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for the manufacture of an implant allowing bone tissue
regeneration.
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The reconstruction of loss of bone substance, mainly of
trauma and more rarely tumor origin, 1s one of. the
great difficulties encountered by orthopedic surgeons.
Small size defects, from "narrow" pseudarthrosis
15 (defect of consolidation of a fracture where the loss
of substance 1s wvirtual) 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 bcne
is limited, boné consolidation remains uncertain and
these various techniqués mainly result in post-
© 25 operative complications at the site of removal of the

transplant.

Various biomaterials available in clinical practice
make it possible to aveid, in theory, the disadvantages
30 of autclogous 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 is



25 operative conplications at the site of renpval of the transplant.
Various biomaterials available in clinical practice nake it possible
to avoid, in theory, the di sadvantages 30 of aut ol ogous

transpl antation. Unfortunately, none of themrivals the results of
bone transplantation and they never ald @w-the reconstruction of |oss
of large size substance. 35 The majority of the bone substitutes
‘currently studhedecopin nangi opapersirs wivhihcheskiehyamithet epd el gast
obt ai ned from,bgaeipmrrow after several weeks of selection and cell
culture in vitro. This approach is - 2 - cunberSone and expensive,
which |[imts the clinical benefits. L. Okazaki et al., din. Oal
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studi ed the combination of blood wi synthetic biomaterijals:
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bi omat eri al consl st |b%1_9 ranul ar eirl al coated eﬁ&ﬁ'
gel, and whi SA=HER~E “Fn]?(Je?P "(}hl%yc%ftﬂ”t a9 igui %’-tq n Bpar"’[ =
bl ood, ind%rdet talform@lampastOeaihi ¢hpi.s Bppli edldisi NP3 spatdd-d4ér a

syringe to 25 %%@%%Jl%eé}‘é@%ﬁ Lhe.hong deect Has t§§e af 13d B ddp The

docurrent WO 0 Cri es a conpasi'te materi contal ni ng bone
marrow, this #at@rierivdripe sifivd vA1Brs&omFatidivd oan® poridugierin M.
i npl ant abl e nait riad .gnd caieoagokal edinst .er iRals,. ,suehoas altoadilat2a Sof
bone 30 ”arroﬁﬁséﬁfﬁéiiéﬂfﬁﬂP% containing bovine apatite and venous
20 blood. The document US 2008/0014279 describes a
biomaterial consisting 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 1is applled 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 implantablé 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. comblnlng with a support (demineralized bone,
synthetic poclymer or the like) take a long time to use
and require collecting bone marrow from -the individual
to be treatediéevexal weeks before fitting the implant,



However, none of these inplantable materials described in the prior
art is free of disadvantages: 35 Materials requiring the culture of
bone marrow cells before conbining wwth a support (dem neralized
bone, synthetic polyner or the |like) take a long tine to use and
require collecting bone marrow fromthesiadividual to be treated
several weeks before fitting the inplant, - 3 - which multiplies the
procedures amghidie r msksiadsesi atEgc t herevetilires  aBdonmatiesi alrdsks
conbining a s t | ated 5 bl ood do not allow an inpl ant
to be constrLéﬁggFla@%ffggﬁ%gﬁggﬁbination of sone support materials .
wi:t h --Coagul ated bl ood has been proposed, the results obtained are
not always satisdacdGrals | kopd@ibtiayl ap 1eupssatiseaide nmidwedudaesdnot

al | ow t he _pr ction of .a nogeneous. biomaterial . _Such, material s
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20 In the case of WO 02/068010, the method taught consists
in wusing a support material consisting of porous
demineralized bone in the form of granules hawving 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 éynthetic support, which is therefore easy to
produce with constant and homogeneous - properties, and
coagulated blood, without the need to use dulture
35 steps, this material having excellent biocompatibiiity,
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



vascul ari zation. |l naddition,thenmethodfor - 4 - manufacturing this
biomaterial is sinple, easy to carry out, does not require multiple
procedures on the individual to be treated, is inexpensive conpared
to the prior art nethods. 5 The biomaterial of the invention is in
the formof a paste which conprise' s-a#h lFeast a bi phasic cal ci um
phosphate in the formof granules, Substantially honbgeneously m xed
wi t h coagul at e@nbfaotiriigyy Tid sbibphasiteréal ci ansphivbphaasy BCOP,cagy
used in numergus megical and denfalcapphileabl @NsprHEMNAE L G Cirvga
phosphate was first described as a bonpe repair material by Nery EB et
al., J. Peri oﬂ%ﬂ%‘b}@uaﬂggﬁosgﬁt LTeafes3(oyS FPGFBEUSHIP 86%8%? I a
m xture of hydnexyapat idre medAhoB8al0( PO4) 6(OH) 2 and beta-trical ci um
phosphate { Ca3(PM)2) (P-TCP). Its bioactivity and its

