1 POROUS BIOMATERIAL-FILLER COMPOSITE A A HOD FOR
MAKING THE SAME Technical Field The present invention relates to a
porous biomaterial filler composite, a method of s preparation, and uses
thereof. In one particular embodiment, the present invention relates to a
collagen-inorganic scaffold. Background of the Invention 30 to 35% of
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“biomaterial-filler composite wherein the composite
‘ Object of the invention

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

z embodiments, to overcome or substantially ameliorate at least one of the above disadvaniages,

Summary of the Invention
According to a first aspect, there is provided a porous biomaterial-filler comprising
a biomaterial interspersed with a filler, wherein the dry weight ratio of biomaterial to
20 filter is in the range of 1:3 to 2:1, and wherein the filler is prepared by a sol-gel method to
form nano-sized grains in the filler.

Disclosed is a porous biomaterial-filler composite wherein the composite
comprises biomaterial interspersed with a filler and wherein the composite includes pores
35 having a size greater than about 100 microns, pores having a size between about 30 and

about 50 microns and nanometer sized pores.
Disclosed is a porous biomaterial-filler composite wherein the composite

comprises biomaterial interspersed



comprises biomaterial interspersed 2 with a filler and wherein the dry
weight ratio of biomaterial to filler is in therange 1:3to 2:1. In one
embodiment, the composite comprises by dry weight 25 to 65wt%
biomaterial and 35 to 75wt% filler. Disclosed is a porous biomaterial-filler
composite wherein the composite comprises biomaterial interspersed
with a filler wherein the amount of biomaterial is at least about 25wt%. In
one embodiment, the composite may have g porosity close to that of
bone. r0 Disclosed is a porous hiomaterial-filler composite wherein the
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the comﬁésne filler has been prepared using a sol-gel method. According

to a second é‘sm@t m@wdhﬂw@m&hcmmwlﬂgramuss o 65wl
biomatebisifithericmhibsi Swadidibomposite having a dry weight ratio of
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homogeniZ¢aY thedikttre to form a slurry, and freeze-drying the slurry to

form a poroudibioeranberdiirflie treomppsite . n2Q Accorgiorgstty altkirg depelthone.
there is providestiasstethod mirpre pasingesiPanoss chigruake ialefitlar the composite
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“According teaxdinit ionaeiisl esgui phe vidae & Re O SRR 1% Prepared by
porous 230k imetod - filel Earpdiieseaid ARERgSte having a dry
weight ratio m&gm@g%ﬁ%@dr%arw 3 to 2:1, said method
comprising ¢RMDIRAE.a: rm.a mi % said filler

repared b ano SIZ grain iner,
ﬁoefﬁoggnlz?/rﬁfrfgﬁ%e éélé{goggef%ﬁ‘g cOmurr"sr ;> HEY cf&m né% éet%ﬁ%‘l‘%gtﬁé’omus
slur posxte ving a dry weight ratio of biomaterial to
" filler in the range of 1:3 10 2:1, said method comprising
combining biomaterial and.a liquid to form 2 mixture,
‘ homogenizing the mixture to form a shayy,
25 adding a filler to the sfury, said filler propared by a sol-gel method to form nano-
sized grains in the filler; _
further horogenizing the sturry; and
freezs-drying the shurty to form & porous biomaterial-filier composite.
According to a fourth aspect, there is provided a method of preparing a porous
30 biomaterial-filler composite, said composite having a dry weight ratio of biomaterial to
filler in the range of 1:3 to 2:1, said method comprising
cembining & filler and a Houid to form 2 mixture, said filier prepared by a sol-gel
method o form nano-sized grains in the ﬁﬁer,
homogenizing the mixture to form a shurey,
s atding a biomateriel to the shury;
further homogenizing the sturry; and
freeze-drying the slurry to form a porous-biomaterial-filler composite
In one embodiment, the liquid is water or any ofher Hquid capabie' of forming 2
sloty. In one embodiment when the biomaterial is coliagen, the liquid is an acid.
4“\ According to a fifth aspect, there is provided a method of preparing a porous
biomaterial-filler composite, said composite having a dry weight ratio of biomaterial to
filler in the range of 1:3 to 2:1, said method comprising




further homogenizingthe slurry-, and freeze-drying the slurry to form a

porous biomatraial-filler composite In one embodiment, the liquid is water

or any other liquid capable of forming a slurry. In one embodiment when

the biomaterial is collagen, the liquid is an acid. 40 According to a fifth

aspect, there is provided a method of preparing a porous biomaterial-filler

composite, said composite having a dry weight ratio of biomaterial to filler

in the range of 1:3 to 2:1, said method comprising 3
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I0g biomaterialper 100ml ofup to a IOOOMM acid. According to an eighth
aspect, there is provided a composite prepared by the 30 disclosed

WO a8e38YsDefinffons The following definitions are intended X5 GS&2PAH/000294
definitions and should in no way limit the scope of the present invention to
those terms alone, but are put forth fot a better understanding ofthe

follging e SEHRARRNA200RAILEP BTIRGRAIAHOIPE Db SHmtcgers,

the context requires otherwise or_specifically stated to the contrary,
stepficetismentp e GreciBHTBHR FERITT LS AS SHIEBHARARRAS SHEBYIRE elements
clelM@USISuBIARS Bbelemeniar CledllyRrdompass dothsingiiad dncbgplyyalteps or

forms of the recited integers, steps or elements. s Throughout this
eleg@sBiSfication, unless the context requires otherwise, the word “"comprise”,

or Yaraiphoststdh apedfimuinee sirdescahprsingit wilibeesnotbestosed, téhe word
«_imply the inclusion of a stated.step or.element or.in wOr, :

oD e AT LR i T et S ST I 88 halifiod o

implp thenuadniivie g€ r staged stepfosl elsraans csriftesgess. eonpistene Goplmrents or
int RS SPRA AU G (6 F P OmEY §%r@&%ﬂ’§lﬁ 19 0gediRGroup of elements

principally, but not necessarily solely”. Those skilled in the art will

or pisestiate i Metlit SRR dES bR APRENER NS fReHbIe tODBRSiREnSTcans
“nRPAIiEaHAns phhabinancians, sedifically described. Itisto be

understood that the invention_ includes.all such variations.and bed herein i
mobIRSELHANSaHR RS etioR HISPRIERING s At o HIR S YEREOR dijFR0ed herein is
suRRpIYsitonsiaishe ampovdificieiatsadiier ithan thdieateabifidtily described. ltisto
specification, individually or collectively,,and.any and all combinations or
bed ?ﬁ%’%‘?r‘%%?e 0 %%‘l’gxs 8%§ %‘g}lgg%u%gs.s %ﬁhhe ré}f'gPésn%Iés I?t%(g{?n r}ﬁ%} 5. The
invappboatieniackhdpedifiof liysntpyp deatet:hy eittmscand anerpounds referred to
i ted hgrein,| _' ire e conty RIS SRecification. the s i
o tgﬁ%{%igogmegte%?‘ rﬁ%‘ﬁ%&gﬁ%’ nj%?eiﬂ]al 21§9 Whi?cr%:'igslc suitab[}g for iy Ny
coipbipatieBver ify BYRIEGEFgaN isHEers 85 BMHRmMal including a human.

The\bigmateriahisseiably &99%@&&%@?@@%5%@%@%@%%&&m&
into a living organism and any degradation products of the biomaterial are
and &5 i ISR AE GRS M. The biomaterial may be derived
from aheotgamiavfahin apdetiratyn] hibtcimanidibioRmBrief Deferptiompfmaterial
the Drawings A preferted form of the. present invention will now be . . .
R BBl i O ROt R e S e b o il including a
hugrawirijes: wlvenaderial is suitably non-toxic and bioabsorbable when introduced nto a

Jiving organism and any degradation products of the biomaterial are also suitably non-

PSIENS

toxic to"the organism. The biomaierial may be derived from an organism, or may be a

synthetic variant.

Brief Description of the Drawings

A preferred form of the present invention will now be described by way of example
with reference to the accompanying drawings wherein:
Figure | is a schematic diagram of a suitabie method of preparing a composite
material (bone scaffold) of the present invention; |
Figure 2 is a set of Scamning Electron Micrographs of collagen suitablie for
use in the present invention;
Figure 3 is a set of Scanning Electron Micrographs of hydroxyapatite smtable

for use in the present invention;
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Figure | is a schematic diagram of a suitable method of preparing a
composite material (bone scaffold) of the present invention; 30 Figure 2 is
WO 280888819 canning Electron Micrographs of collagen suitablePor/scsmondneo4
present invention; Figure 3 is a set of Scanning Electron Micrographs of
hydroxyapatite suitable for use in thé present invention; WO 2006/031196

PCT/SG20P4/000298 AEI9HILPIdAnd Bl 20F 4RATG apége% $HSifain of

with respéct to strain of various porous scaffolds in-accordance with the

varigie BEFRURvEHEOIS iRt e er Setth s emrmRY IRKsetiR; Micrographs of

trabecuipiene @t aVasiops searhHioNSicetg Ui &brasiat of RGBRAING bone at
. Electron Micrographs of a collagen-inorganic scaffold in accordance with
var s eselEaent of the present invention at various resolutions: Figure 7

is a setRifiiea iing detesfrBbabtitipJibmineniiiicaliagphsioorgedihgesiholdanic
scafiACE09R0GG ID qnaiher embadiment of (e presentinvention.at . .y
various to resolutions, igure %IIIS a SG?O §cann|n8 Eiectron ﬁlcrogrépﬁgnws

resohttigndpus resolutions and an XRD spectrum of a collagen-inorganic

~ scaffolg:ip, AcGs ' r [ QNSO anic
e B R e N S BBl an

SfflgachPEERsEd Al Httheie ambadiBsioniptie dwentHavertRRUR  various
resofRfmand carbonated hydroxyapatite; Figure 10 is a graph showing XRD
patterns for four collagen-inorganic_scaffolds in accordance with the

inventidnEUShiparadwitt RraPBIER iRt EnPilmasERRY abrassHs rswiutions and

an FiROresptdgthe bl IR spabipemiabyahifeSSHRIND Matesialfieolagdil another
binéJr anic &af_folds ig.accotr‘da,nce with one embodiment of the present
CBNEITO ang PhgttiartiaBetliar bone. Figure 12 is a set of Scanning
Electrohijticrographs efddiC 3h8wimgu IR Dsteabiasisfeeliweutititegkfoinbrpanic
scafiS8K 0 AssAlRld 0 Arcaidanceih ang embedimental &8 MERISEL and
invention; Figure 13 is a photograph of a ay ectopic implantation ofa™ -
carbesatesl @ yaraeEmtiiaice with the present invention into a- SCID mouse;

Figure Ehisa Mcioy 3 Ehelanied:seaBlthiSRUGn AREOMIRNEEHD; ganic
scaﬁtbieds in accordance with the invention compared with that of calcium carbonate and
brushite;

Figure 11 is the FTIR spectrum of various starting materials, collagen-
inorganic scaffolds in accordance with one embodiment of the present invention and
natural trabecular bone.

