py mass of
ano- paPt | deteos R AU b o THasOof pae Mmpomted partelvgl oetoge! xt ur
o ai . poWABRIEI 45 ) PRy AP0V aPATE Rare panicies wrallablehd Mot o ess
steel die, (%nr%o%t?gg._ | gergsﬁqgnt .Inixtur'e was wet-blended using isopropyl
alcohol and alumina balls, and dried to obtain powder for sintering. 0.2 g
of the powder was placed in a stainless steel die, and press-molded and
10  cold-isostatic-pressed (CIP), and finished to produce a disc-shaped green
| body having a diameter of 10 mm and thickness of 2 mm. The green
body was sintered at 900°C for 3 hours and cooled in a furnace to produce
a sintered body of the hydroxyapatite glass. The heating rate in the |
sintering was 10°C/min.  Further, three sintered bodies of the
15 'hydonyapatite glass were produced in the same manner except for
changing the sintering temperature to 1,000°C, 1100°C or 1200°C,
respectively. The sintered bodies and the unsintered green Body were
subjected to X-ray analysis. The results of the X-ray analysis are shown
~ 1n the graph of Fig. 5.
20 |
Example 8
Four sintered bodies of the same hydroxyapatite glass were
produced by sintering at different temperatures in the same manner as n
Example 7 except for using the bioactive glass of Example 5. The
25  sintered bodies and the unsinte_red green body were subjected to X-ray
analysis.  The results of the X-ray analysis are shown in the graph of Fig.

6.
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10 col d-isostatic-pressed (CIP), and finished to produce a di sc-shaped
green body having a dianeter of 10 mm and thickness of 2 mm The green
-body was sintered at 900C for 3 hours and cooled in a furnace to produce a
sintered body of the hydroxyapatite glass. The heating rate in the '
sintering was 10C/ mn. Further, three sintered bodies of the 15

the o1t or P AR RERER 81 000c "1100c or 120G, 1 especti vely. The |
analysi s. The r ectis BVGrONPRE Sgech BPgisinlE sammion  4nd & werer aph of Fi g
o7 oduced by TP ST GEEPeRe: [Tty er ds 206, réepierivaby fondimuras in
oi ntor &0 bad ot ARG ARG b Rl o cacan bpe vecrermojeatay

o 17" comply o FELHRRaR o SR Res MRS b e B tsomasss imtikanpl s 7

and 8 were @W&FF -at 900C, 1,000C, 1,100C or 1,200C, respectively, for 3
hour s. %ﬁ resulfant sintered bodies and the unsintered green body were

5

et oo or OIS ARl L RS BB 5, et
ot rer'p hy SL?E_}@?%W@“@%TQ HetSited itrbSFened bY thebidtB8ng 1Stk itre. In
10 the. case of the sintered bodies of Examples 7 and 8, which contained the

.bioactive glasses, those sintered at 1,000°C or higher showed peaks of the

B-wollastonite, and those sintered at 1,100°C or higher further showed

peaks of P-tricalcium phosphate. The B-wollastonite phase is preferable

~ for reinforc_ihg the grain boundaries, and the B-tricalcium phosphate phase

15  is preferable for enhancing bioactivity.

‘Example 9
The bioactive glass produced in Example 5 were examined with
respect to cell attachment, cell proliferation and alkaline phosphotase
20  activity as follows: A test piece (5 mm x 5 mm x 2 mm) of the bioactive
glass of Example 5 was subj ected to high-pressure steam sterilization, and
placed in a 24-well mulﬁplate for cell culture (available from Sumitomo
Bakelite Co.,' Ltd., diameter: 16.3 mm, base area: 1.8 cm® ). 1.0x 10 |
HOS cells derived from human osteosarcoma (ATCC No. CRL-1543) were
25  seeded 1n each plate, and 1 ml of D-MEM 10% FBS (available from
GIBCO-BRL) was added to the plate. The cellé were incubated at 37°

for 60 minutes or 7 days in air with a 5-% CO; content. The culture

18



10 the case of the sintered bodies of Exanples 7 and 8, which contained the
bi oacti ve gl asses, those sintered at 1,000C or higher showed peaks of the
.(3-wol l astonite, and those sintered at 1, 1OOC or higher further showed

