WD 2010/ 007229PCT/ FR2009/ 000748 BI OVATERI ALS CONTAI NI NG CALClI UM
PHOSPHATE The subject of the invention is a novel biomaterial based
on cal ci um phosphate, in particular based on 5 hydroxyapatite or
based on a material conprising hydroxyapatite, such as biphasic
cal ci um phosphat 281D T2#ci um phosphat e cenents, RBRCHEAFR2ADFAX0074S
preparation thereof and the use thereof for the production of an
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are very nueh purveyors of post-operative CoO i ons € SI
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fronlbon? WBQU¥ge%%ger § de%gggg,, from "tight"™ pseudarthrosis

(faulty consolldatlon of a fracture where the loss of

substance is virtual) 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 from the

20 iliac c¢rest (geld standard). Large defects (= 6 cm)

require much more cumbersome'pmocedures, vascularized

bone transfers or a Masguelet procedure. Even so, the

amount of autoclogous bone that is available is limited,

the bone consolidation remains random and these various

25 techniques are Qery much purveyors of post-operative

complications at the site where the graft is taken.

Various biomaterials available in <clinical 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 is



selection and cell culture in vitro. This approach is WO
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bi omaterial from.a support which is synthetic, and therefore easy to
produce, wth constant and honogeneous properties, this nmethod maki ng
it 35 possible to obtain properties that are superior in terns of
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up until now been used in maxillofacial surgery where
the problems of bone <consolidation are not so
important, but have béen used little or not at all in
the repair of diaphyseal bones.

20
The methods for producing these impilants regquire blood
to be taken from a donor, most commonly the individual
for whom the implant is intended, and then require
steps in 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 bilomaterial from a support which is
synthetic, and therefore easy to produce, with constant
and . homogeneous properties, this methcd ‘making it

35 possible to obtain properties that are superior in -

" terms of biocompatibility and enabling the rapid
reconstruction of albone tissue of quality, without it

being necessary to use culturing or sampling steps.



WO 2010/ 007229- 3 - PCT/ FR2009/ 000748 The i nvention nmakes it possible
to remedy the drawbacks of the prior art and enabl es a bone of
excellent quality in ternms of hardness and vascul arization to be 5
obtained. In addition, the nethod for producing this biomaterial is
sinple and eawy 201@A00RR2Ut, does not Bequire nul PCpfERPFOLADO7TEAS ON
the individual to be treated, and is relatively inexpensive conpared
with the prior art nethods. 10 Hydroxyapatite is part of the

conposi tion of many bone reconstruction materials. Hydroxyapatite .can
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for prodl}@i ng hydroxyapatite nanoparticles, this method 30 conprising
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calcium phospiiate or “in calcium phosphate cements.

Biphasic c¢alcium phosphate, BCP,  is used 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) Cain (PO4) 6 (OH) 2 and of - beta
tricalcium phosphate (Caz{PO4)2) (B-TCP). Its biocactivity

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 nancoparticles, 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 chioride solution.
35 ‘
BCP-based biomaterials have the advantage, compared
with the other synthetic biomaterials, of promoting

osteogenesis.



WO 2010/ 007229- 4 - PCT/ FR2009/ 000748 BCP has been the subject of
"many studies: Lerouxel et al., Biomaterials, 2006, Sept. 27(26):
4566- 72, 18, 287-294; Malard 0. et al., J. Bioned. Mater. Res., 5
46(1), 1999, 103; Mankani MH et al., Biotechnology and
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observations relating to the influence of the size of the BCP
particles. In the docunment Mankani MH et al., the method conprises
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However, the Cl12 concentration in these ons iS Sso

That. 1t it v dSRANGRRr HHe BEnACAESH I BRLCPELEHT FAvoRL fon
it woul d act laisgtear arthiecoagbbant us8% Tire tnm BEBRomenpoheht s,ofHA tdued
P- TCP, resgnt. tihe fwo main types of cal ci um phosphates used in
bone and ental surgery. They are remarkably bioconpatible and WO
2010/ 007229 _ 5 PCT/ FR2009/ 000748 it is considered that combi ning
t hem provi desTeothatit @&. bépaetliyi Blocanderhelef ord, gratutser EIF4-Cdd,

th HA al P-T
component s ( LS %h%’%e}%ogw %sltao%aayéfon' oPES oA TP for
the lmplantatlon of a B P/Sl 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
cand 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 B-TCP, represent the two
main types of calcium phosphates used in bone and
dental surgery. They are remarkably biocompatible and



Hydr oxyapatite, as soon as it is inplanted in vivo and by virtue of
its chem cal nature, can pronote, at its surface, the formation of
mul tisubstituted nonstoichionetric cal cium phosphate apatite (known
as 10 "biological apatites") by epitaxial growh. This |ayer of
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support based on at |east one cal cium phosphate, such 25 as
hydroxyapatite or a m xture of hydroxyapatite and of at |east one
other material, this nmethod conprising at | east one step of

i mpregnation of the s ort with at | east one coagul ati ng agent. 30
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mean a materi al corrprl sing at |east one constituent of cal cium
phFSphaLe apa&jzfj,e Jymé:hmleft fouag Brydoosyapati Les 8f|1)uor@aaspegnat &t
mul tisubstitut non t Ol LLC.a t S P) a a 35
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Such supports may be constltut ed of hydroxyapatite, BCP, ns-ns-APs

and apatite ophLi Yy phos PN &HCRIFEMS baddd 2&40{@@7&@s9erx7atlon that
- PCT/ FR20Q9/ 000748, The sr(g]gort thus inpregnated is t| %ﬂt Iaag]%:ed on
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situ. In the tri een carried out wt CP, been
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to obtain gooshostwepenasts mmd 30dr esldd sBCB, a Woieh t teaueing v,y

sati sfactory allt nean f .
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wi th a sol utiBrEewnf amaglhr@tqgrh@ agefe, ﬁ@%ét‘-*@ogeﬁésu § s PR%Ai MEEN 15

According to sHe:MAd aHatQf 1tthh'enl/19Ei§:b99a ADLLSUPPOiHe lI&SeCi.eO@Jre—
cal ci um phosphat e, bas ydro %{agatl e, ek an a
an ed

i rélﬁpd?rtl Pci | ar
m xt ure of h eV a%%%’?ﬁe Cfﬁﬁcear aI it e
site where a m@@o wefssctom®acChe fad IJeeciJOHalm!ldesi tlhlerthanlrl‘eﬂ}rraltCed

in situ wisth @ sl utig@n ofs¢Rggul @td g aqe%ateﬁ_»%egabl Yshd he p3upeor t
used in the i nvention i.s gase on. hydr ox tp%atl oroa ilte

mul ti subst it TP SEBRERF ot i &©° Gt ses n§9i oa

m xture of one of these conpounds with at | east one ot her

bi omaterial , i@Rniahcalkel H%EB%phﬁﬁfcﬁ” A Edd f f YdBsipie  to
(Ca3(PM) 2), |ca CI um Ehos te di édrate (CaHPO4. 2H20) , anhydr ous

di cal ci um phésyiedtie sbcarPomnt patunpBgPerties of’ ‘a support
phosphat emnem/dﬂsrratae( GaeHBOEx21 &R 0)n teie angletiimantphospbat en.
(Ca(POX) 20) and octacal ci um phosphate (Ca8H2(204)6). Advantageously,

the support is based on hydroxyapatite or on BCP, it is preferably
based on BCP.TIgs first subject  of the invention is a method for

preparing an implantable biomaterial comp;lslng 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
conetituent of calcium phosphate apatite type chosen
from: hydroxyapatite, fluorocapatite, multisubstituted
non-stoichiometric apatifes (ms-ns-AP) and -also

35 mixtures thereof along with other. calecium phosphate
biomaterials. Such supports may be constituted of
hydroxyapatite, BCP, 'ms-ns—APs_ and apafite calcium

phosphate cements.