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

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

_ Figure 14 is 2 micrograph of implanted scaffoid tissue in accordance with the
present invention stained with hcma’toxyiin and cosin after 8 days;

Figure 15 is 2 micrograph of implanted scaffold tissue in accordance with the
present invention stained with hematoxylin and cosin afier 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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present invention stained with hematoxylin and eosin after 8 days; 30

Figure 15 is a micrograph of implanted scaffold tissue in accordance with
WO 2bms/qaEsent invention stained with hematoxylin and eosin afterr3f;oesioeros

Figure 16 is a micrograph of implanted scaffold tissue in accordance with

the present invention stained with vog Kossa after 8 days; Figure 17 is a

micrograph of jmplanted sgaffold tissue in accordance with the 35 present | .
inventio%":)%%?ng \ﬁ/ﬁhs%ﬁfclggg%%%‘fﬂ? BB RO TR Iyl @ scaftold in
acoRGHISGAN0 400026t iGvagire inpismescdbokphaimghaphsiof a Wistar rat

femur hayi f [ I ' presentinvention .
impIantfﬁ%&%o%ﬁs%migg?}ré%%f\yi?ml%ndﬁipg%n are Y%%sa S?aﬁbld n

accyioRac AitB e Previn Ieediosldin® aeeoikinnes-wiblanteivad@igure 19A) and
thad HIORHORALP AR RAS I RRIaRALAN Eiadie #MANYE M&Eé%ﬁﬁﬁf at all

_rat femur having a commercial scaffold (Figure 19B) or no Scaffold at a
(F‘%F'iﬁélgé:iQC). Detailed Description of Preferred Embodiments There is
provided herein a porous biomaterial-filler composite, the composite
comprising biDrratibzh Dntendptitre drivitheddiiled Thd:pdisanitinvention
provides in one _io embodiment, a composite ,corgﬁiiiging a biomaterial

phABEF& A ARTGSFTC HEH inte RYSHSe MOTEALTI 2 GHSH I HRSR ie Lish Se@posite
convyitising Hiiﬁfgﬂﬂtﬁ!f ”' iﬂﬁi’eﬂﬁﬁemwb A 0o léffmig-gcﬁ@pf&%ﬁ%ﬁﬂi@{tﬁﬂﬁﬁ%ﬂides in one

interspersed filler may be chemi n 0 each,other. In )
e RS o D KPRCT D s l OEeR i e pfesspersed
theremturabultobly. it ipliestraplese thighcampositeuattiidiarésentpavedtihariin.  The
. ' i ; f; loselv as sible
bioHAATRPHEIRS e AT AND MGG RO o aie:

coHipusirabadiplenitty compesityhiscaadosdars| desclomidsisahat of natural
bor MR JQRANY R, BRO L MLARR- AP BRL RERL NG LABRP IS HAS AR Siments to

having a size greater than about 100 microns, pores having a size

mashfurL Bt 56 SRer0FnRIEHS antIIEHnsheEtsR Ly @nd sshagically so
thatl e spag)l Randmeiensizes:pesRs RARSINAe it Valsshpwesd l8lodel the

co nsl?éti%es. u-zh Poﬂoﬁi% rga@/ closely match the actual structure of bone,
e largséﬁﬁ)'o < ETEY & S¥eoblast migration, the medium pores enabling

tralus poet ohbddougotofe ns/fpcktahctherssiadivipgr es sire \dchinigrtthaticibdar 100
. I ent, | ' [ ntainsat . .
TR DTS B S 29 RS IR UM e size

porghothies snmbarpametiicsieh postereslithinsiadro by 2%ids btviees (illgo particies.
SudiliyonrignthRlopiaiasahwith he AmeuntRftler &PH&Q;@,%Y&%%Q i 3enabling
Ostto about ‘75W_t°{2 (t(}jlrey vae%ll%lrg) T_he amounts and biomaterial and filler gs“ed

?ﬁ‘gg;iﬁémgraho s pores enabling transport of blood/proteins/fivids and the
small pores providing traction for better cell attachment. -

In one embodiment, the composite contains at east about 25 wt% biomaterial. The
filler may be up to 75wt%. In another embedment the composite contains about 25 to
about 30wt% {dry weight) biomaterial with the amount of filler being between about 35
to ébouﬁ 75wt% (dry weight). The amounts and biomaterial and filler used may be
tailored to have an organiciinorganic ratio t¢ match the composition of natural bone. For
exampie 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, 2 liquid and a filler to form a mixture,
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tailored to have an organic.inorganie ratio to match the composition of
natural bone. For example 30 to 35wt/(r) collagen and 65-70%

wo 2wadryapatite. 30 In one embodiment, the filler may have praviRiuii/oeo294
been prepared by a sol-gel method. Use of a filler prepared in this way
may enable pores of nanometer porgsity. There is also provided herein in

ope embaqdiment a method of prep rlng orous biomaterial-filler
c ﬁ?ﬂ%’f%ﬁ% ﬁ?b??fﬁgaﬁ%ﬁ&t 41, a liquid and a filler to form a

nﬁ%@di@d@g&ﬁ@m LPMC {56526 GdaNadd-Miso mﬁgﬂmﬂmg the
ture.to form a sl and freeze- n e lurr to for
g?(;}(lmaterlaafpﬁlé)r composfwuf‘here |sq§%o%6?%3§ e teraellnjlﬁ]t?n ano fé)ep reparing a
porogsritionintrsiad-ditiee trocbosisrsprrinisiaeporous biomaterial-filler composite

copRsising Hisombining:bipmaler @' Apd a ligyid:ie form a mixture;

homogenizing the mixture to form a slurry, adding a filler to the slurry;

- flormsasarsgdbnnigne wdeRR asti¥eze-drying the slurry to form a

Padais: iamatey @efaligreomposite. 10 There is also provided herein in
| gotger embodiment a method of preparing a porous biomaterial-filler

HeRBpEEJIs if@iller and a liquid to form a mixture,
hamageiingikeimpsturddodarpasibiymasdindiidiosbesiat o the

S is fu ther ho n|2|ng the sl and freeze-dryin slyrr .

fo?ﬂ%& porous S Biom ?‘?r?ér fifer comp%és ite: rig %élé“gﬁ%bodnn%ggﬁg fie P epanﬂg @
porovs impositerebififiin satieatt abogt@bwtfo biomaterial. In one embadiment

t%ﬂﬁ% iﬂﬂ:{aﬁ%ﬁ gﬁﬂ?t@%% M&@aterlal in the slurry is in the

range of up to about | biomaterial per | OOmI of an up to | OOOMM
abmnﬁmr@mambm@m@ 0 @@b@ﬁ%al such as collagen per | OOml of

5QdemPmdhatidausirsRrRgsphoric acid (6mg/mt to 60mg/mi) results
ina composne having different mechanical properties and microstructure.

ETRGHT & pigefbsitions as starting materials include:

1%@%—6&5&@&\6 ﬂﬁﬁ?ﬂh%ﬁrﬁ@ﬁbhﬁs@:ﬁ@ﬁaﬂﬂﬂiﬁﬁ& gdﬁﬁiaséwrbonated
atlt 0 ml oIhSO mM hos haric acl coI& nz 1b 13}

(hy e conaposite contains a eas wit%e in

~ one cmbodunent the fiquid is an acid and the amount of biomaterial in the shurry is in the

range of up to about 10g biomaterial per 100m! of an up to- 1000mM acid. For example
0.6 to 6g biomateria} such as collagen per 100ml of 50 to 500mM acid such as phosphoric
acid {(6mg/mi to 60mg/ml) results in a composite having different mechanical properties
and microstructure. '

E-‘fk‘amﬁi‘e‘s‘nf“snme sample compositions as starting materials include: ™
100 ml of 50 mM phosphoric acid + 2 g collagen + 7.5 g CAP (carbopated

apatite). '

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

100 mi of 100 mM phosphoric acid + 2 g collagen + I'EO g CaCO; (calcium
carbonate) '

100 ml of 5G mM phosphoric acid + 4 g coliagen + 7.5 g CAP (carbonated
apatite) -

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

100 mi of 500 mM phosphoric acid + 4 g collagen + 16 g CaCO; (calcium
carbonate).
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100 ml of 100 mM phosphoric acid + 2 g collagen + 10 g CaCO3 (calcium
carbonate) 30 100 ml of 50 mM phosphoric acid + 4 g collagen + 7.5 g
wo fefsh{pagonated apatite) 100 ml of 50 mM phosphoric acigg e 2004/600294
collagen + 12 g HAP (hydroxyapatite) 100 ml of 500 mM phosphoric acid
+ 4 g collagen + 10 g CaCO3 (calciugy 35 carbonate). WO 2006/031196
PCT/SG2004/000294 8 In one embodiment, the biomaterial is a material
extFaABe FRebRdmaGidhe diemateTil Bt ik srrpetad dpps Biplogical tissue,”
incRIGIE Eom gk S| dii! casspective/tisaubs, inalsdingr koAAeaNEaiRsue, including
b e R R R T e e S & B 2P O e

&
L iRSuraR B CBUTRG Bolymenc o ce'in

A Hiiploiyivat &ystitably ansaliisocBisuohohersiasdiserssiial piobgical system
-mad | . inulati : |
or QA RO R AR B O SR TERE Blfred by

manipylatipe af boalpredly pesuatuns finpe le dried into a film, solidified
froghg fﬂﬁlhﬂaﬁﬂ"%ﬁddﬁ%P 80gbrfiaezendriad ipigia foAM MANRELSEIbody

in the present invention. ro In one embgdiment the biomaterial is selected
terip5TASite 'OF FIGFRRSE Fristinte HERRREIHERA S A rIeY Growhbrigig Apie a g<l,
freGiheiR0GaR I asexamplectiediamalerakbmayvaaisalected from one or

maqre of extracellular matrix. proteins such as fibrgnectin, laminin, .

i R ol IR PO BB R: SR e B g roreins
peﬁdiﬁéﬂgpgim@qdﬂﬁﬁmnh@@h:mh_gmﬂmﬂ&ﬂdﬁgk ﬁmteimxt;ﬂ_a ghsi &bpfﬂminﬁ may
be SSIERGRICIN, 15,051 0R0NUR cRIRSRl. VANORGENR, URAUID ERNGNE Ancinir,

aﬁ’nln, proteoglycans such as decorin, Sermatn sulfate pro eog?ycan’s,

vitlosestin, kKenutaisulfiegioteghyoborpondigrectasliohopdabitin sullfeen, fibrillen,
meRSQIEOUNERNS, NeRRSERIRIR ProiRCIYRADR: DIGINGAN s SYBAREAN. osteocaicin,

perlecan, serglycin, glycosaminoglycans such as heparin sulfate,

ostepRATYRYi RIS YR HSORERIS, MRl  sEl TR Hipanrpioeegisans such
as R@Méﬁﬁphﬁﬁﬂﬂﬁﬁﬁ?%ﬁi&Z?@ﬁ@%ﬁgﬂm&ﬁlﬁﬂa@é&mﬁf%uﬁ’eﬂéniﬁzfﬁféﬁgjycans,
ectin or X n, polyv. alcohol,, cytokines, cosldes, glyco roteins, .
S35y ORISR 16 PSS B p RN I T PR b Re R yeas,
syrtbe-hiomatecial, isgifage pHiccaniuiieren bodine itcdheic sitigen dondroitin
Lene or more selected from.th tii consisting of Collagen, T L, .
e e T e SR
hef@gotiadextmypenfpteottifendsny pad/ peCul ayani MymeiyNing clewioh, Tyiokines,
gi)%ﬁﬁ@é%a@?&gé&geﬁ%’z l-%ﬁ%gﬁﬂi@: B ethiCBSRILIYNG XinkpllagsR.TYPe

XIll, collagen Typ or mixtures thereof. In one
in one embodiment the biomaterial is collagen. In one further embodiment the

collagen is one or more selected from the group consisting of collagen Type I, coliagen

“Type I, collagen Type 1L, collagen Type TV, collagen Type V, collagen type VI, collagen
Type VII, collagen Type VIL, collagen Type IX, coliagen Type X, collagen Type 2,
collagen Type X1, collagen Type Xili, collagen Type XIV, or mixtures thereof. In one
embodiment the collagen is Type 1 coliagen.