peaks of (3-11:] um phosphate., The onite-phase is preferable
for reinf ofl}‘?%ﬁ}aﬁ &Xﬁ'ﬁn Ba efgurghgg l&'13%ﬁll'rlizrf%tlItﬁ‘ru}?ﬁin’Qaﬁmcosphate phase
‘15 is preferable for enhancing b| oactivity. Exanple 9 The bioactive gl ass
produced in Exanple 5 were exam ned with respect to cell attachnent, cell

proliferat lin osphotase 20 activity as foll ows: Atest pi ece

(5 mx 5 K?Rr}gﬁ%%@e% ll‘ggl oactive glass of Exanple 5 was .subjected to

hi gh- pressure st I lizatio d | aced in a 24-well multiplate for

cell culture (av?@?ﬁ?@i? PERE rhaéﬁ@mégﬁé@meelr@@ner RS an Exgiraplst @r - 16. 3
HOS cells derjved from human

b
oot eoash cobEliniteluiile areSumiess liiarsois: Guntay 1 Mrshoh i anéerednd 1 of

D- MEM 10% avai lL.able fr GIBCOB was addedtothe plate. The cells
wer e incubgyglbé lb]ogly %‘{&W%%V XArgRies6 i( BindgMngiteMparBuLe:Cop

tent. h d the f th d f th
7-days inc WW S@a%ﬁ&w‘be%’%ﬁg%ﬁ SS72y %2@@12 méééem'é‘%ﬁmﬁ the
' di t 6
o x 2 9 PrpEEAARE A e g)ﬁa"o{t%s‘%i'a” vidy obinp aeTede. Bxanpl ¢ 6
(sinteri ngﬂg Bldlig né‘ggl%cax e&gld of the bioactive glass as a

carrier. attac liferation and al kal i ne phosphot ase
-activity of the =17 y e_exa e
i ncubated cells ﬁeﬁ#@%ef%géﬁg(%%/ﬁ neu??% ld\%f?%‘?t@g‘ %u?fereg

formalin solution, stained by methylene blue, and observed by an optical

microscope and an electron microscope. To evaluate cell differentiation,
the incubated cells were homogenized and the alkaline phosphotase

activity was measured by Alkalipha K-test Wako (available from Wako
15  Pure Chemical Industries, Ltd.).

Adhesion of the cells to each carrier used in Example 9 and
Comparatlve Example 7 was observed after the 60-minute incubation. In
the case of the carrier according to Example 9, the cells were proliferated
on the bioactive glass, and were ncaﬂy n a confluent state on the fourth
20 day of the incubation.  After the 7-days incubation, the cells were
proliferated on each carrier of Example 9 and Comparative Example 7 into
a confluent state. © Photomicrographs (a magnification of 200) of the HOS
cells incubated for a week are shown in Figs. 8 and 9. .Fig. & shows the
'HOS cells incubated on the carrier of Example 9, and Fig. 9 shows the
25 HOS cells 1ncubated on the carrier of Comparatwe Example 7. Further,
numbers of the cells, attached to the bioactive glass and the sintered
hydroxyapatite body after the incubation of 60 minutes and 7 days, are

shown in Table 5. The carrier of Example 9 provided excellent cell
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formalin solution, stained by nethylene blue, and observed by an optical

m croscope and an electron m croscope. To evaluate cell differentiation,
.the incubated cells were honbgeni zed and the al kali ne phosphotase activity
was neasured g Al kal i pha_K-test Wako (avail able from Wako 15 Pure

Cheni cal | #d8 %(fl"rla89n Bs avoll a%%@&merwfﬁmpa‘ah%tm(g@ﬁph zarrier used in
‘Exanple 9 and Conparative Exanple 7 was observed after the 60-m nute

i ncubation. In the case of the carrier according to Exanple 9, the cells
were proliferated on the .bioactive glass, and were nearly in a confluent
state on the fourth 20 day of thablentubation. After the 7-days incubation,
the cel | s naere prcl:fnrafnr‘l oph-ecach carrier of Exarmle 9 and Con‘pal’ative
- Exanple 7jinto a confluent state. a magni fi cati on of
200) of the HOS cells incubated forﬁgﬁ&ggyﬁggé'gﬁi&%&Fn Flgs 8 and 9.
Fig. 8 shows the HOS cells ingubated on the carrrer—of—Exganple 9, and Fig.
9 shows the 25 HOS&®lars i ncubat ed on Inenbediori Beriofi Conparjati ve Exanple 7
-Further, nunbers of the Ce||s attached to t F‘ bi oactive gl ass and the
sintered |hydroxyapatite body dft incubatio f 60 minutes and 7
days, are|_shown in Table 5. The 3%%%?§¥&0 Exanpq78§y%rovided excel | ent
cell 19 p n;Elfer t|on as well [as the c rrieriof LOde[dL e Exanple 7.

