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use as inportant bone restorafron naterials Gtites
‘have been Midietjyelgq_ggis_,i n nedi cal treatnent s as bone restoration materials
wi th high bioconmpatibility, and 25 production nethods thereof have been
widely studied. Wth demand for nore bioconpatible artificial bones, etc.
increasing in recent years,
10 BACKGROUND OF THE INVENTION
| When 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. |
- Exémples Qf such artificial materials include Na,0-Ca0-Si0,-P,0s-based
bioglasses, sintered hydroxyapatite Ca;o(PO,)s(OH),, and crystallized
glasses. Known as the crystallized glasses are, for example, CaO-MgO-
Si0,-P,0;s-based bioactive glasses containing wollastonite crystals and
20  apatite crystals such as hydroxyapatite crystals. These materials are
referred to as bioactive ceramics, and some of them have put into practical
use as important bone restoration materials.
The sintered hydroxyapatites have been widely used in medical
treatments as bone restoration materials with high biocompatibility, and
25  production methods thereof have been widely studied. With demand for
mo_re 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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biocompatibility. However, this implant mainly comprises the apatite
without other crystal phases, thereby havin g low mechanical strength.

The use of glass as a sintering éid 1s known to increase the
mechanical strength of the bone restoration ceramic material composed of
16  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-bioactive
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 'apa'tite 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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10  glass transition temperature and/or a crystallization temperature, and that a

sintered calcium phosphate glass using the bioactive glass as a sintering
aid is excellent in biocdmpau'biliry and mechanical strength. The present

invention has been completed based on the findings.

Specific expressions of the invention can be found in

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

It is preferred that the bioactive glass of the present invehtion
further comprises CaF, and/or B,O;. The bioactive glass preferably has a
glass transition temperature of 790°C or lower. The difference between
20  the glass transition temperature and the crystallization initiation
- temperature of the bioactive glass is preferably 80°C or more. The
bioactive glass preferably forms a B-wollastonite crystal When crystallized.
In a preferred embodiment, the bioactive glass has a composition
substantially comprising 30 to 60 mol % of Ca0, 40 to 70 mol % of SiO,,
25 and. at least one of Na,O, CaF, and B,0;, NagO being 20 mol % or less,
CaF, being 1 mol %, and B20§ being 5 mol % or less. . The bioactive
glass is preferably substantially free from P,O;.
The sintered calcium phosphate glass of the present invention
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re of the bioactive glass is preferably 80C or nore. The :
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crystallized. In a preferred enbodi ment, the bioactive glass has a o
conposi tion substantially conprising 30 to 60 nol % of CaQ 40 to 70 rmO 0
of Si02, 25 and at |east one of Na20, CaF2 and B2G3, Na20 being 20 nol %
or less, CaF2 being 1 nol % and B203 being 5 nol %or less. . The
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lass; Fig. 2 is a schematic view showing the formation of (3\_/\/0_
go crystEaIgs In the process of sintering a CaO Si 2-based gl ass; Figs. 3(a)

. . . : ;
to 3(d) ar BEEHEDESCRIPIIONOSELEIRA WG showi ng the changes o
'parti(cl)'e boundaries in the process of sintering a green body conposed of

. > : : in Fig.
hydroxyapatite pdrigi ¢lisa graghGhovan@dheassdlt @ fasiSfepertialGhesnal s
_3{a) s%osvs t he E dfg.oxyapa%tﬂiatpe partiglaes and the CaO S!%Z ?én%aé%%?g assFi
particles &f aa ﬁ&@ﬁbaseﬂgmﬂsy than a glass transition tenperﬁ ureh g.
-3(b) shows the particles imrediately after the tenperature reaches the

gl ass transi ti on Rignpds atachemaficgvied¢ shoshnpshe doffafios SFipNoMsiidite’ | Ng
wth t{](()a f (c):;yrg?atllis?lq tﬁé p?ogésil c?f sbigftjenr?r?gr g (E);S?Sioz-based glass; |

Figs. 3(a) to 3(d) are schematic, cross-sectional views showing the
changes of particle boundaries in the process of sintering a green body
composed of hydroxyapatite partibles and CaO-Si0,-based glass pérticles,
wherein Fig—.l 3(a) shows the hydroxyapatite particles and the CaO-SiOr

15  based glass particles at a temperature lower than a glass transition
temperature, Fig. 3(b) shows the particles immediately after the
temperatufe 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 r.e'aches a érystallization temperature;

Figs. 4(a) and 4(b) are graphé showing the results of X-ray |
structure analysis, wherein Fig. 4(a) shows the results of the bioactive
glasses of Examples 1 to 6, and Fig. 4(b) shows the results of the bioactive
glasses of Comparative Examples 1to 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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gl ass hase), and Fig. 3(d) shows. the formation of (3-wollastonite 20
((‘:?yst'a%/spafter the tenperature reaches a crystallization tenperat & gaN 2007
Figs. 4(a) and 4(b) are graphs showing the results of X-ray structure
anal ysis, wherein Fig. 4(a) shows the results of the bioactive glasses of
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PREFERRED [ | nactl The biqactive gl ass, of the
present inven?i?gn Eatséda&lc%}%pfotsﬁil lttelkgﬁ@@g%’é{éﬁﬁof(mp@%%ﬁw& ‘;’g@kt od60 nol
%of CaOQ, 40 to 70 mol %of Si02, and 20 nol %or less of Na20, an 0rm_][e
preferably has a conposition substantially conprising 40 to 50 nol %o

