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AO-F 16PCT SPECIFICATION METHOD FOR CONTROLLING

AVERAGE PORE DIAMETER OF POROUS BODY COMPRISING
APATITE/COLLAGEN COMPOSITE FIBERS 5 FIELD OF THE AO-F16PCT
INVENTION [0001] The present invention relates to a porous body

containing a fibrous apatite/colEijeai¢aanoEdN(hereinafter referred to

simply as "apatite/collagen porous body") suitable for artificial bone, cell
scaffolds, etc., particularly to a 10 method for controlling the average pore

disrRatE0ab mwmmgwmwsmﬂ. W@B@ﬁﬁmﬁ lf‘)gﬂﬁ@ROUS
INVENT 002] Because of excellent compatibility with human bone,
ar DB TN RS Y1l o BarLS (e LIS BoRLS RS

directly. Accordingly, the artificial bone made of apatite has recently been
appreciated for effectiveness, finding clinical applications in cosmetic

Febifgary nétiioddrYEN halstic surgery, oral surgery, etc. However,
ficial ¢ i .as apatite is not necessayily completely
O R B R T P O e R SRS SRR brous
aphyisigtagdioalpropaipesite Chorelanfer asforeadiad sl cermindepRagen
made only of apatite is harder and more brittle than the human bone.
Pomaies PrAYUmaH Bbie R reiiselipenpical s es finddan stiemputrticularly to a
Rt erati artificial-bone made of apatite, is pot
e S B T B em morons
badyemaining 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

&Q@K@{Q@W@?%Fﬂgﬁ(ﬁﬂ%lﬁw human bone than the artificial

apatite bone, and various proposals have been made. For instance, JP 1
[0002] Because of excellent compatibility with human bone, artificial bone

made of apatite can be bonded to the human bone directly. Accordingly, the
artificial bone made of apatite has recently been appreciated for effectiveness,
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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AO-F16PCT 11-513590 A discloses a porous body having a network

structure, in which collagen and, if necessary, other binders are bonded to
hydroxyapatite. Because this porous body is bio-decomposable, huma@-F16PCT
bone is formed in the porous body, and the porous body per se is

1dbsd AW iA al nehoanseogyrauddemigdihglyingis porausibsty canchérusddch

for the fixatjon of vertebra, the filling, of bone defects, the repair of .
cRURBA B aﬁa?%ﬁ%gﬂm 'W@ﬁa@eaﬁ?aw&%éé&, W ppntitc
ERRGAERHTESHANIS A S 1IN RAd RIREOSIRBHD Y AL BHRa0BIbhed in the

inversely proportional to each other in porous bodies comprising apatite
pandud Godiiaged tlargermedhadijcpessengtibtentisdahe hocoanpamisd by

smaller bipcompatibility. The poroys bodies.are thus designed such tha .
ARG e s RSB BREET BaMEtil AR HRigHS 'V&%‘E)%Wieé‘e filling
TRATEE thadian coupisigrARAtiie AR cOUATE N epRRt Ay 5??J%riodoma1

porosities to some extent, and the porosity of a porots body can be
dedattsllettby the percentage of 15 a liquid (water, an aqueous phosphoric

id solutjon, etc.), etc. in starting materials, However, because artificial.
B iR Ao B TP B RSO R B aantally
o ook s and
cobla@tnohdygen thegharosity sif pogtuseiddies comprizimpaapediteyasdal ler
collagen, Qut.also their average pore diameters. For instance, the
hg%a%%msﬁa@éyporeofn b RS S i R %%%,gnf‘éimg ﬁ}féiﬂlflsse
Rep% 1N s Hiesn El6 RABAITIQUIAE aggn?@d%&@@ pom%sp?egarﬁ&bgﬂsspous

in a human body, and thus the larger biocompatibility the porous body
buekeT hermpeising ppatithamétenlisgefactop@tdhavithe lame dsiliente sme

e SR B A e
LNGRAG RS IRAMRIGESISGHIYBpHAPIENGH FasthRds At Preduciarting
porous bodies comprising apatite and collagen with their average pore
materials. However, because artificial bone usable for various applications
should have different properties depending on the applications, the control of
porosity is not sufficient.

[0005] It is known that mechanical 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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diameters controlled have not been known yet. OBJECT OF THE

INVENTION 10006] Accordingly, an object of the present invention is to
provide a method for controlling the average pore diameter of an
apatite/collagen porous body in its production process. DISCLOSURE OF
THE INVENTION [0007] As a result of intense research in view of the

above object, the inventors have found that an apatite/collagen porous
bBgyOb@ined by free2¢tdonng a gel comprising a fibrous

apatite/collagen composite and collagen, and cross-linking the resultant
Po0Bls\ hodyihss, amavejageqioie diasseteinwichideépendsronidheatimethod for
for freezing the gel. The present invention has been completed based on
dhiscSindin gtHO 08} Adeu g dre thbapreductid ruprapessabiagepatteloolidgely in its
porous body comprising gelating a dispersion comprising a fibrous
[@patitetopagesscomposite, collagen and water, freeze-drying the

resultant gel to form a porous 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 freezing
ISl X elB atkdnousNrEEXhg-environment temperatures and

measuring the solidification time of each gel to prepare a graph showing

b0 7é | Ation hetivednitte feeszirgeiviroamentthe sipsarhisdnthenigventors have
solidification time, measuring the average pore diameter of the porous

foody tiotainedasite/aribeagcienothes dfosolichfivatdrbyimecks Sheprre acheaphprising a
showing the relation between the solidification time and the average pore
{dhaouetapatide taitnging thepssiidifichtoHagens fadprendstingkenedBirggsultant porous
average pore diameter of the porous body from the graph of the
isolidifcadioaviimecapet ¢ibaaveieagelpdialetandsten, B dokdetdinerining thregel. The
freezing-environment temperature for achieving the determined
sekdificationitimeaf basneogrdpladbabe fpadkipdledivgonment temperature