Table 5 Nu eRtached Cel I|s 6.8ar A0dkcmhclibhgion0PeniZod 60 ni nutes 7
days Exalplc:auu)( +03 /-2 8 x-10'/cnR? Conparative Exanple 7 6.0 X
103/ cnk 2 éﬁ{}g}fk kalyj 8 tase. actyi t|2e<, after the
i ncubati on of days a}-ﬁﬁleaﬁ 6.0% ﬁl@ /%%};m Sfo tlb/
o The alkaline phosphotase activities after the incubation of 7 days

are shown in Table 6. The carrier of Example 9 was higher in the
alkaline phosphotase acuv1tv than the carrier of Comparative Example 7.

ThlS result 1nd10ates that the bioactive glass affects the cel] dlfferennanon

10 Table 6
Carrier Alkaline Phosphotase Activity
per 1 cm’ (unit: K- -A)
Example 9 2.4
Comparative Example 7 1.1

As described in detail above, the bioactive glass of the present
invention has a composition substantially comprising 30 to 60 mol % of
~ Ca0, 40 to 70 mol % of SiO, and 20 mol % or less of Na,O. By
15  containing CaO and SiO, as main components, the bioactive glass easily
ggnerates the B-wollastonite crystal at the crystallization temperature,

resulting i excellent mechanical strength. By containing Na,O, the
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are shown in Table 6. The carrier of Exanple 9 was higher in the alkaline
phosphot ase activity than the carrier of Conparative Exanple 7. This
.-result indicates that the bioactive glass affects the cell differentiation.
10:Table 6 _Carrier Al kaline Phosphotase Activity per 1 cnR (unit: K-A
Exanpl e 9 DPlgactwmghisathiase owightss Tansitionstatepenahecandioderithlipheys, t he
‘bi oactive glass of the present invention has a conposition substantially
conpri si ng 1GUIREEABHE mo Fugthst, whe, thabicactive st DihepRReanthvRditigl % or

| ess of Na2OQ By 15 contajning CaO and Si 02 as nmi n conponents, the

bi oacti ve gqoa%mé£a1|7yancy@n&zgl3e§h¢ Heffesenusl betsieeni the gluystrahsiatort he
crystallization tenperature, resulting in excellent mechanical strength.
By cont ai nitBENdE2are and the crysializaonyterspetatureais imoredseds tTiensintéres
tenperature and/or_crystallization tenperature. Further, when the

bi oact i Ve §RAG¥TBPhopRhale Gdask of theoprasent inventmmeofaEResrte diof2Ba, t he
di fference lietween t he gl asg transition tenperature and the

crystal | i z&#%hat afHErERgaad; herply exdabitimphbigh bitoeompAilsdity bnd phosphat e
gl ass of the gﬁesent 'nven&i on cqQnpri ses the_bioactive glass as a
sintering &FGCHEREMSG)ABICR 5??118&1 Angsmiesabibitpat i bility and excel | ent
mechani cal strength and sinterability. 21 LLOYD WSE CLAIMS : 1. A
sintered cal ci um phosphate conprising a bioactive glass as a sintering
aid, said bioactive glass formed froma conposition substantially



5 conmprising 30 to 60 nmol % of CaO, 40 to 70 nol % of Si02, 20 nol % or

| ess of Na20, and 0.1-1.0 nol % of CaF2, said sintered cal ci um phosphate
:bei ng excellent in cell attachnent, cell proliferation and al kal i neLLOYD WISE
phosphot ase activity, wherein said bioactive glass is free from P205, and
said sintered cal cium phosphate is formed from a cal ci um phosphate 10
~conpri si ‘ng@rngapati te, a carbonated apatite or trical cium phosphate.
2. The: sin "¢l cirum phosphate according to claim1l , wherein said
conposition form ng said bioactive glass further conprises B203 15 3. The
sintered cal ci um phosphate according to claim1, wherein a difference

bet | . I LA J { tallizati initiati .
Cerperator & in CorHe kA EIRA DR St Rife A5 Bac B e D18 Ak g cal ¢i um
hosphat e cardi tQ:ahaij - ¢ i i | I erate \
S vl | aSiiarifEd, i€ bibidve BMECHdinIA fonfd BG L, AIRRERINT 21 o5
loi h al e . . : odl d
o oactTvo CPRIRAnE R 60 oRy bbe CHOY 409 TRomRT o8 g O S el bR o S0