The biomaterial may be extracied 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 foliowed by precipitating the biomaterial (such as collagen) with
sodium chloride and resolubilizing the biomaterial (such as collagen) in a medium havipg
an acidic pH.

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

for example a mammal, marsupial, 2 human, a non-human primate, murine, bovine,
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embodiment the Collagen is Type | collagen. The biomaterial may be
extracted from a source by means of acid extraction, salt extraction,

WO R0gysedpepsin extraction or a combination thereof or by soseQHR64/600294
means 30 such as mechanical extraction for example by grinding. The
biomaterial may be prepared by acidegextraction followed by precipitating

- . the biomaterial (sych as collagen) with sedium chloride and resolubilizing
Vi ORGP P R RO G o i SpHOdMER: the
biorfateniae ssofdvembiesial a nemdebothrandpsidsouly e hitebsasg atitly, sheep,

invertebrates, for example a mammal,.marsupial man, a '
dee o B R ISR St
POT/8@ 200u¢g00294 Heovimapesiisinoaradprirferiesoninie; aviampfelink or otber

conRAENENHADREL %eoﬁ@*&ﬂmrmab&%gf@kmM%ﬂﬁrammus

mammal or marsupial such as a human, pig, cow, sheep, deer, goat,

foarpor e Sra yRY il enfo ne eBh I, JmRRIBeA DG BB e mARts with

bioRARAMNBAGILRANRE hewraMBRSIaaRAfRrBd iaaHaAM, Gel % Olemative
ncluding fibres, In.one embodiment the,co%posite-is in the fort

S ¢construct i .
emb %% FOmROS F R RPN SR B S dibrgs Daving
an iMiggadorfiartinentpenist thieshatdradmo eebolisendios fampesits is in the form

interspersed throughout. In an alternative ..embodiment, the compasit
of o b R B R o of 2
stiﬁilﬂ‘emnte’r’spms_@kﬁmi@mmn thneemisdimaay the &m_rﬁnpcﬁitmisimtlsea@oﬁﬁ. A
sca¥5i 81 URREIRAE S ARANAX/QaTdn APaihELSmAggiment the composite

Is in the form of a stiff foan. In one embodi the composite may be in
thEnfonm enkedimfal dha fiea folpEsassupstatoprointcazma paeresedsorin one

emtRERRANSESRr s QeR 8RR AR O LG JIlS RIS SR RRRL LR  composite.

inorganic compounds. In one embodiment the filler is selected to improve
I ¢Re COMPTURERfe MBINRISBI thELSnToBYHESeTs IMGHE HboamTeRE, fhealdum-
contaipiggniafiller onpeges caltivtingaihonaieinbasalciyineovkMpRg:salialcium

In.another.,embodiment, the inorgani¢ filler. comprises calciu hosphate,
PhogpIRIS, SUCh 2% e B L 2 TARBI RIS AR AP ENED STIRSHPIRL fR ler
comypingt isesombarbimatib rgttmicicarboasborate andleicalclinsphosphate 2s an
apatiteh 85 AR @H@%ﬂ&&“&@&?&@ﬂ‘%ﬂ %tsaéglﬂmsﬁggggb&ﬁ%@n phosphate,

brushite, tricalcium phosphate, 20 octacalcium phosp n variou

octaspiBivEim eheseliEpatitéis wElesfe FTRbNTimMeNS xap aRetifpi AP), selected  from

hydtbraanaliteriah), markapaied apetite (GABIREZIEARMMCAP) or zirconium
hydrox apaélte ZrHAP), Apatites containing dopants and additives or
hydg R G L majPaiiETh ERginE, SORRG At s adilysSeqn substituted

apafiredesfouio bensembutimansthmillenitabigdodisingewalh ORfm.  Inone

' method, The, sol-gel method is such as,25 descri in "Nanostructure
e R ) 0o 5 N Bt A A s EOMIAR eliod 1 soch s

rocessing o ioC
described in “Nanostructore Processing of Hydroxyapatite-based Bioceramics”, ES Ahn,

NJ Gleason, A. Nakahira, JY Ying Nano Letters 2001 1(3) p149-153 which is hereby

included by a cross-reference. Producing filler by use of a sol-gel method may enable

" nanometer-sized grains to be formed and which in the final composite may form small

nanometer-sized pores from the voids between the apatite paiticies. In one embodiment a
carbonated apatite prepared by the sol-gel method having a grain size of between about §
to about 20nm (for example grams 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,
35 56, 57, 58, 59 or 60nm) may be used. The grain size of the filler may range from 5nm



1o

15

20

25

30

35

NJ Gleason, A. Nakahira, JY 'ding Nano Letters 2001 1(3) p149-153

which is hereby included by a cross-reference. Producing filler by use of a
wo ®eb@slmethod may enable nanometer-sized grains to be fermed-and noao4

which in the final composite may form small nanometer-sized pores from

the voids between the apatite particlgg-In one embodiment a 30

carbonated apatite prepared by the sol-gel method having a grain size of

- up BRNEROR F5H B8 a Bifnfilleols anamaiieqiimeraiossioe of the filler used -

maylginbd. &bml6td 10G:8n19 or 20nm), or-a hydroxyapatite prepared by the
soJ-gel method having a grain size of befween apout 40 to about 60n
(P SATHRTE SR 37 e 48 JER o oo Do, By, bone
morphp§Fndl, motems Oalviim apifiaa) setbidpemg tninesizend$ tifevfilierbemly of gelatin,
. ) CTl/ 0 A 0 up to micron.
b e R R 0L s i B e S Sk bt
alomnay fesglsromdbmed Gennsed irapddiiéerebodmasntofedilpatijes and calcium
confifpipesalisachione, bone powder, bone morphogenetic protein, calcium
sulfate,.autologous bone, beads of wax, beads of gelatin, s beads of
agEitb SEeREtith Sl theIFRATBPS Bica ihidRsr&hadigtent ibsclionid B yrediquid or
flni@itheRBlong giagathersaRtyMaobeysadin mddikenion PRceatthan organic

apatites and calcium containing compounds, For preparation, Qf the .
sk SBACHT HHES & cJFoERd FheHRERG OF HORILERRDRe o 2ok
WhiarrtiadivsluresialF @ extinpels the ligyili naeyy De-veatercidnsorganic diable proper

L. solvent acid,.a base.or a surfactant. In one embodimen liquid m
i o e T S e e S o B e
embdimenfatiie favpdisdisparsiganst thadollagenetitre digbidimantinbtubtiguid is an
S ot e 1 ‘ i ol s 2nd i
Org%%. Indar?cﬁ{]er e_r% bgb%%%}el%}#\tgﬁglﬁd IS a %a%%a?ﬁ?oﬁiﬁﬁg%&ﬁw :be‘
useth il 4oRiF 1961 B lshisotdda dRmormsih dRTtaRmRF dnagres apidysulfuric acid,
hydRfhdeiacetiz aciiholagliriacidefornis.aaith talaric aeighmarieasid.uific acid,
,ﬂsulfurLc acid, ,,gydroc loric acid, phosphoric acid, ascorbic acid, propanoic
iinorpstittiic A0 HinOBITadsit actier Jife AL R Shist SRgT@ton of
caldhure|washiieasp Gt atiodesiratAtciiemuearbboaiestci adidstmble iReUsRiction between
hospheric acid since the reaction between calcium carbonate and an, .
cal U SRR, 200 7 AT S " phosphofie 20 X 0D PR osirable
cal@ivosphemimtdhne acid used may have a concentration of up to 1000mM,
forgxAmBIGARHMM . UPIn A0 ROUPN, &S Bﬁé&%ﬂk?ﬁ@ﬂﬁ%’@lﬂé%%m irM
- 5mM, I0mM, 20mM, 30mM, 40mM, 50mM;, 66inM, 70mM, 80mM, 9 a,
up toaRaRt, SE0mdbo A farthepsramplisn i, 6oBYhM SmiybARmBL Gimie, 40mM,

50m00 nat:ov 1 OGN Viasitls | vongenmbogimentsthand 26ihVAS R0mM, 400mM,

*soEREBHIEIAT S0P LRGN, P BGLET RS ML R gt

acid has a concentration of up o about 150mM. In another embodiment the acid has a
concentration of up to about 100mM. Where the filler is calcium carbonaie, -suitably
about ImM to 560mM, for example 100miv phosﬁhoric acid is used. Where the filler is -
an apafite, suitably about imM to about 500mM, for example 50mM phosgphoric acid is
used.

in one embodiment the liquid is phosphoric acid and the filler is calcium carbonate.
In this embodiment, the phosphoric acid may react with the caicium carbonate to form
calcrum phosphates which may be precipitated onio the biomateriai.

in one embodiment, when the liquid is an acid, the slarry may include up to about
10g of the biomaterial per 100mi 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 3¢, up to about
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concentration of up to about 200mM. Where the filler is calcium
carbonate, suitably about ImM to 500mM, for example 100mM

WO 2pdwsahkeric acid is used. Where the filler is an apatite, suitaihyaboalisMs4
to about 5tl0mM, for example 50mM phosphoric acid is used. 30 In one

embodiment the liquid is phosphoriciacid and the filler is calcium
carbonate. In this embodiment, the phospharic acid may react with_the

28, BRI PO oA 1B fShrAORRICHE SHORBHEEL B Ay ch il itarta one
embodiméneihiomate ﬂﬁhimmbcﬁ@mmfw gibellillwiﬂi i3 aR laaf&i Heanother
I in¢lud bout 10gq of.the hiomaterial per 100 the .
cmbZaieft e Y MR upad0e midpelianie B4E 10l Bh b o B
contaddngctheurntie afobidgatepdo wbbgey iupstpeisiit 3g, modifalboutontd! the
mecRARE TR RCTISRR04100029% 20, HiBdgygbout Ig o up to about

0.5g biomaterial per 100m1 of the acid. In one embodiment the slurry

inBluaBe sPoetosgiissonmeErbat 100 1usptnis swatecipdasotiiat the ratic of
bionSAhRMipReEhe SUEYINGUdeS Rauh?gbigRobinlsERar AR At hich the
liquid. By controlling the ratio of biomaterial to liquid it is passible to

COmMPASHT DICBR IR s IR BB C dng S dHsiiictsrd Brtid0m! of
hiquighmylesitati lal9nbembgdimantihicommodel shilieyysoehis BRlestod:sa habout

", ~_the ratip_of biomaterial:pawder is similar to that present.in the biological

12 O e T O b Bobto REToARE {TLRMR BN dR B Oognent 2
firsttodbpodifilsriSaisetpnebi Oferbrefd iguigisiter idivel\ighial t(66g ablisgen and
_ about 10 -Jg,.about jo 12q.. about 13 .
Bl Y b OO ot o B A (e e
iiqm&%mﬁéﬁa&@céﬁ@mwmm%pm&mmmmwﬁm@x@g be prepared
comprl398RoRRd HlGRIN I, IRREE miCHiRY ﬂmwmg%%t@h%%%&m@% useful

porosity due to the higher_liquid:solid ratio. In another embodiment &
for g&@&ﬁ&lé&ﬁﬁﬂ@%@%ﬁé@ﬁéﬁ% kestRp RSO IR UG tg uder
comPRUAGeN a8 il e HRIBL JRRgR SR Hheawhic i @ TR seftliindarscatfoid,
insertion asgl re&lace%%ent for bone as itis has | ,er%sjty, isless |
DS B RTRETE L U TAS S WBREF TSRS oAUt 17 one
embthbHiesit the mtioee & scedfode. ixene Embotlinsentiysmbaurey égized/dispersed for
Q eni ispersed | | In ane _embodiment the. mixer is.a
o o o R aid, T SERE may be
homgigsuzedtiitrertedaffo drarm BBuminies file ahapioblibsarn: thonsxauelmtbe beixture
may? S IIRRYSAIZEHRIPRAISL S5 bR LbmINMeHifRP UL BNOU S, Bl ture may

example, the mixture may be homogenized/dispersed for about 1 hour.

be hemaptRECHdimpR fﬁ%%Wuggarﬁgyégesﬁo%ﬁml%igpéfﬁeéﬁfér 58 9or
10 Héur20, BRk 40urb0 -0 reiniigsokedz8d4iefsel & 2000 &) 6B he in one
N e T R Ca—
' abodbrldydlpierate form the shurry. Other examples of speeds of the mixer are 1000,
2000, 3000, 4006, 5000, 6000, 7000, 8000, 9000, 10004, 11000, 12000, 13000, 14000,
15600, 160006, 17000, 18000, 19000, 20300, 30000, 40000, 50000, 60000mm. The
mixture may be cooied, for example, in an ice bath during homogenization, for exampie
at 4°C. Other exampies of temperature for cooling include 0°C, 1°C, 2°C, 3°C, 4°C, 5°C,
6°C, 7°C, 8°C, 9°C, 10°C, 11°C, 12°C, 13°C, 14°C, 15°C, 16°C, 17°C, 18°C, 19°C,
20°C, 21°C, 22°C, 23°C, 24"{3, 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 shirry is freeze-dried.