and the solidification time. [0009] The solidification time of the gel is

(O3} dbitysc omtiitl gy etiarmpesattied an anfeketerllgeensnespesdiody comprising
freezing. The temperature at which the gel is kept for freezing

gelating a dispersion comprising a fibrous apatite/collagen composite, collagen and

water, freeze-drying the resultant gel to form a porous 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 freezing pluralities of gels at
various freezing-environment temperatures and measuring the solidification time of
each gel to prepare a graph showing the relation between the freezing-environment
temperature and the solidification time, measuring the average pore diameter of the
porous body obtained at various lengths of solidification time to prepare a graph
showing the relation between the solidification time and the average pore diameter,
determining the solidification time for providing a desired average pore diameter of the

porous body from the graph of the solidification time and the average pore diameter,



is preferably -100C to OC, more preferably -90C to OC, particularly

substantially constant between -80C and -20C:. BRIEF DESCRIPTION

OF THE DRAWINGS [0010] Fig. 1 is a cross-sectional view showing a

get, into which a temperature sensor is inserted. [0011 ] Fig. 2 is a graph
schematically showing the temperature change of a 4 AO-1F 16PCT

porous body in the freezing step. [0012] Fig. 3 is a flow chart showing a
methaefamsentidingdheavaraganporetdiampelaroffan apativeigotiagdntermined
porous body according to the present invention. 5 [0013] Fig. 4 is a graph
snavicgithe tielationbetieegmgpiel otidififatioin gime/ianthent temperature and the
freezing-environment temperature in porous bodies (a-1), (b-1) and (c-1)
wadiricantaining.a fibrous apatite/collagen composite. [0014] Fig. 5(a) is a
scanning electron photomicrograph showing the porous body (a-1)

[contgining s fibiHusiapaiite ool dge pet amnpasiabld 006]lEgbbh)dmperature at
scanning electron photomicrograph showing the porous body (b-1)
whntathinged liteptsfaphtiteloglldge ncograpositea] 0016} Hig.26{a} iscat for freezing
scanning electron photomicrograph showing the porous body (c-1)
isqntdiningya-ibbo(stapiiite fooliagerfaobipoSHeC[00 D7 Figprédslarhraphstantially
showing the relation between gel solidification time 15 and
doaezing>ermdrond(Eit tachprdture in porous bodies (a-2), (b-2) and (c-2)

each containing a fibrous apatite/collagen composite and

freezing-environment temperatures. [0018] Fig. 7(a) is a scanning

electron photomicrograph showing the porous body (a-2) containing a
BBRISESHpRGRIR bladencdiripdaes WO 9] Fig. 7(b) is a scanning

electron photomicrograph showing the porous body (b-2) containing a

ford\ & e dtite fcottagenctomp odite. 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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[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 2£0-F16PCT
and the average pore diameter. DESCRIPTION OF THE BEST MODE OF

poOrGuNBGENTHORE fR&:22hinstag production of a porous body comprising a
fibrous apatite/collagen composite by gelating a dispersion containing the

ootk 5 iAe-Blspdipvshaed /sonagas edmgbsikiangusraliéngathe average
indek freezing the resultant gel to cross-link the collagen, the
e A e SR o e
iapatiteéseollagen porous body to a desired level by means of the time for
freezing the gel. The production method of the 5 apatite/collagen porous

[89dy Ivill e ek praneimbsshamd nec ke netatsmrhetwesragel peredifieatien time

i -freezing step will then be explained. 23] [1] Pradugctipn
R R P el ok b e
@R ebtihnbreusiapatiteipnlingirp lamposiven Js[@025] (a) Starting

material ng)_OZG The fibrous apatite/collagen composite is produced from
[88ldden F hoxphoni w&amng ricstien ahateaniieesans, foingrige porous

ial ot particularly restricted, the collagen may be
D P e B e avimats
[60E Bt paiicdldrlyidestdativien fnel&cgeneriotatraert ApRiBReVIAR B orous

bones, cartilages, tendons, internal‘orggigs, etc. of mammals such as
bhasty, (gl hepsiainipsiedipreas anatipdeodlagenseoneposte. may be used.

G T AR T

Internal or as cod, rfioun Sh,” salmon;~trout;

Hoda, (0dgkerelatiec snoafibesusansiniee Atk getccamayie.be used. 20

[:é-(r)] .(197e]Xtraff’:itgi;% rige;hg?gpcg gt?(l)la%gg It?ler:] TeFa%{ggug?e{%ggrsltgg}i\égl?clljitﬁrg;)ilotr)letime
and freezing-environment temperature in porous bodies (a-2), (b-2) and (c-2)
each containing a fibrous apatite/collagen composite and freezing-environment
temperatures.

[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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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 AO-F16PCT
"phosphoric acid (salt)"] include phosphoric acid, disodium

dptiegennbgephaiap @ teatidcliaydioasankhierRhaled dieelaasium resultant

hydrogenphosphate, potassium dihydrogenphosphate, etc. The calcium
geltoigensadisg thmselagsnatbe vagthed atdhaprasentamiantinydroritels the
The phosphate and the galcium salt, arg preferably added in the form pof a
A B e A SR D g et by

ragssraficheflthe mkaductean icopirollgthbyf &bk ARktol Hrags

ratio of the apatite-forming materials [phosphoric acid (salt) and calcium

apptf ehertaiesgarouses bagrordihdlg, aselmasd futb enthehgpansddohig

materials and,collagen used is properly determined depending.on a.
P oL, D e R At SR ML R S LE A
[@0R3qf alfpa]i@W@ﬁmﬂ@&@ﬁ%%%}%@%@ﬁﬁﬂg%ﬂﬁﬂte 1S
preferably 9/1 to 6/4, for instance, 8/2. [0029] (b) Preparation of solution
%@@M@k&g% HueesE$hosphoric acid (salt) solution and an aqueous

im sal ution are_ prepared. Though the concentrations of the
@?L%:Es qg plhg(s)‘ﬁﬁgﬁgtﬁcﬁ@ ?é%%eélofu({%ﬁ%ﬁ%ethe agueous calcium salt
[SOID8ON ke BedmidsicHiady sestrictive as long as the phosphoric acid (salt)
and the calcium salt are at a desired ratio, it is preferable for the

