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-F16PCT UNI ON *159159* SPECI FI CATI ON METHOD FOR

CONTROLLI NG AVERACGE PORE DI AMETER OF POROUS BODY
mm’mm TI TE/ COLLAGEN COVPCSI TE FI BERS 5 Fl ELD 5 F16pCT
ON [ 0001] The present invention relates
to a poveus body contai gj i
apatite/col | agen conpossrg%gﬁleééﬁ(ggfer referred to
sinply as "apatite/collagen porous body") suitabl e

for artificial bone, cell scaffolds, etc.,
PAETHOD FOR GONEROL NG AVERA GB RORE IDIZMETER OF POROUS

aver r ' r Qf the apatite/collagen porous
Body OBACKEERE BECTARAT AP B A GED2F OBCQSE B GHBERS
excel l ent conpatibility with human bone, artifici al

bone 15 nade of -apatite can be bonded to the human

FIERDEOH TIEE YNV EMEEORdI ngl 'y, the artificial bone made
of apatite has recently been appreciated

- [0001] efFlecpieseneisientfomedilangs ¢b ia%&%'usfﬁgﬁfg'i é@{thﬁﬁﬁgifﬁ})mus

cosmetic surgery, neurosurgery, plastic surgery, ~ora
apstitegerliagent complosite €heretnafidr ifedred €6 afhplPag CaphiGie/@slagen
apatite is not necessarily conpletely identical with

Porebods Neuitable fosasificiabbame,all] s@iFfeldepetet Fatienthrly to a
) i.ol ogi cal  properties. For instance, a so-called
meéﬁgé forrantrodinsthecatrrnge pote diamgtesfofthatapatité/sollagen porous
harder and nore brittle than the hunman bone. Wile
bofi}ﬁ'e human bone is repeatedly subjected to metabolism
of absorption and regeneration, the artificial bone
made of apatite is not substantially dissolved but

BATSOGROSTRR Ot pmr%gﬁéb& human body. The 25

remaining artifici eaks human bone at an

[0002]er Breauyé bh ekB@llmg?ﬁﬁﬁitga@fghﬂﬁgﬁQn o %igtiﬁ’cial bone

cause bone fracture. [000 Res s recentl _
mafecdiapatitt cae berbanddd tecilel hirana Wigrodpestp) € Adddrififly, the

numan body, which is closer in conposition to human e
artxgm@l bongmmade ofapatitediasireapmtly beehappreciated/for effisctiveness,
ropolsa.l s, have been made. For instance, JP .
finding clinical applications in cosmetic surgery, neurosurgery, plastic surgery,
oral surgery, etc. However, artificial ceramic bone such as apatite is not
necessarily completely identical with human bone in terms of mechanical
properties and physiological properties. For instance, a so-called artificial
ceramic bone made only of apatite is harder and more brittle than the human
bone. While the human bone is repeatedly subjected to metabolism of
absorption and regeneration, the artificial bone made of apatite is not
substantially dissolved but semi-permanently remains in human body. The
remaining artificial bone breaks human bone at an interface with the human
bone, making it likely to cause bone fracture.
[0003] Research has recently become active on artificial bone decomposable
in the human body, which is closer in composition to human bone than the

artificial apatite bone, and various proposals have been made. For instance, JP

-
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[ 1 1 1! *000002* AO-F 16PCT 11-513590 A discloses a
porous body having a network structure, in which AO-F16PCT
col l agen and, if necessary, other binders are bonded

LI AR BN ARGTRABY R B g i
colen AR i 3 L BESR TRy

Beuaask fli§ pobsud bsdy 'i@Bi@He&@ﬁ%ﬁké@le, hidendd bbhé%s f&fﬁned in the
bone defects, the repair of fractured bone and, the .
poywes body nfd ey pordestbady plaf feissabserbed PQdimBebadye
mechani cal strength and bioconpatibility are o
Acsondingty,ithis porousvesdsetan peasedtfootia fixatioacdt wirtebraj the filling
orous bodies conprising apatite and 10 collagen,
of Bgng slefeats hthei rephirsafi fragiuned boue and, blee graftimgaofi metiddontal
mal | er bi oconpatibility. The porous bodies are thus
defects.gted such that these properties are bal anced for

g T e —
A B B BS AC Sal Bobhdose an
ol 50 USRI TPRO by e
R DTS Lt 045 AR g s

opRipties afd BakinckA9of pAEIQllaPhpp REAESHL.Y TR rti f
Pt suf fli cient. [8005? Pt is ﬁno% t hat rrecha%?)gg?e 1es ot porous

‘bodies enptprising dpatite apdtdodidgenydermensh Aadir pdPogiticy t®8ome

the porosity of porous bodies conprising apatite and
extent,|aagkthe morositysd a porduschodyacen dgecquirallet byehepercentage of
For .instance, the |arger average pore dianeter the
a ligyid (watssggn irqsteous phasphora gicld selusisdy et¢.)i efc. in starting
i ssues,..etc. enter into.the . pores he porous hody,
mafe‘?{:ﬁfgéd edloYeYeR, &?ﬁﬁu%a‘}}é%}ﬁb bpRg é‘sﬁg[@ }Qir‘ﬁ’éious applications
haGonnat:i-bi lity the.porous body has. The average pore
sn BRI BB R B il S BRG ol of
[ por ous body conprising apatite and
pO%gﬁ&géyg?%g#c{e g’r e is increasingly larger demand to
[00059Vi BeisA@IWA thedngEhanical strength and biocompatibility depend not
only on the porosity of porous bodies comprising apatite and collagen, but also
on their average pore diameters. For instance, the larger average pore diameter
the porous body has, the more easily a body fluid, tissues, etc. enter into the
pores of the porous body embedded in a human body, and thus the larger
biocompatibility the porous body has. The average pore diameter is a factor
having large influence on the properties of the porous body comprising apatite
and collagen, and there is increasingly larger demand to provide porous bodies
with desired average pore diameters recently. However, methods for

producing porous bodies comprising apatite and collagen with their average pore

diameters controlled have not been known yet.
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wi th desired average pore dianeters recently. However,

nmet hods for produci ng porous bodi es conpri sing

apatite and collagen with their average pore AO-F16PCT
di aneters control |l ed have not been known yet. 2 AGF

16PCT OBJECT OF THE | NVENTI ON [ 0006] Accordingly, an

obj ect of the present invention is to provide a nethod

oﬁjﬁl’cﬁ@jﬂfgﬁmmqoﬁlerage pore di aneter of an
apat’i te/ collagen porous body in 5 its production

[0006]C e eccdt R PSRBbidct Bifthk R&Y%Eit@h'fvégﬁeﬂh%{*&gﬁovide a method

result of intense reSearch | vi ew of the abov

forodyretedllinghthe dvergpe pofe HRivgete fidntdjititéRollagen porous body in
apatite/coll agen porous body obtai ned by freeze- 10

its prgduction pedcessnpri sing a fibrous apatite/collagen
conposite and col |l agen, and cross-Ilinking the
resul tant porous body has an average pore di aneter,
pends on the tinme for freezing the gel. The

