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POROUS Bl OVATERI AL- FI LLER COWPOSI TE AND A METHOD FOR
MAKI NG THE SAME Techni cal Field The present invention
WO edoah&9d 0 a porous biomaterial -filler conposPECESGH04/000294
nmet hod of preparation, and uses thereof. In one
particul ar enmbodi ment, the pnesent invention relates
to a collagen-inorgani c scaffold. Background of the

I i v i ' f i :
ROHOLS BionATeHAL LR COMBDSHE AR A NiETHOD
about 95% i s col | F#B®R.- MAKINGTHE SAMEani c

subst ances are chondroitin sulfate, keratin sulfate

and phospholipids. 65 to 70% of bone is conposed of

i norgani ¢ substances. Alecbknical Fielsf t hese i norganic

substances are conposed of hydroxyapa t|te When larg
anol"hﬁ Rregnt jrygntigioiedatesde PApIsiaka flﬂﬁ@oﬂg’oé}% al m?hod of

iit‘?%e dndPYsed tHREFETY oftd gﬁﬁ@tﬁﬁrsen%odﬂﬁémg gl'es@x{t 1Went10n relates

anfs. Such grafting i npl ants are sonetl nmes not

tomlﬁm-gomheaiﬁiéy not have sufficient strength to
support an active lifestyle or sufficient bioactivity

to pronote cell até?&,gmgg{‘dq)qqhgrmk%ﬁ%ytl on. Many

i nplants used are resor ba nat ur al
ti SRR 9 oLHIHRAS chifipdsed dPbaic infhtérfi RGFA dbyowéiBRY Basis). Of this
mechani cal operties or_degradation rates. Coll agen
%MQ Hageni ¢ yThe j remgingng egapish substapeesi areachondroitin
r r I
ALY R ORI 5 (PIOHEHbHE HBBIER ot Forganc
subpttan@ss Admdstfatl axﬁshdsamrgwmubSmeeaarermmpss@tdfdlydgnexlya}sa,tite
10' d3mblts | iés‘{ﬁ b Béed ref Rt AR RRRN I Mhieved by a
A, 2mpntg of 105 bghe &7, "RETRPIANE § “SB%'H 3&‘é"n"e y

vzﬁieqngiegﬂa% ohpéiniah@t&ﬁﬂjé irfplasts. TSkt ghftipedndi 1ﬂﬁ)ldn¢8 48 8bmetimes
of natl]JraI bone. Lgct of _the Invepntion It is

nQfsfesizable ps they HrL.oe a\ien%}’éﬁ??r&srﬁtrea | teapPYTh %raeméff Hfsgtyle or
subfifiest] BIBA4iSity §® RIS QorE a@échﬁiéﬂﬁ&xﬁﬁﬁﬂoﬁféré’ncﬁ"%hﬂf ﬁhﬁants used

at | east one of the above di sadvant ag Sunmary
arg 1dso peteresp@rbladuionatiis tsgieaand pammot Bp dunably wvtlhereSPect to their
HBaRat o | Heoradi6dirales Provi ded a porous
m ‘lgoma e‘?r!ogi ?hlt(}l eFraconposﬁ te wherein the conposite
co r@mlim hhs ahew émnamogmmys pieblgdaovhabh aadfip [al neuralihy] occurring
AR e SBE bl 0o FRERE BB, 10 elh spones

' a.qdr Eamstham%eeﬁ used, astlhaﬁ’roetatls agérﬁylzﬂ%aﬁblﬂo f@rUsssue repair and as a
bi o ter| I-f|| osite wherejn the conposite
- suppss dpseall growihy: dio; Sate, MapEY e, BY dwalant A olfageh spongschas had the

safeedr Qinhildr PRopfeRTERAS tHal of MithrdlihePOr €s having a si ze
greater than about 100 microns, pores having a size

bet ween about 30 and_about 50 nicrons and nanoneter
Object of the Invention

It is an object of the present invention, at least in preferred embodiments, to

overcome or substantially ameliorate at least one of the above disadvantages.

Summary of the Invention

According to a first aspect of the present invention, there is provided a porous
biomaterial-filler composite wherein the composite comprises biomaterial interspersed
with a filler and wherein the composite has a porosity close to that of natural bone.

According to a second aspect of the present invention, there is provided a porous

biomaterial-filler composite wherein the composite comprises biomaterial interspersed
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si zed pores. According to a third aspect of the
present invention, there is provided a porous

whemamsané al -filler conposite wherein the conpPSI/8@2004/000294
conprises biomaterial .interspersed wwth a filler and
wherein the dry weight ratiogof biomaterial to filler
“is in the range 1:3 to 2:1. In one enbodi nent, the

- with apftiirtand cvhesein shes comppasity in@ydgrpopas hayingsygigg greater than about

1 @o@ﬁ%&ggggﬁ: ?Q\g?g’ 2 k28 baWertabbilt! ﬁrmd%?)&ﬁrfﬁi MfrdiR MAd nanometer

, the present 1nvention, there is
sipedpareled a porous biomaterial -filler conposite wherein

t he, conposi,te conpri ses Ai terl Nt e er.s ' .
B R e VR
‘biohatériaRBIMYeorhposite avieendin dhéreainpagitet doenpirises Hiommatérialirinterspersed

- with Rl s BT BB AT WgTERbaHo R PRRAEBLLY M i AL Fange 13 10

2fgresent invention, there is provided a porous

biomaterial -filler conposite wherein the conposite o
~ conr ionesemhastimenty ithy coOmpesith CPBPHSSH Py HYf Melght Zhdo 65Wt%e

b %{eﬁapa&%&?wiﬂ]ﬁarfi Il er has been prepared using a
sol -ge . Ac

met ho cording to a sixth aspect of the
pr eAestrding e rat foorth aspret of ithe present dhognomdhéreds pfovided a porous

prepar | a porous biomaterial-fi.ller co i —
oL P g cBRHE PRt ePrppsie, Kimii R Rkl intrspersed
with lal filfer Whefeit e amBust afibfomdterial geatil@isnabouh25wit ure to
fonrha slurr

, and freeze-drying the slurry to f.orma
pOr@ugn%ieH}?ﬁ%i‘é‘ﬁnélo-ff';’FI‘é\'d @an’lﬂsghtaél?e% c‘%? fPRgotifs may have a
p&gﬁg}n&lbsaq§mbf%né he present invention, there is
provi ded a nethod of preparing a porous

bi ofacasding|tofa fiftbraspesinadShe eresempinyAition, Hsbimpioyided a porous
SRBAIBLESLE) cSthAc A b0 HRRELE Bt g espred
with al fdler and there the cgmpdsite iler hdsdeomprepared ysing a sel-gal method.

ALK B PSR s W oo o
pRpaeH a pdrotdiBiomarsiahfillervempbsitnconiprising i s provi ded a
IR RN R TE G S
10 HGh&ReRiAhghe hfixtuROIBTeRRh SRy, 4dde m xture to forma
slurry, adding a biomaterial to.the slurry; .
frecze-drying the slurry to form a porous biomaterial-fillef composite.
According to a seventh aspect of tiie present invention, there is provided a method
6f pfeparing a porous biomaterial-filler composite comprising
combining biomaterial and a liquid to form 5 mixture,
homogenizing the mixture to form a slurry,
adding a filler to the slurry;
further hémogenizing the slurry; and
freeze-drying the slurry to form a porous biomaterial-filler composite.
According to an eighth aspect of the present invention, there is provided a method: of
preparing a porous biomaterial-filler composite comprising
combining a filler and a liquid to form a mixture,
homogenizing the mixture to form a slurry,

adding a biomaterial to the slurry; .
further homogenizing the slurry; and



10

15

20

25

30

further honogenizing the slurry; andfreeze-drying the
slurry to forma porous biomaterial-filler conposite

wo enoengiigirbodi nent, the liquid is water or anyP@OL/B&1004/000294
liquid capable of forming a slurry. In one enbodi nent
when the biomaterial is collagen, the liquid is an
.acid. -According to a ninth aspect of the present

| nvﬁmae&ﬁymg thestumstofpay a@e@ua bipmatertpl dilepsampasitag a
| uénéjéﬂg&flﬁl%talthé liqdi@"i 1? N %ﬁgﬁg &Hémiqéd @ﬂ)able of forming a

|n|ng térial, afilter to forma
slmrxt I ene dnalmalgrperit mhwg ﬂtdiaomawualrle coltagenythe Hqwd ig ansacid.

- and,freeze-dr rr
o AR GRHR PR 5 5B ety DAL, B pa o o
ppirihg@anporoticbianmaterial- ﬁ]lerb:loﬁijbaklefctoa’lprlsmgt he slurry is in

th l. 100m of
upe?{i“a@gT@W%qnaaP%éﬂ?‘ﬁ?ﬁge‘itB ﬁr%gléﬁtlﬁ erpect ofo

t hehfh&gAting thY alikiufito foideh Sluky, #dovi ded a mst hod of
pre ari n(%@a porous biomaterial -filler_ caonposit

pezgidaging dhbosIAmy &0 Hrenapeionabiomaterialfillgy Pempasite oy herein the
hglgg]lg(w{)&? a{&f’{ﬁ%%{Buﬁ @lgmfn%@te ?]ur 2 hﬂyﬁ@fnrﬂl@reﬁllgb‘ b¥ ¥ip to about

ng a er tot urry; honogeni Zi ng
19ghkiogiatarial/perd Gmi oévaz@ ady0P0miM adid. s| urry to forma

or teri I-f| site rei.
"7 ot el TR o sopr! o e BRERrighORER A plibRicd g pethod of
p&bh&ﬁlﬁ%% %ﬁrou?blbhﬁte[’lahﬁHeeromppsfteJcaoﬁlhﬂBingl(?gj bi omat eri al
er 1 . Cl According to an
gl e%ﬂ?‘ﬁ‘“&g’b e%‘ﬁ aPﬁé?’ﬂl(’)égIB? ) & Ay tgher eis
pr oumgg%n?zmgﬁme Afix@fe W6RRAIsRGryd POr ous
bi omat eri al | er conposite conprising combining
fi | pddingapfller tpitkaslery;o form a ni xture, honogeni zi ng

theﬁﬁ‘}t?éIH&ﬁoéeﬂxzﬁ ﬁlu%”ir{dy adding a biomaterial to

t he rry; turt geni zing the slurry; and
fr eﬁzaeeﬂrymggh&t ﬁerrg Itcm fory & pofous M(Hné}jm@'tﬁlef composite, wherein the

TP W SOTP P RSH L il o

loglbxohﬁttgﬁlpérlupmlofﬁ;bMIWMmaﬂater|aI p(ﬁr 100rr1 of
up to a . 1000" aci Accor to,a aspec
thef\@wrglﬂﬁﬁm ol %'9%19 ?"é‘bH’r"S SHS R g @ method

Pérebmh PorBus lﬁ@fr‘lﬁt@hﬁrﬁl@érgzbﬁx'{}osﬁél d@)hﬁmsingnt h or

eventh aspects. Definitions The follow ng
def combiningdller and aligyid deifosm 4f@idYsl  defi niti ons and

'S hOHJ)IHOéé?nﬁﬁ’g @ ¥nixture to form a slurry, L
adding a biomaterial to the slurry;
_further homogenizing the shurry; and

freeze-drying the slurry to form a porous biomaterial-filler composite, wherein the
liquid is an acid and the amount of biomaterial in the slurry is in the range of up to about
10g biomaterial per 100m! of up to a 1000mM acid..

According to a twelfth aspect, there is provided a composite prepared by the method
of the sixth, seventh, eighth, ninth, tenth or eleventh aspects. |

Definitions
The following definitions are intended as general definitions and should in no way
limit the scope of the present invention to those terms alone, but are put forth for a better

understanding of the following description.
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limt the scope of the present invention to those
terns alone, but are put forth for a better
wanwenstiamdi ng of the foll ow ng description. Ulb@BSG100€000294
context requires otherwi se or specifically stated to
the contrary, integers, stepgyg or elenents of the
invention recited herein as singular integers, steps .
or ©nlessethe sontextaequjres eEhsavias o1 sreciically gfated to theccopiraryaintegers,
r I : { [ Seor
sy 8F SRichSFE GE Bt HERR] Rercll B Sa g SnRRD, Spps or cloments
clemtpuienesnmish dodti sgutan eandophiral cfomms | efethe recitedhnintggérynsteps or
such as "conprises” or "conprising”, will be
f&¢P st ood to inply the inclusion of a stated step or
el. emRhglvut ithis egetifioati@y, audess f the tcoptexd refiesahictwise, the word
.integers, but not the exclusiog of, any other t or, :
OFGRBRL BrVaPACTIch s OmBISe e faMPESHE - Wik 6 pderstood to
inp1Y he inBlubibBs of @ Hafdlst@) orl dlérfiert RR Giktbdes Bk Fﬂﬂlp dflRepé 6F Blements or
-“conprising" nmeans "including princtpally, but not
integerss betrmot thesatlupipn of ampethersiien oredement ppiateger oxgrpypp of elements
9 ¢ . . i he nie
o TRt B Bl B o o R R eing, ™o

n

el

“intlodiag ppeciphliy; bt yotdesessaripdolelyt’. i s t o be under st ood

th t he.i.nventi.on inclyudes al u variat.i o and .
mgﬁ?qsgail?l ss 10 ke apnvgﬁtapgrﬁmg*esglaf ngi &8@%{‘%’} Fi%% %F f erein 1s
sist&ible tﬁ%ﬁhﬁ(ﬁfg ané ﬂmgmdatibm?mﬁammﬂwgﬁﬁcﬁldt}f duseritskd. It is to
to or indicated. in this specifjcation, .indivjdual .or
b%é‘P&‘%?&‘PP‘sé‘P%i,th%\h%"eaHS)ﬂ awéu S|aﬂcaﬂ=ﬁs\i Yﬁatafla?ﬁsa'afi "ﬁﬁ&y%n& The

iRENtBY AsPincRBthIPEEBRE sRps,[BAhes Lompdhitiohd shd’ @nffolRdeRferred to
cited in this application are specificall

oi rindicgted aine dhipy spestiispioons e ingdidideally ion c%ﬁlbég\éﬂl)éd apdrayn and all
LIy [ | Let f..this

ol of B 5% g mord o MRSRBL Bfeaflfes! 20 o o any
mat Atlithd refdremdes icisedsini thiztalpplidation jaret specificallyoincémomated by reference

o B AP AR BT an B mon- toxi ¢ and

bi opbtherdoatexe ofvitds spéifitivncthe teind “Biohiaterial) f@ané any material
nd .any. degradati on products .of the, bionmaterial are. .