WD 2010/ 007229- 8 -PCT/ FR2009/ 000748 either in the formof a nonolith

or in the formof granules, calibrated or not. The BCP which can be
used in the invention consists of 5 a high tenperature frt. Wen it
is granule form it is ground and calibrated, for exanple by

screeni ng, acWora0hQy/A&722% chosen di andter. Advan?ﬁ@é@%%¢®8/QQQ¥4&JD

whi ch can be used in the invention conprises hydroxyapatite and
P-trical ci um phosphate in an 10 HA/ p- TCP wei ght/wei ght ratio of

bet n 5/ 95 d 95/5 b| bet 30/ d 80/2
vt agoouc Th8 o3 REg RO T BES aAEP RIS Rt ant 5By

rangi ng from g0, nmko 00D oy, BS‘X@”%%OL{%%JJ 0@6%&91%9&0 300 gm
and nore advant ageously ron1%

en t
parti cul ar t el e, WB%@EI i $PMER f-ﬂEOprC@é"gﬁFtl Nt i Ghei sblomaterlal
advant ageousl whiras &0 101y t Eizetrcﬁbtlye pbebesadt yalbet neentbet nremh80

and 200 gm id 1 gcrh%r{u'theOEDgg E&gkzsdoeé bejugen, 40 and 400, pay,

even nore and A vant ageou granul es or powder can be

obt ai ned in lﬁ’éﬁ’cetﬁaﬁih BRB, netdidtiieges ¥itbedcdyoBatiad &logd,
Bi omed Mater dRgsss 1996, p3351693 669, fadlier gboal - osdedimrd sMakan

Res, ZOOQ’ 51e§% 684 ghg %1sshe d% very satisfactory quality
by means of a method which is very simple compared with
those of the prior art. Without impregnation of the BCP
with a solution of coagulating agent, no osteogenesis
is obtained.

15
Accordlng to one wvariant of the invention, the support
based on calcium phosphate, in particular based on
hydroxyapatite or on a mnixture of hydroxyapatite and
another material, is implanted in the site where a bone
20 defect must be filled, and 1s 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 P form
(Cas3(P04)2), dicalcium phosphate dihydrate (CaHPO4.2H30),
anhydrous dicalcium phosphate (Ca{HPQ,), monocalcium

30 phosphate monchydrate (Ca (HPO4)2.H0), tetracalcium
phosphate (Ca (PQ4)20) and octacalcium’ phosphate
(CagH, (PO4)g) . 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:

e support, and in

BodTPy AR s P ves
a porous suppeite emere na Ibopar défedtarmastpdrousi BCR . ilteh jpgrleurdiazes

J



30 Bionmed Mater Res, 2006, 80(B), 32-42. : The BCP can be obtai ned
commercially fromthe conpany Gaftys SARL (Al x en Provence). 35 The
hydr oxyapatite that can be used in the invention is preferably in
granule form It is commercially fromthe conpany Graftgzs SARL

2010/ 007229- 9O- PRAPHHBRAH 000748 Mor& Farti cul ar | FEFA ?%%4199%13

relates to a biomaterial conprising a cal cium phosphat e-based
support, inpregohéedin tthea sotmt ba@n of mahol edist ceneircatice ufodar iofed

coagul at i ng a Qﬂulé%]e SURRQLL l&egggngtchosen from hydroxyapatite
and a BCE, coag ‘ating agent eing in the formof an aqueous

sol ution haV| ng a concentration ranging from1l1l to 50 mvwbl/1, the

]prODOB t i50n ofTﬁ@aggil;a&h?ah aaaﬁll tbfodls@aomaﬂﬂeo_fi%%@iorpfccﬁfﬁl e raﬁ
rrom 1 ol une/ vol une .coa ati g a S utlo
e at e 1 Chcuer e ekTs, B tanateR iPY: Sr PRl e et s
relates to a dronsd erard coari;xkp:satﬂgi,a cabxi uexpimlsphatie- bacsreezbnlng,

support, i nprg&gssAgded %”Eh@ %@Jdételnorhﬁmé‘éer' LagdvMMigeously, the
cal ciumderi ved 15 coagul at i ng% gent, the support being chosen from

hydr oxyapat i t BCRnd" BCE CahePRal ¢ &t didt | V&F coBYEPEF PR et ¢ ng
present in a w@pﬁryamﬂt&ngl m@df r gmt2ibaflei6l gmilosphaceal ci imm pemn

f | t |, o@f
oram of R 20 PO B FeTeRE Lt R R eiealTl o G DT Per
coagul ati ng agfesiferajoh é@ta’eﬁpocéﬁ‘rﬁapl brEAcaPE 4fh sapdvattggeously

i nstance: Ca&wde NO)D, aka( EbPAg) 2 or CaB04. 25 Advant ageously,
the coagul ating agent is calciumbased and it is chosen from

bi oconpati bl e cal ci um salts, advantageously CaCl2. In order to allow
the i npr egnatzixdjrﬁrdiaqemsgwppmrts iimvedvesc @l aronome HAPPerEhe aBEELN

with 15 particular a porous BCP, with pore sizes ranging from
50 nm to 1000 um, advantageously  from 500 nm to 100 um,
and more advantageously from 1 pm to 50 um.

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 moré
preferably between 40 and 300 pm, and advantageocusly
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
‘ 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.



30 the coagul ating agent, the latter is used in an aqueous sol ution,
advant ageously in an aqueous sol ution having a concentration ranging
from1l to 50 mwl/1, preferably from3 to 40 mvbl/1, advantageously
from5 to 20 ml1/1. These values are particularly preferred when 35
“the coagul ati Wg 2QMOQR2P cal ci um satt @ and i n paPETLERAGOLHA0T48 WO
2010/ 007229- 10 - PCT/ FR2009/ 000748 The proportion of coagul ating

agent sol uti omogad cgi‘aﬂﬁ&cqnaeinCE wheed KAveéheismt hQ@leteEhe to a
inventionis fromp0 vol une/ vol ume

f | a
ol it onrer iR wePhRttE A G orateatto e R e ¢
3, advant ageosispgo=ppr oxpregel e, wikdlcordistg utdcanatthezt vadrkant cof

the inventi Oncaié%nblc%@%%"d' akbod Su RIERY €dgBXt EMYLANSAYSSY: D¥eing
i npregna- tion of the cal ci um phosphat e- based §$ﬁport just before 10

i npl ant at ion EMRFLLIIIM: YWY IREELE 0o % IR reqfilad ke
bi omat e- ri ala@éntt hee iy emt itbre ﬁprappﬁyangaqheodwlédmuﬁnpnpmawangdare.

i mpregnat i ng ééﬁ%éﬁﬁf&ﬂi%hpﬁ%%ﬁﬁibefQ%ﬁeq %Hpgﬂf%wéﬁ Qh% propor—'

coagul ati ng agent sol ution reeze %
t hen packagi nigtdh A dega Btlaving @@ﬁ@ﬁtﬁ@ﬁﬁtéﬁﬂ §ﬂ6rPﬁgH tOEnPfIBF?s

i npl ant ati on.peirdfvapbageqQus! 4o Bheoy NpbEGREY ¥ONurkd rrefl sdadg@mating
m nut e Zq to 1 h urol% eferabhgtiroq%l1%o 30 nlnut adva.%qﬂﬁpusly
0 a

from5 to 15nqe E&ggralng é?vyéPPSn ?At%e i'hvent'i on

a biomaterial of the i nvention can be prepared by 25 inpregnating the

cal ci um phosphatfehased Sﬁﬁeorin%ﬁtﬁcﬁq ceagukati Ngo ageNty isAlavkr 981
and ‘then this blonaterlal s der-sterile conditigons and is

Fhas Sored RIATIRIEG B LA BRS e ARG PRAE S RS | SUERE bey TAREGT
the inventi omated iwlygossi bbeut Dornef skon lehat tdne (welcdunrderived

phosphat %ba%%%)guﬁwaert aBbogmt ethal igyeandi nad thilien cron:

coagul ating agesit in orm _In particular, bi omat eri al _such.
as BCP or HAhﬁ?ﬁ&ﬁ%&@?téFeg?aﬁuFeB@Brn?%%nc%%P%H@«Q?rlved 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 biocompatible calcium ‘salt, for

instanCe: CaCls, CaKNO3)2, Ca{EtOAc), or CaS0,.