DI%@LM@%E@WE@Nh con‘pldet ed based on thifs
i ndi ng. [00Q8] ~Thus. | | ,
[odd73;" P8 esrrab e s et B TS5 s e RhgvEamicstnBie,

i B ARG SR BERAB FBRLAL DR, LB by rcoe-

Arifgd coriplshy  TRAbAS BPAMEcoRIh ¢Biosi and collagen, and
crosBM fikihgthe REQYARRUE HOAY HA arf a%zragb' pdie difeter, which
average pore dianeter of thé apatite/col'lagen porous

depieardls dry thertinsofordiréézdapithe del.me Thle pregedicinvietibAthas been
freezing 20 step. [0009] e solidification tinme of
comptletgdlbaised prethes finkding.ontrol l ed by a tenperature at
which the gel is kept for freezing. The tenperature at
[00R}] c h Thwss, inythe produsion process ef anqpatiteicetlagabipprous body
-100C to PG, nore preferably .-90C 0C, particularly
CO@B%{%&?@W 3 IRPEEHPNSSY ﬁmgs@é%&ﬂas aQ@@.e/@@TmrEp

colF S TR SIS AR El it fom a poros
body, and cross-linking collagen in the porous body, the present invention
provides a method for controlling the average pore diameter of the
apatite/collagen porous body by the solidification time of the gel in the freezing
step.

[0009] The solidification time of the gel is preferably controlled by a
temperature at which the gel is kept for freezing. The temperature at which the
gel is kept for freezing is preferably -100°C to 0°C, more preferably -90°C to
0°C, particularly subStantially constant between -80°C and -20°C.

' BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a cross-sectional view showing a gel, into which a
temperature sensor is inserted.

[0011] Fig. 2 is a graph schematically showing the temperature change of a
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tenperature sensor is inserted. [0011]] Fig. 2 is a
graph schematically showi ng the tenperature change of

a 3 AOF 16PCT porous body in the freezing step. AO-F16PCT
[0012] Fig. 3 is a flow chart showing a nmethod for

cont oI | i n aver a e pore di aneter of an
po&%‘é% ?QY&’& g@ﬁ E body according to the.present

W‘?E?EMFI%”%?ﬁé@“ﬁ%}mﬁ%wﬁr#iaip%ﬁ DR e average
pofS B i AR SR LS A LA RO 2 pren

inwdtidd.e/ col | agen conposite. [0014] Fig. 5(a) is a
scanni ng el ectron phot on crograph showi ng the porous

[ObBy (FEgliis @r%ragﬁlshﬁ“ﬁlné'tﬁé ‘i’é‘l%tﬁ‘)?%étt»\%/eﬁ% las%?ﬁhﬂcatlon time

conp03|te 15] Fig.- 5 Is a scanning electron
ang Hodemin geogirapmeaticeperitiee mlp@lﬂéus bedies((a- Il) (b 1) and (c-1)
containing a fibrous apatite/collagen conposi't
ea¢looostaiming a fibcyus spatitedeoligen edmposive
ton.cro raph showi ng the porous body (c-1)
[O(ﬂ}ﬁt alFﬂgné 3é 15 ﬁkﬂC@uslr@abptr@mmmagunmgmphss}nwmg the porous
0(217 raph showi ng the relati on between
boé)é az 1]c)l qqu,sp_apayge /entlager epmmpséievi r onnent

[odgzszﬁefsﬁarg@'xa@ps;aaaa}ég@c% e Tagunhobbrigtie poros
bodP b EIRRIAL A 16 ”%Sﬁ%ﬁee/‘ﬁil@%ﬁicﬁs 3¢ shont o6
001, 155 Ly, SRl P8 shgyving e poros
bo@ﬁg@-“lg%n@élﬁ?ﬂ arﬁtﬁ%ﬁb%@faﬁw@bﬁa et RBM he porous

aining a br ous dpat t /co lagen

[00dapoFig e6 i 8@28ph Ehewi %@Be rSlafionBEtVeRE (g-él%@,hawcauon time
hot om crograph show ng the porous body -
QE tieeaing-agvixohiment tempertuteic pbragebodiesifasl ), €b-2) and (c-2)

00 1g. 8 is a graph show ng the rel ation between
eacgnh%orﬁémlagfa Bhrousnapatite/cotlganccarposite and drquzing-environment

di aneter. DESCRI PTI ON OF THE BEST MCDE OF THE
tempQrERIEESN

[0018] Fig. 7(a) is a scanning electron photomicrograph showing the porous
body (a-2) containing a fibrous apatite/collagen composite.
[0019] Fig. 7(b) is a scanning electron photomicrograph showing the porous
body (b-2) containing a fibrous apatite/collagen composite.
[0020] Fig. 7(c) is a scanning electron photomicrograph showing the porous
body (c-2) containing a fibrous apatite/collagen composite.
[0021] Fig. 8 is a graph showing the relation between the solidification time

and the average pore diameter.

DESCRIPTION OF THE BEST MODE OF THE INVENTION
[0022]  In the production of a porous body comprising a fibrous

apatite/collagen composite by gelating a dispersion containing the fibrous
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[0022] In the production of a porous body conprising a
fibrous apatite/collagen conposite by gelating a

di spersion containing the fibrous 4 AOF 16PCT AO-F16PCT
apatite/coll agen conposite and col |l agen as a bi nder

o B Rt e s RS Hchiteveutan
e B S SR elnd oS R B o e
ol A Rl TSP DTS R, e HBReR vl 1
mait APOHL I M Lel 297 89ROl bl e

apEitsloelageh pBENRAIbOdy RATIBES e RIBYNEP [ &t Qg&@hé cBh&YF of the
apatite/collagen conposite [0024] (1) Fibrous

averagd perecdiahagenircthwmgslfreezih@ 4t8P2%l] thah B &kplafited.
an%?érrloal [ 0026] The f1brous agat i@?e/ col | agen.c%npo& te

[0023 br dd{ Prddbcon cn¢thagert porsitynt entatnidigafitskouss
salts, and calciumsalts, as starting materials.

apamﬁégqmllagﬂn cpmposdal arly restricted, the collagen may

O T B S i roen i 5 T
(0855, b Stinecmatetalges - 1 endone. fnternal - or gans,

(OG36 2Fhd BFOLS aBilfte RIS cEpBostieys Biodiied froft Collagen,
phESphEfIE beld SRATECSALL RoB ¥ EY sal i Sinding BESpls.  Though
nof PRAIAUHEI 3oafed, e \Rfgen haY e SetraBu RSty il etc.
Thalldadbeparss ged Detth o feid hafhhRMreBidt¢hratulel uIZéT%%‘?cﬂﬁe. In

not particularly restrictive but may be a us one.
generap) callageh clotalegbfroex skt édnksoraralige) téridaise fnternal
col I agen produced by gene reconbination technol ogies
orgadp, afc ®fmamseals s[wi{xza:s] caPMppigh drarse,aabbitanm ratsasdibirgls such
hereinafter referred to sinply as_  "phosphoric acid
as E‘%ﬁi gtee }nq}’né@ wdedph s kagenclike iproteins obtained from skins, bones,

car 868 SERaAF s GUSHIAN GEBHS E1C ook HoG Ranh a5 cod. flounder, flatfish,
sal@%%ﬁ?{i glﬁ)rgagrs{ﬁ?tglf(eefel,erte 'sn-arlrﬁ%e?,asla%ﬂ{g, Ssﬁéxrtks, eltg.crlngg %lso be used.
The extraction method of collagen is not particularly restrictive but may be a-
usual one. In place of collagen extracted from animal tissues, collagen
produced by gene recombination technologies may also be used.