CaQ, 40 t0ﬁ@r@iE%DES@R@?TIOR@F%W%%F??%@%%Nfge glass wth

such a conposition has 15 bioactivity pref T a bi oactive
material, §hYl Basactbohghissal strength, sinterability, etc. preferable for
1se aslg stnter! n"lghéi Eb?oaic?ivi gsllaQ; g% ?I;je present invention has a composition
substantially comprising 30 to 60 mol % of CaO0, 40 to 70 mol % of SiO,,
and 20 mol % or less of Na,O, and more preferably has a composition -
substantially comprising 40 to 50 mol % of-CaO; 40 to 50 mol % of SiO,,
and 20 mol % or less of Na,O. The glass with such a composition has
15 Dbioactivity preferable for use as a bioactive material, and has mechanical.
strength, sinterability, etc. preferable for use as a sintering aid in a sintered
calcium phosphate gléss.
The bioactive glass comprising CaO releases calcium ions in a
living 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 layer 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  S10, as main components with approximately equal molar ratios. Thus,
the composition of the bioactive glass is suBstantially the same as that of
the B-wollaétonite, whereby the bioactive glass easily generates f-
wollastonite crystals at a crystallization temperature. The crystal
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cal ci um phosphate gl ass. The bi oactive glass conprising CaO rel eq;es 3
calciumions in a |iving body, thereby show ng bioactivity. The cﬁﬁtzi Q]e
gl ass, " which has 20 lost part of the calciumions by elution, fornms a
silica gel layer mainly conposed of silicon oxide. The silica gel |ayer
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JAN 2007 d@ﬁﬁ? pa&emstﬁﬁa%pwp@wd »eith ethercerystads.ur &nithe pasg ef abl y a
(3-wol I gstonjte crystal having_a needle-like structure, because the

mechani eal’ 1% gt 1Rres amppat of Kol da 1B'H?r@f\’§$h19%@@|ﬁélbéllwla‘$s is nmore

i ncreased by such a wol | asci onite crystal as conpared with other crystals.
In-the cas€opventignal mgthodshgawenssythe Sirmatom o6 therbrwodlasiontiengrastabi | i ty
by convent.i onal nethods, however. the formation of the (3-wollastonite
crystal 48 BE@BrPrBP’@Q@at%& ayskallizgtion|tempsratyke L enper at ure. The bi oacti ve

gl ass of the presegnt.inventiqn has_.inproved. bioconpatibility with
i ncreased CaO coﬁﬁ%p}oaﬁ ié@S%B?%ETeﬁeﬁt%V%kﬁﬂ 8h1mpeRedde the gl ass
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(3-wol | ast eihbErathseSdPihe bioactive glass are often increased by P,0s, the

bioactive glass of the present invention is free of PyOs. Thus, the
bioactive glass of the present invention contains no P,Os thereby easily
generating the B-wollastonite crystal.
15 In the bioactive glass of the present invention, the total molar ratio
of CaO and SiO, is preferably 90 mol % or more, more preferably 95
mol % or more. '
Crystals of tricalcium phosphate Ca3;(PO,), may be generated at
thle crystallization temperature. Tricalcium phosphate is similar in
20 physical properties, solubility and biocompatibility, to hydroxyapatites.
Further, the crystal of tricaiciu_m phosphate can improve the
biocompatibility of the sintered calcium phosphate glass.
~ The sinterability is improved in a case where the sintering aid of -
the bioactive glass has (1) a low glass transition temperature Tg, (2) a
25 crystallization initiation temperature Tc, remarkably lower than a
- decomposition temperature of calcium phosphate, and (3) a large

difference AT between the glass transition temperature and the
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Na,0 on the glass transition temperature, etc., a bioactive glass composed
of 50 mol % of CaO and 50 mol % of SiO, is hereinafter used as a control.

- The graph of Fig. 1 shows the exothermic and endothermic
changes with tempefature in the differential thermal analysis of a bioactive
15  glass composed of 50 mol % of CaO and 50 mol % of SiO, from 100°C to
'1100°C. The bioactive glass generateé heat in a temperature range where
the curve is above the line L, and absorbs heat in a temperature range
where the curve is below the line L. A tangential line a at the inflection
point of thel curve at the beginning of heat absorption, an approkimate line
20 b (base line), and a tangential line ¢ at the inflection point of the curve in
the rising of an exothermic p.eak are given to the differential thermal
analysis curve in the temperature range showing the endothermic changes.
‘The glass transition temperature Tg is obtained from the intersection of the
| tangeﬁtial line a and the approximate line b, and the crystallization
25 initiation temperature Tc, is obtained from the intersection of the
approximate line b and the tangential line 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
7



The graph of Fig. 1 shows the exotherm c and endotherm c changes with

terrpgraltoure inthe differential thermal analysis of a bioactive 135JA)\ &85
conposed of 50 nol % of CaO and 50 nol % of Si02 from 100C to 1100C. The
bi oacti ve gl ass generates heat in a tenperature range where the curve is
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deconposi tion tenperature. To easily sinter e bi ve glass at a

t enperk) ur éedampositioantentyserdrrerpios ua_tdi@“ferwa@@mgg%&d%ategi 400°C ghosphat e

and higher ‘than the crystallization initiation t eratur co, the

crystal | i zaoren iThietglass transitimeteatpora tieoT g s prefeedtapl 300°over 16wan t he
more preferably 770°C or lower. Further, the bioactive glass of the

present invention preferably has a largé difference AT between the glass
transition temperature and the crystallization initiation temperature. -

15  When the difference AT is large, dense crystals are easily obtained without
needing precise control of the sintering terﬁperature. The difference AT
of the bioactive glass is preferably 80°C or more, more preferably 90°C or
more.

The glass transitibn temperature Tg of the bioactive glass may be

20 lowered by adding Na,O. However, an excess amount of Na,O 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 lch,
particularly preferably 1 mol % or less. The lower limit of the amount of

- Na,Ois pre'ferably 0.1 .mol %. When the amount of Na,O added is less
25  than 0.1 mol %, the effects of adding Na,O are substantially not obtained.
The addition of CaF, to the bioactive glass can lower its glass
transition temperature Tg and increase the difference AT. With CaF 2

added, the glass transition temperature Tg and the crystallization initiation
| 8



_10' deco-rrposi tion tenperature with a difference of approximately 400C or
more;” The glass transition tenperature Tg is preferably 790C or | dvieraN 2007
more preferably 770C or lower. Further, the bioactive glass of the present
i nvention preferably has a |large difference AT between the gl ass