[@&%@nie%@ biaro ppRitsetamm desepiosithlitantduapd from collagen,
EsaRatonef g Aduees phesaholsAci (Sl SR REIHE  Though

,and € concentration e agueous ¢

rEsl et s RbIRUEL0Q-600 M cElodagrmianddes tathedhoveslassiiked c.

aqueous phosphoric acid (salt) solution generally in the form of an

"Beeikauds.soniitfo A96 ps6epRDHE dmaks Agadslipationdarht cotfatgsivin  In
OBl AR BIRKHRA HOAURHE! B0 RSP8RRNNRNS hA65 Rikimal
organs, etc. of mammals such as cow, pig, horse, rabbit and rat, and birds such
as hen, etc. may be used. Collagen-like proteins obtained from skins, bones,
cartilages, fins, scales, internal organs, etc. of fish such as cod, flounder, flatfish,
salmon, trout, tuna, mackerel, red snapper, sardine, shark, etc. may also 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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“phosphoric acid at a concentration of about 10-30 mM. For practical

purposes, 20 the concentration of collagen is 0.8-0.9% by mass, for
instance, 0.85% by mass, and the concentration of phosphoric acid isAQ-F16PCT
about 15-25 mM, for instance, 20 mM. [0031 ] (c) Production of fibrous

rapaditeitoltaen epmpesitaiPR32hiatesisybsiasiiadhdming saMs AAUIE um
as that of the aqueous calcium 25 salt solution to be added is charged

spkd aneseldreaitusedied fradulingiG theadvancatian kidepatite-forming
rHQf%?E’Q‘s”é?hé‘%'dlflﬁ'&ﬂe% TRition containing %é’é%%‘%ier‘fhag‘%%%g{%”é‘?ﬁgﬁt&{%@

calCium’salt solution are smﬁl?gﬁggu%iy droppe

dbmpyeitiesizeddibrate aatiie/cpllaen-ermRastorpdNeCONNURR B apatite

adjusting dropping conditions. The aqueous solution of collagen in
tprisdbrasticin %@-%h@@ﬁ@éi@(@élﬂﬁgﬁd fearaseisus cardienabsald/1 to 6/4, for
iﬁ%HHSQ %& simultaneously dropped preferably at a speed of about 10-50
ml/min. The reaction solution is preferably stirred at about 50-300 rpm.

[Dorop the Hrappingtibisdreigiatlg to keep the concentrations of calcium
[gréc}iié)hos%horic acid ions in the reaction 5 solution to 3.75 mM or less and

MIBEsEsE Bty eRoshartReacidlthakh) Sedusisus phdria agtdons

int oncentration ranges, reaction solution is.kept H of
G S R A AR, Aol oE SR SR B &ucous
Rspdloelicaatdians, bRsrifraigizaiigneotitheakempasitess Hinsiersd not

The term "self-organization" used herein means that 10 h{droxyapatite'

nesicuia bhisspraty pasingenaaphatekesihorty neisl dreitatishthsecalnm salt
livingh collagendibers, ramely that the C-axis.of the . .

A B RL 8 g e ATl RS o AU ko operation

diapited laenditions pravideruselbargadiees ibsaypRogiteicellagasalt)
composite as Ionng as | mm or less, preferable as a starting material for

seleeroissbery S 952100 3eVhradikag dheptemsie i ali dha saplikealcium
s%léﬁé%ﬂé?lé%%ﬁ&i%%%%%ﬁ%ﬁ?g@%}gﬁ%Eggﬁg'g%%sitsea YR Et‘£1é:321b0\16-described
aqueous phosphoric acid (salt) solution generally in the form of an aqueous
solution in phosphoric acid. An aqueous solution of collagen in phosphoric
acid may contain collagen at a concentration of about 0.5-1% by mass, and
phosphoric acid at a concentration of about 10-30 mM.  For practical purposes,
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 containing 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 solution of collagen in phosphoric
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carried out by rapid drying in vacuum in a frozen state at -10C or lower.
[0034] (2) Preparation of dispersion containing fibrous apatite/collagen
composite 20 [0035] The fibrous apatite/collagen composite is mixed withr | 6PCT
a liquid such as water, an aqueous phosphoric acid solution, etc., and

astilrechty preae aynasier dde idispeifiabl dihsrameunhef theetiayid gropped
determined such that the percentage of the liquid in the dispersion
pesieEahlgiresmseshie fapaniis /Lot anl/ simpoditecisasrsiorabn B i99%

e, mare preferab 97% by.25.volume., The resultant porou
e R e St it e s R

kepptile/coiagenrstmposite Ak thamlignidpiRdfishdisRarsianass IgRRSRMEGn
bg}the following formula (1): P = X/ (X+Y) ... (1), wherein X represents the
5@

tiore f IneSrmvslienlsattansblage mMddmpdes istnec@val-F 16PibThe

' Sio Y represents the volume of the liguid in the dispersion.
o R S A e e R B s
régljtisting thel @mguatmfahgiquid 19-bel addedi Adetiaddng theokiediifon

resultant dispersion is preferably stirred. The fibrous apatite/collagen 5
repesp eyt meand{ e BhormoRserten dansldhineeld erbg;azf,um@@mgf the