wgyvgds Stk foy iRgRde T &tp & yjes SRS fch @ mammal including a
hihTBTRE bRmaleal ResuitablyiRA-tbkiRMnd bisibSaBAIIE WwHeh iftR)dub&l into a
a synthetic variant. Brief Description of the Draw ngs
liping rasgasvisne @nd enyndsgragationppredentt of thechiemateriah e akgysupiebly non-
S RF P& ﬁysrﬂ\afhgfbimvﬁ@h q‘néy b &R R0 Gn lo? 'Jnlf's?n, or may be a
accorrpanﬁ ng draw ngs erein: Figure 1 1s a schematic
syliteegicavarianft. a sui t abl e nmet hod of preparing a conposite

mat eri al (bone scaffold) of the present invention;

Figure 2 is a sebri?'gp%c&%itiﬁgt(ﬁltﬁg:[g,%gvi grographs of

col | agen suitable use e present I nvention;
A preferred form of the present invention will now be described by way of example

with reference to the accompanying drawings wherein:

Figure 1 is a schematic diagram of a suitable method of preparing a composite
material (bone scaffold) of the present invention;

Figure 2 is a set of Scanning Electron Micrographs of collagen suitable for
use in the present invention;

Figure 3 is a set of Scanning Electron Micrographs of hydroxyapatite suitable

for use in the present invention;
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Figure 3 is a set of Scanning Electron M crographs of
hydr oxyapatite suitable for use in the present

w0 moensiion; Fi gures 4A, 4B, 4C and 4D are gr aphBCD$G2004/000294
stress with respect to strain of various porous
scaffolds in accordance wi thsthe present invention;
Figure 5 is a set of Scanning Electron M crographs of

tr abecUfigirepde 4 4arnd ¢ Aeseaphs 8f1§tre$|‘§’&h éeSBe?tsthStram of
v%ﬁﬁ)'ilf ggrog’g 8RoRE ifh&otdaRBe With HIROFBRIEinYEntion; :

en-inorgani ¢ scaffold in accordance with one
errbodl nigerecd is hesepoé Semning Fdestiop Migrographsoefs trabecular bone at

ﬁ%ﬁgke%f“%ﬁ Figure 7 is a set of Scanning El ectron
Bof a col | agen-inorganic scaffold in

accor d alhgarevﬁ fsha aetosthBransing diectent Madro gx’aphSpoﬁas eollagen-inorganic
A R U oA oy v

reddldtigiy; XRD spectrum of a coI | agen-i norgani ¢ scaffold
in accordance. wth anot her od| ment of the present
i nvent i gured] s getoofi %Caamgg lﬂﬁg’%’@ ot cellagen-inorganic -

scfaf%ldt WP a &Rk d RGE Rt QA SIREH &nﬁ&ﬁﬁx@ﬁ?ﬂ g6 the? Pﬁ@.&ﬁrlﬁ@&ﬁrﬂon at various
th the invention conpared wth that of natural bone

readdtIWt bonat ed hydroxyapatite; Figure 10 is a graph

showi n t.t (N

scar f o HEne s SacEt BEn b bt MMM IFE respiuions and
ani XRDt kpéctmin o:zﬂ ai vollagentmorganic asvdftbldusii ac&:prdﬁngu rveithl lanother
eliaé?({ihe FIIR s rumof various starting materials,

maRt At g ﬁ?ﬁ" mYEnliq| ds i n accordance with one
enbodi NEghr e0§ ishe ﬁﬁﬁﬁ eRbwingy XKD Qatten foat W(ﬁ|collagen-morgamc
trabecul ar bone. gure 12 |s a set of igﬁpl
scaftelds rignaqepedanef %‘Ili‘s‘béf inyeriion eomprged yut t%smral bone and
czﬁﬁg,ki q‘léjdi'(?réb'gﬁatftgr 1 week on a scaffold in accordance

odi nént of the present invention; Figure
13 is aFighst bYrisysh geaph sshewinga XRI2 tnagemnsi fop fane gpllagendporganic

sc%ﬁf?gfg;nt) %%ﬂﬂnxgggﬁe@lr Q%n&qﬂ QOI‘L e@(nﬁ&xetﬂh dfrl:\éf‘cgﬁrh Qbrbonate and

ure m cr ogr aph
briusigtegnt ed scaffol d tissue |n accordance with the

O SSent T L2 R BT AT SR cotgen
indfg@hfcosdffolds &H&adc&daﬂ&OWﬁﬁl’&ﬁ éﬂlﬁd&luhblﬂ of trepresent mventlon and
n%g%/aeggge%‘qlaﬁt)grllened wi th hematoxylin and eosin after 30

Figure 12 is a set of Scanning Electron Micrographs of MC3T3 (mouse
'osteoblasts) cells cultured for 1 week on a scaffold in accordance with one embodiment of
the present invention;

Figure 13 is a photograph of a 60 day ectopic 1mplantat10n of a scaffold in
accordance with the present invention into a SCID mouse;

. Figure 14 is a micrograph of implanted scaffold tissue in accordance with the
present invention stained with hematoxylin and eosin after 8 days;

Figure 15 is a micrograph of implanted scaffold tissue in accordance with the
present invention stained with hematoxylin and eosin after 30 days;

Figure 16 is a micrograph of implanted scaffold tissue in accordance with the
present invention stained with von Kossa after 8 days;

Figure 17 is a micrograph of implanted scaffold tissue in accordance with the

present invention stained with von Kossa after 30 days;
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Figure 16 is a mcrograph of inplanted scaffold tissue

i n accordance with the present invention stained with
woonedesa after 8 days; Figure 17 is a m crogr@pdGmn4/000294

i npl anted scaffold tissue.in accordance with the

present invention stained W fgh von Kossa after 30

days; Figure 18 is a set of photographs of a Wstar rat

fenur hExghregl Saissaceet 6 phiotograplescel 1l disler wittfemunbaving s spaffold in

SRR W LA on i B 6y AR, LTD 72

s c af f ol Higures aQAQTQBiambl 96 arie X-reeys jof ¥éistat rat fenarthavmgatscaffold in

nont hs post .- i npl ant.at i gure, 19A) .an at of
odfpidalie BaR bt M ttidlndon L soimernd 2t elgh @eyrs 494) and
thh? B Waktanaat Safrfhabiigal co&hhrher(:ﬁl Mf&ldlmure DoBjot @d scaffold at all
Descr.i Etl on- of Pr eferred Enbodi nents There is provi ded
(FigwsildCh porous biomaterial-filler conposite, the

conposite conprising biomaterial interspersed wt h a
filler. Thepptfira@heddhpriohi ONPiTeNEd Embodifithts

enbodi nent, a conposite conprising a bionmaterial phase
andThererig apsrbmdéd |hegein ianperoap eriamatetidlefilir nconfposite blhy eomposite

ol yne an i.nargani.c f] i nters

e, ORI ] ke A e The Blesil Siedioh prides in one
chBYdiBRnG B%Hinﬁ@dlﬂey:oﬂ@ﬂﬁiﬁg albforR@6iial phhrand lifbrsific filler interspersed
embodi nent  t he conposite has a porosity that closely

theggin.h Sitehly; 2 BPIYFP&f phaje wihean Wrgagwd ¢rrighrapersed thgrein.  The
bmme&an &tﬁinﬁife lﬁt&@p&ge%%ﬁﬁ} niap\b% '&Bétﬁﬁallfﬂb&mﬂ t&mmnt s

to matc atural bone as cl osel y as EOSSI
str hc@nqeanhboﬁxm@hm aoaipositelrns apoeomiyit ealclqselyonatﬂms that of natural

ody [ b a
(r)eeC Olt A3 Q%sugtr)]l% %ogﬂ?prqgﬁé 0%0 n,p%regze L d’élrequrtl (ﬂm %I Q)n%e embodiments to
nraaﬂmtmalhrabm asl cﬂo@l}&asepdmﬂilermﬁhctmhﬂy,cdrmnsallyeaddamechamcally )

ore avjn reater t han ut 100 microns,
36156 GOt s 1 o GRRARLE S SBATTD So JORP g Semodel the
c&ﬁﬁoﬁt@@iﬁxlﬁ@ﬁ@ﬂ&hﬁlb&ﬁ@e pores The smal |

nanonet er-si zed pores may be made by. voi ds betwee

fi1 epng ebodiment thseernp%ﬁec}saﬁmyrwvmgo% 8irG SFRates ﬁﬂ%%bout 100
mR&hHE lS)oﬁats hdGihE 2% beRPRR. abbie3 0 /a9 RS ﬁﬁ%ma'lﬂgmometer size

ostedbl ast mgration, the medi um pores enabling
porean dpesmallmapdrocsei-sizedt poressiny be deadgry Yoids bm’apq:n Plereparticles.

STy S A0 LR Pkl PEUTI B i

oste8blint ariptation, dhe mé’d’lmnfpokdsmabmg trmsppt ofblFediprigeinsiluids-and the

anot her errb dmen e.c e .contai ns about 25 to

S‘Eﬂ@ﬂ?regﬁ{&vé ?frhe%r%ei'r?&‘?m%}‘ with the anmount

of fu bﬂeeémlhﬂhﬁ@n baﬁé WBaposite @Uhtaiti at easthiduiit 255wt bichisterial. The
[ The ampunts and biomaterial and filler use

ht).
ﬁmﬂ%'/%ax AP 8 Ptte Inaanether egpbgdment: the SpRRpsite qopfaips ghput 25 to

Bett SOw NI A CHBISR) bidat&ial Wi ihalanlRAfef filkér RYH BtRedPabout 35
at o 35w %qcol I aggﬂ% and 65a 70% hydr oxyapatite
to about 75wt% (dry weight). The amounts and biomaterial and filler used may be

tailored to have an organic:inorganic ratio to match the composition of natural bone. For
example 30 to 35wt% collagen and 65-70% hydroxyapatite.
In one embodiment, the filler may have previously been prepared by a sol-gel
method. Use of a filler prepared in this way may enable pores of nanometer porosity.
There is also provided herein in one embodiment a method of preparing a porous
biomaterial-filler composite comprising

combining biomaterial, a liquid and a filler to form a mixture,
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--— Examplesof some sample compositions as starting materjals include: ™

In one enbodi nent, the filler may have previously been
prepared by a sol-gel nethod. Use of a filler prepared

w0 mobhs9avay may enabl e pores of nanoneter porPSI/$§2004/000294

There is al so provided herein in one enbodi nent a

met hod of preparing a poroussbiomaterial-filler
corrftl)osite conpri sing conbining biomaterial, a liquid
andhemégenizing themixipre tg ferinxa siheyavdogeni zi ng t he

m X 3 = HEwi slurry
o Faiditnp e thiipHoitbinl» pBfs beRERFRERNLARARIE 0

i s Thae ipratsei ptedidbé therain iim anothtth embedityedi remethad mdt preparing a
_of epari.n porous. biomaterial -filler conposite-
P%‘SH%&H"E?#&‘J‘EB@%"HPWQS‘B? OHEPEal and a liquid to form
a nNiothbihie bivMERN agd B Hqbid@o onnt Arhixtire, form a slurry,
adding a filler to the slurry; further honogeni zi ng

t hehemegepizingthemixtugeta fofm 2 HlYy™¥he slurry to forma
POT fifind} A& S e lmty;! | er conposite. There is also
provided herein in another enbodi ment a method of
pr eputhenkpreogsoizingsheslyrmirand al -fi |l er conposite
co [ : ] a
i cRe R g ST LTS ot BordiR ichaterififled ARl
addThee as hisonproeidied [ hetain tilhansther empodimenharmethod of preparing a
honogeni zi n he slurry: and.freeze-drying the slurry
PRIgUY ’rofﬂagf’r‘ﬁg'ﬁh?fscomW%ﬂymp&Slﬁgi |l er conposite hi one
enbesthRig fillkhendOHRAE td PrvQhixhis, at | east about

25W % bi omaterial,. In one enpodinent the liquid is an
aci Boaegenizng theBururete fomyaguEyi al in the slurry is in

t he,d AnPebBatiial @ (BPQUEry 100 bi omaterial per 100m of
an up to 1000nM acid. Fof exanple 0.6 to 69
bi ofiather haxhogenizingdbe glyrmyagpdn per 100m of 50 to 5007M

oo e EA g o MRRN R fofip AGbtbul B Alrial iRt
pr opeoid embatiment, dreosimpositel cantaifix anishs sibobts2vet %6 hivptaterial. In

BRI BB T P GG R s e

rdriga 0P apas esbupeg bioaterid) Perrt 00vl dFQnrupl tp10SGMM heid.aFod example
s bl et OB STBE 408ht S0y o
a¢i8qbmiHN to 60mg/ml) results in a composite having different mechanical properties
and microstructure. '

100 ml of 50 mM phosphoric acid + 2 g collagen + 7.5 g CAP (carbonated
apatite). ‘

100 ml of 50 mM phosphoric acid + 2 g collagen + 12 g HAP
(hydroxyapatite)

100 ml of 100 mM phosphoric acid + 2 g collagen + ll_O g CaCOs (calcium
carbonate) '

100 ml of 50 mM phosphoric acid + 4 g collagen + 7.5 g CAP (carbonated
apatite)

100 ml of 50 mM phosphoric acid + 4 g collagen + 12 g HAP
(hydroxyapatite)

