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WD 2006/ 095154 PCT/ GB2006/ 000797 - 1 Biomateri al
The present invention relates to the field of
synthetic bone materials for biomedical applications

rticular, to 5 porous nonolithic and borous
S@ggpg@’%%affolds conprising col |l agen, calcrEﬁ%GBﬂmwmm”7

phosphate, and optionally a ;glycosam noglycan for use
in tissue engi neering. hbtural bone is a bioconposite
of col l agen, non-coll agenous 10 organi c phases

i ncl udi ng glyeosaninpgléggns Egg_caIC|un1 phosphate

Its conpl ex hierarchica | eads to
except i onal nechanical propertles |nclud|ng hi gh

tiffness str c

bt RERESRF AR el 26, e FERARnE S A Bone
nateesses for Wﬂﬂcﬁd’édlh:%)ﬂ. @@@:Llaasmbnec&m oih pdaiildnlar, to
basis. The chall enge faced researchers in the

PPFEFE FeneblhiG 2P ARES; &aﬁareﬂl 2Fatipids renpyising
c6QNRES] | & @Nth PP, Balk ¥btiomhipy Natural

bone growth in and around the synthetic material in

gt HeosAnkRG rcamifite Usedyn 2Hsphe heRIRRSTE Biker ved

that bone will bond directly to calcium phosphates in
the human body (a property referred to as
Nptonetilying)ig & Wompheﬁeel pkecaphadern |rayercdldiagetous

) 0 .
okfahlE PO S TE by CBL LRI A B e o
phbychsten n@wm@lelx hitkeagthéca hasid; ua@rnerkiemanist aobe
opti I ubstrates for the chnent, and . .
P Rt TR B o Paobersirs PEReE M e s5ifpess.
st espgtis) kimel fivadtheeprodghhess, amilicipimttenaneaanfiie bones
bone int human bqd 30 0] atlte is th
Ea‘f“k‘?%?ﬁf’drﬂe)%tpgyﬁ% °86ﬁ-ﬁ€'y?§ ?%%‘gs which they are
subjected on a daily basis. The challenge faced by
regearchers in the field is to make a synthetic material
that has a composition and structure that will allow natural

bone growth in and around the synthetic material in the

human or animal body.

It has been cbserved that bone will bond directly to calcium
phosphates in the human body (a property referred to as
bicactivity) through a bone-like apatite layer formed in the
body environment. Collagen and copolymers comprising
collagen and other biloorganics sueh as glycosaminoglycans on
the other hand, are known to be optimal substrates for the
attachment and proliferatiocn of numerous cell types,
including those responsible for the production and

maintenance of bone in the human body.

Hydroxyapatite is the calcium phosphate mecst commonly used

as a constituent in bone substitute materials. It is,
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as a constituent in bone substitute materials. It is,

WO 2006/ 095154 PCT/ GB2006/ 000797 2 however, a
relatively insoluble material when conpared to other
forns of cal cium phosphate materials such as brushite,
YO 6Pt phosphat e and oct acal ci um phosphatRCT/GBAG6/H00797
relatively low solubility of ,apatite can be a

di sadvant age 5 when producing a biomaterial as the

rate of resorption of the material in the body is

| uIarI CaJ ci um hosphates such as
hﬁﬂ;%-%yaﬁaflégLéY%;Yﬁ&ﬂﬁﬁ%qgi q Yateripl waeer¢emrared to
ey €6rmkhey s Bel@h HRIRALRS btk i WNE NSy, R &é”ﬂws%‘ite,
tto nﬁtural bone. Cbluﬁgen is a nechanlcalfy t ough
rRCE-CAIT BUPSREALe dnd iardRralew st Phomekataherlhe

reQaRaredyt Doy NG LN 1 89N £ ME%%E%@'éaﬁog?réqﬂfgédvantage

copol ymers of collagen™ and gl ycosam nogl ycans are€
WE‘SPhPF BHYRERT an i tfeariadhan thel Fatenofl osmyrriuton of

t5bi hhtbave: 1 eh Aty el QW ggaffcieﬁérwe&o 15 conpar ed

to natural bone. Previous attenpts to produce a
synt hetic bone substitute naterlal havi ng i nproved

g ov r ite and i npr.ov
CE????ﬁess er col Seﬁ%aﬁﬁg¥g %%%f?ﬂ%r%F%ﬁm%ﬁﬁﬁnégéﬁgy
Sanﬁfgm@tﬁmxaﬁsuxﬁ%awmm&rlnchaﬁear@gﬁ@ﬂiﬁiﬁﬁfyﬂﬂﬂ%w%&eaﬁﬁen
BTSSRI SR L0 S o FRERTNCN 1, coush
maﬂemeimb,rmm_tts Haiclreda tpiedyci oy @tmgémm%&bar%é to

conpri sing hydroxyapatite, collagen and

n%%%lﬁ%jr g:ﬁrl‘en' AMategRatE BYTPRES FRE fFé?ﬁQ:]-a\'lmelﬁsxPﬁg cgflagen
aﬁ@e@fycdﬁﬁﬁﬂﬂﬁﬁﬁy&anghh§e'§0Q@S§6d§53¥'dﬁdE fQ%}49Z9n

This docunment further describes dehydrothern1c
< 1 AGWE 0Pt RELEhoRRIT DI 1¢ YatdwllypHate stofEhess when

chipd RAE R M%E%&h@'ﬁoﬁ@ conprising apatite, collagen
and chondroi tin-4-sul phate have been found to have

good bi oconpati bility. The nechanica
Previous attempts to produce a synthetic bone-substitute

material having improved mechanical toughness over
hydroxyapatite and improved stiffness over collagen and
copolymers of collagen and glycosaminoglycans include
combining collagen and apatite by mechanical hixing. Such a

mechanical method is described in EP-A-0164 484.

Later developments include producing a bone-replacement
material comprising hydroxyapatite, collagen and |
chondroitin-4-sulphate by the mechanical mixing of these
components. This is described in EP-A-0214070. This
document further describes dehydrothermic crosslinking of
the chondroitin-4-sulphate to the collagen. Materials
comprising apatite, collagen and chondroitin-4-sulphate have
been found to have good biocompatibility. The mechanical

mixing of the apatite with the collagen, and cptionally
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m xi ng of the apatite wth the collagen, and

optionally WO 2006/ 095154 PCT/ GB2006/ 000797 3

chondroi tin-4-sul phate, essentially forms coll agen /
chondroi ti n-4-sul phate-coated particles of apatite. It
WaS06ed/ f ound that such a material, althoud§T/GB2006/006797
bi oconpatible, produces Ligited in-growh of natura
‘bone when in the human 5 or ani mal body and no
renodel i ng of the cal ci um phosphate phase of the

syni het.i, i Th I kel etal -sites
Cﬁggéﬁ%i%léé ‘%gﬁPﬁéE%hqééiéﬁgaﬁ%l yf§F%8i§83%%g%§sés a

clepebicdl inhdksehpgkato-déhiord lrepdaedilessovfgepasita. t hat has

unl i-ke defects in, skin, nerve nd nost. other t; e
oddh rgl GRat apuinT At Tt 222 R pEbESher LIRHES,
prltdcﬁﬁjé% 1ypesedl lz'.ﬁ-—gb@ﬂﬁll .dtarriaiﬂrt]l&@&, bghendnanaﬂld the human

|garrent , .l nvol.ve ocat ns t t naergo.reg arlr
%@a«}aﬁlcépdwoaa#n@? BRIP4 - 8¢ FheeFPACHET dRh Rt

phbsdligrekaki §0dthor M mNadaldised tissues (e.g. |iganent
insertion points, the "tidemark" at the bone/cartil age

interface). Existing clinical approaches address the

THERR: 1 f ogkekeiabay 20 wdaf %&’n?)r%l'nﬁggﬁ B?t Prauma,
non-resorbabl e prosthetic inplants, ut ol ogous or
defldrogénons dissase gpedass,a Gpesiiedl chgéhesge el | _
l.ant at. | jnati f se4Mef, hods,
o rE e, BhL BB 00 R AT, dRRESESTE M9EE g
artchewosttr eahaentisfusi ngles t isskedeteypds fettasescoierss

i,nterfaces 25 between mneralised apd_unnne | sed
mW#%iB}S’agés%ﬁgﬁfinﬁsu%nﬁﬁ?%is(éfﬁrchgé’jglﬁ{E%%i%bts
tdrlonexadpl egamnest) | imvolheallicegttibat tBatatndesdq regular

i nconpl ete. Furthernpre, even th st _successful of
necig RgRdy &ﬂ@d%?%at?ﬁt?’"’r"&&&i‘ar dREPERBres REYS R est of
miteS$Ue sbHOAb auElONREr £l I @Rrd/seekheesyt UL GGtk t O

bone, cartilage, |igament or tendon. The forner
insertion points, the “‘tidemark” at the bone/cartilage

interface).'

Existing clinical approaches address the repair of skeletal
defects either with non-resorbable prosthetic implants,
autologous or allogenous tissue grafts, chemical agents,
cell transplantation or combinations of these methods.
While these approaches have achileved some success for the
treatment of single tissue types, ‘cases where interfaces
between mineralised and unmineralised tissue are involved,
such as articular joint defects for example, result in
healing that is, at best, incomplete. Furthermore, even the
most successful of the existing treatments require either
the harvest of tissue from a donor site and/or the suturing
to bone, cartilage, ligament or tendon. The former

procedure suffers from lack of donor sites and donor site
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procedure suffers fromlack of donor sites and donor
site WO 2006/ 095154 PCT/ GB2006/ 000797 4 norbidity,
while the latter is difficult to inplenment and
ditional defects in the formof sut
‘W?QS&@ﬁn%ﬁe ternms conposite scaffold and | ayere B2006/000797
scaffold are 5 synonynous,- @nég refer to scaffolds
conprising two or nore layers, with the material -
conposition of each layer differing substantially
ndiMitde gkl sheCoOpPOs tiONifridat adj aﬁsméméﬁweénd
or layers. The termsingle-|ayered scaffold
CRRATAT Aol tdeRpLoAATRFES st dHifdRE™ &dd suépee b@l%
scaffol ds conprising one layer only, with the materi al
conposition within each |ayer being |argely

Thorisg@fe §98PoehEBugRabfo A Andrilpg@rrdnserfEpldeaent

shayve s r
el et Ehn 55 Sorouais Dorb3seRybeb GE
laveersyr eiatthehheomaaen@ln mmgqalrttm@ebéceschu hawavi ng

ca d
I3tang, ShbeEAIE 800 0 By T P0RE 2L bR B8y ot it
adjeenindayear bi| Agpeconc Uliree ey shn@leslagese@a&eﬁﬁfold

f f Ni ed 000,
o Qadrehebr oaho o500 b BOToH !, BH0iTERe St al

| s(@21dSchagbel sehgabne 20OGX ofher,waadh €heahate2DOD;

Hun 003; Hunzi ker .and i esang,. 2003). 25
RS OTOHAF AT RE BT S TRV Sy erad SELPropdaoneasgots
tHRhgRbL@l they hold for achieving sutureless fixation

via direct attachnment of the bony |ayer to the

subchondral bone plate. Provided the cartil agi nous

A RAGELQA REABLASoE! Fldohatdached phoat QSuSREthF’OééJé?L%p

no additional fixation i1s required. 30 Sutureless
tstsmrﬁoglnwrams@W@Q$ém¢eamﬁﬁy pbroe$ ectayered

sd&o‘ﬁg'_nﬁis”@oi: NSRL UL POSRAN T Qe BA99D 308, 1 gapERNts tO
involving sither cartilage alone or both bone and cartilage.
These constructs seek to induce the regeneration of bone and
cartilage concurrently, but using separate scaffolds for
each (Niederauer et al., 2000; .Schaefer et al., 2000; Gao et
al., 2001; Gao et al., 2002; Schaefer et al., 2002; Sherwood
et al.,, 2002; Hung et al., 2003; Hunziker and Driesang,
2003).

An additional feature of layered scaffolds is the potential
they hold for achieving sutureless fixation via direct
attachment of the bony layer to the subchondral bone plate.
Provided the cartilaginous portion remains firmly attached
to the bony portion, no additional fixation is required.
Sutureless fixation may also enable the treatment of defects

involving insertions points of tendon and ligament to bone.
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WD 2006/ 095154 PCT/ GB2006/ 000797 5 Despite the

prom se of this new approach, two shortcom ngs can

limt the effectiveness of the | ayered scaffolds

reported to date. The first relates to the materials
WO PY 4 t he respective |ayers of the scaf f dlGd/GB2006/000797

Resorbable 5 synthetic polyners have been the only

mat eri al used for the carti’l agi nous |ayer, and have
often been a conponent of the osseous portion in many

of these scaffolds as well. Al though easy to .
Desmylic & PIPRiREt PE BBl RIS SHRFORSHwWNtFE sherteemings

cHPMAWGIY @ k0 ¢ebbt AL L ACHIENE @fedaﬁwrgﬁeéegifeﬁalﬁé‘an 10

natural polynmers such as collagen, "and can furthernore
repgEdwse toi gateoncéher firvhsrolfates doashehwgtdegabsieised

fé\{l’fterfév%fe:sg(egfcieephégé%é Of# %‘tégrsecatf%?.%r] .Oﬁe.L,B?ﬁé‘EI‘é
repair | necessary, resorbable syntheti c polyners,
syregertdice polgfiershbavanpesn i therondly mhéprasd used for the

C . , I ha uat e strength _and stiff
SR PER 0 | R S S e P e
ogstals potraiboniexeany ses. thdee seadfdlshoatceaing of

nventional _| ayered scaff ol relates to the
B AP 8 e RO MR T B e SIS L n PR P3 o R el £
beartdseUl-ahdjeh e St ande 1 Breiyd drir@aite ahdl peELLEORaPOIMtshan
are characterised by contjnuity of coldlagen fibrils

NANAde ROL KBS AP N SR | 32 FUE I ABFaFPB el F ERPORICE The

réﬁ%ﬂ&etﬁ&bhsﬁéhééﬁﬁ$aéi6ﬁg'bﬁ!é@ﬂ@ bsORRe(SQbdrade.
i nterfaces) |nEarts an intrinsic mechanical stability
P

Marpavieas e fort aBp L Psakl 9w ipnchésndenwPr hsigament repailr
; i-Ql.qgi,ca ' | . Lcal j
190h>é%e9599yf kelsgfgwﬂewmlcn%%ﬁbse, %@g%%&g;eoﬁ,gd;bf

contrast, the majority of existi ayere
theomeaainerhandwhitlerfaeesard meiswd iakedi shanet L

R Yo ATk oS A

22008y dndiogheshaechii gues: @roceseal., 2002;

The second shortcoming of conventional layered scaffolds
relates to the interface befween the respective layers.
Natural articular joints and tendon/ligament insertion
points are characterised by continuity of collagen fibrils
between the mineralised and unmineralised reglons. The
resultant system of smooth transitions (soft interfaces)
imparts an intrinsic mechanical stability to these sites,
allowing them to withstand physiological loading without
mechanical failure. In contrast, the majority of existing
layered scaffolds contain hard interfaces, forming a
distinct boundary between two dissimilar materials.
Suturing {Schaefer et al., 2000), fibrin‘adhesive bonding
(Gao et al., 2001) and other techniques (Gac et al., 2002;
Hung et al., 2003) have been used to strengthen this

interface. However, interfaclal debonding has still been
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Hung et al., 2003) have been used to strengthen this
interface. However, interfacial debonding has stil

been WO 2006/ 09515 PCT/ GB2006/ 000797 - 6 reported

ﬁ%ﬁ@m&ﬂsﬁ?ntr°|led ani mal nodel s. These suturin and
ondi ng- net hods are al so delicate and poor |y FCT/GB2006/000797
reproduci ble. 5 Previous wosk has devel oped neans

t hrough which the paranmeters of freeze-drying

protocols can be controlled to produce porous

scaffql ds of, col 1l agen.and _on r .
TRy EGSanT o1y G TCOARS 2 VaRRaB ot 1% | Thigiy Sutering
an@ BeoheMngtme®lods 20@4a1oBrkdhceteabng 25y Lor ee et

al 1989%1 10 ). These techniques allow scaffold

2

repgafiiFésl@uch as pore size and aspect ratio to be
varied in a controlled manner, paraneters known to

have marked effects on the healing response at sites
Prefrippautierbrhdhidrvplonedeernst bRIOTgR AT |
pagQ?QEé§§ s PVELYd NG SKehet BlroRBdoMySesh askal@itdlollzd to
e

ects, It Is necessSary to develop technologies to
prprdodaceorpos ot Sedidisolods cRiLEAIAAL P PR FIHAEES ons

n | chalast erlahicSathat . cl osed y dvaGhn et
gl?ﬁgggﬁgggg%ﬁ%%“%s oé%ﬁsgga%%%gtﬁgsgiof unniﬁeraliséhe
alcol bagen- GG soafdiolads., 200F%helpresedt ahvEtftdlon seeks

to,_address at. | east .sone of L F '
)t EREGR OB S R e O sPa 08, EOPRELE dRaPdLite
siaeCaAROsShpechi mitceticalbe arpedsinga acontorlgad canner,

mat eri al and an organic terial 25 th r,oc
PagERBFPEF nEio ) =D #%\Yied Fﬁ%i&gf ie?g? CE? u?? ytercl:% rr]rbeoa:l |Sit%|gon
re%ggﬁéésaﬂgsfteéIdﬂﬂﬂiau%@rbegﬁngﬂrypgrghw&waruﬁﬁnizﬂ

and an organic material; | [ OV n nmou r
ETERETSPES PY; LB IO w&&giélﬁnag?ﬁskéi [F79 T g eLetal
qeFebkd, it is necessary to develop technologies to produce
porous scaffolds with material compositions and mechanical
characteristics that closely match those of bone, as opposed

to those of unmineralised collagen-GAG scaffolds.

The present invention seeks to .address at least some of the

problems associated with the prior art.

A process for the preparation of a composite biomaterial
comprising an inorganic material and an organic material,
the process comprising:

ta} providing a first slurry composition comprising a
liquid carrier, an inorganic material and an organic
material;

(b} providing a mould for the slurry;

(c) depositing the slurry in the mould;
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WD 2006/ 095154 PCT/ GB2006/ 000797 7 (d) cooling the

slurry deposited in the nould to a tenperature at

mhich the liquid carrier transfornms into a plurality
solid crystals or particles; (e) renoving at | east

‘%Bﬁ%m@?lf%e plurality of solid 5 crystals ofCT/GB2006/000797

particles, preferably by sublimation and/or

evaporation, to |leave a porous conposite material

conprising an inorganic naterlal ~and an organic

( Ln rial fromthe
noul%éﬁlwg?'%et eszlr%&%po\?{m %?‘H; d ln 3:§bd MO fi°nBans a
tepperdialrd hae:t erschbltheoirpqmidblnmmidr & uwFEs A antovh
0 The lu used herei.n enconpasses
P %%%1%% 4& Sﬁ¥¥t§§§p%5§?%ﬁﬁf &3 oi ds and
{ei) S SIS Vi) a3:5 1¢heti ﬁ@m@ﬁﬁ Ctl'mitzﬁ_rdx%:ll\ﬁ hbft ypical l'y
r|se a _cal gci um phosphate materi a e organic
C-‘ﬁ%ﬁ |°RMHairt&§EFéa| Pye %?ﬁ&?hé Ya Wied-1BRgaPRI andoer

eﬁapﬂmaﬂioﬁfOkoeiéﬁﬁbeaOﬁﬁréﬁﬁucdﬁybéﬁﬂeu%bkb%@gloéompr151ng
suspended in an aqueous nediumto forma slurry.

e B i SRGEEL BheanGr T g AL CalmgipirAal i and

(B YCRSRIViRGY lt)a@amﬁtelay@i UF QDAL LR @gan, and
synt heti c pol.ypeptides conprising a portion of the

pol ypepti de sequence of collagen. Collagen-is the 25
Tl‘@' Q.fe%r{ %QLOEBESE'!LQi ar.%%%é%{]qlé )éllltl’logl%g.ggr a%gheﬁial .that is
gl ycosam nogl ycan. e termco €n as use erein
buﬁﬂnam@asbés wethndi mamn dnuum1m@dhbodgllagen 30 In a
preferred enbodi nent, the inorganic material conprises
a cal ci um phosphate material, the organic nmateri al

Theorgerins 63 udy 208 64 K95 et RGT/e0R200665080 79 urries,

solutions, suspensions, colloids and dispersions.

The inorganic material will typically comprise a calcium

phosphate material.

The organic material will typically comprise a bio-crgainic
species, for example one that can solubilised or suspended
in an aqueous medium to form a slurry. Examples include one
or more of albumin, glycosaminoglycans, hyaluronan,
chitosan, and synthetic polypeptides comprising a portion of
the polypeptide sequence of collagen. Collagen is the
preferred material, optionally together with a

glycosaminoglycan.

The term collagen as used herein encompasses recombinant

human (rh) collagen,

In a preferred embodiment, the inorganic material comprises

a calcium phosphate material, the organic material comprises



10

15

20

25

30

- 8 collagen and optionally a glycosam nogl ycan. This
results in a porous conposite material conprising the
cal cium phosphate material and col | agen and
Lonal ly a glycosam noglycan. Preferably, the first
gﬁ%?g?aggﬁprises a 5 co-precipitate of col | agBRI/&R06/000797
the cal ci um phosphate nmaterigal- Mre preferably, the
first slurry conprises a triple co-precipitate of
col I agen, a cal ci um phosphate naterial and a
¢ Yieupanmaneylopeannal QyAkt §1 fadd a8lnbg 1hRG A i 1 %i? PLLY D s
Iy, S|gp%y conprise a mechanical m'xture of col'lagen™
and te ¢ GORCEAGSpRater i Mateinnisdng opei orabiynt he
Plospozar ragkysan. afhi oMYy any %?)_L&%gaﬂyaa
onventi,onal technique such as described in; “for
ARrEineelrcot64 EBafemblsp- ADG2 FA0E0. sVhirke @cdfirises a

JBphRleak a ALXLEr o formthe slurry, a
co- prégip?tate o?ogg%?ggéﬁﬁﬁgﬁgtﬁégga %i@ﬁ?ﬁﬁ%@%ﬁate
ECErRA:  Ypra Preperalkly pride ditratesdhreol bagerisdhe

B oroP el o B R LAl B o2 p RAT L 1 BAT 2914 Ty

géeyépécerd, af gtyexsamimglyknam one or nore of
brushite, octacal ci um phosphate and/or apatite. The

cal ci um phosphate material preferably conprises-

. ABteshetéve D, Thes pH oft tshershunay éﬁm@i’ﬁfc’%{%ﬂj}éé oM

5. ,1mre eferably from2.5 to 5.5, still
mrgrggaeﬁ%?ag% SPHbTRFS rcgﬁrn‘?idagﬁé arg thycaksiym mhosphate
mpt et &1 Bk foremn chal) 1ty0 tﬁe291§885§h%6d1m.03izthii%an?ybe

co rliq?one or nore 30 gl ycosam noglycans. The slurry
PEBNPOST t1%rf MM EHRioneéd sashnbgueptech dicidgmcribed in,

fphospegd e matrer-ahi%a WP12008/ B951.54 FGH (3820064900797
9 _ The presence of other species (e.g. silver,
m%?@ﬁ%ﬁﬁﬁlgﬂqﬁhﬂie may be used to form the slurry, a co-

précipitate of collagen and the calcium phosphate material
or a triple co-precipitate of collagen, the calcium

phosphate material and a glycosaminoglycan are preferred.

The calcium phosphate material may be selected, for example,
from one or more of brushite, octacalcium phosphate and/or
apatite. The calcium phosphate material preferably

comprises brushite.

The pH of the slurry is preferably from 2.5 to 6.5, more
preferably from 2.5 to 5.5, still more preferably from 3.0
to 4.5, and still more preferably from 3.8 to 4.2.

The slurry composition may comprise one or more
glycosaminoglycans. The slurry composition may comprise one

or more calcium phosphate materials.
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tabl e salt, sugar, etc) in the precursor slurry is not

precluded. 5 At |east sone of the plurality of solid

crystals or particles my be renoved by sublination
and/ or evaporatlon to | eave a porous conposit

Wé’(?é'P‘i "8P13%onpri sing col l agen, a cal cium phos‘iﬁ%@%m%mo“"”

material, and optionally a_ gl.ycosam nogl ycan. The
preferred nmet hod is sublimatlion. 10 Steps (d) and (e)
may be effected by a freeze-drying technique. If the

e Lrie wat er, .the supli st.ep
T%Sné%gsé%gc? et UCOtShert R eﬁrlggs %egl n% refn\ﬁlrlolr?r?é‘nt silica,
tabbensalthe smyd wtd: )f Hozehespuecyrdar belhow vt He titpl e

oi % of the water/ice/water vapour system
P SFEB‘J\% by elevation of the tenperature to greater
than the tenperature of the solid-vapor transition
tepperature at_the achi eved vacuum k6 pressure.. The ice

AEnleRE" FRRQE i DPLECRILY TE R S i TG AIEDOF vi a

paublE1d Iy &% By biesapbikitidardddloy ieddindrd@ion
vapor pressure is lower than the partial pressure of

tphéea¥ry gy RPAWuUICPROSHES BaFeeinl (HRAIRINde cOthagen, 2

cheHP&h %M&E‘phdt% fnbér%'e‘:‘:@la'l%/ ghgvateddnial Lpr above 0C
This step i's perforned to renove the ice crystals

gﬁ-]?@@@*ltfﬁﬂélchw s| Ghey prefarsedinetdidcdn.s 2abtiaation.
freeze-drying parameters may be adj ust éd to control
pore size and aspect ratio as desired. In general,
Sslapsverd codl i kg mtyebeaacﬁfhd:’gér@rbjimaﬂra‘erzeaeziirrygng

LORELALYT % (LT o QRPLEy c£00L1 1, R APREEH LBl on
sfayommlarsm pedes ingt BhbBi ghessurs p:ecttrreatelm,rom&nehe
A RIY I
oﬁwlﬁgxﬁﬂﬂ§¥¥ﬂi%/ﬁ@?é@BﬁaﬁﬁﬁQOQQQHEm, followed by elevation
of The temperature to greater than the temperature of the
solid-vapor transition temperature at the achieved wvacuum
pressure. The ice in the product is directly converted into
vapor via sublimation as long as the ambient partial liquid
vapor pressure is lower than the partial pressure of the
frozen liquid at its current temperature. The temperature
is typically elevated to at or above 0°C. This step is

performed to remove the ice crystals from the frozen slurry

via sublimation.

The freeze-drying parameters may be adjusted to control pore
size and aspect ratio as desired. 1In general, slower
cocling rates and higher final freezing temperatures {for
example, cooling at approximately 0.25°C per minute to a
temperature of about -10°C) favour large pores with higher
aspect ratios, while faster cooling rates and lower final

freezing temperatures (for example, cooling at approximately-
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10 2.5C per mnute to a tenperature of about -40C)
favours the formation-of small equi axed pores. The
term "noul d' as used herein is intended to enconpass

| d, container or substrate capabl e of
gﬂ%awagggﬁblding or supporting the slurry FCTGB2006/000797
conposition. Thus, the mouldaor its .sinplest form
could sinply conprise a supporting surface. The nould
may be any desired shape, and may be fabricated from
Ay swit-aph gupates i alcdud dine Bel ¥BBLS {S0Td) agavidlirs
pol ysul phone, pol ypropyl'ene, polyethylene), netals
uﬁ§uéhra9ti9napﬁl%ﬁﬁ#%ﬁ@ﬁﬂ%a&ﬁdﬁaﬁFﬁﬁr cobalt chrone),
ceram cs (such as alumna, zirconia), glass ceramcs,
and gl asses (such as borosilicate glass). 15 The .
Taep [tiecant'meukdl | derusgplicominods PCTEEROd/ 0O4SBRMPAsS any
filed 28 October 2004 sScrj [ . .
R o PR TAR e o LT gy BPaEa?, BELBhfging, holding or
Qippeesdaignenk yshnr oy tangpriddss .f ofhust stipe epankd jigh 1ts

B s

MHOVied hByAbaexnd. ddhierdit etese,deadr hbedoé nfabricated
PCT/ GB04/ 004550 i nvol ves: pravidi ng En aci di c_aqueous
IS EPYN SESRBPE R i PR ot 3 agdtr T Ue10g] PO Edul S&ArtT a -

JNQSRNGHBHE, SPHI FEr SV dh el YeASRTNROEhYEANKe BAls 2Bsuch as
précipitating the coll agen, the brushite and the

Ylajcdsan A68FY cahl taiethercHidh CHECRGUeotST¥B R | Gitel 28
D10 f1 QM L8 EELPL R, COr LU LRI, ThE §8aSkes (such as

co-precipitate neans precipitation of the two or 30
Hdwced ldoapeuadasaher e t he conpounds have been
precipitated at substantially the sanme tine fromthe
same sol ution/dispersion. It is to be distinguished
THeorapp 1 \B22606/ 6951 bedr R IGB200ON008¢Y7GB044404550, filed

28 October 2004, describes a triple co-precipitate of
collagen, brushite and a glycosaminoglycan and a process for
its preparation. The content of PCT/GB04/004550 is
incorporated herein by reference. A COpPY of "PCT/GB04/004550

is provided in Annex 1.

The process described in PCT/GB04/004550 involves: providing
an acidic aqueous solution comprising collagen, a calcium
source and a phosphorous source and a glycosaminoglycan; and
precipitating the collagen, the brushite and the
glycosaminoglycan together from the agueous solution to form

a triple co-precipitate.

The term co~precipitate means precipitation of the two or
three compounds where the compounds have been precipitated
at substantially the same time from the same

solution/dispersion. It is to be distinguished from a
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material formed fromthe nechanical m xing of the
conponents, particularly where these conponents have

been precipitated separately, for instance in

di.dLek i s, sol utions. The mcrostructure of a

co precipitate is 5 substantially different fFGHGE2006/000797
material formed fromthe _ngghanical mxing of its
conmponents. In the process for preparing the

co precipitate, the calcium source is preferably

AL LA LM H8nOEnOERl, FALCIHR IR Bt baLe,
? m-ace €, C|un1c ori cal ¢ am car bonat e,
cmmﬁmnenﬁgﬂIgwﬂuﬂeplaalyluhehgdthﬁﬂakgomndnenmﬁ1have been

silic al ciums Ip C u nd the
Jﬁ%"?]cﬁ’%“rﬂq%eértseé’ﬁrﬁ]&%?’fn O]A %%%:?Aucrﬁ 3131 Cﬁ%%a epgrl n may
sdrRitUetd vedHe anctkbetpactine dhtestidmlecindbsae is
Suitable 15 calcium salts are connercuglé% a%alla h
fh g

SYRTL G, KSR SBF ghBOR ArTTH - §8fo

mSOMHLE-d 1S RLERr 3Bl Yt sSebegéeshdd om one or nore of
ammoni um di hydrogen phosphate, di ammoni um hydr ogen

phosphat e, phosphoric acid, disodium hydrogen
IR {0 %o% ¥gﬁ§£§n§“@@$FE¥L§¥é€l pitameti gre 281cium

terne R Sorensen's sal and trinmethyl phosphate,
S@¢R§¢Ilsrnﬂaﬂeng@ﬂyss@égcp@dofrqg.Qﬂe ﬁﬁb§ﬁﬁ§t@f calc1um

% a’ié ne aeil.%rtupn sak Egte Sglypl]l rf&fe phasehake.

cosanlno ycans "aré’a macr onol-ecul es
c@rwmmauaJu;axaiuMOagkunbdanch@bCp@ﬂyéahmﬁaﬁﬁde§alclum

n|n a re di sa f bly,
Pt o oPA OO RIS Sor Setad T o e 6r toee of
c@h@m&ﬁ addit caiulhyélpat:en dehnaalulurswqjl‘tatcé hiepparhnmay be
heparln sul phate, keratin_su| phate and | u
dekteed CHTrdie |pﬁr§&PﬁhéFEeﬁJé§r’%]te Bhoidroi t%IunE§B%%
cSUEPhAt S s %ﬁ%ﬂ@bﬁmbkﬁléi$y|ﬁ*ﬁﬁlﬁblﬂnifdﬁ ewhinphear €rom
commercially available, for exanp

s Syt I G e Henc. Th?héhi%ﬁ%‘a%%t??F-‘%Cesmspl%eéeﬁ&{?lHe
sderived framshack WO-2006/ 99R3BARGHGBAGYEN0PASIPhate,

diammonium hydrogen phosphate, phosphoric acid, disodium
hydrogen orthophosphate 2-hydrate (NazHPO4.2H,0, sometimes
termed GPR Sorensen's salt) and trimethyl phosphate, alkali
metal salts {(eg Na or K) of phosphate, alkaline earth salts
( eg Mg or Ca) of phosphate.

Glycosaminoglycans are a family of macromolecules containing
long unbranched polysaccharides containing a repeating
disaccharide unit. Preferably, the glycosaminoglycan is
selected from one or more of chondroitin sulphate, dermatin
sulphate, heparin, heparin sulphate, keratin sulphate and
hyaluronic acid. Chondroitin sulphate may be chondreoitin-4-
sulphate or chondroitin-6-sulphate, both of which are
commercially available, for example, from Sigma-Aldrich Ipc.

The chondroitin-6-sulphate may be derived from shark
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12 cartilage. Hyaluronic acid may be derived from
human unbilical chord. Heparin may be derived from
porcine intestinal nucosa. 5 The collagen may be

96 YRkReQks | nsol ubl e and may be derived fromp@'i‘)f;lszoomomg'f
tissue 1n any animal and nmay be extracted using any

nunber of conventional technjgues. Precipitation may
be effected by conbining the collagen, the 10 cal cium
source, the phosphorous source and the-
no a [ 0 j O
T R T R P R
prddiigiatlatchomdoc ciesarimgndathenglettieesofubmopprecine
fit@ﬁﬁjoq usig%abasic titrants such as ammoni a,
LdGS SR Lo ug Ucl eati ng agent such as pre 15
fabricated brushite, varying the rate of addition of
he | ci um souyce, or any conbination_of these or .

