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cal ci um phosphates and cal ci um phosphate cenents, a nmethod for the
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are ver yonucdhompeirveyous ofgeostatopenati ve conplications at the site
where the graft is taken. Various bionmaterials available in clinical
practice nake it possible to avoid, in theory, the drawbacks' of 30
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of bone graftdfig @ndyt keypneverenable the-ceconshiructign,of hargee
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35 conbi ne, W t Hhe Bil6at @F?§F§Ulﬁé§éncm%4m%?€%icéw s Gt
from bone mguyeais er ssevear abdeweeks,of from "tight" pseudarthrosis

(faulty consolidation of a fracture where the loss of
substance is wvirtual) up to bone losses of 5-6 cm, are
most commonly the subject of an autologous graft of
spongy or cortical-spongy bone tissues taken frdm the
20 iliac <crest (gold standard). Large defects (=2 6 cm)
require much more cumbersome‘ procedures, vascularized
bone transfers or a Masquelet procedure. Even so, the
amount of autologous bone that is available is limited,
the bone consolidation remains random and these various
25 techniques are &ery much purveyors of post-operative

complications at the site where the graft is taken.

Various biomaterials available in <c¢linical practice

make it possible to avoid, in theory, the drawbacks of
30 autologous grafting. Unfortunately, none of them equals

the results of bone grafting and they never enable the‘

reconstruction of large losses of substances.

The majority of the materials currently studied
35 combine, with the biomaterials, mesenchymal stem cells
obtained from bone  marrow after several weeks of

selection and cell culture in vitro. This approach 1is



selection and cell culture in vitro. This approach is WD
2010/ 007229- 2 -PCT/ FR2009/ 000748 | abori ous and expensive, which
limts the clinical uses. It is known that coagul ated bl ood

pronot es bonBOr 88dAB087288t i on. L. kazaki~ et a/., RFTAFRZPGH/ 90748
Res., 16, 2005, 236-243 describes inplants based on coagul at ed bl ood

or dem neral 1zedrhbene pewder expogyieal W 02h068040r deseré besy an bone
mar r ow- based conposite material, this material conprising a porous,
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cont ani f4t i oniofombet bbbeant empdlantkivladditdton,x i tand diaf f icrddultaked
obtain a homgﬁé'f?%f, bi Qﬁéﬁerég' by gpans of  these wpihods,, 30, There
t hus remains e need for a nmethod for preparing an 1np aﬁ%able

bi omateri al fead®vdasapport which is synthetic, and therefore easy to
produce, with constant and honogeneous properties, this nmethod maki ng
it 35 possible to obtain properties that _are superior in terns of

bi oconpat i bi PPty &t SnisbtS ng FeRELEdpPd feeBnstituctPBR 18R AOBonet @
tissue afs quabppyrt wehbBowtt idodfiNgEdcessabyicbagusated! blkodg Atave

sanpling steps. . The laveption makes 1, possible 1o remedy the, . o
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the method for,proguci ng,thips, L afmterialyi § ;%kAml %d:a%t?aﬁt’ L 1canfy
out, does not require nultiple procedures on the individual to be
treated, andthe FePatTvef ydinekpes’i veordfpared with the prior art

met hods 2010 Hydroxyapatite is part of the conposition of nany bone
econsiructi g, TBL gL Lol AV oacnal) (e, can bevseg along,Ln (s
for exanpl e,td nobi phashc from a donor, most commonly the individual
for whom the implant 1is intended, and then require
steps 1n which the support (demineralized bone or
25 synthetic polymer, ceramic) is handled, in particﬁlar
steps of mixing with the blood, which are sources of
contamination of the biomaterial. In addition, it is
difficult to obtain a homogeneous biomaterial by means
of these methods.
30
There thus remains the need for a method for preparing
an ‘implantable biomaterial from a support which is
synthetic, and therefore easy to produce, with constant
and . homogeneous properties, this method making it
35 possible to obtain properties that ére superior in .
terms of ©biocompatibility and enabling the rapid
reconstruction of a bone tissue of quality, without it

being necessary to use culturing or sampling steps.



15 cal ci um phosphate or in cal ci um phosphate cenents. Bi phasic
cal ci um phosphate, SOP, is used in many nedi cal and dental
applications. Biphasic cal cium phos- phate was described for the

first tine a¥0a2pbA40P2RaPr 20 materi al 3by Nery et RGT/FRR009/000748
Periodontol. 1992, Sep; 63(9):729-35. SOPconsi st sof am xt ur eof
hydr oxyapatit e( HA) 0al3(PX4) 6( OH) 2andof beta tri cal ci um phosphat e
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et al., Bi onﬁlf%rfi”éjr%r 2Hb NS 'SRpTS - 27(26) 4566-72, 18, 287-294:
Mal ard Q0 et ‘al. . Biomed. Mater. Res., 5 46(1), 1999, 103; Mankani

MH et al., 0 and |e geri 1 2001 6- 107.
These variou H %ﬁ%%ﬁgkgg%a\g% nmade ggsérl?f'va |e(r)n£glP‘pe¥gJ(f }ontggt Wa%y JbOZl.e
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than that used in the biomaterials of the

Biphasic calcium phosphate, BCP, is wused in many

medical and dental applications. Biphasic calcium phos-

phate was described for the first time as a bone repair

20 material by Nery et al., J Periodontol. 1992, Sep;

63(9): 729-35. BCP consists of a mixture of

hydroxyapatite (HA) Cam(POU (OH) » and of -+ beta

tricalcium phosphate (Cas(PO4)2) (B-TCP) Its bioactivity

and its bioresorbability can be controlled through the

25 proportion of hydroxyapatite and of ﬁ—TCP'of which it

is formed.

Document  US-2005/0226939 describes a method  for
producing hydroxyapatite nanoparticles, this method
30 comprising the mixing of a composition based on calcium
ions and on phosphate ions and a microwave treatment.
The conditions used in this document do not result in
the formation of hydroxyapatite or of BCP impregnated
with a calcium chloride solution.
35
BCP-based biomaterials have the advantage, compared
- with the other synthetic biomaterials, of promoting

osteogenesis.



15 invention. Trojani C et a/., Biomaterials, 27, 2006, 3256-3264,
~have shown that good osteoi nducti on can be obtained for the
.inplantation of a BCP/Si-hydroxypropyl nethylcellu- 20 | ose hydroge
conposi te mat@r 24L0{BOFRRLEh bone marrow4cel i's have Wﬂ-"“ﬁﬂ%&%
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bi ol ogi cal alg]a‘fl??lé Bh § a’%/er‘i/g%% mi+ar t He 3G ]%illag é’sffentthien
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supersaturation of calciumand phosphates in the biol ogical fluids
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the implantation of a BCP/Si-hydroxypropylmethylcellu-

20 lose hydrogel composite material to which bone marrow
cells have been added, with calibrated BCP particles of
40 to 80 pm. The latter methods require, however, a
step in which a sample of bone marrow cells is taken
‘and also the culturing of said bone marrow cells.

25 ‘
Document WO 2006/015275 describes a method for enhanc-
ing bone regeneration, this method comprising the
preparation of a composition consisting of a support
material based on calcium phosphate, a platelet-rich

30 plasma, calcium and a PAR receptor activator other than
thrombin. However, the CaCl, concentration in these
compositions is so high that, if it were used under the
conditions in the present invention, it would act as an
anticoagulant.

35
The two BCP components, HA and PB-TCP, represent the two
main types of calcium phosphates wused in bone and

dental surgery. They are remarkably biocompatible and



20 addition, this phase is nuch nore resorbable than HA, and it is
therefore possible to nodul ate the resorbability of the inplant by
varying the HA -TOP rati o. These chem cal phenonena have been shown
invitro 25 ¥9. RP1B4AP2R29G Dacul si, K&y ~Engi neer i BEE AR U QO TS :
192-195: 119-122; Yanada S, et al., Biomaterials 1997; 18: 1037-41;
S. Yanada etigl is GorBiiomatd MLl . cHesidd9; tBm 346vadksand ddtdwo
(Daculsi G et al., J, Bionmed Mater Res 1989; 23: -94; G _Dacul si
et 30 a/., IRtOAReVVIEVt of‘gggg*‘??eli%@ﬁ%l)gr%‘é% T s Y& (6
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si ngl e- phase erjals_ y ED et al. Periodont ol . 1992;
63: 729- 35: %‘F}ﬁ?ﬁéeerg%@% aill&,gﬁ%gi%}g% %%sé Rge}é%g%rri ?v%gté§¥lg§%'
1986; 6:22-33; Passuti N et a/., Ain Othop Relat Res 1989; (248):