to 60 mol  YxfofON@048n8 0.7 0%hoPseb e 4R, i i , CaF2
and B203, Na20 being 20 mol 66 or | ess. Cansagg%g{ter%&i’%m%Fp@g’sﬁgﬁg5203

bei ng 5 nobethgextelient inaiel]l sitactenedt,calltprotiféZatibP¥RIYIREIinehosphat e bei ng
excellent in cell attachnment, cell proliferation and al kaline phosphotase

activity, phesphatasaiagdtivity; evieatemabaidibigaktivplgnss issfréerfrme FyGymaadcal ci um
phosphat e conpri si n% a_hydroxyapatite, a carbonated apatite or tricalcium
phosphat e. s81GsiTeRgdglaleizne phoapbaiemsplierssidatrenae caldiung phosphatem 5,
wherein said . L :

comprising a hydroxyapatite, a carbonated apatite or tricalcium phosphate.

2. The sintered calcium phosphate according to claim 1, wherein said

composition forming said bioactive glass further comprises B,Os.

15 3. The sintered calcium phosphate according to claim 1, wherein a
difference between glass transition temperature and crystallization

initiation temperature in said bioactive glass is 80°C or more.

4. The sintered calcium phosphate according to élaim 1, wherein said
20 bioactive glass generates a B-wollastonite crystal at a crystallization

temperature.

5. A sintered calcium phosphate comprising a bioactive glass as a

sintering aid, said bioactive glass formed from a composition substantially

N
wn

comprising 30 to 60 mol % of CaO, 40 to 70 mol % of Si0,, and at least
one of Na,O, CaF, and B,0;, Na,O being 20 mol % or less, CaF, being

0.1-1 mol %, and B,0O; being 5 mol % or less, said sintered calcium
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conposition formng said bioactive glass is free fromP-205 7. The sintered
cal ci um phosphate according to claim 1, wherein said 10 conposiliCyR WISE
-form ng said bioactive glass conprising CaO and Si02 and in approximtely.
equal nmolar ratios. 8. A sintered cal ci um phosphate conprising a bioactive
glass as a sintering aid, said bioactive glass forned from a conposition
‘consisting 15 essentially of 30 to 60 nbl %of CaO 40 to 70 nol % of.

Si 02, and GHosphawd berdf eXeelfntSai@lIShRASHSENE A e ﬂm1§éag§g§fgﬁg%gkg@%m ase

excellent in cell .attachnment, cell proliferation. an

activity, wesphotaseaacti ity wheekisahtd gmtefwemﬁﬁngﬁhés?t}ﬁt%@isff & cal cium
Ite or

phosphate conprising a hydroxyapatite, a carbonated ap rical ci um

phosphat e. fram 19cak&intmphoepihataladmpmph%sah@iﬂeoﬁyﬁwﬁt&i A¢afbdifagt i ve gl ass
as a sintering aid, said bioactive glass forned froma conposition

consi st i ng apagdesritachleiom ghosphade. nol % of CaO, 40 to 70 mol % OF S102,
and, 0.1-5 nol %of Na20, and 0.1-1 nmol % of CaF7, wherein said sintered
cal ci um25 phosphate is forned froma cal ci um phosphate conprising a

hydr oxyapat t e, car.bonaéed aﬁati ge Ofl trical ¢ci um phosphate. 23 LLOYD W SE
10. A sintéted calciUHSh Bl pBRpPhaicr@rdingi clasngbavéersin said

sintering ai salid bioactive.glass forned froma conposition consisting
essenti al | 303?13%%“]@51 %6"?%6‘@%1 #)I%VQLEEES@ 150irgeIfromdi2(8i 02, 0.1-5 mol %
of Na2O, and B203, said B203 being presented in an anount of 5 nol %or 5
| ess, wherein said sintered cal cium phosphate is formed froma cal ci um

phosphat e cATPr i Phe GirfefUEALYARFHdsphae SREORNALTH BRI SiRely LE3' © U
10 composition forming said bioactive glass comprising CaO and Si0, and in

appfoximately equal molar ratios.