25 '
Advantageously, the coagulating agent 1is calcium-based
and it is chosen from biocompatible calcium salts,
advantageously CaCl,. In order to allow the impregnation
cf the support, in particular the HA or the BCP, with

30 the coagulating agent, the latter is used in an agueocus
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/l. These values are particularly preferred when

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

cular CaCl;.



35 with a calciumsalt in solid powder form This biomaterial may

thus be stored until its use, and inpregnated with an aqueous
solution, for instance physiol ogical saline, extenporaneously j ust
before its WD 2010/007229- 11 - PCT/ FR2009/ 000748 i antatlon at
the time of i¥Q 28E0/Q07@27 thus be implhted in noff 0748y

form According to the invention, it is possible to enV|5|on 5 addi ng
to the supporthe aﬁ%;ﬁd’!rtﬂ@:rdi(ﬁiﬂﬂ@daéﬂitﬂ&gB@Benﬁn%o%tﬂBheaﬁﬂt o@nala

addi ti ves such_as; §8g98ﬁ?§ lgﬁ% COHII rtlc%e%he @%%%E%%'ﬁ%lfrom

mol ecul es, bi Oacttv PEngf or Cusin gése materi al s
bei ng: their ®i Focmr}fatb}bl‘tqltbyﬂe/a[@lalmgenéeCgﬁghbg’%ttm@ea@fl’ffecﬁﬂml@ﬁ

Athe bl ood Coa£%ﬂé¥1#81863%%%'%@1g§ﬂ°6kdﬂﬂn§r0$ft@@§e éﬂéﬁ%& E%%ﬁ an
unf avor abl e ef fect. on bl ood coagulatlon this shg be taken into

account i th%1ahﬁhnﬁdaﬁn583§8P LY PRGOS e “used. For exanpl e,

such additlves or active agents can be used by grafting of 15 the

support, o4 dd Keo Dynddndngal LAPY egnali,on gﬁvéwtf&@“%e

Such addltlves are, nown to those skille he ‘art, are
i ntended to npHIMREaHE L heD 85996¥e@h@><5ieaﬁat@ta%t53o¥ PY¥s BEHRERET i n

vivo (hardnessior esOrid @l Gskeppesphbse-Bisdd agdpart thest2®efore
oecurreng% of, gﬂf tions ?5 of knflannatory phenomena (anti biotics,

anti-inf et i vEPLAEE Ry anna?orles) It is also possible to

envision introducing into-the biomaterial of the invention one or
nore therapeuid Ci £5; T8d esdk @ﬁole’sut%" a&mc@ptﬂ@mr&mnm fl:C_Uomate—

preventing O treat n atholo |t|o cho f.or exa | e
from a canceér3n tfclb%pjgl? o%r?tsl omé’os éﬁtrlgwé"ﬁl\gl

i ntroduci ng |dunﬁttmmﬁﬂbdmaMEmgemhﬁ mﬁldﬂum|phaﬁnham¢"adﬁpdsaumpgsue
or any OyRer igsuge %agﬁtgtpﬁgp%@htorbom&eﬂ f regmant t@rmtd ent ber

whom t he bionmaterial is’intend this adi pose, ti ssue or

preparation NaRASHE™ Eﬁn§u§ﬁ@ndﬁﬂibE?%WeH%ﬁﬁagtpindeuBﬁeﬁl gﬁﬁlé?
physi ol ogi - 3orehltisaki aad sV 204 0 O0#FR29- 112 iRGTARR200&E 000748
~al so possible to envision the presence of biomarkers or contrast
agents which pronote the visualization by nedical imagi ng of the
resorption oﬂ“ﬁﬁ@tﬁﬂéﬁﬁﬁéfrthan&mPF§gFa{é°?ntt%% oF gahPEml minute

20 to 1 hour, preferably from 1 to 30 minutes, adwvanta-
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, it is
possible to envision that the (calctum phosphate-kbased)

. support bicmaterial is combined with the coagulating
agent in powder form. In particular, a biomaterial such

as BCP or HA in powder or granule form can be mixed

'35 with a calcium salt 1in solid powder form. This
| . biomaterial may thus be stored until its use, and
impregnated with an aqueous solution, for instance

physiological saline, extemporaneously, just before its



5 According to the nethod of the invention, the support, and in
particular the HA or the BCP, is placed in a cavity of a closed and
sterile container. Wien the support is in granule form it can, for
exanpl e, be 10 placed in the internal cavity of a syringe. The
appropri ate aW@uUARlGIOTERLRUl ating agentl] s introduBed/FRRAPIMION748
container, for exanple by drawing up using the syringe if such a

device is bei ﬂﬁ}pl’é{ﬂfbtﬂeﬁl I naﬂc h@h@aﬁgmé\h%tfﬁe ltt@e SHppoft , caRdehlds be
particular the CE, isinth f a nonolith, the

latter is pla ‘.i‘rht%i} Gﬁhfq&PﬁE‘Pr‘B‘ﬁn%*b 'o Fyat Thape and size. In

all cases, thé volune of the contai ner is such that 20 it allows the

[ntroductlon @led it dlesld oth A lonG0agul A 104 AYEN! 201 Aon The

cl osed contai ner, contai ning the support partil- cular
the BCE, and 1¥& tbakpil EPFnﬁquéﬁcha"ﬁleSUbep%ﬂ%RJ@df %% aaetécau ow
honbgeneous gy egiat meeof opheorbafomc&mtakresHom&ler aPasFol@mers,

I mpr egnati on Iy t he 08 n

et loned. S0 A SR QR0 RIS, By
formof: a REAFEnedds Iqoq'lehlal@agtéorM@hnq h@ﬁ%ﬁﬁ)p@ﬁerﬁéésb@@ﬁn%ed
in granul e fameir ai@@idddibiineyavdr | @sséfcavhbehnapgeliit! @s#_fwbt;h

WO 2010/ QQ07229- PCT/ FR2009/.00Q748 Acc r.di_ ng e vari
i nvent i oﬁfa i 94 s]]boskélf%‘? %agé‘}‘?\ﬁo%%’n éﬁf‘l nahPHggsﬁﬂﬁoP? &fﬁ?é?l al
directly in tdwsligpaes thaviee afi Iure?d;voatpbﬂenatftfycas oa milebdr eongtihat he

coagul ating agep, ivhiROWden fOkB aptkd m@@ h@@é&&t{‘aﬁ NGhét ahBugttu,
ent solution when it is already in a

either with coagul at | a
mxture with O[fﬁ 863@@%& t7%hg 2468ht , T E:’ﬁ’ au§9tﬁ1't abPE RIS soPUER oN
such as physiagldigiical sal iawiviet dgeralssagpodss bheed obgnyrsfomg of

i npl anti Ry i tthew@%%b&tl spep bheut 1ok of & didpdriott 4 reh: bg

coagul ating agent héut T npregnating it
i mpregnat ed W%t Y% HEFIGEd BUGH taﬁ’éi%&l'*’laéunﬂphﬁht P§§u@§lllgn%\%th‘ér
subj ect of theodseveskilard sira. the oaRter iaak comanideidng A Be@PDY ttihased

on, cal ci um phasphabs. GHohas Nvdesanatide oo aLBER, L LIPrsong 5

with a solution 0 oné coagula agent, deéscri
above. 20 Acdbedingséo trReopRysPRal Oﬁﬁﬁﬁﬁ@ﬂeﬂ@ sgppépt aqﬂchmr B@P

?Rd t he mtvpe o@tu@@zéh@@t \aFi Clhdﬁ/&rt@dﬂl%e%bﬁ OoPr @aaggmﬁlgeobg{ ﬁﬁﬁéﬁéﬁl@ﬂla oft
e inventio a erial, ca n e a | e e ans nos
L ol ot or TeREEhSelRrE L S o0 P BB St P sl

It is alsoc 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 pathdlogical 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 is intended, this
adipose tissue or this preparation having besn
.suspended beforehand in blood or plasma'or physiologi-

