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OF. Bl PHASI C CALCI UM PHOSPHATE CERAM C PARTI CLES The subj ect of the
invention is a novel biomaterial 5 containing coagul ated bl ood or
coagul at ed bBRe20%A/PBRRE9pi rate, and bi phasic. caPETAFRAABIAAALE4S
ceram c particles, and a nmethod for itsqpreparation and its use for
t he manufacture of an inplant allow ng bone tissue regeneration. 10
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25 operative conplications at the site of renpval of the transplant.

Vari ous bi onBEeFiarata9Rilable in clinical practice nmake it possible
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15 (defect of consolidation of a fracture where the loss
of substance 1is virtual) to bone loss of 5-6 cm, are
"most often the subject of an autologous transplant of
spongy or corticospongy bone tissue removed from the
iliac crest (gold standard). Large size defects
20 (> 6 cm) require much more cumbersome procedures,
vascularized bone transfers or Masquelet technique.
Nevertheless, the quantity of available autologous bone
is limited, bone consolidation remains uncertain and
these various techniqﬁes mainly result in post-
25 operative complications at the site of removal of the

transplant.

Various biomaterials available 1in clinical practice
make it possible to avoid, in theory, the disadvantages
30 of autologous transplantation. Unfortunately, none of
them rivals the results of bone transplantation and
they never allow the reconstruction of loss of large

"size substance.

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

selection and cell culture in vitro. This approach 1is



- 2 - cunbersonme and expensive, which limts the clinical benefits.

L. Ckazaki et al., din. Oal Inpl. Res., 16, 2005, 5 236-243

descri be inplants containing either dem neralized bone powder or
coagul ated bl ood. Several authors have $tudi ed the conbi nation of

bl ood with synthetic biomaterials: J. Schmd et _al., din. Oal |npl.
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bone powder gafleblieed. A. Chevrier et al., Osteoarthritis and
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20 blood. The document US 2008/0014279 describes a
biomaterial consistin95 of a granular material coated
with a polymer gel, and which may‘be mixed with any
sort of liquid, in particular blood, in order to form a
paste which is applied using a spatula or'a syringe to
25 the site where the bone defect has to be filled in. The
document WO 02/068010 describes a composite material
containing bone marrow, this material comprisihg a
biocompatible and porous implantable' matrix and a
coagulated material, such as a coagulate of bone

30 - marrow, blood, plasma.

However, none of these implantable materials described

in the prior art is free of disadvantages:

35 Materials requiring the culture of bone marrow cells
before combining with a support (demineralized bone,
synthetic polymer or the like) take a long time to use
and require collecting bone marrow from the individual

to be treated several weeks before fitting the implant,



coagul at ed bl ood has been proposed, the results obtained are not

al Ways satisfactory, in particular 10 because the nethod does not
all ow the production of a honbgeneous biomaterial. Such materials
resulting fromthe conbination of a support and coagul ated or
noncoagul ated bl ood have up 15 until now been used in naxill ofaci al
surgery wheréhidle priobliehsliofs botdconpsloicgadtires arenflesstleeitidaks

but they havesbardly-Qr+noteat+rl | been used in the repair of
di aphyseal bones. 20 In the case of WD 02/068010, the nethod taught
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of diaphyseal bones.

20 In the case of WO 02/068010, the method taught consists
in wusing a support material consisting of porous
demineralized béne in the form of granules having a
minimum size of at least 1 mm, combined with
demineralized cortical bone fibers of at least 5 mm,

25 and with a coagulated material, preferably derived from
bone marrow. All the examples proposed comprise bone

marrow cells.

The invention makes it possible to overcome the-
30 disadvantages of the prior art, and in particular, it
makes it possible to obtain an implantable biomaterial
from a Synthetic support, which is therefore easy to
produce with constant and homogeneous properties, and
coagulated blood,‘ without the need to use culture
35 steps, this material having excellent biocompatibility,
allowing rapid reconstruction of bone tissue. The
invention also allows the production of a bone of
excellent 'quality in terms of hardness and

vascularization. In addition, the method for



10 The bi phasic cal ci um phosphate, SOP, is used in numerous nedical
and dental applications. Biphasic cal cium phosphate was first
described as a bone repair material by Nery ES et al., J.

Peri odontol. 1992 Sept., 15 63(9): 729-35- BOP consists of a m xture
of hydroxyapatite (HA) 0alO(PO4)6(0OH)2 and beta-trical ci um phosphate
(0a3(PM) 2) nenTOPyturisgbibast PiPngtandalt éshisémeser b&bisly thp ey e
controlled by,the greporhben etqhtisccongtictiyent hydraxyapatile ante
J3-TOP. 20 Bionmterials containing BOP have the advant age, cor‘rgar ed
to other synthetVedBfomiterPal $IEGEHrondi ng CRBGGeiTest P25 Gop©
has been thetsabpecdr ofdrounetiotssstudies: Fellah B.H et al., J.
Mater. Sci.: Mater. Med. (2007), 18, 287-294, have shown that the
choice of” a particle size of less than 20 pm pronotes the '
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2001, 96- 107hohay&n dyusOPthasdd Shovm thaduratddristesy SOP particles
havi ng 3(.98' ze ranging from 100 to 250 pm were those which caused the

nost bo reconstruction when they are conbined with cultured bone
mar r ow cel | sThahi béphashone chariai ophwasprehser verCP,- 5is beked 44n
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' calcium phosphate was first described as a bone repair
material by Nery EB et al., J. Periodontol. 1992 Sept.,
15 63(9): 729-35. BCP consists of a mixture of
hydroxyapatite (HA) Caio(P0O4)6(OH)2 and beta-tricalcium
phosphate (Casz(PO4)2) (B-TCP). Its biocactivity and its
bioresorbability may be controlled by the proportion of
its constituent hydroxyapatite and B-TCP.
20
Biomaterials = containing BCP  have the advantage,
compared to other synthetic biomaterials, of promoting

osteogenesis.

25 BCP has been the subject of numerous studies: Fellah
B.H. et al., J. Mater. Sci.: Mater. Med. (2007), 18,
- 287-294, have shown that the choice of a particle size
of less than 20 um promotes the inflammatory response
of tissues, which could explain the fact that this
30 particle size is particularly favorable to
osteogenesis, as observed by Malard O. et al.,
J. Biomed. Mater. Res., 46(1), 1999, 103.

Mankani M.H. et al., Biotechnology and Biocengineering,
35 72(1), 2001, 96-107, have by contrast shown that
calibrated BCP particles having a size ranging from 100
to 250 pm were those which caused the most bone
reconstruction when they are combined with cultured

bone marrow cells, while no bone formation was observed



5 have shown that good osteoi nduction coul d be obtained by the

i npl antation of a BCP/ hydrogel of Sihydroxypropyl nethyl cellul ose
conposite material to which cultured bone marrow cells have been
added, with calibrated SOP particles of 546 to 80 pm 10 The latter
two net hods nevertheless' require a step of collecting bone marrow
cells and t hegtoculé4tdurien, antheéhmtesepedi mesntliten dxe babédinadt e th

fol lowing faghksiidpesthe Qhsesvati@niPysthe. inventors that SOP was
endowed wi th anti coagul ant™ properti es, t he observation by the

sanme inventors that a SOP with a chosen particle size conbined with
coagul at ed breeglanodr cw tdr aatoag@iated harea syarzdw aspbl at3e,s avekes! ,20

it possihle to obtain ver ood gsteogenesjs . and | ea tp a ne
 shue off vePgTSatTer Rt d13- adaPht ¥ o AROPR T 1aTd G nBEnGd grned
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SOP defi ned ﬁgf%ﬁggﬁ%ﬁgg%%gh$gfedégFg%%gg? mﬁpﬁggggggguﬁgﬁg ﬁgéne%o
mar r ow aspi rafech Agvahtageolsng, MaFireove ol rfathavci sefpn eRdetor miish a

mal | eabl e hosRYERLPHS] PBSD EpaBPidiés HASIE FRYsHe mBNi pul ated in
order tq adapt it to the size and shape of the defect to be filled

in, whi 1 being careful not to apply excessive pressure to it which
woul d damageTios desteay tivies rmdrleedsli mensironaled3s staqudtrer ea Fhep SR

used in the géfgent.invention has a %f{ticl gﬁze of ﬁﬁmeen 40 and

500 pm preféra ?%t%%?w%%ﬁﬁ " and” 40 p%]a%nre %%%f%?a @eStill

between 40 and -6- 300 pm and advantageously between 80 and 200
pm The present invention is based on the following facts:

15 - the observation by the inventors that BCP was
endowed with anticoagulant properties, o ,
- the observation by the same inventors that a BCP
with a chosen particle size combined with coagulated
blood, or with a coagulated bone marrow aspirate, makes

20 it possible to obtain very good osteogehesis and leads
to a bone tissue of very satisfactory quality, with the
aid of a method of great simplicity compared with those

of the prior art.

25 The first subject of the invention is therefore the
combination of a particular BCP defined below with
coagulated blood or with a coagulated bone marrow
aspirate. Advantageously, this combination is in the
form of a malleable homogeneous paste.

30
This paste may be manipulated in order to adapt it to
the size and shape of the defect to be filled in, while
being careful not to apply excessive pressure to it
which would damage or destroy 1ts three-dimensional

35 structure.

The BCP used in the present invention has a particle
size of between 40 and 500 pm, preferably between 40
and 400 pum, more preferably still Dbetween 40 and



The SOP used in the invention consists of a high- tenperature sinter
that is ground and calibrated, for 5 exanple by sieving, as granul es
havi ng a chosen di aneter. Advantageously, the BOP used in the
invention conprises hydroxyapatite and P-trical ci um phosphate in an
HA/ P- TCP. . weight/weig rati o of between 5/95 and 95/5, preferably
bet ween 30/ 7@0§n@m80¢12@ a%ala*a@%@la@%bu‘@ﬁww@%nam@/%@0 affd- 60/ 40.
Advant ageously, this is porous SOP, with pore sizes ranging from 50

nmto 150 p referably from1 pmto 50 pm 15 The granules or
powder of tr RSl citm pfGSphabe Bt HyHIROWyREat FPB Y Sbeobbtai fedhin

- accor dance wtéhpdhet et hedatdesartidtedi by gBouher aatd aba;LiBrBteded for

. Mater Re 1996 03-60 uler. et a i . Mat er,
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to say if BOP I's m xed for exanple,

anpl e bl o
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wi th a bl ood | e collected befor over 0 anti coagul ant or
col | ect 28 w?%%%ﬁ)t%?ﬁ?%% Lff%ﬁ‘fe%fhdﬁgfg(ﬁg?ﬁgi%@at ely into contact
with SOP in a donor conpatible with the recipient of the biomaterial,
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derivati ve. lﬁidmﬂ%géég@l Y tfﬁe tal t anﬂmas@éeé@é@@lla‘t igpragenenj o
chosen fromgt,)@ rrpatl ble calciumsalts such as CaCl2, Ca(N) 2,

Ca( AcOEt - 7 - Among the other coagul ati ng agents which
can be t ed for carryl ng out the invention, thronmbin may be :
menti oned. Tites m@mﬂgﬂ@‘s BoR, bbeadr osf rratrfmmaspjm athosamhte and

coagul ati ng ,a i S cont | nued %16 the entire coa ul ati n@hstcgg
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If the prior art methods are applied to the BCP

25 granulate, that is to say if BCP is mixed with a blood
sample for example, blood coagulate is not obtained
because BCP is endowed with anticoagulant properties.
According to the method of the invention, BCP is mixed
with a blood sample collected beforehand over an

30 anticoagulant or collected without anticoagulant and
brought immediately into contact with BCP in a donor
compatible with the recipient of the biomaterial, and
then at least one coagulating agent is added to the
mixture with stirring. Preferably, the coagulating

35 agent - is a calcium ‘derivative. Advantageously, the
calcium-based coagulating agent is chosen from
biocompatible calcium salts such as CaCl,, Ca(NO3)g,
Ca (AcOEt),, CaSO,.