100 ml of 500 mM phosphoric acid + 4 g collagen + 10 g CaCOj3 (calcium

carbonate).
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carbonate) 100 ml of 50 mM phosphoric acid + 4 ¢

collagen + 7.5 g CAP (carbonated apatite) 100 ml of 50
waorkdophsaphoric acid + 4 g collagen + 12 g HAP PCT/SG2004/000294

(hydroxyapatite) 100 ml of 500 mM phosphoric acid + 4

g collagen + 10 g CaCO (cal cigum carbonate).In one

enbodi ment, the biomaterial is-a material extracted i

f r oninising| epyiodiment,; the biomaterial iscR myteris} exisasted| from piglegical tissue,
- ThSSUee S er, : . tiv j . .
o B ool el SR RER, oAb A tssuc, including
bemd) detidonliganieat bi cantilage. i Il onesenzboldinngnd itlyeleipmatgrial is a biopolymer.

i.opgl ' i t abl ur al i Ng. POl VIEE |
AR iRB e shtabtpp RSy eBRHHE BolvtheRt Sibddodd P LbibRTRLR system

 oBigalishier Bispiynidrs Qa Uali@ shitable beamanatslep pblyferss prepared by

prepared hy manipul ati.on, of naturally occurring
W@H@qtﬂ? a nayal i%ﬁﬁ?@gp‘éﬂmgﬂﬁ' may be formed into a

st allng SRInlateral rH&t Wia§ B¢ ORAN LRIBPAr AhbIEEsolidOktructure at body
exanple dried into a |Ir%l solidified froma nelt

tesppesaiure; friteaampleairigd dntp a filme solidified fiomiamelt, srgssdinkerhinto a gel,
u A i BV, ' . enbodi nent
SRR ER D O ek p n  o o
pr olreions , enpedimete sthe odmatenial hiar setbetedofromt bme oo mgemi @ proteins,
sybst ances. .Far, _exanpl e the bihomaterial nay b . .
PSR B RV P RASRCT SUSH s LR EPSeSc oG 40PRIg T Bjomaterial may
bpk€lb@ed fromUsi o ndré Of ﬁmaeéll'war dlzgﬁi( p'rdmleins/i;dcha@ ﬁbltdnectin, laminin,
tenascin, entactin, thronmospondin, e|lastin, gelatin, . .
VEBIRE e ntenpich) i tagtin, rr%wg@%&nﬁﬂb helpfii, &%Hurfﬂ%@s%n,ﬁbnﬂem
mldré¥in, ProkRdrh, RAGRISHRLAPHKE frotelSt BBRE! Sialdprotein, osteocalcin,

osteopontin, epinectin, hyaluronectin, undulin,
ostpepangni Apineaiink hyalwronectisy Badudig) peilissn sné kabrinderetsopkycans such

4 ¢ ¢ ’ ‘i .
agﬁ‘?%g{‘}é’n F()i?.gjfxa(tﬂl Sulfa? ﬁ%ga l&g{%iglh' ratlif 52l ¢ ggoéeoglycans,

eogl'ycans, ecan, roitin su
aggretap gthpodosin kdfate iprotseglyaans lepatie oyl fateapteoglycans, biglycan,

sgli(%lg%'g gl?flﬁs Pg%g@ginsp rlogagx%ﬂ%gfa%% lséﬁ{ ?Sa{xg)arin sulfate, chondroitin
selfgaddandatin sulfafenkeratif esubfatel or Bydlimhie, akidy polysacshdridas such as
or hyal uroni hari.des such '

aci.d, l.ysac, h , _
hegary dexteam Srifate, chithn, RIgiic Arigs Rotin Q6 Kyfanhobyinyl gjcohol, cytokines,
ng?(:bﬁﬂes, BRAcYpbiHls, fd]ﬁ?ﬁﬂiles, Sytuald, fiHnogthy S1OSpHESSholipid.

gl ycoprot'ei ns, polypyrroles, albumn, fibrinogen, or _a
phodmiens icpibediment Sheebiopmatsainhisneollagen. bilp e dprther gnabodiment the

i, bR A DTS, PRI 1, colge

- Typt Hagalteg®y Pupd 111, colldgeg diypaINecollagenclrpe 3 snllagep dypetY 1, collagen
col kagen ., Tvpe~] V [ | en e, || agen VI

To8e ISR IRRETIR VIR ot YRR coifBiedd FiPe, K RBden Type X1,

cbllagefi O yipa gelly, chiipgeen T ypeXilh gellagty (18pXXIVe ot hrgreres Tygpeof. In one

Xl 1,. collagep Type Xl1], .collagen Type XV, or
R HTBL g 1S THPeohiolagen.

The biomaterial may be extracted from a source by means of acid extraction, salt

extraction, enzyme/pepsin extraction or a combination thereof or by some other means
such as mechanical extraction for example by grinding. The biomaterial may be prepared
by acid extraction followed by precipitating the biomaterial (such as collagen) with
sodium chloride and resolubilizing the biomaterial (such as collagen) in a medium having
an acidic pH.

Sources of biomaterials include both land and marine vertebrates and invertebrates,

for example a mammal, marsupial, a human, a non-human primate, murine, bovine,
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enbodi nent the collagen is Type 1 collagen. The

bi omaterial nmay be extracted froma source by neans of
w@eood/ogembe act i on, salt extraction, enzynme/ pepsSPar/SG2004/000294

extraction or a conbination thereof or by some other

means such as nechani cal extmaction for exanple by

-grinding. The biomaterial my be prepared by acid
OIS, (BN OFAPFIBF lERRstNeL ViR, delis: percing Pr ARG érmee?m@dlmem the
blgﬁ’llégeFl g?s &%}ée@%ﬁﬁe a%hifm3Pe) HH}S?EJ (ﬂeasad"ﬂuman r§>1g, cow sheep,

res bi omat eri al as col | agén)
dees,ioatnhhese; dtglgan hags, ditomeuse, Isbb!t,dfesgmi@o bvablateyt @rqame!;

i nc ude both .l d |
i nvélr pe ren{tb%dm?e?lg &%Xconmp‘fosﬂg wmﬁg%%n%f é}ﬁg idaalf(,)ar%i gel or other
cdngtiagt, ineludiap -fibuesa Ninamie rmthadimmrt it}reecoxﬂpmnms iavthenfgrm of a porous

oS8 05 3RCH SRR SRk ShG FEISuEfies wi

bibifaterial TRcE&lles® land/ef Sﬁlﬂllnénl)ts Sinfdispafsed fhtbvaRoutPi dn &POVHlternative
sheep, deer, goat, horse donkey, hare, rat, nouse

erpbgsiment, vémmn?élte way 1bsHy thsr fopm At biom e dlamgntorbres having

A R e

ofcoemosslinked @ongy foam. rorampthﬁr embaedimest the apmpasite if wetive form of a
include a t 01 | |

stiff ¥‘? ocor%f)]aor e.em d\ﬁ%e go?nn%éﬂ? zﬁa 9(% in, bl'feefsomamnocf/a scaffold. A

sd‘affbhne atsabsmhmi szmmhsmzy lbehisedl @idramthoring calis.al t er nati ve

di nent, the c be in the form of
b1 e oA 1 Pt oG 809 SR PHHg AGTERHG PeRpads. In one
ethbédifent the Q‘ﬂﬁpﬁs”s%%éteﬂhs ipfove lthe SdifpresinRtGho@its 6fM@e composite.
conposite is in the formof a cross-1inked spongy

Iy gnenembedimentnthe wepsaicnEHer corapasAreliye qagbappfct pea calcium-
f stipff t
CJW@@H@g s@t. ST faroBRM edhbbdaiEnt blrﬁgedm?gah ?pgr i%gﬁ@%és Qalcium

in the form of asca A scaffo )
pmsphatc,a&mmmnmpamyortssbslmd fapatitandh ar furthercahbaliment the filler

one. 0 N h s
oGS S GHRGE et SRS Rl P, b o an
apeitecledne cemhmrrmem, thi ecaloiump iphesphate iststushits, nicatoimn phosphate,
In one enbodi nent anic.fi

osite the i nor
ot Shotalum I8, BUi o clpodmenfiol Dt 1 glected from
hyxdtbiyaphtite QDA PE T flFOpAtife (KAPY, N@rbonafed astatitef (CARY or zirconium

conprises cal ci.um phos E:hate such as an apatlt

or -
hydspeyaptite et RS t APafiles cContamAE dOpABIBANde AdditiYes o substituted
aﬂdtlltéseﬁ]a905rﬁg ibReSsed. CARRI MRdri Ay Ckfmtﬁlﬁglcﬁéj% LReNF . In-one

a cal ci um phosphate such as an apatite. In one
ereh@xbmenbme fillends ozade ivgingph eddgehmethod. bFhes peltgsl method is such as

o3 1 MRS BB GESAD BARRLPprBomic, B5

Nm;(ﬂemoyaﬁaﬁ\ldke}ufdm Yirfg Nedoo hpidrs 2601 L)) pl40di5Bovistieds hereby

WRBAEY DY ORI AAPNTRs HHEr SOTA Py Soldel method may enable

" ndnidhfetdrisided (hraifstd be Jord AldSwhible il #R0final REmbbdileehay¥ym small

sui tably be in powder form In one enbodinent the

nqnopegsr-sized peirs fogm thy vaidsdietwren theanabite partirdess Jn oge pmbodiment a
cd¥BS R dpatiRYstbpA& by the sol-gel method having a grain size of between about 8

to about 20nm (for example grains of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20nm)
or a hydroxyapatite prepared by the sol-gel method having a grain size of between about
40 to about 60nm (for example 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55 56, 57, 58, 59 or 60nm) may be used. The grain size of the filler may range from S5nm
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descri bed in "Nanostructure Processing of

Hydr oxyapatit e- based Bi oceram cs", ES Ahn, NJ d eason,
wa@00blakiabd ra, JY Ying Nano Letters 2001 1(3) ppdBSAHB4/000294

whi ch is hereby included by a cross-reference.

Producing filler by use of ajgol -gel method may enabl e

nanonet er-si zed grains to_be formed and which in the

| up to\BCTER FLES| 4SS el hem the fllea iy am aprsite tthe gsainzéléeﬁérﬂ@‘sﬁller used

mag_ggﬂéyﬁ%nygwm ween the. apatite part| cles. In one

nment ~a car bonat ed 1;l)atlte prepared by the
sol Ingehothert kmtiodimenhgthe flleri is deminerslisesk brpanberisopowder, bone

mf?hoggn hféo& ( Ea(li{? S{i@ﬂ%heg atgt'bﬁ)' g& rg)(fne&bea%s of Qrax 1t;eadslgf gelatin,

bdmylsl lofay aped, |ré®rlmbda¢3m1gd1ebyort :h eistote theteofreThest thay bagsed either

rain size out,40 to ab m

S%%\Hbl (égeﬁ'@ m%’z € Hyadbﬂﬂaddbftgon germ ﬂ?ce gfgﬁle 4%’38%"6 and calcium
c&)lanq&%,coﬁ@oum 55 56, 57, 58, 59 or 60nn) may be

used. The graln size of the filler may range f

ro

Snrtiff PIEPHPEIHAT theneRmRasesin epfesmbadament; the liquid firany liquid or

i I

AR SBAAIY § JEEE s LBl NSRS 0855 oric

saleentvay mld,saauaswrea swﬁmtanp olwiere embedimen thh digaikmiay be an acid.
rotei c I GJu I &y

“H‘l f rljl%rngt 5] {epl % lﬁaégl’beaggﬁl%f gﬁg;i)%ogrg ?‘e.l'rdeg 0? 3 %Bable proper
dﬂpd:ryll’m fo§ tloer C(ﬂlagen(t The litjhidrreayf mcI[idesaitsrmyotber aal:dﬁd/es In a further

eSS U o St e, BB oty P s an

ofpaR A For ER4m eman@la afhyWe phospheabacidi (Rher dtid3Rehich may be .
enbodi nent the quid is any li UId or fluid capable

ugstl inglpde Agstis agudull'c}cyc apigy fi mwl teRenq acidh wrbiﬁyclée sulfuric acid,
n g v

8 ol SRR SO BB, it PRBARGE fog, witc acd

trifbiogoacktie acidh eorbptbemiacidi aWhase db¢ |camppnsitet hryoweq uineprperption of

ceﬁam%n czﬁ‘%rqaﬁ Git 5}§ dteg Ga%ﬁ]@% Ssé rp%ﬁ%)rhog{: SR §1518? tl?J réd3fon between

cacidimt catbsnatd anah ahuzrduh @thee rﬂmlebhmepltontcrmd Ny nbtl oduce desirable
|noggﬁ%éamd In anot her enbodinent the liquid is an
C%FIB @ For exanple the liquid may be phosphoric

aci The Adild @sedafihflRavell Eoncempatibr ofeL b I(Im)hMefoﬁéﬂImIﬂe about 1mM
acid, lactic acid, formc acid, tartarjc aC| d, sorb

uR &9 abous pOPEM.c A cﬁuah%%mmldwe%’éﬂ,dwf% BWMn%?mM 40mM,
@M 6RR00 i A80iM, PSHRNIN A00mRE T EhoniNt] DDOGNRCITomM2 400mM,

fl uoroacefl c acids or othef acid.” WWere’ the conposite

© 50GmoM, \PEEmMMh 0PIV a8 mMo POGaMe P hQMcm‘at eln ppe grgbodiment the

%8 %'ag QQ B‘aﬁ'g'r? of D E’l?({dt G5 %Iﬁnﬂoﬂﬁﬁ%ﬂt {fe acid has a

tween ca crum car onate and an aC| her 't
cqivestpdtoni of @e ital abaut lti)@tnl\p.r oWhee tHedilleald ealciahc icartmnate suitably

SBETBRELSSoethE 3 TR R SRS B VARl s

a\apdtié, tshRibl¢xBoR! leeMI tﬁMboﬂﬂﬁOOnil@Mr e2hiple SORANY phdSpHkic acid is
50mM 60l nM 7OmM 8OrM 90tM 100mM 150mM 200mM
usgdorM  400mM,

In one embodiment the liquid is phosphoric acid and the filler is calcium carbonate.
In this embodiment, the phosphoric acid may react with the calcium carbonate to form
calcium phosphates which may be precipitated onto the biomaterial.