CEHHRGTE PRIRIGD, YIIERLOUng 16 (SSHIAT POIPHS BOGKVIN,

€ composl ISpersion 1S mixead wi

hoditagenpasite WindetianpHuspienstitedad ba apruetofealiRgenadsieehitition
preferably 1 to 10% by mass, 10 more preferably 3 to 6% by mass, based
PR B9 i madacsriadomns sl agrnifihesnagamebnipesitae Gkaxiseof the

hggﬁj&t?(ﬁ]%’tﬁ? llgqr]ﬁ%.ﬁ@rr%feenrf \%’tﬁ ed oi@atheenf?{gér%f anﬁ'x%ijat O(éj\% dropping

phosphorictacid. Though e to entration, etc. 0

cafjdirfus saNieR of sdfageniiRUosIoNS asitic ol Rasicttailosite as long
a5 T O 5. proferable a% a Siarting material for the porous body.
[0033]  After the completion of dropping, a slurry-like mixture of the fibrous
apatite/collagen composite and water is freeze-dried. The freeze-drying can be
carried out by rapid drying in vacuum in a frozen state at -10°C or lower.
[0034] (2) Preparation of dispersion containing fibrous apatite/collagen
composite
[0035] The fibrous apatite/collagen composite is mixed with a liquid such as
water, an aqueous phosphoric acid solution, etc., and stirred to prepare a paste-
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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15 instance, 0.85% by mass, and the concentration of phosphoric acid is

15-25 mM, for instance, 20 mM, from the practical point of view. [0037]

(3) Gelation of dispersion [0038] Because the addition of an aqueous AO-F16PCT

solution of collagen in phosphoric acid (salt) turns the dispersion acidic, a
dsgetiusiony drakiVersprationtistael dedumtilo Rehth & gisgdrsibe Happidioh.

about 7. The pH of the dispersion is Preferably 6.8 to 7.6, more preferably
Argatsinglybigieampiadprebipktasperstg 0Bths naoridsessHle

A aangleraien i tageolagen a0ERdAsAINAG IR ARG, he

spersion I1s mixed with an about 2.5-10-times concentrate of a
redyisivipdispebsitiarisglivéc(RBIS) sofr phhs pFdric filsid angbatined ¢l 2gen
adjust the ionic strength of the dispersion to 0.2 to 0.8. The mare preferred
CMRASHHENER Beditie dariegedtialngtd. digtapys enabyeplisiently stirring

tﬂ{%c&?%?é”réib heyg i @i%% PLSRRSIPNS A

added as a éfn‘%}er tlgysl‘gﬁgnﬁ?geé. 0040?Tﬁ%é &sgépgﬁ?%%gged Into aQ/ed
stnatdithg die is kept at a temperature of 9 AO-FI6PCf 35C to 43C for
[gelation. With the dispersion kept at 35C to 43C, the collagen added as a

fhtfdr folriS fBEIRORMIS STPRIFMY EhE HISPStdidhor) ‘51 a5 A Haddingnd

| SrFRgE. 2T At
il I R D ARG

npoedepabiyratd B how & sTine waledhdispékaion0C8rs prevenistbé dilerditsous
apatite/collagen composite from precipitating therein, thereby producing a
BRI DR salagp%ﬁ@-geﬁéﬁed@se?%ﬁ%m%ﬂwﬁ@ istgte (bl pdded

i&%’érﬁ%ﬁﬂfﬂﬂ%g&%i%? izﬁqu@hgg?fﬂim%?& ﬁbf%%%h the

apatite/collagen composite is frozen 0 freezer. The avefage pore
coiarnatentodth e ke sifithet apatdaicatihgérmpsli ool dgedyinepesgh@ndheid is not
gel-freezing time. The control method of the average, pore diameter will

Bk ML e capeerifbiera R e Mlasewr e Det-0.9% by mass, for

instance, 0.85% by mass, and the concentration of phosphoric acid is 15-25 mM,
for instance, 20 mM, from the practical point of view.

[0037] (3) Gelation of dispersion

[0038] Because the addition of an aqueous solution of collagen in phosphoric
acid (salt) turns the dispersion acidic, a sodium hydroxide solution 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 collagen 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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is preferably -100C to OC, more preferably-] OO'C to -10C, patrticularly -
80C to -20C. When it is lower than -100C, the resultant apatite/collagen
15 porous body has too small an average pore diameter. When it is higher16PCT
than OC, the gel is not frozen, or freezing takes too much time, resulting

36°€CporadsChfadypwithiten lanyétantaveigae Horeldipmetesl0qd3]3Fae the
solidifieci@gel is freeze-dried to a porous body. The freeze-drying is
ez

ddevine pinAg s ZBhcgs! therrbe bimeinerthmdisasiaipn to a gel.
' It - ' ie/call ite. Th
e S R R SR o oy e

déefieevfightindesjseroirpatichiariinpesiieted pbeldtdbigemsral B #opstirs, more
24-72 hours. [0044] (5) Cross-linking of collagen [0045] The cross-linking
rseEamiEd toay Bewarriedsueslethdisnarior saprprosens gy dibapus

-Jinki e ' - ultraviol s; electron beams, .
S O N R S P e o

wiifesHinkirguadenls, cdridepstidniagantsonts in thptasklef ihae.
chemical cross-linking, the freeze-dried porous body is immersed in a
[QIQfE%llinl(ﬂ"DgFéS@?@%bﬂﬁ@rP&&?rbss- link collagen in the porous body. The

i9%eTiniing aae0ty A e AR AR FURRCLJNSIANCE AIRETNISE A4Sl n

tar orma Cyanates as

fhexamethplenevdiisge yaratei gitstaasiiobiridel suchpas @ oydreehiosis ous
acid salt of 1-ethyl-3-(3-dim ethyl aminopropyl)carbodiimide; polyepoxies

bagbn depeayiendipysdr Brarin @i etcthrasrigiiehmisthss efdhamengee
éﬁ?&ﬁi%ﬂé&? w%h'%% @9&@%@@@%@%&? p?‘ﬁ'é:lt'é%ge%%ﬁ?r%aﬂ%ﬁéorgneezer

e aspects of the easi Ing the degree of cross-linking an

itherbloedstypatibiity ab € renulianphraisbotyo {00AE] WIPEN particularly -
cross-linking is conducted bx@:;ing glutaraldehyde, the concentration of a

YitataidePyde solhnitsiplemradhan ob8o. hasvemtary Apssiermotagen
&%ﬁéﬁ?&ﬂ? L2 ARL By 5@%?&%&1 B%I%%Pa%&gg.y QAN BEis hi gher than

0°C, the gel 1s not frozen, or freezing takes too much time, resulting in a porous
body with too large an average pore diameter.