15 In addition to BOP, the conposition of the bionmaterial my
conprise optional additives such as: polyners, ceram c particles,

phar maceuti cal nol ecules, the conditions for using these materials
bei ng: their bioconpatibility, the abserdce of a negative effect on 20
the biomaterial setting reaction. Such additives which are well known
to a person BRPNPedhion ehechr coage liaftiandet et rodPEght H& T hB6l 3E of

the biomaterkal, ichsrhehavi ut n pao {haedness, repebrbiAN, may be
osteogene5|s& or.to ﬁCt og@the ajggarange of |nf%§t|o s or 25
i nf | anmat or y"BRENSHBRA (dREi bitT T affi - ithfect ivexQd,r ©or marrow
anti-infl amaspiyaagenasy. cbhgnaytahgoabenpodsi bloettiauvedvidsadeg the
i ntroducing Lhto the bio erial.of the i.nvention .active.in i_ents,
30 such g0t Far bRULP eI RBT bolP o8 BBuchead Snaledll de t i diidod TaELe
prevent or tfeataalpathol 6@y clogertifar ekaaphempgeneouscanesre of
0St €0poro0si Sypaht1bS BkSHNASTIRIL Lo BAbr oduce. Hatur Al Qr p3y¥Bhhetc
35 growth factors into the biomaterial of the invention. It is also
possi bl e to ehvFeagelehedphesefite 8RIbIEBNBRPRELSUSA L HREr AL TAGE RS
whi ch pronotert Vi gdatigakson.n byuspdheabni megi nghief &herring is
resorpti%n of the biomaterial and %ts.fatf in.the body..t- - 1t %s
possi bl &% o BRVFIAGEST M7 0Bt ng  f O The bi SHEEH of Tt PSS 1O
i nvention adipbse thsspepdoctany ofher hbmsgeeconscelktpreparatieason
collected fr 5. patient r om.t.h i J L]l
this tissue %El%ggg 6?e3§§%t?%§ ﬁﬁ@iﬁ%‘%@%ﬁ&gggﬁﬁﬁéed Eg?orehagg °n
bl ood or in pf asneeeIerephyshbkogieal saline. Anong the tissue or
cell preparations, there nay be nentioned adi pose tissue, platelets,
bone marrow 10cells, . It is al so passible to,envisageﬁhhe presence

[
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quantity, may comprise optional additives such as: polymers,
ceramic particles, pharmaceutical molecules, the
conditions for using these materials being: their

biocompatibility, the absence of a negative effect on
20 the biomaterial setting reaction. Such additives which
are well known to a person skilled in the art are
intended to modify the rheology of the biomaterial, its
behavior in vivo (hardness, resorption, osteogenesis)
or to act on the appearance of infections or
25 inflammatory phenomena (antibiotics, anti-infectives,

anti-inflammatory agents).

It may also be possible to envisage introducing into
the biomaterial of the invention active ingredients,
30 such as therapeutic molecules, such as molecules
intended to prevent or treat a pathology chosen for

example from: a cancer, osteoporosis.

It is also possible to introduce natural or synthetic
35 growth factors into the biomaterial of the invention.
A It 1is also possible to envisage the presence of
biomarkers or contrast agents which promote the
visualization, by medical imaging, of the resorption of

the biomaterial and its fate in the body.



15 wei ght of BOP controlling the of bone tissue resorption.

advant ageously < 5% by wei ght/total because it has been observed that
particle size allowed better formation (nore rapid, better quality),
and good 20 According to the nethod of 8the invention, the BCP is
placed in a cavity of a closed and sterile container such as the
inner cavity of a syringe. Blood or bone marrow aspirate, collected

peforehand ff@”‘@sd°@%&s€%ﬂE@tH§Je Mh$hs r?ﬁiP&@@&inQS ki AtKodyged
‘into this 25 container, If the collected blood or bone marrow

aspirat e hasPtoMpeestar et oFNg pERTHUE BPT N RATEN Bl FEWPsecOnNdSYs
to 10 secondclsﬁhej:t ﬂi%slé;rérmdrawmdnjm@ﬁaaét%njts:oiQe@:ﬂeldecfj:@fnh\Mhteh
an anticqQagulant in order to avoid its premature coagul.ation, The.

bl ood 1 am tRALti3br Ty FOP EX B 6> Rb T et od o PELY At a TuiSe
cont ai ni ng thesappr opri attdiguamnidpamcftiant i clbaguh@ant bagent sudpchived
anti coagul a , :hel,af of,..cal ci LQns,..su r le
sodiun1citrgé%ﬁ?%ﬁ?%g?sgghéggg%%.%grqgﬁaEgFEQQ fng ?Qizﬁg%goggéﬁg%lng
preferred propbti¢ ondmondf e 1¢ 156US0% by ARdilghpr P2 BORL ¢ at ithe o
the vol une Qﬁa@'@QdméﬁﬁigﬁeéoﬁéigBééO%ﬁssQé?f9&abbYeE59”b6Qet%d§ﬂ%%%
and nvrg preferably still from60 to 80% in g/m. Advantageously,
the bl odd i sSeotfected from the reci pient thenselves so as to ensure
as nmuch as possible the bioconpatibility of the inplant. According

It is also possible to envisage the presence of BCP
with a different particle size, but preferably in a
small quantity, advantageously < 5% by weight/total
15 weight of BCP because it has been observed that
controlling the particle size allowed better formation
of bone tissue (more rapid, better quality), and good

resorption.

20 According to the method of the invention, the BCP is
placed in a cavity of a closed and sterile cohtainer
such as the inner cavity of a syringe. Blood or bone
marrow aspirate, collected beforehand from a donor
compatible with the recipient, is introduced into this

25 container.

If the collected blood or bone marrow aspirate has to
be stored for a period of more than a few seconds (5 to
10 seconds), it is immediately mixed after its
30 collection with an anticoagulant in order to avoid its
premature coagulation. The blood from the donor may for
example be collected directly in a tube containing the

appropriate quantity of anticoagulant agent.

35 The anticoagulant may be a chelator of calcium ions,
such as for example sodium citrate, but also heparin

for example.

The mixture of BCP and blood or bone marrow is prepared



10 to one variant of the invention, the blood is replaced by a
product derived from bl ood, such as plasma. Preferably, whole blood
is used. In the entire application, including the clains, when the
word blood is used, it includes in its definition blood-derived 15
products such as plasna Preferably, in the inplenentation of the

i nvention, bEBo@her fplaswangsruséarwhdserenPrecdPdh does not require
a surgical procedure. According to one vari ant of the invention, the

bl ood may be col | ted th the aj rin n whose body th

BOP and opti ohgP a&é?l \%O\fesb%ewfel %I %%ergi%ﬂ@ﬁaﬁ& t é’rO]éJme
first n1X|ngoﬁfkﬂhemBCPoandﬁiheobéomduukhe coegufatabgyageﬁml|30ak$o
added to he glftagg mé?é exaggrgbg% %ﬁgiia%lon hot@ﬁ ald of tfe

syringe it suc evi¢e®i 8 used e ¢l 0588 @dnrRi heF contd |n|ng
the SOP, the blood and the coagul ating agent is |nned|ately stirred,

so as to allguLhe, Qé@@i%on ¢hed NOIDGENequs rmier éﬂajFOEr&ﬁam@H%

if the mxture Is prepared in a tube or in the 35 ody of a syringe,
t he contalne?e?%pb?%EedthﬁméeiﬁﬁﬁrySQhaRér WRosensp&ed p§ sepich as

accgr d: ng topbbeipast tﬁeeb§bé@mQEtHBQlB€§’, osuehet haﬁoltaae S@%cordmg
partic

hocor di fg) t o BnERGaPFAIERGT ne ThvERTErE ot et SF1 PLPAG ey 58 12cof
by a product derived from blood, such as plasma.
Preferably, whole Dblood 1is used. In the entire
application, -including the claims, when the word blood
is wused, it 4dncludes in 1its definition blood-derived

15 products such as plasma.

Preferably, in the implementation of the invention,
blood or plasma is 'used whose collection does not

require a surgical procedure. h

20
According to one variant of the invention, the blood
may be collected with the aid of a syringe in whose
body the BCP and optionally additives have been placed
beforehand.

25
After a first mixing of the BCP and the blood, the
coagulating agent 1is also added to the mixture, for
example by aspiration with the aid of the syringe if
such a device is used.

30
The closed container Centaining the BCP, the blood and
the coagulating agent is immediately stirred, so as to
allow the formation of a homogeneous material. For
example, 1f the mixture is prepared in a tube or in the

35 Dbody of a syringe, the container is placed in a rotary
shaker whose speed 1is \set according to the particle
size of the BCP, such that the BCP particles remain in
suspension while the coagulation occurs. According to

one variant of the invention, the stirring may be



produced by magnetic beads conbined with a magnetic stirrer.
According to a preferred variant of the invention, the 5 closed
contai ner containing the mxture of BOP, blood and coagul ati ng agent
is allowed to stand during the bl ood cobgut ati on phase so as to allow
the BOP to sedinment and to forman inplant saturated with BOP. 10 At
the end of thrgdgted, heMAOREGLe iRBea@st FoMumMADf wathondg&rees1c
. mal | eabl e past e goptai ning a three-di nensional network of fibrin

ent rappi ng bl ood particles, plasma and ot her nol ecul es that have been
i ntroduced into the conposition. 15 According to the type of device
that was useﬁc&?fdiﬂ‘ﬂ@ pbe@aLpa:té%n@‘d ltxmamrwm@_ 3 eLi:ala_ gfnvfbheion, \me ]
i nvention, t atter may then applied_ with.the ai an i
are most sui THAETO CREFOBAE! G MHETE S bbHE AUreer Thad 28716 AT
filled in: Wht thedgaildtdhoa a@oit suich aksl@apatal & twintchodtr hoge réwe
di srupting t r ees di ensi gpa r.ganization L,np. t, it h
t he aid of ttﬁgoégr ?’f]‘ogagd or o &{Z]Sng%g'?ghe%écy%?nﬁ crg:ﬁggvilélggvm]go(ge \gr?d
woul d have bee@lkert bardremahdri nnordeplant farrantopent iy Befted to
t he rheol ogy of the biomaterial of the invention. Accordi ngly,

anot her _subject of the invention is a 30 nefthod for the nufact ur
of Ca bi At T aFhCt RS et R St oi HEP 1T SWST the T of FBWEAG™ o2
st eps: a (hdmogxhagua BoRPlisabhe fpepref gpanaliesinghose sihzeeci-s

bet ween 40 apd . ith bloo or wth. bo rr spirate,
ina pr oport?jb%él?%h(gﬁl%m fr%‘%ﬁ%ﬂ%o 9%%'% br;jfl\%éﬁ%g‘ht o%st%%‘gpg'\é{lgavo;b&%éﬁof
bl ood or marpaw;icles, pligisymaadeidg otdetrhemed xcwkes ofchsttephd vy &een

| east one copgulahhidyagent e acoMbdiLi £ quantity to Cause the
coagul ation (of the blood or of the marrow), (iii)

ni xi ngurder condi ti onspr onot i ngt he
According to the type of device that was used for the

preparation of the biomaterial of the invention, the

latter may then be applied with the aid of means which

are most suilted to the location where a bone defect has
20 to be filled in: '

With the aid‘ of a tool such as a spatula without
however disrupting the three-dimensional organization
of the implant, or with the aid of the syringe or of
25 another cylindrical device whose end would have been
cut beforehand in order to form an opening suited to

the rheology of the biomaterial of the invention.

Accordingly, another subject of the invention 1is a
30 method for the manufacture of a biomaterial, this

method comprising at least the following steps:

(i) mixing a BCP in the form of granules whose -
size is between 40 and 500 pm with blood, or with a
- 35 bone marrow aspirate, in a proportion ranging from 10
to 90% by weight of BCP per volume of blood or marrow,
| (11) adding to the mixture of step (i) at least
one coa@ulating agent in a sufficient gquantity to cause

the Coagulation (of the blood or of the marrow),



honogeni zation of the SOP while the coagul ati on occurs. As has

al ready been nentioned, in the nmethod of the 5 invention, steps (i)
to (iii) may be carried out in the inner cavity of a syringe or in a
tube closed at its ends. The coagul att ngl agent may be chosen from

cal cium derivatives, such as those which were |isted above, or from
ot her coagul ati ng(agehtBisied asur®eonbi¢PHdt 1N exami o ting subfihect

of the invenhbehgls;ahe0oR SBLHRE £OF fihlldngnd ncsahene: def esteutdi s
nmet hod conprising the steps |isted above and additionally conprising

a step 15 of applying the biomaterial obtained in step (iii) in the
space where asbone defesidhapdeecnmebsesved, Thi sthet kedhmry of the

additional ly. co ise tissue incision.and suture steps. .20 pendi ng
on the oize” WiECRbHT T GuPAtPon (bf LR bond He¥eCE, PRELFFI Frhg T B
t he bi omat eriahenf cele tiynwent& osymaypgbe cassoci at edibei thl@sed at its

ost eosynt hesi g4 uhi @an%'ssgﬁiltgﬁea SiRd i éﬂp%@rcﬂgaﬁﬂefggfne@ag@ium

ti ssue the nechani cal streéeng require Il e the

reconstructi®drigaihverogfesk ae tHessi teighh jwprant 48Eef 8PovRe or
bi onaterial pfohhednentdRRu1AT ithe hBYERLOr sueRsesyedthtddin  for
|nplantgt|on of the biomaterial of the invention nmade it possible to
i nduce 30 t he*¥8Phati on of bone tissue within a short period (a few
weeks), this bone tissue being quite abundantly vascul ari zed. By

bt ai nod by THo. SIA Gt NG wrih o SO B ng . BUPEI of e 18 2ot Péss
than 40 pm dfdl hotg make d t bpossidsifeeato obhadb n retddcor ey ohs bfig bshe
tissue of  gsteps listed above and additionally comprising a step
15 of applying the biomaterial obtained in step (iii) in
the space where a bone defect has been observed. This

method may additionally comprise tissue incision and

Suture steps.