bi oresorbability may be controlled by the proportion of its
“constituent hiRR okjapaterialanef prirepinygngighatisr ild sthe cbat@i AEng
BCP have the gpglyiaant aga.chcoapapedséd aftherlesswit hat isiphaspd erdadlcsumof

. pronoting osteogenesis. 25 has been_the_subject of_.nu )

Bt bt es: Fel | BOB S BT TR e ki ot Nes G e,
287- 294, havehstoygnadvatl vt maxedoveeh ofcagpattdtbdosrdze of | ess -t han
20 pm prgmptes the inflamatory response of tissues, which could

explain the fact that this 30 particle size. is particularly favorable
to osteogenest¥ aElQﬁﬁﬁﬁmeFQ%Fﬁﬁﬂzﬂé}9§P%€Feal.%C%r BFSneé?e%htéP.

Res., 46(1), rm98xou03 mehbickani aktbiH. dettal. , aBpbiexthimwisogy Bipdhasic

Bi oengi neeri ng, 1 3/ Z;fﬁ&sph%%lwa%t?-f,ﬂi%t RAVR 1Y, eG0RL! @S hopaowR Jahat
calibrated BCP particles having a size ranging from 100 to 250 pm
Were those wWHIRAPIils & MRS VBBt bR+ o Periodontol. 1992 Sept!,

15 63(9): 729-35. BCP consists of a mixture of
hydroxyapatite (HA) Cajg(PO4)¢(0OH) 2 and'beta—tricalcium
phosphate (Cas3(P0s)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,
cémpared to other synthetic biomateriails, of promoting

ostecgenesis.

25 BCP has Dbeen 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 infiammatory response
of tissues, which could explain the fact that this
30 particle size is  particularly favorable to
osteogenesis, as observed by Malard 0. et al.,
J. Biomed. Mater. Res., 46(1), 1999, 103. |

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

bone marrow cells, while no bone formation was observed



reconstruction when they are conbined with cultured bone marrow
cells, while no bone formation was observed below 44 pm and that
good results are obtained with particles of up to 2 mmin size.
Trojani C. et al., Biomaterials, 27, 2006, 3256-3264, 5 have shown
t hat good ost eoi nduction could be obt ai sed by the inplantation of a
BCP/ hydr ogel of Si hydroxypropyl methyl cellul ose conposite material to
whi ch cul t ur edebowe4danmew el | shaavecbeéemeadties, auet lvbtalinbrdatwedhBCP

particles of ﬁQr{pcﬁQs e 10 cThe hatigrsiywo nethods neverthel ess’
require a step of collecting bone marrow cells and their culture.

The present invention is based on the following facts: 15 -the
observati on byréfeni n@entar st hatBjﬁﬁamsaeadomd B0tk , arl seedagekant

properties, nave L,R0BRCYALLAN by theosaue Lo vgegegsbgh%tbtalﬁggh ]

with a chosen partlc € sizé ¢ coa ate | 06d
coagul at ed bdpe maProw Hepiarnded iomakedt 203 t %@ﬁmr@gﬁé ot %&i nSiery
good osteoge &@rpid el@thgla B@ﬂ@ulb%uec&iﬁpd@!t)é sataiteh-aat or Yo

quality, W|thth rea i nplicit ar.ed h
fhose ot the BHSH el Df% o kol el DR EnGoERy EHEEdn Feth
t her ef ore t hecxloiBiatad @ﬂPopaatpalwccuE aﬂrO BoP 8defiinned bel ow with
coagul at q@ bl ood or with a coagul ated bone narrow aspirate.

Advant ageousl conbination is in the formof a nmalleable
honbgeneous pﬁéﬁl Pa%toefl'h?‘%o pASEROMRy PBECHEM i St B i ordleP CED fapt
it to the sizeldrtiihgpéoot hherdefectld arte thelireduiturahil e bei ng
careful not to apply excessive pressure to it which woul d damage or
destroy its three-dinensional 35 structure. The BCP used in the
present i nveriifoaeseng ﬁﬁV?PE+%@ is based on the following facts:

15 - the observation by the inventors that BCP was A
endowed with anticoagulant properties, '
- 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 fhe
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 its three-dimensional

35 structure.