169-76; Couipn k-8k abariREYV i 5Ot hop Reparat bl eenAppar ;ML 1995
81: 59-65; Ransford AO et WD 2010/007229- 6 -PCT/FR2009/000748 al .,
J Bone Joi ntPBurgrBHe1998; 1189: chsmgcaR nedidgna @ aPromgtet oag- tdm
effect of Megurfapt, 199%e 9: 403mdk2bn Therpr asentisveniioreds based
on the observati o}rlm‘t hat 5 certzl n cal chum hosphat €S, . Ln P rticular

cal ci um phosPhat e AFHETTES, SOCHHE hyAPORJARAL | CELARR bi (PEHE  aS
spont anédus toaglbatcah epawhoke"bl dkod evierestiely arewbhoudhtisi Ntayer
contact. Specifically,: it; h ohserved.th , | so_ BOR,

whi ch cont ai Cr% ﬁg,%lf%ﬂldﬁhji b??agﬁggépon%a%eoﬁé 2\2)% Igti%?lg%%gf T\:Aﬁoltge
bl ood when t®eysteks bridigffnt nfie cbheadiong t Meds ial,solbee obsel véd

that, if therfiydsoxyepatite Qind HeoBChdScPIE-dopPIepnated with
physi ol ogi cal saline (which is an agueous phase of NaCl), as

recomrended in the instruc- 15 tionsofusingthesebi omaterial s, thebl ood

subsequant | y3-brarghihi ahoieoniatt ndees swluisloagthat eHa, mxperkeirst al

condi tions which ke it. possi ?I e tq establish the anticoagul ant
-%sﬁ%at

properties o?u%erssu%p%]ﬁtjz nmateri &° “&re detl e %?perllnneﬁcthgl

section. Theéofdrsyisub| gctuigls t sarirouedtingn tbea B@P hodnd lantpr eféariisng
an i npl ant abj g hi onpt er bl SGRARI T SINY & SHPPOLt PAsed aBnahcheast ogne
cal ci um phosphate, such 25 as hydroxyapatite or a m xture of

hydr oxyapat iR @il ot 521 | ehsPlenedbther apat eFfaP? thPsHhePhage. In
conpri sbog atddeasdn Pnenstephfsed My egnahi e ref Ao Sadpos t tmbhhHat,

| east one coa Ia;cl ng aﬂsnt. 30 The expression "support based on
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hydr oxyapatite, fluoroapatite, multisubstituted non-stoichionetric

apatites (ns-ns-AP) and al so .
These chemical phenomena have been shown in vitro

25 (J.M. Bouler, G. Daculsi, Key Engineering Materials
2001; 192-195: 119-122; Yamada S, et al., Bicmaterials
1997; 18: 1037-41; S. Yamada et al., J. Biomed. Mater.
Res 1997; 37: 346-52) and in vivo (Daculsi G. et al.,
J. Biomed Mater Res 1989; 23: 883-94; G. Daculsi et

30 al., Int. Rev. Cytol 1997; 129-191). These mechanisms
seem to contribute to the better clinical efficacy of
BCPs compared with single-phase HA or TCP materials
(Nery EB et al., J Periodontol 1992; 63: 729-35;
Ellinger RF et al., J Periodontics Restorative Dent

35 1986; 6:22-33; Passuti N. et al., Clin Orthop Relat Res
1989; (248): 169-76; Gouin F et al., Rev Chir Orthop

‘Reparatrice Appar Mot 1995; 81l: 59-65; Ransford AO(et



35 mixtures thereof along with other cal ci um phosphate bi omaterials.
Such supports nay be constituted of hydroxyapatite, BCP, ns-ns-APs
and apatite cal ci um phosphate cenents. WD 2010/007229- 7

- PCT/ FR2009/ 8007980/ %@7328port t hus i mpBegnat ed i s RIRWFRIRAURRY &

the site where a bone defect nmust be filled. The inplanta- tion of
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According to one varian i nvention, stipport 'based on
cal ci um phosiﬂ’%@%ﬁan‘Plui)arcﬁa@Ml&rtl@@seﬁfor‘l’hﬁ’}&' oRyapat iteTortppya are

m xture of hysswoyapatinte ansbanoider st@ﬁmlcalw,l il @ant BQsl naeféel
site \Ahereabone%?gﬁj ct gust b(?f” Cndlﬁ genl d
in situ witHRSIWi EGaguf r?glsacgeﬁt rpr Bf&F bI%/o tpﬂg%(jrt
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m xture of one ese conpounds wth a ast one
bi omat eri al ,oRtvesd thatal cf ubhphbsghakgabatatandrpther ﬁ\CP is pre-

(0a3(PA) 2) ,lr@ 76 LR pmatfﬁiﬁlWﬁ@al( %%@H%l@ﬁhﬁ%r 04

di cal ci um phosphat e (Ca(HPO4 nonocal ¢1 um 30
phosphat ermrﬁfﬁiﬁd?%ﬁ e?@%"ﬂP@i) %’aﬁ’}(})’ 136t raR PRI RAYhosphabe instruc-
(Ca(PAYLB0) tanshoct a:»:fal cuwmwosphﬁ@ ( CaSkdX(RA)iG)1.s Ademteage@ugloxd,

the support | bas dr patlte or, on S it is preferably
based on_SC PIENRS Do 157 U061 sty R 006 D0t ag S Y.

Experimental conditions which make it possible to
establish the anticoagulant properties of a support

20 material are detailed in the experimental section.

The ' first subject of the invention 1s a method for
preparing an implantable biomaterial comprising a
support based on at least one calcium phosphate, such
25 as hydroxyapatite or a mixture of hydroxyapatite and of
at least one other material, this method comprising at
least one step of impregnation of the support with at

least one coagulating agent.

30 The expression "support based on calcium phosphate" is
intended to mean a material comprising at least one
constituent of calcium phosphate apatite type chosen
from: hydroxyapatite, fluoroapatite, multisubstituted
non-stoichiometric apatites (ms—-ns-AP) and -also

35 mixtures thereof along with other calcium phosphate
biomaterials. Such supports may be constituted of
hydroxyapatite, BCP, ms-ns-APs and apatite calcium

phosphate cements.



either in the formof a nonolith or in the formof granul es,
calibrated or not. The BCP which can be used in the invention
consists of 5 a high tenperature frit. Wien it is granule form it is
ground and cHPi %9&8é997559 exanpl e by ~sdr eeni ng, aRSH/ERAPQIY Qq748
chosen di aneter. Advant ageously, the BCP which can be used in the

i nvention conprises hydroxyapatite and P-trical ci um phosphate in an
10 HA/ P-TCP ng ght/wei ght ratio of between 5/95 and,6 95/5, referabley
bet ween 30/ 78"&ndU86LZ0, HtHantAGEBURT e DetRed b/ 6BP AHYC 8/ 25, 1
Advant ageoustytet hherkenwolbres: adpds@usmssippbet fianed.n The paddlaoid s
a porous BCP,.wi th pore.sizes ranging from50 nmtao 1000 .pm

adbant ageoust yoFr G S50 Aim T PHB0C piBnd- NOre: advaragecad) yof r ok
pmto 50 SpmbWed thelguppomes ahdten quartdcul ar thhet BOPbiwsed dmi 20

the present mygﬁt LR ol $ ol R 0T+ etlﬁé’%&oin%t@@%%’it ageouslty hag ane
particle size of between 40 and 500 pm preterably between 40 and 400
pm even norerpied eF]a%Fyhbéf?wbéﬁIMGaéﬁéegoguﬁleé%d B4dvarttagesudiaen

bet ween 80 afls@PPe@M 125t Thec BOP @i &s afi owdesafamn el oiaiged
in accordance with the neth df fdescri%{ed ‘bﬁ/ Bouler et al., J Bi omaccfJl
Mat er Res, 1%]6?8321,‘366%‘2%633? Boutr FEHT, PHE ot MRS RSs, a0
2000, 510 68P=684;s Chadiaa etnal tisdud0Riforesr WakeariREact2006,quBA(GR)y,

2% e ST, GRS USRI b LM R W,

SARL (Aix e rovence _ roxyapatite can be“used in t
i nvention istpeeteptbthei prgpanake. f Jithont igperegmeidoal kbf frhemBOre

conpany G afysn SARL o1 MQ A0 10£0Q 2291 22 1 nBCTY F320094 00048 MY s i s
particul arly,theinvention relatestoa biomaterial conprising acal ci um
phosphat e- bas2PRupPe?d; inpregnated with a solution of at |east one
cal ci unrderi ved coagul ati ng agent, the support being

According to one variant of the invention, the support
based on calcium phosphate, 1in particular based on
hydroxyapatite or on a mixture of hydroxyapatite and
another material, is implanted in the site where a bone
20 defect must be filled, and is then impregnated in situ

with a solution of coagulating agent.

Preferably, the support used in the invention is based
on hydroxyapatite, fluorocapatite, multisubstituted non-
25 stoichiometric apatites (ms-ns-AP) or a mixture of one
of these compounds with at least one other biomaterial,
such as tricalcium phosphate in o and B form
(Ca3(P0O4)2), dicalcium phosphate dihydrate (CaHPQ4.2H,0),

anhydrous dicalcium phosphate (Ca(HPO4), monocalcium
30 phosphate monochydrate (Ca (HPO4) ».H0), tetracalcium
phosphate (Ca (POy4) 20) and octacalcium’ phosphate

(CagHy (PO4)6) -« AdVantageously, the support is based on
hydroxyapatite or on BCP, it is preferably based on
BCP.