20 Depending on the size and configuration of the bone
defect, the filling 1in by the biomaterial of the
invention may be associated with an osteosynthesis
which makes it possible to confer on the affected
tissue the mechanical strength required while the bone

25 reconstruction is in progress at the site of

implantatioh of the biomaterial of the invention.

As the inventors observed, the implantation of the
biomaterial of the invention made it possible to induce
30 the formation of bone tissue within a short period (a
few weeks), this bone tissue being quite abundantly

vascularized.

By contrast, it was observed that the implantation of a
35 biomaterial obtained by the same method with a BCP
having a particle size of less than 40 pm did not make
it possible to obtain the formation of bone tissue of
sufficient quality and within satisfactory periods. The

implantation of a biomaterial obtained by the . same



sufficient quality and within satisfactory periods. The inplantation
of a biomaterial obtained by the sane - 12 - nethod with a BOP
having a particle size greater than 500 pmleads to an inplant whose
resorbability is lower. 5 Another subjet? of the invention consists
of a kit for carrying out the nethod of the invention, this kit
conpri si ng tReteefbivAati oh BFF ahsWPnBEavd Pt bake i el eesigzeagrrbéthagen
40 and 500 ppyoprgheraddys betavean 4@mgmgn400wm$ead£4@é6m1§iﬁ/ is
bet ween 40 aEd 300 pmand 10 nore preferably still of 80 to 200 pm

with at | east®Bfé-coagul ating agent. Preferably, the coagul ating
agent is derived fromcal cium Advantageously, the coagul ati ng agent

IS CaC12.5 15Aghghguag5kt¥cgfO%o%gqugiQgﬂﬁg§nt IS fg%cug ngkﬁ@ nggr
to conmpensate for-ths"a I"'coagulan et fect of andsop i onal'ly o
the anticoagodanyiagemuwhitéle i setbadi ned wihtsh ftheebkdod, cothbet éd.t
20 The conceptrati on,of faagulating agentein tHhe mxtue of Hl.gadiand
SOP shoul d be preferably between 1 and 50 mMM nore preferably stil
‘between 3 an®l3% ®N] RaCRETI 601 @G nOPhe WasP It he BBAYaLAt i4fy

age]pt isI basﬁdgmwalpﬁi,unaoﬁmg@@@l t@@_ﬁg}i b@t&g@ﬂttmpoahd bﬁ)d025um Iand |
prefera added as an aqueous sal ution so_ as 0 excee ol unes
bf ® S0l atin BY T Co Ryt REERg Tagmiit by Che e o 2680 AT HIgT Fhe L2ast

concentrati oonef tbegsbhtuingn efenvagubatifrgaddent 30 emayosany asd nas
to respect these. tvp. constralnt s and uhien doi ng by sfierably 3

sol ution of cdagul ati ng age having a concentration ess tha%hfzo
MM in partieeharlakhendthgetbabtl @@¢hg agent is a calciumsalt. 35
If the blood is collected over anticoagulant, the effect of the

anti coagul ant agent and the effect of the biomaterjal should be
conpensated Fof . quan@ty ©dr eRaApLetifrgr BPBBH cbfl sdldlaigd in
sodi um ci tr abedemndes comyenthovsakoeonHet hanscbabut batt eadennr bkt BCP

VacuetteO, avail abl.e fr t he conpany G%einer ic-One, or of .the .
trademark Vatu af)é%%o,éiﬁﬁﬂquglggﬁroﬁ? h%oaguf%nt Sge¥ Uil 1s
combined with the blood collected.

20 The concentration of coagulating agent in the mixture
of Dblood and BCP should be preferably between 1 and
50 mM, more preferably still between 3 and 35 mM, in
particular in the case where the coagulating agent is
based on calcium. The coagulating agent should be

25 preferably added as an aqueous solution so as not to
exceed 2 volumes of solution of coagulating agent by
weight of BCP in ml/g.

The concentration of the solution of coagulating agent
30 may vary so as to respect these two constraints, and
when using preferably a solution of coagulating agent
having a concentration of 1less than 120 mM, in
particular when the coagulating agent is a calcium
salt.
35 . .
\ If the blood 1is collected over anticoagulant, the
effect of the anticoagulant agent and the effect of the

biomaterial should be compensated for.



5 conpany Becton Di ckinson) and in the proportions of 50 ng of SOP
and 100 pl of blood, we add 1 /5th of the final volume (that is 20
ul) of a calciumsolution at 80 mM' (.final concentration 13.3 mM.
The concentration of the solution may-b&3up to 120 nM Above, there
may be an 10 excessof cal ci um whi chagai ni nhi bitsthe 'coagul ation. |f
the bl ood isFast coindd -edfeverdl@pantpédagtrantovathespfany isltrate

col l ected dipggtly Qi/c%vérh@l&ﬁ@lnm %rdn%iltjl%n%nd the calid umds added
in a second instance, In this case possi ble to add 1/5t1 of

t he- bl ood vol&rBEbFcEn a?a/@é&@sb%liﬁ?%nt%% EQIBRUM SEPLORAY TG Hne
cozgent ratioarr aﬂgl ngef r@m&&nmm?t ozaaﬁltm\_ﬂn@g@k ,OXIaWTJ_Qb}bleZOfﬁbmh the
conbi nation t rm.of a steri]le. ki ri.s
dov oo compr TONRETS BRETFre nierOmi A nitinr iR PREPEERIPES pPLcal
25(b) a stermfecfeBePvand toOft aﬂnoﬁgbﬂhedcoaguhddl h@Sg‘g@rﬁ theEhdinal
reservoir (b)o MRy beRAEt of dde, deviee d}@ys@ﬁl@lérfpsl{a%% i
entity such=«as a tube or bottle rom t he coa atin
may be renovéediamb Wﬁﬁ@ﬁér@ééoﬂol@hé mHher T@&vﬁ@}’flcﬁﬂtﬂfﬁél@éw e )
or a syringesalhebRgmbhe ddj st icen 10fo tm caggykat itk ragefdy i BEO ahhe
cavity ere the SOP i Iac 35 Adv geousl y, the i.ce (a)
conpriséd nmedfsest| ovxﬁ’i%g tﬁ@ Fhtfoductpd of BP6od i nt'd %’ USnnerthe
Cavity: for exaspletheans allow ng the collection of a blood sanple
either directly froman. individual, or froma reservoir, or means
allowing the injection of a blood - 14 - sanple into the inner
cavity so aslfotakl owedki ag wiath chélBcbedl tovier pessidsitd doaoervingage
that the bl oo cohleel ofsi sdiilealddy ditLoduged st ohbe saatlderial

corrprlsmg the SOP or that it is collected in
: and the calcium i1s added in a second instance. In this

case, it is possible to add 1/5® of the blood volume of

an agqueous solution of calcium salt having a

concentration ranging from 12 mM to 60 mM
approximately.

20
Such a combination may be in the form of a sterile kit
comprising:
(a) a device comprising a sterile inner cavity in
which the BCP is placed,

25 (b) a sterile reservoir containing the coagulating

agent.

The reservoir (b) may be part of the device (a) br may
be a separate entity such as a tube or a bottle from
30 which the @ coagulating agent may be removed and
transferred to the inner cavity of the device (a), or a
sYringe allowing the injection of the coagulating agent

into the cavity where the BCP is placed.

35 Advantageously, the device (a) comprises means allowing
the introduction of blood into the inner cavity: for
example means allowingithe collection of a blood sample
either directly from an individual, or from a

reservoir, or means allowing the injection of a blood



5 reservoir where the anticoagulant is placed and then the whole is
transferred into the cavity where the BOP is present. In the case
where a bone marrow aspirate is used, provision is made for a neans
for aspiration of the bone marrow. 10-Thé tnner cavity of the device
(a) has a size allowing the introduction therein of the quantity of
bl ood or nar Fe8RPhECEBEar Fheo lpReduceVvithe IBicomst 619 alllsf fhigcing with

invention, agpueldc@s tihe oL heloLcongtd tugntsypfsdde %@am XEHE € Iy
as: coagulat|n a%fnt active ingredients, tissue or ce

prepar ati ons©° ad@anﬁﬁd@ﬁ%gﬂy el AT (é?tEOHﬁPFse§ﬁﬁ%R%
al | owi ng t hecappkicahyonciod tHup bb@rratleatallu n 1tshecammec2@dv\hme the

bone defect has been_ob erved Such .a devi may . con
cyllndrlggl devicé®stch’ égx% FU%e otlc%%ﬂ a%sl§%1 6gt?a9e&hen
t he experi nehhal wsedti ars. t&adafeﬁraﬁsnn¢msshbleaVotEnwhsaget@§|ﬁ@ia

devi ce such desc e 6 i n
whi ch the SOP §§ g?gsgggd gﬁangw%F%% wﬁggéfgng%%H rmrc%Z(S)ag lgﬁﬁﬁgQ§

agent are |nP%@@edP§ﬁHlﬁé0ﬂhﬂéh m%¢%|§9énasomﬁﬁy3b50¥|ﬁﬁéér§§19§ et
rel ease the bhonsteeihropse it has been forned. It is also possible
to envi de using a device of the Vacutainer(r) type, that is to say
t ubes under vacuumto 35 which a syringe is fitted which makes it

possible to Totl eohea peadeyebmlﬁhb(nﬁnﬂ¢éy of hbeod, stiheseltluhesg

peing preconﬁﬁ E%% ué%fggaéﬁkégf '”%“?hg E¥1t <%§ bl og or

i npl ant abl e erla nmpri Si ng granul e
whose si ze hasrbeen rdmemijrxabd'v:e pd@ﬁp@ﬁse@hgubm@mt@ri@l of the

honogeneous| yn{on 81 thr egrdi pensi onal agt worke of Blhaed pEAk&I NSt Ok Hien
a network of bone 5 marrow proteins. Advantageously, this bionaterial

conpri sés a MWEp-ase d%\diﬂﬁeaSabS(?ég&%aténaoé@ﬁFlétr a6t iFeo dd Irs ivgrttow)
proteins in thestorsr ofenl spbspanitabhy. honogeneous

Also advantageously, the device (a) comprises means
allowing the application of the biomaterial in the zone

20 where a bone defect has been observed.

Such a device may consist of a cylindrical device such
as a tube or a syringe as 1s illustrated 1in the
experimental section. ‘
25
It is also possible to envisage using a device such as
the one described in WO 02/068010 comprising a tube in
which the BCP is stored, into which the blood and the
coagulating agent are injected and to which a piston
30 may be fitted so as to release the biomaterial once it

has been formed.

‘It is also possible to envisage using a device of the
Vacutainer® type, that is to say tubes under wvacuum to
35 which a syringe 1is fitted which makes it possible to
collect a predetermined gquantity of blood, these tubes

being preconditioned with BCP in their inner cavity.

Another subject of the invention consists of an



10 m xture haying the appearance of a mall eabl e paste. The expression
mal | eabl e paste is understood to nean a material which itself does
not flow, as would a |iquid, but whose nechanical strength is
sufficiently lowto be 15 able to be nolded under the effect of
pressure exerted manually by an individual, in particular with the
aid of an instPlaBREPSECRIaBaACEpaluramBriERaIprsBER éf &hsyfidige.0f20

Such a biOﬁaégéhahegawd@%éﬁﬁﬁkéOhabh%égﬁﬂﬁé@iﬂé@ @Bo@ebOQﬁspﬂﬂsﬁ&,
whet her this |$golves Rillln in a fracgture, a | oss of supstance of

trauma or tufBPSHRARGEALLY dEPEBEESPEASWIYNg B sufgi cdIF S5 . 0Trt
hel pi ng to fhétaopkosihesilmoR5pThechhemaderiial maynbewbnkr odficéchneas

illustrated jn the les, by a surgical procedure in the zone
where a 6gneh§£¥§%t8%§gg§§§b be filled in. After incision, the

bionaterial is inplanted and the incision is closed 30 again. The
bi omaterial gfivihe,LByg81 0N iRys be conhined W h,an;gskeogynihesis

of greater nechanical strength, so as to allow the stability of the
assenbl y whi fefanaft iaP3s ere cdl ot idre ot helaef cf @ht MAdiHeBy

the bone Li3§ﬂ@§eins yﬁl-tgelthsrmnﬁﬂﬂtbonsﬂmgssntiapp§shﬁ%ﬁb%fmeous

pronot e _t he | antation of living bone tissue in. or ound the

P oathedte: BIRHALE hnerad sh oPDPRRETRGRALE o THhy &F Sb B ke i n

vitro or ex vivo as support for the production of bone tissue:

| ndeed, the t bane 1 r.o t hi i [ st

possi bl e to,g#%dgégrgg g%g F%géﬁéb?ﬁaggggﬁ 6%3i%g@%%%g%ﬁ?y@%nggégtgd.

Anot her subjeztebiat hehinbehtFohli doeRenase filawyi BSovenlex aviliguish a

bi omateri al @t dgs6Et bRd-AAYEal OEt 2anptAdYGi B r#1B9BALNHPhAAL to be

15 able to be molded under the effect of pressure exerted

manually by an individual, in particular with the aid
of an instrument such as a spatula or the piston of a

‘syringe.