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



size of between 40 and 500 pm preferably between 40 and 400 .pm
nore preferably still between 40 and -6- 300 pm and advantageously
bet ween 80 and 200 pm The BCP used in the invention consists of a

hi gh- tenperature sinter that is ground-and calibrated, for 5 exanple
by sieving, as granules having a chosenédranet er. Advant ageously, the

BCP used in the invention conprises hydroxyapatite and P-trical ci um
phosphat e i n a#0 HAROAPCPAANENGREFRBE Yt PTG S0 BEEWeER BF95 and
95/5, preferably between 30/70 and 80/20, 10 advantageously between

40/ 60 and 60/ anta ously hi_s IS [RQrou por zes
rangi ng from’g]b %to Li% pm pir:%%erarbl 18rom onsq%its é@ Q he

granul es or mmmmﬁraﬁum&|$%nﬁﬂnuﬁ¢mmspﬁa9éoah@ ﬁpdr@%ﬁ&b&?tﬁé né?rbe

obt ai ned isn agegpdance, wi tdy dhegre thﬁads c_f{ifasa(a'le@ed htayrlagul e &hogkn, J
Bi oned Mat er Res 1996,. 32, 603- 602 OH eéc t al |oned M%ter
Res, 20 2000, 35¥etEsn. d8WanERgarasLY - afPe 5O Yirdh' 1|\1?at © REVEISG68

80(B), 32-42. cdﬁpgaaaaahxﬁnnxyapathyeavaxﬂdbmelbaénnumepQOﬁpaaye in
GRAFTYS SARL. o | hAt/peT@ﬂ %fl%g%tmeﬂése%raoapafl %tn,@»ehhesﬁ&? %ﬁd

granulate that is sanpl e

exanpl e, blodﬁ5ébagul§F§f?§aH%¥ obt%ﬁﬁﬂﬁfnbecaﬁgz %CP |%m%ndoﬁﬁﬁ thh
_ant i coaguloantadrapiddorsl yApeowdengld 060 haendreiohi@ad.of the invention,
BCP is mixed with a blood sanple collected beforehand over, an 30
anticoagul ant or collected without anticoagul ant and brought ,
i medi atel y idtrreavesss vy t KIBGP LA Pdoner BoRpatiifhe RP¥H thees

reci pient of theyiRiomaisa s nangot 80 gh, | pastepfel goaguthatli pg agent
1s added to t m xture with stirring. Preferably, the coagulating 35
agent is a calcitilh derivative. Advantageously, the cal ci um based
coagul atilleg agent i s chosen from bi oconpatible cal ciumsalts such as

CaCl2, Ca(NGCBpyg g@éﬁﬁggg)anrcéégﬁer of tricalcium phosphate and
hydroxyapatite may 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,

.20 2000, 51, 680-684; Obadia et al., J Biomed Mater Res,
2006, 80(B), 32-42. They are commercially available
from the company GRAFTYS SARL.

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 1s not obtained
because BCP is endowed with anticoagulant properties.
Bccording 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 coagulatiﬁg

35 agent . is a calcium derivative. Advantageously, the
calcium-based coagulating agent is chosen from
biocompatible calcium salts such as CaClz,. Ca(NOj)a,
Ca (ACOEt),, CaSOj.



Anong the ot her coagul ating agents which can be used for carryi ng out
the invention, thronbin may be nmentioned. The m xi ng of BCP, bl ood,

or marrow aspirate, and coagul ating agent is continued during the 5
entire coagulating step and is of an intensity suitable for allow ng -
the formati on of a honpbgeneous m xture of -granul es or particles of
BCP and coagul ated bl ood, or of coagulated marrow, and in particul ar

t he mai nt ai ni Agend BOP paheirclemdul asasgersicons |whitdh scat | bei mgeds

10 excessive 96rn0&a§f§iﬂ§iﬂﬂbiy @ﬂéﬂ”£H¥%nﬂﬂnﬂ0?%h@%hb§h|Omb§hebe
production of a honbgeneous m xture. A person skilled in the art can
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phar maceuts cal” ror ot a0 SEEPPand t 80LE BR Lice BBy cugeable
bei ng: their BRocobpating Iths, famatdesernde ofhanowegarrveMéKEEEE B8R 20