[0027]  Phosphoric acid and its salts [hereinafter referred to simply as
“phosphoric acid (salt)”] include phosphoric acid, disodium hydrogenphosphate,
sodium dihydrogenphosphate, dipotassium hydrogenphosphate, potassium
dihydrogenphosphate, etc. The calcium salts include calcium carbonate,
calcium acetate, and calcium hydroxide. The phosphate and the calcium salt
are preferably added in the form of a uniform aqueous solution or suspension.

[0028]  The apatite/collagen mass ratio of the product can be controlled by a
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cal cium acetate, and cal ci um hydroxi de. The phosphate

and the calciumsalt are preferably added in the form

of a uniform aqueous sol ution or suspension. [0028] O-F16PCT

The apatite/collagen mass rati o of the product can b0

control | @]Ieby a_ 5 AO-F 16PCT mass ratio of the )
m%%at‘taitlple ARdGiterdpEming matprialsdphosphadc acid &salt) andicalcium

TR Sl W A, -
RO U3 LTl L SHRRERAR ot
coBFet FOb 809 SRS b RAMR BBt F b or
BOALEEA Oy B R BB R o Pho 4, o

ingthlesiBiRi ¢ acid (salt) solution and an aqueous
cal ciumsalt solution are prepared. Though the
[0@2fNc er(b) Preparatioh dfwvlatiuaous 10 phosphoric acid
éﬁsal t) solution and the aqueous cal ciumsalt sol ution
[0G3Q ndiirgsaan aqueaus phosphoric acid(salt) Isohgias ahdan aqueous
phosphoric acid (salt) and the calciumsalt are at a
calguam,salt sqlution are preppied: erEavegli the comcendrateniscof thesdqueous

PhERE AaR GAlTopolHiomn aud s sHeapmerlcaiacal alation are not

pa b FentFisha s RO RO Acid (sal) angtag petsium salt
are 3 £ B8k i 4P i s BBE S F2VShiptSs olfiropping operation
defAIEed RRoamICHT. centchitfor SEBan Bt dBEM a8 (o
solptionkabott 56250 ARV, %ﬁ@ﬁbﬂtf@%&?&@ﬂrﬁfcrﬁaf the aqueous calcium

concentration of about 0.5-1 % by nass, an

salpholsyivor isabait @ 08660 eavtenCodliagen i9hddba b tAdaBBvaMescribed
For practical purposes, 20 the concentration of

aquesiusaursphorie. &:14.(98kt pyolmbies, gdrmrailpsh ahe form). 6¥ah Byueous

mass,, and the concentration of phosphoric acid is
solygntin phosphanc acad. | fn aqueoussolutiont of odlkager( i) phosphoric

.Production of fibrous apatite/collagen conposite
acifl gpay copsaia codlagenaa eonsentrationeot abeut:0duhe by mass, and

of .t he aquyeoqus cal ci u 25.sal t lutign to. be added

TS RN AT M NV —
the concentration of collagen is 0.8-0.9% by mass, for instance, 0.85% by mass,
and the concentration of phosphoric acid is about 15-25 mM, for instance, 20
mM.
[0031]  (c) Production of fibrous apatite/collagen composite
[0032] Water substantially in the same amount as that of the aqueous calcium
salt solution to be added is charged into a reactor and heated to about 40°C in
advance. An aqueous phosphoric acid (salt) solution cdntaining collagen and
an aqueous calcium salt solution are simultaneously dropped thereinto. The
length of the synthesized fibrous apatite/collagen composite can be controlled by

adjusting dropping conditions. The aqueous soiution of collagen in phosphoric
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advance. An aqueous phosphoric acid (salt) solution
containing collagen and an aqueous cal ci um sal't

solution are sinultaneously dropped thereinto. The i
l ength of the synthesized fibrous apatite/collagen AO-F16PCT

aciRRT Pl 5 SapSars E%feﬁ'xé%daatf’s"q;ﬂﬁl%% s is{;r%ggtéﬁé’&s'i% dropped
[ 16P ' . .
prefSRARYRL eePed BriARRNE 10 30 S fimb o dbsSRpetint sliion s
prefefd] %Bﬁécﬁaét AbotR 374304 quutp)tl?fgxgowe%rggﬁiré%gﬁis preferable to

reaction solution1s prefera

kedPtROSoAd¥RtraldnsY St ?H@%s&hbn‘c}c@% %ﬁ% APl #ddction

Keep the concentrations o m an osphori ¢ aci

solutioa torB.7henVEae lésamnkl 3 2ISUnNBriEss3 ¢ sg)e@ffv%'ly.l eWithHe
2.25 mMor less, respectively. Wth'th cal ¢l um an

calphus pindr phosphiodic avid ibapkepnir tiese converrthfiohirdiges, the
ranges, the_ reaction solution is kept at pH of _

reagtiongolutiguiskept atpHafR.8-2.dncdutside tire abewvgesnedntration
cal ci um and/ or phosphoric acid ions, the

ranggg of @ab%mmz&md)o@ﬁ phosphericasip dens, shé seHionganizhtiothef the
term"sel f-organizati on" us herein neans that 10

COPASI Y% mer@?-( ci%@i tgRp H@Efgﬂ&aéllzﬁwrn gused herein meeans that

peculiar to livin

R Y —
e PRAE B ot AT ok R R o e
ry PSSO AR AL L A0, COHRERNA e Bopping

coﬂgigﬁgiliéé ?kmﬁi@é d f@f@g%eBPﬁlﬁro&é%ﬁ%&g%ﬁlx 'flgc gpﬁ?ﬁiée as long

ion of dropprng, a slurry

as I mimaislessjpaetdrablohd agedrtiagmatdiA BRéh¢BbEiud Body.
freeze-dried. The freeze-drying can be carried out by

[0083pi dAditeyithg completionrofi droppingzesiustyalikeahixtdfCobthe fibrous
|.ower . [0034] (2) Preparation of dispersion containing
apatitejeellagem somposits wiatercionipesderdried. [ MRSfredpe-drying can be
i brous apatite/col]agen conposite is mxed with a

f.i
Carﬁlﬁg R %Q’J@ﬁl rying: 8 Vaginim dn édfiiezein sty et + L0°4¢ iod lower.
ut etc., and stirred to prepare a paste- |ike
(00381 pe@iq’aﬁpaﬁﬁ%@%ﬂg drpesHopRoNthigiAG HhsOHs ApARiveal lagen
el hat the percentage of the liquid in the
i spersion containing the fibrous apatite/collagen
' ' Q Y . .
[00%?];’? g?g% ?i}}irég?tﬁgggfﬁfégag& EOmPOARY s Yt ity Rquid such as
water, an aqueous phosphoric acid solution, etc., and stirred to prepare a paste-