35 cal saline,

Natural or synthetic growth factors may also be

introduced into the biomaterial of the invention. It is



25 Using a tool such as a spatula, or using a syringe, the end of

whi ch conpri ses an opening suitable for the rheology and the size of
the particles of the biomaterial of the invention. It can al so be
inmplanted 30 directly in the formof a nonolith. In the latter case,
sai d nonol i t¥OvR#304087229%en desi gned ¥ tri nmed BET{FRL09I/0U A4S
and its dinensions correspond to those of the space to be filled. 35
A subj ect ofatde ﬂdﬁ@rn:tlieortoi erdlisaoca mRehpdefoficdidt i vipormalione or

oot sing scTid, CRWR3! NP8 BhERRed SLRY, ADOYEANGASP b

conprising a~¥tep o Flng deriaftinto space whére a
bone def ect mméldﬁéenlmmwlgﬁomgre&@rptp@w FP?QO@%OG@WW@&

This nmet hod fmy &lSF-6QMEN $8t hsS§iet 4 Ci Si onand suturing steps.
According to the size and the configuration of the bone 5 defect, the

filling with the biomaterial of the invention can be conbined with
t he t enpor arAc@pplingatticorntted reathost enSyrttdhelsiwenthiooh dgiheesudpert,

af fected tisaye Lhe neeessany wpehani cal ehiengsh Wi s1ihesbone.

reconstruction t pl'ace on the site of | nplanfation of 10 the
bi omat eri al GiVitht¥e PAveht IC8RSCAs dHE BSHFEALBr SHEFE St edDéhe the

_inpl ant at i onswfpdrte bs ormt eftalulef foem,i nyentdaon hésr rradampILepoml bl e
to pr%nné%_the forna%h%n th% gi t&Q@ié f§¥/W§e§§%IS§LCh|%he

- vascul ari ze one tissue in's riods thi's bon e béing
very Anot herPrpmré @t eofanayayy n@%nﬂpéﬁu%@)’ﬁ@ﬁ%t g9ent g iRj tiftgioduced

into this container, 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 is 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, sc as to allow homogeneous impregnation of
the bilomaterial. 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 liquid, when the support has been used in the form of a

menelith.



carrying out the nmethod of the invention, this kit 20 conprising the
conbi nati on of a support based on a cal ci um phosphate such as a

hydr oxyapatite or a m xture of hydroxyapatite and at | east one other
material, for instance a m croporous BCP, with a cal ci umderived
coagul at i ng afent0lvfiiti2fgeously, the Jc;’oa-gul at i ngPYB/ BRRHAS /1090548

bi oconpati bl e calciumsalt, such as CaCl2. The ampunt of coagul ating

agent is cal cm&@éﬁﬂlr&p s die vaeARanRsakethor i hhen @i, coagulsapsefifect

f th I hat d ticul th d atit
o 50 £ or L B Bo ettt et ABRLFREERE sarPouRbk D) LoRRe  Ghcn

a conbinati ondma@cwef i bnt éef oypaaef Bo kbe clongradsi ntgatﬂﬁla(lay as a
sterile deV'Cﬁa£¥HHH'éiHHJEhé“é%d%ﬁiat&h%r%@%S%a!ht%ohﬁewhkgg?gg7zgg_

support, for instance the BCP HA, | aced 201
15 - PCT/ FI@OO@‘?%OW@W‘{%U&{%H&M i pdéer v@nllthéérrﬁ’rlt§‘| fyaghdating
coagul ati ng agentt Jbeutbservory Whenmat béspantreatiyt e devimigt(ag or

my 5 be a s t e, ent S e ot I he
'cozlgul ating 2”8%{ % béec;a%/q g%qlnﬁ aa%eter to%F%ng‘af EL?‘E%P%T] %H%Qué
i nt er nal cavﬁt%/l‘iﬁl%eséébl cés (ahysooleadgeingeaibireh ald ows t Réso

coagul ati ng agedipie be lénxelcstlaﬁh |1r1‘rtl:Q_atIﬁ@_n@a\tht y wa eui hes SUPPeRE 1S

pl aced. I_L% Th],:e i nternal VI té\ t he d. cgﬁ% ta si ze Wn!:ch
makes it PossiBie £5 ift ro Hherei i’ ‘f‘o%‘?u Gagid afPhRg"-
agent necessarhthiogit prigttrgangtiihg biidnat eandl dfavhegi nviént itom, bad

al so the ot hemzeRgkickents tof the Mxidle, SHER aghef Orsu@fé{]]%&fngw
active i ngre% ents Al so advant ageously, the device (a) conprises

nmeans for Mg°the biomaterial in the region where a bone defect
has been noted. 20 Such a device may consist of a syringe. It is also

possi bl €150 eRi$ie@n Eéb?@c@ dfvi ¢eSUGhvBReile one desgibhgdel a0

02/ 068010 conprising a
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 biomaterial 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 h
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 monelith. In the latter case,
said monolith will have been designed or trimmed so
that its shape and its dimensions correspond tc 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 aﬁd also comprising a step of insertiﬁg the

. biomaterial intc the space where a bone defect has been



25 inside which the support, in particular the BCP, is stored and
into which the coagul ating agent is injected, and for which a plunger
can be fitted in order to release the biomaterial once the latter is
formed. 30 A biomaterial -according to the invention can be used for
the producti oWOo20E0 A2 ANpl ant, whethled it is a BOBAFRIMODIOGAN48 ng
a fracture, a | oss of substance of traumatic or tunor origin, O a

defect fol | ow,pged 36n %rgﬁ&%dorﬁ&gd@rl%o Uorfridiedi pgsthe-frididing of
a prosthesis. WO 2010/007229- 16 CT/ FR2009/000748 The bi onmateri al

can be i ntrodiREF B E%hSTEP%a surgical procedure in the region
where a bone defect nust be filled. After incision, the biomaterial

i's inplanted ﬁg&f&% n;% N gﬁec'aaae@heTgﬁnPieﬁ@é@mr@lo@f l'feh%one

i nvention can be co W th an osteosynthesis so as to

t enpor ar y TonddfsHat |1Hhe \Aﬁ}ljelwlﬁfhgﬂt%é“sqnl?&qufét i%n 4 tiiwen-

defect regi ongiyn tden b@@ecbmmm wlaating oémpdieapr agigleisias iwint bt he
bi omaterial of the |nvent|on makes it SSI [ t

oot o BEob RIS IR [ oBP2S, BhE S3-BERHN: Rithe che
The bi onat er i m¢cedsare mﬁvbﬁtlr-@ﬁl cmralngéhbew@%%@ Milevl PPOS orre®enyi vo

as a support éé%uéﬁﬁbd”ﬁ&%@ﬁ'@@a@é Baned ssies of IpRAhiealiby, othe
cul turing of %&ﬁ]}cells ar un% FEIS 20 biomaterial nmakes it possible

to produ Tqedge SSUBEFYudttl y i npl antable.  Anot her
subj ect of the invention is the |n vitro or ex vivo use of a

bi omat eri al %d%‘ﬁ&“ﬁ%nﬂae € hafvR r%ie%rod&&%ngm?mﬁ@@timl 88t the

According to e 1 nvention one cells.can be cultured on the
bi omat eri al d?lqm?é:qrﬁﬁént?%ntpﬁ TS doRalitsg R shap@°sfibhe to
prosthesis thatoridtd stitkestoatattorB0oprodnuecetifheeccuiht whorg oferdelss

der th d b tihl
ostnent ot TR ek OB R L oo 9
richly vascularlzed

Another subject of the invention consists of a kit for
carrying out the method of the invention, this kit
20 rcomprising 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 1s calculated so as to
compensate for the anticocagulant effect of the calcium
phosphate, and in particular of the hydroxyapatite, ahd
30 to promote blood coagulation in .the surrounding

tissues.