35
The support, and in particular the apatite or the BCP,

which can be used in the invention can be in any form:



5 chosen from hydroxyapatite and a SOP, the coagul ati ng agent being
in the formof an aqueous sol ution having a concentration ranging
froml to 50 mvwbl/1, the proportion of coagul ati ng agent sol ution and

of HA or of BOP2p2PAEOFR8Eh 0.5 to 5 by Wolune/ vol urRCHFFRARRAY GRS
10 agent solution relative to the volune of HA or of SOP. Preferably,

the inventiop;tgbates, tena ot gki &l gEABLESHNG A ¢al GiHlN form of
phosphat e- based support, _inpreg- nated with a solution of at | east :
one cal ci um B8RV e8S15CebaRGREEFnGT al8ht, the support being chosen

from hydroxyapatite and a SOP, the cal ciumderived coagul ati ng agent

bei ng present,.in proportion ranging.fro .5.to 60.1inml of calcium
per gram of Iﬁ&eopagf W%C’J‘-:ﬁl and' &ee%ésl‘%%l §7n1£nr;§ﬁ1 55" 6Orrrlm§ion(§f13% Sifum
per gramof #&HAh20hotenpeB@Purghércodagiihani ng dgentransila dalnoi,umtbased
coagul ati ng n S a el ati C j sa f -

i nst ance: Ca%%g?ﬁ%a( %@1@) Z?C%al?}l‘:r%OAc ;’2 o?é%as%%ghggém\%fnt asg{eroeues lyn,g'

t he coagul at AgCBGERY it® cElei ghrbgsediiatetier i sAeH88E6RIEPBMIY, Tthe

bi oconpati bl gceal ghushsatis, wevapageous! v HaClidvd it irfercdng aldow
t he |rrpregna]ta|(§n of the, support I% arti (iul,ar t he, HA or the SOP,
with 30 the R¥IEATREPAGTEgenta™d he Prifierlicd WsedPPRSBRRBGuect ~ an
sol uti orn,0 advanaoepuskyght/aaighueeusisoldft iloathasm ng/a5 and 95/5,

concentrati gﬁlféﬁé'%ﬁ'%f [BELALR S9aTHBL InaPt glprapl v I3 dutdy

mvbl/ 1, adv ageous from 1 Thesé Val ues are
particul arl yopretenr€d/ aheand®569 he0 coagul ating agent is a cal ci um
salt, and in particular CaCl2. WD 2010/007229- 10 - PCT/ FW\2009/ 000748

The proportion of coagul ati ng agent solution and of HA or of BCP used
in the net hodGPEFECPRTENL | BRAIFS HWVEHVES5 & PBEPYS vOFBREF Vol BRE o

coa]gul ag:mgfp(gﬁm;lipéﬂt borpcfjrehﬁ iyEp | olw&hﬁ w]@tspi?wggh%@ﬁng%om
prereranly m t advant . agepus a raxi na \'4 . C raling
Do another vl 1mt £o1 J0HE RvoRtraRCosrtuBrEaten 00 St eharsy 1
ext enpor aneoarsd ymdoye | aghv @yrEage duohy of rémel gah ciwm phosphat e- based
support,just before

When the support, and in particular the BCP, used in
20 the present invention is in granule form, it
advantageously has a particle size of between 40 and
500 pm, preferably between 40 and 400 pm, even more
preferably between 40 and 300 um, and advantageously
between 80 and 200 pm.
25
The BCP granules or powder can be obtained in
accordance with the methods described by Bouler et al.,
J Biomed Mater Res, 1996, 32, 603-609; Bouler et al., J
A Biomed Mater Res, 2000, 51, 680-684; Obadia et al., J
30 Biomed Mater Res, 2006, 80(B), 32-42.

" The BCP can be obtained commercially from the company

Graftys SARL (Aix en Provence).

35 The hydroxyapatite that can be used in the invention is
preferably in granule form. It is commercially from the

company Graftys SARL.



10 inplantation thereof. It is also possible to envision preparing
the biomate- rial of the invention by applying the follow ng proce-
dure: inpregnati nggt he cal ci um phosphat e- based support 15 with a

coagul ati ng HGeRPI84PATREA, then drying%it or freeR-THERIRPIL000IAR

t hen packaging it under sterile conditions and storing it until its

i npl antati onMore Advantagepaisly, thed npriegratiion tipelhsekromd a
m nute 20 tobl hOjFJI’, P eferably. from1 to 3%%]{71 nut es, adv ntgaé%)u?@/
from5 to 15°hPHAtESIAccor @Rt b @not fer FHAL o PN HVEMA ST
a biomat eri abupporhe iimpergnat echanw beh praepse ade byn 25f£i npr egrasicngriche
cal ci um phos - ha ; po i £ 0 lLatin ge Luti.on,
and then thi ggglé%ﬁ@t ég?{;jé’lﬁs %%% alg%qlahﬁd%r%%sntacéri ?ggcoﬁ%ﬁ)?ﬁ%ﬁs bge%c?gi S
thus stored gheseni fgomplhamireiverat3iGeAcout di n§CPo Ghe verdantatomy

the inventiofgeht H81RGSShbhget @oeRVLS AR Lhatdhe (LRIGIIHMhaving a
phosphat e- based) suppoit biomaterial is conbined with the coagul ating
agent in powd@RCERFRTTIAN pAPPPATRar R bi ohait ePi Bloddén A9eBEF BOHA

i nI pSV\de\rmortgbﬁnukeﬁba@mlaaan@e_ara%@gﬁd é’&lﬁvﬂﬂdh aarcal @,jaumxsalkt olfft BCP
solid powder,_form _This hi terial, ma us be stored_until i.ts .use,
and i npregnat @i tH %h quggt[% Sol ¥ &r?tlufnﬁ VoS Enc et pHia Bl s gi e
sal i ne, 1éxt eapenansolst yonjustabefereoitise volume of HA or of BCP.

Preferably, the 1invention relates to a Dbiomaterial
comprising a calcium phosphate¥based. support, impreg-
nated withia solution of at least one calcium-derived
15 coagulating agent, the support being chosen from:
hydroxyapatite and a BCP, the calcium-derived coagulat-
ing agent being present in a proportion ranging from
2.5 to 60 pmol of calcium per gram of HA or of BCP, and
preferably from 5 to 40 pmol of calcium per gram of HA
20 or of BCP. '

The coagulating agent is a calcium-based coagulating
agent, such as a Dbiocompatible calcium salt, for
instance: CaCl,, Ca(NO3)z, Ca(EtOAc), or CaSO,.

25 ‘
Advantageously, the coagulating agent is calcium-based
and it is chosen from biocompatible calcium salts,
advantageously CaCl,. In order to allow the impregnation
of the support, in particular the HA or the BCP, with

30 the coagulating agent, the latter is used in an agqueous
solution, advantageously in an aqueous solution having
a concentration ranging from 1 to 50 mMol/l, preferably
from 3 to 40 mMol/1, advantageously from 5 to
20 mMol/1l. These values are particularly preferred when

35 the coagulating agent is a calcium salt, and in parti-

“cular CaCl,.



WO 2010/ 007229- 11 -PCT/ FR2009/ 000748 inplantation, at the tinme of
its use . It can thus be inplanted in noninpregnated, dry form
According to the invention, it is possible to envision 5 adding to

the support,"an@010/9@722%ul ar to the BP,~ one or RAT ERAIGR(H00748

addi tives such as: polyners, ceramc particles, pharmaceutical _
nol ecul es, breachir¥goagephs oft heLanditimnsadait usénge 1 Hesenfuber iml s

bei ng: their bioco tibiljty, absence of_ negative effect /10 on
the bl ood CoRBuPAL Fon MRS | . CBRoAGGAe Bt Fos el BHRFE Py ed Shavd™n

unfavorabl e @f$ect bnbbl sodusedgullanconf thaguihaihd bechakew liuttion

int t. of L af | tocb . _E
I e iy s S

support, 5BOPL ofothe ddkentdyerixingaewrdxpraghal ion or by coating.
Such additives, which are well known to those skilled in the art, are
intended to nodify the rheolo of the biomaterial or its behavior in
Vi vo (hardne%%?o¥%éﬁﬁ[annLa %€%geﬁé§ﬂ§?torofo Hee omtandizp, the
occ_ur_re][lce qéid;rﬁéwﬁija)psfilgr p}fe@mé@m&&@mo&aﬁ@@m@n@ (%%mt i1 Brhpateiges.,-
anti-infectiyves, aptj-in nmat or j es t | s also possible to
anvi i on' i nt StficT gt Pt 6= FHeuh: BRECERPLF bR EHo SHROBRET diisbnbegPre
nor e t hélapeutp a2z nibrecibessoSuch as nol ecul es intended for
preventing or treating a pathol ogical condition chosen, for exanple,

from a cancer and osteoporosis. It is also possible to envision
i ntroduci ng 1t 6St RésS80 Peisedtler itll YTVihieon nReaP bANAJIEPEs & imasee,

or any othgrrigpsyg @hecﬁhheBE%%wYEQ(priﬁﬁﬁﬁl{5@”E5B§oﬂ§hbe@EoE%L
whom t he biomaterial is intende

d, this adi'pose tissue or this’
preparation hgl%EBﬁggﬁEbBﬂd5@ebé¥%#%ﬂéﬁdpPﬂSBP%B%“%?S%@a§HQ98Ft
physi ol agi - WBicab saddqielat MY 2040H00E2A%Xt ik - PEHEFRAQGQAMG00E8 or
al so pOSSit”fEéé%éﬂaﬁ’SHP” Epe @&%ﬁetcgnOfagiongﬁkeﬁ_ Ol gPtE%SEile
agents which pronntef%héJV|sUal|zation b? medPcaP i"magi ng - of tfé
resor pti on ofortdie inromeret i slomin idts Jyratigl it g Henwraydrd tsimn 5
According to the nethod of the invention, the support, and in
particular the HA or the SOP, is placed in a cavity of a closed and
steril e cont'FEILadfRdtE the SippéPPregnphighakdlre ficr dret taminpse

exanpl egobe to 1 hour, preferably from 1 to 30 minutes, advanta-

geously from 5 to 15 minutes.

According to another variant of the invention, a
biomaterial of the invention can be prepared by
25 impregnating the calcium phosphate-based support with a
coagulating agent solution, and then this biomaterial
is packaged under sterile conditions and is thus stored

until its implantation.