CcO

like dispersion. The amount of the liquid is determined such that the
percentage of the liquid in the dispersion containing the fibrous apatite/collagen
composite is preferably 80 to 99%.by volume, more preferably 90 to 97% by
volume. The resultant porous body has porosity P, which depends on a volume
ratio of the fibrous apatite/collagen composite to the liquid in the dispersion as
represented by the following formula (1):

P=X/(X+Y) ... (1),

wherein X represents the volume. of the fibrous apatite/collagen composite in the
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25 volune. The resultant porous body has porosity P,
whi ch depends on a volune ratio of the fibrous

apatite/collagen conposite to the liquid in the F16PCT
di spersion as represented by the follow ng fornul a AO-F16

AigSFing. 810 bpicsiulidhis gl e e e Corthostersion

: : i i . e
ASTEiRE STt S BSTELR (P SRS RLT RRiey dh ot dac BpeRwbgdy by
adjilstin, BRSThGR SLURRRAR 1 R Wi flipg B ARG, the
resu¥@8€ digNer§iondd Sﬂg?ﬂarhgﬁry Sy d. g‘ﬂé?ﬂgﬁﬁﬁgé;%%@&/ collagen

di spersion is p era stirre } o
compaisitt @atidhd S@eEd ] . ly stirri
fiber fdeng% h di st%i“ggte?g?eggfergpf@%%t} yrplgf‘lsyrfl ﬁiéent y stirring
thet dispdisipey theetby phevidhyg Hiomsdit@st gbﬁoﬁse%ﬂij} Hith PRPPSFed
body with inproved strength. [0036] The conposite
strefit rsion is mxed with collagen as a binder and
further stirred. The anpunt of collagen added is.
[0G36dt erlds somposite dispersiemsis, mixiel withecqlizgoer @ba biddéroand

ﬁl%@ﬁ"g&gzl ngmeggbégggﬁggmnﬁg@d}ogs ;g%pialh?jr/ gtjtso 10% by mass,
moff psERER B BiE Y ssphoedomEodTs meness efthe fibrous
pBr Tt Gl | ikt o PASRER S eolladih frprpferably added
in QEAOEESE H nalE6E SPRATH B bBRHy TR oS ugh the ™

COM@I%IUY@%E% 'bnf?/lhemﬂpﬁ rsbfut%ér% Igg gﬁll%gég n gmoepé%ic acid is not

i nstance, e pra I Nt

partieQbat]y tebtricel s} ﬂfb”c&icéﬂt&@ﬁ{rﬁéf’&lﬂ&@%ﬁs BRLOY8E dy fhass, for

addi tion of an aqueous solution of collagen in
instanes pA&S%6 byamiadsaad the toncenttdtiordbs phospledriaatit & 1525 mM,
sodi um hydroxi de solution is added until ~ 20 the
fordn%tp@m%(hnﬂ\als fpomahegiraatical. pdine of iew. t he di spersi on

(00871 Bef he6F ot gispersiohe of sper oi on Lo’ 6. 8 1o 7.6
[OogggjLZnggliéegh%d%fdiﬁ%%? | éx? g&é}%@%%l@lﬁi&%é&b}l&?@?ﬂ in phosphoric
aci&ﬁ(@faqg chd tl%‘diaskf)%lrjstio%a%i&& taiso fum n}c,: rr(])txri é(seglution is added until
the dispersion has pH of about 7. The pH of the dispersion is preferably 6.8 to
7.6, more preferably 7.0 to 7.4. By adjusting the pH of the dispersion to 6.8 to
7.6, it is possible to accelerate to turn the coll.agen added as a binder fibrous.
[0039] The dispersion is mixed with an about 2.5-10-times concentrated
solution of a physiological buffer saline (PBS) of phosphoric acid and stirred to
adjust the ionic strength of the dispersion to 0.2 to 0.8. The more preferred
ionic strength is on the same level (about 0.2-0.8) as that of PBS. Increase in
the ionic strength of the dispersion can accelerate collagen added as a binder to
form fibers.

[0040] The dispersion charged into a molding die is kept at a temperature of
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solution of a physiological buffer saline (PBS) of
phosphoric acid and stirred to 25 adjust the ionic

strength of the dispersionto 0.2 to 0.8. The nore AO-F16PCT
preferred ionic strength is on the sanme | evel (about

3T 3P eRBtishs pgﬁﬁﬂbﬁeﬁéﬁgé&éﬂ kept 8t 331¢dgd"C, the
cogﬁ%ger & gﬁ %hgggxéigr%ﬂ tal 004g1g(§m digpersion to a gel.
Risiemtihai e s Ao

gedaligd ofith@dly ?ﬁénfﬂferﬁ%z{th%g lt%e 1%%2%%})% O 3t ouyrs, more

di spersion t a gel nper ture 13

o
felin bl G, 6,450 SIS APn 4 0

aphtita/sollagere composite fadyprécip ta'iufg)tlfe?elnﬂﬁl@eﬂébvp%@dumng a
di spersi on can prevent the fibrous apatlte/collagen .

ungiorpoporaaist bady.pr hie el kedi dlgpctﬂsmstemm 4 hellpbike state.
uni f orm porous body. The gelled

[Oaﬁaﬁﬂg?@%ﬁee@ “dryiag; %%14; k_(le_hst atle [3041] (42 X

I NN e
[O&ﬁe ﬁg&géé{] g?lgtfﬁbf&pgé érﬁbf@ﬁrﬁ@ga 1ée/P(@:F2g§2§ﬁm%osaie isdrozen in a
B e s OB o T 5 o
o ol ] e
pok BRERRE i e ERBBBAE AP bghPohe! AP AP PGy B e

is prdErab eno0LCits d°@""?f101t %}%@ﬁ peC &Y Pt’enhartlcularly -

apatitel/coll agen 15 poro 00 sma

80 abage gor M@Wﬁ@[ow&hﬁfbrﬂ 11 009@ RO QEsUIRAT a tpgﬁte/t:tiﬂagen
gel is not frozen, or freezing takés too much

porcaﬁulbcod)n bas hoa spmdbm averxde porehdibnrtéar gWlasn aviehigker than
ore dianeter., [0043] The solidified gel is
r thezgeldsinat frozen, o rfeeazing takesTioo muehzeme; yesudting sn a porous
ondu}cl:t ed by evacuating the frozen gel at -10C or

boﬁiﬁ r:gﬁparuwer@g9umge digmeter. as in the case of

o008, e SRR e W T e
o B A e A 55 Bk o S

it, 86Hn al$9é§esof the fibrous apatite/collagen composite. The freeze-drying
need only be conducted until the dispersion is fully dried, so the freezing time is
not particularly restricted, but it is generally about 24-72 hours.