Such a combination may be in the form of a kit compris-
ing: 7

35 {(a) a sterile device comprising a  sterile internal
cavity in which the support, for instance the BCP or
the HA, 1s placed,



WO 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 adding a solution of calciumchloride to BCP and HA
before the adudt2erDA001d2s0d. Fi gure 138~ Phot ogr aph/Fit2a 08y qooddact
obt ai ned- by adding 10 a solution of calciumchloride in increasi ng

concentratlonb o0 BCR. Fisgure 4 Ic_a‘L trgn mer t1
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coagul ant (A 2€"%nd of BCP nmicroparti cI es (80 200 |l am, or of

i nplants prepared according to the usual protocol (B, D). In the

i npl ant's pre e t C the se of fornati
net wor k of f 1 ﬁr%gndnp#tr &1 p<'§15‘r%oun théa éiregllr% |§r)1no te a‘%’A,
O . The wh¥ teb@Oaaﬁ@BWfﬁ’ﬁe(@ltF-hﬁl éat:bs asorfe Tk bdood bekkse from

deposi ted on &Hhﬁ:kgr@hélsco%@i%:l.rfg B?erlﬁ)ocﬂm e d3xed) oM order to

EXPERI MENTAL SECTl ON 2 | at
o el 1 6 AT ar e AR SRE oBEr SR b S b Sl

t he operati ngrooneyringosnshstls ahlovxi hiye knaghbabidy @c_ﬁexat to be
pol ypr opyl enej_rﬁ])@'dt%gieﬂ_nlégptﬂér &é@i@? kA t%% %Qgﬂ&!k@tié‘%?&?&}

Cad 2. The i [Tant at i on of bi omat eri al te where a_bone
defect” had b nb?E%irrﬁJonﬁﬁgétﬁoé’d?ulg?‘? oﬁeé{i“éﬁnd(at hel®i Gfatder PAFE 2.
Materi al s andmm&hmi&eSBSthbsstphaso cicateduds phesphat ehpashbahes:

The bi phasic e 3u.ﬁ;guq ) i of %

of hydr oxyapafflat eé ( b%}%% %%%%PO—D cgggégg %8%% O%%?B?%gﬁgl uﬁqﬁg

phosphat e (T@pomggggpeg)zyf TeBe invention, and also the other
constltuents of the mixture, such as, for example,

15 active ingredients.

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

20 _
Such a device may consist of a syringe.

It is alsc 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 biomaterial once the latter is
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, or 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, France). The particles were sterilized by heating
at 180C for two hours. 5 2.2. Measurenent of the cal cium
concentrati on"@n20AR P TA2%m: The cat ct@im concent PET! BR2ORY HRU4E ed
in C57BL/ 6 nmouse (Janvier, Le Cenest-St-Isle, France) plasma. This 10
pl aiggo\Nan pr@%r ashod niklioodahak e Omgbeﬁaﬁ&é‘d bgyceﬁﬁalrﬂs‘ uget i @nh
at g for m nut es. arin_is.used as an .anticoa nt |
does not nodi F§"THhe |8£?r%g§§ Ti U gc(%lﬁcernefgrlaotni ovﬁheﬁ%ega%’én%si%e%\%ac(si
carried out imust Hheacliiliedondtfdedetnces{ion| ede Fiameegrialb 2s3.

Preparation Oim%M@éH SN heukgteal ofr pSedidRiq As il lustrated in
figures |Ato 1D, a syringe (1) conprising a hollow cylindrical body

(2) in whith a pl unger (3) noves is used. At the end of the body (2)
20 whi ch i s nohe chbsestaffa byof hehpl ungentitvhecbhodypeofcdntve neyr iwigéd i s
cl osed of f hy i 4) ..lnt y. 11 iRGE,
bet ween t he e%lg %E#é%yﬁﬁ%ﬁn&g{%ragn Ot%%%t%%@%%%ﬁter@?%&%%e
granul es (6) otOBCEhAfPgAWRIEANT THae widriddgasier| |95 e8hpr id5Eecs
its 25 use. They®id Gf thieepoyki ngeshesaring the filter stopper (4) is
pl aced irl- a container (7) filled with an aqueous solution (8) of

‘CaCl2 at 6(1) concentration of 1% A backward novenent of -the plunger

(3) allows tHecasigiutébntpd) prosbeesiawiibp itheobikaapsgyal2pfofthehe
30d5yr;ngetgliniéﬂﬂl%ﬁf;ﬂ%@és }erW@Qhﬁléftbfﬁkoﬁé?é{Eﬁ@iiﬁﬁ%ﬁ%ﬁfﬁi@nLn
order -1 or e » par Cl es O | npregnat e e utli on,, an en, Yy
Toans of t he B drigBid s hbS Bttt o i H B BroPraeEen s
expel l ed through the .filter stopper (4)(figure 1C). The filter (9)

is 35 renqmvedrid o) fhecdiddier o5t @RRET: nldhr3BH RaRr &Sy &ONuEBE in.
pl unger (3) makes it possible to deposit theO]?CP géanul e gg)L £
i npr egnat ed WtHFSoPEit €8n 8° o t Re SURBCSH107Y07529- Prgduction o

- PCT/ FR2009/ 014 & igpserat i ng site (10) (figure 10). The inplantation
site is then closed up again (step not represented).

Specificaliy, the culturing of bone 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 1is desired to
30 produce. The culturing of cells under these conditions
makes it possible to obtain a biocompatible prosthesis

of suitable shape and dimensions.

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

surgical procedure.



3.Results 5 3.1. Effect of hydroxyapatite and of TCP on coagul ati on:
50 ng of HA powder or of TOP powder were placed in the body of a 1 nl
syringe. 100 Al of blood were added to each syringe containing either
HA or TOP. This m xture 10 was placed on a wheel allow ng the powder
to remain in HAsPeH® @329 t he bl ood duk7ng the coBRGUIER2QIPAIAAT A8

i.e. 10 mnutes. In each experinent, one syringe containing 100 Al of

whol e bl ood tF@%ﬁE@ 2 k:?ra %cOtffﬂrL%tﬂat%onlcbﬂ‘“ Bhen &h%lme%ono%%wed ‘
as a positive_ 15 contr t he goagul ati on. hter nut es, the
Sheol "Ts st opbEat LT LyRi RUBEMAr 0 SEBIEFEA - £l e fE I o ETRR
t he bl ood/ pomﬁbatenbotame;arsaémtract ed by pushing with the syringe
pl unger. Coagul ation of the blood around the powder is or is not

observed. Each 20 experinent was repeated 3 tinmes. It was observed
that, in the ptEsehcd offhsGoayash ERE RPRAVGT APtgIeE BlYoddidipge
coagul ation wassénidiwr ed cEheibhoed1sen®d nso | Bopli£hd 2B GaForrel the
positive cont r lat.ion. A clot and a serum extrudate were
observed. In %Cﬁéel%roenséﬁggﬁog& ng of TOP + 100 121 of bl ood, 30
coagulation occurred; this results in the formation of an inplant in

which the fi bﬂ‘ighflaeta’\&@r bn&esggaﬁﬂeopomgrpfwmgﬁmlnﬁdl by adding
suspenS| exp r| £ with calcium 35
chl ori deq‘&aw%gsfﬂggﬁl%ﬁdtﬁ t%ﬂtar?émsy‘?l? dgeonfrél APRgSEREHACSPESP t o

t he i ntroducttimatighsblitoo8CPcoagul ati on and the formation of "an
i mpl ant were found. WD 2010/007229- 20 - PCT/ FR2009/ 000748 3. 2.

Ef f ect- of BCP on coaglul ation It was observed that blood freshly taken
(100 gl) in Figure Scanning electron microscopy analysis of

implants consisting of whole blood taken without anti-

15 coagulant (A, C) and of BCP microparticles (80-200 pm),
or of implants prepared according to the usual protocol
(B, P). In the implants prepared without calcium, the
absence of formation of a network of fibrin and cof a
blood clot around the grains is noted (A, C). The white

20 arrow in (C) indicates some red blood cells deposited
on the grains. Scales A, B: 100 pm; C, D: 10 pm.