By freeze-drying porosity is created in the composite. Porosity may facilitate celi
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2s 'about 14,000 rpm to form the slurry. Other examples of speeds of the
mixer are 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000,
wo 2046333142000, 13000, 14000, 15000, 16000, 17000, 1800G:H98%%04/000294
20000, 30000, 40000, 50000, 60000rpm. The mixture may be cooled, for .
example, in an ice bath during homobgnization, for example at 4C. Other™ - .
mples.of perature for coaling i cludeO%JﬁZ%g)C AC BC.30
=taAGR SO EIRT AN 15V hSRS P S il 6 e fiis Famspon
thropgle tix1atiod, dsoneaabebocabbe PpG; S8CARDIPUIBY@1an bneontrolled by
confBIAY I ME VIS AR HHHECISIBF R SURIGAIEH r SBRIGRIRELIM TR Ny prior 16

homogeneous dispersion. In accordance with the process of the present

 frespy R, e SRR FERIRIARAPTS SPhaBdcnaRyTY posibe isontrolied: by

seictiRp A HitlACaaERsIRa A0S iR fasitiaie: Call Wb BRRN3 10& e an acid
PC'T S%OOA/OQ%ZQ 12 ttachmenLBand cf[?I‘)obility and may assist blood
such a3 PALENHIPRE WLASRHONEE SHEP &t T ARODEs 1S hRsKEVeLy used

as lemiodinfdint, thddiarenbizerasit, poagsiy mbiebe!donpaithdtyn edniselivigdioxide

. bubg}éggl;gﬁe_eﬁi _gléarte% glncd/%% iy,‘vwater_igmont((%&t ai%fdtQaeﬁpgnrgpegenized slurry prior to

ing. In another embodiment pore size and porosity may be
colmiicehbpdimeiichioronposishie sibitrigdiraterafscaridgheicaiifinter -20°C

fredBMAQFIMEntS WRSLE AR A MB@;@M%%%@%%%M@&&@ for

such as calcium carbonate are respectively used as liquid or

exapiRi S B hSE RYGEERF BE RABReved by production of carbon dioxide
bukhigas subbgtiar aackian-PewrenRdhe aald AMEHARONAIG: WPORE poured onto

embadiment the )(gomposite IS subjected to two freezing rates (-80C or

e tray 3ad prerddyd %%@E’z@tmﬂm&m?ﬁm&s&ﬁmé(sr%?@sﬁtrer%"&

for theapgyle SERCIWEIClYr -egamplegtDe minthersng sizsd pofes. I in one
_.embodiment the slurry from the ice bath which may be at Is poured

e B e R, RE R AT AP AT A eh PR lot t

frecheeiraigereentd 160C hdoraiepoplensy tﬁ@@;ﬂﬁﬁ@, GQG@,W&3%{ example

the Gy #9C 6ARG a0e o smboglimept egslyrrygs pOeRin AliaY 3 srozey
_placed in‘an about -20C freezer and left to freéze for betweenlto12 ™ ™

MG Be AETS O sthengih aritiy Romene srikiufearrds elisnpibnsing dhafpliowing

evalauQLHOERHY dhaded. 4,5, 6,7, 8,9, 10, 11 or 12 hours. The frozen

mixture may be freeze-drjed untjl a dry perous solid foam is obtained
USHETERNGAIG CClRTERSRE h Bt THoRe S B Mo B phesnser

tmﬁb@ﬁﬁ&%&nﬂt%ﬂ%dd@ﬂ&b&t%ﬁmmt thezxandeaisetainplpbeaitee about
o oo oy O SR JE o SR
“betpotie drulikios i ebyeeh Ao (580 SisddiPe-0tstr ¢ @UMtE Sk Par example
ber@PALOLA00S £HE hohioh 85808 about 0.012 — about 0.0047 kPa).

Heating phase: The frozen mixture may be brought from freezing temperature, for
exampile -20°C into a roem temperature environment while simultaneousiy subjecting to
the abovementioned vacwum. This may enable the ice crystals to sublimate, leaving
behind pores.

In one embodiment the shurry 1s held at a temperature of about 0°C to about 30°C,
for example about 5°C, about 10°C, about 15°C, about 20°C, about 25°C for fiom 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 1s then suitably reduced
at a ramp rate of from about <1 to about 50°C/min, for exampie at 2 ramp rate of about 1°,
about 5°, about 1(°, about 15°, about 20°, about 25°, about 30°, about 35°, about 40°, about

45°C/min to 2 final femperature in the range from about -5°C to about -B0°C, for exampie



between about 0.15 to about 0.035 torr (about 0.012 - about 0.0047 IcPa).
25 Heating phase: The frozen mixture may be brought from freezing

woO 2tesmmmature, for example -20C into a room temperature enviFfpRERIk/s00294

while simultaneously subjecting to the abovementioned vacuum. This
may enable the ice crystals to sublinigte, leaving behind pores. In one

- sbofRANIMENhho SRy IS Beld AL SdeTRperAE Ahab AL e aBaN WGttty .
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or examplé about 5C, about 10T, about I

heldofordram ahoubh S MBS MR, o EiAarshLIL:-alp LESembodinaent the

frecBQ&Omab QU0 a0l 38.sABRNUAD ARG R 2008 about -

minutes. The temperature is then suitably reduced ata ramp rate of from
10524400 b S5EMRIM PRIVESB AR A8 fartd AL RbEut acua gray be
‘pﬁiﬁpgabﬁﬂﬁﬂi@,ba/b%ﬁnlﬁmab&:maﬂn%ﬂﬁﬁ) aﬁ@ b0 05 :S (BlORBEHPa), for
__about 35 45C/mi ina rature in.the range from about -5C to
X ?é‘ﬁﬁﬁ%&ég}(g%%gé’mﬁ%é%ﬁﬁ%%ﬁ‘k‘%ﬁég 86294 13

ablaubnd emikislinRt 106, c30pel3Be 40frebe-Gled 1OG! Fbstimadliy all water has

beelCHIBRIRIYE is suitably held for from about 5 minutes up to about 12

hours or more. In one embodiment the freeze-dryer may suitably be set

up 3t R BRsicaprad neet Teay e fantectsiernased bt addisonteafivutxample
c{}agﬁﬁ {QREXAmBIeRebNRRR @@@%@g&%@@% AROUL R GEHIN S % LS Shatural

‘ ed until it is between abou 8 torn (0.6lkPa) and about 0.005 torn

‘bongy Giste RIS, thsr Dicwainiel Buti ke RdbBEnGetone @unKmay Medreaeb with

an @ﬁﬁ@gﬁﬁ}mﬁ).iy@y@nhﬁﬁaie.odime%k;dﬂ@ﬁ?@%@&%%fﬁﬁ_@%ﬂﬂ;jM' dt"may be
sybstanti ater has beep sublimated. The composite produce

et R TR (FRBCIER 6 RSO ISR ASoR Cabfives may be

addmateridlesshasyto nfakedhenpiopabieselifnaompgsioisiiasds thakiprotein

- natural For.example.the.biomaterial. may be polymerized or the .
o s S AR s R ey & gl it proei

ma}éhﬂﬁfhﬁﬁ%ﬂﬁﬁﬁéim-aterial may be esterified, acylated, deaminated or
blagkgskvaith adRiosking: a9sil ARORINe S ay s Added 49 ¢ .IU%X'&EEQ{C cells

example fibre reinforcement, polypepfides, glycoprotein is antifreezes,

inchyde Pt A CERE Amitediite, Gratbsiinhotsts oPisEnasmisriisgerisdc adipocytes,

hepRtodoies, Mayrbes adHaddgithassisbi=4N SRR OPPR0GINERLINe LAMARSIS 1S, istet
_ﬂmag t%etgop |t|o§?d with cells. Sul;[able cﬁlls include, but are not limited
Celf, SPTCTAR cetfe Ut ls KerdRitSey PN o/t s e fiitilig! cells, and
mesvaghonsl glidlscalld astteayibfipobiasitancodmindn:hyitieiabehliSoistebiasts,
cell d li | h.as aortic.capillary and,yein endotheli
S a0 e ST R A R PR g fbrobiasts,
chopénecyrsrmr dimebiasteoblasts, smooth muscle cells, striated muscle cells, I

ligameRrt dRseliasts, o M&b—&%@%posite is cross-linked.  Cross-linking may
increase the compressive modulus of the composite and improve its resistance to
degradation. Cross-linking may cause the composite to become more physically stable
and insoluble in agueous medium. In one embodiment the composite/scaffoid
degradation rate can be conirolied by varying the extent of cross-linking in the composite
such as described by Y.S. Pek 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. Exampie 1
describes one method of amide cross-linking using EDC/NHS. '
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chondrocytes or fibroblasts. In one embodiment, the freeze-dried
composite is cross-linked. Cross-linking may 25 increase the

wo ReERgssive modulus of the composite and improve its resistanee40h4/006204
degradation. Cross-linking may cause the composite to become more

physically stable and insoluble in aggeous medium. In one embodiment

the.composite/scaffold degradation rate can be controlled by varying the

D PSSR PHIE S5 TS W R B R 18 B Fopample,
phiaicil, Blomideliaid 2h2(3) (R0 0dbiindy dUGDs&linBDe xam e thed. Cross-linking

freeze-dried gomposite, may he -linked hat it for, stiff foam
e et Rl A IE oA
or fibeste ditbedintemt ivalistion anstivlp b angayibe dubjiietise taichydrothermal
meg{@&sfggymuggianother embodiment, the slurry may be cross-linked prior

to freeze-drying. Cross-linking may be performed by a cross-linking

m&tRBIEsEh Wi P e %Wg@gﬁxmlg?s Hasiideobribe present

InvERERO A ABBICR SIOSSRKING HRIABE R/ NitSodRRR0698 LH86ical match to
SG2004/000294 14 Other cross-linking methods or cross-linking