the bi omat erigtasetdd ngr rgaeti@ns Behpaddehivesayhishedr p1vgd) kaown
to a person skilled in.the art are_intended to quif the.rheolog& of

g % % cu arfﬁ@

the bi omat eri@t, STIE BT FEF TP VRIS RaPahesS i3 e dBi%pridghtatnt

ost eogenesi s)cbr BES awtrtaelele Appeusnaeeiof. | Afedthisnssoiryisg is
inflamayery phenonena ANtk obh£6icAatHily NTEGEIMES, it does not
antlflnflannat%gy entg). I&,nay %Iso be OSSIb|e,t% enV|§age

i ntroduci ng i TP S HPETELEFLER BF EhBOTANEMTh HWE -i AigPEEFeNt s,
30 such as t heriddeut iin nohecatescasushisaslipl ecoktesli hhendedmhbion

prevent or trgat; §paaakegy & for exanple from a cancer,
osteoporosis. It is al'so possible to introduce natural or synthetic

35 growth factors into the biomaterial of the invention. It is also
possi bl e1b0 envisade idme Hor esEnceacd dungrarikena of cbst bdshaagenss

~whi ch pronote the yj Lzat i y I - 'na%i , Qf. t

resorption o?m}he?éhﬁgg%%r?%é§%hp |th€%%§b?% t éﬂgog%f Egéy@ef?’is
possi bl e to &fiaddge | RREBHEESHy | MG TRECBLbfat er iflestlege the
invention adiqesgtibasuerodr asyn®t hehedd SSueiaqel | ppigpar atheir
col | ected fromthe 5.patiept fof whomthe blomterial s Lotended,
this tissue or fhyg prepqra¥ion ﬁaV|ng Segn suspén edjbefore and in
bl ood or 2Pn plhesricsatieniphy siegitdgocakasalipne. Spabngddhelivessubicy
cell preparatdrensyeihen@ommy be Benpépsd auipose LinsSStge RIrat eheds,
hone marrow 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).

Tt may also be pessible 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.
It is also possible to envisage the presence of

bioﬁarkers or contrast agents‘ which promote the

visualization, by medical imaging, of the resorption of

the biomaterial and its fate in the body.



10cells. It is also possible to envisage the presence of BCE with a
different particle size, but preferably in a small quantity,
advant ageously < 5% by weight/total 15 wei ght of BCE because it has

been observed that controlling the particle size allowed better
and good

formati on of bone tissue (nore rapid, -bétter quality),
resorption. 20 According to the nethod of the inventio

bef orehand from a donor conpatible with, t reci |ent

to 10 secah ds atiénﬂsf gnegh@$el éﬁ:éggmg%éfﬁait§s3olﬁ

an anti coagul In order to avol ts premature coagu
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Fai
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ation.
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"fo

%ggle

oW ng
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the vol ung of.biapd (or of bone nmarrow), preferably from50 to 5 90%
and nore preferably still from60 to 80% in g/nl. Advantageously,

the blood is collected fromthe

It is also possible to envisage the presence of BCP

with a different particle size, but preferably in a

small gquantity, advantageously < 5% Dby weight/total
15 weight of BCP béecause 1t has been observed that
controlling the particle size allowed better formation

of bone tissue (more rapid, better quality),

resoxption,

20 According to the method of the invention,

and good

the BCP 1is

placed in a cavity of a closed and sterile container

such as the inner cavity of a syringe. Blood or bone
" donor

marrow aspirate, collected beforehand _from a

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

10 seconds), it is immediately mixed

30 collection with an anticecagulant -in order to avoid
premature coagulation. The blood from the donor may

example be collected directly in a tube containing

appropriate quantity of anticoagulant agent.

afte

T

(5 to

its
its
for
the

35 The anticoagulant may be a chelator of calcium ions,

such as for example sodium citrate, but alsco heparin

for example,.