EXPERIMENTAL SECTION

25 I - Effect of BCP ahdlof HA on coagulation

1. Principle:

It involves an extemporaneous procedure carried out in
the operéting room. It consists in mixing, in the body
of a polypropylene syringe, BCP particles and a
30 coagulating agent: CaCl:. 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) biomaterial is
composed of 60% of hydroxyapatite (HA; Caigq(PO4)s{0H)2)
and of 40% of tricalcium phosphate (TCP; Casz(PO4)2). The



t he absence of anticoagulant and innmedi ately m xed with the BC?
particles (50 ng) does not coagulate. This anticoagul ant effect is
nullified by the addition of CaCl2 (20 gl of a 1% CaCl2 sol ution)
suggesting an uptake of the plasnma calciuM by the BCP. This

hypot hesi s waBOc2Pi0f0R&RAY neasuri ng-th@® <Tal ci um EERLERZPGI/ AP T48
the plasma before and after contact 10 with BC?. For this, plasma was

%epﬁr gd frorrtBéE , f&ig%egelﬁlmﬁ ﬁf&«@b&n'4bemfd n%@@n;rdi@?@ﬁ?LaJHre

i ch does not nodi e_plasnma_cal ci.um.conc at j on). e
presence of B&ﬁ?vhd%‘ic?%aggei ACPRE™ I é§gr1§t¥fil gg%{h é%ﬁ%éﬁ?—r%‘?‘fﬁl%’om
2.06 0.06 mbtadcénor fae elrtérlee Ier@® 59tefi Dizathvldy 1henttihg at

presence of Bgpywas:obsgryved, Ll - Effect of the calcium
phosphat e- based biomaterials on plasma cal ci um concentration

1. Principl®: 20 Aliquots of 50 ng of BC? (60/40) micreparticles, or
~aliquots of 50, py wéadirerreraf dF TR wes o himpughicdntira tdont act midim
ei ther 50 ¢l dgiagg‘g): or with 50 gl of a 2.5 nM solution of CaCl2.2H20,
and left to y overnight at 56C. These biromaterials were deposited
in the wel | s PBe otakcioBr garicemtepspPat ¥as106agired b Lhiklpiepaies
from C573L/ 6 (paise; i 000Ld akesan o tmpardiR, anraiideqoagillagdnt . Whiteh s
does not _inter: esre with the ca‘lagiu rI ev%, are ddeq to e’ach.ylvel Ib
After 151 nt BT TRCUBAEPBACt he Satd Sits Garti Phgbacraits. bY
m nut es at 80Cemtaithaadid o8B0 supdBRat gntBomeld tmkurtds oHeearim dssay
the cal ci um coneentyisat i N Qf 1tBE ¢RI AsFR whliRS CAbEL URASSAYAVES 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 illustrated in figures 1A to 1D, a syringe (1)
comprising .2 hollow cylindrical body (2) in which a
plunger  (3). moves is used. At the end cf 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 gtanules (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 tec stand for
10 min in order for the BCP pérticles 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 (6) impregnated with solution (8) on the



carried out using the Quanti Chrom Cal ci um Assay kit (Centaur,
Brussels, Belgium and according to the manufacturer's instructions.
For this, 5 gl aliquots of 35 supernatant were brought into contact
with 200 gl of a solution of phenol sulfonephthalein, a dye which
forns a bl ue-¥0l 2020/ ®7@A% conpl ex iH 1he- pr esenceCoDfFR2Z GES Aord 07iagm
After incubation for 3 mnutes, an intensity of coloration,

measur ed at 6g,lgegé;tlry&1|§pﬁés g(y)rec(:ﬂguﬂ:g qqgrtllq{gﬁl nltupp_l.atrﬁ%t(l%lnmsli@e

concentration,in the I's obtal ned

calibration rifige$y Cﬂﬁb‘aﬁ*&lré‘ﬁ GepMy {FecR d}qfoﬁelﬁ’@‘eééﬁ§§ﬁiratl ons of 5
calcium 0 - 0.5-1-1.5-2-3-4-5nmM 2. Results: It was
noted (figurez2) that the BCE in mcroparticle form,and also the HA
powder, brou act with 10 plasna, induced a considerable
and si gni f3 caft! deéfkante ¢h hiEreaverad conasdt odt | BAP obnsaiadgpilasmm.

The decrease tingal ci um concentratl onis simlar for BCE and HA and
of the val ues qgbtai.ned for

i's not observ for t he i
the plasma al o gf%\ _roZPzF quPhé)oﬁd&§n§erﬁ 8°FfedBnEBE of
BCE (0.871 qucao @rﬂ\/paahdrnl heypiagen L0tk pfebéoce wérdﬂAa@GeﬂMo

0. 121 m), the &l ﬂrﬂgléotc%%a%anavglﬂe%fdﬂﬁt 09 k&3 PRl 5 Okl‘;g@hgéum
per of BCE or 20 It was al.so noted. that the addltlon of 50
of angOS A% dHAGe6h @ .ae.WI’tﬁeﬂZEF‘]ﬂT%'Il}"gt Ghﬁhé’oB@Er FOt REMRAP béfor e

add| tion of thwespgeinasea ndethé pdssidblauting esior ecagnbatibdn pkassp
cal ci um concentJ at i;gn (.ﬂflhgtghg 2) InTh aéﬁ?m%@ﬂ]@&e&f cal (él ug},gmr}gél de
as he

added 25 to P-TCP adds to the'initia cal ci urh and con

absence of uftC&iByIEhi 300 lbhatr i éﬁ'lhot}ﬁdeblf’%@setlﬁftﬁﬁﬁch dake the
Mor eover, it otaerehser eedithatint ke mlecmwu@empt @kﬁev@aSaBOal depttcad

(o7 st B oo ol eEehBRi Bl Saglar, 16 Tisiay i eles
wheel is stopped the syringes are recovered their end
is cut and the blcod/powder mixture is extracted by
pushing with the syringe plunger. Coagulation of the
blocod around the powder is or is not observed. Each

20 experiment was repeated 3 times.

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

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 impiant in which the fibrin network keeps the powder
homogeneously in suspension.

The same experimenf was carried out with calcium

35 chlofide ‘having been added to the syringe containing
the HA prior to the introduction of blood: coégulation
and the formation of an implant were found.



Furthernore, the same results of conpensation through 35 the addition
of cal ci um were obtai ned whether the calcium-chloride solution is
added extenporaneously in liquid formjust before adding the pl asng,
or whether WD 2010/007229- 22 - PCT/ ER2009/ 000748 this solution is
first dried oWOC2OMGAOAR2ON t he partields.- | | | PCTHFR2QQ9 /07008
addition of calciumon the 5 anticoagul ant properties of BCE and of

HA 1 Principhey. hiroidels op0gH0Bskyal e diat a cause-and- ef fect
li nk exi sted between the inhibition o i

o] i 0 hd t decrease
in plasma cal EF uMEENARSEEVEY BEE tand! ?g %@’@u?%??%n H@gt éﬁé\e
ggr ri edf out Oﬂb@.l é]ﬁﬂﬁ?ﬁ.cﬁe aff %ui@oafguBé:Et(sﬂd4mmmmw§r tri ic{ gk vartdl of
nmg of HA p f d of 380: 9l @f Cl 4o cof
50 of of 2.5 BT CACE2. BEb ! 00ef g0 A8 0! 460 Fack] | L88ql tf‘\%n diehe
bl 00d not % r ealetcaRaH 2t aﬁﬁ%gaﬁaﬁ{ﬂéﬁél?@t &7 ore oF“ dgl5t PRy ds,
IBtCEwasdn?Led éé@gzlér%z@ﬁ)lthﬂ;l tahewrlay(:l@dfhdlmmﬁ cabghesing t he
an e e possi bl e.to reest ish ul atdson he
bl ood broughtu?ﬂalb co?ﬁ ?I”S‘W t RIFR%3e f:ailg i oma%grl aﬁg rcgse (r&félslhsl ts
denpnstrate thepothnsisnt Wesagwoadt raeflecby of MeRBUIBAW and®f HEHR | s

i ndeed i ”kedc&@cérﬁera%éo@leqr?a%ﬁel b 1tegnap! RSB o ah £d UREE 8RC @RrtRIdoN
that these two biomaterial s induce,. and that the addition_ of ci gum

makes it oss¥hie EoPredSfadiiish Jokdilidat Yoh. PTRBAEFFedr OB & & & um
dose-r esponsan@msé higll erahgid ketri oon 3Bejod ol 0 beth thiramaghvt] ainft (wh(;@rhlt goes

wi th BCE was f r T Masi JHepargd
addi ng 100 gllfilt'rgt’fa Wﬁ&?f{: Ilt%% eplﬁ%masuggll(gﬁgﬂ?ggﬁb@ﬁt an da}{r‘]tl c;%%jmaént

to 50 ny of BEFERNIAS cPés BRP+t hé pressregcofih fhged®voF e Mgl
of CaCl2. 2H20gops&apaiedoat fibe 2.06 + 0.06 mmol/l (normal value) to