‘transition tenperatuyre and t crystallijzation initiation te erature. 15
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At least one of Na,O, CaF, and B,0; should be contained in the
bioactive glass of the present invention. It is preferable that Na,O, CaF,
and B,0; are added to the bioactive glass in comb'ination. 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 z.aﬁd
B,0Os;. The total amdunt of Na,O, CaF, and B,0; is preferably 5 mol % or
less, more preferably 2 mol % or less. The lower limit of the total amount
of Na,O, CaF, and B,0; is preferably 0.1 mol %.
An inorganic compound such as K,0, Li,0, TiO,, A1§O3, 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.
There 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 é 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



smal{ amobunt of B203 can lower its glass transition tenperature Tg and

crystallization initiation tenperature Teo and increase the di f f eneéngan AH07
| i ke the addition of CaF2. The anmount of B203 added is preferably 5 10 nol
%or less, nore preferably 1 nol %or less. At |east one of Na20, CaF2 and

s prof &35 5 Rl Sedlsa W RRGRLES o Bkl elastheTBougbmote of ass
: : - : ; : ; Cion
{enper at or B uRdS R RRELY e e 3hEE afind piottalerk Bk SiePbesRiental T
oo ana. 630AP§ 87 AhdnB 6 Pherkben parfied evasites e Fonding ol o6 or
| - : , F2 and B2Q3.is

orerenany BPEOTRS, ROERGP B R Lot s SRR s
195 an > ﬁ%?%%%?%@%C@E%uﬂa@9@&3@%}%@a%%@f‘ﬁ#tﬁﬁeggaf‘friveen@fgg@a? o

L ki b Rt f t - stonite
Lerper A1 I Resd @l HeRRESHRtia IR HRCORTBAL Ay Wil kBT 00U
bi oactive ghmﬂ&iohh@-eggrgiﬁgggﬁbﬁyent|on. The bioactive glass may be 25

produced by a nethod I'n JP 60-239341 A, etc. Specifically,

powders of tSinitered dal@Om BhBdphaedgsLaF2, B203, etc.) with a desired
Eorrpositio%zﬂgre put in a plati n%m cfét}c? | e and heated at 1,200C to 1,600C

for _appr ox{ayat@bmpdsttivt of sintekidédlcruriPHoRBhale?sRkss The nolten 9 1 5 JAN
2007 p8| as(saj?s nol ded and anneal ed torglrﬂodu e teﬂ% bl oactive glass. Though

10 £l 2 eectumghenpletecoiaiein theyaediiou ghboche

~etc. depenglasgoéithe present invention is preferably a hydroxyapatite, a carbonated
apatite or tricalcium phosphate.

When the hydroxyapatite is heated, it is gradually deprived of

hydroxyl groups at around 1,000°C or higher, .causing decomposition at

15  around 1,300°C or higher. Thus, in the case of using the hydroxyapatite
for the sintered calcium phosphate glass, the sintering process is preferably
carried out at a temperature lower than 1,000°C. |

~ The biocompatibility of the sintered calcium phosphate glass may

be further increased by using the carbonated apatite. The carbonate

20  moieties of the carbonated apatite are eiiminated at a temperature of
around 900°C or higher, which is lower than the elimination temperature
of the hydroxyl groups of the hydroxyaﬁatite. Thus, in the case of using
the carbonated ap'atite 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 glass of the present invention
comprises the bioactive glass of the present invention as a sintering aid.
The bioactive glass preferably generates the B-wollastonite crystals at the
10



| for 5
the purposes. \Wen the bioactive glass is used as a starting materia

t he gl nltoered cal ci um phosphate gl ass of the present invention t hak 5 wAN 208k
descri bed bel ow, the dianeter of the bioactive glass may be controlled by
pul verization or classification. [2] Sintered cal cium phosphate glass (a)

oo ned_ CE AR AR P B R RIS P62 T peieatapatidie | nvent i on
' t | ci um
bhoopnat e Serett SRR R SRR OABE e lasg ispreterablnddt fored of

15
hydr oxyl round 1,000C or higher, causing deconposition at
a?/oundyl 36@@%1&}1@8 Thus |n t he case of .using the hydr oxyapatite' for

carri ed 35%%‘%@‘5@?&{%@3 emﬁ“ﬁms' sfoshbbgbEempat by |y §F' the
b t he

carbonat ed apat| THC SRGIE0 I PBYSRBR e Slass o tie Bl anbBRASOTAYi T o ar e

el i m nat ed ?&)Ogd%gég)sp%[wggnﬁ;&sﬁound 90 C or higher, which is | ower than

‘the elimna n tenpera gr oupsfof Ehe hyd{ oxygpg;: E:?um
h C atite r e sintere

;Eg:ph:a’?et gFaggs Ee Sl n %‘g‘ﬁﬁr@éﬁ%ﬁ@ﬁﬂ}g aelFlld’g?u:]’@ép ?@di?’ihcg?%alssg 3

' oMy han

fﬁgpgigtsg;?“! o |12% 1Oéﬁ'pr qugge Eﬂe%gé@&e{f&’ Eglf’b{gs e B%@Zﬁgﬁ es the

i nvention gRo h%'té‘ Sf'th gs g\%lﬁ% ﬁudlli‘gn?i\%?géé\lﬁgggggsdgar%e?eredlgylb% d

(3-wol | astoni s
10 prepared by a spray granulation method. Thus, the calcium phosphate

particles are agglomerates of fine calcium phosphate crystals (primary
particles). The calcium phosphate crystal is preferably in the form of
nan.d-particles having diameters of 1 um or less, more preferably nano-
particles hax}ing diameters of 10 to 500 nm.
15 The pulverized particles of the bioactive glass of the present

invention may be added to the calcium phosphate particles.: The average

" particle diameter of the bioactive glass particles is preferably 0.1 to 10 pm,
more preferably 5 um or less. The percentage of the bioactive glass to the.
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 a mixture for sintering. The
drying time is pfeferably 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



crystallization tenperature as shown in Fig. 2. The percentage of the
generated 1li-wollastonite crystals to the bioactive gl ass 1s pr ef arakiay 6y
to 100% by mass. (b) Method for producing sintered cal ci um phosphate gl ass
5 The sintered cal ci um phosphate gl ass of the present invention nmay be