The mixture of BCP and blcod or bone marrow is prepared



reci pient thensel ves so as .to ensure as nuch as possible the

bi oconpatibility of the inplant. According 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 clainms, whensthe word blood is used, it
includes in its definition bl ood-derived 15 products such as pl asna.
Preferably, innttree ifpllewenyapbirefenfed heredanteminison, bl ood or pl asma
i s used whose collection does notrequire a surgical procedure.
According to one variant of the invention, the blood nmay be collected
with the aid §Fom %@r?%g%prrPMWﬁﬁ&QQRxﬁ?tﬁ@g’B@ﬁﬁ&ﬁ&eoﬁplGﬁﬁlWVlume
addi ti \d/es ha\é@f bgeaoal aeed def bordanarréll er pla:efflelrsblm Xiridvgh B0 t be
BCP and t coa ti gent al sg,addeg 40 {

m xt ure, P%r ée(gcgrrp Cp%ore gf?g |onlgll 1?1 ]tlnzfral d%gf ghgo syrlljpngge/m]’r
such a device is used 30 The cl osed contai ner containing the BCP,

t he bl ood andA&JhQat%%hh's@ |, Ng td@entplichd nMedi a&sll/eéﬂéc{reﬂrorﬁo 8fetO
all ow the formation geneous mat erial . For exa | t he
e o o el e 28! Spuh, LS
container is phsiddd rthe bdbarypshikelihose Hpeediplsndet Agcoodingg

to the panticle siZeydfi dhie HCRpSUGRdtabnt, h%h@%leéat hel egph gBLN

in suspension while the coagulation occurs, . Accordi to one varlant
of the inventi%n,?2 tﬁéOQPFFrl?ﬁf%ﬁﬁﬁ-bérom blood, Suc as plasma.
Preferably, whole blcocod 1s wused. In the entire

application, -including the claims, when the word blood
is used, it includes in its definition blood-derived

15 products such as plasma.

Preférably, in the implementation of the invention,
. bloocd or plasma is ' used whose collection does not

require a surgical procedure. ' ‘

20
According to one wvariant 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
Aftér a first mixing of the BCP and the 'blood, the
coagulating agent is also added to the mixture, for
example by aspiration with the aid of the syringe if
such a device is used.

30
The closed contailner ébntaining the BCP, the blood and
the coaguiating agent 1is immediately stirred, so as to
allow the formation of a homogeneous material. For
example, if the mixture is prepared in a tube or in'the

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

cne variant of the invention, the stirring may be



- 10 - produced by magnetic beads conbined with a magnetic stirrer.
According to a preferred variant of the invention, the 5 cl osed
container containing the mxture of BCP, bl ood and coagul ati ng agent
is allowed to stand during the blood coagul ati on phase so as to all ow
the BOP to sedinment and to forman inmplent- saturated with BOP. 10 At
the end of this step; the mixture is in the formof a honpgeneous

mal | eabl e paspeodwrrdi bynguagndiviee- deadnsiconbinadt vioirtkh of fmdgniatic
entrappi ng bl gogd-particles, plasma and other nol ecul es that have been
‘introduced into the conposition 15 According to the type- of device
that was used for the preparation of the biomaterial of the
~invention, thectatdiarg ney 4 henebermsgplved antt fof heheai chvefntieans tiei ch

are nost %w t<?ﬁ étf ;4 the, %,&Q%?éaf ;)goﬁ{\@; I@g b@gp@ def e ‘?fe hg§ %@Ptobti%od

filled in: e al spatul a w t hout | however
di srupting t hend hFeagaiakirg oAgPDEr gémaz]d«:qwaﬁi oF° t ABARFAPPRALI oF D t h

the aid of thersi f&@agﬁﬂaﬁioﬁ5 mheichesocydd ndbi cal1slevicae vibumse tend

woul d have been,cut .beforeha in order to form.an pening ited to
‘the rheol ogy o1 tHe it r?{at%er:%gfmo?n h%planr\l?ce aitélﬁate%Acgggd?igl Y,

‘anot her subject of the invention is a 30 nethod for the manufacture
of a bi ongy erA@l ghd Nbsa M@t hoh € o Sine %Q&%@t itshg of @hleOWoRG of

st eps: mX|n a 'BOP.in hefo ranul.es whose.size is
bet ween 40 arfd §%ﬁ“ Uﬁ bGdd 3Bt wi ?ﬂsg] BSC%bt_rPe”Hd]rgr oW a?&rlegte
in a pr oportlcmnne*rmgmaag froptOrko 9006 byfiweiight ehtB(Miyer vollerd of
bl ood or marrow.icies, léié.%maadgh&g ott(PleE‘hanﬁ'égdire% Of h &t eHa(ré)b@Een

| east one codgul ating agent In a sufficient quantity to Cause t
coagul ati on ofPFIREUSSGod 6P GRSt RemRRs Hovgn -
15

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 suited 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 is a
30 method for the manufacture of a Dbiomaterial, 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 Dblood, 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,
. (ii) adding to the mixture of step (i) at least
one coagulating agent in a sufficient guantity to cause:
the éoagulation {of the blood or of;the marrow),