15 0.59 + 0.07 mmol/l in the 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
" aliguots of 50 mg of HA or of B-TCP were brought into
contact with either 50 pl of H0 or with 50 pl of a
2.5 mM solution of CaCls.Z2H0, 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
ﬁanufacturer's instructions. For this, 5 pl aliquots of
35 supernatant were brought into contact with 200 pl of a
solution of phénolsulfonephthalein, a dYe which forms a
biue-colored stable complex in the presence of. free

calcium. After incubation for 3 minutes, an intensity



35 concentrations, of 0.01%(0.68 m - 0.02%(1.36 MM - 0.05% (3.4
- 0.1%(6.8 M) - 0.2%(13.6 MV - 0.5% (34 mMV) - 1% (68 mMV) -

10% (680 mV), or of the sanme volune of NaCl at 150 nM After

i ncubation for 15 mnutes WD 2010/007229- -23 - PCT/ FR2009/ 000748 on a

wheel , the bi BAREBEPAP0722Hennl ded. |t &8s not ed t BET/FR2OD2A/D00748

concentrations, corresponding here to 0.01% and 0.02% the added

cal ciumdid ngg rli%‘i%r'aﬁleQSS'rr@a%uE%dreaQ:St@?ﬁ'r%ﬁ‘ Cgﬁ%ﬁatllsorﬁlﬂébme
presence of 5 concenirat.ions between 05% and 0.5% coagul gti onthvvas

observed. SurBFPEPRGHYt ¢ Gs ot edC%%%Jtuw ncq%%qrﬁgrattﬁ@n in
concent r at i onsafip CaClPs meGdl%Ian@aahopéataduaedalﬂﬁmﬂgalmnge

i nhi bition OflgoaﬁﬂéﬁgféH](Jéﬁ% et%% a&%lﬁgﬁhﬁgl)coﬁéé g#%%ions

experinents made 1t possible rm ne t rmum cal ci um
concent r atd onga%\ﬂﬁ}% rfade 9-© po§5| biLe5t“0 block t He ~aft ™¥eagul ant
effect of BCE 60/40 and showed that there is a inportant
concentrati on2ran%esg QLtbse respected. 15 IV. Analysis of the fibrin
network by s on mcroscopy The anticoagul ant effect of
BCE vi sual i zeltt byasheoabderdéagnref 3t mabhbntbe E6Resinyanigetdratticle

inplants duringrmOakdieaiestsnddescr] Q%ﬁbqyl%lﬁﬂftr ei%%ﬂd:%nt%fctt h&th
m)lecular eve tothelnlbltlon g?formauon thecilbrln

net wor k for m g $He 5 kR (‘f‘lontsﬁ eEF‘ T fbjr%%:'eﬁccé“ Y& SPPhr i n
net work was atmal ytderl bnalscamni egnekettavhnomi coDscopyd Rdraddai.s, The

i mpl ant s. wer e3 g4 .RRAILd; BY gl Xi g %%n%ggtkgklgﬁ el Ooéj:umlrl%t 597 ECE
suppl enent edOaV\rA}cLh ant i coggul ant, w of

BCE o 50
BCE i ncubat e KA ed T e BnBBE PbéﬁFE?%nﬁaﬁdgf%%% d‘P‘PeHheAPtaéfLSle
m nut es of roirastl onlorsa eiieeined heoti xthe eplaane demnheledua.rmlso +

directlyig L af i Utip n i ng 1

gl ut ar al &ehyde In 1ﬁ%hg&[p ate bu ”%ygé? E"@%—%} he s%aé}9 36 871 i
t hen washed, éllﬁpdlmﬁlt ed‘nGsitH@ Bé@\ﬁ%ao%naﬂé%me%ﬁnqen@rfeé@ g - 840+
concentrati org, 1zlrm=nmsed e hexaneiml diupith@ganersSi gava AhglrdLh, at'

iisl e d Abeau Odl%”‘ﬁﬁo gngﬁc or Serm%ugm Soémgcgl’l edﬂzgt anmbi ent 35

~ tenperature. After nount dm hum S pports and ‘coveri ng with
gold/palladiumfor 4 m nut es (PoI aron, A5100, UK), the analysis is

WD 2070/ 007255, 54 ECTL 00 000145, AS. can he. a6en LT Laur S de
e s

- under the BC% -Cofithi 50 ghrlg le Sl’lé ﬁ%@s\/\w&\/\d—s @% é/(g% ’?i Blﬁ?e@A4A

40) bet ween tiedoBEP ﬁd@lbpa‘rtlocﬂ esheThelgamesenedeofita fp@ﬂ5d®deblb@d

cells depos'&%Qt@ﬁetheagrah8§m§1tesﬁl$§h§r“3éﬂfﬂfﬂ% of JLheeRALLEELES
with the bl oo Conv selé resence of . HOP/ cal ciu

t he
presence of afdf&IgBFeh di Hget t‘?é‘“ﬁarat CiH”é:s ¢% BpsetWedcniart %I 6‘tid%%| ng
vi sual i z28 byot h@-mE8h efilds hetdi brher netitork amdaamuer galatge 18nd

number -of redobl-ofscells Ghsauees 4B HdakeCopgeniyal | 8RoRhterial

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 pum and .

thogse 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



the CaCl2. 2H20 sol ution added to the m xture of SOP and bl ood (as %
and as nolarity) Nunber of gnol of calciumintroduced per 50 gl of
CaCl2. 2H20 Coagul ation test 50 ng BCP + 100 gl bl ood + 50 ¢l

CaCl2. 21-120(liquid or dried) - 0. 01%2(0. 68 mMV)

WO 2010/007229 PCT/FR2009/000748

this solution is first dried on <contact with the

particles.

III - Effect of the addition of «calcium on the
5 anticoagulant properties of BCP and of HA

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

existed between the inhibition of coagulation and the

decrease in plasma calcium induced by BCP and HA,
10 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 CaCly.2H0. ' '

15 2. Results:
After the addition of the blood not treated with an
anticoagulant énd rotation for 15 minutes, it was noted
(fFigure 3A) that the prior addition of calcium to the
. BCP and the HA made it possible to reestablish
20 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 1is indeed linked to the
25 decrease in the plasma calcium concentration that these
two Dbiomaterials induce, and that the addition of
calcium makes it possible to reestablish coagulation.

The'effect of a calcium dose-response on. the coagﬁlation
30 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 pul of CaCl,.2H50, prepared at the

35 concentrations of 0.01% (0.68 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



0.034 - 0.02%0.068 + 0.03% 0.102 + 0.04% 0.136 + 0.05% 0. 17 + 0. 1%
0.34 + 0.2%0.68
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cn 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
5 concentrations between 0.05% and 0.5%, coagqulation was
cbserved. Surpfisingly, it was noted that increasing the
concentration of CaCl;.2H,0 to 1% and above induced, once

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

10 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.