e DAcARERRE T S Ama, BB RS TR I ) L0
R ST L

co L TP ol D BT Bl SO BRI
e 2, BRSO ORGP ETS T A1) TR

P e 53 O oo Bk Ry B0 LSS Y
o i1 o mae) g, el ool A0y B

preferably 5 mor [ess. e percentage o

| ci h ' orShi b 9 20
ol orabl y T e Sy ecge dCighEr e R e paies B0 RTRP s SR

bi oactive i B F@)! i When thegrésh M@Ei?tib%{l%ﬁér ﬁfé&@dﬁ%ﬂ}%ﬂ}lﬁ%ﬁ gﬁas nd a

sol vent such as isopropyl alcohol, ethanol, etc., a obtain a

m xture fopasticieepenetrafthiaito goyésigetiween itk alefiahaodphafe patiR1doly S, nore
preferably 2 to 5 hours. 25 The nmixture is preferably put in a stainless

steel 10 e, cause densifipates; theretpdfommnitg prin dwutrdasp phasdsc(ada &ssihsed) or een
~body thus gsbts}?évr&]rg%nif?ig.sg?é)?r ed. The sintering
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 lowér |
than the melting temperature and the decomposition 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 sintered,
dense calcium phosphate glass. The heating rate is preferably uniform,
and preferred heating rate is approximately 10°C/min.  The sintering
temperature is preferably maintained between the glass transition
témperature and the crystallization temperatufé 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 présent invention.

12



11 1: 5 JAN 2007 tenperature of the green body is preferably 700 to 1300C,
nore preferably 700 to 900C. The sintering tinme is preferably 0.‘:}§0 1&80
hours, nore preferably 2 to 5 hours. The sintering process is dese PPl
with reference to the schematic views of Fig. 3(a) to 3(d). As shown in
Fig. 5 3(a), the cal cium phosphate particles and the glass particles are
uniformy distributed in the green body. When the green body is heated at

t he gl ass sé’éaﬁﬁﬁ,i?tion tenperature or higher, the glass particles are
softened a in Fig. 3(b). Wien the green body is further heated, the

softened glass p icles trate intg pores between the cal cium -
phosphate parti c|€%-t5t%‘°feﬁ> ngs%é{)@&%(i!l@ris é&tfmgl “%orad Sy, powdengrgt hi n
boundary pl S hases as. shown, in Fig. 3(c). As shown in Fig.
3(d), Menqﬁ(ig@%éﬁi\%?&n%&ﬁa% ge@%@g&&d Hiedtedras lf(d)&ac’ forohouss, ieat ed at
a tenpegat I: | past. parf of the ass conponents fornms
crystal é ?83;(31?%? gﬂ’é%“g‘é%ﬁﬁ é’ag?{\ﬁ?%’élgg@ HP%IOMPQSIIErphase to form
crystal phases. Because the sintering tenperature.is |lower than the

‘melting tenperature and the deconposition tenperature of the calcium

phosphate gy QQ?ttoé@e sintering process, the cal cium phosphate
particles are hardly ‘deconposed or dissolved in the glass. Thus, the

‘crystal s such as Mggén‘la’.}-wz it skals ef~ gerd ai n gl ass ¢onponents
‘are 20 generated between t %ééé?%#euﬁne%gs%ﬂgpg @ré’é’t%ﬁ@?mbéoﬂ%&?% t he
- sintered, biteirsi&eailhss bagp fn J i rat el ef erably
uniform and pre?ggrregfgneati ng?% at gb?lzlg%%ppg%teﬁ’é%%%@ H'Jiai?.lé)i'he
sinterilng tenperature is preferably naintained between the gl ass
transition tenperature and the crystallization tenperature for 1 to 5
hours. The 25 sintered cal ci um phospiaihge gl ass is preferably cooled in a
fur nace.

Bioactive Glass Composition (mol %)
| CaO Si0, Na,O CaF, B,0;
Example 1 49.5 295 | 10 | - | .
Example 2 47.5 47.5 5.0 - -
Example3 | 40.0 50.0 10.0 - -
Example 4 49.5 50.0 - 0.5 | -
 Example 5 490 | 495 1.0 0.5 .
Example 6 49.5 490 | L0 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



The present invention will be explained in nore detail with reference to
Exanpl es bel ow wi thout intention of restricting the scope of the 1% QARNEIG7
invention. 12 1 5 JAN 2007 Exanple 1 49.5 nol % of CaO powder, 49.5 mol %
of Si 02 powder, and 1 nol % of Na20 powder were m xed and rrel_tfed at 1500C
for 2 hours, to 5 produce a bioagti,ve, gl ass ingot having a uniform
conposition. Exanples 2 to 6 I\/atgf t?;lf:(:i'powde.rs were nmelted at 1500C for 2

N . , . : e e Hown
hours, to [produce Dbioactive ghasy ingots—having—uni-fermeenpesiions s
in Table 1. 10 Table 1 Conpositipn (rml G@mpamﬁﬁlt(rylgl %)ass CaQg Si 02 Na20
CaF2 B203| ExamBieadtiv® (Had®.5 1. anp 47.5 475 5.0 -| - Exanple
3 40.0 50.0 10.0--Exarrp|e44958,9@0 ( 1‘;gxrrple5(£:1)9.0-49510_
0.5 - Exanple 6 49.5 49.0 1.0 0.5 npdrat$ rrplg_s 1 to 5 Materi al
powders wgre mefted at I500C for pg—hours;to—produce—i5—bteaetive gl ass
i ngot s hayi nGomypdratine &xamosiet I ons SN0 in|Tabf@2. |13 .

Comparative Example 2 49.0 51.0 -

Comparative Example 3 40.0 60.0 -

Comparative Example 4 47.5 475 5.0

Corhparative Example 5 60.0 30.0 10.0

Each bioactive glass of Examples 1 to 6 and Comparative
Examples 1 to 5 was subjected to differential thermal analysis, to obtain
5 the glass transition témperature Tg, the crystallization iﬁitiation
temperature Tco, the crystallization temperature Tc, and the difference AT'
between the glass transition temperature and the crystallization initiation
tefnperature._
~ As shown in Table 3, each bioactive glass of Examples 1 to 6 had
10 alower glass transition temperature Tg as compared with the bioactive
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.