20 Such a biomaterial may be used for the manufacture of a
bone implant, whether this involves filling in a
fracture, a loss of substance of trauma or tumor
origin, a defect following a surgical procédure, or

helping to fit a prosthesis.

25
The biomaterial may be introduced, as illustrated in
the examples, by a surgical procedure in the zone where
a bone defect needs to be filled in. After incision,
the biomaterial is implanted and the incision is closed
30 again.

The biomaterial of the invention may be combined with
an osteosynthesis of greater mechanical strength, so as
to allow the stability of the assembly while awaiting
35 the colonization of the deficient =zone by the bone

tissues.

It 1is possible to envisage combining it with a

: prosthesis. Coating the prosthesis with the biomaterial



It is possible, according to the invention, to culture bone cells on
the biomaterial of the invention in a nold having the shape of the

implant which it is 20 desired to manufacture. The culture of cells
under these conditions makes it possiblEoto obtain a bioconpatible

i mpl ant havi ng the appropriate shape and di nensi ons. 25 EXPERI MENTAL
SECTI ON Fi gu@gs I gureren t g mieik6® of thoResEiBsfe BY & It ANISH
coagul at ed bi@edaat ounen S partishesod) Ehessesenti 0is f ol AR ames
stained with HES after 4 weeks of inplantation at a subcutaneous (A

and C) and iRIPahtsttfar (B and D) site. Scale:A and B: 500 pm 35C
and D. 50 pm Wite arrows: osteoblasts Black arrows: osteocytes Bl ack

ar r owheads: od . | i o] . Qst I - 17_- -
Fi gure 2:% Se%?o%l\éﬁ'%ﬁl%gégﬁggi ﬁ%%amﬁg%%%lg% 4§§ge%§%§f Ge Hised in
i mpl ant at i onvi5&t@A) orhyyr ivdivaatdsors Wwrdr i nhemnetBer prdbokiing e donewn

col or of ostepgalgin in the cytoplasmof cells (white arrow) (B):
hybri di zati on w th noni mune serum - scal e:

Indeed, the culture of bone cells around this .
10 Dbiomaterial makes it possible to produce a bone tissue

that can be subsequently implanted.

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

15 producing a bone implant.

It is possible, according to the invention, to culture
bone cells on the biomaterial of the invention in a
mold having the shape of the implant which it 1is
20 desired to manufacture. The culture of cells under
these conditions makes it possible to obtain a
biocompatible implant having the appropriate shape and

dimensions.

25 EXPERIMENTAL SECTION
Figures
Figure 1: Formation of bone tissue by an implant of
coagulated blood around BCP particles.

30 Cross sections of implants stained with HES after 4
weeks of implantation at a subcutaneous (A and C) -and

intramuscular (B and D) site.

Scale: A and B: 500 pm
35 C and D: 50 pm
White arrows: osteoblasts
Black arrows: osteocytes
Black arrowheads: blood vessels

White arrowheads: osteoclasts



10 pm 10(C): Col dner stain - scale: 50 pmBlack arrows: vessels and
osteocytes. Figure 3: Scanning electron m croscopy of 4-week-old

bl ood/ BCP i npl ants 15(A) collagen matrix in the intergranul ar space -
scale: 10 pm (B) magnification-ot7(A) - scale: 1 pm (O
two osteoclasts attached to the granules with 2 to 3 visible nuclei -
scale: 10 pm 20(D) functional capillary - scale: 10 pm Figure 4:
Scanni ng el egt EAReMGT 0S€OPYoRf oif M1 BCA) BGH Hoagubated hl apd P)

BCP/coaguIateg asma _25Scale: 1 pmFigure 5. Formation of bone
ti ssue from®B EEPi@ﬁﬁaFﬁBPants after 4 weeks of inplantation

Subcut aneous sites (A, C 30Intramuscular sites (B, D) Scal e: 500 pm
(A B) 5 (A): hybridization with immune serum showing the
brown color of osteocalcin in the cytoplasm of cells
(white arrow)
(B) : hybridization with nonimmune serum - scale:
10 pm ‘
10 (C): Goldner stain - scale: 50 um

Black arrows: vessels and osteocytes.

Figure 3: Scanning electron microscopy of 4-week-old
blood/BCP implants
15 (A) collagen matrix in the intergranular space -
scale: 10 pm ;
(B) magnification of (A) - scale: 1 pm
(C) two osteoclasts attached to the granules with
2 to 3 visible nuclei - scale: 10 pm
20 (D) functional capillary - scale: 10 pm

Figure 4: Scanning electron microscopy of implants
(A) BCP/coagulated blood
(B) BCP/coagulated plasma
25 Scale: 1 pm

Figure 5: Formation of bone tissue from BCP/plasma
implants after 4 weeks of implantation
Subcutaneous sites (A, C)
30 ‘ Intramuscular sites (B, D)
Scale: 500 pm (A, B)
50 pm (C, D)

Figure 6: Comparison of the osteogenic properties of
35 the biomaterial prepared from blood of C57BL/6 mice (A,
B) and human blood (C, D) combined with BCP
microparticles (40-80 pm) , after subcutaneous
implantation in nude-type  immunosuppressed mice.
Observation at low (A, C) and high (B, D)



50 pm (C, D) Figure 6: Conparison of the osteogenic properties of
35 the biomaterial prepared fromblood of C57BL/6 mce (A, B)and
human bl ood( C, D) conbi ned wi th BCP

m croparticl es(40-80pmn), af t er subcut aneok® Tnpl antation in

nude-t ypei munosuppr essed m ce. Observationatl om A C)andhi gh(B, D) -
18 - nmgni fi ®8fR6AICEAPBs: 100 pm Fi gure7: I nfl uenceof thesize of
theBCP 5 mi cropartitghes:onobopg.formation after subcutaneous
inplantation in mce. Inplants were prepared fromthe bl ood of
C57BL/ 6 mice conmbined with BCP in the form (A) of a large quantity of
fine dust havipgra size ofirnfdssndean 46 pmim xedsiwet h partithes &CP

80-200 pm ( Lcl 40- 8 ( DarLi ;
20200 by (BlopofoBertlclss SLod0 LSy Dral: byl
correspond t&mpiensahioni gherniregni finpdenba ofenchertdiptaed sfeomnd e

respectivel yy1 568l 68 280ppns 43cEl gUnei8ed! MRankeprigpated foram &40
pl of C57BL/6 _nouse bl ood and increasjng quantities of m.croparticles

of BCP 40-80°pnf (AFI£0 WGRHBY FF ngi"g Jusd hgvand gDF176 Rg. less
Scal e: 100 pphaR0 46i guni emdxeX- Ay |patonsisgpl ant $oprepaned; f rtem of
coagul ated whol e. bl ood around, ¢gl|ibrated BCP m.croparticles (80-20
oy (ATROPT R BhaLarth o4 r bt 50% tHe midr oo 1| BRES BiRg OF
mai nt ai ned i ®0su@Pensi onEi nFt hefbbeodidlrsngft RO OcoQGuivat.i o1 gulrase D25
(method fo. g EB)c O alomxigum coneeatr ali . Mnbbhes bl 00d; §1h%f
m croparticles sedinenti g during the coagul at1on (nmethod No. 2. The
white arrowsthadieatentseCpredehceeaPeat +ael vt rapzpas eh?01ihe bet ween
t he di aphyseal ends and the inplant. 30 Figure 10: Inplantation in

BEAGLE dqgs. _Post-operative x-rays. éA othe left, the inpl

consi st 430t BERLR ole (BPIeS e EPRRret  Uohsiols b tHe® SaRPBY God

m xture Wt mausaxbhomlr ahdoiatrBERiagcoudinngttiesmetthad croparticles
of BCP 40-80 pm: (A) 10 mg, (B) 30 mg, (C) 50 mg and
(D) 70 mg. Scale: 100 pm.

20 Figure 9: X-rays 1in dogs - implants prepared from
coagulated whole blood around calibrated BCP
microparticles (80-200 pm): (A) BCP/blood with a ratio
of 50%, the microparticles being maintained in
suspension in the blood during the coagulation phase

25 (method No. 1); (B) BCP at maximum concentration in the
blood, the microparticles sedimenting during the
coagulation (method No. 2). The white arrows indicate
the presence of a radiotransparent line between the
diaphyseal ends and the implant.

30
Figure 10: Implantation in BEAGLE dogs. Post-operative
x-rays. (A) to the left, the implant consists of BCP
alone. (B) to the right, it consists of the BCP/blood
mixture with a maximum ratio of BCP according to method

35 2 of preparation of the implants.

1. Principle:
This is an instant procedure, carried out in an

operating room. It consists in mixing, in the'body of a



35 2 of preparation of the inplants. 1. Principle: This is an instant
procedure, carried out in an operating room It consists in m xing,
in the body of a - 19 - polypropyl ene syringe, SOP particles and

aut ol ogous whol e bl ood (50% w' v) col |l ected-over an anticoagul ant t hat
is a chelator of calciumions. The addition of CaCl2 makes it

possi bl e to poilypabpyliheecoagulagepn. BEP Theasyichge isnd henutpl laggdis
for 10 m nut f eppes a y_ i xer +C: Z[HBC_KFJ j
possible to ﬁg?% aibﬁli%'[gh&e g%p%?&?c%sﬂ%%ﬁp%ﬂés?oﬁni \rllmltﬁ% oogﬁr{tt
during the cbhase iof ehechwd@fdrat Pén.cal Hoibgenasus Mist piBution off
the particlegytn, theklQ coagyatad Rl opd issitthus ObtaknedThe ang of
the syringe is then cut and the inplant pushed qut of the syringe
with the i d'®f tHErPret ot SandPlRacki2aedt NePSi td oM iPHpPaNt At | diPO™5
Resul ts obt atéedeiatanenahs a( GoABlA 6 miee), Whechnphastatiitonfsitdie
bi omat eri al at t he, ectorF)i %hsi tg g)subcut aneous .and i ntrarrusculftr) the
deronst r at es" 7't '8t go=T nddict i ¥ pr%%%ﬂ? S5 wi't hsluﬁﬁfegﬁtlgnt hat are
conpl etely cblondzediunyiray nm heeal ixedsenmablr e thone 20agussugeonhat A s
very richly Lzed af : S. ri t hods

2.1. Particl Pégﬁ(g?éﬁlé%‘ﬁgsi ?l%gftéléﬁ\re\@gﬁosp?ﬁfat é@%heﬁé?tﬁgg?%ecalﬁci t}r}rlle
phosphatld (BcPIbishaterPHPods i ddmsosedtefngdy h?g?ox%%atqf{ e theA;
Cal0(POA4) 6( Ok 2)ngad 140%Har cal€i dauphasphahe ntORBhuHedd PO¥Y 2hr He
calibrated S article bt%ween 80 anﬂkzoo, crons were suppli edhby
t he conpany GRA BARD (%i%- 8hd pPdverite, PEFRABe PROTHRLI 31 i eFedPe
were steriligedebyf30mpeattagiat. 180C for two hours.

15 Results obtained in animals (C57BL/6 mice):

The implantation of the biomaterial at the ectopic site

(subcutaneous and intramuscular) demonstrates  its
osteo-inductive properties, with implants that are
completely colonized by a mineralized immature Dbone

20 tissue that is very richly vascularized after 4 weeks.

2. Materials and methods

2.1. Particles of biphasic calcium phosphate:

The biphasic calcium phosphate (BCP) biomaterial is
25v composed of 60% hydroxyapatite (HA; Caio(PO4)s(OH)2) and

40% tricalcium rhosphate (TCP; Caz (PO4)2) . The

calibrated BCP particles between 80 and 200 microns

‘were supplied by the company GRAFTYS SARL ‘(Aix-en-

Provence, France). The particles were sterilized by |
30 heating at 180°C for two hours. '

2.2. Preparation of the implants and surgical
procédure:
- Subcutaneous implantation in mice

35 The experiments were performed in accordance with the
regulations of .the Direction of Veterinary Services
(Direction des Services Vétérinaires) and authorized by
the Regional Ethics Committee for Animal

Experimentation (Comité Régional d'Ethique pour



2. 2. Preparationofthei npl ant sandsurgi cal procedure: - Subcutaneous
implantation in mce 35 The experinments were perforned in accordance
with the regulations of the Direction of Veterinary Services
(Direction des Services Veterinaires)-ah@ authorized by

t heRegi onal Et hi csConmi tt eef or Ani nal ‘
Experi nent at LORKCoHineRegtonal dABLhEdaepdGREEA)2Q - WhoEepemilipeet atiison

Ani mal e (CREEA) ) «cVBQ! e hlood olgigal | eqted caver a%uct(ﬂdé@g‘?iltarta&to%) by

(anticoagul ation) by intracardiac puncture from anestheti ze
t en- week- ol d1057BEABAREe. PIRFLEBFe ENPRr i gt et e Pl dsna week »1d
prepared fropswbn)e bhoed. byreentsonfugakiberiabni800 ghé orpldbsnd nuies.