TGt REY PECHRTURES G TEE Re 25 Y {55y 4971 ved
femppretistad thainet HemmLompenaitys banyxbeapteseing any
20 in the slurrg, For exanple, growth factors, genes,
TGS GF CBRKeRrthbPRRbot A AUESi ve, speci es may
optionally be added, alone or in conbination, to the
slurry. In a preferred enbodi nent, the process
PrecdpditAgiers mAE Dbose Hfestast th@@ﬁpﬁéhéadQBﬁt%@ﬁ%ﬁﬁﬁ%w the
JHILRAL <GATBE) Sele P MICIL BoReeandnd! LhEY
conposi tion conprising-a l'iqui carrier and an
drygaseoimuéycah amdwoptdighial laguapusnepgahien and either

terial ,.an rior to sai li.Rg . [ t]
30G108, 58" Sp Bk fon 3 Relisk Wit OpabE R EEPRR! s,
doefratengr thét solsaleh f itrigtratslonr mpicgnbasiti oittms:s such
been degositﬁg. WD 2006/ 095 54tPCT/GBZO 6/000797 _ 13

2Rs BBPBFEr PHBIHIYAR T HatErsCAl l%ﬁlﬁg?Qgi%%f?yas pre
feerpeR8edoBeushite, varying the rate of addition of the
calcium source, or any combination of these or numerous

other techniques known in the art.

It will be appreciated that other components may be present
in the slurry. For example, growth factors, genes, drugs or
other biologically active species may optionally be added,

alone or in combination, to the slurry.

In a preferred embodiment, the process according to the
present invention advantageocusly further comprises:
providing a second slurry composition comprising a liquid
carrier and an organic material and optionally an inorganic
material; and

prior to said cooling step, depositing said second slurry
composition in the mould either before or after said first

slurry compesition has been deposited.
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or nore of collagen (including reconbinant human (rh)
col I agen), a gl ycosam nogl ycan, al bum n, hyal uronan,
chitosan, and synthetic pol ypeptides conprising a

5 the pol ypeptide sequence of collagen.
é%ﬁ%ﬁ‘ﬁurry conposi tion may conprise an inof 5%?%““”“””

naterlal such as, for exanplig .a cal ci um phosphate
material. 10 Preferably, t he second slurry
conmposition conprises a liquid carrier col | agen,

tignally cal ci um ph hate
PRl Y RCBL LM Bhospliabe 3k el oo A0 cnprise one
dﬂ“ﬁoﬁ%eﬁﬁndo§kﬂ@é? ciﬁemuﬂﬂﬁgo&gpbmbenahtyhgmamrtﬂ@B a
co-. precipitate of co en an .ycosani nogl ycan,
il 129es) 1sap9éxrerm%°®f EoV| 2&@}%9‘%% BYRLiERAR
dﬂ%%ﬂ%@ﬁteaﬂatsyh@%etiﬁ pdlyipeptlidesocpmpeipihgt® wdrtion of
colla ycosam nogl ycan _and a cal ci um phosphat e

tﬁﬁtépraPePEEgﬁre%ﬂ$ﬁ@%&i YeddagFPeady been di scussed
inrelation to the preparation of the first slurry

20 Alternatively, the second.slurry may sinply
ﬂhﬁnmaGQGdaSlnﬁehaﬂ@@E@ShEN¥Uﬂ@YbFOEBFPﬁéeﬁn aHgerganic

14,903l ky angngsorfggtekégFléi calghurRNeRPEBL SLe material.

Tratertal a” gl ycosam nogl ycan. Mechani cal m xtures
have aIready been di scussed in relation 25 to the

aration f the S . :'d
2R ihoshap B ot Fobepl! cBER EBher L1, o dians
dﬁiﬁﬂﬁr@cﬁedlﬁqeﬁloaptrmnaﬁﬂyaaohaﬁpa@hupbOSPb@tacm@tﬂnmﬁl

phosphat e d/ or atlte The fi n
%ﬂqquileaﬁgggl?lg Qﬁﬁwlq YEaEMy tgepos£§g%£hent' the
dddaia @mdr§9C@6ﬂpb§¥€i§hIﬁtdﬂ%&aM&yldomEmis&E)a co-

2006/ 095154 PCT/ GB2006/ 000797 . - 14 .ex aTBIeh t he com
FigEPigptier gL oubpaRt 1R i%h FWEORGHLGegLiyean, or a co

precipitate of collagen and a calcium phosphate material, or
a friple co-precipitate of collagen, a glycosaminoglycan and
a calcium phosphate material. Co-precipitation has already
been discussed in relation to the preparation of the first

slurry.

BAlternatively, the second slurry may simply comprise a
mechanical mixture of collagen and optionally one or both of
a calcium phosphate material and a glycosaminoglycan.
Mechanical mixtures have already been discussed in relation

to the preparation of the first slurry.

If present, the calcium phosphate material in the second
slurry may be selected from one or more of brushite,

octacalcium phosphate and/or apatite.

The first and second slurry compositions will typically be

deposited as first and second layers in the mould. For
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foll owed by the second slurry. The nould contents nmay
then be subjected to steps (d), (e) and (f).
Accordingly, the process may be used to forma

Wyézgmm yered material, at 5 |east one |ayer of which
PEPABTY! conpri ses a porous conposite mat erfiCA(GB2006/000797

conpri sing col l agen, a cal ci yyn phosphate naterial,
and optionally a glycosam noglycan. The | ayer
resultlng fron1the second slurry conp05|t|on may be a

BRER e, 0T Rt B e B g, BT

Sub]meﬂlkﬁm tamd/s@rcoemapcunatyon Tloé reovlldirclritentef may then
n the secon

olid crystals or particle
é?u?? é/rif'ﬁcgttecsljf'r‘ﬁp uédﬁas‘?ﬁLe‘?‘P ki ady Rfcorgdeddyy nthe
peb@éwrmatp Hhedeld b sbemry @nlk prefenadd naeerphlsest -
gﬁ%freeze dryi ng techni que. 15 The process is carried

P et 3isfuicd Eﬁé% BRECEFRRLY COMUHERS PePPEOUS
gbhpoisi o rhatarmen the; EEh.éﬁﬁgSé&IIé/gérﬁ,y%\r AN&;iukNBhosphate

second slurry layer. 20 The |ayers rmy be deposited

PRt A2 ta O@ftlloﬁﬁléllbfn@ 8t yedsanigioGosidtr i 8¢ Fager
£@y@1§mmonr U eCXBEBhE: s rat&a&p%l(tl\e%r &n'agraioleya porous

.e. one on top of the ot hor’i zont al |
@mea bewiderncvwes delyer), ahAda omorcam dldyen dse dsphesdeathen

Laweo o top of theexth, 25 The.qas! i0g BLoEessoration

ng to present nve on~ ena
¢abr ighatizdntef offosolsdnonpstiahs corampshyidicdes fhagedetin the

ffol f t 30 JAft t he
PR e ondBeP L PO R LR AT SR Tt tpeknt Thchiffed in
ﬁmdﬁdd rhkheimeul diluthe sonteriterabliheonpyuldears

efergf |l eft to,rest for up to 24 hours before the
§8955°pER BB2006/ 000797 15

The process is carried out in the liquid phase and this is
conducive to diffusion between the first slurry layer and

the second slurry layer.

The layers may be deposited in-any manner of layering orders
or geometries. The layers may, for example, be situated
vertically_(i.e;-one on top of the other), horizontally
(L.e. one beside the othex), and/or radially {one spherical

layer on top of the next).

The casting process according to the present invention
enables the fabrication of porous monolithic and porous

layered scaffolds for use in tissue engineering.

After the first and second slurry compositions have been
deposited in .the mould, the contents of the mould are

preferably left to rest for up to 24 hours before the



10

15

20

25

30

cooling step. This is advantageous because it allows
inter- diffusion of the various slurry constituents
betmeen adj acent |ayers. This results in an
W&OER} in inter- layer bond strength. 5
|qU| carrier-in the first slurry preferably
conprises water. The liquidsarrier in the second
slurry also preferably conprises water. 10 It will be
appreci ated that further slurry layers may be
HAenosist gdebn thE; SO %&far&ragggugabgcgggyﬂe StERss inter-
elther before or .after said first and/or secon
dsﬁdpﬁyoconﬁoghelYﬂﬁ%QuﬂuﬁﬂUniweCbeehldepns$tmﬂtwemi'The
t t S, pQsi ted, 10 t he noul r
HIRRRE BTG o N TR B a0sb Y o -
lelyer bbadostrgngﬂhlhe slurry. If the tenperature is
too high, then this may result in slurries of
excessively low viscosity, which may result in
Teembgted(asdrideriaf e ZQwndedurabl pyefat 515 Xddxprdfses

the fir and se ond l.ayers once the.second slurry is
“BeREsi t Bhe L EISHO AT 0 1Be THet SBCOThat LLT6Y P &

pt:céﬁfaeéanyr@oxﬁpmge%wattém denaturation of the
coll agen. On the other hand, too |ow a tenperature may
result in-slurries with viscositie s'too high to all ow-
I%5w9:ﬁﬁl 6L e SR LAl D LN -2 RhAY S1ushaPI rsa%m
risk the premature formation of ice crystad
dapesiteAgly, tidaroulsy gmtions tﬁa@élﬁOG%@lfﬂF@tSf{% either
pERAPEr BEULLOF L1416y Tl oBLYBLY s08BR3 LB the
prior to the cooling step is preferably in the

cpapgeiblof fom ikas thaaGChespr deprefbedbly 30 from4 to
37C, still nore preferably from20 to 37C. |[f

mul tiple |ayered slurry conpositions are used, then
ThBesempeangese o tdles@lapplyi dapbeitedthe tdddirduwimbliprior

£ hE! 8851 910 2008 O S RETA G ORE Q00 Fe cect on the

-ll-’IE%fGBZOOGIOOOW'?

viscosity of the slurry. If the temperature is too high,
then this may result in slurries of excessively low
viscosity, which may result in complete (and therefore
undesirable) intermixing of the first and second layers once
the second slurry is deposited. It should also be noted
that too high a temperature may result in denaturation of
the collagen. On the other hand, toc low a temperature may
result in slurries with viscosities too high to allow
efficlent spreading, smoothing or shaping, and may risk the
premature formation of ice crystals. Accordingly, the
inventors have found that the temperature of the first
slurry deposited in the mould prior to the cooling step is
preferably in the range of from 2 to 40°C, more preferably
from 4 to 37°C, still more preferably from 20 to 37°C. If
multiple layered slurry compositions are used, then these

ranges are also applicable to the additional slurries.
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- 16 The step of cooling the first slurry deposited

inthe nmould is preferably carried out to a

tenperature of S 0OC. More preferably, the step of
carried out to a 5 tenperature in the range

gf@?(;rugfﬁr?ﬂ%oo to OC, preferably from-80 to -%SQGBW%@WW

preferably from-40 to -26Ciel¥ nmultiple |ayered

slurry conpositions are used, then these ranges are

al so applicable to the additional slurries. 10 The

step of cooling the first slurry deposited in the

mould is preferablg carried out at a cooling rate of

The g3cepr RFCSAN, g8 et et abl Y- ¥ ¥ siRpsgxed gnothai pould

1§t§ﬁéféﬂaﬁiy RIz8H8Lab byt f £8M O dnperatilddMat: Slg More
multiple layered slurry conpositions are use

Plf%fe%@bﬂahgééﬁearséem 86 applirable capy sl ohs agdatu onal
epdd e i %@e&% eSHEVELof 0014 NG Bogs B0d Qwﬂ;g;
final freezing ratures (for exanp
T 5@ Jodro mlrﬁ’d’tCe tnora preﬁ@mlaltxurfe:oaf —4130@)3 f-éOE)Gr If
e I t er ash atl 0s mhl e f sier

ml%:%'g%lr?g%r éj\sglda%&u}‘:ggecorflﬁj CéJf rnese2| r?g ustégl‘rpe#la u?lés

r{rfgers emzwnmhsp epplliingbat 2o Steperddiitivhalt elarries.
tenperature of -40C) favours the formation of small
equi axed pores. 25 The step of cooling the slurry

' Tl'chsm&gt eif icocllhagmenk dfi sst prefenakleposateiedn othe &ﬁo@ld

ress f from1 - 200 kPa, re preferably from 50
BRLYsEPEF LAy 8Tpral ot M LG GRES00F 1042 3 kPa,
ld"fCﬁ?ﬂi'nt i ﬁﬂo%e' ayefredasl yir f ¥or® QRIS - i6QNS cAfen USSE; 11 NEdhe

these ranges are also applicable 30 to the additiona
PeiREEbdy. TrRE Prdent r% dv@ifodﬁanwﬁéﬂplsré§3%¥%@ slurry

P a su f i
s s Sk bo® PR PeCh MR perieene

tos|tiner pdduibiibeapr edenress greater than 200

-

In general, slower cocling rates and higher final freezing
temperatures (for example, cooling at 0.25°C per minute to a
temperature of -10°C) favour large pores with higher aspect
ratios, while faster cocling rates and lower final freegzing
temperatures (for example, cooling at 2.5°C per minute to a
temperature of -40°C) favours the formation of small

eguiaxed pores.

The step of cooling the slurry deposited in the mould is
preferably carried out at a pressure of from 1 - 200 kPa,
more preferably from 50 — 150 kPa, still more preferably
from 50 ~ 101.3 kPa. If multiple layered slurry
compesitions are used, then these ranges are also applicable
to the additional slurries., The inventors have found that

pressures below 50 kPa can result in the formation of
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kPa may i nduce excessive m xing of adjacent |ayers.
The thickness of the first slurry deposited in the
nmould is 5 preferably fromO0.1 - 500 nm nore

r fromo 5- 20 .mm still nore preferabl
Q"&Eo%ﬁ/ﬁ% % mm If multiple Iayered sl urryPCT/GB2006/000797
conp03|t|ons are used, then.these ranges are also
applicable to the addi tional 'slurries. Layers in

excess of 500 mmin thickness can be difficult to

EdLf | et.e |l.e layers |less than O.
bgﬁkgggc%% ?reggg Lﬁ%@? wh%?ﬁn? %%%&Eﬁ§/9%ﬁaaeﬁgthﬁn 200
k@taf hegulndioe cortdsliveaadui aeby adreadugnessian of

ice crystal nucleation and growth. 15 The viscosity
of the first slurry prior to it being deposited in
ThbetnDelitkds ¢ eftey #hlrktf 500y By laep SRRy S tHR! Bould is

? feraﬁyy fromQ0.1 - 10 Pa-s, still nore preferably
235 Eaprpdl-d - HORUIRG pRre ayesfear abilyr fgom 0.5 - 20

.mﬁP”P@§11|MHEé AHEeteed, ¥hen {hese 1@nges %%emﬁhﬁgple

plicable to the 20 addltlonal slurries.
lsv‘aﬁql eBLUfRYh corPeisythpgh @rscessd,y thean thesdi Fhhgestare

ai@oS&ﬁﬁﬁ%&aﬁi@PQ%htﬁ@daagﬁpfonﬂfl4 %ng%e Wla&ef:e Hand

excessively low viscosity may result in coip
expeiefeh & Uhgesilnabhéyknasercaxibyg diff Rllvalti tot sahildify

0 he, sec d sI rr osite
%ﬁ% st BJ % reﬁo@%ﬁggatl?%%ggl ! o%m&%815§|Fan fredle
abrystt al@t@mtapLaDUBﬂ:yESmahlrtjla’d‘ |dﬁtf1$iuu.|tr Yob¥ontrol
carried out at a pressure

subll referably
=S, Hheo BoBkpas The of sty FroTeBE bopsnd
gﬁbﬁﬁhJ(Pa, still nore preferably 30 from 0.0025 - 0.04
kPa. If multiple |ayered slurry conpositions are
used, then these ranges are also applicable to the

Traldi fidcamal: ys bar thesei PEessues, %QQ\S% thattofethe WO
dég%g?g%%s%g4tﬁgjégﬁ%gofg(g¥£ggéably from 0.1 - 50 Pa-s,
more preferably from 0.1 - 10 Pa-s, still more preferably
from 0.5 - 5 Pars. If multiple layered slurry compositions
are used, then these ranges are also applicable to the
additional slurries. Slurries with overly high viscosity
can be difficult to spread, smooth and shape, while those
with excessively low viscosity may result in complete (and

therefore undesirable) intermixing of the first and second

layers once the second slurry is deposited.

The step of removing at least some of the solid crystals or
particles in the first slurry by sublimation is preferably
carried out at a pressure of from 0 - 0.08 kPa, more
preferably from 0.0025 - 0.08 kPa, still more preferably
from 0.0025 ~ 0.04 kPa. If multiple layered slurry
compositions are used, then these ranges are also applicable

to the additional slurries. Pressures above that of the
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triple point of water (approximately 0.08 kPa) can

risk the occurrence of-nelting instead of

sublimation, while excessively |ow pressures are
difficult to achieve, and unnecessary for encouragin
HDRYREITSh. 5 Wth regard to the step of rerTBQT/ﬁéz@ﬁf 00797
| east sonme of the solid crystals or particles in the
first slurry by sublimation; if the duration of
sublimation is too short, residual water and solvents

a edi-s ution of t.he fold wa
RIS IR B oieL it | PlbrSios BRep i Dabbokea) “can risk the
o@rm.mr@mngl yf ‘hdEt 1 my et dhave stounfathah, tisist ep
exce ﬁ I¥ carried out for, up to 96 hours nor e
pret XS PY AT A5 UESR rGuCSTEACPEE RBreChiwter 6?61‘3&/
ufnm&megéary3ﬁor hont Surddidiulstibphfakaygred slurry
conpositions are used, 15 then these ranges are. al so
applicable to the addltlonal slurries. The step of
WieADYEBEratltd easd HUPE L ﬂ%ﬁ%v§ﬁb' tCI¥§§@|§bﬁg of the
particles in the first slurry by sublimation
spléfleFakFal 200k attddlest iat thet émp@t a$lmer30fbyf rom
subfi I 0 4 sf I
pr efig?g%))l&; ?}f)%?nd%g ﬁgoyls%[f Eh}rgr]ﬁ%%apre erg’ab y fsr %rlht
12§lduéicwat¢rrﬁnd|qﬂhyenhayeaadcshmeryedannﬁnﬁno@nﬁfatee

: bl
SS3Ed e D95 09" B A ek ) RO S e
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slurries.

The step of removing at least some of the solid crystals or
particles in the first slurry by sublimation is preferably
carried out at a temperature.oﬁ from -10 - 60°C, more
preferably from 0 - 40°C, still more preferably from 20 -
37°C, still more preferably from 25 - 37°C. If multiple
layered slurry compositions are used, then these ranges are
also applicable to the additional slurries. If the
temperature during sublimation is too low, the time required
until sublimation is complete can become excessively long,
while excessively high temperatures (i.e. above 40°C) can

risk denaturation of the collagen.

If the material comprises collagen and a glycosamincglycan,
then the process according to the present invention may

further comprise the step of cross-linking the collagen and
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19 the glycosam noglycan in the porous conposite

bi omaterial. Cross-linking will typically take pl ace
after the material has been renoved fromthe noul d

f ublimation. Crosslinking may be e

6‘36%‘%’ geLg’[“lSng the co 5 precipitate to one or %%f/gl;g%ﬁmm”
ganmma radi ation, ultravioletg radiation, a

dehyrdot hermal treatnent, non-enzymatic glycation

with a sinple sugar such as gI ucose, nennose, ribose

CGRREER SRR BPAR AHBC RSP AER ORI Bt gt rias.

c:ebhyui@kmgretm auypmcpﬂ_@pytabarm@: i e é;fm@/ matm;rlal

di h droguarlar tic acid, n t f se
el T g LR R ra H R
Ckéssbenmi@ meaa} h@omlfie&eedchycsum@d:m@aﬂez cclren t he -

ocess according to t resent (illnvent ON MBY o 1 et

15
PFEFErJe?a ER ofprite °Fh5‘°§?e8%o$a%%vzé§ g R MehEFVESRe

rR8ihPEok Al £1 ARy e sRRARe FREEthENL ) mdrh&ammaﬂr&c
conposite biomaterial to anot her cal ci um phosphat e

gpHas ki ol g¥l gk ARidp lengugrecElst 3RSt s BPRESS ep

r 950 §ONYERE t - e | %%%Ea&@ﬁﬁgoﬁhéhﬁriﬁléﬂdﬁﬂpﬂé&ﬂpﬁthhe
porous conposite '‘bi omaterial to octacal cium phospha%e

whhll/ one apatiere ofholesavaldpbrdes M WHUdHId% g et

| d9§1§ gi%nﬂ%ﬁ{%&h%*a%bea_daémdepaim,%f Sigwef erably

rol'ysation. Phase conversion wl |
dutlpdcad;dlqriamlqnla@@ebaﬁﬂfeﬁnv heom%@ﬁmn ifs thess

mgfgoéerl n og%et he tg{?: s a%é Eéﬁﬁeﬁf.’.{é . rYt e art.

eis a class of mnerals
conpri sing cal ci um and phosphate and has the general .

SR A St T S

pkeew@stscwﬁsﬁagsled e pme%betah’.hveﬁ’d:teort etta“yr fapadhietre
al so i ncludes substituted such as Si

CEUBSLFT B0 SR e SORTRECLBR P hp e A 1o 1O (fedTe caloiun

phosphate material in the porous composite blomaterlal to
another calcium phosphate phase. For example, the process
may comprise the step of converting at least some of the
brushite in the porous composite biomaterial to octacalcium
phosphate and/or apatite. .Therconversion of the brushite to
octacalcium phosphate and/or apatite is preferably effected
by hydrolysation. Phase conversion will typically take
place after the material has been removed from the mould

{and optionally cross-linked).

Apatite is a class of minerals comprising calcium and
phosphate and has the general formula: Cas(PO4);(X), wherein
X may be an ion that is typically OR”, F~ and Cl7, as well as
other ions known to those skilled in the art. The term
apatite alsc includes substituted apatites such as silicon-

substituted apatites. The term apatite includes
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hydr oxyapatite, which is a specific exanple of an
apatite: The hydroxyapatite nay al so be substituted

speci es such as, for exanple, sili
X‘Véb%%‘ﬁi"i@ﬁ‘ned above, further slurry layers may P&?PGBZ%(”ODM”

deposited in the nould prigrgto said cooling step,
either before or after said first and/or second
slurry conposition(s) has/have been .deposited. The

waﬁow p%lt'ﬂ:(ay bﬁ!@ﬁslé""é lspeéefcht lé&' ﬁghgvofomé%%:ﬂte

or exanple, .a liquid carrier, gen, optio
Tae élly@rgﬁwpnégphat rayetetd die Wt@t@pedom‘ath yoher

ng %%aglugg?é% EOrT&?n&?ﬁEe@ﬂ&f the nould ~are

eferably o rest B4 hours before the
coollng step so as to aIIOM/lnter di ffusion of the
congtituents het n_adj ace

vari o sl.ur

A RS pnRhy b vE et bt L a8 BSF e | QS

mrm&esmohmlti ptlnerpt@m:a:t lmmfngascepposntlfer before or
onat erl.a conpri one nor e

ol S s SRR B i MRirs 9 eBRESe LEYSLTS L e

HRis0eRROSEEA aépagitagenmhea Mt&bunbiﬂrbjﬂOS@M£ will

material, and also preferably a ycosan1no nCycan
aAse G¥PERELILEy EPEPH} 3 e ridH \FEETWY &lfn c%ilg‘éb‘g AXFHELL

ceanReeht eoEtQHﬁéfIiraé SOCAnGH wofsghshs BLESEMNM1, and
i nventi on { be used'to fabrica for exanple, a
W

G603 LAEnal FinFesapmagiaieel-d, Toe SORLERTS | @Y difte) mould
a(:%% E%Qré@l%ﬂ%ﬁt?ﬁ | £ast f&l}euba¥8rﬁ!ésh&9£§%fo-r£ée the

osite materi al according to t present
ciomténti ehepssadvantageldust yinkseddasfasipgsut the various

HEBETT Eabr BRET6%0° b5 Be S BEr STt o The pr ocent
‘invention preferably

Accordingly, the present invention provides a process for
the preparation of a composite biomaterial comprising one,
two, or more layers. At least one of the layers preferably
comprises a porous biocomposite of collagen, a calcium

phosphate material, and also preferably a glycosaminoglycan.

A1l of the layers preferably contain collagen.

The composite biomaterial according to the present invention
may be used to fabricate, for example, a porous monolithic
scaffold, or a multi-layered scaffold in which at least one
layer is porous. The composite biomaterial according to the
present invention is advantageously used as a tissue

regeneration scaffold for musculoskeletal and dental

applications.

The process according to the present invention preferably

involves incorporating collagen as an organic coastituent in
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constituent in WD 2006/ 095154 PCTI GB2006/ 000797 21

the first and second | ayers (collagen is preferably

t ' organi c constituent in the first and second
%ZOWM%E% addi tional |ayers are present, theEI/GERW06/000797

process preferably involves,incorporating collagen as

an organic 5 constituent in one or nore of these

further layers (collagen is also preferably the major
mare furthe

onstituent L0 t he or
Fﬁgaﬂ 19ﬁ'1]1& 5F6CESs 1F IXVSFVE%O qastat R ef&lrlagﬂé{ygil%
magﬂot ms;atrha: IdmhesltﬁaoeﬁthﬁWﬂ&n fiherg asidngkbangousiyrs) .
gg 5@; ui.d phase. This results . in the 10 creation
Gl 1BIRRS el Bubresart n e el She PRPEASS
bPé B rah 1+ liSin:llveEhQnI:Sf:ﬁbiéﬁﬁ{g HIf14gjedN abehAr Srifnic
m Xi n t hat, occurs as a result of nolecul ar diffusion

BY Er o Hn 1omBPoRTWHERE t Wo S8 RS thrrdilpyeFpngeollagen

ﬁ@nxmﬁdtﬁﬁéfe%%%lﬁ 8R80na i & | SURE R d%%%%@@hen%51ﬁntﬁb one
second aspect e present i nvention prOVI des a

%ﬁTﬂqﬁﬁ|§9§5§ﬁﬁoéﬁﬁér§?onaTQﬁlﬁﬂOCQHﬁeﬁ@Wﬁlﬁﬁsléé@?l?ﬁ#%ng
#f1 the A ommberhak tﬁeffﬁ’&%afcre%m}a%tﬁgéﬂuﬁhem,

co-precipitate conprising a calcium phospha
pratwliagiecasd vohe bhenbieud pgrscol | dgém (rEﬁulLtuah gy the |

é%%ﬁ% n%&t hggggn F% é%%i %%Ue%n thecﬁﬁyers throggh

g ycosanlnoglycan unln ronan osan~or

Eﬂﬂﬂﬁﬁﬁmﬁiup¢bppepThdeBenmwmnteﬂﬂd}ﬁfupdbhiDefefsth@.mixing
ypeptide seguence of n.the

o e O

fstoronl whebk0QQonsTuonses 25¢ rairfefewlafgebaiabys it oom 206: -placed

600, mi crons. The terial preferably conprises

PoIAESEr 3 TREPEAFET um phosphate material is

preferably selected fromone or nore of brushite,

octacaIC|un1phosEhate and/ or apatite. The porous
In .2 second aspec the present invention provides a

synthetic composite biomaterial, wherein at least part of
the biomaterial is formed from a porous co-precipitate
comprising a calcium phosphate material and onhe or more of
collagen (including recombinant human (rh) collagen), a
glycosaminoglycan, albumin, hyaluronan, chitosan or a
synthetic polypeptides comprising a portion of the
polypeptide sequence of collagen, wherein the macropore size
range (pore diameter) is preferably from 1 - 1000 microns,
more preferably from 200 - 600 microns. The material
preferably comprises collagen. The calcium phosphate
material is preferably selected from one or more of
brushite, octacalcium phosphate and/or apatite. The porous
material preferably comprises a co-precipitate of the
collagen and the calcium phosphate material. This has
already been described in relation to the first aspect of

the invention.
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30 collagen and the cal ci um phosphate material. This
has already been described in relation to the first
3%$ect of the invention. WO 2006/ 095154

FEEBM3BY 000797 22 The term porous as useBCHEBF000797
means that the material mayjscantain macropores and/ or
m cropores. Macroporosity typlcally refers to
features associated with pores on the:5 scal e of
greater than approximately 10 microns. Mcroporosity
typically refers to features associated with pores on
Thkee teeal poodus ess ddwmh happrioxinsabel yhdf) themortsrialt may
wi | | .be appreci at ed at there can be_any conbi, atlon
Prad B R R T b AP VAR SEPRPECT ho MALAaACE
tgpanpley toeedd ymifdtalres bssgebetad | yigoniaids b@thhe

nmacr opar es and ropores.. The opprosity is
SRaNer BE GoeRe AT A e AR e Fa By 2l ose

M&@&bpgewgﬂynﬁ ﬂae,tlryar‘rre%@rsetsn ZSatange {9 @ ated with
dlaneteré%ln t porous 15 material according to the

PeEESnANa %c%cqﬂfe tcn‘e IseSsEhan PROEMRIMAT Y thhrdareps -
e @l 50 4200 M LINSHRN herabbyn $eé oanﬁ%d@l%%@;on of

m crons, nore preferably from 100 to m crons,
opehl RnApetopr@feslds yithém 206 m@t%oaln criss exzgbiRe the

mﬁéglgﬁpﬁfhr ie%aglg?g%glnr&tagﬁ BSE?%-% SELST Il ang

accor aspect pr esent
munvepbreﬁ |ST¢HGMa§mﬂﬂq¢OSﬁtgnn& yon&ma L i rapqnekdigd) y

and TDST ref.er y tely 1. 25
%% re s?ze &istrlbuf&%nggtﬁg?gtcgﬁégﬁégpslatlon of

t he nean pore di aneter) |n the porous materia

ccording to the secon ect _of, the present
TREvBREFBIeTS Sk e, (PP dlatstent B B eorsse.

mBeeterabiycdromglG d Qh%o(%e&bﬁ_ﬂoﬁ§pe@iﬂ€bf sftid lpremeat
preferably from20 to 200 n1cro 5

invention is typically from 1200 microns, preferably
from 10 to 1000 micrens, more preferably from 100 to 800

microns,‘still more preferably from 200 to 600 microns.

The mean aspect ratio range in.the porous material according
to the second aspect of the present invention is preferably
from 1 to 50, more preferably from 1 to 10, and most

preferably approximately 1.

The pore size distribution (the standard deviation of the

mean pore diameter) in the porous material according to the
second aspect of the present invention is preferably from 1
to 800 microns, more preferably from 10 to 400 microns, and

still more preferably from 20 to 200 microns.
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in the porous material according to the second aspect
of the present invention is preferably from50 to
99.99 vol % and nore preferably from70 to 98 vol % 5
RO 2B%(%¥At age of open-cel| porosity (measur edCAEGR006/000797
percentage of the total nunber, of pores both open- and

cl osed-cell) in the porous néteerial according to the
second aspect of the present invention is preferably
100% referably from20 to 100% and

& om1l to
§||P°ﬁ8Fé &OFQWEQ%E 115 PBRPEHEE 02 AeRging to tihier gecond

aspeet, of heh@resind NveRLE9RnPL S #f@%bfbbﬁWQ£$5$5@ to
égnﬁ35|te bi omaterial, wherein at 1east part o

orat 8P % 30d monee@rRienPRLPOFBUR Hatler 98 vols.
conprising 15 a cal cium phosphate naterial and two or
nore of collagen (including reconbinant human (rh)

¢Be| Bgeagntage qfy epsancasdyl yeunsiay bimdasurtegalasr anan,
Qk&@ﬁ@ﬁ‘g@r@% %heSSE'&ttQSt tlﬁr&ggjr YQEQ% 1deesS boq—,rrplr Ig%'gﬂgal}-ﬂe

ortion of sequence of c
ﬁﬁ@%?da¢6b#eﬁerabbypzaousnmateemalxﬂdanyﬂ&n@ndoathe second

nogl n. The calcium, at mat eri al |s
%%%%ergﬂﬁy se%&% S+ BN ﬁeo%r %hﬁ < %ﬂﬁugﬁPFe
b@@%a.cahccrajrpqﬁf@prayefaaﬂ/ PO Epatodss. ahde stpANOMSre
fer ly copprises a triple to-precipitate
%b%fé? g? %85§ﬁ$h09lycan and the cal ci um
phosphate 25 naterlal Thi s has al ready been descri bed

relatl nto the first aspect of the invention. The
d?o &SPECFanbRe PROFE i gandden RreMedper aus

SplieHd ilc *Capbding epoM@exﬁe?poaﬂme%e%ﬂatoiesgﬁ art of
resent invention is also appllcable to the ?dr
ﬁ%é%’toma‘flﬁéﬂééném Bormer fuam theareas aspecialdocempyising

d a1 JrhSHBepRaBL 26 di SE L1 RIHd o %l%emegéogfté{offagen

(inbluding recombinant human (rh) collagen), a
glycosaminoglyean, albumin, hyaluronan, chitosan and a
synthetic polypeptides comprising a portion of the
polypeptide sequence of collagen. The material preferably
comprises collagen and a glycosaminoglycan. The calcium
phosphate material is preferably selected from one or more
of brushite, octacalcium phosphate and/or apatite. The
porous material preferably comprises a triple co-precipitate
of collagen, a glycosaminoglycan and the calcium phosphate
material. This has already been described in relation to
the first aspect of the invention. The macropore size range
(pore diameter) in the porous material according to the
second aspect of the present invention is also applicable to
the third aspect. The same is true for the mean aspect
ratio range, the pore size distribution, the porosity and

the percentage of open-cell porosity.
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PCT/ GB2006/ 000797 24 1In a fourth aspect, the present

i nvention provides a synthetic conposite biomateri al

c risi.ng. a first layer fornmed of a conposite

bﬁ%ﬁ%@%&?&f according to the second or t hird #JdeRi006/000797

of the present invention; and,5_a second layer joined

to the first layer and forned of a nmateri al

conpri si ng collagen or a co-precipitate of collagen
apd;arg) YE€RS n recj pitate of

col [ agen andggg ca c?‘cz% E%ggsﬁgt %R THIPTHFLIAgSt @i pl e
EBLthe bt preorapesidfe ddlomageniaa gbm@@ﬁﬂﬂhﬁoglycan and a
gakel 0 hate terial. The cal ci um phosphate
nater%g}ﬂgggppﬁg 2Bty 2s EPBRP #HES rAmsHe dm ImeEeostiing to
brestecend mtt&uadcbauﬁibﬁhOSQh@ﬁ@ S Ofe APty FonThgnd

d .l bl
o ee AR ddont §o Fhe sPheSE e tamicavedopped of =
mrosess donpl16ing bbwage@haé@ e@cz:os—we%ﬁgll%atghbﬁ

nfzgfasses any _process in which adjacent layers

STk 209 é’SPéa@lnwlY%ﬁRmt@r izalcocompriipingte of
cal 1dgHre dray & $a3E8uf | the slurrie
conpri sing the pr ecurg%rs%kpé/teegc egg‘grl 8r26 htRoF 0
RISH et alet @feaeﬁl@gw@r Et)eg‘la.r@sraanm‘wgllyoﬁnt hsad ehl(ﬁ&ll&b.um

and i j ch

ﬁﬁﬁ§ﬁﬁﬁie0&a%@F55FrS'Tc§(%Qfgid%.S urrbs SrgaF?Bh?%J*s

renoval of sa I qui d carrier or
H%ﬂﬁﬁﬁ?blwsSpﬂeﬁéﬁabfymmenﬁnmnﬁmoab stibstaskiad)y the

oSANE. 5t ng the precursqr slurries in |ntegrm
contgéfggef regéé %% oﬁpﬁﬁé tRiquid carrier (i.
while still in the quU|d phase) all ows

T'gt%agg£f si,on to cur between adjacent slurries.

i 51Fa5uFEe FRe TP PhtePdPfeaebbn infequsdly
fomedt aCBdb&ﬁWbLfﬂjjﬁC@htlsl ayer §e0£clt1:h§véc?5tw t Bocess

1nvofv;ng lfﬁélﬁrbﬁggézgotggngﬁégiéal %ﬁ!gxgiééég;;;Zs any
process in which adjacent layers, either dense or porcus, of
a material comprising multiple layers are formed by placing
the slurries comprising the precursors to each layer in
integral contact with each other before removal of the
liguid carrier or carriers from said slurries, and in which
removal of said liquid carrier or carriers from all layers
is preferably performed at substantially the same time.
Placing the precursor slurries in integral contact before
removal of the liquid carrier (i.e. while still in the
liquid phase) allows interdiffusion to occur between
adjacent slurries. This results in a zone of interdiffusion
at the interface between adjacent layers of the resulting
material, within which the material composition is
intermediate to the material compositions of the adjacent
layers. The existence of a zone of interdiffusion can

impart mechanical strength and stability tc the interface
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adj acent | ayers. The existence of a zone of

interdi ffusion can inpart nechanical strength and
stability to the interface WD 2006/ 095154
Pﬁﬁ/l@ﬁé@g}@moow? 25 between adj acent | ayer SCT/GB2006/000797
Accordingly, the first and_sgcond |ayers are

preferably joined to one another through an’
inter-diffusion layer. 5 Alternatively, the first and

Rt fe bt a9 L Yr etOps TL s | a3Rsond
uepos ted phdependept yihed veendevanoehker thayegs 4or
the purpose of inproving inter-layer bond strength or
Brigekidid figd opada®ge- of cells, nolecules or 10 fluids
bet ween adj acent |ayers of the resulting scaffold,
and may, for exanple, contain collagen, o
M spreediivedyl yEBAsTirst it seaend dagregenre e upeined to
o ~SbLran owt h. 1 ge n
e S e T anba T o e
ieftears diof Bogi daveayedepbyltdrk ingepenkiantls batween two
inter-l r. i.s..d S| ep I a. r e
Oct(r)hr?%osjﬁa%}éoﬁ Férd}?ggi %‘%’?g?sfeorﬁag ﬁté“%créﬁr%glg it Iﬁ%%{- o¥a%&g%ond
sadjeagent orl Byeckinyhthe masdayecrofdickfilis| omoclayeles or
or.ned, excl usi vel, as resul t inter-diffusio '
ok ehaF e R S agar ST e PhesteriEHh setieara,
akRe n36Gomdr| ayekpl s, abSmrail efcariabky, PoLouss aml Adyligtans,
it can be non-porous, or substantially non-porous
Jilyrer i AnYdsPPEHCITRES T Ssi f@%ﬁh@ér (PoPiE-n
A ABLET hehBst BE ROy 04iShe 22 IHRIQRBNLtBCCORAI NEcdO-ThRr is
second aspect of the present invention is also
Heringapeastofrep 37 rsttenmflidiusdeosndayeayly sthe §apd that

a%n%%ie%epgyéwg dii 0904 Or dd & SRR 1S RECE . s1dPEy SABRe
I's true fof the nmean aspect ratio range, the pore |

sinpesditderi bat dbatingle Pumdiney congosheiperebntbyadrcent
f§§§}é, while an intermdiffusioq layer is formed exclusively

as a result of inter-diffusion between adjacent layers.