14



1 5 JAN 2001 Table 2 Bioactive d ass Conposition (nol % CaO Si 02 P205
‘Conpar ative Exanple 1 50.0 50.0 - Conparative Exanple 2 49.0 51.105 -yaN 2007
Conpar ati ve Exanple 3 40.0 60.0 - Conparative Exanple 4 47.5 47.5 5.0
Conparative Exanple 5 60.0 30.0 10.0 Each bioactive glass of Exanples 1 to
6 and Conparative Exanples 1 to 5 wai, E:[J Jﬁected to differential thernmal
anal ysis, to obtain 5 the gI ass transiPi® terrperature Tg, the

crystal |l i zatTom i tiat UIGIL efpetrat u. € .w, the—erystallizati né tenpe atuLe
Tc, and the difference BEt wegn tr fa'il&i%?:b}xe ifferenee ahd t he
crystal li Zjat iRifa¢tivet i at |Bﬁn81tlenrpe r atl:m‘eatlm sho AT badleen
bi oacti ve (gl asGlast Exarfdmperdtuie |6 Teagiperifira | owETRFIHUNE ¢ raI;%hﬁ& ?BQI
tenperaturle Tg as compar gg, wchh the J%o('xré i ve gl 595%%) of e
Exanpl es fireeof Na20etc—E&chbroact+ve—gtass—o Xt
cont ai ni ng Gak@mpled a|rel @74.4el y || ar gge2list f er ence gho 44 1 5 JARR 7007 | Table
3 Adass Cpystallization Difference BioactivejTransition ljnitiation
Crystal li Zatg é‘g?bet weeq; 7 Tenper at u§§\9.6-] ass Ter’rpgezrggi ure Ter’rqfirl.aét urg Tc O
Tg and Tcg T)SA}? €0 _C C
' 753.0 .
Example 3 662.9 726.0 814.3 63.1
' - 918.2
Example 4 780.4 862.6 883.8 822
Example 5 763.1 859.0 - 8749 95.9
' ' 851.6
Example 6 746.4 837.4 860 4 91.0
Comparative 880.6
Example 1 792.9 861.8 914.7 68.8
Comparative |, ¢ 866.7 886.2 77.1
Example 2
Comparative 780.8 882 2 911.9 1014
Example 3
Comparative | | 896.1 9449 1070
Example 4
Comparative | g, 873.4 885.9 66.2
_Example 5 _

Each bioactive glass of Examples 1 to 6 and Comparative
Examples | to 5 was heated at fhe crystallization temperature or higher,

5 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 bioactive glasses of Examples 1, 2, and 4 to 6, and

15



Exanple 1 774.4 862.5 882.6 88.1 Exanple 2 717.4 859.0 829.3 14§S6J75?Z (7')
Exanple 3 662.9 726.0 814.3 63.1 918.2 Exanple 4 780.4 862.6 8838 Ao 4B
Exanple 5 763.1 859.0 874.9 95.9 Exanple 6 746.4 837.4 851.6 91.0 869.4
Conparative 792.9 861.8 880.6 Exanple 1 914.7 68.8 Conparative Exanple 2

789.6 866. 4~ 886.2 77.41 Co ti,ve 780.8 882.2 911.9 101.4  Exanple 3
Conpar ati v %E?T;@Ug@%é{a@ﬂg)sg{ %@)?? Whlﬁgérﬁnt@n@é@ﬂ%QKHﬂaw 81@7.53_13873. 4
885.9 66. 2 anpl e 5 h.bi oactive gl ass of Exanples 1 to 6 anc

Conpar at i v@jﬁxﬁﬁgﬁiﬂ@ 0?(&%0@1\&1 at &il éle other band; tiel p-awellastondaper at ur e
or higher, 5 and the generated crystals were analyzed by X-ray structure
anal ygi S. ¢ﬁést&se\§gqq]garg$y KeRekAteh Hl Ja¢ broactimeagighsss af Comparatvehown in

t he graphs_of Fi.g. , 4(a), and the results of Conparative Exanples 1 to 5
are shown E?fam&lgSér%ﬂﬁ coptainme BQ@)-. As shown in Table 4, the

13-wol l astonite crystals were mainly 10 generated in the bioactive gl asses
of Exanples 1, 2, and 4 to 6, and

Table 4
: . Crystallization
"B
1((“‘;?:;% Temperature Crystal System
Tc (°C). .
Example 1 882.6 B-wollastonite » Na,CaSiO,"
Example 2 8203 B-wollas'ton(i;ce > Na,CaSiO,,
' N&2C328107 )
| 753.00 Na,CaSi;0z » Na,CaSi0, _
Example 3 814.3 Na,CaSi;04¢ » Na,CaSiO,
' _ 918.2 Na,CaSi;O;¢ » Na,CaSi0,
Example 4 883.8 B-wollastonite
| Example 5 874.9 B-wollastonite » Na,CaSiO,
851.6 - NayCaSi0, > B-wollastonite
Example 6 - 2 ‘
xamp 869.4 B-wollastonite > Na,CaSiO,
Comparative 880.6 B-wollastonite
Example 1 914.7 B-wollastonite
C ti '
Eoyrcnaﬁqa;?e Ze 886.2 B-wollastonite
Comparati '
gfmﬁla;fe ;e 9119  B-wollastonite
Comparative . .
Exaﬁaple 4 944.9 o.-wollastonite > B-wollastonite
Comparative R :
Example 5 - 885.9 Ca,S104 > Ca (PO3),

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.
16



1 5 JAN 2007 Conparative Exanples 1 to 3, which contained approxi mat el
-tlﬁe sane nol ar am)uﬁ of CaO andméi 02. On the other hand, the 15 JAN 2007
f3-wol lastonite crystals were hardly generated in the bioactive gl asses of
Conparative Exanples 4 and 5 containing P205. 5 Table 4 Bioactive
Crystallization G ass Tenperature Crystal System Tc ('C). Exanple 1 882.6
(3-wol lastonite " Na2CaSi U4 Exanple 2 829.3 R wol lastonite > Na2CaSi (4,