PCTI
natﬁ?é%@’?nﬁ?db%ﬁﬂ?é’&? PEFUIAHBIE: physical, chemical and enzymatic :
meTthedsoafremitdstiniiiid ofayhbepusesit GrossHuikibgs nivy divpriternged it has
ith acrylamides, diones, glutaratdehyde, acetaldehyde, formaldehyde or.
st SR RN Sk B0 1648 REE oBRBlions o I Moseio 1o
progutiyditabement] eadnedidestinny Gdeiseated mp drednvithtionrreny be resorbable

by Seaffolisandhsarkehidhg scalfplds.ef %}gﬁgﬁ%%@vg%ﬁ%w%@?&?f The

mechanical properties and microstructur emical. to natural

mafssise, HntharBYARieroBar eV (RS TR eBi pifs tetserdts| e Drlmspidiete 600

midytenRasie-asppirasathatihagdesWiisinahpachRisa | SeneBr being
for load bearing applications and sufficient bioactivity to promote ~
f@%%géhﬁ?énf%*ﬁfo%we?am THE figtepertyt HicRegpRRgiment of the

inveasioibBiigobyshatgektiksi eoang bisdrle. to mechanical properties and
degradation rates. The material of the invention may.have microporosity .
of T P OR B o B or O B P SR e e o
3 . i& biocuptasdt Iélandmigle of being i_s resorbed aqd repl_aced '
by-figsue.Tsampesisiscatioldinone apbadimpalof tie Jyention s g
porosity qu_%alent to that of bone. The composite of the present invention
aprikRERIss et sreitlt sar RephssthgoanQsisringwsive Boadnmaninaghard tissue
imllﬁﬁﬂi%%ﬂi Qim0 %E&ﬁl_ ?@/ §§?ﬁ?ﬂ§§1@@1%ﬂ&@§gb f%gﬂfgﬂﬁgﬁgicﬁ%%ﬁfolés can
oad-bearing .zo applications. The scaffold can be used as an
be B AR AA P PGSR JSGHE ThiprPERd 8 BacHSE dsddge los.
Theotheffitdy Baeginfing apalgationsufihe:stafdlils aativites of the host animal

during recovery. They demonsirate sufficient bioavailabity in vive for rapid cell

attachment. The scaffold can be used in tfissue vepair or reconstruciion enabling
regeneration of replacemnent tissue, for dressings, as hemostatic agents or as 2 support for
cell growth in vive and in vitro. The scaffold can alse be used as a camer containing
protein or drugs for delivery. The scaffold can be used as a model system for research or
as prostheses or implants to repiac;,e damaged or diseased tissues or to provide scaffolds
which when occupied by cells are remodeled to become functional tissues. The scaffoid
can be seeded with celis and can be seeded with cells of the same type as those of the
tissue which the scaffoid 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 iissue, cardiac tissue,

pericardial fissue, muscie fissue, ocular tissue, periodontat tissue, connective tissue such
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be used as a resorbable bone substantive to aid in healing of large
fractures and bone loss. The scaffolds have sufficient strength to support

w0 Hite/dailysactivities of the host animal during recovery. Theypdemenstigégo o4
sufficient bioavailabity in vivo for rapid cell 25 attachment. The scaffold
can be used in tissue repair or reconsfruction enabling regeneration of

eplacement tissue. for dressings, as hemostatic agents or as a support
= e ST N s B s
maEIAST Revitaindnenabroteis, ondiegsaotisiehang . dipesvatistdcaTinesesfdid can
be BRA DA GhRYSIP IR ESPRLGH RSP RSIREREP RE r%&lqgﬁé% f&ﬁi@&?@m as

damaged or diseased tissues or to iprowde scaffolds 30 which whe
a MapInalderBiting) & reaem dbe RIS cssmalsobrotsrhatiasiressimpeuch as a skin
dreg;ﬂg@[cfogaﬁlgegg@@g?g with cells and can be seeded with cells of the

same type as those of the tissue which the scaffold is used to repair,

riﬁ’ﬁsﬁ%%?‘?gﬁffé%ﬁﬁ‘hgys oRF Y afRBCHL &R @?ﬁth%’&g;ﬁdbeﬂ@maﬂ)’:
subdiltensoasiylditapdtiasadivsdprasiiesisdy.implant and can be used to

re Issue such as skin,.nervous.tissue, v tissue, cardia .

tis@?ﬁ%ﬂgﬁ)}t@?&yﬁ?&f ?gsueegerﬁﬁ%c%sfﬁﬁgﬁg%%%g?%gﬁ, %8%%%&%? foliowing
spegiéisuex asapine cvbichisbouldusi o063 196 REIT S GRONAKINO 204l 5f the
invé@igoone, cartilage, tendon or ligament, organ tissue, liver tissue,

glandular tissue, mammary tissue, adrenal tissue, urological tissue and
EKWQtﬁfe tissue. The scaffold can be used as an implant which can be

intradueadwaing aliaaite: 3 YabltsaCRIEHhetioh 37 RAMamE akPEING it

higlﬁzuma : The‘?%caffo d can also be used as a dressing such as a skin s _
Wi iPe B o8 187 llq B IRRTT T ARV EB B sitENS Ay rIRE B rasdhts method is
prepapehbipthewy-hel pppliag topically, subcutaneously, intraperitoneally or

intramuscularl ,s%%e invention will now he described in greater detail by
re@%r{f"?g"ﬁ% o|%’v%i’r%’§“‘%b%%i¥r€‘8}§ les, which should not be

construéa{MCany4kaias limitmgrthgtstdpe of the 10 invention. Example A
The follm\{jgi }ggs@‘pple isa dm%@%% a method of preparing a
int

hydroxyapatfite which may be use e present invention. The
hy&ir5s sphtiiercenisinie a3 trdhaie galgivme istatreCofbisas s 45T ie dH,0
(dedaiawing SIRTtine Majarals Wepsesds &é&ﬁ&?&%&&?&%&%@.&m to 0.5M
amréNH‘A' 25%??04 mw=132.06 A first solutlon containing 0_.05M to 0.51x4 ]
SRRhRtrRE E NG R4 Je Ay reoPTmate iadthirhyas atded & suitable
amquiepad ad. fiepansidelylatisecilcblubominn@inpl 0 0RWERD BMbaE: 10. The
s RTERINAARES RBAIS JEHRAL L 258 BigRAedie wiich was added

for 100 hours at room temperature and a-precipitaté‘tvas; then collected by centrifuging

The precipitate was then washed with three portions of decreasing concentrations of an
ammonia solution NH,OH anddﬁgé, foliowed by two ethanol washes.

The resulting gel was air-dried for 24hrs on a watchglass, and further oven dried for
12 hrs at 120°C. The powder was ground and the resulting ground powder was then dried -
on a hot plate and optionally calcined at above 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 25om (by XRD X-ray diffraction) aggregated o
form agglomerates,

Exampie B
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amount of an ammonia solution NH4OH to adjust the pH of solution to
about 10. The first solution was then added dropwise to the second

w0 Sei9Ned he solution was then aged for 100 hours at roomgamaessiifoes

and a precipitate was then collected by centrifuging.- The precipitate was

then washed with three portions of dggreasing concentrations of an as

ammonia solution NH40H anddH20, followed by two ethanol washes. The

restihiPHering siraRkd for 265rERira RhR HYRrbed SiTIRABRS e Rarbonated
apsHie % aEn kRab5AlskA AL hERR RO deren@sng rOHB dADChHMIASHENG this method

. ground, powder was then dried %a hot plate and optionally calcined at

is DIFRRAEHBD B 5P SR RRCTS AR the microstructure, a scanning
eleThofoliverng sphtiakandtyrhjcvecgapadite produced by this 30 method

was un?&@@}r}%’g Elge_ resulﬁtgvg_mg%%hgm in Figure 3 at resolutions of

*120 an ﬁralns were approximately 25mn (by XRD X-ray

diffractidiyBgefididted to formragéfdiférates. Example B WO _
2006/03@}3 ﬁg&SGZOOMOQ@@Q@_@@ The following example is a
descriEtion of a method of preparing a carbonated apatite which may be

used Wiese senisino i Chib e dindh selchup dtiteatn N Retidfsin dERO
(dRIBRARREHN Y RObABLRIOCESS ASIONANS cdie dalaiN e ARG 0.05M to 0.5M

materials were usned: C}aﬂ%NOBéZ 4H20 m%236.15 (NH4)2HPO4
Wﬂa%smn)ﬂ%%b 78 G8A ir & D) ATBR R B BB A B HCOs
an@.bMubalsivinuniixaieiGa (MBS wid2Pripatt2 O AdalitsbRiegnveterdvas ammonia

repated...Separately, a,second solution.containing, 0.05M to 0.5 (0]

SR R BN R TR R e T
solifiold W dgmaddd ditgblessudf dotamstind d®ioras Tire pairsthn/veuithbleged for

tof an ia,.solution NI- d st f
R AR L e
PrEREISHE o SoHIBAS PR EEBI (iss misenenfaipsarasime gonkeRiFstianophammonia
solGHBRLRILNE AnRIEGiRainMRSBe B lasies Rugpatrifuging. The 15

precipitate was then washed with three portions of decreasing .. ‘
contCentraRtme GFaRTH S1EmE8 (RiorRIF PO RMRENGLSD 290 BFRET Byvdried for
126ihandlashahe Hievies Wi grgehdvasiaii-dasg dap Znimdopoaieatehglass dred

ar}g gur er oven dried for 12 hrs at 120C. The powder was ground and

_ B AETERY ihg ground powder was then dried on a hot plate. 20 Example |

Exmmgpgrie 1 shows a schematic diagram for producing a scaffold in

aCCﬁ@QQC@“gﬂE@S a schematic diagram for producing 2 scaffold in accordance with
one embodiment of the present invention. In this embodiment Type | collagen is used
such as 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 %120 and x2.3. The
microstructure shows fibrils of approximately 1.5-2pm in diameter mixed with thin filmy
sheets.

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

The shury 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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one embodiment of the present invention. In this embodiment Type |
collagen is used such as shown in Figure 2. Figure 2 is a set of scanning
w0 sspisanegicro hs of a dry collagen suitable for use in the preseficaees/oec2e4
invention at resolutions of x.120 and x2.3. The 25 microstructure shows
fibrils of apprOX|mater .5-2Ism in didmeter mixed W|th th|n fllmy sheets

2ol emd@ﬁ@i@zm) &dmw&wﬂie)ﬁlﬁﬁép Dhmink et ai

Bzoﬁkﬂfé}‘ié%stf‘?ﬁb%ﬂ%g”i@d whereby 30 calcium phosphate and/or the
apatite are interspersed and precipitated onto the colzfgen fibers. The

sIBepuhERfrduscaaneleralmeanhy ef oSl inlgel 400 ia spshasr i, for

&@%frmﬁemm%ﬁaMmﬁm@ﬂm%mmgmmg a‘@ﬁemgﬁr 100m,
protocol: WO 2006/031196 PCT/SG2004/000294 17

of BXARRI243-ditnethylaminopropvl)carbodiimide/N-hvdroxvsuccinimide
(EDC/ N(-]S) (Thedisddegiped tocalicen odifledifromtibe protgdedted @ldaif the final

et al |omat als 17 6 5 773 D
V‘S‘Tmmefecuiiar wela?? g/mo g@?‘é{; iS usela 5@%8% F‘%orggz 8?(15*%%%&@ for
wﬂaédm,@e:mm%mmmmmam of 115 g/mol, 0.064g is used per
100m1, Jor W@?oﬁ%@&%ﬁr&%&%gd@@%&%%@&}‘ﬂi&%ﬁ@‘ﬁmr@agm@ of

hydrated in half the final volume of deionized water (for example hydrated

deigngempaistéine eraomzctiviale 1or 5900 el metlrofirraiardramse dered00m! of
find" Qe pa (Bmbhissdolowesd s sabdn usPiednddNHacin Badf thehe final

final volume of deionized water (for example issolve in 50ml of sterile

congenirager i 8@ 48F Eobnangrd ditidte). This solution is suitably made
up freshyor egghilsshid S PBICOIFIsERtation iﬁr@ufghéu\/ﬁﬁm ane0:005Mteriie

ter|I f||1ertheE CENHS saolution throu 2mmf
conigifis B CERTAAT o ST BEARHRR e YRR AR RSt chigaply use
6mmahﬁib§)g§uilagﬂym‘él BnHD6lBHC mrzoltdded; with an EDC: N}IS ratio of
52; (4) (PSR AIPAMASIREIALIG (R @Pahd: Dol (©) Discard

solution‘as hazardous waste; 6 inse matrices in sterile PBS (phosphate

buffer séfihe @M?ﬂw brgapipasiastsiile PBS and incubate for
about 2 fgu f%ﬂ&%&%ﬁ%@%&%ﬁ@?&%ﬂ@%ﬂé'%%ﬂﬂ@ dsianizethange

to St 120 PR and Sriubate for 1ot Bowses « Defore use.
{7) Rinse for about 2x10 minutes-twice in sterile deionized water; and
{8) Store at 4°C for up to one week before use. '
Cross-linked scafiolds wers produced as described. - ‘
The effect of the following synthesis parameters on the final product were
compared: | |

(i) Effect of freezing rate on microstructure {e.g. pore characteristics) and
mechanical properties {eg compressive modulus); _

{ii) Effect on inorganic powder:shury ratio on microstructure {¢.g pore
characteristics} and mechanical properties {eg compressive modulus) and chemical
compesition and crystalline phase;

(iti) Effect of EDC/NHS cross-linking on microstructive {e.g. pore
characteristics) and mechanical properties {eg compressive moduius).