[0044] (5) Cross-linking of collagen

[0045]  The cross-linking of collagen may be carried out by any methods such
as physical cross-linking methods using y-rays, ultraviolet rays, electron beams,
thermal dehydration, etc., or chemical cross-linking methods using cross-linking
agents, condensation agents, etc. In the case of the chemical cross-linking, the
freeze-dried porous body is immersed in a cross-linking agent solution to Cross-

link collagen in the porous body. The cross-linking agents may be, for
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[0044] (5) Cross-linking of collagen [0045] The

cross-linking of collagen may be carried out by any

nmet hods such 25 as physical cross-1inking nmethods AO-F16PCT
using y-rays, ultraviolet rays, electron beans,

inFRBoRl GG o8 efdralgShuderioctaldsiini ats dfsocyanates such

f 1 hem cal . .
as??eggégﬁ?ﬁhﬁll neg%iﬂﬁé}%n%?eéie}@ el 20 1@%2?%% a hydrochloric acid
S R L3 R R A o RO Akr SR L oy fR g such as

. Fl6R ' |
o o A arch. SRB s o
liking ngeats lsuehl dehydbéx gﬁﬁidtﬂhﬂ??;r@férﬁ_ﬁl"é’ﬁﬁ% the fﬁp"ec'ts of the

carbodi i m des such as a hydrochloric acid salt o
eaginesh pif cen(dlingehéegrienopemsyiljdanpadid thedsiocompatibility of
pol yepoxi es such as ethylene glycol diethyl ether,
theresul ant pergusibadiynase, etc. Anong these cross 5
gl ut aral dehyde is particul arl

i, pki agents, | y
[OB#8l er b1 i ridnadpeondtora: e e s dahyde,the
BBt P USSP Sl il Sk rone
m%*ﬁﬁhff%f’?%%ﬁ%ﬁﬁ'f ﬁﬁ%df o RE B s of @%&W%ﬁ&qﬁéfm}wld be
' [ .00 . 015% 10
SchgBERAAD, ABNSHESRNR 8931500 L Rl A T or e
glixasndenpdé dohfisiehue gﬁggﬁgat!%F \[}fe' giné: ?g?&%ig&iy %An be conducted

et hanol , etc. Is  use

sirﬁhhhﬂé@hﬂlghyﬂﬁ thE lckbssalinkideo e As & | o ﬁlfotsﬁglﬁﬂﬂﬂé%ﬁction

body can be conducted simitaneously wt

occumssis-d stake mhert thelfibzgas aptity/esi8agdoRpIsaRGk icBAtracted, by
occurs in a state where the fibrous apatite/collagen
copdwgiong the dehydratiorcand thdyrass-linkingetinngtarteusly, so that the
dehydrati on and the cross-1inking sinmultaneously, so
resuignt pegous bedy wanthaisy sapraysdyelasticityve i nproved

OB Kbl S04 55 T oS
so L AS SR YTt BB e B fRots uBeeacted shiordenyde
ang B8 S K08, o A R0 pt et n et
forcdétfiirhtiBhl BEd Weh ApfcdBAt ABRY RpLturd Ne Treeze-dried

[0048] In the case of cross-linking by thermal dehydration, the freeze-dried
porous body may be kept at 100°C to 160°C and 0-100 hPa for 10-12 hours in a

vacuum oven.

1[0049]  [2] Method for controlling average pore diameter of porous body

containing fibrous apatite/collagen composite

[0050] The average pore diameter of the apatite/collagen porous body depends
on the freezing time of the gel containing a fibrous apatite/collagen composite.
Accordingly, to control the average pore diameter, it is necessary to investigate

in advance the relation between the gel-freezing conditions (freezing-
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por ous body may be kept at 100C to 160C and 0-100 hPa

for 10-12 hours in a vacuumoven. [0049] [2] Method

for controlling average pore dianeter of porous body,n.piepcT
25 containing fibrous apatite/collagen conposite

en&%%ﬁegﬁ E%m%ﬁ%tﬁ%ﬁ@ Egligl ”%t&g}ra&iﬁgﬁs)f ng the, @/Vfw?zmrg diameter
| as’ . o
of theFestiah G fftle/ CAMATLORIR U o1 Po aver age pare

(068 AITeY(®) Erédzihs. ARARSHAE ﬁeﬁl}éé}‘éﬁﬁ%ig‘%ﬁd PR time Sb

the relation en the ge [ €ééZzi ng con

[0G32]eeA g ghd@nﬂ@fﬁéé)@ PelempRyAtuRD 88RO P [g’ﬁ'fsgf't% q?g{‘@le gel 2 in

solidification ti , and 't he average pore di ane

its abntdrdnraesyiitidritalapalding/diel 1. a0FRi PR O®RY id R8%h a freezer
(1) Freezing-environnent tenperature To and
ungbthedgéli 2 it solidifiede FPig. RASR2graph sthewmtically showingdthe
tenperature sensor 3 is inserted into the gel 2 in"~5
tempeyaganet erange withytima dfi thalgedin dhe dredzer.1. Theifseezer temperature
. nol dj o&'e 1is held in a freezer until the gel 2 is
18 %eélaﬁaii?)%i Fig. 2 is a graph schematically show ng
the gel in the

tenperature..chagnge with tine o . )

(0053 , 4 St diiBed, therigurpararre oldhsael faced frughe freezer is

. As own in Fig. 2, the te rature of the gel )
fal%&% GG radln S ApeFacyie Fassiof Pa)odd becemsscopatnt or is

[ . becomes con nt Qr i .
sloy P A S 8o s RS EPo P Sedl e e et s
4 ) Cdifi . .

solflicd i b5y SEUSLH SLINNIA, 41y fpverge.  The
timEhgeridd darip@ v ' helreli It | o
1mc (I}?gtl adiltfIa 3‘?‘%@3& }gﬂjlféoﬂ\%g}%ﬁinﬁ 1? %ghgfs%%iogisg‘(? V?{l;{ f%vxer&%lg in the
solidificgtibnicf tefdehéd dbfined hedsin' &0tddlidifieativARithe T8b),” and the

(Sb)," and the 15 tenperature (t C) in that ti e
tempparpauei(s *defintbat tme puiodis definedast‘solidifitation temperature.”

Al'so, the tenperature of an environment in which the
Alsgethe temappratieg of pa@aVnMERsrin whichnthe gelhis kept for freezing

t erature of a freezer) is defined as ) )
(Fot FTG4S, $h HSmparaturt of putiqazent 1 defaod anf fisezing-environment

0 » SO\ kdified, the t rature of the gel. is .
terfiSBIEL b ¢ HeltFF coFiigielf op Raluhuhe drpesrare oF e gel is
-solidification ti i's

o3 8 R B0 ARl e e .
[0054]  The solidification time Sb is controlled by the freezing-environment
température To. Inthe case of a cylindrical gel of 1-2 cm in diameter and 3-5
cm in height, for instance, the solidification time Sb is 300-500 seconds at a
freezing-environment temperature T, of -80°C, and 3000-3500 seconds at a
freezing-environment temperature Ty of -20°C.  Although the freezing-
environment temperature Ty may not be constant, the solidification time Sb can
easily be controlled when the temperature change is kept within +5°C.
[0055] As shown in Fig. 3, pluralities of gels 2 are frozen at various freezing-
environment temperatures T, (step A1), and the solidification time Sb of each

gel 2 is measured (step A2) to prepare a graph showing the relation between the
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tenperature To. In the case of a cylindrical gel of