(iii1) mxing under conditions pronoting the honbgeni zation of the BCP
whi |l e the coagul ati on occurs. As has al ready been nmentioned, in the
met hod of the 5 invention, steps (i) to (iii) nmay be carried out in
the inner cavity of a syringe or in a tube closed at its ends. The
coagul ati ng agent may be chosen fromdlcal ¢i um derivatives, such as

t hose which were |isted above, or from other coagul ati ng agents such
as thronmbin for 10{ E»&Mnmug;nﬁhe sufi¢ect ahditieonavempromiisigal sbha

met hod for fi h&m&@emaau%n%fd%@cgczpt‘mﬁméﬂmoggmgt%ﬁgoéaﬁsst eps
listed above and additionally conprising a step 15 of applying the

bi omaterial obtained in step (iii) in the space where a bone defect
has been obsezwedasTMHdmyhaﬁbdmym@adﬂidﬂmal Ly ecoBpmehdd ssfiethe

d s d f
o pehodh B o SR%eoR0 (EPERYEE) Pl £8. AU Rl LAUEALI on
i nvention rraylrmelas@@‘cﬂaxe@lf wat ﬁmﬁanegt@ésym rﬁesttsb@m@b@ﬁ%k@% its

possible to conder mie tdeafifached atgleaﬁugayh%em@@@hcgh:oﬁt cengt him
required whi I(g the hone 25 r constthuctl ogl ﬁ grﬁgrﬁga % the site
of i npl ant at i B oF THESi 5§ e ACal PPt HEF vé’ﬁﬁ 0 t A8°ThveRt or s
observed, thefieml athatri orrafulidiany oaperts alsuoh t he itventiion fade
it possi lgloe tocdpduce 30 the formation of bone tissue within a short
period (a few weeks), this bone tissue bei ng quite abundantly

vascul ari zed. By contrast, it was observed that the inplantation of a
35 bi omat eri d@thebtabiedt byt hehsanmveetthiot Wit h edsBCPa method for

filling in a bone defect, this method comprising the
steps listed above and additicnally 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 in 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
implantation 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



having a particle size of less than 40 pmdid not nmake it possible to
obtain the formation of bone tissue of sufficient quality and within
sati sfactory periods. The inplantation of a biomaterial obtained by
the sane - 12 - nethod with a BCE having a particle size greater
than 500 pmleads to an inplant whose-regscrbability is lower. 5

Anot her subject of the invention consists of a kit for carrying out

t he net hod of m¢bieod nwenh i enBCPhihevikng eom@ritsiclg tdieec gvsiatati dihaof a

BCP having a mt'dﬂ €18h8g ofo b%wegﬂ #0nand,;iROQ pgbs@w;@ﬂaaly
bet ween 40 and 40 m advant ageously betmeen 40 and 300 pm and 10

mor e preferabl?w%¥1ll of 80 to 200 pm with at |east one coagul ating
agent. Preferably, the coagulatlng agent is derived fromcal cium

Advant age%US|Z¥I‘1 t]‘rl]e*er C ﬁactalcﬂ:g @gaeq e%t%gl?con%ﬁszge ugmki%tty f%fr

coagul ating agent T1's ted in order to conpensate
ant i coagul ant ca¥¥eitg OPUBCEtTEﬁ’ldm@Ebpéna?rﬂ ytBe tHweiritiicteagiitbht Xdgent

which is Conbécs}ﬁ!@rﬂ&it tfyee b&&ﬁlslnmiﬂcﬁpt@ﬂ a28cPheagengeant ralritar1ef

coagul ating a ent m_xt yre of, b, d and B

preferabl'y be h@%n ? %ﬁ%wgﬁn ﬁHF% %@@fBWabF§CEFFF$E%er§E%e§ ald
35 MM in parandulff im, t kdvensegebesky t heteeagukft iang ayEht mihs abdsed
on cal ciym ThHe £oggutating, agenis sheukd Qﬁ;%ﬁnﬁrﬁ$erﬁbtﬂ gddedaas an

agueous sol ution so as not. to exceed 2_volunes. of uti on of
coagul ating aéht FRAMEEGHO%F 28BS n RFFESEFALY co éhﬁnr%ﬁ%Q5}a59n9he
sol ution of comgu atiisng degened 30f 1y maﬂplﬁm asAtivaniespsnts Ivheséhtewo

constraints, é?%hﬁMg %ﬁgggngrﬁgeég@dgha sol ution of coagul ating

agent havi ng ncentrati‘on of -1ess than 120 mM in particul ar when
-the coagulating agent is a calciumsalt.' 35 Lf the blood is
col | ect edsoverh@ntqu@@aguyan&f thegeflbettgofaddre anki coaptl lartedagent

and the effect, of, e RLQTALELLAkoSNoHL d. RE; SOIRENSA! @40 of BCP
and optionally of the anticoagulant agent which is
combined with the blood collected.