8. A sintered calcium phosphate comprising a bioactive glass as a
sintefing aid, said bioactive glass formed from a composition consisting
15 essentially of 30 to 60 mol % of CaO, 40 to 70 mol % of S10,, and 0.1-5
~ mol % of Na,O, said sintered calcium phosphate being excellent in cell
-attachment, cell proliferation and alkaline phosphotase activity, wherein
said sintered calcium phosphate is formed from a calcium phosphate
comprising a hydroxyapatite, a carbonated apatite or tricalcium phosphate.
20
9. A sintered calcium phosphate comprising a bioactive glass as a
sintering aid, said bioactive glass formed from a composition consisting
essentially of 30 to 60 mol % of Ca0, 40 to 70 mol % of S10,, and.0.1-5
mol % of Na,O, and 0.1-1 mol % of CaF,, wherein said sintered calcium
25  phosphate is formed from a calcium phosphate comprising a

hydroxyapatite, a carbonated apatite or tricalcium phosphate.
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11. The sintered cal ci um phosphate according to claim8, wherein a 10

- difference between glass transition tenperature and crystalli za}gep WISE
-initiation tenperature in said bioactive glass is 80C or nore. 12. R

si ntered cal ci um phosphate conprising a bioactive glass as a sintering
aid, said bioactive glass forned froma conposition consisting- 15
‘essentially of 30 to 60 nmbl % of CaQ, 40 to 70 nol % of Si02, and at | east

one of Na200.CaF2 samer&lo8lciNa2thdmiinge Conprisik Pbidaehidchaasgas@ 1-1 nol
% and B203 being 5 nmol % or |ess, wherein said sintered cal cium phosphate
is formed StugrEgaidesaid plvaspivatgdasohmmsd fpm a d:mclﬁoxnﬁnatbﬁﬁsﬁﬁ
carbonated apatite or_ trical cium phosphate. 20 13. The sintered ca?ci um
‘phosphat e &8sty of 3 OctoadOnngol Yhef €1at) s40 do 7€ampb &t oif L ONi-HomehPl

bi oactive glass is free fromP20s. 14. The sintered cal ci um phosphat e
accordi ng mﬁﬁ)nﬁ@@ %Wgés é?*ﬁi%;%dbe% preseaied en gh assoyernef atmesl % or

li -wol | astqnite IEcEéllystal. t. g crystlal lizati 0[131 t,e%erature. 24 LLOYD WSE 1
5. The 2i nt&ted" ey é?ﬂcﬁﬂB Rl gurn mhasghats 151 igrmed, rapes sakciam

di fference _het .transition te rature and crystallizatiaon
initiation Pﬁ“@’#ﬁg‘?gﬁ %4"2‘%?¥§1%§P§‘>bdr8égﬁpgg?%laa%%r%PEaE@@ HigTerioalaigm The
sintered c wsb%@ospha_t e according to claim8, wherein said bioactive
glass is free fromP205. 17. The sintered cal ci um phosphate according to

claim8, wherein said bioactive glass generates a (3-wollastonite crystal
at a crystallization 10 tenperature. 18. The sintered cal ci um phosphate

according tid cl arke simtemdiecAciurBPtbsphate according to claim 8, wherein a
10  difference between glass transition tempefature and crystallization

initiation temperature in said bioactive glass is 80°C or more.

12. " A sintered calcium phosphate comprising a bioactive glass as a
sintering aid, said bioactive glass formed from a composition consisting

15 essentially of 30 to 60 mol % of CaO, 40 to 70 mol % of Si0,, and at least
one of Na,O, Can and B,0s, Na,O being 0.1-5 mol %, CaF, being 0.1-1
mol %, and B,O; being 5 mol % or less, wherein said sintered calcium
phosphate 1s formed from a calcium phosphate comprising a

hydroxyapatite, a carbonated apatite or tricalcium phosphate.

20
13, The sintered calcium phosphate according to claim 8, wherein said
composition forming said bioactive glass is free from P,Os.
14. The sintered calcium phosphate according to claim 8, wherein said
25  bioactive glass generates a 3-wollastonite crystal at a crystallization

temperature.



conposition formng said bioactive glass is free from P205. 15 25

10

LLOYD WISE

15.  The sintered calcium phosphate according to claim 8, wherein a
difference between glass transition temperature and crystallization

nitiation temperature in said bioactive glass is 80°C or more.

16.  The sintered calcium phosphate according to claim 8, wherein said

bioactive glass is free from P,Os.

17.  The sintered calcium phosphate according to claim 8, wherein said
bioactive glass generates a 3-wollastonite crystal at a crystallization

temperature.

18.  The sintered calcium phosphate according to claim 12, wherein said

composition forming said bioactive glass is free from P,O:s.

[\
wn