In one embodiment, when the liquid is an acid, the slurry may include up to about
10g of the biomaterial per 100ml of the acid, alternatively up to about 9g, up to about 8g,
up to about 7g, up to about 6g, up to about 5g, up to about 4g, up to about 3g, up to about
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500 600mv 700V 800TM 900OTM or 1000"™ acid. In
one enbodi nent the acid has a concentration of up to

wabmen3idsOnmM | n anot her enbodi nent the aci d hEGT/$G2004/000294

concentration of up to about 100 Where the filler
i s calcium carbonate, suitabjy about InMto 500mM for
exanpl e 100M phosphoric acid is used. Were the

2¢,i v & abeutalz apapi toeabout O 3gnbipmatesial perl00ml gbdbe acid. In one
kT A

ethbodiment ﬁ)ecs:ilm'y um:luéersbdmt &g bwpolymer qreb dd0me mf, thehlequid. By

cRATRR fecr 5 ik ReIRAL 0 i oS P SRR, foreol e

n&ﬂia@ldahﬁrobemﬁﬁm&fmﬂioshhatum’ﬁthﬂhb)ﬂpmﬂl when the

I|qU|d Is an_acid, the slurry i ncl ud
1091oPns KEDGH e 2hs Bmopet of IR ted dheizcie, sothat £%he ratio of

bRhlafrARDOWE Vis Uniler RPMHAE pRBentUid the BiBRgicaBSystén? ihtd wh1ch the
about 79, up to about 6g, up.to about 5g, up to abo

capgposifp i 9 bbivgertedy, Inugnerenbagimente, toubse of Blrie upgyl it 100ml of

A11 dt Al n%h%ﬂ(felg aﬁgﬁk&gé F‘ﬁcﬁu@ Fh ?A#gﬁ?%ge 2?9§§)£b&igq0§‘%gut 113, about

llg calpoiltyl'&g; alpett 149 @difillef atehgsed(ned,lOle ohbquidr In one embodiment a

| b |
AT
filkonethe rirfde 3 @ 5gto givieta B(Siﬂbms siith! £ highempatbsity due to the higher
ST o R i S RIS e e

cérhprli§he VSRl liq?md3 oL e6NgLn28d fﬁh@lt 1nttH@rd'n§E 5Q0 ®6g which may be useful
bi omaterial :powder is simlar to present. in

fasi insesidpreay a sgplacsmenhfos bome @ it wehf@olﬁw@s petesity i¢ desp émtﬂe under
oo s AL RSB obyd By O o il el

abolit oBg embbdimenddghe alintre i@bpmag@uzedid@erxdouta Mga In one

ab 1 f.fi
Pt P nRE oSt PR ARt el ey Rlersed for
fiomy absut plr epiattedtoC atwgut | 191 hurd 00 ohé cunwdnﬂm@ghe ahixgemay be

and filler in 5 to 15g to scaffo d
homegeniz %29 oé‘? dﬁ‘é‘“% 1q ot 601 (Hlﬁxmlﬂ fhg mixture
nfa?tﬂe%ohmﬁeﬂkaﬁﬂlsm%mut a lﬁﬁ@ 0 D‘Q iﬁﬂH&‘b&hﬁ)@leﬁ CiE nkhre may
be prepared canpri quid, 2

bahémpgermz@ﬂ/dlwets% fqraﬁadel 59 38 i@gﬂwlﬁﬂ @anfﬁifqbé %ﬁegu@ 7,8,9or
10 Houls"SEhd SRAyARaR b%gggﬁ%rgl tt@(?/d“fsﬁérs&? RE1600 td 600?)0*]2151 In one

ower por osi ty 'S nder conpressi on
emhedimeht @henlxmrprlwmgccmznﬂdupmed ﬂa&OOOrte 509000spm, for example at

' aﬂ%ﬁhl | Srg%ftgr ?h sc}\rll On%)tﬁgb &%ﬂﬁé}toft ggee(frgr]bc?g éﬂé Sm%é are 1000,

a m xer n on
2000 3006,640005 5(300,/ ®00@X7000X 8000, DI060,M 0000y £1008y 12600, 1 3000 14000,

ST T AL SO B0 e

B*_E@ dbsles, FiBf é%ﬂl@ rinfahQée B4th rﬂhﬂﬂg B5mbgerdhididh, r example
O urs.

or exanp the m xture
ah@%&hwz@m@géfmrw faneneling HFfé%ﬂe 0°%8s 1#ark’he? °C, 4°C, 5°C,
68X 6B C, 9BE, MoK, UecyeC, 13°C, 14°C, 15°C, 16°C, 17°C, 18°C, 19°C,
20°C, 21°C, 22°C, 23°C, 24°C, 25°C, 26°C, 27°C, 28°C, 29°C or 30°C. In one
embodiment the mixture is further subjected to sonication to improve homogeneous
dispersion.
In accordance with the process of the present invention, the slurry is freeze-dried.

By freeze-drying porosity is created in the composite. Porosity may facilitate cell
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be honogeni zed/ di spersed for 5, 10, 20, 30, 40, 50, 60
m nutes, 1, 2, 3, 4, 5, 6, 7, 8 9 or 10 hours. The

wehwsnyiigmy be honogeni zed/ di spersed at 1000 tBCBOCH04/000294

rpm In one enbodinent the mxture is
honogeni zed/ di spersed at 60002t o 50000rpm for exanple

abou 4.000 rpmto. form.the |
a%%%‘ﬁﬁf‘%%‘“{ﬂ’l‘%‘%’eﬂ’é‘ rﬁ?y st ﬁf%z@ VessF taeféﬁtratsd%ﬁm@ébbd transport
it the Q301§ ORbne ¢RI dinsHP the Q ze 031%']1999& controlled by
12000, 13000, 14000, 15000, 16000, 17000, 1
cqrwdbng s feczimn pe and/on o ter st %mepwﬁgmw shurry prior to
may, Bfoth@OkfBodiieht 6‘1%”:91':63 and %aﬁngﬁa}b% heontrolled by
ur| n onogeni zat1 on, fTor exanple at

selgetiopl of suitdble smagatanmalé ard theiokhimeyntsnéh gabodig@nts Mhere an acid

g B g oy g gty v

aQﬁQlleﬁ(ﬁlleE,&ﬂdltﬁ)ﬁﬁl pa8sty ﬁﬁﬁbe racE@@&ﬁ b)! prodnetion of carbon dioxide
nent. the mxture i t ectedto
bggﬂ n(gﬁhe( Sashag, S%Ceﬁéﬁ‘b ﬁli]@?fﬁ%a tfer si on.
accof G sbollirhént m&oﬂ{dﬁﬁ@@ﬁ s@bjettbd t@ﬁﬁﬁf@é&mg&u&@ {80%C or -20°C
t he sl urréls freeze ied. By freeze-dryi ng porosity

fiegzee): cBheteqze-drviae eenipred imay, bepentisaized, tongaptph el pare stsucture, for
efzﬁhfélétﬁxé‘ﬁﬁ}ﬂﬁ&tanﬁgﬂe HPP&Jeé ty and may assist bl ood
Ves

els toinfiltrate to allow fluid transport through
t heIsomf tfmlquhmdrm thfmiureyrﬁcm tive ite tralewhish enayi beeat#¥d is poured onto

%&%ﬁgﬁ (ffor & eezgrrﬁeﬁ at nt?x%g?%{u%@ iR ma. N i 1 gﬁsll'angg 6‘161 & -50°C,

ef cont e onog nZe
f@r example -BT(Ee-ae‘!(IjrytSTCg -20PC,amsr@er308aGh 9:€B°(re RY090H r-65°C In one

PP R oMEY Y § 4% SahBoe b R L € e and left o

HRBROME BBetn VHEN & hakks WehShdBHEsh A% PEARPTACMAGHE, FF example

a carbonate such as cal cium carbonate are respectively

thesdarmy gnayi bpufrazesy for il 2e8; 4addpi T.ohal, Porddsart hWSbéFhe frozen
O¥releQfiida uh Al R Q31id 100 REBRHRG] Esing the foll
ﬁﬁ%gfhe ?egﬁéon a\%tley l%e aci d and lJgar onate. I'n owing
emamdlhmgnhasescorrpo& te is subjected to two
freezing,.r ( [ 4= e
fregg?ac “0’?%’555& ot 6col eg‘?’fg?'egé&sg%t% Al [)')“' 3 ett ufs‘ SOn%hra tolthet ﬁondenser
tepapregataierisiaiitably, befvosgen akauit[fl°€, ant laboutu mﬁ?C dod esargple bEtween about

ERGE 205, TR 4 16 BBt RS b Sl R 5

‘bétwlceR 8Bt 415316 aBbuttoe0UBabAR (AR OI61 KPa- rHBMuttU:‘O(DOE7kP% For example

range 00C to -500C_for exanple -5C, -100C, -150
bctzm:abauz 8a> to abywt0-035 tarr (abaewlzwéov tD.-Q04d kP

emb plh iR ¥habd1€ THE Woldh hﬁxt@ﬁ%f}dbé &oﬁ%ﬁtrf?éfn %Eimﬂé fnfftrature, for

in an about -200C freezer and left to freeze for

| exrnple e20°C inty a orptemperatyre redinenment t\mlecwanlttarleyu&.lw selfjecting to

Ll'%' é&%ﬁnﬁ)bntg)% %%@HH@ "B‘B? {%Jyuél{%lmlggh s?zﬁ? %lmjtate leaving

bé}nndporem xture may be freeze-dried until a dry porous

0l | dofoam ey otal 060 Ueh0g o HSahekhal DPYPRR Hhu sorc

for example about 5°C, about 10°C, about 15°C, about 20°C, about 25°C for from 0 to
about 60 minutes, for example about 10, about 15, about 20, about 25, about 30, about 35,
about 40, about 45, about 50, about 55 minutes. The temperature is then suitably reduced
at a ramp rate of from about <1 to about 50°C/min, for example at a ramp rate of about 1°,
about 5°, about 10°, about 15°, about 20°, about 25°, about 30°, about 35°, about 40°, about

45°C/min to a final temperature in the range from about -5°C to about -80°C, for example
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Evacuati on phase: The freeze-dryer used may be set up

so that the condenser tenperature is suitably between
w@bwen3A® and about -1050C. For exanpl e bet weePCEBO2D4/000294
.-40 and about -75C. The vacuumin the freeze-dryer

used may be pulled until it 13 between about 4.58 to

BOR S or 205wl 3% 185 20 Ehotfls Grgdgmprmpre s suiably
h@ﬂbﬂ#tﬁdﬂn @Bt -5 Mbfikds p 04bouk Pa)houtdedtt inbE. PhasHs ethB&diment the
frozen m xture may be brougﬁlgt fromfreezing

fresrpamvat ma suitably Bscsaiyp so thay dee randgnser f@&m%f%rﬁ@ PefiseR about -
1@2«@ {oUbBRGoc M 'eﬁaxﬁ;hl@lﬂeft@ék%%§hﬁ/-4§“€bh&f3§ﬁoﬂg #5eC t W@cuum may be

ovenent| onéd vacuum This may enable the ice

poHod atilst xsbewmx abut @58 tor 9.6 LkRs3 hindh ab gy P95 tomm (fbﬂ‘é067kPa), for

SR ep SGR 1Y K T oliEh o 35 LSTREROES. Of
100G oab @nibodﬁ@nt theaxompdBitCis fadraedriz® Anfibsulistantially tld water has

baboutbl nut es, for exanple about 10, about 15,
- OSELICIEE about 25, about 30, about 35, about 40,

abotthe 4:5mp6§i rodited g e flpthti pret&@Sed B thd AddMeInAbUfo? example
is then swtablgreduced at ara rate of from about

ceating HaisHala o 39ty Mirke thediorsgtissntdhe pompesitgsimilardo dhat of natural
'b%HQ UF%tJexaﬁm fthe BionfRidl mh( be ?Bﬁkﬁen%éd o léfun%iQna)aQQHEated with

out 30, about 35, a about 45C/mn t
afu ﬁalyrrleembraat iyse pxidaske Iramg@therr embadioent ﬂ&cbtqmaé@mbtmay be

- X I . -30x 41
S P OET, sl  agaf  Oes may ve
added abl the hebhrely.f OF orf bmmlﬂb oﬂbreSrenﬂfnmt:mm,l pdliypeptidest glcoprotein

nor e. n, on

ho dr
ST PHRE R G SRIATS S JCIa < S P Rpgsetic protein

mdy headdde®d thPSluiry- 1050C to about 00C, for exarrpl e
bet ween about  -400C and about -75C. Vacuum my

pul &@n¢ gmbpdiment thepcamposite iy ke eondgiongd rWIElUC‘éISk Payitable cells

1&&%@%%@ &95111%%& t60 Gk Rals duen é%xﬁgiﬁhﬁocsﬁés"v%ﬁfbocytes
about 0.15 torr (O. and 0.035 torr (0.004

hepatogptese moerdnsyeghial pﬂb, @strqwtes,t podogytes,cnaramary epithehial pells, islet
S y I ter b b d

LA L RS 088 R LT ol s, an

rmielmmymal oéllsfsmch exdemiada fibookd astsg mmd)thelnalloells Gteas celts, osteoblasts,

t he .pro ertle of the ¢ S|tes t
riaf e B AT G B B O broblasts,
cn@;hdw@ﬂmdibﬁrbmstbe sl urry may be treated with an T
enzyne suc oxi das I n anot her l(§$Od| ment
t he IhPBEEPRAJIHE 'ﬁﬁv firezerdiied Femeesite At sy Cross-linking may
nﬁtﬁ'@d% Nk et,d\)ngfreskgiv@c}ﬁ%éul% tIF Meblansidsie ﬁﬂeﬁﬁpro@@ dist FasReance to

be added to the slurry. For exanple fibre
dleglladﬂmne ehross-linkiog yaypranstethe qgmposips tst @cqnwnnolfern!wr@elly stable

GRS BE C30 BHE Y BlRLR. P
degnadardnadiermm 1be bhmdbdmymat}eng}ﬁly eIaEntwffm‘ossHuﬂm(g ini thé composite
sGH hS desibbd By Sy SE'PeR et al. in Biomaterials 25 (3) (2004) p 473-482. For
example the freeze-dried composite may be cross-linked so that it forms a stiff foam or a
spongy foam or an intermediate between a stiff foam and spongy foam.