15
IV. Analysis of the fibrin network by scanning

electron microscopy
The anticoagulant effect of BCP visualized by the
absence of formation of cohesive gelled implants during
20 the tests described above corresponds, at the molecular
lLevel, 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
25 100 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 wheei, the mixtures were demolded and

directly immersed in a fixing solution containing 1.6%
30 of glutaraldehyde in a 0.1M phosphate buffer, pH 7. The
samples were then washéd, dehydrated using bowls of
alcohol at increasing concentrations, immersed in
hexamethyldisilazane {(Sigma-Aldrich, I."isle d'Abeau
Chesnes,. France) for 5 minutes and dried at ambient
35 teﬁperature. ‘After mounting on aluminum suppérts and
covering with gold/palladium for 4 minutes (Polaron,
A5100, 'UK), the analysis is carried out using a
scanning electron microscope (JEOL 6700F, Japan).



0.5%1.7 +
nﬁ0'3.4
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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 microparticies. The presence of a few red blood
.5 cells deposited on the grains attest to the mixing of
the with the blood. the
presence of BCP/calecium, the presence of a clot holding
the particles is observed, sald clot being visualized
by the mesh of the fibrin network and a very large
10 number of red blood cells (£igures 4B, 4D).

particles Conversely, in

Concentration of Number of uﬁol of Coagulation test
the CaCl.2H,0 calcium introduced | 50 mg BCP + 100 ul
solution added to per 50 ul of blood + 50 ﬁl
the mixture of BCP CaCl,.2H0 CaCl,.2H;0 (liguid
and blcod (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% - -
108 _ 34 ' -
(680 mM)

Table 1



+1- 2% - 10% (680 mW) 34 - Table 1 25 Cains: 1. A biomaterial
conprising a cal cium phosphat e-based support, inpregnated with a
solution of at |east one cal ciumderived coagul ati ng agent, the
support being chosen from hydroxyapatlte and a BCP,.the coagul ating
agent being in the formof an aqueous 230l uti on havi ng a concentration

ranging from1l to SO mwbl/ 1, the proportion of coagul ati ng agent

solution and o HA or of BCP being from0,5 to 5 by vol une/vol une of
coagul ating a lution relative to the volunme of HA or of SC2.

2The bi omateri al as claimed inclaim1, the calciumderived
coagul ating adent BePhgnpresiadt CPAPEL PG (a3 AL v rRfieRpHELenb2ses t 0

6P gm)lj of Cfil Ci ugsﬁppozgr arﬁnqﬁ-dglﬁa@édotuﬁcpa égh@tﬁzpf@si :&%figeta?s%
Cl al ne in claim e Cca maeri v
ot S By CBiabiRE ety EREVBub R ci um

agent is present in a ropo ron”ran
Qﬁlqgjnhosen from: hydroxyapatite and a BCP, . the

coagulating agent being in the form of an agqueous
solution having a concentration ranging from 1 to
50 mMol/l, the proportion of coagulating agent
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.

per gram of HA or

2, The bioyaterial ags claimed in c¢laim 1, the
calcium-derived coagulating agent being presant in
a proportion ranging from 2.5 to 60 pmol of
calcium per gram of HA or of BCP.

3. The biomaterial as claimed in claim 1 or 2, in
which the calcium-derived coagulating agent 1is
- present in a proportion ranging from 5 to 40 Hmol

of calcium per gram of HA or of BCP.

4, The biomaterial as claimed in any one of claims 1
to 3, in which the coagulating agent is CaCl,.

5. The bicmaterial as claimed in any one of claims 1
to 4, in which the support is in monolith form.

5. The biomaterial as claimed in any one of claims 1
to 4, in which the support is in granule form.

7. The biomaterial as claimed in any one of claims 1
to 6 and also comprising at least one additive

chosen from: polymers, ceramic particles,



4. The biomaterial as claimed in any one of clains 1 to 3, in which

t he coagul ating agent is CaCl2. 5. The biomaterial as clainmed in any
one of clains 1 to 4, in which the support is in nonolith form 5. The
biomaterial as clainmed in any one of cj@ins 1 to 4, in which the
support is in granule form 7.The biomaterial as clainmed in any one
of claimse 1 to 6 and al so conprising at | east one additive
chosenfrom Pol yners, ceram cparticles, 26 pharmaceutical nol ecul es,
natural or synthetic growh factors, biomarkers, contrast agents, and

a tissue or cell p"p@@é&é&é@&caﬁ EB@eQ{zPé@t eristhy88 Chal NBehiiracany

one of clains / to' 7, use as an i antlnarrethodforfllllnga
bona defect. 9. A @SHBFHa‘E"i‘%q?rﬁf’ 5’181“6 FEi A°REEREY A S naﬁﬂy one
of clainmse 1 to 8 witihsaa @steeddyprbests-iob). A kit for carrying out a
nmet hod for producing a biomaterial as clained in any one of clains 1
to 8 this itit co r|5|n t he conbi nation_of an HA-based or

BCP- based supfort WEhPERCTRfE G @8r icdadnedatiul 3y RPeagdnclainst he
form of an aqueoustsoldti 6or hasiengasa e@ncardlaatti oin r anghdrhdd ofped to

50 MM 1, and the p ofe QQT_HI ting agent solution and of HA
59?18{1‘% bg;;%y &

or of BCP being fro ume/ vol une of coagul ati ng agent
solution relative to the volune of HA or of BCP. 11. A kit for
carrying out a.nethodohiSinguietuaima abiﬂnmm&eaiahsaalﬁiraédmmimpny

one of claime 1 (o, ddiakhl FUPT Shpg Lhe,ganbinelion of an

HA- based or BCP- based support. wth a calcium coagul ating
agent in dry and/or powder form the calciumderived coagul ati ng

agent being prLeserd kihtafpropariydmy ramgi agubened 26z t préfudingal  of
cal ci um per gram f; it i0f BCP o1 ned e Ky 85061 8} Maghifl of algn 11

the cal cium derlved cQagul ati ng agent bein esent In a proportion
ranging from5 to %0 Prfordt ‘?d%iffﬁ?lﬁﬁf‘ﬁeltharﬁﬁﬁ‘“a%nwoér Qﬁf A 27

based or BCP-based support with a calcium-derived
coagulating agent, in the foxrm of an agueous
solution having a concentration ranging from 1 to
50 mM/1l, and the proportion of coagulating agent

. 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.

11. A kit for carrying out a method for producing a
bicmaterial as claimed in any one of claims 1 to
8, this kit comprising the combination of an HA-
based or BCP-based support with a calcium-derived
coagulating agent in dry and/or powder form, the
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.

12. The kit a8 claimed in c¢laim 11, the calcium-
derived coagulating agent being present in a
proportion ranging from 5 to 40 pmol of calcium
per gram of HA or of BCP.



13. The kit as clained in claim10 to 12, in which the coagul ating
agent is CaCl2. 14. The kit as clainmed in anyone of clains 10 to 13,
whi ch conprises: (a) a sterile device conprising a sterile interna
cavity in which the support is placed, (b) a sterile reservoir
conprising the coagul ating agent. 15.2The kit as clained in any one
of clainms 10 to 14, in which the device (a) conprises nmeans which
allow the biomaterial to be applied in the regi on where a bone def ect

has been noteds 16qndhei Kids 89 a6hak Mg didignY o0pe Pil, G ALEE 04O 15,
in which the device %ﬁg consists of, a SY!!nge. 17. The in vitro or ex
vivo use of a bi onBYEFHHTIRE BEEFEF iAoy one of claims 1 to 8, as

a support for the production of bone tissue. 18. The in vitro or ex

vivo use of a;pionpierial 28 & nRd i ARUnANG0L1GERL MR L4 B, for

roduci ng a bone inpl ant.
P 9 éﬂlc comprises:

{a) a sterile device comprising a sterile inter-
nal cavity in which the support is placed,
(b} a stexile reservoir comprising the coagulat-

ing agent.

15. The kit as claimed in any one of claimeg 10 to 14,
in which the device (a) comprises means which
allow the biomaterial to be applied in the region
where a bone defect has been noted.

16. The kit as claimed in any cne of claims 10 to 15,
in which the device (a) consiste of a syringe.

17. The in vitro or ex vivo use of a biomaterial as
claimed in any one of claims 1 to 8, as a support
for the production of bone tissue.

18. The in vitro or ex vive use of a biomaterial as
claimed in any one of claims 1 to 8, for producing
a bone implant.