Na2Ca2Si O7 753 .0 Na2CaSi 308 " Na2CaS104 Exanple 3 814.3 Na2CaSi 3C8 "
Na2CaSi O4 P%’%L%ﬁaﬁ%gzcaa 308 >> Na2CaSi 04 Exanple 4 883.8 (3-wollastonite

e S A ST BT
50t 2t SR ot e S D ST B o
5 thereof was added to 100% by mass of agglomerated particles (average
diameter: 15 um) of hydroxyapatite nano-particles available from Pentax
Corporation. The resultant mixture 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-1sostatic-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 sintefcd body of the hydroxyapatite glass. The heating rate in the -
sintering was 10°C/min. Further, three sintered bodies of the
15  hydroxyapatite glass were produced in the same manner except for
| changing the sintering temperature to 1,000°C, 1100°C or 1200°C,
respectively. The sintefed bodies and the unsintered green body were
subjected to X-ray analysis. The results of the X-ray analysis are shown
n 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 in
Example 7 except for using the bioacﬁve glass of Example 5. The
25  sintered bodies and the unsintel_'ed green body were subjected to X-ray
analysis. The results of the X-ray analysis are shown in the graph of Fig.
6.

17



ive 944.9 a-wol |l astonite > (3-wol |l astonite Exanple 4 Conparative
gggpgr aC;ZSi 4 > Ca (P03)2 Exanple 5 Notes: (1) ">>" nmeans that the}cﬁstNaZﬂﬁ?
on the left side was generated in an extrenely |arger amount. (2) ">
means that the crystal on the left side was generated in 10 a |arger
anount. 16 1 5 JAN 2007 Exanple 7 The bioactive glass ingot of Exanple 1
was pul verized into particles with an average particle dianmeter of 10 m
and 5% by ss 5 thereof s, added to 100% by mass of aggl onerated
particles (GOBIPRLAIYE E¥dnaple 615 ) of hydroxyapatite nano-particles

' tion. The resultant m xture was wet-bl ended
3\3/?Ir1lgaiblsgp]; ;BS} Peﬁ"gé}’(ﬁllrcgg glg%itlﬁorﬁrﬁﬁnlb@ldﬂ@s, llhEaampl_eﬁﬁa‘ndJ&Mrla Spwder Ij or
sintering. Q. b gﬁﬂgr |l aced in a stainless steel die, an
press- rm?d'esdnéﬁ%d ﬁgbgélﬁaﬁ) _ Q:Yigf%(ge(gé)éd,g%?%mangmtvﬁ]iyiEﬁreigtslmg?s.gdtrjncne a

i sc- : ) : er _
The oretn. By an e Pits aud the s wsted Exeen bedy oerEsubjdaledace o
[ ' | ass. The heating rate in
produce & rRoaLsHaRRtY, Orblie L PR el ansy e Neat 1o 1
' chroi;gggr?ﬁg i%ijig@l%enbroduced in the sanme manner except for changing
t he si nteritgrligﬁPerrpega?ﬁre to 1,000C, 1100C or 1200C, respectively. The

analysi s, The oo PE Bet e COmbER RSBl oo Sy Rkt SF e 10 "
' ' hydroxyapatite were detected irrespective of the sintering temperature. In
10 the case of the sintered bodies of Examples 7 and 8, which contained the
bidactive 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 B-tricalcium phosphate. The B-wollast(_)nite phase is preferable
~ for reinforciﬁg the grain boundaries, and the B-tricalcium phosphate phase

15  1is preferable for ehhancing 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 thé bioactive
glass of Example 5 was subjected to hi'gh-pressure steam sterilization, and
placed in a 24-well multiplate for cell culture (available from Sumitomo
Bakelite Co.,' Ltd., diameter: 16.3 mm, base area: 1.8 cm’). 1.0 x 10°
HOS cells derived from human osteosarcoma (ATCC No. CRL-1543) were
25 seeded in each plate; and 1 ml of D-MEM 10% FBS (available from
GIBCO-BRL) was added to the plate. The cells were in_cubated. at 37°C

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

18



in the graph of Fig. 5. 20 Exanple 8 Four sintered bodies of the sane
-hydroXygpaltoite gl ass were produced by sintering at different terrpelrﬁitJANelﬂﬂ?
"in the sane manner as in Exanple 7 except for using the bioactive glass of
Exanpl e- 5. The 25 sintered bod| es and the unsintered green body were

subj ected t anal SIS sults of ray. analy5|s are shown -
ig !the gradﬁe@(]f X’g,as e)éc iy da gﬁfd@ﬁs BAHATOIS The

hydr oxyapatite green bodies |n Exanpl es 7 and 8 were sintered at 900C,
1, 000C, 1,100C or 1, 200C respectively, for 3 hours. 5 The resultant

sintered b ered green body were subjected to X-ray
anal ysi s. ?ﬁﬁ@@#ﬁ X ray analysis are shown in the graph of Flg

fycl oxyapati te el @%:g?@%{ 2%6‘%15@%5@%& A/ lABA af b cemplerat ur e. In
bi oact | do. GrasRbET WiBEE EFLPEFedtiamets0 ézﬁfxé a”d} ObiSEipedks of the
poake of ( ERPRuAEtRRRELSHCLEITHAGVe Bnplest grin %?rég]%ééé‘grp?eﬂ? 2’?Sb|h e
151 & prer bOBPOT R A AR AT @Bt & Selutbnl oThe oell frsTotae ol ace
Pr oduced | QePRBR G atioNe LR %&Wn@%o\@p%%tase act1v1ty of the sintered
| - hydroxyapatite body were examined.
10 The incubated cells were fixed by a 10-%, neutral, buffered
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
Comparative 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 nearly in 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. 8 shows the
HOS cells incubated on.the carrier of Example 9, and Fig. 9 showé the
25 HOS cells incubated on the carrier of Comparative Example 7. Further,
numbers of the cells, attached to the bioacti\-fe 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
19 |



respect to cell attachnment, cell proliferation and al kaline phosphet age280
activity as foll ows: Atest piece (5 Mmx 5 nmx 2 mm of the bioactive