30 According to one variant of the invention, i1t is
possible to envision that the (calcium phosphate-based)
support biomaterial is combined with the coagulating
agent in powder form. In particular, a biomaterial such
as BCP or HA in powder or grénule form can be mixed

35 with a calcium salt in solid powder form. This
biomaterial may thus be stored until its use, and
impregnated with an aqgueous solution, for instance

physiological saline, extemporaneously, just before its



10 placed in the internal cavity of a syringe. The appropriate anount
of coagulating agent is introduced into this container, for exanple
by drawi ng u u5|n the syringe if such a device is beln used. 15 In
the case whel@ ?ﬂé 995%?5 and in parttkutar the HCTHFRIRONEGH 0748
in the formof a nonolith, the latter is placed in a container of

appropriate §h§p@na@ﬂl§hzeat tHd ahhecazesitd has¥ol ure @inthBus be
contai ner is, su it allows %Q; i nt roguctl on of the desired
h

h t hat,
amount of colgh fart 83 shoneh LBPEEYRR

e9EY 058 cont ai ner cont ai ni ng
t he support, in parti- cular the HA or the BOP, and the coagul ati ng
agent can 25, t Ilow e r.eg
t he bi omat erlg? 9@%@\@ %g t%%sg?lvvteeq}tﬁpr €gna :Tg% @?9?28%5*‘% rLtq\1 bl;)sql

coagul at ing ag@hnd can afH‘s&) bepreAvisi Gwed. l@OpAtrttiI@ell@ﬂrd T‘cﬁ thes BéftPep,

the biomaterial is-i mihe formafar a ipnpganeous, dy quid PRRf1§mashen
the support has been used in granule form. a monolith, the cavities

of which ar ec$¥3 &4 Wtrﬁl§§elsvqLHkbarW’%lﬁ@]suEBé?Fuﬁ% b&dPaFsed s n

:[Ahe fg_r m of &gemng) i the cM‘fBiQi@ﬁQOf829uslﬁg- EﬁysERa&Q%/rQ@Qy&elng
CCOr Ing to .one var.l ant of . I nventl on It 1's SSI to e S1.ONn
At 1 og S B E el bl sy et o 2pgebre” dooaedatiks; Hhiss

opt i onallloy atsnathexbﬂlpedvmddagm}i@tommng@iatmgara.gemOmm powelepff arhmse
and . then |I@ESONALLngaLL LA Shithyiddier of #LCoagubabiag adeh o

nit is already in a mxture with the coagulat’ing

agent, with 5l @i t Bbie 849edgs vl beken duck @& g olvgieal awwnﬁe

It is also QQ@SlcQJa%dl%tG.@u\Q S'a@@n'tfmt@ntk!eﬂg ulsted . Whedri teia%ngblrb the 1@
formof a dgg/qcﬂxture with thé coagul ati nggagent W th
g

i mpregnatin CLTRP | RAVARGLYE tFBES np St &1F SA tkPlyt ﬂéaBFbﬁa Plom
the suraeundiig sussees, BEP Anot bee '$mbjaecbyofnltxlilag| pYeninpeRgns td on

bi omaterial ¢ risin suppak t d el cal CI hos h such as
hydr oxyapatl(%ronig) éoggb%g. ggeénaatqad(?% Ha Wsho |on oﬁ fé‘ Ikgg‘éq one
coagul ati ng Hymt , shildedcrirbethabave., 2@r€\ccotdndgdt da heogphyygi thk

formof the suppord, BA OEhé"O%lo%%CEetﬂ%lt yge Ciftsdeléleﬁgv%kc H‘B%vo

used to prepare the bi omaterial of the i1nvention, said material can
t hen be appl iFg TRy tﬁésﬁéﬁﬁéoﬁnsp%@%%lﬁdr ?hetposial ot whére

a bone def ecicdusterne: f bkl adife2i iWsifngoa togol 1r$ﬂ§élmﬂ§t@r§p@h@h6meﬁé
he Theol ooyl Bt 1S G U THEN AT 1 €166 B1. G B ORGP Aot ¢ ne
invention. It can also be i npl ant ed
It is also possible to envision introducing into the
biomaterial of the invention one or more therapeutic
25 molecules, such as molecules intended for preventing or
treating a pathological condition chosen, for example,

from: a cancer and osteoporosis.

It is also possible to envision introducing into the

30 biomaterial of the invention adipose tissue, or any
other tissue or <cell ©preparation, taken from the
patient for whom the biomaterial 1s intended, this
~adipose  tissue or this preparation having been
.suspended beforehand in blood or plasmavor physiologi-

35 cal saline.

Natural or synthetic growth factors may also be

introduced into the biomaterial of the invention. It is



30 directly in the formof a nmonolith. In the latter case, said
nmonolith will have been designed or trimed so that its shape and its

di nensi ons correspond to those of the space to be filled. 35 A
subj ect of W%@Q%Iﬂ’é?ﬁ?%ﬁ? is also a rT'et]%?gd' for fil IPicleF52198r%°t9é’f7€§t

this method conprising the steps |listed above and al so conprising a

step of inSﬁ&kﬁm%ééﬁbtéOﬂ@t@ﬁﬁﬁéléﬁt@héh r8pag8eWher giamhenrerdetect
has been WD 2010/007229- 14 -PCT/ FR2009/ 000748 not.ed. _Thi s .net hgé{

may al so comfPri<et | SRR Shc i akd DA i §est dpS UeAdCEEdOR

t he size anttdielconfhibgtngt icoh ahet hee done: Sordebéctthd helbmlaltlemgaWth
t he blomaterr{ [ offthcelrhv tlonq%n l?ne conbined with the tenporary
application o an ost eosynt esi’s id gives the affected tissue the
necessaby nechani cal strength while the bone reconstruction takes

pl ace on the &its £f ﬁéfm;ﬁé‘t ﬁ%‘tHBdOf flocﬁé‘el%&ﬁt@i@ﬁ' atpof shEEort

i nvention. . pronote the formation of 15 time (a few weeks),
richly vas@ii%ri2edar el ligdpl &t atiPorP of tlﬂﬁe Br?é?s mhdle PLECSSssibl @ to

bone tissuedvitghobt pericdssddi snonecbirssye behtivery wheet here
subj ect of the h{}ventl on consists of a kit for cargé%l ng out

t he
met hod of tHERGentPort™ t BFSPKIE 20 Chnprisitf t h Eorﬁfi‘a}{‘}ﬁ]ledn 8F a
suppor EObaspe'lchc@rd a ical cihum phospha e scehi ag aofuydaoxygpahgée ofTha

m xture of | 3&%&%“%@%&@9 e | 2885, O0C; O NGL MR & d Al el Ohuceq

i nstance a or ous a caf cI uny coagul ating agent.
Advant ageoumty) thbsc@@@maaﬂeﬁg for example by drawing up using

the syringe if such a device is being used.

15 In the case where the support, and in particular the HA
or the BCP, is in the form of a monolith, the latter is

placed in a container of appropriate shape and size.

In all cases, the volume of the container 1is such’that
20 it allows the introduction of the desired amount of

coagulating agent solution.

The closed container containing the support, in parti-
cular the HA or the BCP, and the coagulating agent can
25 be agitated, so as to allow homogeneous impregnation of
the biomaterial. However, passive impregnation of the
support by the coagulating agent can also be envi-

sioned.

30 At the end of this step, the biomaterial is in the form
of:
- a homogeneous liquid paste, when the support has
been used in granule form, ‘
- a monolith, the cavities of which are filled with
35 ligquid, when the support has been used in the form of a

monolith.



25 agent is a bioconpatible calciumsalt, such as CaCl2. The anount
of coagul ating agent is calculated so as to conpensate for the
anti coagul ant _effect of the cal cium phosphate, and in particul ar of
t he hydroxyaP8t #P29/8Rd238 to pronot e b’rgoﬂ coagul RGOFRIPQHL00748
surroundi ng tissues. Such a conbination may be in the formof a kit
conprising: B5Caydangt ebi baedeuireé@n€OBPT itBilend n@ eSitt&loinl, € iitntigy Pssi-
cavity in mh%gh the su orti for.%ggtance t he HOP or the HA, %§ a1
placed, WO 3610/ 007229 V18 OpCT ER2606/660748'C ( by URPSE by j [ TST 18
reservoir coapreésthy time tbagumetdengtagért . fTheedesemptaionyll)y may ke
part of the I ( r r ni it t
or a bottle ?%E?? i@%tghgggﬁégh aﬁ?ﬁégggéﬁ%ﬁggniﬁe¥?gégg ?%rg?dgﬁﬁ%o
transfer 9t Fheo tHeresnetaaln cdvi €y ofl tthe deliee Fafh croawwyatiimge
whi ch al | owsa§bgr carguWlatddg @gentyHed berinjsect ede bt 0 ittheg cavidture
where the support is placed. 10 The internal, cavity of the device (a)
“is of a size"WhicHfakESPPLp648PbI 298> i nttidduce tHet et € hé RSt

of coagul ati sglagent necessady fEiyprodieidyl t hes hiranat erd aliof ke
i nvention, and g{gf tgg otanelr i%onsitniltuencts of .1 he 'ext ure, . sucrq as,.
for exanpl e, P15 adtTv i negredgl et s %asrb atiran agéf u?ly, the device
(a) comdl sesonmeanst f ar appl ynngtuhe bvonht erhal dardie triey omowhér e

a bone def ecl; has,Deelorelladdosuchi a deyice 1By, £oRsi St ofed  pe

syringe. It 1s also possible viston using a devite such as
impregnated with the Dblood rom the surrounding
tissues.

15 Another subject of the invention 1is a biomaterial
comprising a support based on calcium phosphate, such
as hydroxyapatite or a BCP, impregnated with a solution

of at least one coagulating agent, as described above.

20 According to the physical form of the support, HA or
BCP, and the type of device which were used to prepare
the Dbiomaterial of the invention, said material can
then be applied using the means most suitable for the
position where a bone defect must be filled:

25 -

Using a tool such as a spatula, or using a syringe, the
end of which comprises an opening suitable for the
rheology and the size of the particles of the biomate-
‘rial of the invention. It can also be implanted

30 directly in the form of a monolith. In the latter case,
said monolith will have Dbeen designed or trimmed so
that its shape and its dimensions correspond to those
of the space to be filled.