In one embodiment the freeze-dried product may be subjected to cross-linking. In
another embodiment, the slurry may be cross-linked prior to freeze-drying. Cross-linking
may be performed by a cross-linking method such as by amide cross-linking. Example 1

describes one method of amide cross-linking using EDC/NHS.
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i nclude, but are not limted to, epithelial cells such
as keratinocytes, adipocytes, hepatocytes, neurons,

w@bdosb3iasd | s, astrocytes, podocytes, manmary epiT/beionabo0294

cells, islet cells, endothelial cells such as aortic,
capillary and vein endotheliaf cells, and nmesenchynal
cells such as_ dernal fibrobla?ts, nesot heli al cells,
st eflthe qress-lpkingomethedss or roshlinking sgpns ) ke usedy j Beregrample,
phYsi&d Ectelilat and 'e%mﬂ: rhdtRo RRIFRPE3-linkBIZAARY be used. Cross-linking

f1broblasts, chondrocytes or fibroblasts. 1n one
mayihscreniermed with aprydasmidesd dioses, ebpraldehyde, geetaldehyde, formaldehyde
of 1B3se. "U.R‘/k&domgf ?x%ﬁfa{i*)ﬁ]ﬁqeﬂg)dggﬁcﬂ ¢ Eﬁﬁﬁxg iﬁgcﬁation delilydrothermal
conpr essive nobdul us o e conposit® and I nprové 1ts

medigids nzaydbe used.degr adat i on. Cross-1inking may cause the

co site  to.becone, nor hysical ly,stabl e a

i nsoPRERd, W“gq‘f}grc?ﬂg sﬁgﬁq]@ﬁn%nl e érkghbtgl i?ﬁ@ﬁ?ldtg Hf the present
ineAles hiw barf hitkhanie hespaities and ahierssfictbal andich@hicaidmatch to
b rying. the extent, of cross-linking in the
ne%r%ggp?,eg%a@ﬁn%rs OHEQBYUE by V.S, Pek et al. in

Bi onmat edohﬁJogit@s%affsm_ 62 QA breBentt idvédtidn A! m%xmehﬁ@ fetﬁat it has

freeze-dried conposite may be cross-linked so that i

suificient meshaniqal plaengtto for dJoadbonagps fappksatiensiand snffieieridbigaivity to

pREMIESHacnith} bid pARTADS, SERTAUAECE wb I Mifon may be resorbable
by onatwrak disuendiidn ¢nnable tenoietlemicahipoctientsst and degradationyrates. The
. be .cross- 1| i.nked ior to freeze- in

mapesil S R il i B it iy o0t M5 8 afishget 100 to 600

mdiabhgpfgﬁmhxw Qﬁ% ﬁidﬁrﬂlgk CTHeSH ; atbiidlKé Bi@»ponE{ia’ifﬁPé gndlcapable of being
escr,i bes ope pethod of _am de cross-1jnking using..

rasoRber i dCioRBod, P cissye nKifoComRRORtRECagiold: i oae |mberlisgent of the

iRIRASShAEOordifty UgEdalemb RX 8RR, Physical, chem cal

and enzymati c” net hods of cross-linking my be used.

Cr odbe [comppsity efathemsessat fryentan o@n he ased, immietheds of replacing or

'Eﬂgﬁ, : al dehyde, formal dehyde or
reﬂila 0 e_on%ygﬁﬁg%@gmgg?%g@g% on net hods such as gamma
i rr Abe atomopysitdetaffdidst hes nmitablet fiord orimepedie osexther load-bearing
scaffaolds on t

red with Ik ent h rket,,, the ]
AGRANRS  the SeHoid Sa8 pRORM 5 A0 SRecipieliRE Kbibehiife hard dissue
implahﬁaﬂdaﬁh bp rah;p&fstka)d R othieel gﬁéue lefgihediitiglapplicaiods. c Meai@sfolds can
mat c to nat one, an ar.e . re. osteol nqucti ve.
b RIS TSRS fsabﬁﬂmwefwsp?ngg@ws of Sﬁ?'??}erﬁ 4ad bone loss.
Thb 8catIdNhALSsuliidint i strehBR t6 lsﬁlitpow 18t dall§ CR AR bf the host animal
strength for | oad bearing applications and sufficient
dping desavery tHheyr derpenstratet aéﬁm& bigayailabatyi ine viyei o, rapid cell

atﬁbﬁniéﬂf. erTRl sOlfrdidcah “Weg Wl rEPs‘é%éj Fepair Of %PAn@trQééiSon enabling

natural tissue and tunabl'e to nmechani'cal properti
regederdagyr aficzplacement tiessie, fbindrassings; asherodstativeagentsemias @ support for

have nicroporasjty .of t%@ rder, of, abaut 100 to ..
bRt /5 10 91 i e steffolf SPEAIES bR & Tomich; containing
ptutéin onpaigs fdradetinetyc dhabtaffodd cdchengsed @s amiwidl sy3tbm for research or
repl aced by tissue. he gonpo itg[scaffpld in one |
ag, 8&e§ﬁ§rﬂr mpplapts fo replace damaged or diseased tissues or to provide scaffolds
which when occupied by cells are remodeled to become functional tissues. The scaffold
can be seeded with cells and can be seeded with cells of the same type as those of the
tissue which the scaffold is used to repair, reconstruct or replace. The scaffold may also
be seeded with stem cells. The scaffold can be used as a prosthesis or implant and can be
used to replace tissue such as skin, nervous tissue, vascular tissue, cardiac tissue,

pericardial tissue, muscle tissue, ocular tissue, periodontal tissue, connective tissue such
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i nvention has porosity equivalent to that of bone. The
conposite of the present invention can be used in

woreiohosia9of repl aci ng or repairing bone by i NnpPEISGI0g4/000294

the conposite. The conposite/scaffolds are suitable
for orthopedic or other |oadibearing applications. The
scaffold can be used as an osteoinductive | oad-bearing

at 4r bone caridagenienden embeunentnerean sissys diver disses, redandular tissue,
n{ahﬁx%é%? RO AGRhAINGsAPREIGALAIMNRSue AiCdipsalE @iksq]% CAR $R&ffold can
used as a resorbabl e’ bone substantive to aid In
b asgd asgpngmplant g/éucﬂlrcan parrtrodupell erograftedbinto a Titable recipient such as
gﬁ:ﬁl}iﬁ]gll 1g nﬁ‘iﬂ %hﬁﬁg %@% affdld gﬁglﬂg Bguféﬂgggr(ﬁ'estsﬁ such as a skin
arly VI |es of t'he host animal during recovery.
dreksipg defordatg ddiseryuf f i ci ent bi oavai labity in vivo for

rapid cell att t.. The scaff ol an be us

! Dafe “FoupeR e SRR i1 R FREH SitpiPh P 3 el foically,
siicuta@phiRbE iftfiperifof édlly, or iftfantliseslailfngs, as henost atl c
agents.or as a upp rt. for éell gr owt h, |n viVvo an

vt Abe inveatian wilf BN P gescaibed i gredice detaid by refsfqnp%ro the Tollowing

sf&m@éﬁh@@espcvﬁkﬁlsﬁo&a ndf b9SorsRhe B! dnyS¥ay asTHﬁt;ﬁg afef bgk of the
can be used as a nodel systemfor reSearch or as
ipendertheses or inplants to replace damaged or di seased
Etx%aﬁ hleg or to provide scaffolds which when occupi ed by

s are renodel ed to becone functional tissues. The
scafThefallosdng bxamsple deal dedcriptice bf 8 nastibdcafproparsgedipairoxyapatite

h [ f, th the ti
 wiehoRay e uBdr oy Prevenb dBrenfon. ol hYekabRup b s, method is

pfepRlcd &§ thel §it-psCmbédkd may al so be seeded with stem
cells. The scaffold can ,be used as a prosthesis or

i mpT B following siarting mader! t¥eredptdice tissue such as

skin, ngﬁm@? L ABAPUe, vawedi@fstissue, cardiac tissue,
perlcardlal | ssue, nuscle tissue, ocular tissue,

per i odof¥E4)HFPQsue, commwei32@6 t i ssue suchas a bone,

ff‘;éhﬁ:@ﬁfqluﬁogl %u?{n% 0 'l?gﬁ»i‘rﬁ;gﬁ n%%%a&?ﬁntsdbtga%‘ %apsﬁd)g‘gfeﬁﬂzo in dH,0
(dentegated wateo] wan mrapartd. sSeparadel gl acteqmdtsnh:ﬁoh icertaimingh@SM to 0.5M

scaffold, can b e S .an,. ant whi.ch can be )
afinan PPt IR EHR O if BTN R et teai8 v R RS aded a suitable
aﬁi&uﬁt crdemhd mbfiial sfbitiog mm}mh ad_fﬁhlﬁthéfpﬂ Gﬂécﬂutﬁﬁlntoae#b‘éﬁt 10. The
Se as i g suc S a SKi reSSI ng. or
ﬁmt utien we%ay &?fé 4} gl @? second 8¢ B“?ﬂ TheesoBition s then aged
fdrnl\()@rﬂduﬁ’snat%h‘mbt‘én@%tdr@ gnd Qﬁiré@}ll)ﬂa‘x’e wﬁé‘ﬁféﬁt&ﬂé‘&é@t)y centrifuging
Intr aper i t oneal or I ntramiscu . The i nvention

The precrmweowasj@@@ rwng@d wrﬂlghr@au)@rthmetoaudpcrsgsmgepwmlons of an
at%ﬂmomesoilﬁiohg%l] 1331 a&&&nfé,%ﬁmye&m é{tﬂ Uro{wadiyl d not
e any way as Iim

construe e scope of the
i nvéhe resulting gelnphsairdridiefof 3khrewn rag;vaiahglqsls eanid Surgher oven dried for

R o0 BB sty BAEREH M ERE VA ren i
omydtic plap aind taptionallyntdiciied Bosbdve 500°C for 5 hours. To determine the
microstructure, a scanning electron micrograph of a dry hydroxyapatite produced by this
method was undertaken and the results are shown in Figure 3 at resolutions of x120 and
x2.3. The grains were approximately 25nm (by XRD X-ray diffraction) aggregated to
form agglomerates.

Example B
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prepared by the sol-gel process. The foll ow ng
starting materials were used: Ca(N®)2.4H20 mn=236. 15

w@ Mddp2HROA mwv=l 32. 06 A first sol ution contai PCTIEG2004/000294

0.05Mto 0.5Mcalciumnitrate Ca(NO )2.4H20 in dH O
(deuterated water) was prepangd. Separately a second

solution containing 0.05Mto 0.5M amoni um phosphat e
( NHTh¢-allgwing Hx lsm eipenn@aon ofvthmethodaef Br¢teringaa carbonated

zﬂfté @Bﬁcﬁfr%@l}{se@ En et \%Bﬁg#ﬁe &Nﬁa@d %Qﬁt@% Hizd method

Ion |rst sol ution was
1st;treparaﬂkﬂ5eﬂhedobgnhpmew}astfhﬁa0\ssecond solution. The

n aged. for 100 hours at room :
ten‘%?g’? én%ﬂﬁ'%ggﬂ?"gﬂ YEE&5%s then collected by
centri f ag(N@);.41£0 pr ecimwt-as&@15vas then washed with

t hr ee portl ons_of decreasi n ncentrati ons of an
ammoni a®¥EDHPGn NH oH BT , followed by two
et hanol e, The resyhtihogegel was air-dried for

24hrs on matchglass and further oven dried for

12
hr s Aafirst scdetion cpméaining @5 Mtos0.§Moelgium matrath £aNQub.¢Hpfg in dH,0

t
R RS Sl B R g s o 0
aoh@ioRnm nnhoiﬂinten@bﬂi@ﬂ-lﬂ@c 005 ta OsiMrammgnmhemquate (NH4)HCO;

crograph dr Y at i
ofiL i Sirebgooereiapt i aHEGRS REPELS R aE mipt B 3 ammonia
sdr_lluﬁd)ki eNFB,GH WzSSzQildel Izt@fhﬂjlﬁf thelgl wﬂhe@gﬁ?o]{lﬁbeal@hﬁImS The first
wer.e appr.oxi mate anm XRD X-ray diffraction
selytionyas tened ?dodrﬁm&s 1t iEP@rsa‘f@é sopafighy, (L be salytion a4 then aged for

16@%@9@43@90&%&9%&@& apdse af,iun& Rl tdn a)me&hw &Btnﬁlgmg The
preparing a carbonated t apatite which may be’used in

prasipitgtecsasthen woshedivath ﬂmﬁe@%tacmmﬁ deweasigatancentiajophplsammonia
SCTEHOP S P RRALEF ditonl ity I0b fifhoRiARESS as fol lows.

oW n materials were used '
Ca( ThBjeduMing @eh\msZaﬂﬁdﬁSd foxE4 2 }dﬁmwmhglasgznﬂﬂ:urther oven dried for

79.06 Afirst,s ion contain'n . O5M .
12 BRGAIP, Ehe e TieE Par Ereiing R s R Bl Wl khen arica
ohdaet plart ed water) was prepared. . Separ ately a second
sol uti on containing 0.05Mto O. 5M amoni um phosphat e
RH&U“"ZHPOZL 0.05M to 0.5M amoni um car bonat e ( NH4) HCq

3 apfhufe $4hbRPaSchdhARCHARam for PrddcidSa BEaBRAT RflaccBrdance with
sui tabl e anbunt of an ammdni a sol uti on NHAOH was added

one embtpdisrent pE thetpresent inventign,t Inothis enbasdément{EypeTheollagen is used
shdif & shown in Figure 2. Figure 2 is a set of scanning electron micrographs of a dry

collagen suitable for use in the present invention at resolutions of x120 and x2.3. The
microstructure shows fibrils of approximately 1.5-2pum in diameter mixed with thin filmy
sheets.