gl ass of Exanple 5 was subjected to high-pressure steamsterilization, and
pl aced in a 24- vveII multiplate for cell culture (available from Suni t omo
Bakelite Co dianeter: 16.3 mm base area: 1.8 cm. 1.0 x 104 HGCS
cell's deri 3@l ?@%%W@L@%H&%@m qﬁﬁf@mpamaumﬁxﬂm;ﬂ)e Taere 25 seeded in
each plate, and 1 nl of D-MEM 10% FBS (avail able from G BCO BRL) was added
to the plate. The cells were incubated at 37C for 60 mnutes or 7 days in
air wwth a 5-% CO2 content. The cu{ture 18 1 5 JAN zZOQ7 medi um was
exchanged on the fourth day of TRblers days incubation. Conparative Exanple 7
HOS cel | s were—incubated—in—the—sarre—+rannrer—as—i-n—Exanple 9 5 except for
using a test piece (dianeter: § mn red{ hydroxyapatite
body of Conparative Exanple 6 (|si nt}glrlll%r?ggptoef011(‘tt5 cPC@H@l 000C) instead of

t he bioactive glass as a carrier. The cell attachment, <cell proliferation
and al kal ijne p_hos@?ﬁﬂ&ée activijty of th@ublaﬁpérlifﬂlodlydroxyqipatl te body were
_-exam ned. |10 The i ncubated cell ral, buffered
formalin solution, stained by nethg) aiguidsue,| and7 rved by an opti cal

m croscope_and an electron m croscope. To evaluate c fferentiation,

the i ncubatgd cells were honogeni al kal | neS JhOt ase activity
‘was neasu eﬁXBVlPA‘FQan pha K-tegt f’\zlgk‘owa@ﬁllabl W@Eo 15 Pure.
Chem cal Imdustries,ttd)—Adheston—ofthe—gelHs tf‘ each—farrier used in

_ Examgl e 9 a@?m@gﬁaeaﬁay@@qarrpl@o& y@&cﬁpser\ge@lxaf@% he 60-m nute
i ncubation_ln _ :

5 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 activity than the carrier of Comparative Example 7.

This result indicates that the bioactive glass affects the cell dlfferentlatlon

10 Table 6
Catri er- Alkaline Phosphotase Activity
per 1 cm? (unit: K- -A)
Example 9 94
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 SiOz and 20 moll% or less of Na,O. By

15 containing CaO and SiO, as main components, the bioactive glass easily
generates the B-wollastonite crystal at the crystéllization temperature,

resulting in excellent mechanical strength. By containing Na,O, the

20



the -case of the carrier according to Exanple 9, the cells were prﬁlé’fera%ﬁﬁd
‘on the bioactive glass, and were nearly in a confluent state on tHhe 40
20 day of the incubation. After the 7-days incubation, the cells were :
proliferated on each carrier of Exanple 9 and Conparative Exanple 7 into a
confluent st.ate. Ph?t o\rBégro ra%lis (a rra%;nifi cation of 200) of the HCS
cel I's i ncutdPaeilyeelass fasia v glassvimansitipngempgratige andrrcrystaihzatson he
HOS cell s incubated on_ the carrier oEb.Exaane 9, and Fig. 9 shows the 25
HOS cel |'s itHARSRREIEonFRRBCEWRER the biesstivg alass oftha ppesert inventiorer |

nunbers of the .cel atfached tq t bi oactive glass and the sintered
hydr oxyapatclopgalﬁéc@a%éf@ Of %@&m&ﬁo‘g&f‘%{ﬁné? tveemitheglasadransitign, are
shown in Table 5. The ﬁ%ri er ollf1 Exanpl e 9 provi.ded excellent cell 19 1 5
JAN 2007 pPOPCFUPLE ARG the crygighlizaioniemparatuse is inasgased. at The siierasl e 7.
Table 5 Nunbgcr. of _Attached Oel#s Carrier. Incubation Period 60 m nutes 7
days ERampPE18iEpeo B LR the,preseltdnyentprsomprises thednpretive 6. 0 x
103/ cn2 2. 5/ ¢ : kal.i ne phosphot .activitjes after the

i ncubat i On%&%&s%a%éé@ﬁeriy%ﬁi%%rqw ?Q&%éﬁﬁgm%é%qmaaﬂéﬁl%@ém e 9 was
hi gher in j . S tivity.than the carrier of

Conparat i vtggéﬁlzla‘?rﬁp@%%@%?g&%t& %’Cfglalit%rélbﬁétyt hat the bi oactive gl ass
affects the cell differentiation.” 10 Table 6 Carrier Al kaline Phosphotase
Activity per 1 cn2 (unit: K-A)
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Exanple 9 2.4 Conparative Exanple 7 1.1 As described in detail above, the
.bi oactive glass of the present invention has a conposition SUbStﬁﬂtbﬁyhmh
conprising 30 to 60 mol % of CaQ 40 to 70 nmol % of Si02 and 20 nol "% or
| ess of Na20. By 15 containing CaO and Si 02 as main conponents, the

bi oactive glass easily generates the f3-wollastonite crystal at the
crystallization tenperature, resulting in excellent nechanical strength.
By contai ning , the 20 1 5 JAN 2007 bioactive glass has a | ow gl ass
transition(ﬂéﬁggﬁgture and/or crystallization tenperature. Further, when

t he bioactive glass of the present invention contains CaF2 and/or B203,
the difference between the glass transition tenperature and the

crystall 1 zat1 on § STREIAMOEH AIRRERARE omyTd AUmpcif Bk Ay phosphate

mechant oal SoternBi8, Yai@ SloRL L S HOrBleRRERES Bl ol RupRiftal

sintered cahaidtRiABOPRALE HOI'DS b CHD UPtOFOUHYEYILESIO526 mél 9% 6f | N9
Ring | 71988

aid, said bio glass formed froma conposition substantia

conpri si ng]&3 ¢ONGYONMRhd Y. pf1.0akd] 4Pof Cal) gid sthatefedtHiumdPHoRphYredr | ess
of Na20, and 0.1-1.0 nol % of CaF2, said sintered cal cium phosphate being

excel | ent beirggkkcell¢manneil attachiment, dellf prodifermtianandlaladlinee  phosphot ase
activity, wherein said bioactive glass is free fromP205, and said
sintered cphosphotiseschatty, vehdrermeaidibioacave glassumfpdeofphaPeOs, and

said sintered calcium phosphate i1s formed from a calcium phosphate

10 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,0s;.