1-2 cmin diameter and 3-5 cmin height, for

instance, the solidification time Sb is 300-500 AO-F16PCT
seconds at a freezing-environnent tenperature To of

- 80C,  and 3000- 3500 secon at freezi ng-envi r gnnent
fr‘?%i%%}%"bﬁﬂ&f%m m%ﬁurwﬁr%lﬁgﬁlet%?élfﬁééé PRime $b (step A3).
' J)o) not be copstant,. the
TR YO RPtR L pn (AR SIE ot Bl PopasfioBgia B8 Gacifen
ge i i i C 05p] ‘g .
SRR S TS T02 M ERapthe MhByttin, PR b Splidification
tind@ Sboetsard ' ORNM L
e A Lcafly MY ORTRR reCoRE WS iA L ihfBragure T,
th iriedy (chagpeAond @ duiree depend t ' iti
S riady (habipe Song @ (il AepeAdM N i SHaYaadGomposition of
thé geb2i ndreesadure mekabilitgnhersulidi ficAdoAniing 1$b is preferably
solidification time Sb (step A3). The solidification
megsheedpt three wssnare fraezipgpermpiconmenaterhpetaterdsrBeand plotted in
eneror{irqe_lgt enperature To. In the exanple shown in
. 3,

a grap 8 thesphidifiieattanotime Shwhangena alcumeet lige in the
rﬁlba ive to the freez‘i?ﬂ?g- nvi ronment_ tenperature To, 5

gr4 L}Bhg preferably mgagar éhgotbr Qumpse drgsaig ¢4 vaionment
h and.conposition of the gel 2. To secure

terfig?fagqui %, the solidification tine Sb is preferably

O @) PN e e B Rt B RRer e

10077y A RSeLoRRuG s 0% LRSS Bl

frebpeity it @¥p BYTFRRE sidh CerRe b@&f&&%ﬁ)&%(&bﬂ%?ﬂed&)ofthe

S
Solidification'tinme Sb and averag ore dianeter

resuan? poAduebodp D0dde Iind:ﬁsu@é@g?cebl Dkpd Thetdi@nRPERWY three pores
.body 20 obtained by freeze-drying (step B) in the
withind Ognme Hroratbe 4gmpeoatere semsdired afapreferabie measured to
resuyl tant, porous body 200 is neasured (step D1). The
detgrmupe their ayveragece Bjpmeeasising the averagenpore hambters Doy of the

P BEL e oS Ry 200 BpeERa A HegausdengHeoselidiBication
i e R P B0l o 5P RS ke pore
by By SRR SRS T LS o iamet
DA9"bfah8558us HolY (R be EBRAMAREALY PRRE-Hk&TEbEMmethod.
Specifically, a polished surface of the porous body 200 is photographed by an
electron microscope, and straight lines are drawn on the resultant photograph.
The inner diameters of all pores through which the straight lines pass are
measured and averaged. The average pore diamefer is substantially
proportional to the solidification time Sb; the shorter the solidification time Sb,
the smaller the average pore diameter and vice versa. In the example shown in
Fig. 3, a line showing the relation of the average pore diameter D,y to the

solidification time Sb is straight, but it may be curved.

[0058] (3) Method for controlling average pore diameter

12



10

15

20

25

20 DAV of the porous body can be determ ned by a
line-intercept nethod. Specifically, a polished

surface of the porous body 200 is photographed by an AO-F16PCT
el ectron m croscope, and straight |ines are drawn on

| h h. he j di Il
105891 B4 5388 PR AR e B Sl BB T Beion time
e avera ore dianmeter is

S et B Wy e st B 10" B08 30 o the
rlath, B dUSTReS A IR AR ST TEaRR the Hifiication
tirh8 Stefetep AS )s firebRingtédyi §m51% ' | '
l rel a/t [ ﬁn Lgfs)f he a\?g?lg eélg%lf e di glr%é}gp é%ﬁ@h?g‘)?ﬁgp roducing the
apstité/doflagen porous Bedphal/ingsh dekied. ' i
pcurv.ed. %0015)8_] (3) l\/)tgt ﬁod %or @ggﬁflrag:@ﬁ%égﬁgﬁ?gagxgetgggaen be
detiramoeds Fior ingtaRcefRGProdudRFhE patitsicoblaged paRbus body having

showing the relation between the solidification tine
angyy e5age PRES dissnetge dnome thit sokdidficalivn (ateePpb () forpoviding the

8rahsho'ngth relati on between the
av F’é’zl?‘?\‘@- AGteh 1$ detgsminaddram agraphef the solidification time

lidification ti Sb tep A3 t he
Sb? m&*%é‘ff‘éﬁl&e (PSR ﬁléﬁ%emf?fﬁ?&émafﬂﬁﬁ)ﬁb), eod thedieraing-enivéronment
.t e/ ¢ol | . b ' desi.red )
tertip@hld T 78 BRI e 1B Ttao0 Cifte 3P (G determined from a
grIe bRRGE freb i O Rt AALLERLES T, AR YCRI 88 time Sb
i . e Sl d) ) Ca
(ST ey, the B ingcllire Al dul X, GF £ RRfor
shldidbfthe ab : .
AT Py R 48 A8
dianeetee cah reedterhted@hépE)ng the solidification time
Sb(d) is determned froma graph of the
[0G60 ez Fey-iastancenwiben a eyipedracalr porbmsdratiyt heving a diameter of 1-2

solidification tine Sh step E2). Thus, the
Cmf‘ﬁé@?ﬂﬁﬁe‘inmerwlﬁﬁﬁaﬁl aStr shouddse 450400 seconds to achieve

thel@irhe Plve AayBohi el T urror of hbanscirastisenemeaomesh
ten@)e&gﬂ%g{/fqggoggt 519 gﬁg‘{é :tg g?? °’1C\gh ?‘glrﬁ%i’ ?é{gﬁiugi%&égs{olf b%gtsion time
o SR ot TSRPS0 0 5 o35
i e SS9 Pon O OTBSIREC N, TR 8 %00 %560

so, because 't
Thus, the solidification time Sb is adjusted to 200-3500 seconds by setting the

freezing-environment temperature T, at -80°C to -10°C, so that the porous body
can be provided with an average pore diameter of 50-500 pm.

[0061] The present invention will be explained in more detail with reference
to Examples below without intention of restricting the scope of the present
invention.