-.second | ayers may be joined to, one anopther through an
aHpcenhol ERPRF B

‘The first layer is porous. The second layer is also

preferably porous, although it can be non-porous or

substantially non-porous layer if desired.

The macropore size range (pore diaméter} in the porous
material according to the second aspect of the present
invention is also applicable to the first and/or second
layers in the embodiment according to the fourth aspect.
The same is true for the mean aspect ratio range, the pore
size distribution, the porosity and the percentage of open-

cell porosity.
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In any of the second, third and fourth aspects, the

bi omaterial may conprise one or nore further |ayers

j.oin Q the first and/or second | ayers, each of
‘go&(&%@r"%lﬁér | ayers preferably being fornmed JICT4B2006/000797
material conprising 5 collag or a co-precipitate of
coll agen and a gl ycosam noglycan, or a co-precipitate

of collagen and a cal ci um phosphate material, or a

el - I pi f, 1 ,
O E5 T b Py BBRO e d T A AC B RS EpAEPESt Rt al

THencakciam phpsphad e s@itald Ar korpr ehetRblVidfhrs joined

%%I g te?,from onf or nore of brushite, octacalcium
pilospfia &TSHNAPdf cB RGN IAYeTEi r sRChn@f stithdEuniyens
dagesai Jronerobhly MY fhd WM bRY8r Sadke: P el &) 's)éibg :

! n&ﬁgr ally fornmed, and adjacent layers are prefer abl y
j g0 Bhe? affoTHEacititatgh ofagol hagen difd usi on
ayebsaMth681 ¥Sart Y RICa] |36 | Sof | QA a
?ofyﬁ?hesig.yeenéﬁjgfﬁy,%a%gﬁggg%bﬁgé %# (géatj'Lllgag%Plur% ef
CayeLsmprespiatpmaieriadai oy eherhpts oporerasiipdtate of
E8ngeq&ROr ' I pQrQu erial_ according

to tﬂéﬂ'se%oﬂids aspect Ogﬁy%ﬁg'pggge%t‘gﬁl% PP at?xleso
BppErtabl e The ored cdumphesphathesetérid hers laydesablhe

i rue for the an _aspect ratio range, the

SEPEerea il iR i e PRebpor Bty Siffr e in phosphate
pedient amet iofe opaec€lilrstpanasséyond fdayenNcas sRiR0bBe or

I%é%esfb t.ween adj acent Iagers mpy vary 25 from al nost
gt i gy gLaé’sérﬁr 8af RS i?’?akib%o”fﬁetﬂ'%y fonmedg and
atihecents & Steatsediret BeefFelkhBW Mo BRKE HPYRN shdther gl'cl)rough

applicable to any aspect of the present invention.
PE PR Tl U8 SBonBYPE s VbPH bt viri@ad 1y Formed by

U yens Pl aRnthtbBes. t NeesotdBgen ANG LR one of said

| ycosam nogl ycan nmay be

urther layers will be porous. Again, the macropore size
range (pore diameter) in the porous material according to
the second aspect of the present invention is also
applicable to one or more of these further layers. The same
is true for the mean aspect ratio range, the pore size
distribution, the porosity and the percentage of open-cell

porosity.

Differences in pore sizes between adjacent layers may vary

from almost negligible to as great as +/- 1000 microns.

Unless otherwise stated, the following description is

applicable to any aspect of the present invention.

If the material comprises collagen and a glycosaminoglycan,
then the collagen and the glycosaminoglycan may be

crosslinked.
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crosslinked. WD 2006/ 095154 PCT/ GB2006/ 000797 27 The
collagen "is preferably present in the material in an
amount of from1 to 99 wt% preferably fromb5 to 90

Wy &006/i0418s Preferably from 15 to 60 wt% 5 The
gl ycosam nogl ycan is preferably present in the
material in an amount of frem0.01 to 20 % nore
preferably from1l to 12 w% still nore preferably
fromlto 55 wm% 10 If the material conprises
brushite, then the ratio of collagen to brushite is
preferably from10:1 to 1:100 by weight, nore
Preferbldgerf ienpSeietrably 20rdsenvieiightchel fratheinaht 8k 20

conpr.i se ctacal ci ospha 15 _r a1 .0, Of
?%?ﬁ%%éﬁétégngﬁagglg?hﬁ?ﬁhﬁ@?ééﬁ%?%ﬁ?qgkg ePagPygbigFi’
hord  df¥Fdneabigi ghbm BHreopsefwrably from5:1 to 1:20
by weight. The ratio of collagen to the
gl ycosam nogl ycan is preferably 20 from8:1 to 30:1
Tiye Vel i sanfit@ ghivesat esi gt e feesldi Ny elsenthenpthsentterial
| nvention may be used as a substitute bone or ggnt%% 1
Hatd | HIOWc &dr &R §; 0T tHe oF &8t NOTFeREPSRTPPOYI ted™
8o syntet,i Gthanempeteptafer2a51 ponen Npkant, sbeve.
graft, bone substitute, bone scaffold, filler,
coating or cenent conprising a biomaterial .as herein

' - ' 139 Lshadyva eous! yapreveded
T R P
patldgarn aro brshpiesént prefrerhivijoovifdéste $54@0 by
re ration f skel et.a dent al
LEATNE s PR R LD o Pon MUY 1568 Suaredtie
PCT/ GB2006/ 000797 - 28

If the material comprises octacalcium phosphate, then the

CT/GB2006/000797

ratio of collagen to octacalcium phosphate is preferably

101 to 1:100 by weight, more preferably from 5:1 to 1:20 by
weight.

The ratio of collagen to the glycosaminoglycan is preferably

from 8:1 to 30:1 by weight.

The biomaterial according to the present invention may be
used as a substitute bone or dental material. Accordingly,
the present invention provides a S&nthetic bone material,
bone implant, bone graft, bone substitute, bone scaffold,

filler, coating or cement comprising a biomaterial as herein

described.

The biomaterial is advantageously provided in the form of a
multi-layered scaffold. In particular, the present
invention provides tissue regeneration scaffolds for

musculoskeletal and dental applicaticns. Multilayer (i.e.
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two or nore |layers) scaffolds according to the present
.invention may' find application in, for exanple,
bone/cartilage interfaces (eg articular joints),
baes, interfaces (eg tendon insertion '
bone/ﬁf,&?d;’gﬁgnt 5 interfaces (eg |iganment inserﬁﬂgﬂéﬁmmomw
points), and tooth/liganment sgterfaces (eg
toot h/ peri odontal |iganment juncture). Although the
present invention is primarily concerned with 10
sewd TOF Ao dOT1 dyjeTSYe s8RBESLEL | I ARPLILQLT ons, [Lhe
material  ( acég)qr dililna fo tﬁeé pérkgcsent nlgn\%gnt%FISnpﬁﬁffe%%
uSEFEt o TmmEYcdtiadi appahtat idratiperSirsexamplbe body :
1980 S 1.8 1S y , sem - per ent
R HEEErels (R B oo R R e oe/ cendon
apptedesnd egl Sefilen piesentidmyerititen , f bohBELigament
POV rous _conposjte biomaterial obtainable by
a%éo%sscs?asaggﬁe#%gﬁm E_clrl?sbeetiflonsﬁlﬁ’llﬁ@ﬁ)s fBfhod 20
Tire ir/ddeamenmy ént e ofayéd | (gipwdef ndeseh bReAt LUt Npdmdmt
\ga ct(IJlfrezxarrpl e. The preferred nethod of synthesis
onpri ses "a sequence of steps, which can be applied
in whole or in part, to produce porous scaffolds
Eﬁvi n% ne or nore |ayers at 25 | east one of which
pageeeral 5%0%??%%}&1@%0@ d6- PEABAFHIY aggnasirned with
eokifagens @odl ¥osad alean n@ngpaﬂééﬂd%’;g},, SRS 1 a1
material. St eg 0: Slurry Preparation 30 e
FICEREFAF IR oE NG Preg2aTits dab VEDItH agens GARE bremhittce fabricate

Sk EY +s0EhSEULL ] achieved. using the net.hod
outlined in thu%é%/%ﬁsz%g%ll Sglbelégdgcig@‘%b 0UdfoF Mg For
example, a semi-permanent implant may be necessary for

tendon and ligament applications.

The present invention further provides a porous composite

biomaterial obtainable by a process as herein described.

Synthesis Method

The present invention will now be described further by way
of example. The preferred method of synthesis comprises a
sequence of steps, which can be applied in whole or in part,
to produce porous scaffolds having one or more layers at
least one of which preferably comprises a triple co-
precipitate of collagen, a glycosaminoglycan and a calcium

phosphate material.

Step 0: Slurry Preparation

The preparation of mineralised collagen/GAG/brushite slurry

or slurries may be achieved using the method outlined in the
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applicant's earlier patent application,

PCT/ GB04/ 004550, filed 28 Cctober 2004. The content

of PCT/ GB04/ 004550 is incorporated herein by

r fceivederi1s¢4A copy of PCT/ GB04/ 004550 is prOV|g§gGﬁ£hwmmw7
Annex 1. 5 The preparation of unm neralised

col l agen/ GAG slurry or slurrjges may be achi eved using

a nethod as outlined in Yannas et al., 1989; O Brien

et al., 2004; OBrien et al. 2005); Loree et a

Ao o1 G B BRI SOT5R, SEHIREN B,

alidrel @8 iOetobabi RACL ON; THo coltens! bifr ycvmammﬂmmalls
m xing at .t stage to f mlltMe t hei

R atean e Re o he & CREY caE cPGR/GRPE/004550
seafdfrelvdsied th ABhExthan one Iayer, the biologically
active species incorporated into one |ayer need not

be the sane as the species incorporated into the

e prep@Rat iofa8E | Wi rdd-atigRdl c@llQ@éﬁ}’@z@G of 1 ubSly or

| ayer tep |-b: Casting of 2nd Step I-c¢
Cdri§sofazr Be| @9@*%@? aFingna @aébpﬁgamow}ma&yéﬁl

25 nThe %@Sﬁing §§§@£S@ B P %% Lhe, SE@@@SS?”ﬁilen et al.
depositi on of sfurry or slurriés, in solution
§@§§énsLQﬁeec@tl@ldr 6¥28%i.spersion form where water
conprises the major diluent, into a nould, in which

at | east one of the slurries 30 conprises a triple
Gooprécitprtate, ofensd | ayerys omeobhembbeologically active

G HSOTAOL KRS PN S i ML RSP e BBINSr, <o
the slurry via mechanical mixing at this stage to facilitate
their incorporation into the scaffold. In the case of
scaffolds with more than one layer, the biologically active

species incorporated into one layer need not be the same as

the species incorporated into the next.

Step I: Casting

Step I-a: Casting of 1st layer
Step I-b: Casting of 2nd layer
Step I~c: Casting of 3rd layer
Step I-n: Casting of nth layer

The casting step(s) involve the successive deposition of a
slurry or slurries, in soluticn, suspension, colloid, or
dispersion form, where water comprises the major diluent,
into a mould, in which at least one of the slurries
comprises a triple co-precipitate of collagen, one or more
glycosaminoglycans and the calcium phosphate brushite, and

all slurries contain collagen.
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WD 2006/ 095154 PCT/ GB2006/ 000797 - 30 The nould may
be any desired shape, and may be fabricated of any of
a nunmber of materials including polyners (such as

pol ypr opyl ene, pol yethylene), neta
R’%gﬁ“la&/opfﬂgpsta|nless steel, titanium cobalt gﬁ;gﬁgymmmn97

or ceramcs (such as aIunLn zirconia), glass
ceram cs, or glasses (such as  borosilicate gl ass).
The nmoul d may be constructed specifically to
facilitate 10 | ayering. Exanples of suitable designs
are shown in Figures 1 and 2. The layers may, for

&kanplosldbma gi beladed daﬁtneaalslhﬁp(al &nd 08¢ 190 £0Riated of
%E% herﬁ hor|z nt al . one,beside the 15

er% i 2 |@ﬂq%£%ﬁ%§el§ﬁﬁEPFﬁﬁlP?%@Wﬁr%w1%Rﬂ? afs
pbéysnéphbmejrpéiybﬁﬁﬁyﬂénkhabo&?@tﬁ??@ﬁ@iC‘ééEHTQ S&%ich as

single Iayer to be cast conprises a

SFBFP@X%*F %t%%lrzdﬂd%aéaumrt £EB2EEnPRTIRMY ol dexgericsa (such
eal elum.pHosPNatshidt @hladk, cWhhahcs s &Eeg;l%{s%@sy (such as

grush ite, and o tlonaIIy a glycosan1noglyca
PEP@?%bT?tet?kﬁﬁﬂ urry conprises a triple
co-precipitate conprising collagen, brushite and a
Elycosan1noglycan The preferred thickness of the

8§ eforkd 185 frec idoinsd riug teHes pppt Diprd e fs:ecftalccht'lloﬁte

Table | B e affold co i ses }
Iai)aerls[:llg ){Jﬁg)s'}t%\éo%g %p%ﬁyﬂga@%rlsgr%so ¥e ggl? 2°%n' ¥gures
éoﬂwdl%es a slurry of a co-precipitate conprising
col | agen, a cal ci um phosphate 30 material, which is

preferably brushite, and optionally a
@chk&ynnsnmﬁyyc&nr BrehpLapllye $itenaHadl MEreQBRII§E%i fe.

trlpl CO- pr. e co risin collagen brushite,
SR B B s oBhSplr Bt -e.3pne beside the
other), and/or radlally (cne spherlcal layer on top of the

next).

In the event that the scaffold comprises one layer, the
single layer to be cast comprises a slurry of a co-
precipitate comprising collagen, a calcium phosphate
material, which is preferably brushite, and optionally a
glycosaminoglycan. Preferably, the slurry comprises a
triple co-precipitate comprising collagen, brushite and a
glycosaminoglycan. The preferred thickness of the layer is

specified in the appropriate section of Table 1.

In the event that the scaffold comprises two layers, at
least one of the layers to be cast comprises a slurry of a
co-precipitate comprising collagen, a calcium phosphate
material, which is preferably brushite, and optionally a
glycosaminoglycan. Preferably, the slurry comprises a

triple co-precipitate comprising collagen, brushite, and a
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gl ycosam nogl ycan. The preferred thickness of this

| ayer is specified in the appropriate section of

Table 1. The other layer conprises a slurry

c ri sing collagen, optionally a cal cium phosphate
n§@£¥?ﬁﬁ§%ﬁnd optionally a 5 gl ycosani nogl ycaneCIvaBmes/e00797
slurry conposition preferably conprises a ,

co-preci pitate of collagen andla- gl ycosani nogl ycan, a
co-precipitate of collagen and a cal ci um phosphate
material such as brushite, or a triple co- precipitate
ogp%%‘??%fb’éﬁg?df@f?/coggm Eugfwmnfl ettt erdlsC ot 495 layer 1o
peosehed &4 TR refera rushite.

Further |ayers may. be F%c?t%e%e%%loébﬁf)r/épébéﬁdlt he§de other
f ¥?Ew?°@&ﬂﬂﬁﬁ§karelpreﬁe;amp?déiﬁgnﬂﬁl&@@@h@hébﬂﬁéﬂa11y a
CONF il @lkag tjonally a .cal cium phosphate
naterial?ggh %SQO%EF%%QT*y %P%ﬂ%ﬁ?i?&ﬁ#ﬁ@gﬁycan. The

f U IREFAEINGERy cap onpBisl ¢ | ns-1pr efopipaBliy 1 6AMPELBEr &1y

5 IR tate_ col |l agen and a gl ycosam nogl ycan,
gg?%%z%%%i%a%g §¥6C%Qﬂ?é§%NP 7914285 crA% dhosphat e
retvecisan inoghyasn praisdd 4gse Aipid stk Bkec P14 ipidate

' 20 and a Tal ci um

agen | ycosami nogl ycan
g?&%%kg‘t gﬁﬁgpﬁ?%@am@; iS§CHr @FebyBERitdr ushia ecxifle co-
corpopitats Of &ELSfdH,l €91} : uent . l.ayer.
g%% ge identical,éﬁgny sL?&ﬁFFS%&g?éggféghﬁnd 2 calcium
FRPPREENTR o Tt ovivbdsh 35 pmafecablagemsnite.
preferably al so a gl ycosam nogl ycan are present in
gach | ayer, and that at |east one of the layers also
BhtBFhslaress mavmbehdsphatednas edésd realichdasheker further

48Pt ez rdr id,81,130 I'L: Inter-diffusion WD
2006/ 095154 PCT/ Ggi-%og%@g?g%m@ 3Lty COMBEA FEEFon
SPeh2Fvol Wil amialldwi ngcaheivespleségphttte material, and
optionally a glycosaminoglycan. The further slurry

a

compositions preferably comprise a co-precipitate of
coilagen and a glycosaminoglycan, a co-precipitate of
collagen and a calcium phosphate material such as brushite,
Or a triple co-precipitate of collagen, a glycosaminoglycan
and a calcium phosphate material, which is preferably

brushite.

The composition of the slurries in each subsequent layer may
be identical, wvary slightly, or véfy significantly, provided
that collagen and preferably also a glycosaminoglycan are
pPresent in each layer, and that at least one of the layers
alsc contains a calcium phosphate material such as, for

example, brushite.

Step II: Inter-diffusion
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| ayers of the'cast, layered slurry to inter-diffuse.
This step is perforned for the purpose of allow ng
inter- diffusion of slurry constituents between

j.acent |ayers, 5 thereby increasing the inter-|a
‘%gﬁ@mg'f’grlé‘hgt h after solidification and subl ?ﬁg{q38¥°%;000797
Preferred conditions for _thg inter-diffusion step are
listed in the appropriate. section of Table 2. 10
Step Il1l: Controlled Cooling The controlled cooling
T8LER.LAYE | aci ul contaj.ning the slurry
T R g T O
legrtsobFetheat®sit,0 layireal sflenper abuilg:desh ffam.15This

is step i erformed to initiate and control the
s0p Tt BeReStned R e BhrbBennt ol Eot e oent ne
délfdnsyon beesbumst alohstieukbhes BybsesueMacdnemuedrby

ubljmation |eaving a porous scaffold. The
tBPERPY oLRCFRABING (G dBLogryRYaF RRRGOYIEIAIL after

sdet @i fioecide aHd igmhenBeiensSt r peLHE £redd Qndlif8ons for
scaffold. The preferred paraneters for cooling are

thestrberrdybhision stegpaky: L2pRedl imgss apma oRmASARI. ng

s8tepPoh nyplvas ald owing the slurry to remain at the
final tenperature of the controlled cooling step for a

desi gnated anount of tine. Thi.s step is perforned to

SEBSUEEr ; t halnd N 18 URRY, Epgezes conpletely or
— The preferred paraneters

for annealing are 30 listed in Table 4. Step V:
bl i i-on 2006/.095154, PCT/ GB2006/ Q0Q7 - 3
T T TR G o0eas Bonr LR Ve e SR e TP A

cémioziemning | te s liug riai At an negv bt oringsig)) whitlk@ fknehen
and anneal i n

cé%%%i?ﬁ{%i%ﬁﬁ%%%ﬂﬁgd?ﬁg%%g%égg éfﬁgﬂ Q%mperature lesg than
o°C This step is performed to initiate and control the
rate of ice crystal nucleation and growth within the slurry.
Ice crystals are then subsequently removed by sublimation
leaving a porous scaffold. The architecture of the ice
crystal network will determine the ultimate pore structure

of the scaffold. The preferred parameters for cooling are

listed in Table 3.

Step IV: Annealing

The annealing step inveolves allowing the slurry to remain at
the final temperature of the controlled cooling step for a
designated amount of time. This step is performed to ensure
that the slurry freezes completely or substantially
completely. The preferred parameters for annealing are

listed in Table 4.

Step V: Sublimation
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5 environnment around the nould and frozen slurry to

below the triple point of the water/ice/water vapour
system followed by elevation of the tenperature to

g n the tenperature of the solid-vapor
t?@ﬁéﬁ?P%ﬁgtenperature at the achieved vacuurhCT/GB2006/000797
pressure (typically Z 0C). Ihg%1§tep is. 10 perforned

to renove the-ice crystals fr the frozen slurry via
sublimati on. The advantage of sublimtion over

evaporation as a neans of water renoval is that it

| eaves a network of enpty space (i.e. pores) that :
nThe csulpt Bod tsidry stidhe canpbit €6t @ dfnd, heHAneVikAESk¥ozen
ex#ééing.netmprk,of ice 15 crystals. If the iceis
afTowed 19 Werttaingd pleTerytn the\dtinsk teawesakuse of the
sha@ErozﬁﬁhthbBﬂﬁ@hhhachﬂﬁébIEné'H%eﬁ@%s%h%'Bge Qfe in the
network is conprom sed. Preferred paraneters or the

STDY 1 FRATGH Stepngr Ehghbanld rrirhfi%ezen 0usrepty below the
G ossléd pdng | des &Sgery%m%s%amﬁralsggtéﬂvokg L owed

a crosslinking step to crosslink the coll agen ahd the
Y DA tHGR platheTheperaturs dd lgewaitr st hgan the

, i o gt
APRIR AN S che! B S e M on? Remparature at the

. PGB0 0G4580 psesaene poratiec 1gr & 0°0y . r efei ensieap A s.

/ 04550. i [ d.i n Anj 1.
e qrled Tl PRRGEBIERE oS ANREAIS delu PAR e fozen ey
SI;/EGA@/UI&_ | {R2WD0RA00 61RO 5454 RGHGLE2 @06/ QRA¥ Vdn Sver
terl a en.

ALt | S Col | ag Tﬁ$e I, mcrofibrillar col]|agen
FFSRBETHR “PefdBRY %d?ﬁfEiF@mggﬁénééstF?QFHé&ﬁﬁies a
Mbtwd®A orGafaot Phopaedi i .6 powephatBatr ammsbardrecisely
%ﬁ{tlla e, sodium salt, Sigma-Aldrich Inc (St.” Louis,

e 5%, ltecture of the previously existing network of ice
crystals. If the ice is allowed to melt, the ice crystai
network loses its shape, and the architecture of the
resulting pore network is compromised. Preferred parameters

for the sublimation step are shown in Table 5,

Step V + I: Crosslinking

If desired, the process may also involve a crosslinking step
to crosslink the collagen and the glycosaminoglycan. This
is described in the applicant's earlier patent application,
PCT/GB04/004550, filed 28 October 2004. The content of
PCT/GB04/004550 is incorporated herein by reference. A copy
of PCT/GB(G4/004550 is provided in Annex 1.

Examples

Example TI: Single-Layer Scaffold of Collagen/GAG/CaP
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Cal ci um Sources: (i) Cal cium hydroxide (Ca(CH)?2),
Sigma- Aldrich Inc (St. Louis, MO, USA); (ii) Calcium
nitrate (Ca(NO3)2.4H20), Sigma-Aldrich Inc (St.

USA) 10 Phosphorous Source: O'thophosphoric
L"g#&&fé@é@& BDH Laboratory Supplies (Pool ePCOfBRRI§/000797
Ki ngdom Crossl i nki ng Agent s:

1- Et-hyl - 3- (3- D net hyl am nopraﬁyT) Car bodi i mi de
(=EDAC), Sigma-Aldrich Inc (St. Louis, MO  USA);
N- Hydr oxysucci nimde (=NHS), Sigma-Aldrich Inc (St.
Yatepiak® MO, USA) Procedure Step 0: Slurry
Preparation ‘20 3.8644g col.lagen was di spersed in
171. 4L of 0.1383M H3P04 cooledin an ice bath by
Bréhaeny f Syee0 Ini mdceofabrilbanodrlgmass dgoa bovine
DoRBAEN! fiffaBAUIARGT i LRgs TOMID AL, Sy SHRRO! O
creat e’ y "Viscous co agen |speﬂ5|oﬁ n 25
pagal | @tqndj:cﬁAﬂﬁag& kadghetéi fredn ssﬁqﬂiatcar@@&@)gewasodium
\ o3 H3PO4 at
?%%?ﬁmf%r%éerﬁ lhbsngha(t% elrsi’o c’al%l%%/ﬁ to di sperse
@aSSnImWStgn@% i n{an dealci.u;m m;mhme.c& GaG (b pit | Bilgma-

A i SRl Lol s ot i i) ot uRDptERate o

ofa apmy) 9 x4 maEt) 6! )sl@manrhwrncmiﬁf Nt TRWAYS MO, USA) )

honogeni sati on at 15, 000rpm .and the resultl(gﬁ h| hI y-

PR |Sé>g1éﬁf9@ebarr§a%1?%w}wrd+%ﬁ&é&1f pP

B £4 10018} @30 §6Q@él%m%%%% 00797 - 35

m nut es. Afs?%rp 98 an tes of J'm Xi ng, 804g Ca(OH) 2

Gressoireoy GIERES)Y 2' HBohwerE b?dd@@ettémlﬁ@lnomozayl)
oys, | a %ﬁﬁ IS ve

%%%lsl\ﬁun ekt ?8%?? antgf% en n;&gtﬁlcgqggo Lodbs, wo,

@3t itNhdlvalroslylsagenh GAGAEa P=NH r r ;Slgglarﬁédpﬁlcbf Ingi 6FE-

“I\J/\@@iﬁprgfooxidﬁt)el y 4.0. The col | agen/ GAG CaP

Procedure

Step 0: Slurry Preparation

3.6644g collagen was dispersed in 171.4mL of 0.1383M H3PO4
cooled in an ice bath by blending for 390 minutes at
15,000rpm using a homogeniser equipped with a 19mm diameter
stator to create a highly viscous'éollagen dispersion. In
parallel, 0.3436g chondroitin-6-sulphate (GAG) was allowed
to dissolve in 14.3mL of 0.1383M HsPO4 at room temperature
by shaking periodically to disperse dissolving GAG in order
to produce a GAG solution. After 90 minutes, the 14.3mL of
GAG sclution was added to the mixing collagen dispersion at
a rate of approximately 0.5mL/min under continuous
homogenisation at 15,000rpm, and the resulting highly-

viscous collagen/GAG dispersion blended for an additional 90
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sed in a vacuumflask over 25 hours at a
%@g%&%@é of 25 Pa. 10 ( Step |: Casting 15HGtT/5B200g{Qu0797
m neral i sed col | agen/ GAG CaP §I urry was cast into a
pol ysul phone noul d, 50mm | ong by 30mm wi de by 10mm 15
deep, using an auto-pipettor. Al |arge bubbles were

renoved fr the. slurry using a hand pipettor. Step
FEASEREer | 8 FTUST DRBAS PROmSELRT ol b 4049 Baktgle and
I0'.qenpr Caemognt 4H,0nGekayglded e tiHY eﬁ%ilﬁ%iseauét ep .

was _unnecessary. Step Il11: Controlled ofing 25 The

Ul EISRACAT U SPfstiOnpIoaeEd 3P nmén Wi § 3T Wpceen esing tant
breaaengdsyers (g d Wt hnbeanes fdl&r Ao Al §9urry,
stainl ess steel shelves) and the shelt tenperature of
the PHeefevifisiervas appeeximahrir ¢ of - 200 eatced legea/6RG/CaP

[ Qut e. : eald

T0 S0b6] Sbe1 LT B20TR B00003° C B heaRa pr 18
PeHpEr Bl ¥Ry ot tthe tirepletdr yendvigss ridiam gilaegdagt 4°C for
2 ; hS....St epy; | pat | Wi lL.e sti.l]l

e PapePpet LS o aie, SERMLR AR AR Y (BpR, ebassed
25Pa tapwmoxi Isetlelowe20@6Thon)s wats @ pddsethrte0 offhe5 Pa.
chanber containing the nould and the (now frozen)

slurry. The tenperature of the chanber was then

paeged: t acaktGnoand

15mL of the mineralised collagen/GAG/CaP slurry was cast
into a polysulphone mould, 50mm long by 30mm wide by 10mm
deep, using an auto-pipettor. All large bubbles were

removed from the slurry using a hand pipettor.

Step II: Inter-diffusicn

As the scaffold for Example I comprised only one layer, the

inter-diffusion step was unnecessary.

Step ITI: Centrolled Cooling

The mould and slurry were placed in a VirTis Genesis freeze
dryer (equipped with temperature~controlled, stainless steel
shelves) and the shelf temperature of the freeze dryer
ramped from 4°C to -20°C at a rate of approximately 2.4°C

per minute.

Step IV: Annealing
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single-layered scaffold of collagen/ GAG CaP, 50mm by
JOPR0BPIAB M i n size. 15 Step V + |: Crossl i PRI/GB2006/000797
Scaffolds were hydrated in 40n dei oni sed water for 20
m nutes. *20nmL of a sol utiem®f- 0. 035M EDAC and 0. 014M
NHS was added to the contai ner containing the

scaffol ds and 20 dei oni sed water, and the scaffol ds
room

?ﬁéesl@éipv% a@ﬁ?éséf[ e f réeaehgi‘lyﬁ%av}%ljﬂélggﬁwe?%rﬁtt

enperature under gentle agitation

8°¢ enbaed,0’ @ndrshe scaffolds were rinsed wth
phosphate buffer solution (PBS) and then allowed to
i ncubate at 37C for 2 hours in fresh PBS under mld 25

apép i orsupAfitgEisyo hours in PBS, the scaffolds were-
rinsed by alfowing themto incubate in deionised water

for tw ten-mnute intervals at 37C under m |l d
t ffolds were then freeze-dried to
@girr%‘%egtgﬁyl :a—écsﬁd%é%'g lerBWE%n‘W 614968/ cBoVaHg ragdim

elow (PR appf@;in%teagczé@m%rﬁ £ a%ial?@@r%é'{@et ely

2. 4C per n1nute foll owed by annealin 2
FRAE Bynsnmdlh@ mogdd &henthe ufslowmdiboen ats helxgw

[t a WD 20Q6/ 095154 ‘
PR S b0 79 sy ShePBls) Yk oRRagER tn@TERp and
mlmdonoﬂghé%cﬁ@@b@ﬁt%@ué“ﬁoxb)ﬁ glABMLL N SPEL Kt aY

n1crotonngraph|c i mages, scanning el ectron m croscope
WS h§8s remeredi and Boei bempers: tared re(br:rpnecsstto/&oom

P Par i e, SR shhel gl e POR i e
cstidagea/PrOfC4E, <5f0mﬁ By 580X byP-1DM ¢! sk cal

section of the scaffold produced by the above
procedure, as viewed through X-ray m crotonography..