A number of collagen-inorganic scaffolds were prepared usmg various freezing
rates, powdershurry ratios and with optional croés—iinking. Compression tests were done
in Stmulated Body Fluid (SBF) at 37°C according to British- Standard 6039:1981 for
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Cross-linked scaffolds were produced as described. The effect of the
following synthesis parameters on the final product were 25 compared: (i)
wo Hifectobti-ee ' g rate on microstructure (e.g. pore characterigtiass@n@d4/000294
mechanical properties (eg compressive modulus); (ii) Effect on inorganic
-powder:slurry ratio on microstructure {8.g. pore characteristics) and

mechanical properties (eg ¢ ressive modulus) and chemical 30 .
o B o ot /S0 oL B i e
of mmmeﬁé@ pmmm@tﬁm)m ool Hoaprapertissde@f pores,
i ? SR SMG IR WA MHTRR P E SRl RE61HPQEIANE ﬁ%%ﬁgéﬁﬁﬁé%%} afier the

prepared usn;ghvarious freezing rates, powderslurry ratios and wit
 Popp e fatiansecinBarts o Shessrmprestion destel aFe ShowR Sinfligmsg 44 to 4B.

FigRey4auid (SBIRALATS acskding ta %Héﬁbl@??&ﬁ(&@oé.@njgg' Fddei WP 50mM
15.%]6/031],96 PC§562004/000294 18 orthopedic_and dental materials._ps

Phéo B AT it BT s OB EHETHBRAYR o i DrE B RPERRTSNAD curve

fotnitistaffshpgesdivednadin 3 00as At Soedfrefuesivdicasian B8 ROIRGen and Sg
final compressiv s was obtained from compression e bulk .
e o e T et piyed using
i O@ire! s¥foitm E@S@M 10 R2s Ev@am,éné agampressipeourvEi fareadD is 2
ced usi is AGH |E .
co%%%‘g%%ﬁ%f& Q%Q&é&i@ﬁ;él}aaé%%%mg)s% f@%%%%g%% peid, 2g

yapatite. Figure 4B Is a compression curve
coppgenead 1sRiFToomismsEmikpiaiidsyandrageelzdEfand Sg
. carboRgipdsaRaiias E&%Eﬁt@%ﬁta&@m@r%&%ﬂ%% RS @ a9 %50a] freezing

produced using, 100ml of 50mM phosphoric acid, 2g collagen and 5

CRPERRTRFE Rl den st LR ol TesnROTEF & edrying, The
m@regmﬁ%’m&@?kqmﬁ&mﬁ mm&f @ﬂ%ﬁk@ix%g @@H@ﬁc gRigRde38 indicate
calCl onate. e scalro rozen at - .- compression

g A SR A e A 8 BT fr SBgeoove modatus for
altanppistuemeseitson-2E08r ick csythatsiisadingotadangiidpdiats thitefreeze-drving
" gl -drying. The_ra regging ever has no apparent affect
BERRAION I N SR SHBCHAE PAGIRPEIALCK B cotlogen
StyetgB il eBl $oo TR tic i IBRIS Fothp e SR Gt Jafo B afl BalwpleBhysics, 38 (7)

(26009 081esh10, 206 s {is besefoy entaerremanded ihat he 1aeagrslying
~ temperature does not go below -50C. Oth

ers have reported damage to the
coltdden betr taend Get dhrdnsirempristedpoguiss (HH0300ER) gan be adjusted
byPelyyingPhyes:dBa(tir(3200) 98 7ThHgR midddisimay exRlawstine lVehigh initial
final compressive modulus..20. It has been found that the final
RN T F150 5B Mt Rt bold
- allpbwdevsiaratatinceshigivienvenkiulrydatior eultginahighdnitideading to no

significant improvement or even z decease in the final compression modulus.  Suitably

weight ratios of power to shury are up 5-15g powdermup to 10g collagen per 100mi of
laguid solution.

1t has been found the cross-linking also resulis in a higher compressive modulus.
Example 2

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

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

Figure 6 shows micrographs at various resoiutions for a CPCAP scaffold made fom
100mi of 50mM phosphoric acid, 4g collagen and 7.5g CAP (carbonated apatite powder).
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compressive modulus: however if this ratio is too high, the collagen matrix
cannot hold all the powder and excess powder would leach out during

w0 2668RBression leading to no significant improvement or evepragieGaRRaRi#0294
the final compression modulus. Suitably 25 weight ratios of power to slurry
are up 5-15g powder-up to 10g collagen per 100m) of liquid solution. It -
has been found the cross-linking also results in a h%l;?er compressiy

S R SEA ofﬁzgle in

com ared to that of trabecul tF"T pe. A ure 5 micrographs of
ARSI B8 vaﬁ%us reagrso ions ;C?see Cfl%qdense with some

Iaﬁggmxe r’éshtfw@(iﬁnd@@mm‘& wetlcaws srsalietipor deroa30EAP asalielidamade
S Haed gg é,p Gig %ﬁ%&?%@ mgrﬁ&ﬁr{ﬂ;ﬁm@ﬁ ) powder using

reso utions for a scaffold made from 35 1°00mi of

the shwepivefioldcmemiashirie matied Sy dpitedrboRamankpdite Tostyrial is
bonlVik 2 QR6/ Q3426 REHSHaRARAI000224 04 LKoo DEIRER BRNEIBYRIfed by

that thIS material has the closest match with bone in Tlcrostructure wit
OptiEFgRe Hie S BFEREGRIOMARE ROSH A sHAHOHEbASSSHE 35 RREIPMA R S12e¢ pores
ﬁoxﬂ&@ﬂ!@%&%%&@@kﬁ@ﬁdy@n voids between CAP particles. Figure 7

phs at var resolutions.f ra CPI-IAP
frtd]%ﬁ dﬁiﬁ‘ﬁ%ﬁﬁ’éﬁg ai V%ﬂagé‘ﬁefgn Qﬁg%ﬁl ydr xya{)@{d%sl)si)emve
X~rﬁp)/\@ﬁbmmg“ome@Hme@fﬁﬁablmadarﬁmﬁactmmgimétmﬁwqﬁwpbedqmcxd 4g

Exam materi r I
C% calﬁ:ggl}:]%ggg E[igI? éy O%'é |Z|ng ﬁég;‘(?gezmg ?5}5%%9%@31 it
canpb¢e®@ﬁ -tﬁa@ BOp maknin | En Sonmibkie bl SHBHTPD FEOTH SHEFOIESE e BA0nm
(wiidRBRHicles 1A Higus B3R s isgraPha 4t VaHot IR SokHIARS 8ilys that

an EDX (Energy Dispersive X-ray) spectrum for a CPC scaffold made
the {EARi gD AT OO NP IS sFHEHE R S&Ba@oﬁaﬁéﬁ%#%gﬁ&%le%mmm
reaS@ghonate powder using the method described in Example 1. It can be
seen that this material is bone-like but requires more large pores of 300m
Exgimiascan be obtained by optimizing the freezing rate). The EDX
Spatiinmg TR thatisstherpantidiesiare sbihe sdafividboadoicm ghgephatshows

sulting from the_acid-car X 3 d R
m&?uo?eggv%sré% Undertaken 0}9%{% scggﬁg}‘ %??%EU gégﬁé?gu é%@showsgﬂ%m%()ﬂagm“
hydrateapatiter CERAR soitighis swdsornadharastbqE rulsryihnd dolagmple 1 and
that GRYIFXYanaiite ﬁ@?ﬁé@)ﬁg@é@ﬁ% @ﬂ@%'ﬂﬂﬁﬁ? wnethed@al bone may be

described in Example | and
obtained by combining CAP and HAP powders in optimal proportions m the same

scaffold. Figure 10 shows various XRD patterns for collagen-calcium carbonate scaffolds
wherein the slurry concentration was 0.6g collagen per 100mi of 100mM phosphoric acid
using the general method as described in Example 1. Also shown are the XRD patterns
for brushite and calcium carbonate. It can be seen that the XRD pattern varies depending
on powdcr shurry ratio. ‘

Figure 11 shows Fourier Transform Infrared spectra {FI'IR) of sta.rtmg materials
and scaffolds made by the method of Example I and that of natural bone. 1t can be seen
that the scaffolds of the invention closely match in chemical structure to natural bone.
Example 4 '

In vitre smdies 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

100m! of 50mM phosphoric acid, 0.6g collagen and 1g hydroxyapatite. -The resulis are
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that of natural bone. It is envisaged that the best match with natural bone
may be obtained by combining CAP and HAP powders in optimal
w0 prepesiings in the same scaffold. Figure 10 shows various XRpnaitptntees
for collagen-calcium carbonate scaffolds wherein the slurry concentration
was 0.6g collagen per 100ml of OOmig phosphoric acid 25 using the
' eneral. meth described in.Example |. Also shown are the XRD . .
Sl S P < B SETE S ARG A e Sl SR RSOt the
scaffilérn varies depending on powder:slurry ratio. Figure | | shows Fourier
EE§rm Infrared spectra (FTIR) of starting materials and scaffolds
made by the method of Example | and that of natural bone. It can be seen ™
30 smatnhevecaiidiisioitiainscoporimipoaiptinatol snaffeddnibaibstGEummits was’

co Bang - EXRDRIGALD R Féﬂﬂi?%f"#&?n%ﬁ%%%ﬁ@?@é}f Silagen and

indicate excellent cell attachment and proliferation on the materiar of the

5g i Rvdrsartthicdk amimriswersived fos e Bdldamasenibeinf wrresmanaton and
no faiRRg: WRketR s SHaffold LHbe inmantioniusing shasalRld-padefoONTRBR smdy

100ml of 50mM phospharic acid, O. llagen and Ig hydroxyapatite. The
shows fis SHOMATH58 %tw&?@gbmméewwéﬁawﬁﬁ% fissue and
bichd. teerh bmaakn haheelisfhidohntanhdiabeupyepdoe. Side vébin Bi@w that the

ffold Example S.An in vivo study of 60 day.ectopic implantation of . . .
e P e B A Dl e B R B peszaton,
0st£00 frirpfaS0m Mp rosp mwricraliidtidy. cGltag enamdirmghipsirtseybisatitasical lresults
shmlﬁiéﬁré@ﬁqéoﬁhe full two months of experimentation and no

adverse side effects were observed. The results are shown in Figure 13.