[0043] The solidified gel is freeze-dried to a porous body. The freeze-drying
is conducted by evacuating the frozen gel at -10°C or lower, and rapidly drying
it, as in the case of 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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dehydrated. When alcohol such as ethanol, etc. is used as a solvent for

the glutaraldehyde solution, the dehydration of the porous body can be
conducted simultaneously with the cross-linking of collagen. A AO-F16PCT
cross-linking reaction occurs in a. state where the fibrous apatite/collagen
icomposite dehpdoasted, by dlGtacndebiyag therdetiddiatids atd; ihecyanates such
qg%és-linking imultaneously, so that the resultant porous body can have

SORE RN ER Ay [BRWATRR e GRRRANHG e sBratg Bydyaghloric acid
: edinan. : . : 2
T AT PG IS, SRS such as
gebyderscholdy éd tlirtier iatheer sed. jnretisriotaziasdettydrathanoapditbencross-
dried at room temperature. [0048] In the case of cr(ﬁgnking by thermal

1 48R e Hesalkleide poRatdBtay b aelst kprbbes asnepeof the
AReLA:10G Bgﬁéetlﬁpg%ﬁéﬂae:%%é@ G YASTHRYER 109404 15 Bty of

controlling average pore diameter of porous body 25 containing fibrous
thpatite/itaiagenconhodsite [0050] The average pore diameter of the

tite/collagen poroys body depends on the freezing time of the ge
R s ok S i Fsonie
dBRRYEFAGS PO URAMAIRGhIRIBRETSABN 10 INURSIgAR NAARIIE % by
relation between the gel-freeZing conditions (freezing 11 AO-F 16PCT
reavicanorenitefapdriatinr® @h dosolitificaiipmtnwe), dict theraveragdypdreuld be
lameter of tk@resul ant apatite/collagen porous body. [0051

A5y AR e R bt ﬁ‘ﬁ@é]%éﬂv)[%s%f the
ASEPAYENPIEIGo futfole RS FRIYRALSRISOH B i8R mapﬂ&ﬂ@dezc@néuaed

its center in a cylindrical molding die 1. This molding die 1 is held in a
sreedemeotiisiyevgieh 2lis sobiskfledk Frig.of isodl ggaph schenaticktiislpowingion
the temperature change wj Igtime of the gel 'in the freezer. The freezer
qgm&g&ta@ta@ é@]{lg}iefg\?é%_ rous apatite/collagen composite 1s contracted, by

conducting the dehydration and the cross-linking simultaneously, so that the
resultant porous body can have improved elasticity.

[0047]  After the cross-linking, the porous body is immersed in an aqueous
solution of about 2% by mass of glycine to remove unreacted glutaraldehyde,
and then washed with water. The porous body is further immersed in ethanol
for dehydration, and then dried at room temperature.

[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.

[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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[0053] As shown in Fig. 2, the temperature of the gel placed in the freezer

is 10 rapidly lowered from room temperature (period Sa), and becomes
constant or is slowly lowered when it reaches a certain level (period 86)-F16PCT
Thus, the gel is solidified while the temperature of the gel is constant or
esloiby oereriegipidretuimapesolddificag whith éheatednperatsiade ponstdiimeter
0%Srtﬁlowly lowering in the solidification of the gel is defined herein as

fffSHigRtRRat s O Lage peor84e PYature (t C) in that time period is
[dgsipgd "ﬁ%ﬁ%gg{ﬁ ﬂ@ﬂ%ﬁ&&ﬁ@ﬂ’f@%’ép@ﬁﬂi}@efteéfﬂﬂeggﬂﬂ’ﬁggﬁzgn time Sb

environment in which the get is kept reezing ?for Instance, t
[ hpEratiiresbbavirendéay).is defmregdastiireezingsedvirommnetddtarmpeiatye 2 in
.To." After compl,eﬁ%y solidified, trﬁ temperature of the gel is lowered to

H

i cRLZIRG SliRstinehmeldpsatifd To (580 00wAf ehk s i didadofeezer
uliiaeRP gz controlediethe fre ?@%%%%%&%ﬂ@ﬁ@%@%@é&e

case of a cylindrical gel of 1-2 ¢m in di nd 3-5 cm’in
témspenge)rthehsolipifisationtimeShd:800: 300 Sexopds alhe freezer temperature
.freezing-environment temperature To of -80C, and 3000-3500 seconds at
155¢f ezl ironment temperature To of -20C. Although the freezing 25

[@GYHP”%@EE%%WT@W% Todnay. 99@9@%?%&%%13@5%@@Ceﬂet.ifgﬂ bzer is

Sb can easily be controfled when the temperature charige Is kept within
répl1jonssE sl sShownrdofrigeBpphatalitpefigdl$ 2) ane frbzeomeyanassnt or is
S[ree }lsrlg environment temperatures To (jstep Al), and the solidification

BreLatnY R 2ikAtdes A €S D A lsFephrat. grdphisHbwiag! is
sIRIEEEPHPRIYRER M b MO 1heRET i rce(ﬁﬁ%?g}‘ig?(ﬂglzg{? ini%'n The

temperature To and the solidification time Sb (step A3). T |f?gat
timeepShidsl sibstgntidilyiptbp oetiopataithe fremzingn tenviionvhe b wering in the

B To i s Smmle lownn g 7 e sldiccuon et
ot <o ong e oetinn 8000008 Mg
Adrefetiablgmperature of an environment in which the gel is kept for freezing
(for instance, the temperature of a freezer) is defined as “freezing-environment
temperature Ty.”  After completely solidified, the temperature of the gel is
lowered to the freezing-environment temperature T (Sc).