Step V + I: Crosslinking

Scaffolds were hydrated in 40mlL deionised water for 20
minutes. '20mL of a solution of 0.035M EDAC and 0.014M NHS -
was added to the container containing the scaffolds and
deionised water, and the scaffolds were allowed to crosslink
for 2 hours at room temperature under gentle agitation. The
EDAC solution was removed, and the scaffolds were rinsed
with phosphate buffer solution (PBS) and then allowed to
incubate at 37°C for 2 hours in fresh PBS under mild
agitation. After two hours in PBS, the scaffolds were
rinsed by allowing them to incubate in deionised water for
two ten-minute intervals at 37°C under mild agitation. The
scaffolds were then freeze-dried to remove any residual
water by controlled cooling from room temperature to -20°C
at a rate of approximately 2.4°C per minute, followed by
annealing at -20°C for approximately 5 hours, and then

sublimation at below 25Pa at 37°C, resulting in a
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scaffold are shown in Figure 4, again illustrating

t W& WPV PHSh nature of the scaffold pore str RSIEUGR2P06/000797
al so evident in Figure 4 is _the 15 high degree of pore

i nterconnectivity, the qui@Qed pore norphol ogy and

the large (nmean dianeter of 500 mcrons) macropore
size. In Figure 5 SEM m crographs again show t he

racs sphitledgiiabegyGadyda® akadfshdwngyHiye 5pnasenci) mm
8f @#ﬂiled,nicroporosity, visible within the walls of
¥rt Yb S¥Eropores. H gh (4000x) nmagnification
secondary (i.e. topography-sensitive) and
backscattered (i.e. conposition- sensitive) electron
Knage stiofrotomegirephdd  irweyesc abtahuingld lectEogunect)scope

denonstrate t.he conppsitional honogeneity of the

SERRTON o IS EaBEpr Tk TR BPBCRUe e e TpbHRnical |
bORPYRAICAF 2heVabb@lt ORF one-1 Bgef O§dR o 1RIEOLFHAE M in
nodul es approximately I-2 mcrons in size. The
Cageresn e phesphoyots repovshavierofinlarioguged ydSmm x

b .h | usi b i al
o T R SR REHE ' RPBuSRBtAeiche - Shappd by the
Whbhe botdted@ireeRt Sy thvidd ithubagh ex-erdy ﬂi@’r@@@ﬁ@?&aﬁlﬁﬁ. _.

scaffold. Figure 30 8 shows single-layered scaffolds
DR ntfee drsy tdeasubsbantidllivusnifens 13aine i bty naraydal

X desji red- sh ' 120 ; ki
Ehaosty AR KR, bRRe SR By bbb i lrsaatds '
P& £882006/c00Q €94 cBfonL @FMpRe SHaRE CRdaffoddsasdcihasm in

scal pels, razor bl ades and trephine blades (circular
Bugeiead t Gelad nusbiusitratigac shaeanifom Magugat af i bS ;

GLLER.L a0 LR 3 g tmLablsn agiienycapaid v
nigwldebrdceelf bake - hearoegnetnil gpr ec® ebindaxed pore
behaviour of single-layered scaffolds in t%emgé oggale
parphology and thé large (mean diameter of 50 )
macropore size. In Figure 5, SEM micrographs again show the
macropore morphology while also showing the presence of
limited microporosity, visible within the walls of certain
macropores. High (4000x) magnification secondary (i.e.
topography-sensitive) and backscattered (il.e. composition-
sensitive) electron images of a region of the scaffcld wall
(Figure 6) demonstrate the compositional homogeneity of the
scaffold walls, despite the presence of limited topological
variations in the form of protruding nodules approximately
1-2 microns in size. The calcium and phosphorous maps shown
in Figure 7 corroborate the conclusion of substantially
compositional homogeneity throughcut the scaffold, with both
elements distributed evenly throughout the scaffold. Figure
8 shows single-layered scaffolds in the dry state, and
illustrates their ability to be cut to any desired shape

without crumbling, cracking or losing their integrity using
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"mneralised s

of . 10 85.2+4/-11.7kPa. It is significant to note that

t MO PPEFL4 st rengt h of the dry scaffol ds al | RGES/GBEIE000797
to withstand firm thunb pressure (during insertion

into a defect site, for exagple) w thout deform ng
permanently yet still be fornmed when strong thunb
pressure is applied (by a surgeon 15 nodifying the

steperofsut ' a n_ ELgure 0: the
conpr stsiu\fggggf[rg%rzﬁ%ﬁﬁ o{}u@ci)lf géi %g%%ﬁla%/errggggcgﬁ%?sdgn%
| Areridney Bladed fthtauliay showng ADdls tbeddayr Si@i®rneal

F%l?%%ﬁge?éﬁfé@%s TR Bofoth G LuRcdoE o8 oS Seuiahs
i1mg, chphe ' | + 1 0: Pa)...
madiing, chybc 20y vmt( g%ggg%%&% 68at2d{ad: OKRA)

and yield stress roughl'y an or
MERFtudé foswelid-trireelt heltdremsipondiingFpgoperd,i eseof

- olds.. Furthernore, evidence of, viscoelastic
g{%ﬁgﬁapécége?Jyf as 8@85%&%&}% dsf 3p) B¢ niry Steksels
cfhowanpTRSsi behatiorss eshipi t e HeokhaBaest 20l eau

region. Exanple Il: Two-Layer
OFBRTF 3% - LrRiiGedr QIfi BeroSt afcldidd, Whtleraraled a3@iv0

5 / 797. - 39 .Coll f
RSP ey G, 00 Bompg i 1) FVH strdgenor.
fBiSoat Bevl nekrenden isl BLEEY! B danfte tSChERE Otha tPltakNSPOT §.

g%, US@FGAG (for mneralised slurry): ‘
GREFER tPih-tBis dryhacatfelds a3 lowar khemritd wighstsodi fimm

%gkﬁgg%%éggﬁfﬂ q%&9§n§n5n45¥tio%ogh%b aNg%fég%qgilgPeféé
exampl;) without deforming permanently vet still be formed
when strong thumb pressure is applied (by a surgeon
mo%ifying the shape of the implant, for example). In Figure
10, the compressive deformation of single-layered scaffolds
in the hydrated state is shown. As in the dry state,
hydrated mineralised collagen/GAG scaffolds exhibit three-
stage mechanical behaviour under compressive‘loading, but
with elastic modulus (4.12+/-0.76kPa) énd yield stress
(0.29+/-0.11kPa) roughly an order of magnitude lower than
the corresponding properties of dry scaffolds. Furthermore,
evidence of viscoelastic strain recovery has been observed
following release of compressive éfresses in the collapse

plateau region.

bExample IT: Two-Layer Mineralised-Unmineralised Scaffold

Materials
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Smntzerland) Cal ci um Sour ces: (|) CaIC|un1hydrOX|de
TRAY3155 gma- Al drich Inc (St. Louis, MO, POSAB2006/000797
(||) Calciumnitrate, 15 Ca(NO3)2.4H20, Sigma-Aldrich
Inc (St. Louis, MO USA) -PR8sphorous Source:
Ot hophosphoric acid (H3PO4), BDH Laboratory Supplies
(Pool e, United Kingdom Crosslinking Agents:
CoELdwydn 3-fo2- Mt netdyd vd RAREOPY!) TR Qoﬁhb%ﬂﬁorlllar
(=EDAC), Sigma-Aldrich Inc (St. Louis, MO USA) ;
w%wﬁ@@cbﬁvmwtmﬁa Intpgten-LAlfer |S@henn@s (St.
é&ﬁg Hé ep O: Slurry Preparation 25
nera |séd furry Preparation 3.8644g col |l agen was

GAG piieethingrd Tisddris afr§) 1386Mﬁcﬁd?@4:1n969|3ﬁﬂphaftéirfrom
ice bath bﬁﬁblendlng for 90 mnutes at _15,000rp
Wiy @atdrBgeni 3By FRppedS hitaT L Ard s anawé‘ifer Ippis,

Wb atdato create a hi ghly vi scous col | agen di spersi on.
I'n’ paraIIeI 0. 3436g chondroitin-6-sul phate (GAG was
allowed to dissolve in 14.3nL of 0.1383M H3PO4 at
room egEZiature WO 2006/ 095154 PCT/ GB2006/ 000797 -
ekﬁﬁ PA%  periodically to disperse dissolving GAG

d utl t es,
{1 8, Uity G0 he A1LO 200 ukes.

CCEAG alfen 1dgep£eaGiors latrryasohtlel bifsegbfrox| pia:r@irye
/n1n de ont.i nuous, 5, ho nlsatl
S5 Oocwsm ST Raelr R iRt SRS RIsRE L 9 Herlana) .

coIIagen/GAG di spersion bl ended for an additional 90

m nutes. After 90 m nutes of m xing, 1.804g Ca(C}DZ
Gae-iunn $80gcTa( NAB))2 Calipbumerednddee t(Ba(@i)z) Sigma-

PNy diacous ol aogn! GG i spenskon.ouer, A e,
Ca {NO3}2.4H0, Sigma-Aldrich Inc (5t. Louis, MO, USA)
Phdéphorous Source: Orthophosphoric acid (H3PO4), BDH
Laboratory Supplies (Poole, United Kingdom)

Crosslinking Agents: 1-Ethyl-3-(3-Dimethylaminopropyl)
Carbodiimide (=EDAC), Sigma-Aldrich Inc (St. Louis, MO,
USA); N-Hydroxysuccinimide (=NHS), Sigma-Aldrich Inc (St.
Louis, MO, USA)

Step 0: Slurry Preparation

Mineralised Slurry Preparation

3.8644¢ collagen was dispersed in 171.4mL of 0,1383M H3POy
cooled in an ice bath by blending for 90 minutes at
15,000rpm using a homogeniser equipped with a 19mm diameter
stator to create a highly viscous collagen dispersion. In
parallel, 0.3436g‘chondroitin-S-sulphate (GAG) was allowed
to dissolve in 14.3mL of 0.1383M H3PO; at room temperature
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over 25 hours at a pressure of 25 Pa, rebl ended using

t WO WWB3ehi zer over 30 ninutes, and then de§AER306/000797
again for 48 hours. 15 Un|n1nerallsed Slurry

Preparation Type Il coll agen/4@A6 slurry was renoved
fromrefrigerator and allowed to return to room
tenperature. 20 Step |I: Casting 2.5nL of the

unpi siefialris e@riypecall £ald a9epb @G &istHJ:LXu Sca®! A &hder
in the bottom portion of a conbination polysSul phone

250 mpfdice e GBEt s@mw i oRfoErwWhl oki.msasur ede SD4TANIN of -

| epet 2 de The sl
oS8 SRS Vg "a e B nrgoﬂaasﬁipfm%‘%%wn at
Aa tpperoft Alppabxim@d S0 roa@mgfmﬁplwrsddﬁof&@ﬂ%m@@@s

measuring 50mmin length by 30mmin width by 6nmin
dRPFEHF SRR ta ORag hekP 1) el band obhBoresov ting bighhe

oot ates e SIS, WURDEL Shered iAo s

phawess.i nAdheeven|ni mitstr bbume:dm@,nrlersmgnc&qm qf ahhe
v&)nfooe/ 098154 PCT/ GB2006/ 000797 - 41 _smoo hed,
G £y (M0 4 48eSr wake aided ta héephédhhyrsriscosept v

. L&Hﬁﬁa e/t df%# ed 'a%eogggbbﬁgpﬁﬁﬂf%s §H8¥§d055§¥2 fche

sl urry using a Pl pet tor
Ibﬁ&ﬂdengMSiﬁnO@Unpm a¢eeedls¢Lurqob&ageavcneﬁﬂhﬂ(Blurry,

nmai onwte erature and pressure for a total
pﬁ‘oﬁfs hEF JFa FEPREXpPAERYY |4n 0.t hdherglebllag ypdurry

wéH)then degassed in a vacuum flask over 25 hours at a
pressure of 25 Pa, reblended using the homogenizer over 30
minutes, and then degassed again for 48 hours.

Unmineralised Slurry Preparation

Type II collagen/GAG slurry was removed from refrigerator

and allowed to return tc room temperature.

Step I: Casting

2.5mL of the unmineralised Type II collagen/GAG slurry was
placed in the bottom portion of a ‘combination polysulphone
mould, the bottom portion of which measured 50mm in length
by 30mm in width by 2mmn in depth. The slurry was smoothed
to a flat surface using a razor blade. An upper cocllar,
also made of polysulphone, and measuring 50mm in length by
30mm in width by 6mm in depth, was attached to the bottom
portion of the mould containing the smoothed, ummineralised
slurry. 9mL of the mineralised collagen/GAG/CaP slurry was

placed, in an evenly distributed manner, on top of the
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steel shelves) and the shelf tenperature of the

f VOPW/W¥F9er ranped from 4C to -40C at a rat @cefGB2006/000797
approximately -2.4C per mnute. Step IV.: Annealing 20
The shelf tenperature of thesfreeze dryer was

mai ntai ned at -40C for 10 hours. Step V: Sublimtion

25 Wiile still at a shelf tenperature of -40C, a

f i nat el y. 20Qnir
a0 R el Ba P T o Fie HLIRTeKAdue e

@Dy nppen)cdldyer. edAl | 161gs bﬁbgléﬁrﬁp@f@tﬁléh%v% EPSn the

%?%nber was then raised to 30 37C, ‘and subli1mation

ar rowed* T E chtieRGePERRT I shour s.  The vacuum was t hen

renmoved, and the tenperature returned to room

tenperature, |leaving a two-layered scaffold of WO

$06B/ D51 SN tREFHGBEOOBIND00797 - 42 col | agen/ GAG CaP,

50mm by 30mm by 8mmin size, conprised of an

unm nerali'sed |layer 2mmthick, and a mneralised

Ay erav&En thi t ['i_nki_n caff ol ds

wer e h%/dr at edhli(iﬁysvgﬁs ag'g‘lo(\ﬂérel?s{é %r?%% i rrﬁgm%ﬁ?% ure

3BALPUHSWIsOIQri Bntafald oF3ENVEDAS, aretdde0bAMNHS 2 MRS 1

a gq%éé%tag cont ai ner containing the scaffolds and 10
el oni sed WAYEF: and the_ scaffolds were.allowed to

crosslink for 2 hours.at roomtenperature under

entl e agitation. The EDAC solution was renoved and
é&ﬁﬁ:ﬁ%&ﬁio@ﬁétﬁﬁﬁlﬁdIﬁ@nlihgsed

The mould and layered slurry were placed in a VirTis Genesis

freeze dryer (equipped with temperature-controlled,
stqinless steel shelves) and the shelf temperature of the
freeze dryer ramped from 4°C to -40°C at a rate of

approximately -2.4°C per minute.

Step IV: Annealing

The shelf temperature of the freeze dryer was maintained at
-40°C for 10 hours.

Step V:  Sublimation

While still at a shelf temperature of -40°C, a vacuum of

below 25Pa (approximately 200mTorr) was applied to the

~chamber containing the mould and the (now frozen) layered

slurry. The temperature of the chamber was then raised to

37°C, and sublimation allowed to continue for 36 hours. The

- vacuum was then removed, and the temperature returned to

room temperature, leaving a two-layered scaffold of
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scaffolds were rinsed by allowng themto incubate in
d¥0PH64EHhat er for two 10-mi nute interval s PRT/GB2E6/000797
under mld agitation. The scaffolds were then
freeze-dried to renove any résidual water by

controlled cooling fromroomtenperature to -20C 20 at

a rate of approximately -2.4C per mnute, followed by

abneaydyGAE/ ca20Cobat By PownShby aghn fimalilze , b¥omprised of
subl i mation -at bel ow 25Pa at %7C for 24 ‘hours,
ABSWIRiNAYaild s8d &pPeE|imkdaickayRR@ R CNPLge A EAG AT
egafipl 4. roughly 50nm by 30 mm by 8mmin size,
conprised of an unmineralised |ayer 25 2mmthick, and
a mneralised |ayer 6nmmthick. X-ray m crotonographic
I mages, scanning electron mcroscope inmages, and ion
i:on G 1 resul ting two-1|ayer
scaffolds are shown in Figures 11 to 17. An x-ray 30
m cr ot onogr aphi ¢ i mage of a 9.5nm x 9.5mm cylindrica
Sezffdnisofvetrke htydoated eém Seéalf ot topredusedebyfohell

rocedure_ _described abqgve i h in_Figure 1 Th
gb%‘gﬁfes | odERIVeF 280%7 Jo%£§4°§c§f %‘b&@ﬁ&og?éﬁ 1y tis
(89 QN ows thhecohnerfld $eAthfYBiy (MY ls8akRE1 dBIHad .
transl ucent upper region represents the unmneralised

Haj@rised watam, band egdre. tsaf thbdé deneerd lawed| e gatossiink
niform both in terns of porosity and.conpositian.

fiie Laflasd ctosdon Subrgne e rauEy HRge, 8036 g The

EbfC NRAMLABA! QRO ferdd Rl lRd the sbdveraldsSfdrd ayesn trAnsed

be approximately 400 mcrons, while that in the

whith mécgiphséd bayter iplotivhe (BBHeranst thep adbewsts to.

RIS, bel el mppunmoREabiset,
Lt ol gupetdd showmwast 2R FBSW e thargonisnerald sed
Lfggz& by allowing them to incubate in deicnised water for
two 10-minute intervals at 37°C under mild agitation. The
scaffelds were then freeze-dried to remove any residual
water by controlled cooling from room temperature to -20°C
at a rate of approximately -2.4°C per minute, followed by
annealing at —-20°C for 5 hours, and finally by sublimatioh
at below 25Pa at 37°C for 24 hours, resulting in a
crosslinked, layered collagen/GAG/CaP scaffold roughly 50mm
by 30 mm by 8mm in size, comprised of an unmineralised layer

2mm thick, and a mineralised layer 6mm thick.

%X~ray microtomographic images, scanning electron microscope
images, and ion distribution maps of the resulting two-layer
scaffolds are shown in Figures 11 to 17. An x-ray
microtomographic image of a 9.5mm x 9.5mm cylindrical
gection of the two-layer scaffold produced by the procedure

described above is shown in Figure 11. The opaque lower
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j ther di scontinuities separating t he
Wﬁ%gggﬁgsed and. unmi neral i sed 15 layers. In Pﬁﬂﬁ?%m@@wm7

t he behavi our of two-I|ayered fcaffolds under
conpressive loading is shown Upon application of
conpressive |oad, the conpliant unm neralised |ayer

to c ress, resulting in near-conplete
l} %ﬁg’&t F%‘F]W%?Crﬂ) @lnééﬁ%w%ﬂ{@g(% r cBRPEE tﬁ%ﬁmoare

88 $88eh NSHH:C Y, nifican
defornatlonsﬁgg g k@ éggg%gF% Fgg 4 #ﬁqralgﬁ85|%ﬁﬁpr
iLE ﬁéﬂeb%eﬂﬁenItéahnhvhbrkﬁye&eda@ellamgﬁﬂf3ﬂﬁlkéfﬁf both in
%g urns toits orlalnal shape al nost |nstantaneously

Bir 8 DORpSItE § ?eCQTPQQHt&§Prat%%etﬂﬁ¥%@écﬁ§ﬁﬁ@al
bebﬁyd)@e”slﬂfwnt wa- v @YeL ed t%glgtdf ehgs‘r%%é}lutrﬁ%ropg}' jge in

édrated state. Once hydra nm ne
EBFI BbRsvadieedayayerato e epppressate uNd®0 microns, while

SR R R R Sea Tap e ceeneEaRs
notrénd ] yhee@dir8s i SodHH ﬁv.':.ﬁ@lralfééd(rh%%ﬁ uﬁfnﬁﬁé:i%%)ﬁsed

first application of conpressive [oad (Figure
beYe T h<ed i apeeqmred merpBolegvss f@ecﬁEMn:.migé hien
i nitia

[ 4 tnem Af_t t hi s,
ﬂﬁgfr%slsalsgﬂog ovvevO Ve Ognﬁ‘f‘ﬁe?%{‘iuinseé&lllﬁﬁgrlw%‘frurns
101 i $tsratangr eRsed 141Gk ReS h WO
T s T s Rt SUESSE’EE‘%(%

%fﬁﬁ?QQniwéﬁléftbﬁnﬁﬂﬂﬁﬁ§l@é tb@dﬁnﬂerﬂaqguregian shdwn in

0 allse yer f atw
‘H I)ié ﬁéng ere eh%aﬁgl ?g 358?9?78%1‘#50%‘?@&1‘“
dxmmnnnmnauhgesfmeﬁuhhilﬁqdtﬁ@rﬁiﬂéﬂﬁiﬂs@ﬁeéﬁécﬁhmiherallsed
rtlcular %Olnts is illustrated by anal ogy. .
WS sPdelonr i Gutde pehaviammiafysue-Ltayehed \/Veﬂa‘lff@ﬂds '

Sgepdenin i, (e G 1 1 o
compressive load, the compliant unmineralised layer begins
to compress, resulting in near-complete compaction of the
cartilaginous compartment at stresses insufficient to induce
any significant deformation in mineralised scaffolds. After
the load is released, the unmineralised collagen/GAG layer
returns to its original shape almost instantaneously (Figure
15d) . Figure 16 illustrates the mechanical behaviour of two-
layered scaffolds in the hydrated state. Once hydrated, the
unmineralised collagen/GAG layer can be compressed under
low-magnitude loads (Figure 16a-c). Unlike in the dry state,
the hydrated unmineralised compartment does not fully regain
1ts orlginal thickness after the first application of
compressive load (Figure 16d), but instead drapes over the
cross section of the mineralised compartment. After this
initial compression, however, the unmineralised layer

returns to its compressed thickness (Figure 16d) after each
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of the scaffold and the adjacent articular cartllage
ExXARPP®PIIf4  Three Layer M neral i sed- Unni ner alPCEi&d32006/600797
M neralised Scaffold 15 Materials Collagen (for

m neralised slurry): Type + é#crofibrillar collagen
from bovi ne tendon, Integra Life Sciences 20
(Plainsboro NJ, -USA) GAG (for mneralised slurry):

eﬁﬂtna%F§ﬁé£E@iIﬁ ol @Bhp88as IvLaldaldl. 298, FEQdiaIm7,
salt drich Inc (St. LOUIS MO, USA) 25

o@ne:.amqlscsm @ésthfé |9nme¢|a&mﬁh9dlmﬁrd@f( €at Tl PJyer

T Ee s oty MR TR f e

Lexticinp al\z!,@,mkjszehe kE’&Qas piver edst Shakfe eint@rithephods phoricnlar

acid (H3PO4), BDH Laboratory Supplies (Poole Uni t ed
stselWQD@@@Ml@mawGéﬁw@/@@em fde iy Fiqure

d %
N A e i LG
detrariabilitgpad MeaturRdclkeens iées akayer) apaniihGAS {(d dthis

unm neral i sed slurry): Chondroitin-6-sul pha
sharfecgaifil Paaéat%%dahﬂn%aﬁtzltfsu %S&r EEﬂ%Eﬂfcé%’( &° i

e MBgora) R ey (DS e L SRR of

Sﬁg&ﬂﬁdeftmee(lmhghtrmmmlallsl&ai 18y Gr asfsitheksogt Myjehtagid the

Nor di hydr oguari aretic i d ( NDGA
adjacéét a%t?cu ar cargiiage( )

Example III: Three Layer Mineralised-Unmineralised

Mineralised Scaffold

Materials

Collagen (for mineralised slurry): Type I microfibrillar
collagen from bovine tendon, Integra Life Sciences
(Plainsboro, NJ, USA)

GAG (for mineralised slurry): Chondroitin-6-sulphate from
shark cartilage, sodium salt, Sigma-Aldrich Inc (St. Louis,

MO, USA)

Calcium Sources: (i) Calcium hydroxide (Ca(OH),), Sigma-
Aldrich Inc {St. Louis, MO, USA); (ii) Calcium nitrate
(Ca{NO3)..4H;0), Sigma—Aldrich Inc {8t. Louis, MO, USA)}
Phosphorous Source: Orthophosphoric acid (H3POs), BDH

Laboratory Supplies (Poole, United Kingdom)
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O , Slgwa Al drich Inc (St Louis, MO 15 USA)
gﬁéﬁ 5% urry Preparation M neralised S| urBGI/GB2006/000797
Preparation 20 3.8644g collagen was dispersed in
171. 4nlL of 0. 1383M H3PO4 - d6oted in an ice bath by
bl ending for 90 m nutes at 15,000rpm using a
honngeniser equi pped with a 19nm di aneter stator to

g dC Hepen | rg%d 1
E.agh%ef(ﬂg gh%g{é%g%r o?w% sulﬁat 2&?& G all O\X/tle)g
IIOQS%MQypa véllEeﬁﬁaﬁhﬂohﬂblGl&@@SﬁndﬂB@@&caherdzmmls,
te erature by shaking erloflcally to di sperse

Mafthgaekers n(Gidér 8P2Pt oduce” a GAG sol uti on.
ﬁétPfof"%nﬁhﬂ%kﬁﬁlséd“%!k%r?ﬁL Of h&aF 0 i%QhUbL ORI Mafte from

added to the mxing collagen dispersion at a 30 rate
smarkunantmlﬂaEelyodn&mﬂgeﬁtn S bgmeeTA lsbrichndogs (St. Louis,
M@ q@gﬁnlsatlon at 15,000rpm and the resulting highly-

is s col | agen/ GAG di spersi on bl ended for an

addi ti onal 90 WD 2006/ 095154 PCT/ GB2006/ 000797 - 46

m nutes. After 90 m nutes of m xing, 1. 8048 Ca(OH)2
Dahden’fos 1800 naal NeE) 2t s Coddraer e A6t helacial ‘acetic

LG s e e S A
Cﬁééﬁﬁldklﬂ@ eakhagen/NAGiEgBrebusryardiichachtl GfbGHI,ch
was approxi mately 4.0. The chilled slurry was then

S Hamprdslaty tick 5n9a&%@m1fqué§k ¥QerU$) mours at a
sBAESE! &?}y%%oégﬁa)%h%%%a%%d aHSédW Ly N/mRaaRbegl over

asse i for 48 hour
sk ey alprosed, SUnlﬁred lm@gabm i on
Sodium chloride (NaCl), Sigma-Aldrich Inc (St. Louis, MO,

USA)

Step 0: Slurry Preparation

Mineralised Slurry Preparation

3.8644g collagen was dispersed in 171.4mL of 0.1383M H3POq
cooled in an ice bath by blending for 90 minutes at
15,000rpm, using a homogeniser equipped with a 19mm diameter
stator to create a highly viscous collagen dispersion. In
parallel, 0.3436g chondroitin-6-sulphate (GAG) allowed to
dissolve in 14.3mL of 0.1383M HsPOs at room temperature by
shaking periodically to disperse dissolving GAG in order to
produce a GAG solution. After 90 minutes, the 14.3mL of GAG
solution was added to the mixing collagen dispersion at a
rate of approximately 0.5mL/min, under continuous
homogenisation at 15,000rpm, and the resulting highly-

viscous collagen/GAG dispersion blended for an additional 90
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honogeni ser equi pped with a 15 19nm di aneter stator in

or Béy2006985¢at e a hi ghly viscous coll agen di SuarcH2006/000797
In parallel, 0.1718g chondroitin-6- sul phate (GAG was
allowed to dissolve in 28.6nkeof 0.05M acetic acid at
roomtenperature, by shaking periodically to disperse

di ssolving GAGin order to produce a GAG sol ution. 20
AR MaRLeSop e b STk Al SolsellhoRa(6r) Addad

to € m xing collagen dispersion"at a rate o

appv &g et @I0y) o AR EMwaren addediero ddvet hagblg-viscous

h i sati t 15,000 d, _th L ti
Ao She P el APl SR b o
agddLiagnaly 995%66‘%@; 2PLRE & clPSdnd GRGPEEP O3 1y,
m neralised collagen/ GAG CaP Slurry was placed in the
bohé opi pof thdrehofiae apprwixiaskehy pbl §sulTiieonbihbed dslurry

30 the botfom portion of which, neasured R0 in‘length
bR BOMHAT FSRRISRC LY M%%“Beg%ﬁ?’ ﬁ‘é“sﬁgr E@lﬁasat ®

sppot hed toF asplat re@%ﬁcﬁ%@eu5§hggt1@e naERigeBiagde. over 30
ddle collar, also made of WD 2006/ 095154

PETHGB20068/He0078FasHqd quaiips fipphéhdlowifd measuri ng

50mmin length by 30mmin width by 5mmin depth, was
.attached to the bottom portion of the +ould

C@H&xﬂéﬂa‘]ﬁste@esiﬂPﬁghﬁ%ga@alﬁQbm ised slurry. 7.5nL of
t he—unmneral f sed—corrTagen

slurry was placed, in
an 5 evenly distributed manner, on top of the

STETIIRRISF St TURE b 6 S idien Al MisPedsplivin 1y g
mgdeg of swaletukphene @suledmeassni Hge 5roh by beegdindyfor

30mmin width b% 3mm i n dept h, ) . .
90 minutes at 15,000rpm, using a homogeniser egquipped with a

19mm diameter stator in order to create a highly viscous
coiiagen dispersion. In parallel, 0.1718g chondroitin-6-
sulphate (GAG) was allowed to dissolve in 28.6mL of 0.03M
acetic acid at room temperature, by shaking periodically to
disperse dissolving GAG in erder to produce a GAG solution.
After 90 minutes, the 14.3mL of GAG solution was added to
the mixing collagen dispersion at a rate of approximately
0.5mL/min, under continuous homogenisation at 15,000rpm, and
the resulting highly-viscous collagen/GAG dispersion blended

for an additional 90 minutes.

Step I: Casting

3.5mL of the mineralised collagen/GAG/CaP slurry was placed
in the bottom portion of a combination polysulphone mould,

the bottom portion of which measured 50mm in length by 30mm
in width by 3mm in depth. The slurry was smoothed to a flat

surface using a razor blade. A middle collar, also made of
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enly_distributed nanner, on top of the snoot hed,
3&9&%@@%%P%ed | ayer and within the previ ousPET/&mig000797
upper collar. Al |arge bubbles were renoved fromthe
slurry using a hand pi pettord”15 Step |1
Inter-diffusion The three-layer slurry was allowed to
remain at room tenperature and pressure for 20
molytespheior anrkenadsok fefdhomd01hn1é r Y& wi
Steg IIP!): Coritrol | ed Co%ﬁengo The rmul:a%t}gn t%(r?fr@e-x abf/Jéc}th
SvuPrg Rrdepitac#dsi atbadhadliteo tRs Poivzort ggetiveezt the

r [ 4 iLth_tenmperature- controll ed,

HoUh, CHRADEY hu oAD' Bk RNES v a T wh of
the tnebzeradriged calpgged G égut;@%-aééhcpqtac@dt atg of
approxinmately -2.4C per mnute. 30 Step IV:. Annealing
RPFDE0 67 CUTBN PETRERDD06/B007870% 4Be TRoOSheNs

i f y .nta ned af.
MR A aahet g e Ehe BR TR AP gpi e
ablaashelZn tppper abll#£r 0fals40fiade yAQHIMsOflphbed oand

25Pa (approxi mately 200mTorr) was applied to the
ERAREBHIE v APNGCRFE RIUPEMENEN (R th & BrBzém)depth,

WA egr tad YL oS LHE M3 c%Tg!;ae M oD

was ﬁean 10 rgi seg %{%d C,PBEEESQ%#‘;%% FE)lgsa }Poweghteo
conotimd funmil6rahbsed .slHreyvacBfmwast tthenmiespyeiked
an the‘} rature returned to roomtenperature,

£8 %@qﬁf gﬁgﬁﬁég_pg§%ﬁguyas placed, in an evenly distributed
manner, on top of the smoothed, unmineralised layer and
within the previously empty upper collar. All large bubbles

were removed from the slurry using a hand pipettor

Stép II: Inter-diffusion

The three-layer slurry was allowed to remain at room
temperature and pressure for 20 minutes before being placed

in the freeze dryer.

Step III: Controlled Cooling

The mould and three-layer slurry were placed in a VirTis
AdVantage freeze dryer (equipped with temperature-
controlled, stainless steel shelves) and the shelf
temperature of the freeze dryer ramped from 4°C to -40°C at

a rate of approximately -2.4°C per minute,

Step IV: Annealing
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t eaper aﬂﬁﬁsy.Th@héCEH\}IgéPastd&%r Bt Eﬁ? %%@feerbygg %glaflor

Crgﬁﬁlinkin The three-layer scaffold was hydrated in

0. Nﬁ?fﬁ’étﬂ and 20 0.15M NaCl in phosphat e bY§EeBEgH/000797
saline (PBS; pH 7.0) for 30 mnutes. NDGA was

suspended in 1IN NaOH and -addedSto PBS to produce a

3ng/ nmL solution of NGDA in PBS; scaffolds were then
hgﬁ{ated in this solution under agitation for 24

holllves shellfetempeeat e iorsentf of ; ‘
NGDA-PBS _25 soll?uti ons and ri nseﬁeﬂvﬁ?ﬁgg})%ﬁ?s{é%l%att%r%g at
The % Caf £8Fds? BR¥FES t hen freeze-dried to renove any
residual water by controlled cooling fromroom
tenperature to -20C at a rate of approxinmately 2.4C
peéitep Hut eSulb bimabies by annealing at -20C for 5

hours, and finally sublimation at bel ow 25Pa at 30 37C
for 24 hours, resulting in a dry, crosslinked

e S o JE e MR- LI S e o
WEE& OV h&BP ava bt oixrim# 084 W BRA®R95%584 applied to the

PCILGB2006/ 000797 -.,49 ethanol for 6 hours and
su gg%%%n??%ﬁ%&Q&ﬁ@dth%rm%HQQKﬂ%ﬁsthﬁ (PBs fHrozepdmthree-

a second tinme to reno any residua

ctAt Pl | el TG i ngdf suniirearmone APRE@E AN (D rt2@Geato 3¢
m nute, followed by

r of .approxi mately 2. 4C per
SEREE 1 ng B VeS56E Yar giebaeBovand Rd e temperatire
subtunmdd o aboRet e bR, 18763A0" Ah AT S o IS
paranpeters in the Tabl es bel ow are applicabl é

Ftifdd y Ommobgr 39mm dyntiilmat ionst ze argonpspeet of ihe .

sf

t] nl ess ot herwi se stated. Table 1:
%?egerﬁggﬂéggaﬁgﬁ%f%Li%ﬁerCQQFiﬁéle' surrounded by two
mineralised layers 3mm thick. '

Step VI: Crosslinking

The three-layer scaffold was hydrated in 0.1M NaH2PO4 and
0.15M NaCl in phosphate bufferéd saliné (PBS; pH 7.0) for 30
minutes. NDGA was suspended in IN NaOH and added to PBS to
produce a 3mg/mL solution of NGDA in PBS; scaffolds were
then hydrated in this solution under agitation for 24 hours.
The three-layer scaffold was remo%ed from the NGDA-PBS
solutions and rinsed with deionised water. The scaffolds
were then freeze-dried to remove any residual water by
controlled cooling from room temperature to -20°C at a rate
of approximately 2.4°C per minute, followed by annealing at
-20°C for 5 hours, and finally sublimation at below 25Pa at
37°C for 24 hours, resulting in a dry, crosslinked scaffold.
A subsequent treatment was then performed at a concentration

of 0.lmg/mL NDGA. The scaffolds were then washed in 70%



10

15

0,1 - 500 mm ! < z~ 3> tF Mire Preferable
;V‘{O%@q%"%?eferabl e 1.0 - 10 nm C 15 5luxa rpﬁ%fG'gﬁé%#m-’
Preferable 0.1 - 50 Pa- s U r 44 vy,, ~
i 5~k ~n~y~'i ~A~5C~1 rft F.4K y' AV ~eY Yj' x" aff' ofillxt
More Preferable 0.1 - 10 Pas Mst Preferable 0.5 - 5
Pas Yuakuess ~!Moulcf' ? Preferable 1 - 50 nmkl vyl
efhanoll fotr 4 h¥@td st subsedudirley Reshedabbe 54 -hA@Qsnin
Most Preferable 5 - 15 nnwV[)%%$6/095154
Pmmz@%temgewum 50Thar FEErC IS #peRs thel RG4S e
r abl RN 3
dr[aa%q 3005 PPSFglﬁre artgrr% Ig?geféﬁslrﬁt érﬁﬁgg?ifmﬁ%%r?y
cIn ¥ 183 EbSZ Ublg efrom Eollamﬁtanpéﬁad:l&e 1:1:24 BOLE 2t 3 gate
rtq xy itn, nt~r"cei KY! Pre ble O
o hARREOXYBSESPY ef ef é%lﬁ@romlnﬁt% QlToeed, Y ﬁ?%?aejrlql%

—%?i§‘¥§§ 5 E§5%337%§d‘%fqa§ﬁyps§blima@iod'at Me1&w 25Pa at

erable
37°C for 24 hours.