Thigtgaiesy 1 4ed J hdeviblsmatovxian ms nsisorawis abemicdasiswe 30 days.
It &¥dsnceAtRanantissye-anthhgedivessehiymalionild hescaliolte recognized

material of the invention. The results show that the 6e scaffolds are
WIRGECBAR SRy itA S RSB o rt Y r HEEHET ncaPSHlth fomaentyi AR rosteon,
degsibahstafioat]toadd - baseforinsiotiz @i ddisdgsontinaelpydiRatrix and skin
ﬁshigtolo%iga!?&elsults shown in Figures 14 to 17. Figures 14 and 15 show
ﬁeﬁ%‘%oxyshn and Eosin staining after 8 days and 30 days. It can be seen
froii guesF it vel thastissuR oafewiss Hathing i pa8es:d 9 beyecdymizedle seen
ieok? O'EIRREY AN LAIGAI U BPBRAAS I IR SRR MUBHQH RO haced by

new osteon, degraded scaffold, blood vessel formation, fibrin netw

W UISH AGETPRRAPCEHPIRMMSEtelsan vs Braieah e ntesspigdiione mineral

an@hQuaten Keasaskiginingwadter 880030 damsidi @Nhe 3eaRiliomuthgai of the

in Eé%*gg;ér%t%%%lijz@ds é?%%‘%é'%sfgs%a%%%bgfggﬁggu ge?ifgdségsessﬁﬁ healing
~ and functioning of the defect area without the need for ariexternal supporting cast. There

was successful integration of the scaffolds with the surrounding host tissue.

Exampie 6 |

In vivo load-bearing potential of porous collagen-based bone implants of the

invention were determined. Porous bone implants were synthesized from collagen and

calcram phosphate for bone replacement purposes.

" Wistar/SD rates were chosen as this species is one of the most commondy 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 solufion by P {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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20

30

35

20 new tissue, new osteon, new bone matrix, new bone material and
integrated bone mineral and scaffold. The study shows in vivo

wo swglanitation of the scaffold material of the invention in criticalg&ethos/n00294
defects on Wistar/SD rat femur resulted in successful healing and
functioning of the defect area withoutZhe need for air external supporting

 onE3sind e SHEACSTIY INGUIAICR LG SRS WIRMIG . orcess surfuce

surrounding host tissue. 2s E le 6 In vivo earing potential-

haip Spllow ed hygiopicsteribisafiompiint 8 brehanivention were determined.
Porgys fianeinplaimacinsathasizetdan sallaganad68ici emur. The

osphate for bone replacement purposes. Wistar/SD rates were chosen

ph
- Projegpidansxneung i O BATAS ARIO¥EY for 30 in vivo stidies of

a similarinatuewvedamisiosninatsniue e tsddhandnghai, average weight -

of 180 tq,220g,.The rats uszg ere observed.for | week prjor tg surgery. )
Sust oo, SEIgERY O e A B LT e B e st
solution by |PIjntapenisBa]) using 50.Iml/i00g of animal weight. It was

ensured that the.aninals were properly-anesthetized by using the toe
pinch test for pain reflexes. Surgery was only performed on WO
20061013?&196%%4‘7@@29‘0@96@@91&3@@%e femur for each animal. The

operating regiRBassEhayRdilp. igipove excess surface hair followed by
ectopic sterilization with 70% ethanol. The skin of the animal was cut and

musc_les%enu@@é‘sﬁ%g?ﬁ?}?e the femur. The Protocol for exposing the
midsImafide fepgEas bsdolewSehdvivad ineiSian-Hestierobiofio t88ur using a
femoral shaft;. 2. Bice femoriséBF encountered if incision was _directly
TR (R SRS B FERPRAH G S TRRls KRR S
Refozffvhistos iptenplimier antaliyre i Gricd traatdBhmpauddlfi; &itd the gap created
by MRS5S (6 ASTRIEDGD ORRENG MBS IEMAGHIOMNS cioet (Cirschnes)
" mid-section of the femur using a surgical saw?or Simar 1ol as
pingRYpriaisyto cut completely through the femur. Scaffolds of appropriate

sizegyistR lRaeredd0 R fAlpRLessed fitinto the gap created is by the bone
removal. Scaffolds were fixed in position using stainless steel (Kirschner)

pins andfor wirdd. PkEtEode FEto Rl SHMGHs SKitiog progimegly through the
trotatieglagadgshion, exiting proximally through the trocanteric fossa;

2. Ammals lip extended and the femur adducted on pushing pin through
the rochanteric noich to avoid sciatic nerve and insert scaffold; and
3. Figure of Eight wire fixation used for additional support.
Muscle and skin at the trauma site was sutured shut using silk sutures (No. 4). - —
After surgery, the animals were held i a common room at 22°C to Tecover and
allowed to consume food and drnink as necessary. |
The animais were aliowed to acclimatise {i.e. pre-operative managmncnt} for at
least one week. Where necessary Buprenorphine was administered subcutaneously for
post-operative pain. The animals were examined daily afier surgery for about 3 weeks,
The animals were cuthanized using an overdese of carbon dioxide by inhalation.
Preliminary X-rays obtained from scaffoids that were implanted for 2 months
showed some bone healing with the fixation pins being removabie. |
Figure 18 shows a six month implantation of a scaffold in accordance with the
invention implanted by the above method inte Wistar rat femur (load bearing). The
resuits 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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20 2. Animals hip extended and the femur adducted on pushing pin
through the trochanteric notch to avoid sciatic nerve and insert scaffold;
wo Bivd/@sifrégure of Eight wire fixation used for additional suppogl-MuSlgs soo294
and skin at the trauma site was sutured shut using silk sutures (No. 4). -
After surgery, the animals were held ig common room at 22C to recover
and, 25 allowed to consume food and drink as necessary. The animals
SRS MHRRPTS et HEENESHRE SRR AR e niaAL GRTENF1BY Y- | JRspddition,
theyndemeakiréarfficienebaiyaBaliitn orpHinciwaspid minisiaead and proliferation.

* subgutaneously for st-operative. pain. The gnimals were examined dail

i B R e oS R oA TR A e Tomors
reryoEedole Bf-tgarbohscﬁm by Ihakalisn 230 R alimintint X-sey@add tairedordance
wiﬁp'@lé(‘ﬁ'fé&!ﬂ}.s thalyugre {E&?ﬂéﬁéﬁﬁaﬂ&%%%@é Iﬁmg - 0 the Figure)

healing with the fixation pins being remo . Figure 18 shows a six

Fighgithin rastatsmess suseasrdl seallelidhpedhvtirfhe pvensisial scaffold (BD
Bilvakaey fyihe @povsnpatbed intiay \isiphakiepius dead fearing). The
results show that the scaffolds are suitable resorbable bone substitute
materials to aid in 35 healin&g{glwfﬁact res d bone loss. The
scaffolds of the invention have Sufficie b% /031196 PC

/S%Qiof&%% &Qtﬁ&?ﬂg%efiﬁu@ﬁg%htg&dw»ﬁseﬁtw{thﬁﬁgf U0 Wrthopedic,
animal quri g recovery. In a th, ey demonstrate sufficient .
PR Ay R PR R D (P R R R ACBSS B s

hatheosaisicweret sascifeld Sonizsilesqrit-dnplaniatiantaot dbe deras

removed,for X-ray. As shown in Figure..19, X-rays sh hat a scaffold | .

oo B SRR By ool S 15N ST el e dapations
anygPyBhienhanRiy brejniigure the Anvestamor eisvecassiut spatidic thimwdiments
3 el fald (BR Biosciences) Fiqure-198 ¢ d_with,
m%ééfl??tes}gn& atg/ﬁ%olé_ -ig u_re%fl gil Cgi;m(li n %%t%%%ﬁp%ﬁa%ﬁ% %:%grgﬁg%%%%f %ﬁe@madly
d%?@ééﬁﬁ i%ﬁﬁﬁl@&rﬁﬁ@%@éﬁﬂﬁﬁmggﬁm@ﬁmﬁm@m to be considered in
alpRasaraceiinalrinedisal Netesasal applications and can be used '

.amongst others as a haemostatic agent, a scaffold for tissue repair or as

a support for cell growth. It will be appreciated by persons skilled in the art

that numerous modifications and/or variations may be made to the

invention as shown in the specific embodiments disclosed without

departing from the spirit and scope of the invention as broadly 15

described, The specific embodiments disclosed herein are therefore to be

considered in all respects as illustrative and not restrictive.
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23 Claims: 1. A porous biomaterial-filler comprising a biomaterial
interspersed with a filler, wherein the dry weight ratio. of the biomaterial to
‘the filler is in the range of 1:3 to 2:1, and wherein the filler is prepar_g :2004/000254
a sol-gel method to form nano-sized grains in the filler. 2- The B6Fif&giEe October 2006
of claim 1, wherein the composite has pores having a size greater than

about 100 microns, pores having a size between about 30 and 50 microns

and small nanometer size pores. 3. The posite of claim 1; wherein

the corfipisite contains at least about 25 Wt% (dry weight) biomaterial. 4.

The composite OA%I{%QS. |, wherejn the composite contains about 25 to

about 50wt%% (dr WoIGhY BIOTHATHE] RRrHEC SRR it ipeing with 2 fller
betwed !t BEGLIF 38 0w aigi e K5vitts (oyunaight) e TiRe SOMAOSIG QKA 2.1
1, whetedviretompasiteicomfaas B0 Q.30 %.0llagen and 65-10% . . .
hydroxyiepatite. 6. The composite of claim 1, wherein t ér%%arlﬁc’é Erinfiey o the

material exfracted from biological tissue selected from one or more of,

fetal tissue; sldnfderEvasE st dormentivettisauspodisThe SoRMPOSIER:of size
claim Ec@hefematatitnaaiens) ise E@ﬂ@)ﬁ@i@éb@mﬂ@&ﬁ&%%%#&% &F icrons ond
claim hﬂ}ﬁg@ﬁgg@gs@%&%@nal is selected from one or more of proteins,

peptides, psolysggf%hari es or other organic substance. 9. The composite
of claim 1, Whereifi tREAmekelsanis: Sdiensie dbir onmposicotomaieadfeast about 25
extrac@itefdrtisiekt roteinsafibronectin, laminin, vitronectin, tenascin,

entactin, trombgs I&Qjﬁg&heeé?ggmqe@gg@#g% l%%%%g’lé%g Il’gg{@gsgg%{' 35 to abou

anchggp.£handronectin, link protein,

osteogongn@erﬁir?‘gm RyIiFEAC v, fsrmmnt apifiiinbhagtietreen about 35 to

proteBRfcaITs eiEEnrinigigrmatin sulfate proteoglycans, keratin, keratin

sulfate pr@teogkgﬁa%&gggqga&&@ n%ﬁ{;}@ sglfate roteoglycans,

hepagiy;sylfate. proteoglycans, biglycan, syndecan, Penttarr iy yRif, 35wi%
e e

glycosaminoglycans, e, chondroitin sulfate, dermatin sulfate,
keratin suffate, Ty atmemic acidlapolysacehasides haparin HexbanSHliale o
chitifyaigititvgicd Bl e/ AICORY, Yigines, Avcosides,
9'3’0‘?:9595%{1?%&%%%})3’_”0'(95’ albumln, fi rinogen, or a Hi6s _E?H% 1 Grescie or
The composite of claim 1, wherein the biomaterial is collagen. it. The
compositg' of a@ﬁﬁﬂfE’PWﬁéf@ime vhlafietdoReaimoisissasied from
_ the” groupﬁconmllﬁ@x@5§€y|@g§%yﬂ%§3ﬂ§gg %Jr%%gﬂlaltl gsoye?gc?ergi -.éi}c/}%eolrlig or
COU3H&GE of proteins, peptides, polysaccharides or ofher organic substancs. |
9.  The composite of claim 1, wherein the biorﬁatexiai is selecied from one or
more-of axtraceﬁu%a; matrix proteins, fibronectin, latainin, vitrenectin, tenascin, entactin
‘t‘imombOSpondin, elastin, gelatin, coliager, ﬁ-i;ﬁﬂen, merosir, anchorin, chom-ironectin:
Im;c protem, bome sialoprotein, osiescalcin, osteopontin, epinectin, hyaluronectin,
undu%in, epiligrin, Kalinin; proteoglycans, decorin, dermatin sulfate prot%gly@s,
kemf:ﬂn, keratin  sulfate proteogiyeans, aggrecan, chondroitin sulfate proteogivcans, .
heparin  sulfate proteoglycans,  biglycan,  syndecan, perlecar,  serglycin
glycosaminoglycans, heparin sulfate, t:hondmiﬁnlsulfate, denﬁatin sulfate, keratin sulfate’ :
hyaluronic acid, polysaccharides, heparin, dextran sulfate, chitin, alginic acid, ;Jeci:m:
.xylml, polyvinyl aleohol, cytokines, glycosides, giycoproteihs; p&lj@molaﬁe, albumin,
fibrinogen, ora phospholipid. : '
10. The composite of claim 1, Wherein the biomaterial is collagen.