20 The concentration of coagulating agent in the mixture
of blood and BCP should be preferably between 1-and
50 mM, more preferably still between 3 and 35 mM, in
ﬁarticular in the case where the coagulating agent is
baéed on calcium. The c¢oagulating agent should be

25 preferably added as an agqueous 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 ﬁary 80 as to respect these two constraints, and
when using preferably a solution of coaguléting agent
having a concentration of less than 120 mM, in
particular when the coagulating agent is a calcium
. salt.’ ' |
35 _— . .
' If the Dblood is collected over  anticoagulant, the
‘effect of the anticoagulant agent and the effect of the

biomaterial should be compenéaﬁed for.



- 13 - For example, for blood collected over sodiumcitrate under
conventional conditions (of the trademark Vacuette(D, available from
the conpany G einer Bio-One, or of the trademark Vacutai nerO,

avai l able fromthe 5 conpany Becton Dickinson) and in the proportions
of 50 ng of BCE and 100 pl of blood, weiadd 1/5th of the final vol une
(that is 20 pl) of a calciumsolution at 80 nM " (final concentration
13.3 mM). TheFeoneeatupdtj orfcof bheodotallentedyoberupoddut2Gitvate
Above, there pryebe aRnblneX6RSEOr Caliiiabll Chagal nLADT Did:Sidis ri

‘coagul ation. If the blood is not collected over an anticoagul ant,

‘the blood is ‘6%)‘F‘F%fc’%%‘af dpYeetERlevEror hehdi ePRETY dfrefem Pimnéne:

cal ciumis ad¢eleddfn sheeceadenaskaneeutkintb®s casellddld sfpassithke

to add 115th ' vol u f_an uequ ol uti f_calci

salt havi % agérrg%%l n?é%?‘?oonnoélaérﬁn%on?r 5%%1§%n1%ll}%o p?@f%%ltgong : O%: 88

appr oxi mat el yng 20f Sifgh ance dii Wat Pénbhegdbevs rrdchéd for mofthe tierill e

\l/<v|h't ﬁorﬁrl SBIC%Q@lun_(ela) (ﬂaéievjé§e§@0ﬁprl §_f|ng 2astell @ow‘afidsn cavl E?hmn
ic e BCQE:is place . a steti reservoir_ cantai,nin

coagul ati ng ag a&'ﬁ?éjdre SEAVGPP ?g)gnﬁ@ bel ParFOBte Qctf@%dé’\l?i gé EE? or

nmay be a sepasaletient inay sbehups ta tldfe wf. aAlbotd,| ethem B0y whechnt he

coagul atijng agentsdmy fxe remysdmand Lnapsfersedido thejianer caybty

of the device (a), or, a syringe allow ng the injection of the

coagul ati ng g 4aH e he cavity where the BCP i s placed. 35

Advant ageously, the device (a) conprises neans allow ng the

i ntroduction od {l.AL0 4t Lnn L ty: a _

al I owi ng the l?;l Pllé%t ?%lr?ggf lfﬁ?%%dgééfn%?ﬁeéa,ei'?%g% %?r ectﬁﬁ%@g%agﬁ'

i ndi vi dual , O rbhPedr dsercrilected murRctY ey the iHjcsetrshadf a

b! ood 15 and the calcium is added in a second instance. In this
case, it is possible to add 1/5™ of the blood volume of

an agqueous scolution o©of calcium salt  having a

concentraticn ranging from 12 mi 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 c¢oagulating
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 . cecagulating 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 inte the inner cavity: for
example means allowing:the collection of a blood sample
either directly: from. an. individual, or from a

reservolir, or means allowing the injection o0f a blood



- 14 - sanple into the inner cavity so as to allow mxing with the
BCE. It is possible to envisage that the blood collected is directly
introduced into the cavity conprising the BCE or that it is collected
in the 5 reservoir where the anticoagulant is placed and then the
whole is transferred into the cavity whikde-the BCE is present. In the
case where a bone marrow aspirate is used, provision is nade for a
means for aspEpaPi®nivto tHee bowem@avéwy B0 Fhetpnhabtod ald ¥indvwitie