102 1 g sypinge: . dN%, A A &M 000 §OR LN ESgation at 1800 g

for 15 minutes.

Method 1: The implants are prepared by mixing 100 pl of
whole blood (or plasma) with 50 mg of BCP particles in
10 "a 1 ml syringe. The activation of coagulation is then
obtained by adding 20 pl of a 1% CaCl; solution. During
the period of coagulation (5 to 10 minutes), the
syringe 1is placed on a roller of the New Brunswick
tissue culture roller type, model TC-7 M1053-4005).
15 This allows a rotational movement of the syringe on
itself and maintenance of the BCP particles in
suspension in the clot. After cutting the end of the
syringe, the implants are pushed out of the syringe by
means of the piston and implanted subcutaneously (SC)

20 or intramuscularly (IM) in C57BL/6 mice.

Method 2: The implants are prepared with a maximum
concentration of particles and therefore a maximum
BCP/blood ratio. For that, the BCP/blood/calcium
25 mixture 1is maintained in a fixed position for the
duration of the <coagulation so as to allow the
microparticles to sediment naturally in the blood. It
is thought that a maximum concentration. of
microparticles in the coagulated Dblood is thus

30 obtained.

The subcutaneous implants were placed under the skin in
a dorsal position and the intramuscular implants were
placed in each thigh between the muscle masses after
35 dissection. At each of the sites (SC and IM), it is
‘checked that no bleeding was induced during the

implantation.

In each implantation experiment, the C57BL/6 mice are



obt ai ned by adding 20 pl of a 1% CaCl2 solution. During the period of
coagulation (5 to 10 mnutes), the syringe is placed on a roller of
the New Brunswi ck tissue culture roller type, nodel TC-7 ML0O53-4005).
15 This allows a rotational novement of2the syringe on itself and

mai nt enance of the BOP particles in suspension in the clot. After
cutting the enhdsbhetheedyrbngdnhedetiiepl apts 4r e ipeshegapgt ofweheéC

syringe by rr@ﬁmaﬁtstQﬁdpteobowa%pugﬁlt%nta% gHbcaregUH K %@us@
or intranmuscularly (IM 7BL/6 m ce. Method 2: The inplants

prepared with%a SEa nﬁﬁ?@éh@@ﬁ??at iSAFTof MBHPRI cl%aS IiRE t Reref

maxi num BCP/ bllnp@gintataha Borp thata Adue B;Gﬁihiraodé’@abébblmsZSem Rifilee i4s
mai nt ai n a8f|xeg tlonforlthe duratg&n of hec ulatlontso
as to all Re®m'cF Ba Sl 886 -Sedifre i€ 1 drca%dli? at%'t 68d.°

IS thought th@i anadredt enumcloncent rextawerd  ofr rerlopard | cI es in the
coagul ated bl ood is thus 30 obtained. The subcutaneous inplants were
pl aced under the skin in a dorsal position and the intranuscul ar

i mpl ants were praéedtahieachtt i GAnpeshbeniehsaffiscl e nasses after 35

di ssection. fheeaeBtetbolharsidiesyd SeppndebMin 'ﬁaﬂ§ tﬁ@@clﬁégrbbéh Yy

bl eedi ng was | nduced durin the | | antation. , - % nest heti zed by
i nhal at i ofP20 i sBFPLPEAE. TWET8EFmI aﬁpgméﬁ&eﬁm | MOFnpl aftts T4k
pl aced for eazﬂaeﬂnusletatnoﬁone(m@ty@morm’rm&o6e)ach Thase r@:o:@tl\ziﬁdrﬁry

bl ood/ BCE i npl ant. and. a pl asma/ B at . ea h S|te After 8
weeks, the ggh)l%afs A e satt |cedfno |nﬁal at |a5n 0 ]th‘—’mlma(1

i npl ants r enibvesie f ofAtaied Yt 52 -Celntmadm at ioén ahea 11@)@@@ sﬁét@lttn/ r atfs
The protocol uhich,ue applied in rats was approved by 10 the regional
ethics (?LOSmhttee for ani mal

We wused a model of loss of femoral diaphyseal,
interruptive, segmental, Dbone substance of <critical
size (6 mm) combined with plate-screw osteosynthesis, a
model developed in our laboratory. We operate on a
20 single femur per rat, the loss of substance is filled
in with our biomaterial, autologous whole blood/BCP
(80-200 pm). The rats are monitored clinically (absence
of pain, deambulation, general condition) and radio-
logically by photographs at DO, D7, D15, D30, D45, D60
25 -~and D90. At the end of the third month, the animals are
sacrificed, the femurs are collected and, after
ablation of the osteosynthesis material, the bones are
fixed in formalin before being embedded in methyl
methacrylate resin and histological study.
30 '
During the first procedures, the implants were made to
the size of the bone‘ defect, with a proportion of
particles of 50% weight/volume, that is 75 mg of BCP
per 150 pl of whole blood collected from the animal
35 pre—operétively} The coagulation is initiated by the
addition of 15 pl of 2% CaCl, and the homogenization is
produced by continuous rotation until coagulation 1is
obtained so as to maintain the BCP particles 1in

suspension in the blood and ensure the homogeneity of



experinmentation (NCA/2007/12-06). These prelimnary experinents were
carried out at the central animal house (Animalerie Centrale) of the
Nice faculty of nedicine. 15 W used a nodel of |oss of fenoral

di aphyseal, interruptive, segnental, bo¥e substance of critical size
(6 mm conbined with plate-screw osteosynthesis, a nodel devel oped in
our | abor at oEfe Véoﬁﬁg?é%élon a 20 single fermur per rat, the |oss of
substance is filled in with our biomaterial, autol ogous whol e

bl ood/ BCE (80- 200 g . . The rats are nonitored clinically (absence of
pain, deanbuFa?WBﬁ,ggéﬁéPﬁlanﬁd P6nF1aRd Fabf65F6gFedF 1 y by
phot ogr aphs ahiBO, i $7,a Dinddd300f0450sB60025 @ndi iteddt dyhie rend cofl

t he thlr% nmont h, . the aninmal s.are sacrlg!ggd éQf fenmurs a%%ecollected

and, after a%?%%F%ﬁyo OPﬁe%&ﬁﬂ&%$%ﬁﬁ%S|s ﬂ%%erlaf}z?hénbonesﬁﬁ%ion

fixed in foredél thebéhbreabefrgoeateddadyilnsierhpdurethacr ydatle cesisn
and hi st ol ogjgal¢ 9L udy. 3O Dyidagy t heofi rshcRr ogedur espe the idglants

were made to the size of” the bone defect, with a proportion of _

particles of CBUOYWRF ght'eF6! uneCkIrd - i srSlay SLOBGB pbt- A50Mp) ofis

whol e bl ood goliected frem the anddminB3nhr ecppetpti Vvelrycelibee, by

coagulation is ipitiated % t he ad |tiq€ Q%EIS'ﬁl f 2% CaCl2 and .t he

- hormogeni‘zat i BAPF5YHF odiite ¥ﬁy EGREPRucTS r'dtat PEFYRL | YEORgU at i O

i s obtained smrmsltoamwlﬂiﬁn_uhedSOquﬂpiepameinthaspéﬁﬁmmtdniaﬂw

bl ood and e“éﬁifn&?fe&?”?%ﬁﬂﬁ'EXSQT of %%10 mm 1is produced in the
region of each external femoral condyle and the bone
sequestra are carefully removed by washing with

15 physiological saline and aspiration.

Each animal received two 1mplants of différent
composition but prepared so as to completely fill in
the defect created; that is to say:
20
On the one hand, the biomaterial to be tested consists
of a mixture of BCP (80-200 um) and blood with a ratio
of 50% weight/volume of 330 mg of BCP and 660 pl of
whole blood. The BCP particles are maintained in
25 suspensioh during the coagulation by rotation of the

syringe which served to prepare the mixture.

On the other hand, BCP alone is implanted, moisturized
in physiological saline, that is 660 mg, occupying the

30 same volume as the controlateral implant.
The duration of the experiment is 8 weeks.

Post-operative x-rays were taken immediately and at the
35 end of the experiment at the ENVN.

2.3. Histological analysis:
The dissected implants are fixed for 24 hours in a 10%

buffered formalin solution. Each implant is then cut



the biomaterial. - Inplantation at a bone site in BEAGLE dogs This is
a nodel of loss of calibrated cylindrical 5 cavitary bone substance
of critical size in the region of the lateral fenoral condyles,
produced on adult dogs of the Beagle lx®ed. For each dog, the 2
fenmoral condyles were tackled. Whole blood (3.5 mM) is collected at

t he begi nni ngnod theeprpiedaseyhbghl@rpudetaieiifnetiherr egitonnofa tllhe

jugul ar vein h i qgg [ t.o. pr.epare.t;he, bi teri al,..
Cylindri cal éﬂ%ﬂ gf@%fé%x r[{rrlﬁ'r%elu%(-}t:)l’raoa uégcre%pi n%tlftiie #éé)%f%ﬁ %Ol?atclﬁn
external fenbeal 2doMPss add rhembosErseqiestr et etlealr efuibeydedmived

by washing w4 pad8: Rhysi alogiscals sal pre and aspiv ati oo Eaglh i
received two inplants of different conposition but prepared so as to
conpl et ely fRFPAFAEthRI&RFect CPREEEHITRAt | £1D saPt2Eh t h¥idRe
hand, the bipsmieskalitp betested rconsesttsonfl aHpExt urkhef s8@®ions
(80-200 pm anézl EkOOd ewithl a al%_i ooo&gor)weli Q)t /Cvool urme_or 330 g %f
SOP and 660 ?‘)Jf ot "Whol €' BTG, e 6 r (1656 SRR el HEtGi Red SR 525
suspensi on dixiogkehe wbaguwatpon bihe otrdtatore ofantche tsyamgerivihi clan
served 1o prepare,f happ @olﬁ{?ef caméht QQeQFE?r L@anﬁec@@ggé%&lsm
i npl anted, noisturized in ]Eri'a¥8| ol ogical saline, that T's € ny,
occupyi A§ t herdor s&ive JbRuRelds Wte E8AfREPat®TeAs | RPFERLSdTHey the
duration of therexXperineite] S & Weaks. one HASE, OREIAL i Xhayscp
were taken inmedj ately and at thg 35 end of the. ex erlgen,t gt he
ENVN. 2.3, H3tot ot Tal Oankl§sPsieThBabfss88E8a MABFaRts T4PE 2 ixEas
for 24 hour ssuldavildda bitfif er edréer mahén bBatihgon. skachcenplraat egsal
then cut to 0.6 mm®’ along the median axis of the implant. In
15 each of these three zones, the area occupied by the
fibrillar bone tissue was measured using the AxioVision
Rel.4.6 software. This analysis was carried out for
three SC implants and three IM implants. The number of
vessels and osteoclasts was evaluated in these same
20 zones by counting the capillaries and the
multinucleated giant cells respectively under the light
microscope (100X) by two different observers. The
density of osteoclasts and vessels is expressed per mrm?
in the form of a mean £ standard deviation. The
25 statistical test wused 1s the Student's T test. The
significance was defined for a p value of less than

0.05.