35 A subject of the invention is also a method for filling
a bone defect, this method comprising the steps listed
above and also comprising a step of inserting the

- biomaterial into the space where a bone defect has been



the one described in WD 02/ 068010 conprising a tube 25 inside which
the support, in particular the BCP, is stored and into which the
coagul ati ng %gent IS in£ected,’and for which a plunger can be fitted

in order to VeI 2838/0R22BPomaterial onckthe | att erPGR/ ERAQR]Y 0007 48

bi omaterial according to the invention can be used for the production
of a bone i mpbasl, wWhetdhemekhobs ma@uestdoncohptibbi ng ssdd-agidirs,om
| oss of substance of traunatic or tunmor origin, or a defect follow ng
a 35 surgicaﬁngrﬁﬁgﬂﬁ?ﬁg oFeBf-aiding the fitting of a prosthesis.

WD 2010/ 007229- 16 - PCT/ FR2009/ 000748 The bi omaterial can be

i ntroduced b f rgi.cal praqc re in.the regio re

bone def ect %ﬁ§$§§§n$iF$e§HeAfggF gﬁgigg%n%op%égggg%gggr?grqﬁf 5%“¢

i npl ant e andeféeti nthsi dalildngl osiedy T bionaterial of the inven-—
invention cap;be egpbiaed widihan Psteosyat b@ﬁgargwﬁaptpqi%'altqwn of
tenporary consolidation while awaiting the stabilization of the

def ect regi of" by StRESHBRECELSsUEE.Clooat VRAg &t el iR osthesit §SHpt frhehe
bi omaterial gécébgatpvemddiam makes dtirep@ss blbaitle pregdtwodde recon-

i npl antati on_of I'ving'b%ge tissue in or_around t@f ro?thes's. 15
The bi omat er?%¥u%4fl?rﬁetfa ént?]g%c%aﬁnal%e beLaEed i nTUPLFBEIFTER Vifvo
as a supporttherbidmapeothctodntiod bonentissue: Specifically, the
culturing of bone cells around this 20 biomaterial makes it possible
to produce a bone tissue which is subsequently inplantable.

Anot her subj&gt tof thvemvarnt i BaVes ndfedn vher dmplagxabhan ugé ¢hea

bionatgrial @ﬁoﬁ%@@fi@@do@bQMﬁa fateRBiBROGIH NYadebane bHP&ﬁBIe to
According to the invention, bone cells can be cultured on the

bi omat eri al PFORNEE | APENHOGHATH & mdlul BORAVItHF StiFe ShapBosF PRé1ods
prost hegiss tdat tiitme S (desfdedweek30 , proguce botlke etikbuei Nge Dig celelrsy
under these chh'ticNE%u ggﬁgéé possible to obtain a bioconpatible
prost hesi s of “SurY abt €8 ape and di nensions. Fl GURES 35

Another subject of the invention consists of a kit for
carrying out the method of the invention, this kit
20 comprising the combination of a support based on a
calcium phosphate such as a hydroxyapatite or a mixture
of hydroxyapatite and at least one other material, for
instance a microporous BCP, with a calcium-derived
coagulating agent. Advantageously, the coagulating

25 -agent is a biocompatible calcium salt, such as CaCl,.

The amount of coagulating agent 1is calculated so as to
compensate for the anticoagulant effect of the calcium
phosphate, and in particular of the hydroxyapatite, and
30 to promote blood <coagulation in the surrounding

tissues.

Such a combination may be in the form of a kit compris-
ing:

35 (a) a sterile device comprising a sterile internal
cavity in which the support, for instance the BCP or
the HA, is placed,



WD 2010/ 007229- 17 - PCT/ FR2009/ 000748 Figure 2: Gaphic illustration
of the calciumconcentration of a plasma in contact with the cal cium
phosphate biomaterials. 5 Figure 3A: Photograph of the product

obt ai ned by Wad2@{0A083229i on of cal ci kB chl ori de tRETBER20RP 4900748

before the addition of bl ood. Fi gure 3B: Photograph of the product

obt ai ned by addi ng 10-&, sl ut} o8 pfo LAl ClaHp cil 91d deHd INGIRAINGy
concentrations to BOP. Figure 4: Scanning el ectron m croscopy
anal ysi s of ##pPants consisting of whol e bl ood taken without anti- 15

coagulant (A, © and of HOP mcroparticles (80-200 pm, or of

i npl ants prepared accordin o the usual protocol (B,.D). In the

i npl ants pr e&:ﬁ et WPt hoat ggbcfnﬁ‘ﬁﬁ q%éoadﬂge?#cet%? %8?%8% dR’ of Ta ey
networ k of flhdren smphmftea dhoddy ckotharaguna thbegreai ns bsthoted roA
C). The whit arraw | indic S r | I

deposi t ed onﬁ}tl%?ah %glgnsé.%%aeﬂsl \ %58%0%%]% %Q %:a%%g‘ Sl‘rernl §rder o
EXPER| I\/E_I\FI'ALt FEN P65 IntopfhecingfrBaP gadisly HA @ﬁ%@@gw@t i(@ﬁ_r
1. Principlesrll isqMahves a0 @xt emperaneeus JyRredir fasgeed edt gan
the operating room It consists in mmgg, in the body of a

pol ypr opyl ent?£57 F 54l P SOP-part3 6% Witra Bt codgRP At i by e
CaCl2. The iTmp anhatiromlof céhi sybicimateei aleditd heasi tis wher ea a shere

def ect has been note ropotes ¢ ul ati.on _ar,ound.the biomaterial. .2.
Wt ori al e e el e £ Db §8 - ERT LB | O BT H O TR Bl
The bi phasi cotal coaguphospbat @egeBOP) ryaarmaeny al fos compdsednof 60%

of hydroxyapafife- LA 03%—9( P%}%G( OR),2) 284, of 248% Qfi sbr 1 ¢RkCl WPher
phosphate (TOP, 0a3(PX)2). The ‘
constituents ‘of the mixture, such as, for example,

15 active ingredients.

Also advantageously, the device (a) comprises means for
applying the Dbiomaterial in the region where a bone
‘defect has been noted.

20

Such a device may consist of a syringe.

It is also possible to envision using a device such as
the one described in WO 02/068010 comprising a tube
25 inside which the support, in particular the BCP, is
stored and into which the coagulating agent is
injected, and for which a plunger can be fitted in
order to -release the Dbiomaterial once the latter 1is
formed.
30
A biomaterial according to the invention can be used
for the production of a bone implant, whether it is a
question of filling a fracture, a loss of substance of
traumatic or tumor origin, or a defect following a
35 surgical procedure, orv of aiding the fitting of a

prosthesis.



WO 2010/ 007229- 18 - PCT/ FR2009/ 000748 BCP particles sized between 40
and 200 m crons were provided by the conpany G aftys SARL
(A x-en-Provence, Fr ance%.9 The particles were sterilized balogheati n

2

at 180C for VRo2R38¢907329 2  Measurermk®t~—of the EFBHIERR009/0007

concentration in nmurin plasma: The cal ci um concentrati on was neasured
in C572L/ 6 nouse pdamnMieriale capesbeSt ihshedubeance) phasm TH s 510
pl asma was prepared, from bl ood taken on heparin, b cenhrifugq;li@'h,iioqr}f
at 1800 g foP 18 hufdS aRFar i Wi & s et A5 an ARt e caglPafit Wi
does not nodmfytt hee plasiieed.al @iftmrconcentiati onthdheo amed tyst 5a vast s
carried out Eﬁp;ﬁ%ﬁéécghda&'ﬁé’”ﬁggs eyice p&ég&ns, France). 15 2.3.

Preparation o ants and surgical procedurel As illustrated in
figures A to 1D, a syringe (1) conprising a hollow cylindrical body

(2) in whichrgeplyBagkek-3h1MYESLhE Y6dntAbnt R& reNdk Ok ke nBAdY, i(:2)
20 which is not closed off hy the plunger, body of the syringe is

) e t he body
cl osed of f b?naoﬁitlepéb’%ﬁléﬁﬁér ) 281 + h%lla‘b"&lyt@‘?oéfarﬁ/hé%ﬁqlﬂtfé‘,
bet ween the endn(Mhidfe t Beapkungertiaad dthe ifliildri st oppertfd) defteat
granul es (6)_of Bcgbéf{}?%rgglA) The whole was sterilized prior to
f e

its 25 use. The @MW V¥ W3S B8&ring the filter stopper (4) is
pl aced il a container (7) filled with an aqueous solution (8) of
CaCl2 at a c at.ico 9 - | urger
(3 al fove the Solttron (8) To Be araan to" nto (N Baay (2] oF ths
30 syringe (IpVeRtiRiremdaBys TheP@mslLblps tPePropetst &n¢ fiaw LB taitd o

order for therHOR pagth&h&st 1 HshdPLRINAL £rdilded Soh it Ods 188k 4 hen, by
means of the plunger (3), the excess solution (8) of the CaCl2 is

expel l ed through the filter stopper (4) (figure 10). The filter (9)
is 35 réarfovethér odoimbeckiblierofSt opperinéntdne acqt esadspe o tthed in

mpr eqnat ot WEER sSFutTon L8y o t o SRS Fi10f 007350 qgcaeStion of
- PCT/ FW2009/ 0005481 opegating site (10) (figure 10). The inplantation

site is then closed up again (step not represented). 3.Results 5

3.1. Effect of hydroxyapatite and of TCP on coagul ation: ,
. Specifically, the culturing of boné cells around this

20 biomaterial makes it possible to produce a bone tissue

which is subsequently implantable.

Another subject of the invention is the in vitro or ex
vivo use of a biomaterial as described above, for

25 producing a bone implant.

According to the invention, bone cells can be cultured
on  the biomaterial of the invention in a mould having
the shape of the prosthesis that it is desired to
30 produce. The culturing of cells under these conditions
makes it possible to obtain a bioccompatible prosthesis

of suitable shape and dimensions.

FIGURES
35 ‘
Figures 1A to 1D: Preparation of the implants and

surgical procedure.