[0054] The solidification time Sb is controlled by the freezing-environment
temperature Ty. In the 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 Ty of -80°C, and 3000-3500 seconds at a
freezing-environment temperature Ty of -20°C.  Although the freezing-
environment temperature T, 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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measured at three or more freezing-environment temperatures To and

plotted in a graph. When the solidification time Sb changes along a

curved line in the graph, it is preferably measured at four or more ~ AO-F16PCT
freezing-environment 10 temperatures To. [0056] (2) Solidification time Sb

feawet e cagerpomatiametpe{006Z] ftert dilagetids trassiinked Bbiigep A3).

orous, hody 20 ohtained by freeze-drying (step B) in the step, C, the
ﬁg&?‘gﬂ tmamg%sr%pw%ﬁﬁanr ItARPpSroEBb BediReZIng-

eheRsHIBEEtER R hlhe Hiamgters of @gwiwiﬁrg 30 MM LR cation

the temperature sensor 3 are preferably measured to determine their
teveragehBy gnedsaimly the direr dgelpofecdidmetens Péynofitheemperature T,

atite/collagen porous bodies 200 gbtained at varjous lengths of ..
BBRemdatn & & AR SN LORRERA e SO SBBR RHECamaRgtion of

tﬂéeg%vétag%?%@%&@P@ﬁ%%}ftﬁé@@ﬁ&@&%mwwiésés?@f%m he

average pore diameter 20 DAV of the porous body can be determined by

radinesiedert dptemethodr S piecifivatherey polishedtderfgoeratiittes hgr plotted in
body 200 js photographed by an electr icroscope, and straight lines

o i TS SO HOEb PR, P e iRt bR 81 NERo the
JhIgMOh WHIRkKeR RIIRES RARR 216 MEAS %@&ﬁsg. axerRgfAedine

average pore diaméter is substantially 25 proportional to the solidification
teimpe8ituties Shorter the solidification time Sb, the smaller the average

B ing o Solbiar e s apespor e e EP DA
[Bokgification.linmg SR ds %&@i%@&i?ﬂk@dﬂﬁ%}?@é&%ﬁgﬂé? B 3hMRIaDy

for controlling average pore diameter 13 AO-F16PCT [0059] By using &
fipepthrdhongngtte Bolatichdstpe@ntine saidifiegime thaenSbrdnghtlod the

SR i STy en ) o gren s e eten
\ﬁ{]féﬁrﬂb(%&ﬂ A3IntheTERFBERAVINNG GORREIS [oHfRhRIPdYENg
determine their average. By measuring the average pore diameters D,y of the
apatite/collagen porous bodies 200 obtained at various lengths of solidification
time Sb, the relation between the solidification time Sb and the average pore
diameter Dy can be plotted on a graph (step D2). The average pore diameter
Dav of the porous body can be determined by a line-intercept method.
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 diameter 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
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5 apatite/collagen porous body having a. desired average pore diameter
can be determined. For instance, to produce the apatite/collagen porous
body having an average pore diameter d him, the solidification time SR(sr16pCT
for providing the average pore diameter d nun is determined from a graph
[olthe] soliglifigation iprap B RIandithethvarsas ne i atal M dHeRtion time
E1), and the freezing-environment 10 temperature To for achieving the
Solraifichsory grassnody iderianinad frsapdD gyt of giaph showing the
freezingrenvironment temperature To and the solidification time Sb (st .
e B R I B e R R Joape sof icarion
tRIRISGNSt e aPRikR/ eRliaaap-RaKaHSRACH NBMING @ AR SIEARY PRER AR the
diameter can be determined (step E). 15 [0060] For instance, when a
apptnkical lpeesuROBOdy b@d/}hiaéz.la@mé@étr@ﬂlazemg@pr@ddj@@mtﬁrecan be
lidification time Sh_should be 450-50Q seconds to achieve the ayer .
B R R A R S o Rgvine
Aehabr8sChore/Saniize Perause hinigelidiicaHamieshb@h shepidHaing the
2700-3000 seconds to achieve the av%r%?e pore diameter of 350 20 m,

axerAee ARt shvirehenshire ispdetaumamesiniznma seaph afodasolddication time
hus, the salidification time Sh is adjusted t 0-3500 seconds by settin
S e E A e p S e e oment

teaTperaRadyT ¢asr ke ioMitie thyito aai Avarate Rere SaetedefeRirQ from a

nun. [0061] The present invention will be explained in more detail with
geaphepttho fres ERErAPEMBTSR L IRARATRSIR On drdedricohiglifieatiuptime Sb
t es invention. [0062] Example 1,[0063] (1) Production o
(géerg(j:éagbaﬁé)é%l aéfe%e(:ec%rlrl{1 —sﬂ\em[%%%\f]n M%nap(%zrx( %r%lg%olféé)usas%qgjﬁ%% of
pohggndniphesphericAtided ) HQus16RSy ThAcaneandeinn hfed¥ore
weight, phosphoric acid: 20 mM) was added to 400 ml of a 120-mM
HANIEE FHOBP iR BURESdBisohERNd stirred to prepare a solution

[0060] For instance, when a cylindrical porous body having a diameter of 1-2
cm is produced, the solidification time Sb should be 450-500 seconds to achieve
the average pore diameter of 100 um. Thus, the freezing-environment
temperature Ty is set at -85°C to -75°C.  Also, because the solidification time
Sb should be 2700-3000 seconds to achieve the average pore diameter of 350
um, the freezing-environment temperature Ty may be set at -40°C to -30°C.
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 um.