2.4. Goldner staining: ‘
30 Sections of nondecalcified implants having a thickness
of 7 ym were stained by the Goldner's Trichrome method
which makes it possible to evaluate the mineralization
of bone tissué and to distinguish the mineralized
tissue (in blue/green) from the nonmineralized osteoid
35 ‘tissue (in red). Briefly, the deparaffinized sections
are rehydrated and then incubated in the presence of
Weigert's hematoxylin for 20 min, rinsed with running
water and differentiated in the presence of 1% acid

alcohol, washed with running water for 5 min and then



- 23 - into three pieces which are decalcified or not in a 10% (w v)
et hyl enedi am netetraacetic acid (EDTA) solution for 24 hours at room
tenperature and then enbedded in paraffin. Sections of 4 pmare
prepared, 5 deparaffinized, noisturized4and stained with hematoxylin,
erythrosin, saffron (HES). The sections are then exam ned by opti cal
m croscopy usingea Zeislk ALigskldedn vedsecopeThThespholoss arare akdren

with an Axi oCam kKRG cplor Gameiai£ei S& Lg PesfurFrancek. 111Qiine
order to quantify the Surface areas occupied by the fibrillar bone,
on the one hBAACCARGEBYIt HelcEeP N arrPEllex 1 ngR Ccefid Cotaferd hAfd, Seddi/

i mage of inpkaggz@aﬁnsqﬁmadéﬁ?iia%ﬁa;fuﬁﬁm5@?@§hbaytng @r%@éﬁ@%gof
area equ to . aongt e nedl an | (0] e .| np ant . n, o
Sneh ofThesB OhaBl byRell ok et PeandBe i St bl e biTheed Mhhna
ti ssue was neasuied usiing t hetAkned¥i siion Refe4. @ reafdnwar e. offhi dight

anal ysi s was I far. th C j 4 S r I M i ts.
The nunber o?ggééégg%ggéda%éf%o%ﬁgsssf&gghggélug?gggﬁn%ghegg gg%%ﬂfb
zones by coudti®g fde dapiiinartiess afddieHe amdlt imeiehesd edirgi dmteddlans

respect i vel ynddernd e hi Gt (17 £5RSCOPERA09X) By Ay di fferent
observers. The density of osteoclasts and vessels is expressed per

m? in t¥% formof a mean standard deviation. The 25 statistical
test used is2therhudent ssodhéestt rifher sh@ni he canceonascdedi ned for a

p val ue of !@ss than _0.05. 2. 4. Gq#%gﬁr S aiﬁgn - 30 egéio s of o
nondecal ci fi ed Piptaft's HAHHEH tHICTkiess’ B %gﬁn?ﬂﬁ+ Yairned by
t he Gol dner'ssTeochlone, nethodcukich agekiesti t possiyhtbetbcevakepdtiee
the mneralizalion, olqaPogecsi sargoandi 49 dishi pguigh heMAgng! kagd
15 of the protein (Alexis Biochemicals, Lausanne,
Switzerland). Briefly, 7 pm sections in paraffin were
deparaffinized, rehydrated in ethanol, washed in PBS
and incubated for 30 minutes in the presence of 0.3%
H,O0, in PBS. After two washes in PBS, the slides were
20 incubated in the presence of 1.5% goat serum (blocking
buffer) for 30 min. After washing in PBS, incubation in
the presence of a biotin-labeled antibody to rabbit
immunoglobulins and the procedure for visualization
with peroxidase were performed uSing the ABC labeling
25 kit (sc-2118, Santa Cruz, CA, USA). The sections were.
then incubated in the presence of peroxidase substrate
for 10 min and the cellular nuclei stained with
hematoxylin for 3 min. After dehydration, the mounting
is performed in Entellan mounting fluid (Merck). The
| 30 controls are produced by incubating the slides in the

presence of blocking buffer.

2.6. Scanning electron microscopy

The implants consisting of coagulated blood/BCP or
35 coagulated plasma/BCP, before and after four weeks of

implantation, were fixed for 12 hours at 4°C in a

buffered glutaraldehyde solution. The samples were then

washed and incubated in the presence of 30% glycerol

for 1 h and then frozen in liquid nitrogen and



tissue (in blue/green) fromthe nonm neralized osteoid 35 tissue in
red). Briefly, the deparaffinized sections are rehydrated and then

i ncubated in the presence of Wigert's hematoxylin for 20 mn, rinsed
with running water and differentiated-in5the presence of 1% acid

al cohol, washed with running water for 5 mn and then - 24 - rinsed
with distill édamtitierd. Thé\fgeot | odshudeathem stiai nethdy pmeabatkeng din
a sol ution °Ené¥%é§&ﬂ§ Poé‘&?éé%@ﬁvgi&%m'o'}’ 328!8%8@5‘/ acefle acjd.
for 5 mn, rinsed In 1% acetic acid, incubated in the presence of
phosphnol ybditgnagpafoiangexemedh y20ligiliaazpings e lignatPlaedidhe dciigle

st ai ned_ in tB@AEé%e@l_%sQlfesl,i 9@%@19&@)9”&@9(3?5 Cmdfl %nfoortk%rm BYtes, at
washed in 1% acetic acid for 5 mnutes, dried and_nmounted in _Entell an

mount i ng Hredf AT ( MEFERE “Tar it adt!eYeerPaffy) thegp 2f5xed on  aluminum
| mmunohi st ockeppstty ehdnuhkenecostedcalichne W ywsed fanydIapeddwd ifured

pol ycl onal antibody t se_.aostepcal cin, .directed _against a
synt hetic peEFPg%r§%rggg§ghdpgz t g% meﬁigmalgﬁééof- ﬁ’@iso%ht Ye I%\ef-rtfe(?rrnmlerﬁjaI
end 15 of thespnot ei mopAlnexios Bicotham cal srodausanne, tBai VZOL &d)Or

Briefly, 7 pgg%gcwg gn;p paraffin were deparaffinized, rehydrated in
was n

et hanol , i S and i ncubated for 30 mnutes in the presence

of 0.3%U%$02 in PBS. After two washes in PBS, the slides were 20 :
i ncubat ed i n3t hrepaegence of 1.5% goat serum (bl ocking buffer) for 30
mn. After V\gshi ng_jn PBS, incubatjion in the presence_of .a

bi ot i n- | abel 8d”ant I'BEEYSCEPLAbbIAT Mo THU 1 7s dRALY AL pr 8led e
for visualizatbontahtbuperaomd dasersenecpes forimgd amsisngofheddB@lated

| abel i ng 25 5%50&55@118, Santa Cruz, CA, USA). The sections were

t hen i ncubated i ﬁe’ presence of peroxi dase substrate for 10 m n and
t he cel I1¥ arThecheplsnaphédnwotth deaeatlendd p¥ord 3imi hheApbgence of

dehydration, gtbe fmudNgs | $3:Rer hermed 1 h ByEnE gL aro RN A Ng Jd Uidne
(Merck). The 30 controls are produced by incubating the slides in the
presence of Btk ng AiFer £OPr6. "SR ARNI I8l et r BfiC i crdsddpyFy of

fibrous tissue was found at the site of implantation.

20 Dissection and macroscopic examination of the implants
of coagulated blood around BCP particles after 4 and 8
weeks made it possible to observe their firm
consistency and the presence of numerous small vessels
at their surface. No inflammation of the host tissue

25 was observed.

Histological analysis of the paraffin sections of
blood/BCP implants after 4 weeks of implantation
revealed a complete and reproducible colonization of
30 the entire interparticle space by immature bone tissue
in close contact with the BCP both for the SC (Fig. 1A)
and IM (Fig. 1B) implants. Examination at higher
magnification suggests that the collagen matrix is more
mature at the IM site (Fig. 1D) than at the SC site
35 (Fig. 1C). To evaluate the quantity of fibrillér bone
developed in the interparticle space, the ratio betWeen
the areas occupied by the bone tissue and the areas
occupied by the BCP was calculated as described under

Materials and Methods. This made it possible to show a



The inplants consisting of coagul ated bl ood/ BCP or 35 coagul at ed

pl asma/ BCP, before and after four weeks of inplantation, were fixed
for 12 hours at 4Cin .a buffered gl utaral dehyde sol ution. The
sanpl es were then washed and i ncubated 2& +he presence of 30%
glycerol for 1 h and then frozen in liquid nitrogen and - 25 -
fractured. Attenifehgdtatiiéheranthebptesencéhef SChemgasivhgites with

concentrati Pﬁ‘g. g5 el hangbs tfiey,YeL e dimmesed, i p Qexﬂﬁmﬁﬂﬁhgh%' aszpne
(Sigma-Aldrich, L'isle d Abeau esnes, France) for 5 mn and then
dried at 5 r6dnft Enperatith eherhey WwWepéaphen (i xed onPaFuli-fdm) - ALl

Eggggrta and%tﬁega COSd €T 3 tsl'hcﬁr'%)h%rt 0ft%’1§0| %@@kb@gwmé%@a@@ is

, ) e ex nati on was .t hen perfo silng a_scanni ng

el ect f on T cPOSROBES O FRACTECEI6TH0R Ty he( Jabant - 5655, RENH fhat

3. 1. _Macrosthpi cqgaadtirtgr oscopitd sanal ysiesedopichie siwbc utiayrediisaartd v

intranusculaérégpégnig ?%609%gg$§igg bl oodf BCP. 15 The inplantation
0o0d 1'n € absence o?

of coagul ate BCP particles did not allow the
formati on of bone tissue. After four weeks, only a snmall quantity of

fibrous tissye vas.Howrd ahelheisiie Ofc | BRLARLAL 0Bne20, R SSECL | QF
and macroscopi ¢ exam nation of the i1nplants of coagul ated bl ood
around BEP parteEPes aftsicF aNdtBiecks® nadé lrOepassi Brer ¥ ob8 e
their firm cgaséstengydapdribatpeesanca 10ftmunereusnssual Fiyessel s pgt
their surfaqg h? igf%aggatign qg t he hOSttti%3?%ﬂ%§1“2358p§32%%%ht
H st ol ogi cal PtAaf y&ir& O8FSERE ' par atFth S8EPFors's g
: difference between the IM and SC implants with a mean
of 61.4 + 10.2 vessels/mm* and 51.10 + 10/mm?
15 respectively (n = 9; p = 0.045). We also observed
numerous multinucleated giant cells attached to the BCP
particles (white arrowheads). These cells are identical
to those which we identified as being osteoclasts in
previous work (Trojani C. et al., Biomaterials, 27,
20 2006, 3256-3264). Their count revealed a mean of 88.51
+ 14.60 osteoclasts/mm® in the IM implants and 93.13 +
14.40/mm* in the SC implants, a difference that is not
statistically significant. The high resorption capacity
of these cells is strongly suggested by the presence of
25 microparticles and intercytoplasmic fragmentation
crystals, by the irregularity of the contour of some
BCP particles, their degradation texture with a lower
and heterogeneous density. Finally,‘ we oObserved  the
presence of cubic osteoblasts aligned at the surface of
30 the BCP particles (Fig. 1C and insert, Fig. 5C, white
arrows) and of numerocus cells of the osteocyte type
embedded in the collagen matrix (Fig. 1D, 2B, 3A, B
black arrows). The mature osteoblast phenotype of these
cells was demonstrated by the intracytoplasmic
35 immunohistological detection of osteocalcin (Fig. 2A).
Furthermore, all the implants were positive after
Goldner's staining after 4 weeks of implantation,
indicating that this neoformed tissue 1is mineralized

(Fig. 2C).



bl ood/ BOP i npl ants after 4 weeks of inplantation revealed a conplete
and reproduci bl e coloni zation of 30 the entire interparticle space by
i mmature bone tissue in close contact with the SOP both for the SC
(Fig. 1A) and IM (Fig. 1B) inplants. EXdhi-nati on at higher

magni ficati on suggests that the collagen matrix is nore mature at the
IMsite (Fig. 1D) than at the SC site 35 (Fig. 10). To evaluate the
quantity of fhbriklar, POBﬁedQV@EQRGQM' Bnblnk Al ehPae tahall%gsr%%%trto%e

rati o between the areas occupied one ti sSue and the areas
occupi ed by Ther SEFMAS H@Qeculuétéwsa%l cFPhePImdes NELEri ats &R&

Met hods. Thlﬁlﬁﬁ@l@otésm%bl @héOBSPOWa@tlclgﬁ - tskgRLAiIeaRh matrix
differene en the SC an jégngth 49, 63 . 08% of bone
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each of the &hi¢ e@CPW@r@@sléle@ed(Fthe p?%sehb@cbf ar@oramer J@gt\h@ﬁ@wg,

wi thin the cpfl agﬁmgmgat e Horngeneoys! % odirstihipaieddm al brt hee
inplants (Fig. D, bI ack arrowheads). Their count reveal ed a
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0.045). We al so obs at

o the BOP pHICTOIBET whit o aPRodABAds) ST e e Pl W  PaSREPLEr o

t hose whi ch wepe demitd f i 3% assduei ngBR)st eocl asts in previous work

(Trojani C. et al., Biomaterials, 27, 20 2006, 3256-3264). Their

count reveal ed a nean of 88.51 14.60 osteoclasts/m®2 in the IM
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texture wt hma%ﬂ l&[’np &15{)}?&(&% S SdenS| ty. Finally, we observed

t he presence o c osteo gned at the surface of 30 the
BCP par£icles (Fig. 1C and insert, FI g. 5C, white arrows) and of

numerous celtsy 0fM§é‘Po§§c§g§P&Y£ﬁdtr)[P@r@EPb’}gQ@dahé‘l}/B@s cgkl agenspakhix
(Fig. 1D, 2B, 3A, bl ack _arrows he matur/e ost’eobl ast phenot ype of

these cel | s WAsLHRIIHsT raf etPAsH ﬁht'eecil RIBWA I &smi ¢ 35
i mrunohi st ol myi 6adle dletectdren yofe OtSlieBOEélspéﬁtiFég rodA) .offuthdepmasa

al | thein‘plan@Ls re 03| ive fter %{er S stalngg afagiﬁr 4 weeks

of i npl ant at1'th, it 9%y St hit&' ng }?88 ti §§8&6°FE9ninEr al I'Zed

(Fig. 2Cp. 1mpﬁbnted in parallel for each mouse and at each site
(SC and IM) an implant of coagulated blood/BCP and an
implant of coagulated plasma/BCP.