50 ng of HA powder or of TOP powder were placed in the body of a 1 ni
syringe. 100 1.11 of bl ood were added to each syringe containing
either HA or TOP. This m xture 10 was pl aced on a wheel allomnng t he

powder to reWRi A0LA/8AdBRAsi on in the blbod during RIR/ BRARAR/RJQHAS

time, i.e. 10 minutes. In each experinment, one syringe containing 100
R1 of whole bh@ggetzeaéegphuse ihertherion i o€ tH %Bl@ﬂuﬁlh%dﬁtﬁﬁl
served as a 05|t|ve conLroI for the coagulatlon Af t

m nutes, the ﬁﬁEéPn § st%pp ﬂsmThénsﬁFFH§§§ dFet et ere ClPWeﬁ#“E%d

is cut and theabtobdépeandetansxture is extracted by pushing with the
syringe plunger. Coagul ation of the blood around the powder is or is
not observed. Each 20 experinment was repeated 3 tines. It was
observed & hat'iginet Ba: pPesengeaplfi 60 mheobrHduand obfe ipield &fy wiiblieg
bl ood, the coagyhation wescLiBibh ed1oFigebloodcremRngl iiicte 2he
Control : positive control_ for coagul ation. clot and a serum
extrudat e wef@dbbserved.Placdhe presence of 50 ng of TOP + 100 111 of
bl ood, 30 coagulatlon occurred; this results in the formation of an

inplant in ich th i n network_k S geneou in
suspensi on. The'sa %% g@a%f gﬁg BHogﬁgg gﬁa ng §§Fl
chIorldéihavan@cﬂaaao@ddeﬂ K@lkh@ﬁsychh931d®nUalnlngreheLM@ [@ran@re nt-0
t he |ntroduc{ op. of ¢ b%ﬁﬂ%a coagul ation and the formation of an

i mpl ant were oun %0/007229 20 - PCT/ FR2009/ 000748 3. 2.

Ef fect of BCP on coagulatlon It was observed that blood freshly taken

(100 1.11) lplc?lfﬂ@eabwng@a@ﬁlﬁ@tl@%eekaﬁt and bamegiat ghugbied with
t he BCP art| C does™ not coaq@aate his anti coagu ant

effect is nuwﬂ%%rs bS}OPﬁéSBaH?t Pén Wrrleadr 20t pkan o FLlEheytcaats -
sol uti onkp sugg@@mla&gt anAupd:akenaf ofhecp! as e opalreiidmely t8f®GZB@PumThI S
hypot hesi s was cgn neasurln%StheQ%nﬁcéun1 oncentratlon

t he pl asna bef ofe & fg?¥%rp5%ﬁ?a%? W ESF tﬁlgl 61§tOCOl
pr epar ed froh&(BDBLlannduge binpbdnt ak e epr redparitthqunt cebaguhantthe

whi ch does ngt.amdifyct he plas QﬁhQﬂkchmé%N8¥¥“6§tEQBkld’h&ﬁeo¥rom

presence of BCP, a decrease In | asma cal cl um concentrati on
2.06 0.06 mba9d m*% nﬁxowwu@)et@rasn@ £9 noted rfrwlfl-i Ahehehite

‘presenCQOOf BERHwasnohger vethicates some red blood cells deposited
on the grains. Scales A, B: 100 pm; C, D: 10 pm.

EXPERIMENTAL SECTION

25 I - Effect of BCP and of HA on coagulation

1. Principle:

It involves an extemporaneous procedure carried out in
the operating room. It consists in mixing, in the body
of a polypropylene syringe, BCP particles and a
30 coagulating agent: CaClz. The implantation of this
biomaterial in the site where a bone defect has been

noted promotes coagulation around the biomaterial.

2. Materials and methods

35 2.1. Biphasic calcium phosphate particles:
The biphasic calcium phosphate (BCP) Dbiomaterial is
composed of 60% of hydroxyapatite (HA; Caio(PO4)¢(0OH)2)
and of 40% of tricalcium phosphate (TCP; Cas(PO4)2). The



Il - Effect of the cal cium phosphat e-based biomaterials on plasm
cal cium concentration 1.Principle: 20 Aliquots of 50 ng of BCP
(60/40) mcroparticles, or aliquots of 50 ng of HA or of P-TCP were
br ought i nt oWeoAPAB{00W2R%¢i t her 50 1211&f- H20 or \RGTYERRONO/H0Q74B 5
mM sol ution of CaCl2.2H20, and left to dry overnight at 56C. These

bi omat eri al spwer ¢ depesidLdsh Delihg, daldsh 2200fa8q 9@0\@9' Ihlek@ﬁgplwet&
100 pl of plasma, prepared from C57BL/ 6 npuse bl ood taken on heparin,

an antlcoaguPEﬂYlﬁﬁ?cHYd5€§ RN er FEREEWFt FARRe (CHI7CiaNm I V@NCear e

added to eachrambé . AfTrey Aaroi gukes vwidrd neubail ORedt ey phateimas at
centrifuged gé £1nutes at 800 g and the 30 supernatants were taken
in order to a e %?c Ui Boncentration of the pl asma. The

cal ci um dssay mas carried out using the CpantlChron1CaIC|un1Assay kit

(Centaur, Br93§e'z§e%§9£&bélﬁl apd t%%COéQI#‘%OcEHBeHPPHE%BU Ler mir

|nstruct|ons For t ttl aliquots supernat ant were broug
into contactPhR€R2200 pl of a solution of phenol sul fonephthal ein, a

dye which forg® @alcium concentration was measured in C57BL/6 mouse
(Janvier, Le Genest-=St-Isle, France) plasma This
10 plasma was prepared, from blood taken on heparin, by
centrifugation at 1800 g for 15 minutes. Heparin is
used as an anticoagulant which does not modify the
plasma calcium concentration. The analySis was carried
out in a Hitachi automated device (Orléans, France).
15
2.3. Preparation of implants and surgical procedure:
As 1llustrated in figures 1A to 1D, a syringe (1)
comprising a hollow cylindrical body (2) in which a
plunger (3). moves is used. At the end of the body (2)
20 which is not closed off by the plunger, the body of the
syringe is closed off by a filter stopper (4). In the
body (2) of the syringe, between the end (5) of the
plunger and the filter stopper (4), are granules (6) of
BCP (figure 1A). The whole was sterilized prior to its
25 use. The end of the syringe bearing the filter stopper
(4) is placed in a container (7) filled with an aqueous
solution (8) of CaCl, at a concentration of 1%. A
backward movement of the plunger (3) allows the
solution (8) to be drawn up into the body (2) of the
30 syringe (1) (figure 1B). The whole is left to stand for
10 min in order for the BCP particles to impregnate the
solution, and then, by means of the plunger (3), the
excess solution (8) of the CaCl, is expelled through the
filter stopper (4) (figure 1C). The filter (9) is
35 removed from the filter stopper (4) and a pressure on
the plunger (3) makes it possible to deposit. the BCP

granules K6) impregnated with solution (8) on the



bl ue-col ored stable conplex in the presence of free calcium After

i ncubation for 3 mnutes, an intensity WD 2010/007229- 21

- PCT/ FR2009/ 000748 of col oration, neasured at 612 nm which is
directly profer2pbpaP072322he cal ci umtoktentrati on BGTATRR O8N0 748

obtained. In each plate, a calibration range is prepared using the
follow ng copgenstahyonrstaf Geal cipmuis -18). 5 Thd imbiBntaZiond sitdh -
5nmMM 2. Results; It was noted (figure 2) that the BOP in

mi croparti cl 85f BRFRT aftC 3P < 0P hdd #! pohibelr , "B otighteFF v Cbnt act wi t h
10 plasma, induced a considerable and significant decrease in the
calciun1conc§ntraﬁégg €§ said plasma. The decrease in cal cium
concentrati0ﬁ4+s—s%ﬁ%¥a% for BOP and HA and is not observed for
3-TOP. O% thé. baskéfeftt e vaydesxphpathed faord t hé FlGnanalamegula-
(1.960 15 0,.044.m), the plasma in the presence of BCP (0.871 0.160
mV) and the E asma in the presence of HA (0.840 0.121 mM, the ‘
cal ci um upt ak@ BasoévEPugPEdest . 15 Tl Pofdeal ¢elith pRC5d iy ohe

BOP or HA. 2004¢ wasaalisennosedihbat the pddidtd anofd SPept ahgad2+
nv SO|UtI0nnél.ﬁ. 0.125 pnnl% to.the B%P orﬁﬁge HA geforg,adstlon of
the plasma nede’i £YpoRYPblFE 8 Pé8Ford S SHorthal Ol Asha daiGi drieture
concent rat i omaf pyaced2pn Bhevhsate anmmwingftloal sowdrechtor rdeaadded
25 to P-TCP . the.inital  pl [ um, and i he .
absence of Ut BBt niE br bt ar URaEr { nige CondiH brg Line,
Moreover, itlwas obsernéduthat the cabchuncdpeakaewss 30niedemstirdalge

for the tm‘%bﬁgﬂﬁﬁﬁ%miﬁﬂtiﬁs6@5%%%14-%ﬂd&& the JALf opandd cles
of 40-80 pm of 80-200 imand those of 200-500 pm Furthernore, the
sane resul t OPHeEOMpEndat L OnMiRr QigH 'S5 WRe lad dF 2769 of S cal BPgmbwEre

obt ai ned swhetdhetrdhe fead cictid chbagudetrsehut imptés adylechinutes, the
ext enpor aneqysly; 11,1 Layld formLUst, bgfore.adding the ol agmay oL,
is cut and the blood/powder mixture 1s extracted by
pushing. with the syringe plunger. Coagulation of the
blood around the powder is or 1s not observed. Each

20 experiment was repeated 3 times.

It was observed that, in the presence of 50 mg of HA
and 100 pl of whole blood, the coagulation was inhi-
bited. The blood remains liquid.