[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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1. 400 ml of a 400-mM calcium hydroxide solution (solution 11) was also
prepared. After 200 ml of pure water was charged into a reactor, the

solutions 5 1 and Il were simultaneously dropped thereinto. During  AO-F16PCT
dropping, a reaction solution was stirred, and the dropping speeds of the

(sontensdtand 0 WeYe bsonsdlled hiephdrie Ra¢tio0 aalUliematadtded to 400 ml
8.9-9.1. The resultant fibrous apatite/collagen composite was as long as

e-ahRguen P BesRkets apstitolbiryanesiipedite pepare a solution

free ied..Th tite/cal ratio of the ibrous apatite/collage
B o T S LR AR o
mepaiaihg fikfaus2atatitesfoiiagen acompasitt 40061 ibier b8donl HPsbRutions

water was added to 2 g of the dried fibrous_apatite/collagen composite,
lpnd i were s aHaserisNab PR dibs s add Bl i HeppiAgde reaction

g %\gﬁ% %@@%E%ﬁ%mﬂéba%mggji (ﬁ/e%g{%ag%%osm&%%eﬁ R Rere

mixe of an aqueous s agen In"phosphoric aci

dontreghddatioke €pATerbyctieigbb i ptiosphiopd adi@. 20 mMM) Bhd stligdnt fibrous
1.61 m| of 10-times concentrated PBS was added and stirred to obtain a

WMEPLPLoMaRE SAIBRATILT MaSuIeRsLRE barE Ik e ods PHBEPAbFIkTOUS

' {j . 5%-hy.vol f the fibrous
e R M R SR T TSR or e
fitrodu cgatintdoa palystyengosadeyaylBidrisanmealding die of 1.5 cm in
inner diameter and 3.5 cm in height, and kept at 37C for 2 hours to obtain
[Q90RHikéFoisedustan @ Panan s ke ératurecsinbtngd ibruaiterpptiteicollagen

Cg)erﬁgésq{éhis formed body (a), the formed body was placed in a freezer
set at -80C. The solidification temperature of the formed body (a) was -5C

[@0ak], antiftbe 4QHdifitatiputinearasdad skbands 2Thefraseiliaiid fibrous
solidified body was dried in a vacuum oven (0C to 240C, 760 to 1 Torr),
A s (erinisqnutasicd SRt ankRrassuminainbiesel wegacees added

tRESRY A stHR@PF A%RE e resultant fibrous apatite/collagen composite

slurry was mixed with 2 g of an aqueous solution of collagen in phosphoric acid
(concentration: 0.97% by weight, phosphoric acid: 20 mM) and stirred, 1.61 ml
of 10-times concentrated PBS was added and stirred to obtain a dispersion.

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 a temperature 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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1.33 hPa and at 140C,, to obtain a porous body (a-1) containing a fibrous
apatite/collagen composite. [0068] (3) Production of porous bodies (b-1)

and (c-1) each containing fibrous apatite/collagen composite 5 [0069]A0-F16PCT
Porous bodies (b-1) and (c-1) each containing a. fibrous apatite/collagen

IcdmhBaitnderel gisdlicedobttie spmemabody 480 ibersiepm i) ABEHR)
in Example 1, except that each formed body (b) and (c) having the same
A SoliAEs SOEMUISES those of the jelly-like formed body (a) was

e e Te S e S M At S (S Y T LB, iorous

as 1609 10 secon e forme econds’in the
doatiedcblidyte).chinepssiidification temperature was -5C to -1 C in both

bodies. Any porous body (a-1), (b-1) and (c-1) had a porosity of about
8808 TP 8o otES Lhal AN denb bRARE SeeARgE R,

' § eir solidificatiory tim
e G S RO
andg Byhsianhiallyl eropotiopalie: e freezingcEbuidoritnemb dies) peraibisethe same
T0. [00701 (4) Measurement of average pore diameter [0071] The

“SaRArNg EREPOR JRBIBIERSGrapHSdeihe tiler dusaed o d i Warddlgeed in a
ROJIES & By (!?O%hﬂgﬂcﬁ‘-’z@%aﬂéﬁk%%ﬁ% a WQ%EI‘?@%&S@A’ %ﬁ%@ WS 1609

composite are shown in Fig. 5. average pore diameter of each porous
sbodydyds theaburaddyalijieyinter GegtimetntdSThethestdisnae tshdyyo)n The
Table. 1. Incidentally, diameter measurement was conducted on pores

SQHEH YA SEPRPATUTE Mt tepR ratitfre'8ePeBY DPRécshortiR YHorous body
S A PO e VR
Heore®idheefesezing-environment temperatures Ty (temperatures in the freezer)
and their solidification time Sb in the porous bodies (a-1), (b-1) and (c-1). The
solidification time Sb was substantially proportional to the freezing-environment
temperature T,

[0070] (4) Measurement of average pore diameter

[0071] The scanning electron photomicrographs of the cross sections of the
porous bodies (a-1), (b-1) and (c-1) each containing a fibrous 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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Environment Time Sb Body Standard Temperature To (0C) (seconds)

-(pm) Deviation (a-1) -80 350 93 53 (b-1) -50 1609 181 92 (c-1) 20 3240

378 142 [00731 Example 2 [0074] Porous bodies (a-2), (b-2) and (c-240-F16PCT
each containing a fibrous 5 apatite/collagen composite were produced in
[wg¢mammpr as in the steps (1)-(3) in Example 1, except for

-changing-the formulation of the starting materials as shown in Table 2

ras/@gorou 5 bodyHaemgolidific atl(mﬂmﬂm@{ure of AS&rd@: Adee [ORKRer
a

2 FibrousEhrAmuenus No. Apeitiie/Sollagen-Water NaOF-Caollagen

qwd")Fc{ﬁqmpmﬁd&ﬁdmnon Plasphdyic Acid Satution 4. %l”’é‘gar
‘‘‘‘‘ 1-61-vol-mH—% Example2-4-a cxjation

I:)\alllpICJ.Lgll IJ.UUUIIIILUJ.UL VOtr—Mi-t—70 L_l\aIIIlJIC L 00 UL

ml(&lg 1.529 90 mk#fl vol. % 10 Note3X® 1 The amdint of the liquigl on a
votume basis represents the total-amount of purejwater, the-aqueous
ph&phori¢ acid solud®n, the aqueous 188D 1-1 salutibh and PBS pér the
dispersion|containing a. fibrous [apatite/collagen gomposite. [0076] Fig. 6
shéfiSthe relation befiveen the [freezintf-Ehvironment 45 temperat té To
(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
[QR&<Hubdtaanaieptoportional to the freezing-environment temperature