1. The composite of claim 10?- wherein the collagen is one or more selected from

- the group consisting of collagen Type 1, coliagen Type I, collagen Type I, collagen

Amemied- Sheet
PEA/AT




Amended Sheet IPEA/ALT PCT/SG2004/000294 Received 16 October

2006 Type IV, collagen Type V, collagen type 24 VI, collagen Type Vii
collagen Type VIII, collagen Type IX, collagen Type X, collagen Typ%
collagen Type XII, collagen Type XllI, collagen Type XIV, or mixtaree
thereof, 12. The composite of claim 11, wherein the Collagen is Type |
collagen. 13. The composite of claim 1 in the form of a foam, gel,
cross-linked spongy foam, stiff foam or otgfr construct including fibres.

14. ThelgpmiyosibibCIRimR 1, iR, m Of g,scaffold. 15 The composite

of claimyyhergin fiﬁ@co?}&é%%%p(% oré rzﬁc()xrﬁerg organic e SApETtge VIL, .
16. Th mposite of ¢ aim 1 '&éﬂ?ﬁ@fﬁ@eéﬁm@@e@wﬁmmﬂm Type
carbonAte"SP e divnn B¥neamintysaltiefiya calcium phosphate, or (i) a
combinatioddf cateicompsarbenaigand i sphate. 17. The
composite 95'9'3*&%%@9(%9&{& the caiﬁ%%h%%ﬁ?%%g%s%ﬁit@ agen. ,
tricalciyom ht? hate or octacalCitim bﬁ‘b%g’@i & ¥ o B otites-Giftlotdimongy

| wheréif the fir8fTs 5 Pilip seneirisisotbutiag fitees. the group consisting of:
hydroxyapgtae mwmamﬂﬁzggﬂﬁgfm ngl%qg{%palltite (CﬁP) and
zirconium hydroxy, e LZrHAP). 19. The composite of claim | wherein

the fillgr is a cgrboﬁg%%%%ﬁlﬁg%%e%g@% I TogBFive SRS eroin drerganic
grain siz SfBétween about 8 to about 20nm or a hydroxyapatite

prepared b&ﬁth&b@b@@mwmmvm@k@r&%%%%?@ggen about 40 to

about 60nmm 2Quibthe: campgsite of claim | wherein the composite
comprises(gy dry weight 25.to 65Wiro bioMABRErERd 35. to 75wt%oo0 filler.
od gﬁ%r

21. A method of %a- Fﬁ@sﬁhﬁﬁiﬁﬁs biomateriai-filler composite, said

composite(iﬁang@Mwe@mdaﬁﬂﬂﬁ&iw&i%%ﬂllﬁfol‘gﬂﬁg range of

1:3 to 2:1,15aid1Rethagd.emprising combining biomaterial, a liquid and a

filler tg,fqrm, 2 mixture, said fillef%rgépgérg%i%r&g‘a é&%@f’?ﬁéﬁ#@*@%ﬁnhm}ﬂey

nano-sized granein tHe ASHeHBRSgE Mg the mixture to form a slurry,

and freezé%dryiig temkitryioitbrm aposusbiomatesdaliiiler g%g@gcgezjtg@m the

iﬁm%;‘;ﬁé“m@wrw’%% B e AR S oot apate
- and zrconium hydroxyapatite (ZeHAP),

/SG2004/0600294
d 16 October 2006

;9. The composite of claim 1 wherein the filler is a carbonated apatite prepared
by-the sol-gel m.e&.md having a grain size of between about 8 to aﬁuut 20am or g
hydroxyapatite prepared by the sol-gel

method having a gruin size of betw
o _ et about 40 to

20. The compesiie of claim 1 wherein the composite comptises by dry weight 75 to
65wi% biematerial and 35 to 7Swt% flier. '

21, A method of preparing & porous biomaterial-fller composite, said composite

having a dry weight ratic of biomaterial to fller in the range of 1:3 to 2:1, said method
comprising | |
- combining biomaterial, 2 Liquid and a filler f@ form a nﬁxﬁ:re, said filler prepared by |
a sol-gel method to form nanc-sized grains in the filler “
homogenizing the mixture to form a sharry, and
o freeze-drying the slurey to form a porous-biomaterial-filler composite.
] 22 A method of preparing a porous biomaterial-filler composite, said compasité
having a dry weight ratio of biomaterial to filer in the range of 1:3 toﬁ:iﬁ said method
- comprising ' o -

combining biomaterial and a Hquid to form a mixture,

Amended Sheet
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having a dry weight ratio of biomatecial to filler in the range of 1:3 to 2:1, -
"said method comprising combining biomaterial and a liquid to forma

mixture. Amended Sheet IPEA/AIL PCT/SG2004/000294 Received f61/5G2004/000294
October 2006 25 homogenizing the mixture to form a slurry, adafiSgrE s October 2006

to the slurry, said filler prepared by a sol-gel method to form nano- sized

grains in the filler; further homogenizing the slurry; and freeze-drying the

slurry to form a porous biomaterial-filler composite. 23. A method of

preparing a pmmg&hlﬁgmﬁeﬂgdnﬁﬂé%qgﬂppsmmd composite having a

dry weight rgy'gﬁéf{p' erial 1o filler.in the rangé of 1:3 to 2:1, said
method .com ,ris%g:%%}ghi%ﬁfg{“ﬂﬂIgfc{;w{f%i’ﬁﬁlﬁﬁdtéyféﬁﬁﬂ%ma@pé,tsm nano-

-~ filler prepared 5§ Iﬁéféfl method to form nano-sized grains in the filler,
homogeniziﬁgfbhehmuﬂﬁzt@f&m@@!w, adding a bitimaterial to the
slurry furtheﬁ@@g@ﬁg iZing, th tsI rry; and freeze-drying the slurry to form
a porous bi%qmtgrial- lller co p&gffg@@f}zﬂ%%ﬂ?ﬁm Ry EHOorous
biomaterial-filler'c §ifE PRy iB® mpsseiebibravieiplafittey voeighi A orposite

biomat&Hargs fiewmetheatanethrikia 0 @: 4153l method ising_.
combiniagphigipaterial, a liquid and a filler to form a mixgtu?ég,?é%% ?l]%grsmd method

prepared bxm%?sol-glel ethod to. form nano-sized grains in the filler;
homogenizing e Frixttid f8%arHudsiofrymanaiftonz eaidriiibg tHoep sl By Wsol-gel
form a%?ﬂ‘&%’ &mﬁ%lmﬁmmmjwhereinthe liquid is an acid

and the amexeafiniomaterial,ip he,slurpy is in the range of up to about

10g. biomqgﬁﬁigl 100m] of up to a 16008til. acid. 25, A method of
preparing a po ﬁg it W&E‘Fﬁ’f%omposite, said composite having a

dry weight V¥ Sparavizinhestitter anithe range of 1:3 to 2:1, said
method qeﬁmﬂ%m;@ﬁmﬁl@?@o%&@#ﬁ &Is%%%%ela'nqﬂingg I:gxrnnﬁogit?mure’
homogenizing e, iire 10 form a Sturmy v e

- , -o. Preparing 4 porous biomaterial-filler compasite, said composite

Daving 4 dry weight ratio of biomaterial to filler in the range of 1:3 1o 2:1, said method

comprising ‘

combining biomaterial, a liquid and 2 filier to formg 2 mixture, said filler prepared by
a sol-gel method to. form mano-sized grains in the filer,
homogenizing the rixture to form a sivtry, and »

o .f“reez&dfyiﬁg the shurry to form a porous biomaterial-filler comiposite, wherein the
liquid is an acid and thg amount of biomaterial in the slurry is in the range c;f up to about
10g biomaterial per 100m] of up to a 1000mM acid.

o 25 A method of preparing a porous biomaterial-Siler compbsite, said composite
having a dry weight ratio of biomaterial to filler in the range of 1:3'to 2:1, said method
comprising
‘combining biomaterial and 2 liguid to form a mixture,
homo genizing the mixture to form a shurry,
’ adding a filler to the slurry, said filler prepared by a sol-gel method to form nano-
sized grains in the filler;
. further bomogenizing the sharry; and

N #eeze—dryiug the sluery to form a porous biormaierial-filler compdsite, whefein the
tiquid is an acid and the amount of biomateriai in the slurry is iﬁ. the range of up to aboyt .
10g biomaterial per 100mi of up to 2 1000mM acid, ‘ '

Awmended Sheet
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adding a filler to the slurry, said Eller prepared by a sol-gel method tc-ferm--
' nano- sized grains in the filler; further homogenizing the slurry; and :
freeze-drying the slurry to form a porous biomatterial-Eller com ositel,’ CT/8G2004/000294
wherein the liquid is an acid and the amount of hiomatetial in tHeSRIVEHid¢ October 2606
in the range of up to about | Og biomaterial per IOOmI of up to a 2000mM
- acid. Amended Sheet YP.G+A/AU PCT1SG2004/000294 Received 16

October 2006 26 27. A method of preparipg a porous biomaterial-filler
composite, Sdid mmsmém@ma-ﬂmwe@%@@@@omat%@&éiller iy
in the rang@obfidbavife drSRlskgthQd,comprisin mbining filler and’a _
liquid tq{{%@igﬂ mixture, said %iler p?eogg?glgageﬁnéi gfﬁé—%@“ﬁﬁ%ﬁ% B5 Yot 21, sad
nano-size gralnvgrllﬁ“tlﬁe filler, homogenizing the mixture to form a slurry,
adding a biditfabéreg @lehersluriigutd ih emQMeg RNz g RS A} » sol-gel

freeze-digfiog ﬁl&x&hﬁiﬁ(ﬂgﬂ‘g{@ﬁgﬁ@gﬁlf%iromaterial-filler composite,

I%gid Ls‘antgcid. and the amount of biomaterial in the slurry is

wherein they li
hi ! .
ip fg S0P TR e& M Fer I0OmI of up to a i000mM

in. the range 0
acid. 28. A EBtiscdienteria tedibsitire: method of any one of claims 21 to
26. AmendéeiShRaidREAA e shurry: and - ‘
o %cez&-drymg the sim to form 2 porous biomaterial-filler composite, wherein the
1@;{3‘ .IS an a;cxd. and the amount of biomat_eria} in the sharry is in the range of up to about
10g biomaterial per 100mi of up o 2 1000mM acid.

- 28, A composite prepared by the method of any one of claims 21 to 26.
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