As shown in Figure 1, Type 1 collagen and phosphoric acid are combined into a
slurry and homogenized and either calcium carbonate and/or an apatite (such as HAP,
FAP, CAP, or ZrCAP) added to the sfurry. The slurry is then homogenized whereby
calcium phosphate and/or the apatite are interspersed and precipitated onto the collagen
fibers.

The slurry is then freeze dried followed by cross-linking to form a spongy foam.

The freeze-dried product may be crosslinked according to the following protocol:
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sol ution was then added dropwi se to the second
sol ution. The solution was then aged for 100 hours at
W0 pntesperature. A precipitate was then col | BCI/SG200y000294
centrifuging. The precipitate was then washed with
three portions of decreasinglzoncentrations of ammonia
0 et hanol

mmwéésshamgwtb&ﬁr ﬂl\samedrﬁ&ﬂ tﬁ@pro%&oh bf e Damink et al.,

1200C. 'The powdéer was ground and the resulting ground
-Bmﬂ@?almh%(@%wﬁérw&d on a hot plate. Exanple 1 Figure

1 sBOvSs @Eﬁelmt,h&eéﬁmﬁgggmw%gmw@@ i %@&f Bdr% 00ml, for
in accordance with one e I ment he present
exanvdait Becausd NHSthias aentlodilaremeightygfel 15 gimbl, Siérig usutwdepar 100ml,
S such shown in Figure 2. Figure 2 is a set of
L EAHRP g el ectron mcrographs of a dry coll agen

sui t abl @) f orheueezedried mapﬁ(&S @fithd invarionaife Aydrated in half the final

e ey B S AL b e o

lmrﬁlhﬁﬁél“\/@lufﬂddﬂ’reéihe&ieﬂ préduchpown in Figure 1, Type 1
col |l agen and ph osE or|c acid are _conbi ned into
P

slurry @id ﬂvmgfe W@hbsadﬂasoévma@PdecNHﬁﬂ%h?lSSWaﬁ@l volume of
dQElg/z%{ watk Ef?ﬁlt l(esd‘l%%l\ﬁzs Hml J):iAf Terilc/dei on?ied%(lzg’ép Yor 100ml of
adde to{esurPy. IF] f'] (f

urry Is t onogenit z
findlevelbiney al This mobhiwptsasmtabbdmdetm fmsht fot eeaah euse. The final

|nter pers ec nto the coll agen
cqncEal 0“1‘?1@8@8‘?@@‘5 wﬁggﬁﬁi’égze dried fol l owed by

cross-| (3l)kl Stgriledilfed (v EDSINHSG yolhtainhrouph o ¢.2@aefilléniing a sterile
C(H{t%o*g%g{ﬂf qlre Yley'ﬁ(r) %S%nwgé'?q@fa;%gg% B%(i}atte(tl] ema];tgl:elssjw Sl?J%ably use
6&%0@@@0/%’«: obh WYEPRFCRH S o @ 5(EDC NHS)

crosslin kg protocol - nodified from the protocol of

O de Daffdn @lss link at epwtemperparefor abgut ddwyprsy65- 773.

Because of 197 g/ nol,

0. 2769 E use Sg?lﬂ%‘gﬁ)'{’&“gpﬁéeg’gﬁ& e. Because NHS has

a nol ec(f) arRins¢ glatrice$ inlst&rilg/PRS (phospbeieduiffer salimd spwtion), change

1 O he eeze-dried matrices of
to(%és ﬁ%lﬁxpgmgpQC‘W?%#éﬁée% Utihﬂ%\rls’f the final vol unme of
dei oni zgY VRing¢ fof ibout@x 2OMlivutbyiied mdterite dédonizaf water; and
steril e@S n| zeguév?ter f or 100ﬂ§tﬂ nal vol ume of
freeze- Wi ?r“p(t.?)on?’ﬁveg 5t Cowned by

di S@:ﬁ&syiliﬁﬁeﬂegﬂ‘am@lwﬁ%mau&alag dedigbéd.nal vol une of

dei oni zed wat er (for exanple dissolve in 50m of
st elhe efiest @i thedfolawvine syrthasyp paraggeters on the fingh)product were
%ﬂgé?gxol ution is suitably made up fresh for each use.
I nal .
(i) Effect of freezing rate on microstructure (e.g. pore characteristics) and

mechanical properties (eg compressive modulus);

(ii) Effect on inorganic powder:slurry ratio on microstructure (e.g. pore
characteristics) and mechanical properties (eg compressive modulus) and chemical
composition and crystalline phase;

(iii) Effect of EDC/NHS cross-linking on microstructure (e.g. pore
characteristics) and mechanical properties (eg compressive modulus).

A number of collagen-inorganic scaffolds were prepared using various freezing
rates, powder:slurry ratios and with optional cross-linking. Compression tests were done
in Simulated Body Fluid (SBF) at 37°C according to British. Standard 6039:1981 for
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concentration is 0.014M EDC and 0. 005M NHS; (3)
Sterile filter the EDC/ NHS sol ution through a 0.2nm
wo pdobes1ipant o a sterile container (or directly PCL/SGH04/000294
contai ner containing the hydrated matrices). Suitably
use 6mmol EDC/ g col | agen withgan EDC. NHS ratio of 5:2;
(4) Cross-link at roomtenperature for about 2 hours;

oe@))p@%@alr densad matsrials. aEadhacomptetsion pedntevas ehtaippdy fem an average
gh't C&Rpled) ﬁ]ftﬁﬁ %ﬁpP Bvd BB@&]G@%? obtdide rfro?ﬁlcbﬂﬁressmn of pores,
utlo hange to fresh, sterile PBS and incubate
ﬁn@} carhpressive m s, WQS79btﬂnﬁ1§ ﬁomnab@ﬂstonmﬁh@bwknmt@sal after the
ri i 4
pfo% fisa kc?la?»ge kgsu § o??ﬂ)g %iné@gs?{nr geggdzfr t%\gltl gfé aflg.{rfs %A to 4B.
Rigure 4)0& osiu;ceaﬂnmsms curvieefbr allseaféfld groduwkd tusing 100ml of 50mM

RSO0k A S BBk e LR Rt n i T 85 Sl ession crve

fo# ar<esffold Prodied Gistig FDNE 6he0AM Phosphblis acidNBg colla en and 5g
mechani cal . properties (eg conpressive nodul usgc j
carhopated gRatiteo rTEHE 4lp A oBIMEFSSIPN QY TQyna scaftold produced using

18R R 5OHB hSsphrid 200 cShﬁeﬂCzIn%r5g3hy&§)&¥a%ﬁgte Figure 4D is 2

mechani cal erties ressi ve
comprissigh cmnp‘@lsa s¢a<ff¢1<bnwdc¢qumsamg ilmnlpefawmm phiopphoric acid, 2g

?15 e%tan% 'EBE{ fondRe> ‘ﬁl'e%@ d&@eﬂé‘ff’oz&?%{ Ygir e
% PB CRaract errsti CS) nmechani cal properties
(eo (Icmpmssemsl tests indicdtel that d\slum‘rfmezing rate to a colder final freezing

col | en-i nor.gani ¢ .scaf f ol ds r repared usi ;
RpSTaTE vl ﬁiagg?raffengSﬁ&b%@e tig o argt patee oL fidersi dring. The
rRlof FreLing howsvdr ihak ho @p s% AFMTITRE6 619 PoroSity. S CoMIpLession €estslindicate
Si nul at ed Body Fluid at 37C accord| ng to British

thyt thesinal frgeraod tfgmransf: 8f 1890p dende tomycly lovtes compressiy gmedulus for
a’ﬁa%h;ﬁ&”mrﬁﬁa?écpib PRiCEl YO @RidbhRecihREhdd AUEHRIFrele-drying

. eight sanples. Initial conpressive nodul us was
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t@bpqatneajdmsomt cg@nlpnl@s sPBYC. ofOthers dwyve fremedmmgeggu the collagen

SH:B eri aI %?? ﬁwg%‘ég];éetoﬂqagompse?a?@ ?t % l'{yﬁlé:s’ 38 (7)
(2_@0&) 198%9PDand mmtmamlzsﬂn therlower final comepredsivd modidus.
or od s ng G800 TR oG e GEhOMEg can be adjusted

boarvige Iﬂleaﬂcdv&e%luh?%ﬁd.yapﬁtght wderghbr§ rdfo irésults in a high initial
conpression curve for a scaffold praoduced ing 100m
qoagé%b Eﬂg

cmPERSHNE Bredulyschavrevearifdhis atie i ahrycallpgen Mot camot hold

aRPAE | Jofrder instH Efce$Cpbwd& wOMIR r]@a’fcﬁ' At dnY¥conPresdion leading to no
scaffol d produced using 00m of 50rM phosphoric acid,

sigpificant aepsovemant SY evEPaR drseapmain the firal gempreasion sogulus. ‘Suitably
v&e?éi? 6% &ﬂ)os 5 %\é(r? islzl:.lprg e %B? {8 oW QU 0554t P 100ml of
liquid solution.

It has been found the cross-linking also results in a higher compressive modulus.
Example 2

Various micrographs of collagen-inorganic scaffolds made in accordance with the
present invention were obtained and compared to that of trabecular bone.

As shown in Figure 5 micrographs of trabecular bone at various resolutions is seen
to be dense, with some large pores of ~300-400pum as well as smaller pores of ~30-50pm
as well as nanometer-sized pores.

Figure 6 shows micrographs at various resolutions for a CPCAP scaffold made from
100m! of 50mM phosphoric acid, 4g collagen and 7.5g CAP (carbonated apatite powder).
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col |l agen and 5g cal ci um carbonate. The scaffol ds were
frozen at -200C. Conpression tests indicate that a
wehmeosmeezi ng rate to a col der final freezi ngPCT/SG2004/000294
tenperature results in larger ice crystals leading to
| arger pores after freeze-drygng. The rate of freezing -
. however has no apparent affect on porosity

" ItCompbe setmofromeEigerd Adthatathés marial thes ftheslosest qustiguith bone in
. . - d | '
o GRRICAL iR fora RSrel BRIS0 oOE s OUEE G G306 ~20-30m

> Tor a es conpared to

andmanefnetes-sized poree frdedvoidsdietwéen GAR partickisyi ng

tenperat yre does not go pel ow -50QC. Cthers

+ epbiepty ! dipEae R Eonl® b Frdtis etiorR S OPRYE pgfold made
ﬁgﬁﬂmmnlﬁms%)nﬁﬂ( 7)l@uizdc)), Jg cdihlgyirandSt2g Hl?ﬁ’f (hyBroxyElﬁdtilye‘)lpowder using

ysi cs, 00) 987-992 and this_ my, expl.ai.n .

henmeotRaFio: AR SR Srlrarihed In EXRPIE doriTFS drperal i
bbkt3likd Bt fégﬂﬁks GRS Jarge pERAULLIS3600)H QuwdRAVER) b6 Bbtained by

be adj usted by varying the powde[j)sl urry ratio. A high

opiamirangoibe fieezing eatelomany peres of n2Qr3Aiyrasiwalk gsajanometer-sized pores
. j L us: jhowever if this ratio is too

ﬁ%mﬁsﬁﬁ%&%&rﬁggghﬁl%e?ﬂ x cannot hold all the powder

andFzxoes shqyemiierogrphk dt Vamok resotutidus ambarc B @nsigyrDispersive
eadi ng, to po signifi t i Qv n I ARV . .