25
Control: positive control for coagulation. A clot and a

serum extrudate were observed.

In the presence of 50 mg of TCP + 100 pl of blood,
30 coagulation occurred; this results in the formation of
an implant in which the fibrin network keeps the powder

homogeneously in suspension.

The same experiment was carried out with calcium
35 chloride having been added to the syringe containing
the HA prior to the introduction of blood: coagulation

and the formation of an implant were found.



WD 2010/ 007229- 22 -PCT/ FR2009/ 000748 this solution is first dried on
contact with the particles. |11l - Effect of the addition of calcium
on the 5 anticoagul ant properties of BCP and of HA 1. Principle: I n
order to denRsPaPE0PRAR%a cause-and=e?Pect |ink BEBARRRUHARQGT4Ghe
i nhi bition of coagul ation and the decrease in plasnma cal ci uminduced
by BCP and HA, »10gp¢eagyl gki pppt gst §og@5eag§55| ed out on aliquots of
50 ng of BCP 60/ 40) mcroparticles and_ of of HA powder after
the additionliéf 5¢ p‘éb%?r‘i%@ W%@l%?doffr§(§hlllyl fgtken 5 (AQ0 1) in

0a012. 2H20. &58 Resuhts: ofAbher cohguaddict 2@ e afleaqd micted neatted
for 15 mnutes, it was noted

wth an‘antl t an atio

(figure 3A) u]%(gg lcca]]dsdﬁtl O &§19)cal@fam POt t HePBEP A t He 1A
made it [fossabtecb@gubelst ablfifstet20isoagullatiiiea obyt fehebl addibionghtf
into contact-uith £ 1t wg ¢bi eri T It g@gﬂ at
that the ant| coa ul ra}?f% f:‘Ngct %;mit he %@ an%ggﬁt%ﬁlzymafg&l ndee ‘—_fn
linked to therpskgecpéaselian thbaphasmgadaiemumidoncener aBl8n t Hatls
these two bipyBbenréals ingducecoand fhhat to e addisi-an fgof 1q@l cidymdmkes

it possible to reestablish coagul ati_on. e effect of a_cal cium
dose- r esponse°BRCE hed chAyuliat i ]FHGSCPlG’fSHI?i obe BFBuGht i At bSEomdact
‘Wi th BCROwaswatal woed (fogurei3B) pﬂé\s&ndm QBBt gricdaas preparcsd By 6
adding 100 1,11 of al.e. bl ood, su enen
ant i coagul antU¢% ggln%a 5FBEP oﬁ]aroktl?%‘? r‘.a?f%%ﬂ% %uﬁe]%cg Bfigh (408§
vol une of 50nétl| rr@fdl@aZC112hQH2:(1aS|maepaaedlem tdoe c8% tgwricem)r.at Tong hef
o 01% (0. 68 0 ( %.(3 6.

0. 2% (13. 6 eenQe 2c/f %Celﬁ n1¥9 d?grggs/‘é 114 "E\Q dzﬁ @éorc%of'g@ﬂﬁl
sanme vol ume %‘inr%‘%l@mfﬁ% Afpér |ﬂc%a¥1ﬁ“@h/¥oﬁn95m nieése) Woo
2010/ 007229- 0 289 - PCT/ FR2QXY OO0 4#8:he presence of BCP was observed.

II - Effect of the calcium phosphate-based biomaterials

on plasma calcium concentration

1. Principle:

20 Aliquots of 50 mg of BCP (60/40) microparticles, or
aliquots of 50 mg of HA or of PB-TCP were brought into
contact with either 50 pl of HyO or with 50 pl of a
2.5 mM solution of CaCl,;.2H;0, and left to dry overnight
at 56°C. These biomaterials were deposited in the wells

25 of a 96-well microplate. 100 pl of plasma prepared from
C57BL/6 mouse blood taken on heparin, an anticoagulant
which does not interfere with the calcium level, are
added to each well. After 15 minutes in incubation, the
plate was centrifuged for 2 minutes at 800 g and the

30 supernatants were taken in order to assay the calcium
concentration of the plasma. The calcium assay was
carried out using the QuantiChrom Calcium Assay kit
(Centaur, Brussels, Belgium) and according to the
manufacturer's instructions. For this, 5 pl aliquots of

35 supernatant were brought into contact with 200 pl of a
solution of phenolsulfonephthalein, a dYe which forms a
blue-colored stable complex in the presence of free

calcium. After incubation for 3 minutes, an intensity



on a wheel, the biomaterial is denolded. It was noted that, at |ow
concentrations, corresponding here to 0.01% and 0.02% the added
calciumdid not nmake it possible to reestablish coagulation. In the

presence of WOcg8A&BrAPPARRBns between ©.25% and 0. 59BCRARRRA R/ G0 TS
observed. Surprisingly, it was noted that increasing the

concentrati opgrofcGaddd 20 headdeand Aboyeoi Hﬁyc%i&{‘rcﬁsagﬂfbctly

i nhibition of coagul ation (figure 3B and table 1). 10 These

experi ments RROBOFE1PBES| bIFE t I-thet eF Pt AEVF heCBPEFRTAPEAPRI uh?  the
concentrati opsmphechipadetitinpassizbl ealcd Rlieglk,t he @ntilgeagrantange
effect of BOP_60/40 and showed thgIil thgrei\}i S .a I nportant . £
concentrati oh®r a%gp‘%ege Péé’Bgct € 159V AN ysciosncoefnt[]‘ﬁl‘lae i
network by scahning:electPoh m trostopy- The anti ¢éoagblant effect of
BOP visualized by the absence of formation of cohesive gelled
inplants during 20 the tests descri bed above corresponds, at the

mol ecul ar | e¥el , R®s¥hESinhibition of the formation of the fibrin

networ k forntagubhke ddateworkgetethe ehat. chhe presencenifrddig-didird n

network was anal yzed by scanning el ectron mcroscopy. For this, |

i mpl ants wer Oﬁ?éﬁgae&%ﬁﬁ? G r{'gaz%o"i%%fj i PrBFgBFoggFon(‘}PntaCt with
suppl emartt edp W $ha anthdoagdl antonwiitie raB1ey aold BARndrf iwart Sk g aafe
BCP i ncubated_in e presence of calcium.and then dried. After 1
MUt es of roat TBR onaC el CopRENEIPRS Ware “dotol Sad g | The
directly imeéeseeasd drfixdhglynl gansrerdonttdion ngs 1.56%i3@of for BCP
gl utar al dehygdeqi Raa AdlMPphasphabecbyLhereoPit icpTha P appL epau8Ee ot
t hen washed, dehydrated using bow s of al cohol at increasin

concentrati of8e |¥aEteed qk}?ﬁ%é%etfl@y‘l dit§©l aRaRe™E Si yhav Al d%r che0 *
l_' isle ;1'5Abe@uo@em>e§, ttﬁéa@ﬂ@)snil‘aori_@ ahauw%s?ﬁ@edadﬁeda@p_ a@bis_etmth 135
enper at ur e. r unt ing, on_al unm num orts and cqverin

o 6/ pal 12 Gt £ bkt £aS( BOREPOn T AR 1800 -BRF 1PN G ta il y -S40 £
carried out @slhh mMpscanrihey etettiom muptescopeweIEOe6FDOF edapar) .
WO 2010/ 007229 4 - R200 4 n en. i.n figure 4,
under the Bg' Ic%%diu??géf no Cfglltgr?%e%e V\orfr% (\)AggB%s)%s%rr v%%’ (?i gures 4A,
4C) between the BCP microparticles. The presence of a few red bl ood
celI's deposited Qs t hesgr aldse@t @zt t enbhesdidxi fgh ofo st heppait i gt es
with the bl ood. Conversely, in the presence_of BCP/calcium the
presence of 4 tIB AStEFAG t hé- Bar Oi-dles Hrelabdér VidteE R&F dOEI 6f%héing
vi sual i zed hyetdwee mesidiafidrhe dffi bthe netwenk angdd@ very davgdle to

10nunber of rresol é)rlé)od cells J(:figur es 313 a4D) : 6g(g:riulzﬁntrzglztoin%rén(%frat;tq%m
CaCl2. 2H20 sofution added t& tHhe ni Qtlufg of B
(figure 2). The same amount of calcium chloride added

25 to PB-TCP adds to the initial plasma calcium and
confirms the absence of uptake by this biomaterial

under these conditions.

Moreover, it was observed that the calcium uptake was

30 identical for the three BCP granulosities tested, i.e.
for the microparticles of 40-80 um, of 80-200 um and .
those of 200-500 pm.

Furthermore, the same results of compensation through
35 the addition of calcium were obtained whether the
calcium chloride solution is added extemporaneously in

liquid form just before adding the plasma, or whether
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this solution is first dried on contact with the

particles.

ITT - Effect of the addition of calcium on the
anticoagulant properties of BCP and of HA

1. Principle:
In order to demonstrate that a cause-and-effect 1link

existed between the inhibition of coagulation and the
decrease 1n plasma calcium induced by BCP and HA,
coagulation tests were carried out on aliquots of 50 mg
of BCP (60/40) microparticles and of 50 mg of HA
powder, after the addition of 50 pl of 150 mM NaCl or
of 50 pl of 2.5 mM CaCl,.2H,0. ’

2. Results:
After the addition of the blood not treated with an

anticoagulant and rotation for 15 minutes, it was noted
(figure 3A) that the prior addition of calcium to the
BCP and the HA made it possible to reestablish
coagulation of the blood brought into contact with

these two biomaterials.

These results demonstrate that the anticoagulant effect
of the BCP and of the HA is indeed linked to the
decrease in the plasma calcium concentration that these
two biomaterials induce, and that the addition of

calcium makes it possible to reestablish coagulation.