©

The structure of the fibrin network of the two types of
30 implant, coagulated blood/BCP and coagulated
plasma/BCP, was analyzed by scanning electron
microsCopy. This showed that the fibrin meshAobtained
with the coagulated blood was larger than that observed
‘ with the coagulated plasma (Fig. 4A, B). As expected,
35 the red Dblood cells and the platelets are the
predominant cells observed in  the implants of
coagulated blood/BCP. The preservation of their shape
and their structure demonstrates good viability (Fig;
4A7), which indicates that the mixture of blood and BCP



‘Anal ysis of the 4-week IMinplants by scanning el ectron m croscopy
made it possible to observe (Fig. 3) the mcroporosity of the BOP
particles, the collagen matrix 5 filling the interparticle spaces,
the presence of functional capillaries Z®ntaining erythrocytes (Fig.
3A, D, white arrow) and osteoclasts attached to the BCP granul es
(Fig. 30, blaektacienshasFuetdetabeeions ebheécined the pleséncel bs-
star-shaped cells of the 10 osteocyte type possessing nunerous
extensions radiating in all directions, enbedded in the coll agen
matrix and sHiFoERBEA? byRe FEGTOSAM & %ﬁﬁﬂ%@%ﬁlQ%eo%sF@SpP§§ﬂanﬁe
(Fi Ig. A nssg_t aco%ﬁg)\J-laJt‘édTlflﬁlégﬁQ!/BG_E’O_@btﬁ'dleg_él?;érﬁi 8 Wweekiss Ol;fhowed
i npl antati on_did. not reveal any significant di ence with the
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3. 2. '\’Bcroscgﬂ% g %&OSQQQigl@naEM§E§ af Rzggsé‘isa”qr%!é’h'l%"a%to%
of coagul ate plasna? - Inorder to anaFyze the respective rol e of
t he pl asma afdovhe- bilddtotepicai nanpeypoheahtofofnberss, sievwes that

i mpl anted incparatl ehphanteagh aouse awhat eechcsibritSE amdgl Msagn
i npl ant _of coagul at ed bIogS/BCP and. an i nplant of_coagul ate

I d
pl asma/ BEP, PY Neeharieryqq AR HE 5 bPEn TE wbF KTBPLERES t WE M Pes
of 30 i npl antowebgtd atetlbh Oedt B&Pandcaagulat eshsgd ashbg BCPR) wasd in
anal yzed by scanni.ng _el ectr.gn m croscopy. -This _showed that. the fibrin
moah’ obt ai nett b PR RS Soadu/ Bt ST Soh Rbs | SPEAr. T ek Tt “GBEefled
with the coagutat édbpbasmer(di gooda tHB)ssuks éxpeclednads shewmed At

bl ood cel I's and,the phat "s"ec%l%,art%et h?e&%%ﬁ?éﬁ napb cells ?Bﬁ@f‘ﬁ%@sb@ :

the inplants of coagul ated bl ood/BCP. The preservation of their shape
and theil® ste¥etuteeYerditst Pales §6883GFEBIFIEYS(FRY. WH)Se wifchthe
i ndi cates thaiséhe sbxsiiedoinbtrediapdaBER of 28aguPakktchesobascro
del eterious ?ﬁff?t58ﬁ EBF.bEgogo%g Lgion, these results demonstrate
that the use of whole blood makes it possible to obtain
complete colonization of the implants at both sites.
20 The combination of coagulated plasma and BCP particles

produces an incomplete colonization.

3.3 Macroscopic and microscopic analysis of implants
composed of coagulated human blood and 40-80 um BCP
25 particles, after subcutaneous implantation in
immunosuppressed mice.
We analyzed the Dbone formation induced Dby the
biomaterial prepared from coaguiated human blood around
40-80 pm BCP particles after implantation in nude-type
30 immunosuppressed mice. In parallel, in the‘ same
animals, we 1implanted the biomaterial prepared from
blood from C57BL/6 mice in order to compare, 1in the
same recipient animal, the bone formation induced by
mouse blood and that produéed by‘human‘blood.~After 6
35 weeks of implantation, the implants were collected,
fixed and the histological analysis was carried out as

previously described.

Even before the histological study, we observed the



Di ssection and nmacroscopi ¢ exam nation of the inplants of coagul ated
pl asma/ BCP after 4 and 8 weeks showed 5 simlar characteristics to
those of the inplants of coagul ated bl ood/BCP, that is to say a firm
consi stency and numerous visible surfacedvessels (results not shown).
Hi st ol ogi cal analysis after 4 weeks showed that the SC inplants were
al | about 80%wmcokonirmediglFi gar8Aps$0 dfy hkef admpEldirboneprépakysi s rofm
the IMinpla hewed conpl ete onj ] i1 752 (FLg.

53) and in 2@5@%? caseéf ?ﬁ%gérégg%cghéiggggnéﬁi @é%?%aﬁﬁ§§ﬁ% g gnﬁ%e
fi brous and T"@6Sectp85ue CPBSUFESHBY-shown). At each of the sites,
the neoforned fibrillar bone tissue 15 exhibited the sane

characteg%stics ag t hose of the tissue obtained in,thg inglants %T
coagul at bi'bBHP 80P C& g 2'50.Y 5BD) . O nTE6ndMsith, 1 TRe8B Feddtd ed
denonstrat e &hatirihe uunse afnavhol esbé ood rekessdlierosgudl £t ¥ ot obtaian
conpl ete col oni zati,on.of the inplants at_ both sites._ 20.The .
conbi nat i on oF Eaag i AREd A A B T o€ g Bt deoh in @
i nconpl et e coyonézati spstem3 (Maplestoepicnand APIBOLCopiowsandllysids iof

i npl ants conpesgd, of goagyl at gd huyrmn, blopd and,40:80 p%%@ﬁl%%iz\?g

particl es, af t er subcut aneousi npl antati oni n i nmunosuppressed m ce.
anal yzed & heChbhod¢dt frat foRTLAdEEed TP StFe bitbmatetrhl PpPEfar €& ffom

_coalgul ated hygesobl 99€s Ar og&é&@%@m%pg@s@ﬂé&ﬂlaﬁéﬁ@r can be
i mpl antation,in nude-type, suppressed mce. In parallel, in
the same anih%?%?lgkeéngfb%te%gﬁﬁggbionateriaI prepared from bl ood

fromQ0573L/6 mce in order to conpare, in the sane recipient aninmal,

t he bone for i i e S I hat. broduce n
bl ood. Afterﬁggggﬂa%%%%fogngﬁggg%t2??dﬁggtﬁggﬁhpﬁgn S mereg%g¥lggt d,
fixed add t helhfsronbgiresulamal ysils Wadocddreité®roudy ag praviouslpne

described. ti£28e&. The bone cells are fewer, in favor of
osteocytes. The supporting tissue exhibits  an
organization into better structured, aligned and more

dense dollagen fibers, having within 1t hematopoiesis

20 plates characterized by the presence of immature
hematopoietic cells such as erythroblasts and

ddipocytes (Fig. 6C, 6D). The hardness of these

implants upon cutting suggesﬁed that this tissue was

highly mineralized. We therefore obtained a mature

25 lamellar bone tissue.

The difference in maturity of the bone tissues obtained
after implantation of the human and murine bloods could
result from different properties of the blood of these
30 two species, properties linked to the <cellular
composition and/or to the protein composition, to
growth factors, to soluble factors and to the fibrin
network. Experiments will be carried out to try to
understand the mechanisms involved.
35
Comparison of our results with those of the literature
showed that the mature bone tissue which we obtained
from human blood was very similar to the one described

by several groups after implantation . of human



qui te unusual hardness of the inplants prepared from human bl ood
while the inplants of nouse bl ood had a nore elastic consistency. 5
Hi st ol ogi cal analysis of the nmurine inplants reveal ed an i mmature
bone tissue of equivalent quality to t+h3 +found during the previous
experinments carried out in a syngenic system (inplantation of C57BL/6
nmouse bl ood nAsEBTZBYNGLnBEepmalecebder HECa Isieglelof evas culrdrifZed B d

col | ageni c THbeELLaptikhesye i WhpGh, bofig cel J)§Fte9]§1§99!ég)5taﬁd then

osteocytes and osteoclasts can be identified ( |g. 6A, . v

Hi st ol ogi cal CaRalyefs Waftht NeChurgideipl it sSgaveterpyuSLY dilffdderted
resul ts w thigebon@ahbdofppycassatdi€csbone tissue. The bone cells are
~fewer, in favor of osteocytes. The supporting tissue exhibits an
organi zation into better structured, aligned and nore dense coll agen
fibers, havihAglw these i trdwernstsopeiresi sh20epbatesvehnr geteri iedy byfoirhe

presence of Ew%%g%%)glggﬁigﬁggﬁi’ ccel | ssuchaseryt hrobl ast sand
, . e

adi pocytes(Frg. ardness of these inplants upon cutting -
suggested that this tissue was highly mneralized. W therefore

obtai ned a mat urer 26l el | 3jF bene tissue-1dhe did f grrengepi nparatydrHd y
of the hone tissues obtained after inplantation of the human and
muri ne H%od5oEBaF4OResult fromdifferent properties of the blood of

“these 30 twowspeeisesd phopeiinLsolfi rike®, t ahtthe ael dtdedr€oaposifoiran
and/or to the_ protein,conposition, t rowm h factars, ,to sol ug e
factors and £8 LRET1Tr PRCREAOr R YERar TTEht 40wa1e baD oAt ol odrt o
try to unders@@nent hednedfarmrsies>dOvphyednd3s Goinpantsonfofpagyicles
resul ts wi thofhesesgh Lhe Jid eial Big. shawed Jenal, ey SBLUERLR0N0
ti ssue which we obtained fromhunan bl ood was very sinmlar to the one
descri bdd bylBeirzdl: gitb@psPaPPeFtiapl anf atfiley® - dBpthupahng 40% by
welight relative to the total weight of the mixture.
Implants were prepared under the conditions already
described, from C57BL/6 mouse blood and from each of
these forms of BCP. Bone formation was analyzed after 8
20 weeks of subcutaneous implantation in syngenic C57BL/6

mice.

The results of figure 7 illustrate that the implants
consisting of 80-200 um microparticles very
25 reproducibly produce the best colonization by an
immature bone tissue having the characteristics already |
described (Fig. 7C, 7D). The presence of BCP dust (size
of less than 40 um) mixed with the 80-200 um BCP
microparticles 1s extremely deleterious for bone
30 formation as shown in figure 7A. Indeed, colonization
of the implants 1is observed which always remains
strictly limited to the peripheral crown. The implants
consisting of 40-80 pm grains produce good colonization
but less reproducibly than the 80-200 pm implants.
35 Indeed, inexplicably, a central colonization defect is
sometimes observed as shown in figure 7B. Finally, the
implants consisting of 200-500 um grains are always
colonized but by a more fibrous and loose tissue of a

less satisfactory quality (Fig. 7E, 7F).



- 30 - mesenchymal stronmal cells (MSC) selected, anplified and
differentiated ex vivo into osteoblasts and then conbined with SOP
powder and subcutaneously inplanted into i munosuppressed mce. 5 Al
these results are therefore very proms3hg-for clinical application
3.4 Influence of the particle size of BCP on bone 10 formati on W
tested 4 forms of PCP, three mcroparticle forns calibrated
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0573L/6 m ce e_r I figure 7 illustrate that the inplants
consistingof§8g306%§§¥€%%%§%f%élesvery 25 reproduci bly produce the

best col oni z&ti obs bycaEsiilvheat tioe boaerppssue hdvimg adie biomaterial

characteristygs; abieaduafeseibBedd B offordlrt 1€ DI 8§8NEROTsanEP
40 80-200 pm SOP

dust (size of |ess than mxed wth the 80-2

. : pm < .
mi cropartd cl BL1&e eRfr eHeIGF -deT 2 eFPEGSTEBRATRBRe O30 §io? mafifeh F$tio
shown in figuse 7d |nfleetkaol ohigat ian aftd heldvgllopmehtd.s clhsemsead
whi ch al ways _renains ftrictl% Ihni;e%.to.égﬁ erighegal crown. ,h The
i npl ant's conSFRET WGSBS 46980 BRlGr&EATe Opr Gduce §oda caiBRrZati-bh Bik
| ess reproducibdeéy dhanprbeiBOn200 prpenphants. c3brlindeedf at a bone
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grai ns dfe atRRystyotlemiedt bBEP Aylecdmrat$9Hrous and | oose tissue of
a less satisfactory quality (Fig. 7E, 7F). - 31 - These results
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e

more favorabfe’td bofBP1HF Matish at &n FRGHi 84 %. cgtopic si

mice
We prepared implants consisting of a fixed quahtity of
20 blood (100 nl), a fixed quantity of CaCl, (10 pl) and
an increasing quantity of 40-80 pm BCP microparticles:
10 mg, 30 mg, 50 mg and 70 mg, that is BCP/blood ratios
of 10, 30, 50 and 70% weight/volume. The BCP particles
were maintained in suspension 1in the Dblood during
25 coagulation by rotating on a roller (method 1). These
implants had equivalent sizes at the time of
implantation, with respective wvolumes of: 112, 116, 120
and 124 ul.

30 As shown in figure 8, after 4 weeks of implantation, We
observed that the final size of the implants was
proportional to the initial weight of BCP incorporated,
and that all the implants had an equivalent particle
density. Moreover, the colonization by immature bone

35 tissue was the same regardless of the BCP/blood ratio.