The parameters in the Tables below are applicable singularly
or in combination to any-aspect of the present invention

unless otherwise stated.

Table 1: Preferred Parameters for Casting

%] preferable 0 to 37°C

IMore Preferable 2 to 37°C

! Most Preferable 4 to 37°C

1 Preferable 0.1 - 500 mm
”:More Preferable = 0.5 - 20 mm
f{ Most Preferable 1.0 - 10 mm
] Preferable = 0.1 - 50 Pa's

More Preferable 0.1 - 10 Pa‘s

1 Most Preferable 0.5 - 5 Pa's

{4 Preferable 1 - 50 mm
More Preferable 5 - 20 mm
I Most Preferable 5 - 15 mm




o

Table 3. Preferred Paraneters for Controlled Cool i ng
dﬁoz%ﬁﬂ’?“ﬁﬂr eferable 0.02 - 10.0C mn a ~~f PCHGBY006/000797

More Preferable 0.02 - 6.0C mn ' .iii c! t~" r~?p43

sl *y tity z ... ""5~~~ }"- .30 Most Preferable 0.2 -

2.7C/mn L titwk: ,Ft n: Preferable -100 to 0 C Mor e

Preferable 80 to -10C Most Preferable -40 to -20C

A TEIBBPE 0C | Torpel Avared vor e

1Q®ors. Preferadiledls . JE WX
D6/ 000797 51 Mbst. Preferable -40

THest+ Prefgratdieabl e P1--43 hours

I\/br e Prér Er'aole 2 to—tours—vy4q—t+tac—Mest
Preferable 8 - 10 hours Table 5: Preferred Paraneters
foTalslnﬂa namremesraaapara{mmsmfw TnterPefrenabbe O

6 L~ T /7-Ca¥x Ip || 1Tas~ ;
Prefgragle pa 0 - 24 hours
j;More Preferable 0 - 6 hours

7| Most Preferable 0 - 2 hours:

] Preferable 2 - 40°C

‘FMore Preferable 14 - 37°C .

i# Most Preferable 20 - 37°C

| Preferable 1 - 200 kPa

2 More Preferable 50 - 150 kPa

Most Preferable 50 - 101.325 kPa

Table 3: Preferred Parameters for Controlled Cooling

: Preferable - 10.02 - 10.0°C/min

| VMore Preferable 0.0Z - 6.0°C/min

{ Most Preferable T0.2 - 2.7°C/min

Y Preferable - - -100 to 0°C

More Preferable -80 to -10°C

Most Preferable -40 to =20°C

Table 4: Preferred Parameters for Annealing

Annealmng - | Preferable -100 teo 0°C

i More Preferable -80 to -10°C
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Preferable 12 - 72 hours .,tat w, :,~ ~~y' r 6 ~, ~
WOZPOGHBEE4 Pref erabl e 24 - 36 hours 5 $. ztuacmmauwymmw7
S, 1, ~' Preferable -10 - 60 C s: y, F Mire Preferable
O - 400C Most Preferable 20 = 37 C "G. a References
Gao J, Dennis JE, Sol chaga LA, Awadal | ah AS, Col dberg
VNl 10 Caplan Al . 2001. Ti ssue-Engi neered Fabri cation

i nppstdatdeal t Usiaty JRZatoBeac
&@sgﬁghvnal Stem Cellls. Tissue

Englneerlhg 7: 363 371. Gao;J; ‘Dennis JE Solchaga LA

A ’){'1!'\ Ro f'\-i- anch

“"’“L"E%g% T Too. 1] Phadl Cohpoei Lo

74n Enosphat e apdy
“rﬂ %%s%ﬁ?é%um neering 8.827 8%%r%JM1

“EP066/ DBTEIAble 52 |HMung 1CTholEisa EG,
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At eshi an GA 2003. ~Anatom cal |y Shaped Osteochondr al

efartd) agei1Repaisn Journal of
- = - —Driesang
1 Babr Bpalieer Pri nci|d e fief8 kPa
d Articular Cartil dge
More Preferable 0.0025 - 0.08 kPa
Most Preferable 0.0025 - 0.04 kPa
4l Preferable 0 - 120 hours
More Preferable 12 — 72 hours
Most Preferable 24 - 36 hours
“ preferable ~10 - 60°C
il More Preferable 0 - 40°C
Most Preferable 20 - 37°C

References

Gao J, Dennis JE, Solchaga LA, Awadallah AS, Goldberg VM,
Caplan AI. 2001. Tissue-Engineered Fabrication of an
Osteochondral Composite Graft Using Rat Bone Marrow-Derived
Mesenchymal Stem Cells. Tissue Engineering 7:363~371.

Gao J, Dennis JE, Solchaga LA, Goldberg VM, Caplan AIL. 2002Z.
Repair of Osteochondral Defect with Tissue-Engineered Two-
Phase Composite Material of Injectable Calcium Phosphate and

Hyaluronan Sponge. Tissue Engineering 8:827-837.




10

15

20

25

30

Evaluatlon of 10 NMItlphase I mpl ants for Repair of

Fodd] 200¢P%85dhondral Defects in Goats. Bi omat eRGTAEB2006/000797
21: 2561-2574. O Brien FJ, Harley BA, Yannas |V, G bson

L. 2004. Influence of FreezbPdg-Rate on Pore Structure

in Freeze-Dried Col |l agen- GAG Scaffolds. Biomaterials
25:1077-1086. 15 O Brien FJ, Harley -BA, Yannas 1V,

Gibserri,J 1128086, TM@clﬁmeecwa@i PoreerPukeandrLy HH, Stark
Structure on CBII Adhesion in Col | agen- GAG Scaff ol ds.

BRONETwY %3, s Akeshimn 444.. 2008 ohratonizatdyngbap®iM ki c,

ﬁ?ggggg%?ylné ggﬁééﬁﬁégé ngréggﬁgélcatlgﬁcgggéaééﬁ%rlcl

browtges! fodr ppemnbphetials BerYespep®her ati on' Proc. 15th -
Annual Nort heast Bi oeng. Conf. P. 53-54, 1989.

ke BB MRFLEFANG 42083 Seinhiional HBREFERE M
C%g%%a fb}g; v BEG w-éact\éeng%o s dovakavhie  Gea £§féjge!—E
|ssue ngi neer ed nposi tes for the Repair
ORepairge OGtkeachionthiad abelf cettiladyd Hrli:t328 - aaa
Rheumati sm 46: 2524- 2534. Schaefer D,  Mart

INRIGFAUSE Beled Al B N@anégﬁtlp@rlﬁf%aiC,Lgorvn.ck DL, H.H.
tegé?hl&}V%OV nr@C@o%engt%/éf e, r aki, 90, 0f 1 30 of |

ondr al nmposi‘t es Iomaterial s 21:2599- 2606.
Shzﬂtmm&séKlmﬁiLhﬁ’g/s Slgr R&pazz obH ER;caBr OmteSChondral

Monkhouse DC, Coates een LK,
RA® G55 énAGOEBM BJ;@“WBG%BE? o%%;]%%f?ﬁé#’%%szo%/ 000797
5@' rideeuD ARPSLPNA, @BheashendralodRMoshbes Scaitfitledce

for Articular Cartllage Repair. Biomaterials
23f Fr3®z4T§1 RatyapmBpreVstreetge Gryibreepp;Dekedsist. Lagen-

M MR SE B8 iterials 25:1077-1086.

O'Brien FJ, Harley BA, Yannas IV, Gibson LJ. 2005. The
Effect of Pore Size and Structure on Cell Adhesion in
Collagen-GAG Scaffolds. Blomaterials 26:433-441.

HM Loree, IV Yannas, B Mikic, AS Chang, SM Perutz, TV
Norregaard, and C Kararup, ‘A freeze-drying process for
fabrication of polymeric bridges for peripheral nerve
regeneration’ Proc. 15th Annual Northeast Bioeng. Conf.
P.53-54, 1989. |

Schaefer D, Martin I, Jundt G, Seidel J, Heberer N,
Grodzinsky A, Bergin I, VunjakwNo%ékovic G, Freed LE. 2002.
Tissue-Engineered Composites for the Repair of Large
Ostaochondral Defects. Arthritis and Rheumatism 46:2524-
2534,

Schaefer D, Martin I, Shastri P, Padera RF, Langer R, Freed
LE, Vunjak-Novakovic G. 2000. In Vitro Generation of
Osteochondral Composites. Biomaterials 21:2599-2606. |
Sherwood JK, Riley SIL, Palazzolo R, Brown SC, Monkhouse DC,
Coates M, Griffith LG, Landeen LK, Ratcliffe A. 2002. &



10

15

20

25

30

the National Acadeny of Sciences of the United States
WO BpREVSISH 86: 933-937. 10 The present i nventHCIGHEAGHE797
application in a nunber of areas and the follow ng
are provided by way of exaBple. Articular Cartil age
Repai r Product: Two-Layer Scaffold 15 Two | ayer
scaffolds hold the potential to enhance the efficacy
i d t
e HiFenaRobol RoerdRRoRHERl CimdiolTe] HERErO P for
AfuiaumﬂraCarcaIagéa&&palmpuByomiIﬂnﬂﬂmse63a$739fﬂ751
exa Ie a dr 20 20 ck of

I I
VAR o e DRE UL Garls DBy | F Faakrt b e PREpRY BLY no8a,

sﬁ{we%fl%aﬁhdt Bﬁél.eaélﬁﬂflzgltgén CHA Paudeteh puskage1A 8ea pel
or other tools, are easily inserted into the defect

Mautsiting tiatrp Eaduhazmb?ammaﬂnl Begenemsttioment pdeblts Magmagpgn
bond directl he si.t ut_.sut ur s or e.

S elqré’rceEFléé %[ﬁlﬁ' #‘] gi"?% gj‘p%q%mﬁr u%‘fler%her%eé)_f “Bne

UAPKR! st8eRLT oF dandivceeskayss-gpal fol ds hold the
potential to enhance 30 regeneration at patellar
i ganment (patella tendon) donor sites during anterior
cruciate ligament (ACL) WD 2006/ 095154
PCT/ GB2006/ 000797 - 54 reconstruction, reducing
frontal knee pain and.reducing the risk of patellar

| i gament rupture and patellar fracture. Tendon Repair
iRy o:mmentvaemm fepdsf appibi G Ui Hayar nwekes Qfgareas

a0 th extended unmi neralised SPTRARPYHE Sxample.

Articular Cartilage Repair Product: Two-Layer Scaffold

-

Twé layer scaffolds hold the potential to enhance the
efficacy of existing first-line surgical procedures that
recruit marrow-derived stem cells to the site of articular-
cartilage injury. Delivered as, for example, a dry, zcm X
2cm ¥ lcm block of dry, vacuum;packed,'gamma—sterilised
material resembling styrofoam, these scaffolds can be cut
using a scalpel or other tools, are easily inserted into the
defect using simple thumb- or blupp—instrument pressure, and

bond directly to the site without sutures or glue.

Patellar Ligament Donor-Site Repair Product: Three Layer

Scaffolds

Three-layer scaffolds hold the potential to enhance
regeneration at patellar ligament (patella tendon) donor

sites during anterior cruciate ligament (ACL)



sol ution. currently 10 exists. The present invention
has¥8é¥W¥ %44 her studied on the basis of | ar geCHEBHR000797
trials and a summary is presented below 15 Trial 1:

Ovi ne Bone Defect Mdel The prEsent invention enables

the production of layered tissue regeneration

scaffol ds mhose structure -and conposition mmc bone

on _gne_si unmineral i sed_tissue 20 (e.g. cartil age,

i Jarmene: r‘&%%"dh) TSAUEKRT of 1asttadi fBee apailt anstwetiicing the
st abke bntwidfaned p entei 9
furthernnr%goffersm#ﬁgﬁ%ggggpﬁegsogg§g§gtérEé FFaQture‘
alter the chem cal conposition of the m neral phase

of rt.mept of such inplapts.., 25 Aninal
SkTEH&o HYRRLETEM Pl at (femal e) .

5Defect 9mm di anet er by 9mm deep cancel | ous bone

ect. on Iateral fenpral condyle. 30 Inplantation

Pe Va3 Tnesied Lover 20581 Go% e84 POTIEREOGE/68070TmpGEnt 5
EXH@Idinfﬁfg Hot@heyRs: £ S Ay x'SE}l a@ﬁé ?}éffcﬁacj} gﬁe%F rgarta}apalr

group i npl ant ed contrala eral
t ypering @é;@rb;ogrdefﬁfpndtecmae andnt&t .adhlreeBst 5M411-tendon

o nt r.ol i t filled with
AR o, EBp a1 S, 2P at Yoma s dompparrent Ly

10t ubergsd.ty. 10 Negative Control: four sites were
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filled with control inplants conpr|5|ng i mpl ants
cont ai ning no mneral phase at

The present invention has been further studied on the basis

of large-animal trials and a summary is presented below.

Trial 1: Ovine Bone Defect Model

The present invention enables the production of layered
tissue regeneration scaffolds whose étructure and
compositien mimic bone on cne side, unmineralised tissue
(e.g. cartilage, ligament, tendon) on the other side, and a
smooth, stable interface in beiween. The present invention
furthermore offers the capacity to systematically alter the
chemical composition of the mineral phase of the bony

compartment of such implants.
Animal: skeletally mature Texcel Continental sheep (female).

Defect: 9mm diameter by 9mm deep cancellous bone defect on

lateral femoral condyle.

Iﬁplantation Period: 6 weeks.
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of 'four experinmental inplant groups differentiated by
ohemig@kissonposi tion and to identify the nMOSfcr/graggsngorer
desirable of these as the.final conposition for t%e
bone conpartnment of . ChondroM netic. 20 Significant

Fi ndi ngs: none of the threeg>~experinental groups

i nvoked adverse i mmune responses of any kind; al

three experinmental groups plus the unnineralised

' ; romﬁh Vj
EQ@?%%ﬂéﬁ} gggg#rect f%éﬁgﬁﬁ% ?IOH nec §%F§W? H
gsbab |ﬁﬁp1@mrtlem gbgrtdliamntllg vieh ertcesabet Wwaghabhbed @e

three inpl ant. groups were observed; and bone
lFo??ﬁR|§%@908§eg@%dsqm@ ATERr ee experlnental gr oups
was hi gher than that in the negative control group to
a statistically significant level. 30 Inplications
Coentraimframpesbesi gn: The direct substitution nechani sm
inmplied by this study suggests that the bone WO
2006/ 095154 PCT/ GB2006/ 000797 56 formation mechani sm
Pomiteivad ceekyol esmda} eg teBewkespf Bl ledl Wi@Re cAREEBRLdN
t hat occurs at the gromh plate in foetal and
apeRRRtY harvaaFed (ﬁrrwm G&Pnglhiﬂ%rﬁa baRsAt¥he typi cal
apposi ti on mechani sm observed in traditiona
bone-graft 5 substitutes. The presencé of this
Negadsitviet Gbnbnobecfmun smtes webe fnlMiedewdlkihsedniconit r ol
. S sts that |t |s£§he organj c, constituent of the
* §OTREE S amPd Al S sSCRRER UG 1o paperat Rhassy at

atheg il @l aphsa bt dHae o2kh L €04 t3GeaHRE 0T tHD Hdhys
substltutlon mechani sm by reduci ng the nean pore size
side of ChondroMimetic onlyY

Study Objective: to ildentify differences in the performance
of four experimental implant groups differentiated by
chemical composition and to identify the most desirable of

these as the final composition for the bone compartment of

. ChondroMimetic.

Significant Findings: none of the three experimental groups
invoked adverse immune responses of any kind; all three
experimental groups plus the unmineralised negative control
group supported bony in-growth via a cell-mediated direct
substitution mechanism; no statistically significant
differences between there three implant groups were
observed; and bone formation observed in all three
experimental groups was higher than that in the negative

coentrol group to a statistically significant level.

Implications for Implant Design: The direct substitution

mechanism implied by this study suggests that the bone
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15 suggests that processing paranetérs may be used to

| gBhbfeesike nost appropriate mneral conposiphirRiy
the inplants. Trial 2: Caprine Osteochondral E% zﬁmmmnm
Model 20 The objective of this study was to evaluate
t he performance of ChondroMnetic as a neans of
inmproving the results of a marrow stinulation
t echni que (subchondral drilling). Animal: skeletally
%tr%hﬁ% SR SR & 1y $2sPRbeEt ¢ Aé“Ei L ARLA

by nn%deep oSt eoc Og Fﬁ% fé%ts (1 ?n oc%ﬁgi
@@@vécrmabmrt Hénattaberats ovndwee)grownbl alatai iign foetal and

P rlo er, ment Si X

ool ST wisr SR RN RRR B it wo
%@@6@@&5&5&@@%@&28@%% 9h t&ﬁdlﬁ@@ﬁ&plbdﬁe@@@afsl X
defects sinmulating traditional, subchondral drilling

Gubst BBk Mty PAESERPE o Hhis subshijudnreaechenisy in
I f d a
A R e R
songedhsembof thiee mphairhtmg:hath dmpetesishicshafracter.
ChondroM neti c was, w thout exception,. 10
overwhel m ngly positive.. Annex 1 Text of description

| @BrecgiQﬁQﬂhpQﬁéﬁgmpiaﬁﬁﬁjéﬁ%ul@5b@bEPB@faﬁqgﬂacEBQnt for

present invention relates to the field“of: synthetic
BbAe, sdemt diutiwnenpahandsi e geddcany obhe dedaio bggef @126

of the bony compartment of the implants.

Lack of statistically significant differences in the bone
formation behaviour of the three experimental groups
suggests that processing parametérs may be used to identify

the most appropriate mineral composition of the implants.

Trial 2: Caprine Osteochondral Defect Mcdel

The objective of this study was to evaluate the performance
of ChondroMimetic as a means of improving the results of a
marrow stimulation technique (subchondral drilling).

Animal: skeletally mature Spanish-goats (female).

Defect: 4mm diameter by 6mm deep osteochondral defects (1 in

trochlear groove; 1 on the lateral condyle}.
Implantation Perxiod: 16 weeks.

Experimental Groups: Six implants of the ChondroMimetic

working prototype.
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cal ci um phosphat e material and one or nore
vloyeezesisnogl ycans. Natural bone is a bi ocomest:gueRhire

col I agen, non 25 col | agenous organi ¢ phases including
gl ycosani nogl ycans, and _cg4cium phosphate. Its
conpl ex hierarchical structure |leads to exceptiona
mechani cal properties including high stiffness,
strength, and fracture toughness, which in turn
enabl e bones to withstand the physiol ogi cal stresses
to 30 which they are subjected on a daily basis. The
CattalolleAgeup f atietl dpfects eatibersinon terditiendl is to

e nt hetq . teri ; a: o i\tion and
Y clrfll?(lll iR %Jﬁq%\%i%? | '2%%‘?%’3@@?&#%%%850%/'000797
- 58 allow natural bone growth in and around the
synthetic  material in the human or ani mal body. It

Sty PEdRCBEERT Vi SRAE2BBNE RS IHGREREF rekt 1y to 5

cmﬁd%mgeb%p&at S 2iR Ehemdkimn SRad1L8: B operty
referred to as bioactivity) through a bone-Iike
apatite layer fornmed in the body environnent.

Ficelinagenfaadbocp drpmesargeos iaboug tbel hammdlirand ot her

R e

Ogggw%%ﬁgggélﬁqugkgggﬁpration of numerous cell types,
: ! .

i ncl udi ng ose responsi ble for the production and

mai nt enance of bone in the hunman body. Hydroxyapatite

i S tHe cal ci um phosphate nost conmmonly 15 used as
ituent in bone substitute materials. It is,

however, a relatively insoluble material when conpared

to other forns of cal cium phosphate materials such as

br ugkiktepf desexiodiiom phoREhAIRD 44944660 acki@dumB
o2RERN3hE, The '

The present invention relates to the field of synthetic
bone, dental materials and regeneration scaffolds fox
biomedical applications and, in particular, to synthetic
bone, dental materials and regeneration scaffolds and their
precursors comprising collagen, a calcium phosphate material

and one or more glycosaminoglycans.

Natural bone is a biocomposite of collagen, non-
collagenous organic phases including glycosaminoglycans, and
calcium phosphate. Its complex hierarchical structure leads
to exceptional mechanical properties including high
stiffness, strength, and fracture toughness, which in turn
enable bones to withstand the physioclogical stresses to
which they are subjected on a daily basis, The challenge
faced by researchers in the field is to make a synthetic

material that has a composition and structure that will
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particularly slow Calcium phosphates such as
hy@ooxyapasi te are nechanically stiff materi

However, they are relatively 25 brittle mhen%?gﬁgmmw[MW7
to natural bone. Collagen is nmechani cal | y t ough

mat eri al, but has relativery5€0m1 stiffness when

conpared to natural bone. Materials conprising

copol yners of collagen and gl ycosam nogl ycans are

banlt Irowt uagheal dpehestgdokieh Lhaand clroagentheopgntimitic

still ﬁv %natlvel | ow t|f ness when conpared
R Fnb‘blﬁ% UNEA 56087 HOB1 5P BCT/ GB2006/ 000797 -

59 Previous. attenpts in the prlor -art of producing

a synthetic bone-substitute material _having inproved
mechaditchbst beghrserowdr thydrnafapadilt Boaddd} msttdve§o

ti.ff. | 1.a

Ly LB BRPReRr Ut e, Hntf B s oBbpFBLy e 2R co
aatdibacky viver hiiah @i sbng- LiSuchpatieehbayeal formed in
nmethod is described in EP-A-0164 484. Later

d‘é\ﬁelbééﬁfeﬁfl‘élwml% t eERRGRERSY AL ICGRELFTBRE TP iEéd
| 16 L2,
coqﬁgggﬁ gﬁgngiﬁ?éﬁhﬁal ﬁgﬂfsul 4é§ b9¥?E§§%ﬁc ly%ans on

. nihd REheof hahHes e e NpPoRants. bamps:nmlde,abstbmba rfor the

EP- A-0214070. Thi s docunent further desciibes
RARAGhBERET ARQ IélfQﬂs?éfleirﬁﬂéFLH@ offhymegous cell Types,

thoﬁ%hﬁhﬁ Eﬁo ef@%e[gb Qet b&- ﬁ%é %Q‘%Huc%&ﬁrétﬁi s 15

conpri si agen a

Oxmmﬁaaahce éfsbdrmwamethavbummmdyound to have good
bi oconpatibility. The nechanical m xing of the
apatite with the collagen, and optionally

chondrare PR R e S ar el ey l%“‘l@fsgé‘a?s?‘:’g"’%?%?’é“”b“”
has:d as constituent in bcne substitute materials It is,
hoﬁéver, a relatively insoluble material when compared to
other forms of calcium phosphate materials such as brushite,
tricalcium phosphate and octacalcium phosphate. The
relatively low solubility of apatite can be é disadvantage
when producing a biomaterial as the rate of resorption of

the material in the body is particularly slow.

Calcium phosphates such as hydroxyapatite are
mechanically stiff materials. Howé&er, they are relatively
brittle when compared to natural bone. Collagen is a
mechanically tough material, but has relatively low
stiffness when compared to natural bone. Materials
comprising copolymers of collagen and glycosaminoglycans are
both tougher and stiffer than collagen alone, but still have

relatively low stiffness when compared to natural bone.”
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renodel i ng of the cal ci um phosphate phase of the

4164 material. 25 The present inventio
‘zggyggglat | east sonme of the problens asso?Fgggg%&P@ﬁn
the prior art. In a first_aégegt, t he present
i nvention provides a proce for the production of a
conposite material 30 conprising collagen, brushite
and one or nore glycosam noglycans, said process
conpArsvhgus het s an Woe 200871095154 producing a

on conprisin a calc

BROSPACEDUBo SPIIidH: V@ rORgdr&fydRitete and improved
| ycosam nogl ycans, and precipitating the coll agen,
%%Héf@ﬁéii hpyer aerl kasenopadoor sl wisrs gfyeesbadatodingcans

e e T IO

SEERGR Batprr g usel hanehi 5 BheEE ArEedRE oo

he Termtri
reyohanpasesixreci @ucht eomeciantitalt heehodotpalexdsibed in

wher he npounds 10 have been precipitated at
%%ggﬁéﬁﬁ'gﬁfy the sane tine fromthe sane

sol ution/dispersion. It is to be distinguished froma
material formed fromthe nechanical m xing of the
conpdaeat sdepaidarenitar iy wieredhined eggoiponeid privdueing

been Erefiégtatedagegar tely, far iﬂséance in,

iPPPET ERR L ASe Tty MAS RE e HeOH g0y BREHP YRt tes
&A1RGERE! Phd 3&?0&-1 oitYRShantiddos %gf Eﬁéeﬂécﬁa&g@aq mixing
material forne romthe nechanical mxing of iIts
oforrperentsupdnentse f Fhis bsphotcribkd 3ol BR+/19214070.

(5! SRR (80620 dd SB%o R BBt IS e
o¥okHbl BRoM@ss @ IRH40kul pRM S 1O tRhedcdL1Rdh! Materials
comprising apatite, collagen and chondroitin-4-sulphate have
been found to ﬁave good blocompatibility. The mechanical
mixing of the apatite with the collagen, and optionally
chondroitin-4-sulphate, essentially forms collagen /
chondroitin-4-sulphate-coated particles of abatite. It has
been found that such a material, although biocompatible,
produces limited in-growth of natural bone when in the human
or animal body and no remodeling of the calcium phosphate

phase of the synthetic material.

The present invention seeks to address at least some of

the problems associated with the prior art.

In a first aspect, the present invention provides a
process for the production of a composite material
comprising collagen, brushite and one or more

glycosaminoglycans, sald process comprising the steps of
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fromone or nore of calciumnitrate, calcium acetate,

caha wmuokisor i de, cal ci um carbonate, cal ci UMperiGr2006/000797
al koxi de, cal cium hydroxide, calciumsilicate

cal ci um sul phate, cal cium glugpnate and the cal ci um

salt of heparin. A calciumsalt of heparin may 30 be
derived fromthe porcine intestinal nucosa. Suitable

calciu L r cially avai.lable from, .

o o RraPLAEnd [ SR O Lo o B P07
dlllagbe, phosPhanits sBQUEECah® aowfogbﬁg&é{u§%cﬁ&tc%d and one

fron1one or nore of _amoni um di hydr ogen phosphate,

gﬁﬁhgﬁﬁ?uﬁ%Y%VﬁWH@@HlHﬁégﬁhaﬁéi phosphoric acid,
[ 2
0L SOl B0V CaS S Okt IOPORANTL 8L INILALE or ne one o

amdrer yirptbydmipledyhahe, t@@éﬁﬂer E&bﬁ|t§@15§hedﬂ% GolNat ion
hos hate, alkaline earth salts ( e.g. My or

or. K). of

c&f %Prﬁ s?ﬁ%ﬁ%? CPUPESGEREEe0gl ycans are a fam |y
of macronol ecul es contai ning | ong unbranched

pol ysaccharides containing a . repeating disaccharide
uni t. Preftemabltriplbecongraripimnee ghysmsayBgwogl ycans
are selected fr nkﬁhondr0|t|n sul phate, dermatin

Repares %qmpﬁﬁafié wigFarihe pompounds
subpaa@@e@r&emi@h%e@aca@cg&st%emgw tiy %ﬁ& p%ﬁ‘len?}.[om

be chéndroitin-4-sul phate or chondroltin- ate
béhh #dme wilsitianddaypetsddre f IO Si goebAlddrsitdhgtinshed
chon r Qi.ti.n-.6- sul. phat e y be derived from shark
AP A B SHa PERe P tha) MREh Ger A b io Abnkhe
Uﬁbmbbﬁéﬂts3h%h@tlgglﬁfiﬁ”wﬂbr@afhg§edé%mﬁﬁﬂéﬁ&@oﬂhve been
porcine intestinal mucosa. Preferably,” in
pPeef R itatiash separakely, plog dostance in dlfferent

solutions. The microstructure of a co~precipitate is
suﬁstantially different from a material formed from the

mechanical mixing of its components.

In the first aspect, the solution preferably has a pH
of from 2.5 to 6.5, more preferably from 2.5 to 5.5. More
preferably, the solution has a pH of from 3.0 to 4.5. Still
more preferably, the soluticn has a pH of from 3.8 to 4.2.
Most preferably, the solution has a pH ¢f around 4.

The calcium source is preferably selected from one or
more of calcium nitrate, calcium acetate, calcium chloride,
calcium carbonate, calcium alkoxide, calcium hydroxide,
calcium silicate, calcium sulphate, calcium gluconate and
the calcium salt of heparin. A calcium salt of heparin may
be derived from the porcine intestinal mucosa. Suitable
calcium salts are commercially available from Sigma-Aldrich

Inc.
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at }oomtenpemﬂure, that is from20 to 30C, with a

wermpsredigr e of from 20 to 27C being prefer gz 97
preferably, the tenperature is around 25C. 30 The hoor

concentration of calciumiagns in the aqueous solution
is typically from0.00025 %E 1 noldm 3 and preferably
fromO0.001 to 1 noldm 3. Where the process WO

2006/ 095154 PCT/ GB2006/ 000797 62 includes the
additional further steps of filtration and/or | ow

o Salated Gl la, RLSRELALIST SRe 00 B %
of qn&e% of”@hﬂﬁh%xﬁ-fd)lrh@f@@'@heﬁ:ﬁééﬁﬁa@e% dE.QIerl;?rﬁJm

mol dm 3) and nost 5 preférab yfrom lto
hysratrerg phvhpheteheplmsmegsc amrudﬂé@Oﬁhemadedqum

rther t t i onal |

of it Biegh s B hv i d ek PRl saRgEhar (emmed GaR
Soferidie '3q¥a0up S lﬂﬂl@t@th§lni§’rﬁ@smfa@:fe€r abky1{f e @hits
to 0.3 noldm 3 and nost preferably fromO0,05 to 0..18

(oSl di# Br KD PF eposmiafe, t Abkabing ieswtompiiset €.9. Mg

phat e, i d the concentration of phosphate
OPW&@ %% hP%?ﬁ%%gls typically from0.00025 to 1

nDIdn}B and preferably from0.001 to 1 M__. Were the.
process includes the additional further ‘steps of 15
fil tGrlé(FF’éﬁmaﬁWbYCqT@waﬂf@n@efadﬂjlﬂe ofr prAgOmMe krcules

a h I
cGRSIER b0 il UIBR B eyl L a3 BLAERABIRE, |
r@ehmngOdSSMcﬁwlc@(arfmte OPAefdrabQy35Sthel e Zr Wheee
t he roceSfﬁlncludes the additional further steps of

I IMGOSFBLAPY+ FigP B & TGp ERORGFFS ﬁrrﬂnb&lﬂpaﬁr%t%m%pﬁetef
ad B taANEEDLRALd OheRb rPROSREGH A d A0S phBe& 0! 1A n

sulphate and hyaluronic acid. Chondroitin sulphate may be
chondroitin-4-sulphate cr chondroitin-6-sulphate, both of
which are available from Sigma-Aldrich Inc. The
chondroitin-6-sulphate may be derived from shark cartilage.
Hyaluronic acid may be derived from human umbilical chord.

Heparin may be derived from porcine intestinal mucosa.

Preferably, in the precipitation of the triple co-
precipitate, the solution has a temperature of from 4.0 to
50°C. More preferably, the solutién has a temperature of
from 15 to 40°C. The solution may be at room temperature,
that is from 20 to 30°C, with a temperature of from 20 to
27°C being preferred. Most preferably, the temperature is
around 25°C,

The concentration of calcium ions in the aqueous
solution is typically from 0.00025 to 1 moldm™ and
preferably from 0.001 to 1 moldm™. Where the process
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glycoganinoglycans in the solution prior to

pweaHpidsasd on is from8:1 to 30:1 by weight. pMyGBa006/00797
preferably, the ratio of collagen to the total anpunt

of one or nore glycosaninogaycans is from10:1 to
12:1, and nost preferably Phe ratiois from1l:1 to
23:2. 30 Preferably, the ratio of collagen to brushite
inthe triple co-precipitate is from10:1 to 1:100 by

wetlghles the eadl 2006/10 ¥4 1 5e PG ER2@F6 FONOFOTion #6:3/ox
mor e pref er abl

f bl f 5:1 t 1 20, till , / )
B reaBS Yt S T4y e £hp: SR APBrP S, 62 {rum Jons in

e a@@_@@aat5,@1&%@&&9&&@9&&&5&1% $eLML 6 Ofs Rid @, 5t O
5 precipitation is typica 'y from1'to 20 g/L, nore
mrlstret afioy ekappia foon QyoB. toWer2S tied dpf Ycessl most

' t t f filtrat d/ or._. |
bTs8EB Ty, E5 I 4 e Sonndhe P oo hechreaga i n
i ugek Ut h@naddi iR 1PEak el @b | 3t 0l it 809 d:8/ilg aljl-g

still nore preferably from1.5 to 2.5 g/L, and nost 1
qRtdoapaby yini e-ttien moudding Widree coneepedaeben iafclcadesun

f ' d i.onal |y injecti di h
o et P S FRLEER 3 oReRCbraEPERE LY ihin 8761 o
Preeoptndt bl hsPrefer=bbyyf Fosm D105 28 g/ ks fmOIES,

preferably from5 to 12 g/L, and nost préeferably from
9 to 15 10.5 g/L. The total concentration of the one

or sanin ' 0 ' ri.or _t

O orPLErs USRS SNERIS Byt ALY Bl g
tpreetenabhyrdtin Gr0bhbepRPrd i@hls. iMhesButhen AIsOGeBScally
i ncludes the additional further

from 0.00025 to 1 moldm™ and preferably from 0.001 to 1 M.
Where the process includes the additional further steps of
filtration and/or low temperature drying, the concentration
of phosphate ions in solution is more preferably 0.05 to 0.5
moldm™®, still more preferably 0.1 to 0.5 M, for example 0.1
to 0.35 moldm™. Where the process includes the additional
further steps of freeze drying and optionally injection
moulding; the concentration of'phosphate ions in solution is

more preferably from 0.01 to 0.3 moldm™, still more
preferably 0.05 to 0.18 M.