The effect of a calcium dose-response on the coagulation
of blood brought into contact with BCP was analyzed
(figure 3B). The biomaterial was prepared by adding
100 pl of whole blood, not supplemented with an anti-
coagulant, to 50 mg of BCP particles in the presence of a
fixed wvolume of 50 pl bf CaCl,.2H,0, prepared at the
concentrations of 0.01% (0.8 mM) - 0.02% (1.36 mM) -
0.05% (3.4 mM) - 0.1% (6.8 mM) - 0.2% (13.6 mM) - 0.5%
(34 mM) - 1% (68 mM) - 10% (680 mM), or of the same
volume of NaCl at 150 mM. After incubation for 15 minutes
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on a wheel, the biomaterial is demolded. It was noted
that, at low concentrations, corresponding here to 0.01%
and 0.02%, the added calcium did not make it possible to
reestablish coagulation. In the presence of
concentrations between 0.05% and 0.5%, coagulation was
observed. Surptisingly, it was noted that increasing the
concentration of CaCl,.2H,O0 to 1% and above induced, once

again, inhibition of coagulation (figure 3B and table 1).

These experiments made it possible to determine the
optimum calcium concentrations which made it possible
to block the anticoagulant effect of BCP 60/40 and
showed that there is a important concentration range to

be réspected.

IV. Analysis of the fibrin network by scanning

electron microscopy
The anticoagulant effect of BCP wvisualized by the

absence of formation of cohesive gelled implants during
the tests described above corresponds, at the molecular
level, to the inhibition of the formation of the fibrin
network forming the framework of the clot. The presence
of the fibrin network was analyzed by scanning electron
microscopy. For this, implants were prepared by mixing
100 pl of blood, not supplemented with anticoagulant,
with 50 mg'of BCP or with 50 mg of BCP incubated in the
presence of calcium and then dried. After 15 minutes of
rotation on a wheel, the mixtures were demolded and
directly immersed in a fixing solution containing 1.6%
of glutaraldehyde in a 0.1M phosphate buffer, pH 7. The
samples were then washed, dehydrated using bowls of
alcohol at increasing concentrations, immersed in
hexamethyldisilazane (Sigma-Aldrich, L'isle d'Abeau
Chesnes,. France) for 5 minutes and dried at ambient
teﬁperature. After mounting on aluminum suppérts and
covering with gold/palladium for 4 minutes (Polaron,
A5100, UK), the analysis is carried out wusing a

scanning electron microscope (JEOL 6700F, Japan).
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As can be seen in figure 4, under the BCP conditions,
no fibrin network was observed (figures 4A, 4C) between
the BCP microparticles. The presence of a few red blood
cells deposited on the grains attest to the mixing of
the particles with the Dblood. Conversely, in the
presence of BCP/calcium, the presence of a clot holding
the particles is observed, said clot being visualized
by the mesh of the fibrin network and a very large
number of red blood cells (figures 4B, 4D).

Concentration of Number of pmol of Coagulation test
the CaCl,.2H,0 calcium introduced | 50 mg BCP + 100 ul
solution added to per 50 pl of blood + 50 pl
the mixture of BCP CaCl,.2H,0 CaCl,.2H,0 (liquid
and blood (as % and or dried)
as molarity)
‘o . -
0.01% 0.034 -
(0.68 mM)
0.02% 0.068 +-
0.03% 0.102 +
0.04% 0.136 +
0.05% 0.17 +
0.1% 0.34 +
0.2% 0.68 +
0.5% 1.7 +
0.6% 2.04 +
0.7% 2.38 +
0.8% 2.72 +
0.9% 3.06 +
1% - : 3.4 +/-
(0.68 mM)
2% ' -
10% 34 -
(680 mM)

Table 1




10% (680 mV) 34  Table 1 WD 2010/007229- 25 -PCT/ FR2009/ 000748
CLAIMS 1. A biomaterial conprising a cal cium phosphat e-based support,
i npregnated with a solution of at |east 5 one cal ciumderived

coagul ati ng WgeRP10/AB738Pport bei ng TthdBen from RBER/ BRI AR
a BCE', the coagul ating agent being in the formof an aqueous
sol uti on havifigiz@sconcentration ranging from1 to 50 nmvw1/1, the
proportion of coagul ati ng agent 10 solution and of HA or of BCP being
from0.5 to 5 by vol une/ vol une of coagul ati ng agent solution relative
to the vol une.of HAbeemeteHOR1 aomﬁm@sbhgmt Jallalivas pzi@pmoteimacéeai m
1, the 15cal ciumderived coagul ati ng ent bei n present % g

mf6f 1R

proportion rangi ng-¥¥8ht 2. 37§ 5 H]D O cal SUMFEN ot
of BCP, &@nd preferabl galcommSdeoi4edl r:rmlgud)fata:algcagﬁmper tglreaqufpdﬂ#t

?Leoioggtjl atzlong agent‘gI %g%%%%lzaﬁﬂ&&rﬁh%?g%ﬁ%g??gﬁé;ns?jnc ai WESIPI'I’] any
one of clains 1 coagulating agent being in the form of an aqueous
solution having a concentration ranging from 1 to

50 mMol/l, the proportion of coagulating agent

10 solution and of HA or of BCP being from 0.5 to 5

| by volume/volume of coagulating agent solution

relative to the volume of HA or of BCP.

2. The biomaterial as claimed in claim 1, the

15 calcium-derived coagulating agent being present in
a proportion ranging from 2.5 to 60 pmol of

calcium per gram of HA or of BCP, and preferably

from 5 to 40 pmol of calcium per gram of HA or of

BCP.
20
3. The biomaterial as claimed in claim 1 or 2, in
which the coagulating agent is CaCl,.
4. The biomaterial as claimed in any one of claims 1
25 to 3, in which the support is in monolith form.
5. The biomaterial as claimed in any one of claims 1
to 3, in which the support is in granule form.
30 6. The biomaterial as claimed in any one of claims 1

to 5 and also comprising at least one additive
chosen from: polymers, ceramic particles,
pharmaceutical molecules, natural or synthetic
growth factors, biomarkers, contrast agents, and a

35 tissue or cell preparation.



25t0 3, in which the support is in nonolith form 5. The biomateri al
as clainmed in any one of clains 1 to 3, in which the support is in
granule form 30 6.The biomaterial as clainmed in any one of clains 1
to 5 and al sHOc8RbPYEPAG2at | east one-albiti ve chosRGT/AFRZA0 D GARAS,
ceram c particles, pharnaceutical nolecules, natural or synthetic

growth factops, broepkers e contrast agentsy Andaa,38hbssie Ora 6l 11
preparation. WD 2010/ 007229- 26 -PCT/ FR2009/ 00074§ 7. The bi omateri al

as claimed in anyt8ne®of fQ%i W81 88 61 f omRuseitas 18n fnphaRiodn T
met hod for fillingialbpgesdebestdebe8cA conbination of a biomaterial
as claimed in any one of clains 1 to 7 with an osteosynthesis. 9.A

kit for carrying out a nethod for producing a biomaterial as clainmed
in any orie o8.cl ahneohbtinat@on, dhis kiibmeakpriasi g tbhea Coadi dat iaory

of an Ha-based or BCP:based; aupport yith g cal siumderiyed: o
coagul ating agent, n the formof an aqueous sol uli aving a
concentration ranging from1l to 50 M1, and the proportion of

coagul ating ggentp1%;80l i op,apd;af HAON 5 Ol BHRDEE NY %Egﬁhgiﬁgt% S
by vol une/vol une of coagul ati ng aglen_t solution relative to the vol une
of HA or of BOPp. Piomatqplaihaskitladdned aifred™n Xl%i ¥t 9CLPAMRNLCH©

t he 20caagul ati ng7 pgent si kiGa@empdidsidhetkiet st | &f ebhhesa-
one of clainms 9 and 10, iC. er.ivl

devi ce conprising’a"$ e?%?&ﬁ%ﬁ%ﬁ%&%%ﬁﬂ}i}% .av\/rﬁa(aitul%‘b_s &eq
is placed, (b) acsteuideimesexyoit, cairpr itsiag fdwen cadgulaat | rguagerst .
solution having a concentration ranging from 1 to

50 mM/1, and the proportion of coagulating agent

15 solution and of HA or of BCP being from 0.5 to 5

by volume/volume of coagulating agent solution

relative to the volume of HA or of BCP.

10. The kit as <claimed in <claim 9, in which the

20 coagulating agent is CaCl,.

11. The kit as claimed in either one of claims 9 and
10, which comprises:
(a) a sterile device comprising a sterile inter-
25 nal cavity in which the support is placed, 7
(b) a sterile reservoir comprising the coagulat-

ing agent.

12. The kit as claimed in any one of claims 9 to 11,
30 in which the device (a) comprises means which
allow the biomaterial to be applied in the region

where a bone defect has been noted.

13. The kit as claimed in any one of claims 9 to 12,

35 in which the device (a) consists of a syringe.



12. The kit as clained in any one of clainms 9 to 11, 30in which the
device (a) conprises nmeans which allow the biomaterial to be applied
in the region where a bone defect has been noted. 13. The kit as
clainmed in aNp 8A&04P0ZRAPNE 9 to 12,- 3BT m which t IRCRYERAAD/00748
consists of a syringe. WD 2010/007229- 27 -PCT/ FR2009/ 000748 14. The

invitro or ey vi¥Reuse of;@-bi guatsrialyasyckaided; i Biapytaneaof as
clains 1 to 7, as a support for the productjon of bone tissue. 5 15.
The in vitro or eX1%i¥edudd 6fYa BicorRdt eFtaMAs! cFQi fred2®n 2afPRIRE tof

claims 1 to 7, foropredechagdachbone bapbané . tissue.

5 15. The in vitro or ex vivo use of a biomaterial as
claimed in any one of claims 1 to 7, for producing

a bone implant.