These results show that the homogeneous dispersion of-
the grains in the initial implant, obtained by rotation

of the syringes during coagulation, is not maintained



3.5 Determnation of the optimal BCP/blood ratio for bone
reconstruction It is possible to incorporate into our biomateri al
vari able quantities of BCE mcroparticles for the sane 10 vol une of
bl ood. The determi nation of the ideal-r3i© was an inportant step in
its devel opnent. Several experinents for inplantation at a

subcut aneousc¥eretiineni €8, tied grreliatnhary eipeehaennsofaipeicéd nguto fat

a bone site {poWstan nals and,iH Beaghe dogs abhewed us iy 185 the
specify the best BCE/blood ratios. 3.5.1. Inplantation at a ,
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t he bl ood d“éérﬂ% 25 coagul ation by rotating on a roller (nethod 1).

These inplants had equivalent sizes at the tinme of inplantation, with

respective volunes of: 112, 116, 120 and 124 pl. 30 As shown in

figure 8, aftge dxyepkicRfsi sBbasLatheny werobsgryed Lhah tbhedf isnalk
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t

i ncor portdt edSOEhH R etheSihpfants had an equival ent particle
- density. Moreover, the colonization by i mature bone 35 tissue was
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condition) and radiologically by photographs at DO, D7,
D15, D30, D45, D60 and D90. At the end of the third
month, the animals are sacrificed, the femurs are
20 collected and, after ablation of the osteosYnthesis
material, the bones are fixed in formalin before being
embedded in methyl methacrylate resin and histological

study.

25 During the first procedures, the implants were made to
the size of the bone defect, with a proportion of
particles of 50% weight/volume, that is 75 mg of BCP
per 150 pl of whole blood collected from the animal
pre-operatively. The coagulation is 1initiated by the

30 addition of 15 nl of 2% CaCl, and the homogenization is
produced by continuous rotation until coagulation 1is
obtained so as to maintain the BCP particles in
suspension in the blood and ensure the homogeneity of
the biomaterial.

35
We observed very reproducibly and from the first x-ray
photographsbat D7, the appearance of a radiotransparent
line between the bone surfaces and the implant

(fig. 9A), reflecting an absence of cohesion between



5 a given volune, regardless of the initial ratio, it seens |ogical

t hat the osteoi nduction phenonenon is the sane. The experinents
subsequently carried out at a bone site 10, confirned these results.
3.5.2. Inplantation at a bone site inrats W operate on a single
femur per rat, the loss of substance is filled in with our
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that is 75 ny of BOP per 150 pl of whole blood collected fromthe

ani mal pre-opefafi veépypaTheosoadultdts oredwsl iniebbd ddedywihb 36e two

addi tion of J5:pbqof r@ CaLIZ- a0 the hespgepization is produced by .
conti nuous rotation unt|I coagulatlon i S obtained so as to nalntaln

the BCPlPartiel 88t n (§t8perdilofih thedBfdodFdAd ifdurand ngVd) at a .

honbgenei ty nd hgllweonatleél al-ra3b M\ﬁaopseéveﬁqmd/, remtﬁdutmiﬁ; ynawd

fromthe first x-r pgg hs at the. a
‘e

I e of
r adi ot r anspat SROFT SRS e RireRe. did Tie PHBTRES (PPg.
9A), reflectimg anrabsernde bﬁecﬁhestomnbthBenabseeae oﬁhei line on
bi omateri al gnd %hﬁ Q%aB?y%ﬁé'si%%t'QQ§ Vﬁfﬂa&h B@E%bﬁlét FRYI My
concentratlon in the he m croparticl es sedi nent urlng t he
coagul aflifon it Hed Nebsgyvea datisreRtery lébhéﬁﬁonr%%k%n Qrthebsne
bi omateri al anehdder¥ll aphyseal sections is observed (figure 9B).
3.5.3. Conparison of the results obtained with the two nethods for
preparing the inplants 10Iln rats (Fig. 9B) and in dogs (Fig. 10A and
10B) at a 3.5.4. Discussion:

In the case of a ’bone implantation of a sedimented
20 biomaterial (method 2), there is no reduction in the
dimensions of the implant, as we can observe on the
x-rays taken on rats and dogs, and if it was correctly
fitted, 1in close contact with the bone, it benefits
from the osteoconduction and osteoinduction phenomena

25 in an optimum fashion.



bone site, the x-ray anal yses showed, with this new protocol, the
absence of shrinkage of the inplants on the x-rays of the front and
the absence of a line on the x-rays of the side. In mce at an

ect opi ¢ sitefWowe018/aP@280t observe differences i NPCRAFR2809(800T49
~bone formation. 3.5.4. Discussion: In_t% case of a bone inplantation
of a sedinmented 20 bi omaterial (nethod f there is no reduction in

t he di nensi og fist he implant, as we can observe on the x-rays taken
on rats and ogs and if it was correctly fitted, in close contact
with the boné; itAbewdfiads from the estredeorfducti o amd biomaterial,
ost eoi nducti on ph’éHPE”enxﬁ‘e@ﬁoéi” @&n%P mum fashiQnse - 34 - AN
A nmethod for the manufacture of a omaterial, this method conprising
at |l east the fol | ®WFRY* steps: 5(i) mxing a bi phasi c cal ci um
phosphat & or B@(iirlrniiaﬁnéjoram}@ipwﬁw| eslvhose ;ﬂid@ﬂa&é)etw@e@c@()
and 500 umw th bloog or.with Hgarro asplrate 40
proportion rangi ng"f F8f 16%% %:ffi?n Fght'"G eB(ﬁﬂzpeerl?/oPﬁltrgeSF

bl ood or marrow, and10gidd pm (wixhaddlewdt o drhewritkt use wfnest e r(riow
at | east one coag agent e ti ause othe
coagul ati on of thggﬁ%‘g%eor?gf Atg%éorg&ééi& g%ngyfla £irbrt 0L AL 508

m xi ngunder condi tPBnE¥pi st PAgBRB E@ﬁng@hl@ét pénbépOﬁh@erarmwe ifhe
coagul atjipon occurg/n2;, The nethod as claimed in claim1, in which the

(ii) adding to the mixture of step (i) at least
one coagulating agent in a sufficient quantity to
cause the coagulation of the blood or of the
marrow,

15 (iii) mixing under conditions promoting the

homogenization of the BCP while the coagulation

occurs.
2. The method as claimed in claim 1, in which the
20 coagulating agent based on calcium is chosen from:

biocompatible calcium salts and preferably CaCl,.

3. The method as claimed in either of the preceding
claims, in which the blood was collected
25 beforehand from a donor compatible with the

recipient for whom the biomaterial is intended.

4, The method .as clalmed 'in any one of the preceding
clalms, in which the blood was collected
30 , beforehand from the recipiént for whom the

biomaterial is intended.

5. ‘The method as claimed in any one of the preceding
claims, in which the mixture containing the BCP,

35 the blood and the coagulating agent is allowed to
stand during the blood coagulation phase so as to

~allow the BCP to sediment and to form an implant

saturated with BCP.



20coagul ati ng agent based on calciumis chosen from bioconpatible
calciumsalts and preferably CaCl2. 3. The nethod as clained in
either of the preceding clains,in which the blood was col | ected
25bef orehand from a donor conpatible wiih 4+ he recipient for whomthe
biomaterial is intended. 4. The nethod as clained in any one of the
preceding clains,in which the bl ood was col | ected 30beforehand from
the recipient forw@w%ﬂsdbgg helilly | 1 Pnged. P, oFue Jiethod 85
clainmed in any one of eprecelngcalms Ic the Mt u
cont ai ni ng the BCPLaims, t Aa biliodh asderhe @dagupat iig Jagene | cglrrled
al lovwed to stand gyripng the hheed ceagulation phgse,so 88 LA al |tQ1We
the BCP to sedinent and to forman inplant saturated with BOP. - 35
- 6. The nethod as!efed e 1hS a#y?®Bne of the preceding clains, in
which steps (i) to (iii) are carried out in the inner cavity of a
Z%;Iggg 8; ; e prgﬁe SCEOSSdas cﬁ%ﬁm%%d%h-%nénghgegpoghgsp%%%%g?%gln
claims, which comprises mixing from 50 to 90% by
weight of BCP relative to the volume of blood in

10 g/ml, preferably from 60 to 80%.

8. A biomaterial obtainable by the method as claimed
in any one of claims 1 to 7, comprising a BCP in

the form of granules having a size of between 40

15 and 500 pm and coagulated blood or coagulated
marrow. "
9. The biomaterial as claimed in claim 8, in the form

of a malleable homogeneous paste.
20
10. The biomaterial as claimed in either of claims 8
and 9, in which the BCP granules have a size

ranging from 80 to 200 pm.

25 11. The biomaterial as claimed in any one of claims 8
to 10, in which the BCP contains hydroxyapatite
(HA) and PB-tricalcium phosphate (B-TCP) in an
HA/B-TCP weight/weight ratio of between 5/95 and
95/5.

30 ‘

12. The biomaterial as claimed in any one of claims 8
to 11 and additionally comprising at least one
additive chosen from: polymers, ceramic particles,
pharmaceutical molecules, growth factors, natural

35 or synthetic, biomarkers, contrast agents, tissue

or cell preparations.

13. The biomaterial as claimed in any one of claims 8

to 12, for its use as implant in a method for



claims, which conprises mxing from50 to 90% by wei ght of
SOP relative to the volunme of blood in 10g/m, preferably from®60 to
80% 8. A biomaterial obtainable by the nethod as clainmed in any one
of clainms 1 to 7, conprising a SOP in-t3& form of granul es having a
si ze of between 40 15and 500 pm and coagul at ed bl ood or coagul at ed
marrow. 9. The bi bnhtengalnas kbaéneédféntclaim 8, in the formof a
mal | eabl e honbgeneous paste. 20 10. The biomaterial as clained in
either of clains 8 and 9, in which the SOP granul es have a size
ranging from80 td 200PpRAt25N1 LT ThePbPBRAEELPAI 28s ¢laimRd LR any
one of claims 8 tendOsrimhehsthe BOR,contah nsstyssexyipatste (HA)
and P-trical ci um phosphate (13-TOP) in an HA/f3-TOP wei ght/ wei ght
rati o of between 5/95 and 95/5. 30 12. The biomaterial as claimed in
any one of clainsA8kte Ilfbrandaaddihyonald ytlconpeidbdg :af teashedndn

addi ti ve chosen férﬁ)%nc?ggl ymer; ’ai?r\ r ggntco p;lrt%@%lseikighgg%géggéhgalthe

nol ecul es, growt h tors, natura or” syhnt i oma '
contrast agents, témEirabioreldt peepgditat heming -a 3partficlei ngiie af
bone defect. between 40 and 500 pm with a coagulating agent

10 derived from calcium.

16. The kit as claimed in claim 15, in which the

coagulating agent is CaCl;.

15 17. The kit as claimed in either of claims 15 and 16,
which comprises:
(2) a device comprising a sterile inner cavity in
which the BCP is placed,
(b) a sterile reservoir comprising the coagulating

20 agent.

'18. The kit as claimed in any one of claims 15 to 17,
in which the device (a) comprises means allowing
"the introduction of blood into the inner cavity.
25
19. The kit as claimed in any one of claims 15 to 18,
in which the device (a) comprises means allowing
the application of the biomaterial in the =zone
where a bone defect has been observed.
30
20. The kit as claimed in any one of claims 15 to 19,

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

21. The use of a biomaterial as claimed in any one of
35 claims 8 to 14 in vitro or ex vivo as support for

the production of bone tissue.

22. The use of a biomaterial as claimed in any one of

claims 8 to 14 in vitro or ex vivo for producing a



14. A conmbination of a biomaterial as clained in any one of clains 8
to 13 with an osteosynthesis. 5 15. A kit for carrying out the nethod
as clained in any one of clains 1 to 7, this kit conprising the

conbi nation of a BCE having a particle %I ze of between 40 and 500 2m
with a coagul ati ng agent 10derived fromcalcium 16. The kit as
claimed in clai m28iei Fphieh- t he coagul ati ng agent is Cad 2. 15 17.
The kit as clainmed in either of clains 15 and 16, which conpri ses:

(a) a device conprising a sterile inner cavity in which the BCE is

pl aced, (b) a sterile reservoir conprising the

coagul ating 20agent. 18. The kit as claimed in any one of clains 15
to 17, in which the device (a) conprises neans allow ng the

i ntroduction of blood into the inner cavity. 19. The kit as cl ai ned
in any one of clains 15 to 18, in which the device (a) conprises
means all ow ng the application of the biomaterial in the zone where a
bone defect has been observed. 20. The kit as clainmed in any one of
claims 15 to 19, in which the device (a) consists of a syringe. 21.
The use of a biomaterial as clained in any one of 35clains 8 to 14 in
vitro or ex vivo as support for the production of bone tissue. - 37
- bone inplant. B ‘