[0062] Example 1

[0063] (1) Production of fibrous apatite/collagen composite

[0064] 412 g of an aqueous solution of collagen in phosphoric acid
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Sb shoul d be 2700- 3000 seconds to achieve the average

pore diameter of 350 20 pm the freezing-envi ronmﬁnt
tenperature To nmay be set at -40C to -30C. Thus, t € AO-F16PCT
solidification time Sb is adjusted to 200- 3500 seconds

B o, SR TR b oo
o AL R4 8 R0 et sl
L OOt o o OGP B HIRI BRI Al CBbigit i3 v Rso

préPARdl EXAEPDOO ni Qﬁg%%ei fvé}?g\gg%iﬁéiﬁagﬁg? fl BROKSE. the solutions

apatite/collagen co an aqueous

[ amdl Otwere sifmud d dsBBRSiho.aCRr 6 t'
(concent rsgt i o%ﬂegggl;I% I"tg)})!ﬂv@\é/eiStg[;?ht ,lhaoslgﬁglrj}]ggd%ﬂggé’zggac ton

solitjomaas aticest], tand488 droppiafg epebdd-otvhaded@iéns I and 11 were
phosphoric acid solution and stirred to prepare a

COQtjﬁlﬂl%iddn keep theGeattiard salwtiit atvpHad8.979 Hy drBixé eesultant fibrous
sQlution (solution Il) was al so prepared. After 200 m

apatitejcellagen epmpasite easgesilong as aboetat2ommt hé\ slurry of fibrous
ions 51 and |1 re sinul taneously drop

sol yti ] &egd .

aP?‘HIé#%‘P g°N eRmPRgLte ragze-gdricdactTlmapaidte/eoliaganaratio of the
I§ d,. t he dropping spe of the solutions I
ﬁbiﬂ'ldg %Sawgodu%’&ﬁ]t ?Q}?‘Bgaltgw&eg/éﬁ?%én%séacti on sol ution
H .9-9.1. TFhe resuyl tant fibraqus. .

[0G8sP T @ Eipagidn of Bsals HoyRdax' fsiy miae fipwus aptite/collagen
coMBosttes! urry of fibrous apatite/collagen conposite
%ﬁs Sﬁreeze- dried. The apatite/collagen ratio of the 10

[0(?62)68]{5 OuLf1apalg4 fil Ol diReS ater W&Sécgd;eaiﬁ% %ﬁf tkgﬂoéncgfg@& fibrous

5] (2) Producti'on of porous I ning

apdtiifey colfagtpat dposite | @06l 66APON huéSESRh M isBluttoSdvas added
m of pure water was added to 2 g of the dried fibrous

thezpter andstinedagehftenthpomisubtan® fidGous aphtiee/dolhhgauedmposite
NaOH sol ution was added 15 thereto and stirred. After
slupre wagsnixeshwith D ecfampaueews selutiagerf calirgssi inephosphoric acid
(coRSFIEERTS A< piel i Bhasp RO ARG 30 MW ancostiered, 1.61 ml
of Tﬁl-t%lgltes Cgl;}ggg{}g{eidcpﬁgi v(\j/éis ggdm a.nécalnsdtir?et | to ggfair} 'a6c%isg1ersion. :
The amount of the liquid (pure water, the aqueous phosphoric acid solution,
NaOH, PBS) added was 95% by volume of the fibrous apatite/collagen
composite dispersion. _
[0067] The dispersion was introduced into a polystyrene-made, cylindrical
molding die of 1.5 cm in inner diameter and 3.5 cm in height, and kept at 37°C
for 2 hours to obtain a jelly-like formed body (a). With étemperature sensor
inserted into a center of this formed body (a), the formed body was placed in a
freezer set at -80°C.  The solidification temperature of the formed body (a) was
-5°C to -1°C, and the solidification time was 350 seconds. The resultant
solidified body was dried in a vacuum oven (0°C to 240°C, 760 to 1 Torr), and

subjected to thermal dehydration and cross-linking under a reduced pressure of
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of 10-tinmes concentrated PBS was added and stirred to

obtain a dispersion. The anount of the liquid (pure

wat er, the aqueous phosphoric acid solution, 20 Na )

PBS) added was 95% by vol ume of the fibrous Fho-FiercT

jtel ite di [ 0067]. Th
1 3P GE 1EET i Selataa HOTPUS Boss] (o) EHaiaga: fibrous
o , ; di £ 5 e di H
Rl AOLEM oMY “ana kept at 37C for 2 hours to
(0088 Fer D Dkrioh st dtolE BoPRey (2} and &7 Breckycqmppiping fibrous
apadteredlRgstY cobmpositee formed body was placed in a
freezer Set at -80C. The solidification tenperature of

[0069] f oPomAIsBsHies €b- VYamd {5059 bach &bntadfitigl A Bbrous

solidification tinme was 350 seconds. The Tesultant

apatité/doHageh bothposite wieteeproducedviaatiemanieemahfer ho in the steps (1)
240C, 760 to 1 Torr), and subjected to thermal

andd(@y dn &ixamplenl, exoeps thatreachgfoumbel bady Golumed(¢rlesdngehe same
of 14 AO F16PCT 1.33 hPa and at 140C, to obtain a

shape gud aesagosition)astbesaohithe jelly-likesiosmed body (a) was placed in a

B AL ST B P50 il it i oes 1609
BB RS BRISEr 24 OSa R TReBocy0, e
oA PRSI0 WSS MR rous oy
(o 3 B SRE A BT ROt B 9892 SR plaon

ey oo e T i e e

and G08ir Ko lizkefioatisn itié 8® inothegsbroadWddieatd 132401 $868116S1). The
in the formed body(c). The 'solidification tenperature

solidification tme1Sigwas fihstamtoaliye propontiqnal oo shéd fdezing-environment
(a-1), (b-1) and (c-1) had a porosity of about 95%
tempgraturesfiows the rel ati on between the

ezi ng-envi ronment tenperatures, To (tenperatures in
[Oé fr(ggi\gﬁalsursmnm&%’veg%ﬂ@ BPYe diametsrtine Sb in the

[OGR{T TR SoEig el teor ibediisbiaitis o4 Tsrpss seeians of the
pofcﬁlst B§dies ?g_zf A @53‘3\/&{&) (e T%acltl %gg?ariﬁfnugr 8 ﬁ-[)cl)'bus apatite/collagen
composite are shown in Fig. 5.  The average pore diameter of each porous body
was measured by a line-intercept method. The results are shown in Table 1.
Incidentally, diameter measurement was conducted on pores about 7 mm
separate from the temperature sensor. The shorter the solidification time, the

smaller the average pore diameter, and vice versa.
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[0070] (4) Measurenent of average pore dianeter [0071]

The scanni ng el ectron phot om crographs of the cross

sections of the porous bodies (a-1), (b-1) and (c-1)A0-F16PCT

each containing a fibrous apatite/collagen 20

ostte e shown in Fig. 5. The average pore

[Og?gﬁei?b]&?f each porous body was neasured by a

M ne-inrercept method, fhe resutts aneshown—+n—Tabte

borodsnC| dent Bteegingdi anet erSoliddsatiement Wasrago Rdeddiacheter

OB, RPr €5 abbButironmenmt separ afamé 8bm t he—terp rat'"te Tard

sensor . | Teempshart & (W)e| sol (sehohdgat i gn (Livye, { he>tan

I lerl t he aver er,. and vice lver deviasign

[aliaan]
AL LI B~ )

1&-A0 F 16PCT .4o0072] Tabl e ‘I35gor ous |Fr egzi ng- 3
Solidifjcation Average Pore Dianeter | Enviraonnent Tine .
_Body| St andarg) To (C) | (sec ) (m i atlion ( )