X590 a0 R 2R b G madBr O B of d 6L pfigpporic acid, 4¢

coiigghtind 20g élﬂTl?xfrx qaﬂ)bﬁﬁteﬁ)ﬁ\évﬂémrsh%g tlhé mdﬂ’g)dﬁielicrﬁ@d poWelemple 1. It
up to 1 col | agen per 100 0 iquid solution. It

cambe @é@h%aeawa pierial rl@&gn?-ﬁwﬁibﬁb reguitgs et lprgeineres of ~300um

(Phigh@in 66 BHaRRE by %Ipfﬂi‘l%glﬁle fFoeaiBlrte? YBE EPUSspectrum shows that
m crographs of col [ agen-inorgani ¢ scaffol ds nade in

thec putidlen cee whmp- fore qfr eaddwin phosehnate aesulignge from Hienagid-carbonate
r%ggmgorrpared to that of trabecul ar bone. As shown in

I'gure 5 mcrographs of trabecul ar bone at various
Exempled i ons is seen to be dense, with sonme | arge pores

of 3 -4 as. wel |l as | | ar f_ ~30-5Q.mm

e s PR Bty Gt i & o SGTRIS brogilys Tidtht 9 shows
XR® ][ fggltegﬁﬁISfoﬁt Fmﬂfdsouslézfgeﬁ?htbbhﬁ%hﬁpﬂtiﬁﬁ @H@H)d and collagen-
scaffo om 5 sphor,ic acid, 4
KRB tc R AP GeRERIS s sTRa B At e eSS R Exfple 1 and
tHa@ D RnFREFode! O & @NisBg&l tHaARkhd Best MRERNiR nikdfal tHd8e may be

cl osest match with bone in microstructure, with |arge
opteined Wf combining0GAFn 8 AR PPWders sitapptinal jpyopartigps in the same
scﬁ%kﬁoﬁ eQ%%h@\gQnggﬂﬁ?]g%M&%oﬁz{ DRSS NMRER affolds
particles. Figure 7 shows m crographs at various
whesin theisbiny doncerdratipi-wes 8.6 chldd gén perl £0Gmiocofi 100w phésphoric acid

5 | | qui 4a col | agen.and_ 129 ,HA [ ty
iRty R S ABELiT ERamR L Ab P kS HERR ot Blparterms
fetdmashiteadd calcimacapbonate. ITdundensetie thatthei XRD patterniviasieddidpending

r equi r(?? additional |arge pores of ~300 mm (whi ch can
OPROWAETAIMEGTYY- opti mi zing the freezing rate), many

por efpued 11200 FOUR @ STraRfornR InfRABP Ipdchh -(FTHEHoP Stafing materials

and scaffolds made by the method of Example 1 and that of natural bone. It can be seen
that the scaffolds of the invention closely match in chemical structure to natural bone.
Example 4 4

In vitro studies with MC3T3 osteoblast cells indicate excellent cell attachment and
proliferation on the material of the invention. In this example MC3T3 (mouse osteoblast)
cells was cultured for one week on a scaffold of the invention using a scaffold made from

100ml of 50mM phosphoric acid, 0.6g collagen and 1g hydroxyapatite. ‘The results are
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fromvoi ds between HAP particles. Figure 8 shows
m crographs at various resolutions and an EDX ( Ener gy
wor®pesddee X-ray) spectrum for a CPC scaf f ol dramEs&@2004/000294
from 100m of 100nM phosphoric acid, 4g collagen and
1Qg cal ci um car bonat e powdergisi ng the met hod
- described in Exanple 1. It can be seen that this
shewme i Biguies1 2ol san pr eeemhatr@!}a iptech tevind qeayryepqiesiies within the
3. M (whi ch can be obtained by optimizing the
?reez’i ng rate). The EDX spectrum shows that the
Exanip]é:ﬂies are sone .form of cal ci um phosphate

resylting fr cid-carbonate..rea :
o e 10 b0 B8 G GA AARRR G BT ARSI iy e was
c@idihldtbﬂhﬁmgﬁi @Hﬁ'@ld%gﬁﬂ&dimﬁn X6Unbeft S(IﬁiMSphf)Ephovla racidy2g collagen and
col |.agen- car at e at.it
S GoIRIaMIir oAl EpIRE Bryiess By Bl Rgnts GG xS gntation and
nb haverss §ad efrectsl Qe bthedell.n The 265E afe HoWntiRatig®t 13. This study
natural bone. It is envisaged that the best match w th
shrwtha ectopiedn iy imelapiation Aa §UBY) miseBhayyRyidsape ahbongapissue and
b %ﬁ%gs%l }C'??mﬁlﬁ) 5 if%he %ﬁgﬁi&% olfﬁle 193?1%3]?9 TRE b Grow that the
I'gure OWs vari ous terns
smffolldi;gam bmbmpanhlc,amﬂoaa"ﬁeemmpp@i b tishvesr i growthe vascularization,

nggﬁﬁlg‘i F’at %Ffﬁv%%?t}lodht 58 &ﬁ%ﬁﬁa@%ﬁ@ S 1sto(fog1cal results

sl@kﬁﬁxﬂﬂ}kjg@kesmtb(mrpl e 1. Also shown are the XRD
patterns for h| t and cal ci carbonate, |t. ca
seef18uEes: 1 4t=wé‘ FRRAR Ry Qf@batmmggaﬁfﬁf* da5% Ao 50 days.

TPOMOISP SdeH "fEom Rt F reE'tEHﬂ tRsuklcapAAVES akd Wil %bac-EE 28 berbeognized
Infrared spectra (FTIR) of starting materials and

“émah‘ myd@nﬁm ecalpjur (phospbateo d Ln fadgditignptapsule fapmatipny ngw osteon,

dg caﬁgﬂeblol){l vERD B ﬁ%ﬁnﬁﬁm}le%ﬂ(ssﬁ% ng]'];%% n Hatdi¥ 8nd skin
ven I'on close rratc I'n them cal stfuctur

tmsm:lmabebtmne. Exanpl e 4 1n VI tro st udl es wth MC3T3

ost eobl asj,_ ce i ndiica L l.ent I h t

and R topt | A0 VERdConi SRL aSTh and SR O cop pe seen
filohi thechigtfies ehablcaidiam( subty aad (Dﬁiubcxhh&ﬁ:ts}:eme ll"hs svdfold is replaced by

cultured for one ek on a scaffold he 1nvent
Nt NEY. Qe dEHagBe MAYRD TSBHONG M2 Hhd

aAd 1sdafféld S OTRO ktua@ SRow I Gn lvind MislamAIGP of ithes scaﬂbﬁi material of the
results areshown in Figure 12. It can be seen that

ne\@pn@n i entadal-pigech defeese @n OYiseisP st demurpestifed ipraccessful healing
' ﬂfﬂ‘cﬁbﬁ*ﬂ% g'f(nﬁlgfi?ilef& M'tﬂ@ne;e%lf‘%ym éxtégal% péthhOPAsE There

ant at sca o Into ce was onduct ed
w;ns |sng:ea§ﬁslaatbgnatlm oftle s¢arff9idsmdmhe ofrrGOdivigdiostiingee.i c
[ dl ég col | agen and -5g hydroxyapatite. Al aninmals
$8d for the full two nonths of experinmentation
andIn vivo load-bearing potential of porous collagen-based bone implants of the

gone mineral

invention were determined. Porous bone implants were synthesized from collagen and
calcium phosphate for bone replacement purposes.

" Wistar/SD rates were chosen as this species is one of the most commonly used for
in vivo studies of a similar nature. 50 female animals were used having an average weight
of 180 to 220g. The rats used were observed for 1 week prior to surgery. Just before
surgery the rats were anesthetized with Nembutal injection solution by IP (intraperitoneal)
using <0.1ml/100g of animal weight. It was ensured that the animals were properly
anesthetized by using the toe pinch test for pain reflexes. Surgery was only performed on
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no adverse side effects were observed. The results are
shown in Figure 13. This study shows the ectopic in
wo2oneosimpd ant ati on on SCI D mice shows evi dencep©f/SG&mne000294
tissue and bl ood vessel fornmation in the scaffold
material of the invention. TBé results show t hat the

o FrbRLER ebitrarindlie TR bhiche bR P4 fa e ERB Yeess surface
hﬁ@rfmiwealrbyaattb;ﬂmmlinaﬁai aithZ78% @hanolhi s i s confirmed

P oUPE.SKinO i SnSmalts T SRR AR, kpaies g fgor. The

- PRdtb&d] 16 M§n$ﬂﬂ: st emut wa§mohsw§een fromthe

Figures t i ssue capsul es and void spaces can be
recogni 2ed Ghrved inpisjorcivph caaralda the femoh safhiat e hi

addi tiop ca Wed dedy

scaf f ol P%éhgevessel gérhrrcg{tﬁlﬁon 1?@%03 ngt \%g‘?&oveﬁéhv?/smﬁ
col | ageﬁ maDoinot axee B n ti ssue can be seen. Figures
16 and 7 S ossa Stai gi.hg after 8 and 30 days.
It can Er{.fhse?’{?s&% pigsTas S(fgg’that calciumsalts and
ti ssue san Retract enstusllaeradic *fdnidllg; i s repl aced by new
tissue, new ost eg}f Pﬁ? bon matri x, new bone materi al
and i nt 8gr aREWB I 814 and scaffol d. The study
shows i B Vi yeankék@nirat i on of the scaffold material of

the invention in critical-sized defects on Wstar/SD
rat A amin langtyupf bene was rrsrayved fitam [eeamidrgectiag of the femur using a

A nei%ag‘? oqgmgaargtrg%?ta [ ?ﬁdﬁgéast )qéﬁ%vr%&%& eﬁs’uccg@@?i F‘Qﬁm'
i nt Sgafisldoof afpreprmtessizd Wealedssertied n & IuempmssredLﬁtdnmghh gsp created

by g6 B B TR wllel bR R ARPLOB TR B, ) cirschnen

piBra@d@devaresi ned. Porous bone inplants were synthesized
from col | agen and @I ci um phosphate for bone

repl dE BIREATP DB S O™V st ar/ SD rates were chosen as

this speci epin $nseA&l Gh kﬁ@gﬁ&@tfaml%%J%ﬁﬁlﬁlgﬂ ithrough the
vivo studies of a similar nature. 50 f ani mal s
tipeanderigstossahavi ng an average wei ght of 180 to 22Qy. The _
rats us d I I
Just bofor eneimAZR dithdeland MRkt Lot e dffa pin trough
theetndphanteric ngtels ta mulsso;lianm:lmrveta;ad imextiseaffadgianidt oneal )

using <Q.1 100 anl was, ensur.ed

Ehat Ctne: anFiemreoh e ety wahltor et ORLSEROEE g

t he Mseleind @lﬂmtaeﬁie ufaoma BRé was afthied ekut uSinpgitk yuters (N6)4). - —

perf.or med ono enmur for each animal. The opgratin ,
PPN SR A LS, T AT . & SBIey O FIga"C to Hcover and
aflOWEPWRDn I E o RhE dEAIEAS ndcéRhdyon W th 70% et hanol .

The skin of the ani mal was cut and nuscl es denuded to

expdbe anieals avare allowed f gechinntise Gie. EprOBSIAtVE Management) for at
185 tkek © Ece éépf frphikre WA ¥fiffind sRELS 5iduta

At o afvet:o Terd'ice g t;rp nisttrdd biftidu Sdusly for
post-operative pain. The ammals were examined daily after surgery for about 3 weeks.

The animals were euthanized using an overdose of carbon dioxide by inhalation.

Preliminary X-rays obtained from scaffolds that were implanted for 2 months
showed some bone healing with the fixation pins being removable.

Figure 18 shows a six month implantation of a scaffold in accordance with the
invention implanted by the above method into Wistar rat femur (load bearing). The
results show that the scaffolds are suitable resorbable bone substitute materials to aid in

healing of large fractures and bone loss. The scaffolds of the invention have sufficient
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2. Biceps fenoris (BF) encountered if incision was
directly over the shaft; 3. Do not incise BF, 4.

wo pmbesiid@scia |l ata cranial to BF, 5. Retract PEE$SGH04/000294

|ateralis cranially; 6. Retract BF caudally; and 7.

Transect fenur; A 3mm l.ength2ef bone was renoved from

the m d- sectlon of the:femur using a surgical saw
steangily tor suppert the; daibpadiyitiesiatthe QOEM%Jrﬂw@géW‘mf olpgvfidltwn
u{egaa%ﬂwme Ak ﬁlﬂiléav‘aﬁalﬁﬂo%rzf? pfvb%xeraﬁmzaﬁaaﬁﬁ&u hﬁ@ﬁr’iﬁlfe%tlon |

a conpresse fit-1nto t creat ed ﬁgthe bone
r embvpdrtiosef e tals wees sackifiged] |morpib:ss postamplastatign and the femurs
e [

el 67 &3k A P et} 18, REr R bl Rartdn accordance
wntht the gpractat fimedniion (calkigen-hgdroxyepatie! myrkiet rYSS@-IIBth the Figure)

Iroc erfic fossa ended and t.he
Fif, TR B0t SRR GBNG HPL Gh S coPBeRcil wffgld (BD
BRftichcdsPFiauf HBS€dndpdréd W 4 empty don&el Figheabipl d; and

3. Figure of Eight wire fixation used for addltlona

support. Miscle and skln at  the traHna site was

sut ur ed shut using si Pﬂ“%ttﬁ'labﬁé’é’"ﬁﬂﬂ' ty4) After

Sur?ggéerél OSlte l{lrl? sgn{ bnvglgthoglu(r:r%l an dméx%? Wﬁlﬁgl %%gopedlc
phaetrasanicyl, nﬂélﬂ&:ahmetmixﬁnmex@hadtimmdd tcan dealsedrainoagst others as a

pre-oper at | managenent) for at ast.. one week.

gt 8 Bl B RORE RS 28 & SUHOR (01 BrLgowh
SUbRULANBS laﬁbﬁécﬂ‘a&a W?Ers&fkemnéd/ﬁl B &yt A k6@l Modifications
wer e exam ned dai | ter surgery for about 3 weeks.

arpi{er wariatians may ke @aﬂm&]ﬂ@e‘ev ioRpsahowddp dbe spesific embodiments

P a
SRR wBH Sepdind TAL bl Pirihl SCHRZLY Wl JRKAGon as broadly
desoribérs %@Mlﬁmmbcbhmenth dmdqsgd berein arh ehtfreﬁoait toolne pingiglered in
'i?el ng. u?tpatee F&g&;g 18lvsehov\5 a six nonth
%%ﬁ ron of 4 sta I'h accordance with the

|nvent|on i mpl anted by the above nethod into Wstar

rat femur (load bearing). The results show that the
scaffol ds are suitable resorbabl e bone substitute

materials to aid in healing of |large fractures and

bone | oss. The scaffolds of the invention have
sufficientstrength to support the daily activities of

the host animal during recovery hi addition, they
denonstrate sufficient bioavailability in vivo for

rapid attachnment and proliferation. A portion of the

rats were sacrificed 5 nonths post-inplantation and

the fenurs
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renoved for X-ray. As shown in Figure 19, X-rays show
that a scaffold in accordance with the present

w0 nensiion (col | agen- hydr oxyapatite marked YSPrdBSG2004/000294

the Figure) Figure 19A was a nore successful scaffold

than that of a commercial scagfold (BD Bi osci ences)