Preferably, the ratio of coliagen to the total amount
of one or more glycosaminoglycans in the solution prior to
precipitation is from 8:1 to 30:1 by weight. More
preferably, the ratio of collagen to the total amount of one
or more glycosaminoglycans is from 10:1 to 12:1, and most

preferably the ratio is from 11:1 to 23:2.

Preferably, the ratio of cellagen to brushite in the

triple co-precipitate is from 10:1 to 1:100 by weight, more
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from0.03 to 1.25 g/L, still nore preferably from
0. W2B0tem9f1sL5" g/ L, and nost preferably 25 fromc@/cBods0oo797
0.182 g/L. Were the process includes the additiona
further steps of freeze dryt+ngs and optionally

i njection nmoulding, the total concentration of the one

or nore glycosam noglycans in the solution is nore
prefgeabbyy f#@Mi011%0t0:405 Gihy bt : .
preferablyyfron10.41 to 1.2 ggﬁglL,bandpﬁggﬁ%ably Trom 3:2
pref ér 4Bt ynastommeirgaby of 9en §:R. twOl 2006/ 095154

PCT/ GB2006/ 000797 64 Preferably the solution

conprises calciumions and the ratio of collagen to

the cafké Woricndresibipbfaidiabeamd: 4k 40838nlpbYor to
Wiere the process includes the addltlonaF

wei ght . | ] C
fBFgﬁéPlE%fé&l 6f typiratdwdrandlobol ¥ & Iemoerapueterably

dreyknAg i 0 I he iU iops_is

EYERD DS, ShotO Aol Erg g O080k s

pEéleration kntiFotrolbwiterprdatnst @refefablhe LtohdehOration
rocess i ncludes the additiona

1:%. V%ere t.he g | |
f Bt FiRt 3B Nothet febylel al jEngosn P Bpiarewdy from 1 to 10

.Lgi/ﬁ,(?té’@ﬂl”%‘é!r@i Qeféf‘aﬂ)%r@ggfalg 9%&%%3%?%‘}586@2}?05’(: )

clumions is hore pre y f7om
spréfemadrly gr.éf oabl § HIL2 tWheBd: dhe puwbomest includes
p eferth%JS:S tg 5:1, Precipitation may be effected
b%r%%%ﬁ)i G 9t ARA 18P iNadgen 101 Aet ke ®aydadadr cehet he
PBOSEAA1AS 0RO E CE AT | e 1.npgl ycans
in an acidic aggegﬂs sé%ﬂ?ﬁogﬁgﬂgafgﬁa e%%gﬁkoggng t he
spregiitatdost asdpxmfadabiyeCipnt AticorR0 agLyr sore

a itét%@g tEe sol ut i titration using basijc

tFT e uéh %8s a 4/ Ladeid i BFoP R IRGEPERIFFRP 9 to
age/g @.such as pre-fabricated brushite, varying the
rate of '

The total concentration of the one or more
glycosaminoglycans in the solution prior to precipitation is
typically from 0.01 to 1.5 g/L, more preferably from 0.0l to
1 g/L. Where the process includes the-additional Ffurther
steps of filtration and/or low temperature dryiné, the total
concentration of the one or more glycosaminoglycans in the
solution is more preferably from 0.03 to 1.25 g/%L, still
more preferably from 0.125 to 0.25°g/%L, and most preferably
from 0.13 to 0.182 g/L. Where the process includes the
additiornal further steps of freeze drying and optionally
injection moulding, the total concentration of the cne or
more glycosaminoglycans in the solution is more preferably
from 0.15 to 1.5 g/L, still more preferably from 0.41 to 1.2
g/L, and most preferably from 0.78 to 0.96 g/L.
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a conposite biomaterial conprising collagen,

ot amalsisum phosphat e and one or nore PCT/GB2006/000797
gl ycosam nogl ycans, said process conprising the steps

of providing a conposite na grLaI conpri sing col |l agen,
brushite and one or nore gl& osam nogl ycans, and 30
converting at |east sonme of the brushite in the

conposite material to octacal ci um phosphate by
hydr di5AFEREAY W 290873951 5P €3B2B36/ 080761s ﬁﬁd the

e SIBiomLE (sl cautsach, A T AL TS, 1o

b1 oconpat’i
s@c&ﬂm ladgeetighbe aRpesithe PRéESdAlnenahes aphy
rises or consists essentially of atriple

% i ?HFEhe%cﬁﬁﬂﬂssPﬁgfé%ﬁxéﬁyﬂﬁ apelioni 1ewand one
Egmﬁﬂyé%ur§|M59§€§P’Eﬂ¥ ¥aans- ETg?fl dgketgotg%zéﬁﬁm tate

forme a process %s Terdrn deScr
1@18&t1480m0tce pPhefdiatdty. fibmaspeTttcof25i0he, psesSENtmore

i .ny, 5 ferably, the step of hydrol sation
RGP 1) 810 B hend mo o Rukeatapu hb%dhfatlé?-
wnaﬁa‘kﬁ@spﬁaaéégﬁﬂﬂHZuHBE tﬁé'é&dﬁﬂﬂ%&g ?h?ﬁﬁéﬁ s og

an agqueous sol ution, sald aqueous I on be
sreegbodeying @ﬂdzﬂptwbnahlpCimgHﬁUﬂoquoﬂhaﬁﬁﬁwﬂﬁhe ratlo

c%g% e qépan1cally nore stable than brushite.
BEE SRR O e aqEobe WO CiooMORBSPEOBFF LY At 619
100 580 : Mpr ﬁMan@fr@NE)éeféPéI?l}ﬁ%U%‘?U%os§b Wiannassg PH

of from®6.3 referably, this agueous

pIsrarrbhy 29 hads Philef about 6.65. The aqueous sol ution
may conprise, for exanple, deionised water whose pH

is controlled with a
Precipitation may be effected by combining the

collagen, the calcium sburce, the phosphorous source and one
or more glycosaminoglycans in an acidic aqueous solution and
either allowing the solution to stand until precipitation
occurs, agitating the solution, titration using basic
titrants such as ammonia, addition of a nucléating agent
such as pre-fabricated brushite, varying the rate of
addition of the calcium séurce, and any combination of these

techniques.

In a second aspect, the preseﬁt invention provides a
process for the production of a composite biomaterial
comprising collagen, octacalcium phosphate and one or more
glycosamincglycans, said process comprising the steps of

providing a composite material comprising collagen,
brushite and one or more glycosaminoglycans, and

converting at least some of the brushite in the
composite material to octacalcium phosphate by

hydrolysation.
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solution conprises acetic acid titrated to the desired
pHvousisngsi&hmoni a. Preferably, the step of PCT/GB2006/000797
hydr ol ysation of brushite to octacal cium phosphate is
prefornmed at a terrperature_ofor_om 30 20 to 50C, nore
preferably from30 to 40C, stﬁ | nmore preferably from

36 to 38 C, nost preferably around 37 C. WO

2006/ 095154 PCT/ G112006/ 000797 66 Preferably, the

step of hydrol ysation of brushite to octacal cium

phosp i Iy d. for ' f from12 to 144
hourshﬁﬁg;gﬁgfgﬁégéEFgl%%w%%%fgbggsgé QKHﬁgﬁrlﬁéthat is
phébermir tyifirromi2A &ohukarhour anifal bayyt.hi rd aspect,

the present invention provides a process for the
production of a conposite biomaterial conprising

col | agen.thpakl-bgga l.ycosam nogl ycans,
sai d process cong?igg%§ﬁ§hgﬁg?géﬁp%#agﬁ3%5$85ﬁa?r%%é?érably
CEPIISI 388 @At @pnaist@rﬁcnﬂs:eatmglbpl dﬁgwrt,ripbgétjgmlg%@@qtate
o) . Jyor e cgsami nogl ycans, and converting a

Iéé? %égﬁg ggaﬁﬂ%e%kJ§W%Pétﬁna?%é”5bﬁﬁbgpﬁé mat eri al

t @l epadantiecby yBygs ol ! iQf 5 I56;k5+2 class aof

n neral s lcg?fpi‘rii si ng ?E%CFSE?J&%dc Bﬂc?%%éttét%n%a%}se %ﬁgm‘?d
Jeher FroceefuRa; haasirPe4pat Xed whereilatiXn ey e drst -

[ at, i ypically O+, F- and d-, as well as
ot é%gi%gsﬁﬂ%oﬁ%e??PQQ%ﬁgghEk?W1ed inthe art. Apatite
al so includes substituted apatites such as

silicon-substituted 20 apatites. Apatite includes
hydr oX¥&p&¥RREY, Viticlstes of mpbuiliisetémanphedmflyans) of

PAh e Ebeoé%ggéfﬁ%%%aﬁﬁé§%ﬂ2¥é %%%grises contacting the
triple co~precipitate with an aqueous solution, said aqueous
solution being at or above the pH at which octacaleium
phosphate becomes thermodynamically more stable than
brushite. Preferably, this aqueous solution has a pH of
from & to 8. More preferably, this agueous solution has a
pi of from 6.3 to 7. Most preferably, this agueous solution
has pH of about 6.65. The aqueous solution may comprise,
for example, deionised water whose pH is controlled with a
titrant, a buffer solution, a solution saturated with
respect to another calcium-containing compound and/or
phosphorus-containing compound. A'éreferred agqueous
solution comprises acetic acid titrated to the desired pH

using ammonia.

Preferably, the step of hydrolysation of brushite to
octacalcium phosphate is preformed at a temperature of from
20 to 50°C, more preferably from 30 to 40°C, still more
preferably from 36 to 38 °C, most preferably around 37 °C.
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conprising collagen, brushite and one or nore
wowomasishogl ycans. The triple co- preC|p|tat1Q;Tﬁﬁ;Qm;3?00797
formed according to the process as herein describ
inrelation to the first ?ﬁngt of the present
i nvention. 30 Preferably, e step of hydrol ysation
(hydrolysis) of brushite to apatite conprises
contacting the triple co WO 2006/ 095154
PCT/P@BZ@@@MEO?@VE BEP pPE ey atse biicpho & nbrgieidigs to
|on S ei.n Ve ot
oG Fhr R R st st s Uil 8F SRR ES B8
1454 abklue st hadrdrpisdid@ablir efen ald o - 7t20hot1he, qnma/cer S| on
of brushite to apatite, the aqueous 5 solution has a
prfespbLiofirened the 98 heRESpreferably from7 to 8.5,
still nore preferably from7.2 to 8.5. The aqueous
sol ution may conprise, for exanple, deionised water
whode pHthisd casdaal,| edewptésénﬁiﬂnmant;oa profietes a
solutiagn, a solutjon saturated w,

ect t
O EARSERe FOE al 6F (RARHITAP A 2 0 RSOACD AAER GriaL
?Eiggﬁgué oL P& Nipd tg@ﬁpéﬂﬁubne Rrefgrably, the step

| ysat1on of brushite to apatite is perforned

. gJ@tcoaamenpglmarrsa, afa 120 procdEOC, camprre. s ipyetiee attgps oM

30 to 40 still nore preferably from,36 to
nost‘-’rﬁ?’égé’il‘éb‘? PO e Il OB 0q e Dhaerier

drebysali Of ofr ?Jo&%hgiﬁﬁé&mﬁ%l'ykﬁn'ss Be4formed for

|ne o?&fron112 to 2 ours nor e preferably from
18 ttonv¥@rhong s3t reststpseherabl the bomsRite 2in ttthe8

hour Met hods .of i ncreasi t he converS|on of
composgte material to apat?te hydro ysagf

Apatite is a class of mineralsléomprising calcium and
phd;phate and has the general formula: Cas(P04)3(X), wherein
X may be an ion that is typically OH', F™ and Cl7, as well as
other ions known to those skilled in the art. Apatite also
includes substituted apatites such as silicon-substituted
apatites. Apatite includes hydroxyapatite, which is a .

specific example of an apatite. The hydroxyapatite may also

be substituted with silicon.

In the third aspect, the comﬁoéite material preferably
comprises or consists essentially of a triple co-precipitate
comprising collagen, brushite and one or more
glycosaminoglycans. The triple co-precipitate may be formed
according to the process as herein described in relation to

the first aspect of the present invention.

Preferably, the step of hydrolysatién (hydrolysis) of

brushite to apatite comprises contacting the triple co-
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the agitation speed. It may be desirable to produce a

biveoradoendsads according to the present inventi 8or/GB2006/000797

conmpri sing both apatite and octacal ci um phosphate.

The processes of the second gpd_30 third aspects of

the present invention may be conbined to produce a

naterial conpri sing both octacal ci um phosphate and
atite. The brushite in the triple co-precipitate may
SR/ HG551 84T bR GSPSOBFOPRYYTION, FRidf pAveows solution

MEy t dot-04 [ h t t hen the
oct acalagl SE:n pﬁg\g@ﬁ%eg pﬁ%eb@%&?taﬁﬁqﬁq& ec%%v%@?%d to
akhﬂnmﬂﬂynamibaray mnreneaablat%ﬁad|bﬂmshateleaEﬁeﬁE¥Kb1y,
oct acal ci ym phosphate to

f
S BnPhr g P beushits T Gt Lay | SR MR of
&AL i oDREs T Aol JIeTErBfl 6065 ahput Jn%raoyl%éf .ﬁﬁé) &rom 7

conversion of t e brushite  and/or apati
n‘ﬁ-’t ér-.i%al Sﬁh&/ltmmn‘@efpmeéeb&bbffmd Eytoh&dﬁ ol yi&mt |aqneous
| | ess than 12 10 Preferably, th
PR BR bEY e, BEP anitld S et Oni et Rt ynose b

a_lmatdoherbﬁl@@ﬁh@ﬁ a0ub tghn@, FH"leffffeﬁ:ogb@u@?oﬁ 0a Jsg% tion
more preferably from?7.2 to 10, still nore priefera F

: %ﬂﬁ%fgtﬁé ol th Frempesr abl gnottter @Eéplom ¢@mhaﬂqwmqtlon -

a hate to .apatite is ormed at a
n‘%%%g u%z‘é&)(‘)’c{@ 19?%%985611? o qoiﬁ:ép nﬁf}?ecﬁlf‘% (Lrbl y from
30 to 40C, still nore preferably from36 to 38C, nost

preferably around 37C. 20 Preferably, the step of
hydr ofygé%lraﬁhbf toet aeew @mmymégphm@ntczf dpashieei ko

L f_from?2
%?) %Z%gg Fom %581339956 heE Hﬁgt f %?gtf elsngEy ?om
@4eﬁeriﬁlyuﬁﬂdm 30 to 40°C, still more preferably from 36 to
38 °C, most preferably around 37 °C.

Preferably, the step of hydrolysation of brushite to
apatite is performed for a time of from 12 to 288 hours,
more preferably from 18 to 72 hours, most preferably from 24
to 48 hours. |

Methods of increasing the rate of conversion of
brushite to octacalcium phosphate and/or apatite include (i)
increasing the temperature, (ii) the brushite concentration

in solution, and/or (iii) the agitation speed,

It may be desirable to produce a biomaterial according
Co the present invention comprising both apatite and
octacalcium phosphate, The processes of the second and
third aspects of the present invention may be combined to
produce a material comprising both octacalcium phosphate and

apatite. The brushite in the triple co~precipitate may
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tenperature of from30 to 40 degrees centigrade. Mre

pr @ioemasnvyis4 t he conversion is conducted at a pCT/GB2006/000797
tenperature of 30 from 36 to 38 degrees centi grade.

Most preferably, the conversébnis conducted at a
tenperature of about 37 degrees centigrade. WO

2006/ 095154 PCT/ GB2006/ 000797 69 Preferably, the

pridegessbs obnvdis ol €8epbt eI RL r ris
the step of crosslinking the one % °%§££9§ arfe? Thiehthe

gl%rtasa hwEglt%pélaaﬁdm@heba:mamgeﬁ;lyncmﬂmmsdprta gpabite..
p It l e.co Rre a hi s incl ydes
reehPt i & ol Pbellt oo Momshek: Hevbol faes on of

bbmghhleeamd<nn3camblﬁ@rphdﬁpﬁgggaabnggéygﬂggeﬁggally
derlvatlveglé%:the CO- precipitate rivat
i REFHER Phd% OBVEREHPR atte aMplr 6n8 . 0 a0r Imzarst foone périod

t be QB@@@'E@kﬁﬁésbeeﬁafﬁﬂﬁgrgﬁqﬁkglén gﬁﬁ-%gbgﬁlﬁﬁat

phosphate and/ or apatite, €. Co-
hég 6@%@@?&1?3{5;%lnrth@uilattmilaormsythS}@f@EbﬂeObQWffected by

APy A NG A= of oeeiAcL PoaLaSF nghainyl ofioue.

conventional techniques. 15 Preferably, at |east sone

-of the brushite is converted to'octacalcium phosphate.

and/orpﬁﬂﬁﬂﬂabéy,ttha Gleyc osanydogl yeaii N @ FCOLE AGEN 1 um
aé §§(§¥% gked €r|or to the conversion of the
500 e Ak T i B phate: HdFoPH afattem 6.65 to
Tm,s reres plrisAkasn yesrdpe 7ebf g6t b I e
r Ie co@ recipitate to—!o%e€%rﬁ§I B # hS%%B§§Ef§%JH1
8 5ﬁ -ultraviol et radiation, a dehyrdotherwm

treatnEnt non- enzynmatic glycation with a sinple
sugar such as glucose, mannose, ribose and sucrose,

cont adtrefigralby f iRl @tep- of hydrolysation of octacalcium
phosphate to apatite is performed at a temperature of from
20 to 50°C, more preferably from 30 to 40°C, still more
preferably from 36 to 38°C, most preferably around 37°C.

Preferably, the step of hydrolysation of octacalcium
phosphate to apatite is performed for a time of from 2 to
144 hours, more preferably from 12 to 96 hours, most

preferably from 24 to 72 hours.

In the second and third aspects of the present
invention, the conversion of brushite to octacalcium
phosphate and/or apatite is preferably conducted at a
temperature of from 30 to 40 degrees centigrade. More
preferably, the conversion is conducted at a temperature of
from 36 to 38 degrees centigrade. Most preferably, the
conversion is conducted at a temperature of about 37 degrees

centigrade.
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nmet hods. These nethods are conventional in the art.
Pr 8f0e0edslogis4 i f at | east sonme of the brushite imT/Hoosno0797
converted to octacal ci um phosphate and/or apatite, the
gl ycosam nogl ycan and collageﬁaare crossl i nked
subsequent to the conversion of the brushite to
oct acal ci um phosphate WD 20061095154 PCTI GB2006/ 000797
- 70 and/or apatite. The crosslinking subsequent to
the conversion of the brushite to apatite/octacalcium
phosph f of th
e noaEEre LR L BELE0 . 98B BRES! Bncion
tﬁ@athentcomprxﬂa/Uhenbt@ptdﬂﬂbﬂMbsiihEE§@ s eds orPmore
E&drother treatnment includes subjecting a
FPE?’@”& 930w pREskRf cdiigsphénethbe twrindai sed
t T
t?gﬁf@%%%’%‘ﬁ%y e e L S
nﬁylplpr@ﬁrnnﬂﬂnplmatefcém@nmsmmchbmlagéﬁ; brushite and one

nos. t. preferabl 10 from 105C to 110C,
c8ﬁpwgf?o?i&ﬁoﬁﬁ%%naéﬁyﬁﬁQﬁlﬁ&qﬂgﬁrlY?E%Y?ﬁnﬂf|t§ed§§|red

| Breypheeddy. 1@)er@v§@1@é’é*%§rtc&-ﬁl%§5%ﬁ§ rpﬁfe‘&?&@% wherein

preferably be of from 120 and

- pREf beadt ysafe fofothd 25Mahd tE35Es béenomrhmnted b the

d d d 1y 4 to
CBOLE SR LRRL IS SeRH B D 2ol e
OLHEOSIEE NGy GRBPAA Cor GREHLNKEH DAL IOkt An@ENEirther
subsequent to converS|on of tﬁe brushite to

oeharitxl W mﬁ@bpha@@lanﬁk@ﬁsapgtlt@moéﬁliﬁh&ngrn&pé&es
sent | nven n ma S ste of
%%%?%69 he “C¢onp gl?%'@}o %3 %f 3@%958 ure

X Preferably, at least some of the brushite is converted
to octacalcium phosphate and/or apatite, the
glycosaminoglycan and collagen are crosslinked prior to the
conversion of the brushite to octacalcium phosphate and/or
apatite. This crosslinking may be effected By subjecting
the triple co-precipitate to one or more of gamma radiation,
ultraviolet radiation, a dehyfdothermal treatment, non-
enzymatic glycation with a simple sugar such as glucose,
mannose, ribose and sucrose, contactlng the triple co-
precipitate with one or more of glutaraldehyde, ethyl
dimethylaminopropyl carbodiimide and/or nor-
dihydroguariaretic acid, or any combination of these

methods. These methods are conventional in the art.

Preferably, if at least some of the brushite is
converted to octacalcium phosphate and/or apatite, the
glycosaminoglycan and collagen are crosslinked subsequent to

the conversion of the brushite to octacalcium phosphate



10

15

20

25

30

brushite or crosslinking of the collagen and
guoeexismogl ycan that may occur. Al ternatiretysobdiBore7
step of shaping the biomaterial may occur subsequent
to either the conversion pﬁ7 he brushite to 30
apatite and/or octacal ci um phosphate or crosslinking
of the collagen and the gl ycosam nogl ycan. WO
2006/ 095154 PCT/ GB2006/ 000797 - 71 Preferably t he
aeéﬁ%swfaﬂﬁ%ﬁ erl THe FrosHaddd gs FRESaIUC s Ghe
bSEéP § brﬁblai{@tﬂoo F%‘&%Q/oé@é(\éalt&'m n%ﬁFH[{)ﬁata
y|ng re ze drying, (il I njection
magdbélaﬂfenﬂaﬂ presaengr medet dt tbe asidiais Imewtioned
[ wherein the tenperature is from -

%eggeratur dr |ng . .
SESLOF & SENBFRR briaafTER T r 8 ABE GPRAGRE LN ©
th¥Bk cfeéﬂwodsr esgl Héhg@r@tlféeﬂ&t%ﬁ granthant fi{dnueks

material . Freeze Ing typically results 1 n an open
SprQGBlﬁQNahSUbBFEGtEOHO a g @rﬁgSuEGLHHMDSpheaGMBUea

PR AP ke  siiiRe ORERECIyE tRd e scepF BEETHy

th¥PtgS Y Ynd fye%lél b$ 'fE‘or@ WQOP@BBQC fméntem@rat%@naay
i nvention further provides a precursor naterial

. -psafexdbly flor ofr énglﬁlol(mﬂg tionld 0&Csyamharass pgeferably. of

£2aRpBLT it LoD Fa o R B BB e e e ha

t@BEtMEntOIL de@h Y6QS & 1iadlsaaRs 18 Pref B8 alduks .t hehe
conposite material conprises or consists essentlallg

t@fnparaimr;ﬂ @ac'oppﬁéerwhatt@ eSmBrPEi bl ColucageR’C, an

shlt I sam h
B PG AN RE PEe TG R0sY YOOI SR g e
dbh?dﬁéﬂfe@c@r&loﬁrbEEmémf sis @@QQ‘deinHﬂ@lc@l&@em to 8

i nventi on.
hours.

Preferably, the collagen and the glycosaminoglycan are

crosslinked both prior te and subsequent to conversion of

| the brushite to octacalcium phosphate and/o; apatite.

The processes of the present invention may comprise the
step of shaping the composite biomatexial‘into a structure
suitable for use as a bone or dental substitute. Such a
step may occur after formation of the triple co-precipitate,
but prior to any conversion of the brushite or crosslinking

of the collagen and glycosaminoglycan that may occur.

Alternatively, the step of shaping the biomaterial may
occur subsequent to either the conversion of the brushite to
apatite and/or octacalcium phosphate or crosslinking of the

collagen and the glycosaminoglycan.
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by a process according to the present
|E@§ﬁp%@%ﬁas herein described. 30 The presen?SWGBmmmmm”7

i nvention al so provides a conposite biomateri al

conmpri sing col | agen, octacatcihim phosphate and one or
nore gl ycosam nogl ycans, which biomaterial is W

2006/ 095154 PCT/ GB2006/ 000797 72 obtai nable by.a

proces?raﬁémlﬂlmg the tbfpserenthaaspeat 0f sﬂafi%cpﬁgﬁﬁat
vention. The resent i nvention al so provi des a

#ﬂé%%#eeﬂmderfmam ¢bhpFildinagiesl badéor lapatite

y whi, ch, bi.onat er i al
|s 0 ggﬁgg%{q%ngl E ggg%c%éﬁgﬁﬁa t b-Hhe HHEEGLOD
astmd.dm@ aie vsenld pryssitican. Fl0tFRei ¢ esebr low

g%%Ptlon al so rOV|des a conposite bionmaterial

PERTY S 4% 1&9e EBepR Bt dEBPBFakErd dgerdrom 15°c to
glaypeesa PEGFRR u he.p nt n
aﬁ?ogprg%?%gi a bF%T tgflgﬁﬁ&%g goﬁ%r%@ﬁﬁg 6@%&8 ﬁ
ofresnétorimmr e:leanalecgnamzpa]mspﬁca:@eofnmh‘eérﬁls. ¢ebbagedrying

d I wh d
COVPAREH A SRcmoromer ooy sosa nogreanbonr o

.Ch@ﬁ§ﬁiﬁﬂ“¥%éﬁT%sfQﬁ”hawfgﬁ'ﬁé&&eﬁ?sggr%ﬁgﬁ%éﬁmggpgé%%ﬁles:of

cal ci um phosphate nat er are

watmﬁ&erxﬂkidﬁ@ﬁddmagcomunhﬂ1®$ppatefntﬁendyﬁ uiseéd. Cold
sel ect ed re of brushite, octacal cium

SRGEEHE THRAPOL Y aPRRTLES iPhe FEMTovPoi Shegormpt | on
relates to all aspects of the 25 conposite

bi omaterial according to the present invention
The present invention further provides a precursor

material suitable for transforming into a synthetic
biomaterial, said precursor material comprising a composite
material comprising collagen, brushite and one or more
glycosaminoglycans. Preferably, the composite material
comprises or consists essentially of a triple co-precipitate
comprising collagen, brushite and one or moré
glycosaminoglycans. The triple co-precipitate may be
produced according to the process of the first aspect of the

present invention,

The present invention also p&évides a composite
biomaterial comprising collagen, brushite and one or more
glycosaminoglycans, which biomaterial is obtainable by a
process according to the present invention as herein

described.

The present invention also provides a composite
biomaterial comprising collagen, octacalcium phosphate and

one or more glycosaminoglycans, which biomaterial is
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Th is preferably present in the material in
an%ﬁ@w4 O from5 to 90 (dry) wt% nore pref&Taph)06/000797
from1l5 to 60 (dry) wt% % nore preferably from 20
to 40 (dry) wt% 5 Preferabl y2 the one or nore
gl ycosam nogl ycans are present in the material in an
amount of fromO0.01 to 12 (dry) w% nore preferably
fbﬁfraﬁnam_e.%b§ gdp¥dcads YcdiRaln pt@f@{@@e)éohaoa%ée& ¥
3 (dry) wt "% 10 Preferably, |f t he-materi al
c@h@rpﬁﬁﬁﬁﬂﬁraﬁﬁEnﬁlomhe rati o of collagen to brushite
is 10:1 to 1:100 by weight (dry), nore preferably 5:1
to 1:20 by weight (dry), nost preferably 3:2 to 1:10
by weitHy présght {oFereddnkesd: gré@ides 4 Rympesobhé
(dry). 15 Preferably if the material conprises
obiaRaliehigdh CpRBERRERE coliagent i aPaFiteolandgenet ot more
0 at
(RPFEAADEIERT i POt i Bttt by
npsdcey efrcabiyng: o tithel th@rﬁyampecgmtoﬂ&h(ed pygsent
Preferably, the ratio of collagen to the total anount
o BRI nor e gl ycosani nogl ycans is from8:1 to 30:1
by weight (dry), nore preferably from10:1 to 30:1 by .

"wei ght 25 (dry), still nore preferably 10:1 to 12:1 by

wei ghtTHedpyksenanthwnastigor et evaptyvikles] at coRBo2ity

ight (dry). The, conposite biomateri gl ording 1.0
el CompeHTATO Ay B0e SO S i Sabe: F Ul [ager,
bQI@%éﬁéﬂ*ﬁ%ﬁ@&can and brushite.

The present invention also provides a biomaterial
comprising particles of one or more calcium phosphaté
materials, collagen and one or more glycosaminoglycans,
wherein said collagen and said one or more
glycosaminoglycans are crosslinked and form a matrix, said
particles of calcium phosphate material are dispersed in
said matrix, and said calcium phosphaté material is selected
from one or more of brushite, octacalcium phosphate and/or

apatite.

The following description relates to all aspects of the
composite biomaterial according to the present invention

unless ctherwise stated.

The collagen and the one or more glycosaminoglycans

have preferably been crosslinked.
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hone scaffold, filler, coating or cenment conprising a
VEINIFe* bi omaterial of the present i nventB(I¥B2ie&00797
termcoating 5 includes any coating conprising the

bi omaterial or precursor _ofzthe present invention.

The coating nay be applied to the external or

internal surfaces of prosthetic nenbers, bones, or

any §#bstr te intended_for .use_in the, human or ani mal
body "W TH A% adeB pEF IR ALESRAL el diite mapgglal in
agoaResh i on FQnok theoPr as/Nt witaYenbi f@%e s

for both in-vivo and ( ex-vivo re%g%fq%f g?%ly Bfom 15
tri Alr My Yed Wi okeghend prafmrably frem|2Mityg 4fut(dnpl wtd.
limted to bone and dental materials. The

bi omaterials of the present invention may be used in

the pgsmMablef, ahbognafd:s nvid auyedsaiimgilanbeare
bi omateri al according to the present invention

PEBAPRT sithFhecrasartalinitpiigs pRabet nel xenf le@loko 12
ial [y f ft br ushi t
(BESEeg mbre pEECOLaRtl ey’ doRBrTot Red Pan 2Ry

pyefgiiblof Moushitet@® i (datal wanpunt of
cal ci um phosphate naterials in the biomterial. The

cal ci um phosphate material may conprise .or- consi st

ess ' f a j o)
apat, e vrepldy RS AR 9E) ORI EOTRRFLE  Jire
reboit aifhiced latreheasthbA8%itaote PO ef ercall:v oat bl ersiqd9%
nd nost preferably, at |east 99.5%o0f the desired
<§msre MOFS RESSBFERILIY - toy 1 4D hY dtelighs) (dry), most
I ¥ebyy At [ i, al C [ ' e
D ey 50 phop i eehe, (Y 0 YO, eRnfie M 1
1:4 by weight (dry).

Preferably if the material comprises octacalcium
phosphate, the ratic of collagen to octacalcium phosphate is
10:1 to 1:100 by weight (dry), more preferably 5:1 to 1:20
by weight (dry), most preferably 3:2 to 1:10lby weight
(dry) . ' |

Preferably, the ratio of collagen to the total amount
of one or more glycosaminoglycans is from 8:1 to 30:1 by
weight (dry), more preferably froﬁ.lO:l to 30:1 by weight
(dry), still more preferably 10:1 to 12:1 by weight (dry),
and most preferably 11:1 to 23:2 by weight (dry).

The composite biomaterial according to the present

invention may be used as a substitute bone or dental

material.
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ei {.he precursor material for making a

bi Bﬂﬁ{"g‘?@g& or may be suitable in itself for RfsEGBI&/000797
a biomaterial. 5 The processes according to the

present invention nay be prefigroed using the

foll owi ng sequenti al nmethod, which may be applied in
whol e or in part, to produce bioconposites of

col | agemn, ycosapi nogl ycan and one or

more 10 ga?ggﬁgﬁ%E§§§ﬁ§¥é csgg%iQ%hﬁ%é§§ FhEYRBRY i mgne

demianeilonbons pryshiretsd boye Waya £, BALELANLE L, pone

agpuﬁgagle to fny aspect of the processes accordi'ng

t o THé “pfestht 1$tw FRatdRg or: camemy] €olprps g pd t@inipeRite

ofpialakageny GA 1 ci um Phosphat e ,

Brushite at Aci S%}Eég’%e%%ﬁg g?g%lﬁlsonpergg?nﬁﬂrW goating

i ninGLages samy| ¢eatsiogs cohpeiBiROtheV baofh €6+ Dt &, Wecprsor

fggnkﬁglg£éoqﬂ:of the three (or nore) constituents o%

the conposTie - and S&1e8nt rBte 199 tindr nay doofapmided to the

t exeerfiol SPra)td@SReshi : ol of . the

conposi ti onal propertiesyg?@$%§£§gﬁ%§§%§%9(@ﬁﬂ?ﬁﬁﬁ' bones,

p&¥t PBYI $rb3HeateolindganeGAB CaRer ahi Bhe MYNDE ACRLeN S
nore of the pH, tenperature, ageing

b | f
CPodY R BHEI5He oReBh ariAtonapRBapkDr ohe oamposition

10 coticent rpidmt aaveﬁkha@%fw%%aaké?goo%d i%’gﬁf;vo and
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conceptration. The pH may be maintalned cons
(§EThg70 faPadxandl bothubinerslipbdsbadlodidalatiz@Br 041,

. | pwed. t . Th i bl
LTy o Sllendit i e s e
chiataire plkdspbat e5e (@r&eeﬂ@&%b%iox‘g?@%}r g;gugg,gaggﬁ N30

phosphat €) and conpl exes i ncl udi ng
tEf ‘P"é*tth é?$

allografis and autografts.