-ngoggSO 93 53 i‘(é)b- 1) -50 1608@%1 92 ?ggll) -20(339
378,142 0073],,Exanmpl e{ 2 [0 Por gus diles (a-2),
(gc- and[(c-Z%zoeach cont ai n% a fi hroﬁ?PS 1%%
apatite/coll agen conposite were produced 1 n the sane
manner as in the steps (1)-(3) in Exanple 1, except
[0023] clewaipl: 2he formul ation of the starting
materials as shown in Table 2. Any porous body had a
[0834] diRoroasibodies @RRr@-2) endfc-D@doh ediairifg d5fibrous
Table 2 Fibrous 1-N Aqueous No. Apatite/Collagen Water
apaiE/raiageneomprsite Wengi prodyucedimsbe isameSuhnneas in the steps

Phaspharic Acid Solutjon Exanple 1 2 g 4.84 0.06 ml 2
(15?3?)‘4%'{13;;@4@/@ 1, except for changmnépthe formulation of the starting

materials as shown in Table 2. 'Any porous body had a solidification
temperature of -5°C to -1°C.
[0075] Table 2

Fibrous 1-N g (ﬁleo‘f/
No. Apatite/Collagen | Water | NaOH otagen PBS | Liquid®
. . Phosphoric Acid
Composite Solution .
Solution
4.84 : 1.61 95
Example 1 2g ml 0.06 ml 2g ol vol. %
9.86 1.529 90
Example 2 4¢ ml 0.12 ml 4¢g ol vol. %

Note: (1) The amount of the liquid on a volume basis represents the total amount
of pure water, the aqueous phosphoric acid solution, the aqueous NaOH solution

and PBS per the dispersion containing a fibrous apatite/collagen composite.

[0076] Fig. 6 shows the relation between the freezing-environmént
temperature T (temperature in the freezer) and the solidification time Sb in the
porous bodies (a-2), (b-2) and (c-2). As in Example 1, the solidification time
Sb was substantially proportional to the freezing-environment temperature T.
The scanning electron photomicrographs of the cross sections of the porous

bodies (a-2), (b-2) and (¢-2) are shown in Fig. 7. Fig. 7 indicates that the
16
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Exanple 2 4 g 9.8116 0.12 mM 4 g 1.529 vol90 0 . %

10 Note: (1) The anmpunt of the liquid on a vol une

basis represents the total amount of pure water, theAO-F16PCT
aqueous phosphoric acid solution, the agqueous NaCH -

. h o . taining a .. -
ro 4 420, 0, B £ A A0 B feticker i
[ i ng=envifonmen
B LA 5008 CHESFPIRAET HhRABR ore
digifetssiof &epRgphs BBy dvas medBurd b TSRk E idthpd.  The
resullt¥eare SR oVAB IS TRBID befdWY Proportional to the
freezing-environment tenperature To. The scanning
[O@THct rldblpBot omi crographs of the cross sections of the
porous__bodies (a-2), (b-2) andh(cié) g[e: sggwn in
[ . ig. j: Ndi t that. the 1 .
b L1 RS 1 AR T
da % ol wa, an [t hose Havi §@ndard
po(;cggi tﬁé‘f%%%%%h& e 1)“?“‘?37% aver OT @eviation
di anet €r of each poroug body was asured by a
Id"‘%é-i nt er cept-3fet hod. The &ésultg ar%d sHown i Al Tabl ¢

3 berow. 5 [0077 Tabteg 3 Porous—Freezing- _
$Bt2)di fli cati omrSAver age [Por el43%net ¢r 3Bbdy| Envilsonnent

- ol C4 Ao Mmar ot v A TAIM (cA~ANAeY (Am
O IT1reTap—Starrdar—ua peratroar-t—1o07to—(SGCoHGS H

VJ I
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average pore diameter of the porous body containing a fibrous apatite/collagen

T
'l

composite was substantially proportional to the solidification time Sb of the
formed body. Also, the inclination of a line of the average pore diameter
relative to the solidification time Sb is larger in the porosity of 90% (Example 2)
than in the porosity of 95% (Example 1). This is due to the fact that as long as
the solidification time is the same, the smaller the amount of the solidifying
water, the longer the ice crystal growth time, and thus the larger diameter each
ice-containing pore has. Using the graphs shown in Figs. 4, 6 and 8, porous

bodies having desired average pore diameters were able to be produced.

EFFECT OF THE INVENTION

[0079] The method of the present invention controls the average pofe
diameter of an apatite/collagen porous body by the time for solidifying a gel of a
dispersion comprising a fibrous apatite/collagen composite, collagen and water.

Because the solidification time depends on the temperature of an environment in
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10 conposite was substantially proportional to the
solidification tine Sb of the fornmed body. Al so, the
inclination of a line of the average pore dianeter

relative to the solidification time Sb is larger in AO-F16PCT
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of the present invention controls the average pore
comtrahtheeaveragapoapdiameter @l thegirodatooslylopy By¥eif8-environment
time for solidifying a gel of a dispersion conprising
temperapigus apatite/ col | agen conposite, collagen and
Uxﬁgﬁgr. Because the solidification tinme depends on the
e
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simpl e because 1t can contr

etcdi ameter of the product only by a freezing-environnent
tenperature. [0080] The average pore dianeter of the
apatite/coll agen porous body has influence on the
nmechani cal strength and bi oconpatibility of the
resultant 10 porous body. Accordingly, the nethod of
t he present invention capable of producing the
apatite/col |l agen porous body having a desired average
pore dianeter is useful to produce porous bodies for
artificial bone, cell scaffolds, etc. 18 AOGF 16PCT
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WHAT IS CLAIMED I'S: 1. In the production of a porous
body containing a fibrous apatite/collagen conposite

by gel ating a dispersion conprising said fibrous AO-F16PCT
apatite/coll agen conposite, collagen and water,

4 i resultant gel to 5 forma porous
wir ST pD Iy

cross-Tinking collagen in said porous body,f

a neth f ' - par e er o
1ol d par el g PO e é@?.ﬁgﬁ% n-g%@“b%#?“féal d
apgtite/collagerd chrgriitedbysielating a dlxpefdb sing said fibrous

I:)gontrol Iig?ﬁg t he avergS% porg di aheter acco@gl né to

apetite/oollagemeoripositopcslthget fihd stdten ﬁééﬁ%_—@lfyiﬁg!tﬁe 9&ultant gel to

is controlled by a temperature 10 at which said gel
forms approusdrodyr, eedi argss-dinkthe colithen if Gaichﬁl_tdL@ Badyg a method

the average pore diameter according to claim1l or 2,
forpenaplingthe avpyagapere diameterafisagd parcugbody by the

. [ i.S - tg.0C. .1 .
soLEll 7éatioh time o1 soa?d ge? in said ?reezmg step.
2. The method for controlling the average pore diameter according to
claim 1, wherein the solidification time of said gel is controlled by a temperature
at which said gel is kept for freezing.
3. The method for controlling the average pore diameter according to

claim 1 or 2, wherein the temperature for keeping said gel for freezing is -100°C
to 0°C. |
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