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 claim 1, wherein said
20 bioactive glass generates a 3-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
25  comprising 30 to 60 mol % of CaO, 40 to 70 mol % of SiO,, and at least

one of Na,0O, CaF, and B,03, Na,O being 20 mol % or less, CaF, being

0.1-1 mol %, and B,0; being 5 mol % or less, said sintered calcium

22



10 conprising a hydroxyapatite, a carbonated apatite or trical cium
-phosphate. 2. The sintered cal ci um phosphate according to claimX jay 2007
wherein said conposition form ng said bioactive glass further conprises
B203. 15 3. The sintered cal cium phosphate according to claim1l1, wherein a
di fference between glass transition tenperature and crystallization
initiation tenperature in said bioactive glass is 80C or nore. 4. The
sintered cal ci um phosphate according to claim1, wherein said 20 bioactive
gl ass genephvephatejzinglaxgetlont trecell pstaghment acall prolaferatian iaod alkaline
tenperature. 5. A sintered cal ci um phosphate conprisjng _a bioactive gl ass

as a sint ehPEBhQiage aghivityn M1, 8alg) santered catcaum phosphadepe ormes

subst anti al_l 25 .conpri.sin 0 to 60.mol % pof CaQ,..40 to 70 nmol. % of Si 02,
and ar | eadtoBACHE B OBhREE ORI ANESBORURRRY 802 rbOPIRY) oss, Cars
being 0.1-1 | % . . B20Q ing. 5 nol %or less, said sintered cal cium
22 15 JANaEBQEe %ﬁc@ﬂﬁ%{rﬁ pﬁ‘é}%ﬁba cellent in cell attachnent, cell
prolifefation and al kaline phosphotase activity, wherein said sintered

cal ci um phosphate is formed froma cal ci um phosphate conprising a

hydr oxyapagi t e, TheCarhenat @ﬂcilﬁﬂ?ﬂds%hﬁfe f}éécﬁﬂﬁﬁé m%ﬁF @‘%lﬁereﬁl Qajidlhe

sintered cal ci um phosphate according'to claim5, rein sail conposition

for i ng sac@niicativh Brdkime saidsbiouedvEQMFROFeL frahePsOpt er ed cal i um
phosphat e according to claim1l, wherein said 10 conposition form ng said

bi oactive gl ass conprising CaO and S 02 and in approximtely equal nolar
ratios. 8. A sintered cal cium phosphate conprising a bioactive glass as a
7. The sintered calcium phosphate according to claim 1, wherein said
10 composition forming said bioactive glass comprising CaO and SiO, and in

approximately equal molar ratios.

8. 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 Si0O,, 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 CaO, 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 1s formed from a calcium phosphate comprising a

hydroxyapatite, a carbonated apatite or tricalcium phosphate.
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sintering aid, said bioactive glass fornmed froma conposition consistin
.15 essentially of 30 to 60 nol % of CaOQ, 40 to 70 nol % of Si 02,15nnlAN).28175
nol % of Na2O, said sintered cal ci um phosphate being excellent in cell
attachnent, cell proliferation and al kal i ne phosphotase activity, wherein
said sintered cal ci um phosphate is fornmed froma cal ci um phosphat e
conprising a hydroxyapatite, a carbonated apatite or trical ci um phosphate.

Cintering A0, - ahsmBreSLEAC IR PGSR FRMPT GRS A tIORGAYE Eliow Bdhai ot i ng
o o6 or Neringig, el Rgnctie e En et S SorB &gt AosBiing m o5
B oar bonat e ARIRY of PR A HRARACHAR & FOTRLASESDLF TR
Sai d bl oactl o et U PChe B0 b ER e AR NS AR PO R Ry G

30 to 69 mMpbsYatereRsaidGihteréd caRliuth gﬁgﬁi}?ﬁe i9 fdmedPoria &flcARO  and

B203, said B203 being presented in an of 5 nol %or 5 less, wherein
sai d sint ephdsphhel ¢otmphigahaty drexyapated, ﬁrc@ﬁb@m@ﬁ@itpume phasedlehem
conprising a hydroxyapatite, a carbonated apatite or tricalcium phosphate.
11. The si phespHateal ci um phosphate according to claim8, wherein a 10

di fference between glass transition tenperature and crystallization
initiation tenperature in said bioactive glass is 80C or nore. 12. A
sintered cal ci um phosphate conprising a bioactive glass as a sintering

ai d, said Bileactliheesigtered qaleinsy phosphiateasepbding torclagn, swvhergin a

10  difference between glass transition temperature 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 Si0O,, and at least
one of Na,0, CaF; and B,03, Na,O being 0.1-5 mol %, CaF, being 0.1-1
mol %, and B,0; being 5 mol % or less, wherein said sintered calcium
phosphate is 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,O:s.
14.  The sintered calcium phosphate according to claim 8, wherein said

25 Dbioactive glass generates a 3-wollastonite crystal at a crystallization

temperature.
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15 essentially of 30 to 60 nol % of CaO 40 to 70 nol % of S102, and at
least one of Na20, CaF2 and B203, Na20 being 0.1-5 ol 9% CaF2 b&indA% 28071
nol % and B203 being 5 nol % or |ess, wherein said sintered cal cium
phosphate is forned from a cal ci um phosphate conprising a hydroxyapatite,
a carbonated apatite or trical cium phosphate. 20 13. The sintered cal cium
phosphate according to claim8, wherein said conposition formng said

L2 v 15T G e e BT i LB

1i - 0 i I .24 1 5 JAN 2007
L
e RS AR rphell L oD

sintered cal ci um phosphate according to claim8, wherein said bioactive
glass is free fromP205 17. The sintered cal ci um phosphate according to

claim 8 wher ei ThHeadidtered @attiuve phbsshateeieobadieg to dlamid, lvilsére kgidcr yst al
at a crystallization 10 tenperature. 18. The sintered cal ci um phosphate

accordi ng booadtiverglbds isfiesecfironsRi@s. conposition forning said. bi oactive
glass is free fromP205 15 25

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

10 temperature.

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

composition forming said bioactive glass is free from P,0s.

15
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