The biomaterial according to the present invention
comprising octacalcium phosphate may by free or essentially
free of any of the precursor brushite phase. This
biomaterial may comprise less_than 2% by weight of brushite
in total amount of calcium.phqéphate materials in the

biomaterial,

The calcium phosphate material may comprise or consist
essentially of phase pure octacaléium phosphate or apatite.
By phase pure, this means preferably containing at least
98%, more preferably at least 99%, and most preferably, at
least 93.5% of the desired phase (as measured by x-ray
diffraction). Alternatively, the biomaterial may comprise a
mixture of octacalcium phosphate and apatite, depending on

the desired properties of the biomaterial.
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AR osfdy to enhance in-vivo response (e.g. wt h
fac?@%%{ gene transcription factors, sll|cc)‘l?1‘§’lr/8320‘)6"000797

natriuretic peptides) may also be added during this
step. 5 I1: Net Shape Formatd on This step may be
performed to produce the desired architecture of the
final conposite form wth particular enphasis on
contrd aftd2aRe archhé estd¥ent- intmnipdresdiorl@ing
techni ques i;nclude filtration and | owtenperature .
bagughhee Naedd tisag Fhtheriarse Bramurshrt meteriat, éete
ing. (i |t . [ n f aeh B [
A g TR Eing e B ELS  Beec1® E6H
agepepdiomreaisihe type of dye) and cold pressing
(resulting in a dense pellet 15 form). I1l: Primary
‘Crosslinking This step may 'be perfornmed to preferably
ensu t.hat [ i V,
o P tkeess e A oA R e P e ot o L be
prapother warichg thet belhowimg tsequenbbanl enatiedreshanh cedy
and degradati on_properties of the ~. - cgggfsite..t of
bexarplEad o PBORRI Ghet™ i RAGTudEC! BRRLETHH SLCGFROSites ©

_cgﬁﬁg&?} JrRCRRI GUeS §By&hs MARBE1 E4RARE ¥R or more

violet 25 radiation, dehydrothermal treatngnt)f
ceheirie athdsedlatiequesst euent snonThaziemidwingl Yeacraption

W th a sinple sugar, glutaral dehyde i hyl

181 RER RIS BOBRIGF SRFBOR PAavy SDpiidable to any

agg&s}t hygrneguariaeekhe Actdhaingl 1608MS NatdQtMehbession.
.g. simltaneous non-enzymatic gl ycati on and

gamma-irradiation). 30 In the event that conversion to

Qo RIS QorPRARyBLFBskot of R ddt SRl ahd ene

Calcium Phosphate Brushite at Acidic pH

This step is performed to initiate simultaneous
formation, via precipitation from solution, of the three (or
more) constituents of the composite, and to control the
ratio of the three (or more) réspective phases. Control of
the compositional properties of the composite (ahd in
particular the collagen:GAG:CaP ratio) may be achieved by
varying one or more of the pH, temperature, ageing time,
calcium ion concentration, phosphéfous ion concentration,
collagen concentration and GAG concentration. The pH may be
maintained constant (using, for example, buffers, pH-stat
titration or cther methods) or be allowed to vary. The
possible secondary (contaminant) phases include other acidic
calcium phosphates (e.g. monetite, calcium hydrogen
phosphate) and complexes including by-products of titration
and reactant addition {e.g. ammonium phosphate, ammonium

nitrate). Additives to aid crosslinking (e.g. glucose,
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fQr ite, which is a cal ci um phosphat e _t hat
d§£2%%%$ﬁ5£adiLy hydr ol yse to octacal ci um phd&pfiRes/0e797
I'V: Hydrolysis This step may be perfornmed to partially
or fully hydrolyse the CaP7phase from brushite (phase
with high solubility at physiological pH) to

oct acal ci um phosphate 10 and/or apatite (phases with
tivede)selrubbl dfyarate 1 LoLogi a

substéntial[y renove §ﬁ3x§g|ﬁ e é%ﬁ?% 'ngg?&€%£§%§°rsf
q¥qy tranashibrion thasttorseabtlimnrhy deagénrephospimtieks)

t case_of hydralysis.to OCP, the selected pHis
I§§Q§E$gg§§u%§@p4hﬁaﬁ? 'n@glﬁdﬁ§¥hnt at about 6.65 15
(using a buffer, pH stat, or other nethod), and the
tenperature at_about 37C for around 24-48 hours. As

is NeheSeare Farmeitégnl, additives to aid in
crosslinking (e.g. glucose, ribose) or to enhance
i n-vivo response (e.g. gromh factors, gene
tranSoispsiem rfacber persbindd o PabHLYE ERE Hhired

peptides) may al so be added during the hydrolysis step
r&éEECF%ﬁF‘.— C{; t@@céﬁaaiycqmmtien%pﬁ@, ZIB%ItﬁhiP@ISli@plﬁay

 cARNRSLE 0GR U NELEL Al ey IPCNANLEAl e A0

degradation propertie e composrte.

technhgues ossilivaki 191 prochsiures. LogtednpdrahopR bkking
above, may be used to effect secondary crosslinking. 30
(fﬁéufgﬁ%vﬁ%gﬂ ELBRP| SEARNERT KOTAL coRpReRA e THingUr es
68yl I { r i [ under standi ng
Ly e pet! RoRuf T o Pl E RO ARG
(mesutoime INDa20064 085Adet FFCEREGBRE0G4HETAYG on the type

of dye} and cold pressing (resulting in a dense pellet
form). |

IXI: Primary Crosslinking

This step may be performed to preferably'ensure that,
when placed in a solution of elevated pH, the GAG content of
the composite does not elude rapidly, and, furthermore, to
enhance the mechanical and degradation properties of the
composite. Examples of techniques include low-temperature
physical techniques (e.g. gamma irfédiation, ultraviolet
radiation, dehydrothermal treatment), chemical techniques
(e.g. non-enzymatic glycation with a simple‘sugar,
glutaraldehyde, ethyl dimethylaminopropyl carbodiimide,
nordihydroguariaretic acid), or combination methods (e.qg.
simultaneous non-enzymatic glycation and gamma-irradiation).
In the event that conversion to octacalcium phosphate (i.e.
as in step IV) is desirable, pfimary crosslinking is

advantageously performed at a temperature below about 37°C
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description, 5 Exénplé 1 Exanple 1 is an éxanple of
thﬂ%}’ﬁélﬁggf‘s met hod described above, execut etfFN§82006/600797
application of steps | throu Il only. Triple

h
co-precipitation is carried %aut at room 10
tenperature (20-25C), at a pH of about 3.2 (nmaintained

by titration with ammonia). In.this exanple,

Cioo iRGicpitt abfferdd ¢h T eleabr3dii@Nehheiasshi pked via
a dehydrothermal treatment. Neither hydrolytic
c%?méa\‘-*@it@ﬁl sprithen@gtifer whéehnbrary caleduni pkosphdate that
P rned . in.this .+ 15 i_al | | agen:
REConeRe: eadi tpn TN, o ot Eletil. gl
col |l agen (atel ocollagen); 85% Type |, 15% Type |11
Japan 20 Meat Packers (Osaka, Japan) GAG :
chondriPAY8L&ul phate from shark cartilage; sodium
salt; Sigma-Aldrich Inc (St. Louis, MJO USA) Cal cium
Sources: (i) Calcium hydroxide; Ca(OH)2 Sigma- Al drich
Inc (ShisLetes,ndObdJSAY fofhned Halpairidanilyrat efull2b

) 2. 4H2G _ Si -Aldrich Inc (St. Louis,, K MO USA)

S bheum R Phaea hEPRORPHTHITE depase Hebey highH

R ks e e Gl

Kimydanpp801 Pe otedises WOLR0DGW 0 S84 bRTCTE GBRO06/ 000797
.g%ysiological pH), and to substantially remove any soluble
contaminant phases {e.g. ammonium nitrate, calcium hydrogen
phosphate). In the case of hydrolysis to OCP, the selected
pH is advantageously maintained constant at about 6.65
{using a buffer, pH stat, or other method), and the
temﬁerature at about 37°C for around 24-48 hours. As was
the case in Step I, additives to aid in crosslinking (e;g°
gluccse, ribose) or to enhance in-vivo response (e,g. growth
factors, gene transcription factors, silicon,‘natriuretic
peptides) may also be added during the hydrolysis step (Step
Iv).

V: Secondary Crosslinking

This step may be performed to further tailor the
mechanical and degradation properties of the composite. Any
or all of the crosslinking procedures listed in Step III

above may be used to effect secondary crosslinking.

The following Examples and the accompanying Figures are
provided to further assist in the understanding the present

invention. The Examples and Figures are not to be
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- (Cu-K(

pﬂv%&ﬁus%?ﬂ-%i ng amonia. Suspension B: - GT{B200/000797

Chondroitin-6-sul phate is dissolved in di oni s&

to a concentration of 3.2g/L. Under constant
stirring, Ca(NOB)2.4H20 and/®a(OH)2 is then added
to.the..chondroitin 10 sul phate solution at a
nitrate: hydroxide nolar ratio of 1.5, to produce a

suspddsren Whiting aakheascopamafonbent naeh©ion .of Any -
2.4M - 0.1449g col | agen is added to_20nL of Sol ution
Aeainge se@%%@ewm%ha RoprtRas S&r Faaures dis fppidgable

S 1.0 LSt ; Sol ution A
ﬁ%%gg&cgéé?gﬁtéggﬁ#i??Eaéé%ﬁ§§#¥$?ﬁgg%égéontinued for
60 mnutes, and pH nonitored to ensure that it

remains in the range 3. 15<pH<3.30. The resulting
éﬁﬁﬂﬁigL% then allowed to age for 24 hours at room 20
tenperature. Step Il - The slurry is allowed to dry at

37Cin air for 5 days, and the remaining triple
co- pr Ezapplate Id reedxainphe afeitdri sydthasts medridd

SHREIER' Lol SelSthR P i astPo, A7 R PBkouon
fﬁi%hg?t tHiple c&%@@@ffbpﬁéﬁgﬁl is% SheWed Noud o Qodm -

. pha) Tadiation) "~ and Mimage is shown in
Riegpresaur80(Bt-p IC) I, Iti®lpH o phbeuipdt at bsaimt@ined by

r.ossl i nked, vi a dehydrothermal., treatnment (DHI) .at
TRt Aacrith bt ehr ot s SRERpIED ol BtkiBitates
are dried at 37°C and crosslinked via a dehydrothermal
treatment. Neither hydrolytic conversion of the CaP nor-

secondary crosslinking is performed in this example.
Materials

Collagen: Reconstituted, pepsin-extracted porcine dermal
collagen {atelocollagen); 85% Type I, 15% Type III; Japan
Meat Packers {Osaka, Japan)

GAG: Chondroitin-6-sulphate from shark cartilage; sodium
salt; Sigmé—Aldrich Inc {St. Louls, MO, USA)

Calcium Sources: (i) Calcium hydroxide; Ca(CH), Sigma-
Aldrich Inc (St. Louis, MO, USA), (ii) Calcium nitrate;
Ca (NOs3)2.4Hz0; Sigma~Aldrich Inc (St. Louis, MO, USA)
Phosphorous Source: Orthophosphoric acid; HsPO,; BDH
Laboratory Supplies (Poole, United Kingdom)

Titrant: Ammonia; NHs; BDH Laboratory Supplies (Poole,
United Kingdom)

Procedure
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ow ng DHT and indicates that the brushite p
has converted to 5 its dehydrated form nonetite.
Exanple 2 Exanple 2 is an é anpl e of the
synthesis..nmethod 10 descri bed above, executed via
application of steps | through IV only. Triple
Stepprecipitation is carried out at room tenperature,
dapHof.4.0. In this exanple, pHcontrol is
Sette@ed by careful control of the cal ci um hydroxide
-a&d(o@gl £& Um QU dhALe i RODCAIN HBPOPRS u BBnaBRE LACK hat
al so enabl es control of the mass ratio of brushite
0ttt agen tehusrd3AGH,nandethe iygsalltdpgespopettre. The
resulting triple .co-precipitates are then frozen to
L1 ,edpF§CBB %nge% uﬁﬁ&@UBﬂﬁ%ﬁkﬁthen heated to i nduce
ssdidIRn @ of unbound water (i.e. ice).” Primary
crosslinking is performed using a 20 1-ethyl

- E@ddioasihy 6-swd pradreopyl i ssnlbtadl ilei déonieed merier to a

CLORIGERUON T §F ot A c| DR Bh ORI, CERG M ye s at

wgﬁug%gﬂspn pattern of the triple co-preci pll;(_e}; 22‘%@00797

- caN) of4806dnatca Yt i 3 Kben RJUBUStEXEH®| chorzieeondary

crosslinking is not perforned. 25 Materials Type |
s\Ngihdteopabitigedt romibsetachydmadne mategreatigof 1.5,

C AT E PnS GOEUT I S FP o S APPSR
osa tgm.Sigma-Aldrich Inc (St. Louis, MO, USA WO

2006/ 095154 PCT/ GB2006/ 000797
- 0.144g collagen is added to 20mL of Solution A, and
blended using a homogeniser until dissclved. 4mL of
Suépension B is then added to Solution A under constant
sti}ring.
- Stirring is continued for 60 minutes, and pH monitored to
ensure ﬁhat it remains in the range 3.15<pH<3.30. The
resulting slurry 1s then allowed to age for 24 hours at room
temperature.
Step II
- The slurry is allowed to dry at 37°C in air for 5 days,
and the remaining triple co-precipitate rinsed with
deionised water, and subsequently‘diied again at 37°C for an
additional 24 hours.
- The x-ray diffraction pattern of the resultant triple
coprecipitate is shown in Figure 1 (Cu-K(alpha) radiation)

and an SEM image 1s shown in Figure 2.

Step III
Triple co-precipitates are crosslinked via dehydrothermal

treatment (DHT) at 105°C, under a vacuum of 50 mTorr, for 48
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"lI'ocus o

( i.S., MO, USA) Phosphorous Source:

Cf%ﬁﬁ%ﬁ%@%ﬁ%ric acid; H3PO4; BDH 5 Labor at ory F&dffgi2pteqoo7e7
(Pool e; United Kingdon) Titrant: None Crosslinking
agents: (i) |-Ethyl-3-(3-Dinddhyl ani nopropyl)

Car bodi i mi de (=EDAC); Sigma-Aldrich Inc (St. Louis,

MO, ..USA), and (ii) N Hydroxysuccinimde (=NHS); ‘
ShoRs Al df iy -imad8 bRCtHStribadi so-pMrclfiatle following
Procedure Step I. 15 - A target mass ratio of

bBHEhL s eshavrcdlnl Egenrel Us Ejloypess AndRows yidwn xoftay: 1 i s

BB RS PG 0o bt 20ROy < B B3GRy biing

Uphngzan Eiflidatesl that dinenrendkenpipansd pid \anivakted to
20 (produced at a constant [Ca2+] to [P] reactant ion

r atBodehrydeat@d Wern BPReteitieng (i) ionic concentrations
(i.e. [Ca2+] _ [H3PO4]) and (ii) ratios of cal cium
nitrate: calcium hydroxide, a | ocus of points over
wWRikaltppél 2 enai ned constant at 4.0 is identified. This
is showmn in Figure 5 (sets of 25 conbi nations of ionic
concentration and cal cium nitrate: cal ci um hydroxide

ratio | Bt ai.nLg 54..) - i i this.
EpimITY O 35 p0e Rl o) chel o PHARIC IRARERGGT N ©.

widthct tiead i atalveax esecanel ivdentippltesfoom off isteps I through

interSfction,mﬁth the 21, ng/ n, contour alhfms thg set

oft V38Rt BactHhiP LEo AR SR F HR GRS 1PBr T RnF T £ U5 8 Toom

CORREEE P, € andl HIEY SPNEA.NI AY 8nis leABRA d,abHOCE trol

cal ci um phosphat e
is effected by careful control of the calcium hydroxide and
calcium nitrate concentrations - an approach that also
enables control of the mass ratio of brushite to collagen
pl&s GAG in the triple coprecipitate. The resulting triple
co-precipitates are then frozen to -20°C, placed under
vacuum and then heated to induce sublimation of unbound
water (i.e. lce). Primary crosslinking is pérformed using a
1-ethyl 3-(3-dimethyl aminopropyl) carbodiimide treatment.
The resulting dried triple coprecipitate is then converted
to octacalcium phosphate via hydrolysis at a pH of 6.67 at
about 37°C. 1In this example, secondary crosslinking is not

performed.
Materials

Type I: Acid solubilised from bovine tendon
Integra Life Sciences Plainsboro, NJ, USA
GAG: Chondroitin-é-sulphate from shark cartilage; sedium

salt; Sigma-Aldrich Inc (St. Louis, MO, USA)



10

15

29

25

30

H) 2 = 0.1356) See Figure 6: identificat, of
%@%"lﬁglﬁé for pH 4.0 synthesis of a trinpl e‘lCQI?GBZ“06’00"797

coprecipitate slurry containing a 1:1 nmass ratio of
cal ci um phosphate to col | ag8h plus GAG 5 - 3.8644g
collagen is dispersed in 171.4nL of 0.1383M H3POX4
cooled in an ice bath, by blending over 90 m nutes at
Gl oo ﬁmérm ng(id Wategeni Bﬁrcﬁﬁmﬁ;peg (e saghhat of

9 [ [ ter, .to create a highly viscous collagen
RETSP T3t TBF 3455 Sehdar BFhhm 250k ] phetel (BIGRikeate;
@ (nourd 490 ; 19 fH=S30k¥ ¢ ch N dé- 13@3Mad, ,r oom
tenperaﬁﬁ?e, bfﬂdshakinghpéﬁﬁogﬁ%a?%§9§b%§ﬁ5p e
HicsPPyPHg BAGcepr o@uthoghespi@aGesabiitip ompoy; Afder 90

' t 4.3 f.GAG, sal uti [ dded t th
4%@%?%88£%|$ﬁéf %frﬁﬁgPé?bﬁbéﬁ%%é kggga%mﬁapgrox?nateﬁy

TigZr@nbl/méme under conti nuous honobgeni sati on at

15,000r§n1 and the resulting highly-viscous
CEorpAgRil mAGEINESer sil bh biRirgdd 3-f 3+ DimdtdtydlamifiofBopyl)

Bkt o o0 Lol ES, O mxing, 1, 004, ca( 01

USAYh| yndi SRIOUN-GQHFBERM AT 113 Qe di SPeS )3,1 QY AUER1 301 ch.

m nut es under constant bl ending at 15;000fpm creating

Igcc bFt agetiriana@arUsh] pl e coprecipitate slurry, after
which tinme an additional 14.3nL of 0.1383M H3PO4 is

bl ended into the slurry - The pH of the triple

Pcopedwigi tate slurry is approximately 25 4.0 - The
triple coprecipitate slurry is allowed to remain at

25C for a period of 48 hours. Step |
Step I

~ % target mass ratio of brushite to collagen plus
glycosaminoglycan of 1:1 is selected.

- The concentration of collagen plus GAG in a total reaction
volume of 200mL is set at 2lmg/mL.

- Using an empirical, 3-dimentional map of pﬂ‘variation
(produced at a constant [Ca®'] to [P] reactant ion ratio of
1.0) with differing (i) ionic concentrations (i.e. [Ca?*] =
[HsPC4]) and (ii) ratios of calcium nitrate:calcium
hydroxide, a locus of points over which pH remained constant
at 4.0 is identified. This is shown in Figqure 5 (sets of
cembinations of ionic concentration and calcium
nitrate:calcium hydroxide ratio for maintaining pH = 4.0).

- Superimposing this locus of points onto a map of brushite
mass yield with identical axes, and identification of its
intersection with the 21 mg/mL contour allows the set of
reactant concentrations for which a triple coprecipitate
slurry containing a 1:1 mass ratio of calecium phosphate

(2lmg/mb) to collagen plus GAG {2lmg/mL} can be produced at
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then rfﬁ§¥Fd fromthe freezer, placed in a vacuum of
dﬁ§9$?0 tely 80niforr, and the tenperature &CT&GRRUW6/HLTY7

rise to roomtenperature, thus inducing sublimtion

of ice fromthe slurry, w @2 i-s allowed to 5 proceed

over 48 hours. -The x-ray diffraction pattern of the

col I agen/ GAG brushite triple co-precipitate follow ng
gmpval 2enhou et ( radi.at j IS_

ghg@v\m@i %Rfl% gjl]re 9%312%(1 anO(SE ﬁ?'n?gﬁ%g%) ttﬁ%bsu&fg@;@ of
8-8385pr edigm tFAguresé showentificgtien ¥ &ohsigeobsarsor pH -

S back tt | ect n ( BSE) | f
o AR R B R b et ERte, alipivesontaining =
GAG rrassl irb)ioShePchldiukb pho fvhSﬁe%oﬁ%ﬁg@tﬁfﬁ%@% &e.

.unpbound water, 1.25g of the "resulting

copretd4d catld apen higlrditsperisad4Onll7 deiminiosed ., 1B 3 H:00,

i pu 0 f i f 0.035M EDAC .
I Pt s g S T e A L
13 Mermopueehyi 4 Heondse20e88{ EEed tWahekra@id e

triple coprecipitates allowed to crosslink for 2 hours
i HomateampEpatipat umd i ghdnt viscous calilegen dirpaEBACH.

TTREL eRo bR R bR e ol o S PaEF Ea g
dlsamied ta LACBHRIE at.13F6Mf 8F 2odiowespbPatiesh RBS
under mld agitation. - After two hours in PBS, the

B3 HNg @@wegiww &9 gdispersasdibanlvingerdfi gbducing a
W elo1@8dnal | owed to incubate for two

- After 90 minutes, the 14.3mL of GAG sclution is added to
the mixing collagen dispersion at a rate of approximately
0.§mL/min, under continuous homogenisation at 15,000rpm: and
the resulting highly-viscous collagen/GAG dispersion blended
for a total of 90 minutes

- After 90 minutes of mixing, 1.804g Ca(OH), and 0.780g

Ca (NO3)2.4H:C are added to the highly—viscous'collagen/GAG
dispersion over 30 minutes undér constant blending at
15,000rpm, creating a collagen/GAG/CaP triple coprecipitate
slurry, after which time an additional 14.3mL of 0.1383M
H3PO4 is blended into the slurry

- The pH of the triple coprecipitéfe slurry is approximately
4.0 |

- The triple coprecipitate slurry is allowed to remain at

25°C for a period of 48 hours.

Step II
- The triple coprecipitate slurry is placed in a freezer at

-20°C and allowed to solidify overnight.
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th 2006/ 095154 PCT/ GB2006/ 000797 84
coﬁpé\g(?ﬁ’g%%«b brushite triple coprecipitate foFfCofiBAY6/000797
EDAC crosslinking (Cu-K (al pha) radiation) Step IV 5

- Crosslinked triple copreei petate granul es are pl aced

in 50nmL deionised water at 37C, and the pH of the
solution adjusted to 6.67 using anmoni a. -

Termey atrbz@naBtu PH; &l +FRhNEahsrh GaRst 48

hours, after_ which tinme the cc-preciplﬁg%egféﬁﬁs?' placed
f1} terv@gluni aseapproxiratdéy obimBrr matad, thadtshijad rate

3 ' Lr. . An x-ray diffraction pattern, of the
pgolrc;lrd.e%dgilt? af &3° 1O15°50 ﬁﬁmg%ﬁ‘-i‘/%% oﬁ%flﬁ EBIFNEhown

| suiganeod Oof ERACF 10088k Skedk £0hihaesni AT GARY +o
triple co-precipitate foll ow ng ™ conversion at $rc o
EIOEPEr OYor hbirkeugms -pH 6. 67, to form 15 a

MRS LA R MR By (o Bl A 00
netipdd 26-pescigited calipy Bov B G ali 8f AP dugat WaRepf

sé;ps | through 'V inclusive. Triple co-precipitation
i CUedr FrRaduragiabbom temperat inefigune d,pHndf ambRRM

) | is.effected by .
g P e Al R P R RS AR R P

i t(satendarnyg effii)abindnbackéddtidredhel 86t &€ QfSE) images of
titrants. The resulting co-precipitates are then .
G288  of - D@L pracracEHeidR teatihiih 6AR (9ndd ageat €dGR@ =
ilndyce sublimation of unbound water (i.e. ice).

Primary crosslinking is perforned using a 1-ethyl
3-(3-dinethyl am nopropyl) carbodiimde treatnent.

EQ%pr§fflting dri ed

- Aﬁter compiete removal of unbound water, 1.25g of the
resulting dry triple coprecipitate is hydrated in 40mL
deionised water for 20 minutes.

- 20mL of a solution of 0.035M EDAC and 0.014M NHS is added
to the container containing the triple coprecipitates and
deionised water, and the triple coprecipitates allowed to
crosslink for 2 hours at room temperature under gentle
agitation. .

- The EDAC solution is removed, and the triple
coprecipitates rinsed with phosphafé buffer solution (PRS)
and allowed to incubate at 37°C for 2 hours in fresh PBS
under mild agitation.

- After two hours in PBS, the triple coprecipitates are
rinsed with deionised water, and allowed to incubate for two
10-minute intervals at 37°C under mild agitation,

- 'The triple coprecipitates are then dried at 37°C for 72

hours. Figure 9 shows an x-ray diffraction pattern of the
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akfees

s Type I: Acid solubilised from
tenéﬂo\ﬁgé@gh?‘lnt egra Life Sciences Plainsboro, V\L?]%T’L%AOW"OWW
GAG Chondroitin-6-sul phate fromshark cartil age;
sodium salt; Sigma-Adrich BAc-(St. Louis, MO, USA)
Cal ci um Sour ces: (i) Cal ci um hydr oxi de; Ca(OH)2 Si gma-
Aldrich Inc (St. Louis, MO USA), and (ii) Calcium
ncmlb&«mn/GmG/bm@sNQB:)e? R0 Sbgrecidlidriteh £6DTow Sy EDAC
LowsjﬂggéE Phosphorous Sour.ce; CIthophosphorlc

g K (gBahat oradigdion! es (Pool e, United
Ki ngdom) Titrant: None Crosslinking agents: (i)
1- Et hyl - 3-(3-Di net hyl am nopropyl) 15 Carbodiim de
(¥8BAQV. Sigma-Aldrich Inc (St. Louis, MO, USA) and

(- denaeg e (G S il lne

n@@rﬁL ralibai 0&q brisdy tg 19 0€0l ér?cgeﬂleohpﬂsof the solution
g cosam noglycan of 3:1 is selected. The

datbof- ©f woingagemopiais GAG in a total reaction

2 I f t at
ol SRR ke Rl Bet halhe o st atT ohty 40 heurs,
cam.sdxam«m[:ﬁ;a@ﬂe tihd Bb-beasigfatddn akat Ef@l@éréd O iWskR -in

‘differin ionic concéntrations (i.e
§

[H4BROY Be texi idnd ariies af ¥HIGilmmehitrate: cal cium
hy%&P§ngy §3£f§aé%1on pattern of the coprecipitates
following conversion to OCP is shown in Figure 10 (EDAC-
crosslinked collagen/GAG/CaP triple co-precipitate following
conversion at 37°C to OCP ovef 72 hours at pH 6.67, to form

a collagen/GAG/OCP biocomposite, Cu-K {alpha) radiation).

Example 3

Example 3 is an exgample of .the synthesis‘method
described above, executed via &pplication of éteps I through
V inclusive. Triple co-precipitation is carried out at room
temperature, and a pH of about 4.5. BAs in example 2, pH
control is effected by careful control of the calcium
hydroxide and calcium nitrate concéﬁtrations, without the
use of titrants. The resulting co-precipitates are then
frozen to -20°C, placed under vacuum and then heated to
induce sublimation of unbound water (i.e. ice). Primary
crosslinking is performed using a l-ethyl 3~(3-dimethyl
aminopropyl) carbodiimide treatment. The resulting dried
coprecipitate is then converted to apatite at pH 8.50, at
37°C. Secondary crosslinking performed using gamma

irradiation.
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tration and calciumnitrate: calcium
ﬁ\ggrz@?i}lagﬁghr atio for maintaining pH = 4.5). PCTIGB2006/000797
Superinposing this | ocus of points onto a map of
brushite mass yield (with $§ehtical axes), and
identification of its 5 intersection with the 30ng/nL
(i.e. 3 times the concentration of collagen plus GAG
contour allows the set of reactant concentrations for
which a triple coprecipitate slurry containing a 3:1
1 i o of calcium phosphate .(30ng/nL) to
col | agen plus GAG (10ng/nL) can be produced at 10 a pH
of 4.5 ([Caz+] _ [H3204] = 0.1768M Ca(NO3).4H20:
ToaeCH) 2 el GALbiThsedi SrahdwviineFtguden 12:
identification of conditigns for. pH 4.5 synthesis of a
Itiegra BbER 1G5 PaRIRTRP Nty nPRY a 3: 1 mass
t.io o Gl g i GA -
e b M i T e i
s3PO4S igootddidichadintccéSbhatlvuilsy MDend$ig over 90

R PR s VR S N

‘_Agp§ﬁéﬁsiﬂ%L(St.0L$§§9,Cﬁ@PQR%aRi@n@'%ﬂirﬁﬁﬁxtﬂUﬁAﬁitféte;

| owed to dissolve 20 in .3l of 0.1768M at room
CedNperatts®, Ygmshakdngeh pard déitcalbyiso Mispéhde

i ssolving GAG to produce a.GAG sol uti Af 90
Brostbatol? ptres o Db iR BHiror Y dHARH (B ¢ ho
L?gé%ﬁlgoﬁ@'élﬁﬂﬂﬁe@i 3P86 5L Prurdlted KahGAGH) appr oxi mately

z .5m/ m n,; under continuous honogeni sati on at
T1%re00fr priforend the resulting col | agen/ GAG di spersi on

é%%%@ffgkiﬁg 5%e%%%?l ?i) fﬁbgﬁﬁiuggﬁB-Dimethylaminopropyl)
Carbodiimide (=EDAC); Sigma-Aldrich Inc (St. Louis, MO, USA)
and‘(ii) N-Hydroxysuccinimide (=NHS); Sigma-Aldrich Inc {St.
Louis, MO, USA)

Procedure

Step I
- A target mass ratio of brushite te collagen plus
glycoséminoglycan of 3:1 is selected.

- The concentration of collagen piﬁé GAG in a total reaction
volume of 200mL is set at 10mg/mL.

- Using an empirical, 3-dimentional map of pH variation (at
a constant [Ca®*"] to [P] reactant ion ratio of 1.0) with
differing i) ionic concentrations (i.e. [Ca®"] = [H3PO4]) and
1i) ratios of calcium nitrate; calcium hydroxide, a locus of
points over which pH remained constant at 4.5 is identified.

This is shown in Figure 11 (set of combinations of ionic
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A

at 15 OOOrpn1 creating a collagen/ GAG CaP triple
coPfe ¥t Rt e slurry, after which WD 2006/ 095B5A/GB2006/006797
PCT/ GB2006/ 000797 - 87 tinme an additional 14.3nL of
0.1768M H3204 were added to-tgge~ m xing slurry. - The
pH of the triple coprecipitate slurry is approxinmately
4.5. 5 - The triple coprecipitate slurry is allowed to
r C r 8 D
Eror e S e s 2O M Reeht ot DVPauter Taeio
1®or2@{1mnainahbopﬁd—to Syeeze overnlght The frozen

[ ved fromthe freezer, placed_in

slugry is then r
vac%‘ﬁgﬁ%ﬁnpéﬁﬁpfixgﬁgf et QP PFo PPINER PRI 2 BRBePAL EFIéShl’Ce
ahk oy 101 rlw&%ht 944,001 L1eRREk “”i‘t U fci%%;tﬁfflg%i&g of its

sublimation of the iIce fron1t urr
aln%@W§EQU;On5Wptbth@ 1ﬂmg¢mL8(hoer33 EmmESXthay

d t th LI / GAG brushite tripl
oo pr IR e BT CRPLhASRY PGROOR) o bBUAd e PR st

(63- ﬁ(aaiu@m) badbat# 0 i
Step 111 - After coé%?%?tﬁfgﬁoﬁg}é%fiEﬁ%gundéég?ggapltate

1812@gr30fcomélnm@m tirigrdsy retpd et apiedipi phoephste

bR 5 U0 1adSt 5 b bR 0 07RF ks died at

agldstl 024 .60 ({bg**¢oat a[iﬁ@ba;}xmtoa'lﬁ'sﬁﬂ t@@{bﬁd;,)plquo
copreC|p|tates and delonised water, and the triple
ebrEDiepTt @t lal | Bhed i® showssl Fakurerl?: hours at

QO HTREE 2L N T &5 éggﬁi 1%gntkor pH 4.5 synthesis of a

| triple coprecipitate slurry containing a 3:1 mass ratio of

calcium phosphate to collagen plus GAG.

—- 1.837g collagen is dispersed in 171.4mlL of 0.1768& H3POy
codled in an ice bath, by bklending over 90 minutes at
15,000zrpm, using a homogeniser equipped with a stator 19mm
in diameter, to create a collagen dispersion.

- 0.163g chondroitin-6-sulphate (GAG) is allowed to dissolve
in 14.3mL of 0.1768M at room témperature, by shaking
periodically to disperse dissolving GAG, to produce a GAG
solutien,

- After 90 minutes, the 14.3mL of GAG solution is added to
the mixing collagen dispersion at a rate of approximately
0.5mL/min, under continuous homogenisation at 15,000zpm, and
the resulting collagen/GAG dispersion blended for a total of
90 minutes.

- After 90 minutes of mixing, 2.498g Ca(OH), and 0.380qg
Ca(NO3)z.4H,0 are added to the collagen/GAG dispersion over
30 minutes under constant blending at 15,000rpm, creating a

collagen/GAG/CaP triple coprecipitate-élurry, after which
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conversion at

f s in fresh PBS under mld agitati D
i%é@%ﬂ@§¥%4 PCT/ GB2006/ 000797 88 - After t boVRBAPEI00ST
in PBS, the triple coprecipitates are rinsed with

dei oni sed water, and all owetf to incubate for two
10-minute intervals at 37C under mld agitation. - The
triple coprecipitates are then dried at 37C for 72 5
thaur an A8l ti-oray dif. 8maced dh YP&BMeHyPaf were added to the
col | agen/ GAG brushite triple coprecipitate foll ow ng
TEPBARY 8+9%SY 4 nki ng (Cu-K(al pha) radiation) is shown in

Figr g14s ¢l @5 elgopr43£§$¥akgkSﬂuf%&fﬂéfapproximately
copreci pitate granules are placed in nmL déi oni sed .
dwdt.er pre-saturated with respect to brushite at 37C

and the, of the,solution adjusted.to 8,50 usin _
fenraiBlt HarrttiRlrat e i SR A Attt ot
26eRSERRt 5 T Uik ok 4hONESzs af ter which tine the _
co-precipitates are filtered, rinsed in deionised

water, and dried at 37Cin air. An x- ray diffraction
att gn of the co-precipitates follow ng conversion
E%Spag tite is shown in Figure 15 (EDAC crosslinked

—CQhéagﬁﬂéﬁg“gdﬁﬁgcﬁ?ﬁﬁbﬁb(%Ed¥®®0ﬁ9ib@&@e&Cﬂd}aMfmgeEQr at
37C to apatite over 72 fours at pH 8.50,
26 °Cf anth al kwiddagen L oags apatsnnd gBiteconposi t e

O P abonT CA A T £l Ehen sellhelt £Pat G kR Bipeed
{0 aav3dudk Qf d@peorfingtep J0mTadicat bod. tifd qempeléture
allowed to rise to room temperature, thus inducing
sublimation of the ice from the slurry, which is allowed to
proceed over 48 hours. The x-ray diffraction trace of the
coilagen/GAG/brushite triple co-precipitate following
removal of unbound water (Cu-K(alpha) radiation) is shown in

Figure 13.