[6874] Porous bodies (a-2), (b-2) and (c-2) each containing a fibrous

apatite/collagen composite were produced in the same manner as in the steps
(1)-(3) in Example 1, except for changing the 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 I-N é) cg;em;s/
No. Apatite/Collagen | Water | NaOH gew PBS | Liquid®
. . Phosphoric Acid
Composite Solution .
Solution
4.84 1.61 95
Example 1 2g ml 0.06 ml 2g ml vol. %
9.86 1.529 90
Example 2 4g ml 0.12 ml 4¢g ml 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-environment
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
17
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The scanning electron photomicrographs of the cross sections of the

porous bodies (a. 2), (b-2) and (c-2) are shown in Fig. 7. Fig. 7 indicates

that the 17 AO-F 16PCT porous bodies (a. 2), (b-2) and (c-2) having a0-F16PCT
porosity of 90% were thicker in walls than those having a porosity of 95%
pExampledlys The averagepdre-diphastenof eaebsdgredosweasthicker in
measured by a line-intercept method. The results are shown in Table 3

shandboss rapleesrrttrty prtyingEsaimmieaton Alerayerrereore
R D eament WA SSRGHLSRI) TIPS By o

résidl)ls 200338861 th 4lib 109 T3]i 5. 8 shows the relation between the
solidification time Sb and the average pore diameter Dwv in the porous

[B8ditk oﬂéﬁ?&%les 1 and 2. The average pore diameter of the porous

body containing & fibrous apatite/coftagen—10 composite was—
subgtantially propdeadnat to the|soRdifidsaBANIme StsiaeeRoTeletcudy.
Algg,dhe inclinatiBHBR&IMe of the 2VEIAGR pore diameter Tejaliyerip the
solidification tFREEWHS [kr§érlin the F6PHEY of Q0MPEXample.2ithan ir
the pqrosity of 95% (Example 1). This js due to[the fact that as long as
the(%gﬁdifi(:ation time'is the same, theshaller the aount of the7§olidifying

=

15 W3§er, the longer Be ice crystal gr time| ang, thug the larger
diaﬁne er each ice-containing ppre has. Using the graphs shown in Figs
4, @Caﬂd 8, porous bggies having desjkgd averagepgre diametgrs were

able to be produced. EFEECT OF THE INVENTION

[0078] Fig. 8 shows the relation between the solidification time Sb and the
average pore diameter D,y in the porous bodies of Examples 1 and 2. The
average pore diameter of the porous body containing a fibrous apatite/collagen
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 pore
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

18



10

20 [0079] The method of the present invention controls the average pore
diameter of an apatite/collagen porous body by the time for solidifying a

gel of a dispersion comprising a fibrous apatite/collagen composite, AQ-Fi16PCT
collagen and water. Because the solidification time depends on the

wetivle e isatepnBsoRMeh i (He ARG BRGONRR the sslis keptier
freezing (freezing-environment temperature) the determination of the

deigtivmisdineeh the rebidicheow tenctha dalidificetioy-tenviconhtkatfreezing-

rature makes it possible to. provide an apatite/collagen porous. body
R L R R CaR g Bl R e porous
tvedeidtmingdsiesineraitise. JoHs MsHORISRYBRMANSSIMAIE PRCAUSE i o
can control the average pore diameter of the product only by a
Rredsisgremaroramest atefsper dtuie NoU80] Thexiramaly ponpdideatesoft can
t ite/collagen parous body has , influence on the mechanical .
D R R T R B e -environment
téegardingly, the method of the present invention capable of producing the
apatite/collagen porous body having a desired average pore diameter is

[Q98R to lsueiverper i ddinseter arfitiestpaiie/ cellagaffplinusteod has

. P AT LAIMED IS: 1. In the.production.of a us bo
RhL o MR et S BB BT S e
prsrowsisindys aidNfilsrdsaalithic alagRY OO PHescRICRNASR L AN WAIRY of
freeze-drying the resultant gel to form a porous body, and cross linking
regsbiaRgrikarpptiteies Haesn aanetoblddy demieginglesérederagegopmre

' : | body by f ' luralities.of gels at varj
B PR AT TR B S

e0f. each gel to prepare a graph showing the relation
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20

10 between the freezing-environment temperature and the solidification

time, measuring the average pore diameter of the porous body obtained at
various lengths of solidification time to prepare a graph showing the MCSLLP
relation between the solidification time and the average pore diameter,
determining the solidification time for providing a desired average pore

diameter 15 of said porous body from the graph of the solidification time

wirththepveraggpors:diameter, and determining the
freezing-environment temperature for achieving the determined

solidification time from the graph of the freezing-environment temperature
and the solidification time. 20 2. The method for controlling the average
Jpore diametepacharding id claporduswheteirtheatempesnatiiseofor keefieigollagen
said gel for freezing is -100C to OC. 20
composite by gelating a dispersion comprising said fibrous apatite/collagen composite,
collagen and water, freeze-drying the resultant gel to form a porous body, and cross-
linking collagen in said porous body, a method for controlling the average pore diameter
of said porous body by

freezing pluralities of gels at various freezing-environment temperatures and
measuring the solidification time of each gel to prepare a graph showing the relation
between the freezing-environment temperature and the solidification time,

measuring the average pore diameter of the porous body obfained at various
lengths of solidification time to prepare a graph showing the relation between the
solidification time and the average pore diameter,

determining the solidification time for providing a desired average pore diameter
of said porous body from the graph of the solidification time and the average pore
diameter, and

determining the freezing-environment temperature for achieving the determined
solidification time from the graph of the freezing-environment temperature and the
solidification time.

2. The method for controlling the average pore diameter according to claim 1,

wherein the temperature for keeping said gel for freezing is -100°C to 0°C.
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