Figure 19B conpared with an enpty control Figure 19C
C_iarﬁlﬂﬁrst rial Applicability The conposite of the present

i nvent i ANp6RAs RfomaRHall M1 BYmARNE dvhereint BRPREInposite comprises
pharmaceutical, nedical, veterinarial applications and
biomatasial injerapasadnyih adfiliarand yhesein dbgrerynpasite hagamorosity close to

r. tissue repair or as a support for cell

ﬂ%?gfvé%rgﬁ&\?\ﬁ || be appreciated.-by persons skilled in

t he2ar t Théraompesier afuclaimpdj frherein threscamphside haspores ihaming a size

ma e d t.he i nvent,ion as.sho in,th ificC :
efies Rnahnd 10 ouPRob bR e A i s e pACI CREST ftrons and
sl hardonsond sieqpeesof the invention as broadly

descri bed. The specifi.c enbodi.nments di scl osed. herein

ar 31 ol evEpesiesd CE%wsw@eeéﬂni he Spmpsite ﬁee&agwaﬂﬁeast about 25
witdslbishstedialve and not restrictive.Clains: | . A porous
biomaterial-filler conposite wherein the conposite

confr i sEke pamapasite of glaimd; avhsrrin thecompopitycantaineaboyhd5 to about

, iy . I

SYRBE U rERnOUBAZICE WD e RAIARL bY FAL Bk ekt dHowt 35 to
abon36wt% ¢driyacigld).es havi ng a size greater than about

100.m cr.ons or.es haying, a size between abqut, 30 °
50 f cr SRS CamRoufiar i cher Bes; OF (R gt ' 3sws
c61gpR and 65-00%HydkdRyapatitbier ei n t he conposite contains

at | east about 25 wt % biomaterial._ 4. The conposite of
cl afm 1?11%%%98.46@# elajg hp 3pteen ths;filsf hes Bis¥GESI Begryprepared by
23008 nretidg% (dry weight) biomaterial with the anount

of Tiller being between about 35 to about_ 75wt % (dry

wei ght ) The compesiteopfpelaim d, otherdimithg biomgtasiabiis, aymaterial extracted

i 3 i 0, | . 0,

AT PR AR efEidt b 0SB i 'of RAFIARG SRzt musele or
cormectivd tisswe.has previ ously been prepared by a sol - gel

met hod. /. The co jte of claim.l erein.th

0 ooy oThesomBostie FRRRIM £ WhorfinIdhihmalBl S adidrimer.

t ikSS.ug The eﬁﬁlpﬁbifelrd?ﬂnlﬂﬁﬁ1,0whafehﬁt}mfbiéxﬁhtaﬁaltisseldceted from one or
skin/derm s, nuscle_ or connective tissue.,8. The

OBl BTGNS PeRde rRoLySa6HBRArS Priofer grepRisubsiaee; s g

bi op@! YIBE composite of claim 1, wherein the biomaterial is selected from one or

more of extracellular matrix proteins, fibronectin, laminin, vitronectin, tenascin, entactin,
thrombospondin, elastin, gelatin, collagen, fibrillen, merosin, anchorih, chondronectin,
link protein, bone sialoprotein, osteocalcin, osteopontin, epinectin, hyaluronectin,
undulin, epiligrin, kalinin, proteoglycahs, decorin, dermatin sulfate proteoglycans,
keratin, keratin sulfate proteoglycans, aggrecan, chondroitin sulfate proteoglycans,
heparin  sulfate  proteoglycans, biglycan, syndecan, perlecan, serglycin,
glycosaminoglycans, heparin sulfate, chondroitin sulfate, dermatin sulfate, keratin sulfate,
hyaluronic acid, polysaccharides, heparin, dextran sulfate, chitin, alginic acid, pectin,
xylan, polyvinyl alcohol, cytokines, glycosides, glycoproteins, polypyrroies, albumin,
fibrinogen, or a phospholipid.

11. The composite of claim 1, wherein the biomatenial is collagen.



10

15

20

25

30

9. The conposite of claim1, wherein the biomateri al
is selected fromone or nore of proteins, peptides,

weoilogeaiaghar i des or ot her organi c substance. 18CT/IGmE04/000294

conposite of claiml1, wherein the biomaterial is
sel ected fromone or nore of 2axtracel lular matri x
fi bronect.i in, vitronectin, tenascin,

rotein r
entddti mhe FWPB‘?FHS?%GQHH? whegeipithe C@@sgﬂ fsipne @5 moggaslected from

thd Bolub | BRsistiRY S15tdagdN FHHE 1,NeollBBGN Ty 8G tebMagehi TYpe 111, collagen’
roteln, bone sial oproteln, oSsteoca cin, ost eopontl n,

apF A¥e colagen yEypg r‘én@&kagen typsdvil, |Cﬁ“a&€|§| Tyrsr VH, craaﬁgenu Fype VIII,

Bil&gen T
LSS0 JGER S P T 1, e T
XdYgedlngen TmlrleH\f mrmmtuwlthaed pr ot eogl ycans, hepar| n
o I
Ul 30 eoe ShcOa SRRy B hieaR UAEERT RS S
chondr oiThe I&oﬁ)pbsfl’at@f cldlai mihl the&ﬂallhfﬁ @fa fohﬁll; akl, reross-linked spongy

sul f hyal yroni c_aci.d,, pol ysacchari des, heparin,
'f‘beé%ts?gﬁbgﬂlof 8#’8‘ C‘H’ﬁW‘Ftﬁnd‘éFP ﬁﬁiesam d, pectin, xylan,

- pol ¥¥i NThe abrfipdiak of EMin K| iAQRe fo@ﬂnﬂf@%bﬁﬁﬂd
gl ycoprot ei ns, poly %@01 es, albumn, fibrinogen, or a

phodBhollherempesite of ¥ wheseintthe §Hlereomprises onher ioFe inorganic

&l?s ‘\%n Qmaterial is collagen. 12. The conposite of claim
erein the collagen is one or nore selected from

t he 1gr olipe campoisgt ofidaimi 16 wihergethe Tijleecdmpresesl agen Type
ol Lagen T 1 age g col I agen Type

) g Igﬁ umt%? Ondeorgocf’ %"%‘ﬁ‘}é%\?ﬁ{ col | agen Type
VI I Kn) Cc akchla@anphbgpieatd; $r coI | agen Type X, collagen Type
col | agen

[ a en Ty col | Il

Typé“1 | va B‘PbWP&‘i."héle‘?]“t‘ natiSX‘PﬁTﬁé cioghpiosphate of
cl-aig) 1Zhe ddaipakife oifec14ia |1¢9®Heﬂe§1 P RaldiveP  phagtte i brushite,
The conposite of claiml1l in the formof a foam gel,
%@ﬁﬂ%@te%@ﬁfg@lﬂmh@ha& f oam or ot her
con ru

1030 Fho bt OBclaint S hertty e ARO TR Rim Bl o apaic
(HABD nﬂnomhmt@ (FARp €arbomatedc apasité IEAR)ner gircomum hydroxyapatite

ani ¢ conpounds. 17. The conposite of claim 16
(%%A%n the filler conprises: (i) calciumcarbonate or

-~ a caldci The canpesiteiof@laiml I wheiein) the filkr ¢s bratbonstpd apstite prepared

OFctpt isph b BEBAA B vInEon ST yBbEFOE< ADEHE oy bout 20mm or a
,hg»ﬂk@kﬁaﬁautefiﬁe@?é@b REOSA Rkl d 1favhfgl»b5 izd ¢fl He@h SentiBout 40 to

g‘? Bhate or oct acal ci um phosphat e. The conposite
ut&0B®™m 17 wherein the apatite is seI ected from

~hyd QPXY?H@tcbﬁlSo.‘QWQ clafth U0 rv@l@ e ﬁﬁ]ElA?s) defnfeP38d dne, bone

apatite (CAP) or zirconium hydroxyapatit
powder, bone morphogenetic protein, calcium sulfate, autologous bone, beads of wax,

beads of gelatin, beads of agarose, resorbable polymers or a mixture thereof.

22. A porous biomaterial-filler composite wherein the composite comprises
biomaterial interspersed with a filler and wherein the composite includes pores having a
size greater than about 100microns, pores having a size between about 30 and about 50
microns and nanometer sized pores.

23. A porous biomaterial-filler composite wherein the composite comprises
biomaterial interspersed with a filler and wherein the dry weight ratio of biomaterial to

filler is in the range 1:3 to 2:1.



(ZrHAP) . 20. The conposite of claim1 wherein the

filler is a carbonated apatite prepared by the sol-gel
woreiohosi1ipavi ng a grain size of between about 8pdDS@MOW00294

20nm or a hydroxyapatite prepared by the sol-gel

met hod having a grai n SI ze obsbet ween about 40 to-

aboyt 60nm 21. Th te.of claim.l wherei
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' taasmgmérﬁlmmﬂomm%lmleum sul fate, autol ogous

bone, beads of wax, beads of gelatin, beads of-:
agaPdseA peEwsphigmatepal-filiesr sompositenivhergine the, SpEppsitey gomprises
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conposi te conprises biomaterial intersperse
26wt%er and wherein the con‘posn te includes pores haV| ng

2 sige of Al sl SR AN CEMLGEE"SneRRl G NHAG comprise

si z& bet WEEH abou m ¢rons
bivanaend] éiiterspereel] with asﬁllei and Avhpreimtie doingosite fillad hdsi beer prepared

conposj t erein the conposite conprises bionmateri al
Wgérsgiﬁéséli\%h%et h-a filler and wherein the dry wei ght
rat ng. ofA MeMOBRbELHrepdrinzQ forddsHioratetial-filkg cbﬁEGQte]doﬁmpH@ing :

2:1.24. The conpasite of claim?23 wherein t

conpembiningRipmatesasa fguid agpd wéiillgmo lean BEIEBIEE %,
bi ogy %géxﬁ‘%mg[}g r§i§ufr@to7f%% Yostd 25. A porous

bi omat e nposite erel n the conposite
co mﬁteczee@yblgohmlenry m fommmtmds@datwalfﬁlbcr fcoinpesite.

|n th pnt of hio f. S bout
25008  SoneuB B Badine PRl Hio el Mo By R RHprsing
V\hercembmiﬂgebmmaqeﬁsll dné adrqnmtbsfem bindxmteri al
i ntersperse th a fjl H wherein the conposite

fil 8?10&%&215% B mﬁ§| a sol-gel method. 27. A

net Ia@@inggﬁmmé §lgrr, porous biomaterial -filler
conposi te conpri sing conblnlng bi omaterial, a liquid

andf%rﬂferhmapget%mgaﬂlmsl&ﬂm #dire, honogeni zi ng the
?xlé[af‘e drGin Qﬁé’%lérr? b ok p%%hsfbﬁ Zt&&irﬁ’lle‘i’%ﬁmﬁssn%' Uf ry

orm a porous omaterial -filler conposi te.
rret R8d &f metheaf praparmgmarosens Hivroaterialrfilkdr Cbmpbs;te compnsmg

00”188%13@% CORRY a%d”agl %?d‘?%' 'm'}% kppgterial -and a

i qui orma mx ormgemzmgthe m xture to
forhbmogémmngtheanidnmgtoafoﬁnlalshnrﬁo the slurry; further

PTG b0 ) e [ eeze-drying the slurry

further homiogenizing the slurry; and

freeze-drying the slurry to form a porous biomaterial-filler composite

30. A method of preparing a porous biomaterial-filler composite comprising

combining biomaterial, a liquid and a filler to form a mixture,

homogenizing the mixture to form a s.lurry, and

freeze-drying the slurry to form a porous biomaterial-filler composite, wherein the
liquid is an acid and the amount of biomaterial in the slurry is in the range of up to about
10g biomaterial per 100ml of up to a 1000mM acid.

31. A method of preparing a porous biomaterial-filler composite comprising

combining biomaterial and a liquid to form a mixture,

homogenizing the mixture to form a slurry,

adding a filler to the slurry;

further homogenizing the slurry; and



29. A nethod of preparing a porous biomaterial-filler
conposite conprising conbining a filler and a liquid

w0 2006031m@ m xt ure, honogeni zi ng the m xture tBCT/OGI0H000294
slurry, adding a biomaterial to the slurry; further
horrfogenizing the slurry; apg freeze-drying the
slurry.to.farma porous biomaterial-filler conposite

+30: freeavedriiog ot shpme toa farmga aofeus binmateriakdiller Fempesite) wherein the
ST et COMRr b Ny hi e Ui
T e
10g kiourateriabpdrd 08mbofiputorayl 008mM fcideze- dryi ng the slurry
“torform,a. por bi amaterial ~fill er osi te,., wherein
 the t oivindf e ariE arior i i S B bR PRk e
5 thecghbihinyg filker it 4 fiquid &femaf mixpure0 about 1Qg
' bi opateri al per 100mM of up to a 1000MM acid. 31. A
met. %‘Bogﬁmzﬂgs‘g‘ﬁf’m‘@“amrfﬁ%ﬁ§luﬂiyonat erial-filler
coﬁg&gﬁ%gbﬁ@ﬂpﬁkpkngeggﬁpjning bi omaterial and a
liquid to forma m xture, honogeni zing the m xture to
f or firtheshemegenizingdhegfueryfand er to the slurry; further
ho i 7] : - ' r -
o Rara g ddfugy b R PRI ERERLIAIIC BimBlillel Kherein the
10 ligind i$ b acid and therampontofdyidmates akbimtthe sluofy 1Hinotr rargealf vprto about

he. slurry is.hh,the ra of, cup .t o about
lb%E‘SPEMP?QPb'BbPP%'&ﬁ%S’P“Ma&S-a 1000MM acid. 32. A
- net Bed afcomposit pragiréd PPthe usetiddoidlfm B, 2849, 80, 31 or 32.
conposite conprising conbining filler and a liquid to
forma m xture, honogenizing the mxture to forma
slurry, adding a biomaterial to the slurry; further
honogeni zing the slurry; and freeze-drying the slurry
to forma porous biomaterial-filler conposite, wherein
the liquid is an acid and the anount of biomaterial in
the slurry is in the range of up to about
| Ogbi omaterial per 100m of up to a 1000nM acid. 33. A
conposite prepared by the nmethod of claim 27, 28, 29,
30, 31 or 32.