Step III

- After complete removal of unbound water, 1.25¢ of the
resulting dry triple coprecipitate is hydrated in 40mL
deionised water for 20 minutes.

~ 20mbL of a solution of 0.018M EDAC and 0.007M NHS is added
to the container containing the triple coprecipitates and
deionised water, and the triple coprecipitates allowed to
crosslink for 2 hours at room temperatﬁre, under gentle
agitation.

- The EDAC solution is removed, and the triple
coprecipitates are rinsed with phosphate buffer solution
(PBS) and allowed to incubate at 37°C for 2 hours in fresh

PBRS under mild agitation.
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g i.rradiation). Exanple 4 WD 2006/ 095154
ﬁ%ﬁﬁ%ﬁ%@ﬁé;000797 - 89 Materials Col | agenPCT/GB2006/600797
reconstituted, pepsin-extracted porcine dermal 5
col | agen (atel ocol | agen); ~888 by wei ght of Type I, 15%
by wei ght of Type Il1l; Japan Meat Packers (Osaka,

Japan) GAG Chondroitin-6-sul phate from shark
cHtidrages s6dksmn s@d,; thbgmbigfldidophtebgi{ftes LW S,
MO, USA) Cal cium Sources: (i) Calcium hydroxide;
ri;gedlivihShghenigedvitiesh and. aliswed §gi sncwmtaSa)yr, two

4 i cal ai 1 _ L
%?'d?ﬁ(:{ll-d )edllflk%%‘:'lfj% Sm(aéhtr %‘Egu}l@é%@l&%ﬁ %E’Eﬁglﬁ)hor ous
SorHe eri Q1 eheppospiiitiateaChde HEROHriBBHat Labar atay Y72
Supplies (Poole, United Kingdom Titrant: Ammoni a;

ng:s -BDMNEaBOFaY GFYE SBReH PRSP Pedie °F 15 United
S0 R PERCU e aBab Absodt kel st ag, e

eoreitkahyonCcefK (s IbHd) at-ad dotd drenier ahowe, ianti gudee 14.

resulting solution titrated to pH of 3.2. ~.
Suspensi on B was prepared by dissol ving Chondroitin-6-

%H%yqﬂxe in dei onised water to a concentrati on of
13.-20/ L.

25 Under constant stirring, Ca(N03)2.4H20 and

Caffds2 inked adiieik towpelkobdi tite rramupkat ersobiladesh iat

a nitrate:hydroxide nolar ratio of 1.5, to proggpe a
usghlte

W S92 PBASRI t YR B R BRI SAERF R Y EdHc ERFPEFT orf

§t4§4°c, and the pHE of the solution adjusted to 8.50 using
ammonia.

~ The temperature and pH are maintained constant for 72
hours, after which time the co-precipitates are filtered,
riésed in deionised water, and dried at 37°C in air. An x-
ray diffraction pattern of the co-precipitates following
conversion to apatite is shown in Figure 15 (EDAC-
crosslinked collagen/GAG/CaP triple co—preciﬁitate following
conversion at 37°C to apatite over 72 hours at pH 8.50, to
form a collagen/GAG/apatite biocomposite (Cu-K(alpha)

radiation) .

Step V

- The dried collagen/GAG/Ap triple coprecipitates are
subjected to a 32.1kGy dose of gamma irradiation. Figure 16
shows the x-ray diffraction pattern following gamma
irradiation (EDAC-crosslinked collagen/GAG/Ap triple co-

precipitates after secondary crosslinking via gamma

irradiation).

Example 4



10

15

20

25

30

u ;ént stirring. Stirring was contin
oo BRI nd pH VIO 2006/ 095154 PCT/ GB2006! 8655 Hosnnore

90 nonitored to ensure that it remained in the range
3.15<pHk3.30.' The resultim & arry was then all oned
to age for 24 hours at roomtenperature. 5 Step Il -
The slurry was allowed to dry at 37Cin air for 5
days, and the remaining triple co-precipitate rinsed
'tg dej oni sed water, and subsequently dried again at
3&&-&6}—% addi tional 24 hours. . 10 - Step Il
Co-precipitates were placed in dilute acetic acid (pH
= 3.2), and irradiated wwth a gamma irradi ati on dose
ofoBbxuBn: Thkeovsbiklhiakepepsén pkt eddtsdvgioe ci A8 Ndermal
r ed from15 solution, rinsed, and dried at 37C in
a???fagﬁnep(a% -OC%?LE:L%GFIF)rfk@éF E8- et pidfallergr Anul ¥ by
wee gl agedyba DO |- ORi.sed : he
pklgg t he nggtiogtégﬁﬁg?gﬁéezgﬁ?%%%fg?séggﬁgga aﬁ%ia.
Tehper dhgndrapdiptvwerlphatienf abheshaonstant 18ge; 48dium

h . @afl ' 5 Cl pi fil d,
AL iR U IR LR HPSHE i air e

. 2BaBtiam BourCeoss! [NKedki AVAr B ¥886.d50 TR 86 Pididhe-

granul es were placed in a vacuum oven at 'room
tRkgraicdt dre, (8hd Lowisculiy oF SABOrETaY r{iappladdiumftitrate;

WU G3ib;) Do 6 TPST AL d¥8Rnt P8 (st. Louis, Mo, usa)
Phosphorous Source: Orthophosphoric acid; HyPO,; BDH
Laboratory Supplies {Poole, United Kingdom)

Titrant: Ammonia; NHs; BDH Laboratory Supplies (Poole,
United Kingdom)

Procedure

Step I

- Solution A was prepared by dissolving Ca(OH), in 0.48M
H3POs to a concentration of 0.12M at room temperature, and
the resulting solution titrated to pH of 3.2.

~ Suspension B was prepared by dissclving Chondroitin-6-
sulphate in deionised water to a ébﬁcentration of 3.2g/L.
Under constant stirring, Ca{(NOs);.4H0 and Ca(OH}; then added
to chondroitin sulphate solution at a nitrate:hydroxide
molar ratio of 1.5, to produce a suspension with a total
calcium concentration of 2.4M.

- 0.144g collagen were added to 20mL of Solution A, and
blended using a homogeniser until dissolved. 4mL of
Suspension B was then added to Solution A under constant

stirring. Stirring was continued for 60 minutes, and pH
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he x-ray diffraction pattern of the
%‘ﬁ%@@v{ﬁg“l nmredi ately fol lowing triple PCTIGB2006/000797
co-precipitation and drying (Steps | and Il). This
pattern confirns the major 90phase present to be
brushite. 5 Figure 18 shows an SEM m crograph of the
structure of co- precipitate: granules follow ng

mBA L AEFIE HOEsshRKi figa SteRemkihdd dd the wanyby to note
the microstructurally honpgeneous nature of the

391&«#@&&& 300 The pevyriasw @ﬁuéiywﬁﬁdqw gligwed to age -
oct cium hos hate (St is illustrated in the
f%ﬁﬁgéj?¥g?h fr& Lﬁ%@ a'%%F‘-f’lrogresswe decreases in

the intensity of the brushite peak at 12.5, and

i ncreases of the major octacal ci um 15 phosphat e( CCP)
Spemklht 4.5 indicate the conversion of the inorganic
~PRRS S L GhQVEE 1 B, DR P o 2 #83f10urss, A TEW T goggyof

e conpo shown 1n gure 20. A random

adﬂstmeknﬂmaimlnﬁ &ﬁ&éihnndﬂpweaspetateznunsedawathn1 20

phosphat e crystals dlspersed in. a collagen/
dpEONEAYSFEST; FRR TRASSRIRELY; Cg %é“ ﬁ@ £oX an

aRb §§Q{J_QN Bb?g may be used as a bioresorbable
- na?er|§1. oﬁ

: I"ow hg i npl antation, 25"it i'S expected
that a device fabricated fromthe material would
resorb conpletely, |eaving behind only healthy,
F%@e%%%ated tissue, with no remaining trace of the

g@l%gé dﬂtt%%leg wbFO G fcetNRaX 1]t MR 2RA6/ Q09454pH =
"PCT/'GB2006/ 000797

3.2), and irradiated with a gamma 1rradlatlon dose of 30kGy.
The crosslinked precipitates were then removed from
solution, rinsed, and dried at 37°C in air. '

Step IV

- Crosslinked, co-precipitate granules were placed in 50mL
deionised water at 37°C, and the pH of the solution adjusted
to 6.65 using ammonia. Temperature and pH were maintained
constant for 48 hours, after which the co-precipitates were

filtered, rinsed in deionised water, and dried at 37°C in

air.

Step V

- Crosslinked, hydrolysed, co-precipitate granules were
placed in a vacuum oven at room temperature, and a vacuum of
50mTorr applied, after which the temperature was then
increased to 105°C. After 24 hours, the temperature was

reduced to room temperature and the vacuum released.
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1si.ng: (a) providing a first slurry conposition
%@ﬂ%@ﬁ%ﬁﬁ% a liquid carrier, an inorganic e BHP6/000797
and an organic material; 10 (b) providing a nould for
the slurry; (c) depositiﬁggﬂhé slurry in the noul d;
(d) cooling the slurry deposited in the nould to a
tenperature at which the liquid carrier transforns
Frgore 17p!s@40a’sit the ox—tzsaqd iddfé;:atethbcbxslpartq@gtht bglf@§é| _13
MOVi.Ng . eas ne.o e plurality of soli
%‘rﬂs(%a S &?&Sg?#%f%sfcag‘o%ﬁgi%mcﬁﬂ canm@recipitation and -
evapay AiStenst 0 ah a ite.material .
conpri sing an inorggﬁic @ﬁgggé?ai an%ogglgﬁaéﬁﬁinmjor
PRASS iPAeserhdt e e rgmshilhg. t he material fromthe
mould. 20 2. A process as clained -in claim1,
wherein the inorganic material conprises a calcium
Bimsphabeshaierdmlsadn: frpsLaas oAt el aLAEA 1N gl
2 where%n the calcium 25 phosphate naterral
;&&%fege S pYERHILES. \fﬁ'llmm?mh axy ;rassrffmuﬂmlganﬂt@pe
cla ; rei e .organi c materia
cg%ﬁriggzl%riéﬁﬁﬁxngPe 8€%rgﬁﬁ FﬁﬁgﬁngHE¢¥Eﬁ%ﬁy

hosogabeoas tndiumen ofr bhe cobdragenr), a 30

" gl'ycosami nogl ycan, al bum n, hyal uronan, chitosan, and

synthetic pol ypeptides conprising a portion of the
I i 0l | 2006/ 095154
TE%T?ggg%%%f%%gggsH9$I§E¥§¥% t%gggtaggicfﬁm pnosphate (Step

IV) is illustrated in the XRD Pattern of Figure 19.
Progressive decreases in the intensity of the brushite peak
at 12.5°, and increases of the major octacalcium

phosphate (OCP) peak at 4.5° indicate the conversion of the

inorganic phase to OCP over a period of 48 hours.

A TEM image of the composite is shown in Figure 20. A
random distribution of 10-20nm low aspect-ratio calcium
phosphate crystals dispersed in a collagen/GAG matrix is

evident.

The composite biomaterials of the present invention may be
used as a bioresorbable material."Following implantaticn,
it is expected that a device fabricated from the material
would resorb completely, leaving behind only healthy,
regenerated tissue, with no remaining trace of the implant

itself. (End of Annex 1].
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aﬁbbagﬁg de 5 optlonally a glycosanlnoglyca EE@H$WQMWW7

rein"the porous conposite material conpri
cal ci um phosphate material and col |l agen and
optionally a glycosam noglyd@n- 6. A process as
claimed in claim5, .wherein, _the first 10 slurry
conprises a co-precipitate of collagen and the
cal ci um phosphate material. 7. A process as clainmed in
5, wherein the first slurry conprises a triple
tipitate of collagen, the 15 cal cium phosphate
mat eri al and a gl ycosam nogl ycan. 8. A process as
clainmed in any one of clains 5to 7, wherein the
éal cihimmpiwesshdbe i epiadaraoipni sesa ioiphistiee 20 9.
@F rocess .as clained in gny one,of the preceding

?ﬁserlra&r CREPELBIRY 13D H@O’:E%W dhaH - 3de@BAdaB| ergapic
ROPPOSIT, @MCORRELSE %r@ﬂlﬂpp. ( carrier and an
organic material and Ional 'y an i1 norganic
WaierynﬂVldanq 2Sfprstwshurrgandmpmmﬂﬂuum sbeprising a

gbﬁ sald second slurry conposition in the
Prbe?Br%PQﬁQ%QFFeWaE%F%P#|4QQ angpggayic

ﬁg{@gﬁﬁﬁl on has been deposited. 10. A process as
“claimed in claim9, wherein the organie -30 materi al

élé)hprliir@é’éd@ne @rmwmlrcé fofr tbel aency;i ncl udi ng
I, | | | ,
L R A B it 8 ape R isint het o 0 Yoo
) ym@ttlzdgstw yo%é%éélf’éﬁ / (B2YR6RBAYI N, P4

conprising a portion of the polypeptide sequence of
eBHeggenre- atvhixpribeedd qasd ctarimied twaskfom® iorto a

ﬁi&yé?1{9 o%hgéfﬁé]crystals or particles;

{e} removing at least some of the plurality of solid
cry;tals or particles by sublimation and/or evaporation to
leave a porous composite material comprising an inorganic
material and an organic material; and

(£) removing the material from the mould.

2. A process as claimed in claim 1, wherein the inorganic

material comprises a calcium phosphate material.

3. A process as claimed in claim 2, wherein the calcium

phosphate material comprises brushite.

4, A process as claimed in any one of claims 1 to 3,
wherein the organic material comprises one or more of
collagen {including recombinant human (rh) collagen), a
glycosaminoglycan, albumin, hyaluronan, chitosan, and
synthetic polypeptides comprising a portion of the

polypeptide sequence of collagen.
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whar misusstse second sl urry COITpOSI tion conpri %ﬁ/@ﬁzooﬁmomw
liquid - 10 carrier, collagen, optionally a cal cium
phosphate material, and aptghonal |y a
gl ycosam nogl ycan. 13. A process as clained in claim
12, wherein the second slurry conposition conprises a
co-precipitate of collagen 15 and a
gl ycosam nogl ycan, or a co-precipitate of collagen and
8. calxigivcpResphaE B R ihaknyObnad dff iddk8ms 1 to 4,
co-precipitate of collagen, a glycosam noglycan and a
¥aPEs im0 pREg AN LanmageiraRl QOTHZ SeR Br @@éssurasphoSphate
fed i I I rei the sec
%ﬁérry do?r%%s?‘f?%%%ccg{at%rge? %\gmaﬂ% L?mcg’ 688 ﬁ%taené)
qpﬁxnnaﬂlywhlgmymasimmﬁﬁ@lyeanlsand\whem&&&staé sbadued
|n one of clains to 14, 25 wherein the first
gaspatedy WF?I Bhe @ lclvge phorPRat agiatiordal
I r u s as
%F%&n%g%?%na%&o eﬂlofn taliﬁgrrg &%césﬁamféoﬁﬁgggﬁel n the
process results in the formation of a multi- 30
éa yered material, at |east one |ayer of which

- Ronph $E8°85por DU edBIRGoSRt 1R etri ANCEEHRrFaF g st
ﬁlﬂﬂg%ﬁm f“:‘l§é‘é Cd Y- #QB%PT@&& 0% Qfo&%é?%gngnd the

optional Iy a gl ycosam nogtycan 5154
ROTiCBL D67 nat@rial7. A process as clained in
claim 16, wherein the layer resulting fromthe second
slurry conposition is porous. 5 18. A process as

Tl ai EdrbRe@fY2ONa 2Qfet! 2 M81 Dint &, 1 Gne Vo) ik &ffltr%ﬁc

the first and second slurry conp03|t|ons have been
&Ilexmryl tetpiisehea raydbde ch@mnmtmeoﬁftmlmgdrd ahe

%ghu%pp ggghgég.ma%erlaf ng%f?%%ggglﬁg§ﬁ§égﬁl ng

8. A process as claimed in any one of claims 5 to 7,

wherein the calcium phosphate material comprises brushite.

9. A process as claimed in any one of the preceding claims
further comprising:

providing a second slurry composition comprising a liguid
carrier and an organic material and optionally an inorganic
material; and -

prior to said cooling step, depositing said second slurry
composition in the mould either before or after said first

slurry composition has been deposited.

10. A process as claimed in claim 9, wherein the organic
material comprises one or more of collagen (including
recombinant human (rh) collagen), & glycosaminoglycan,

albumin, hyaluronan, chitosan, and synthetic pélypeptides
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prebmoadiy from 50 - 150 kPa, nore prefer abpyri&sRm o
- 101.3 kPa. 15 20. A process as clainmed in any one o
the preceding clainms, whergin the liquid carrier
conprises water. 21. A process as clained in any one
of the preceding clains, wherein the tenperature of
the slurry deposited_in 20 the nDuIdtfrior to the
CEBBF + PP St PESLPR thdheargeYBEPt 1 esuesctoer
cpigefgeably from4 to 37C nore preferably from 20 to
37C.722. A process as clainmed in any one of the
preceding 25 clains, wherein the step of cooling the
luryy deposited jn, the nould is carr.ied t to a,
1 RS Sop S <L Db BB BCE e it e Rarein
thbasMAd swﬁec&gl Porbdtfs 28R BhmpSLoRtd NG tih%rgéh'{éy
deposited in the nmould is carried out to 30 a
ngeeperlat Mrefienabhe a adeion phosphalp) mageotal.
preferably from-80 to -10C, nore preferably from-40
to -20C. WD 2006/ 095154 PCT/ GB2006/ 000797 - 96 24. A
1Rl OCRSSr % s6l aknerhinkdany 6A¢ Ohe tde dikemedbnge 11,
clains, wherein the step of cooling the slurry

- VHRpoSt tide isRCoRfeS kulyd coppeai el auprices 2oblqHg -

e of 0. - 10CL.n refe A I - .
cefhfety co1lEaen s KA a1BbeL SE B Yorl PA:HnTEe marersal,
add pigcienslay el @i aminagyyeame. of the preceding

claims, wherein the thickness of the slurry deposited
inthe mouldis from0.1 - 500 mm preferably from

1%.—- -zggro%%smsl& a gﬁ?éf&ﬂ?'ﬁ’z f %'fg'rgaijig'ﬁhé'os nd
6. process as clained i n any orfe of "thé preceding
s bhatyresomphed eion tduenpriiseesht yo-abrddipishber yf prdXdragea

it '
and a glycosaminoglycan, or a co-precipitate of collagen and
a calcium phosphate material, or a triple co-precipitate of-
collagen, a glycosaminoglycan and a calcium phosphate

material,

14. A process as claimed in claim 12 or claim 13, wherein
the second slurry composition comprises a calcium phosphate

material which 1s brushite.

15. A process as claimed in any one of claims 9 to 14,
wherein the first and second slurry compositions are

deposited as first and second layers in the mould.

16. A process as claimed in any one of claims 12 to 15,
wherein the process results in the formation of a multi-
layered material, at least one layer of which comprises a
porous composite material comprising collagen, a calcium

phosphate material, and opticnally a glycosamiﬁoglycan.
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qfo bivgperiQcedi ng cl ai ns, wherein the step of : '
at | east some of the 20 solid crystals or pa???gﬁégﬁgm7

by' sublimation is carrieq_qﬁ;_at a pressure of fromO
- 0.08 kPa, preferably from™. 0025 - 0.08 kPa, nore
preferably fromO0.0025 - 0.04 kPa. 28. A process as
claimed in any one of the preceding 25 clains, wherein
the step of renpving at |east sone of the solid

oarti ' Li et : Ced. out
Fey “bor i ronre i arb i oS SR h R
resngtipy ef mrakhy beomd®@4lurde bompssitidbl9s Aopb@sess

as clained in any one of the preceding clains,
wherein the step of renoving at | east sonme of the

ol i 0 | cl.e y bl nat.j. ihSyCar4ied
180 A S B0 bR A Bas Yo b TR g5,
whenpen s fifrer drhef Ehnst ldhd s6@Cndpskieralonpbedtiéns have

40C, , nore preferably from20 - 37C. 30. A process as
bEPL; HREPI T eshynoRRe dlofilfe $heoCcenERRES £f Ghesngeld are
1EBE LOSTr SAMHS 1P G & s %%Qsogieféf’ec‘sﬁﬂé %’o@gnggﬁfe&) “ he

col l agen and the one or nore glycosam noglyca

. porous conposite biomaterial. 31. A process as clai med

' f | ai 2 to,8-.10 and 11 30,
1o e B, p8l LSt Srp 8inebiy aiateg fathe Lo am T

188 @it chabat 4B PhosPhahed s erdl iish chiPe: BOTAUS at
conposite biomaterial to a different cal cium phosphate
a ppregesurks oF2 frompk oc e &Pael prekerdod ylfzom 30, ~ 150

BR B, HIS SRR EL Y Py TR 2 com i ses

20. A process as claimed in any one of the preceding

claims, wherein the ligquid carrier comprises water.

21. A process as claimed in any one of the preceding
claims, wherein the temperature of the slurry deposited in
the mould prior to the cooling 'step is in the range of from
2 to 40°C, preferably from-4 te 37°C, more preferably from
20 to 37°C.

22. A process as claimed in any one of the preceding
claims, wherein the step of cooling the slurry deposited in

the mould is carried out to a temperature of £ (°C,

23. A process as claimed in claim 22, wherein the step of
cooling the slurry deposited in the mould is carried out to
a temperature in the range of from -100 to 0°C, preferably

from -80 to -10°C, more preferably from -40 to ~20°C.
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reci pi e conprising a calciun1bhosphate eria
G isy gy

‘of collagen (including reconbi nant
col l agen), a glycosam noglycan, al bum n, hyal uronan,
chitosan or a synthetic P E-yﬁeptides conprising a
portion of the 25 pol ypepti de sequence of coll agen,
wherein the nmacropore size range (pore dianmeter) is
2@r. ef Brpbdgedy am tlaidddmiacyonse ofrorte pretedahly

rom20Q - 600 mcrons. 34. A.synthetic conposite ,
o GRhe Grreac s tEPap el 9 Corhi i 0SS5 oRgpRoGred in
theagbuR@rls Qhartheqabberalierd aboll$n§ orded Ji @Mp2a-por ous

co-precipitate conprising a cal ci um phosphat e

1pBEérial puvdeceblaginem ID02066600505%in, more preferably
PCT/ 00 Q0797 98 35. A synthetic conposite
fBP%nﬁ?%rigig %ﬁ@?@rn at least part of the biomaterial
is formed froma porous triple co- precipitate

conprising a cal cium phosphate material and two 5 or
2hor A dIragsissagenclemididimgnyeenebdhdite Paeaading)

oER S e od e PREU RS el s AR BarhETah e

- mpaldiDn frefn Dhe pobypept, peeFeauelyer@m QQbI agen, nm,

wherein the macropore size range (pofe dianeter) is
np¥ef R spbdyofiran 1) 1036 MMerons, nore preferably
from200 - 600 mcrons. 36. A synthetic conposite
biomaterial as claimed in claim 35, wherein at |east
2par tA gfrddagsbeenal £imed inS ahor ore &f ahe dprpoedisg
triple co-precipitate conprising collagen, a 15
Cb?%%%@gpﬁgﬁ BHTF o8¢ Elfuﬁg%h%]éﬁﬁ%i TABE ek ? att

bafrna Ay ;heti enC ' IO re & ,cg@pggs'ng: a
%%? t ﬁayé? Po?ﬁeg o?ﬁ%hg%?guggﬁgﬁgﬁial conpr%élng
preferably from 0.1 - 10 Pa-s, more preferably from 0.5 - 5

Pa-s.

27. A process as claimed in any one of the preceding
claims, wherein the step of .removing at least some of the
solid crystals or particles by sublimation is carried out at
a pressure of from 0 - (.08 kPa, preferably from 0.0025 -
0.08 kPa, more preferably from 0.0025 - 0.04 kPa.

28. A process as claimed in any one of the preceding
claims, wherein the step of removing at least scme of the
solid crystals or particles by sublimaticon is carried out
for up to 120 hours, preferably from 12 - 72 hours, more

preferzbly from 24 - 36 hours.

29, A process as claimed in any one of the preceding
claims, wherein the step of removing at least some of the

solid crystals or particles by sublimation is carried out at
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cwoRblsmbig: col | agen, or a co-precipitate of peeldsa@eheeror
and a gl ycosam nogl ycan, or a co-precipitate of

col l agen and a cal ci um phosghate material, or a triple
co 25 precipitate of collagen, a glycosan1noglycan and

a cal cium phosphate material. 38. A biomaterial as

cl.ai_ned C ere he fi IS .

§ MBS 8 F IS ok holl 48" BerDed R hgPbRet e 4b - 40°C,

el W e83r b1 ¢! B 36, - Bt MO 2006/ 095154 | -

PCT/ GB2006/ 000797 - 99 39. A biomaterial as clained

in claim37 or clain138 wherein the first and second
yens nte f.or med ref gL y I UId

i lase ggggﬁ%?hesﬁ léegolnAF%Xonaterfaﬁga%q% g ﬁ to

zamy foRehef € sidg the3Step WRi@oBsthenkidstand

second | ayers are joined to one another through an

GHeoedi pRdstm angyer. mare PLIHPRELBPTAVCARS diraitied i n
R RNE ﬂéoéifﬂ'ﬂidﬁ%t%? g? 10 wherein the first and
econd P are joi Red°to one anot her t hrough an

inter layer. 42. A biomaterial as clainmed in any one

of clains 33 to 41, wherein the second | ayer

. Yor odsPEPCHBR a;ﬁoﬂé@émeismsanm%neoﬁét ape of: aa?énSmZarcﬁea

a'fnra %Vté}”?o of &l AKIS éﬁmﬁf 541%} ‘ﬂ@p%‘cé N9 Ly 5’1858at
urther yer s oi ned He ™ ret /or secon
Jemyser Somea:n:fh tdfe mu.dlﬁmrpllimﬁpﬁmeematbemg irf dheegoabua -

mat er i al rising collagen, or a co .20 preci |tate
C&F“PEEFLF% r&a& Eola %aﬁafﬁ?-“% Rispha
phase.

32. A process as claimed in claim 31, wherein the calcium
pho%phate material comprises brushite and is converted to

octacalcium phosphate and/or apatite.

33. A synthetic composite biomaterial, wherein at least
part of the biomaterial is formed from-a porous co-
precipitate comprising a calcium phosphate material and one
of collagen (including recombinant human (rh) collagen), a
glycosaminoglycan, albumin, hyaluronan, chitosan or a
synthetic polypeptides comprisingla'portion of the
polypeptide sequence of collagen, wherein the macropore size
range (pore diameter) is preferably from 1 - 1000 microns,

more preferably from 200 - 600 micromns.

34, A synthetic composite biomaterial as claimed in claim
33, wherein at least part of the biomaterial is formed from
a porous co-precipitate comprising a calcium phosphate

material and collagen.
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. MBCSRAPET | A2 RPEI WBRET FLATR 6.

BnégmﬁquMnétériai 25 44. A biomaterial as @bﬂhﬁ%ﬁwﬁﬁw7
claim43, wherein the first and second |ayers and

said one or nore further lLaygrs are integrally
fornmed. 45. A biomaterial as clained in claim43 or
clai m44, 30 wherein adjacent |ayers are joined to one
anot her through an inter-diffusion |ayer. W

2006/ 095154 PCT/ GB2006/ 000797 - 100 46. A

33 .0mat evhahettic CodbBBIte HAMAIRICa0] Shatdimn 43 Ueadb,
wherei n at | east one_of said one or nore further

Haa@tep§ the/raageroas b? FromgsbLesgs. apapuptriple co-
rﬁg&%’f%‘e ogrg)r‘i'si‘hgeg Lih AN %‘ih%regfnaﬁé arha”ééer%%l‘ 9ndFrwo

terrarF conprises “co

ogi yieesant nagl e, andlmiﬁmgem’edoh]bm@ht agemmangh)
ﬁcosan1noglycan are crosslinked. /10 48.. A
0(91 REERH I A HYCOPAMHBATI YTy AdREMGR, PR EORE Y o 47,

&%%ggﬁ' 4 he SmLgELaL n},g&mgfalpﬁc%eg% 1And wherebn

coll'agen i's prese e nater I n"an anount
odf theopolypdpd i9e wefpepeefes alnllyafeom sﬁletma:@f) tive%
nmor e pref erabl fron1 15 to 60 %
Wé of Ejfeaﬁg%bég fgomgl. -

1‘6@? fﬁgﬁréﬁg‘% LT ggéf&my nf 280 YL OsAMRegusan,

ereint ycosamnogl ycan is present in the
material in an amount of from O. Olto 20 Wt %
referably from1l to 5.5, 20 %, A Dbi.o teria as
o Bearrohany GREberLEs drinpaTerialats CRRE An pealt
3mat FhEALi L YP1Ls8es ﬁ&’H, &Q@%hea%%m@@éﬁiam i fblRed from

a porous triple co-precipitate comprising collagen, a
glycosaminoglycan and a calcium phosphate material.

37. A synthetic composite biomaterial comprising:

a first layer formed of a porous material comprising
collagen and a calcium phosphate material and optionally a
glycosamineglycan; and

a second layer joined to the first layer and formed of a
material comprising collagen, or a co-precipitate of
collagen and a glycosaminoglycan, or a co-precipitate of
collagen and a calcium phosphate material, or a triple co-
precipitate of collagen, a glycosaminoglycan and a calcium

phosphate material.

38, A biomaterial as claimed in claim 37, wherein the fizst
layer is formed of a material as defined in any one of

claims 33 or claim 36.
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b“@ﬂg&ﬁgh@l as clained in any one of cfainsUQ%Thﬁn&gmmnm
wherein the material conprises collagen, and wherein,

if the 30 calcium phosphat ggmaterial conprises
oct acal ci um phosphate, the ratio of collagen to
oct acal ci um phosphate is from10:1 to 1:100 by

ight ,,..preterably from.5: 1 to 1:20 weight. | WO
R ST M R R o AT
asecd i red ifiradyadesond AEPErShtd integruhey ef dridie
materi al_ conprises collagen and a glycosam noglycan,
BRSE St Ryt Rdapid iRhaste corEHBERES B the 5

gl ycosam noglycan is from8:1 to 30:1 by weight. 53.
A synthetic bone naterial, bone inplant, bone graft,
bone s ulismateteal bone ladaktioid, ady |drer ofcedkimg 3Drto 39,
cement conprising a biomaterial as defined-in any one
Brereig i (B T88 ! sEcond LAYRBRAIR HiodN8F Faydied
Q&@&éﬁ?cfhfr%e‘gf&’ﬁ fﬁ@ef—%i‘f&ﬁ%ﬂ?n I1eering .
conprising a biomaterital as defined in one of «clains
33 to 52. 15 55: A porous conposite biomateri al

- gptainahle by a process, as defined in anyone of; . 5o

wherein the first and second layers are joined to one

another through an inter layer.

42. A biomaterial as claimed in any one of claims 33 to 41,

wherein the second layer is porous or non-porous.

43.. A biomaterial as claimed in any one of claims 33 to 42
comprising one or meore further layers joined to the first
and/or second layers, each of said further layers being
formed of a material comprising collagen, or a co-
precipitate of collagen and a glycosaminoglycan, or a co-
precipitaté of collagen and a calcium phosphate material, or
a triple co-precipitate of collagen, a glycosaminoglycan,

and at least one calcium phosphate material.

44, A biomaterial as claimed in claim 43, wherein the first
and second layers and said one or more further layers are

integrally fotrmed.

45, A biomaterial as claimed in claim 43 or claim 44,
wherein adjacent layers are joined to one another through an

inter-diffusion layer.
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46. A biomaterial as claimed in any one of claims 43 to 45,
wherein at least one of said one or more further layers

is/are porous or non-porous.

47. A biomaterial as claimed in any one of claims 33 to 46,
wherein the material comprises collagen and a
glycosaminoglycan, and wherein the collagen and

glycosaminoglycan are crosslinked.

48. A biomaterial as claimed in any one of claims 33 to 47,

wherein the material comprises collagen, and wherein the
collagen is present in the material in an amount of from 1
to 99 wt%, preferably from 5 to 90 wt%, more preferably from
15 to 60 wts.

49.. A biomaterial as claimed in any one of claims 33 to 48,
wherein the material comprises a glycosaminoglycan, and
whereln the glycosaminoglycan is present in the material in

an amount of from 0.01 to 20 wt%, preferably from 1 to 5.5

wts.

50. A biomaterial as claimed in any one of claims 33 to 489,
wherein the material comprises collagen, and wherein, if the
calcium phosphate comprises prushite, the ratic of collagen

to brushite is from 10:1 to 1:100 by weight, preferably from
5:1 to 1:20 by weight.

51. A biomaterial as claimed in any one of claims 33 to 49,
wherein the material comprises collagen, and wherein, if the
calcium phosphate material comprises octacalcium phosphate,
the ratio of collagen to octacalcium phosphate is from 10:1

to 1:100 by weight, preferably from 5:1 to 1:20 by weight.
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52. A biomaterial as claimed in any one of claims 33 to 51,
wherein the material comprises collagen and a
glycosaminoglycan, and wherein the ratio of collagen to the

glycosaminoglycan is from 8:1 to 30:1 by weight.

53. A synthetic bone material, bone implant,

bone graft, bone substitute, bone scaffold, filler, coating

or cement comprising a biomaterial as defined .in any one of

claims 33 to 52.

54, A monolithic or layered bone scaffold for use in tissue
engineering comprising a biomaterial as defined in one of

claims 33 to 52.

55. A porous composite biomaterial obtainable by a process

as defined in any one of claims 1 to 32.