.device (a) hasha H@e attowsngpémlmrgrQQUCém%atg@ermat oknth&lood
quantity of bI 0

rrow necessary to duc terial, of
the invention® gge%‘f a%sthglﬁ?‘ﬁ coh%‘f‘??‘ﬁ)e dg E{i mi 5& G
such as: coagubmprn@um@emme a@@?veu1nghedlenis;Stusdd@O¢ﬁdcehh the

“preparati rese SO a@MéQéaQ%QUSAIyméJgegﬂ%mcelsﬁ )1 SOOPT L38S YHRANS
allowing t Eg TTcation of bi omaterial in the zone 20 wher%d%

bone defect h eb@@ﬂl%bé%r§éﬂnsiﬁﬁﬁ?%i%ﬂﬁﬁ(ﬁ§QnﬁFWkﬁﬁn ergr the

cylindrical dEylpEe§@mm aB1ajkuhms@rwae$¢rangenaSmasr¢wIa&ﬁr&ﬂﬁaﬂﬂa1-

t he experi nenas%% LL0Ns 5 &P %g hgd@ %02‘?3‘1’3 Conpndvg 3308 ;Ysi ng a

. devi ce such as ne descri rising a tube in
whi ch the BCELRe Rewg eRRrhatt-o whi ch the bl ood and the coagul ating
agent aregnjected and to which a piston 30 nay be fitted so as to

‘rel ease the bjomaterial once it h en, for i's also ossi bl e
o o hne wERTRSHeR QPR 4 0B IR ) b s DL
t ubes under vbh@unnt@ogﬁcvwwmhthesynnngéiﬁﬁélqminthMc@inhkegdlpr

possible to cplleg %e%%%@ﬁkgr N dech YeRpkl tt’hé’f bQ.'oQﬁ@erRB@SGof uhes
bei ng precondjtioned i.n their inn caV|t¥ %
invention, as well as t e ot er con tltuen 5 of the
15 mixture such as: coagulatlng agent, active ingredients,

tissue or cell preparations.

Alsb advantageously, the device (a) comprises means
allowing the application of the bicmaterial 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 is illustrated in the
experimental section. ‘
25
Tt is also possible to envisage using a device such as
the one described in WO 02/068010 compriéing 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.

‘Tt is also pessible to envisage‘using a device of the
Vécutainer@ type, that is to say tubes under wvacuum to
35 which a syringe is fitted which makes it possible to
collect a predetermined quantity of blood, these tubes
being preconditioned with. BCP in their inner cavity.

Another subject of the invention consists of an



i npl antabl e biomaterial conmprising a BCP in the form of granul es
whose size has been defined above, dispersed substantially
honogeneously in a three-di nensi onal network of blood proteins or in
a network of bone 5 marrow proteins. Advantageously, this biomateri al
conprises a BCP as defined above and a r®agul ate of blood (or marrow)
proteins in the formof a substantially honbgeneous 10 m xture havi ng
t he appear ancémpiantatnld ddlvatpasté. comfhes exprasBibnmeiheedigre pdst e

i s understoodyto,MRah gnbBLetial WhkChdhseldsidees éﬂa%tv f,| Qs as-swaul d
a liquid, but mhose mechani cal strength ts sufficiently’|lowtq be_ 15

able to be noPdRIEIMIS he QI SENShYesdir e exeFRERE THHMBISAPIBY an
i ndi vi dual Iﬂetpaflt]t culfarbWdd tphetaifdsofordanihnsd r meeRbrEUGHE adoae
spatul a org the %H%Q% %ssyrlnge 20 Such a biomaterial may be used
for the nanufac ure one inplant, whether this involves filling
in a fracture, a loss of substance of trauma or tunor origin, a

def ect fO||0VlA<ﬂkﬂarﬂ:afg}§c@isQ§r| pEl@Qe?leﬁ%maQérmﬁlpld&nﬁr@.sfelst & BCP as
prost hesi s. terial t roduc ustrated

|
e enamm! os Sapted, SEBKE) a&docadu%aq AR S 3Rl bl BB E el O
needs to be fe¥dteinsn. 1Af twe | fermi of, &heubistaatérldy iremogghanted

and the inci siord: HaR98¢ 3He28 é‘arérrh?e Rionatenhahs0b ﬁé‘@té nvention
may be conmbined with an osteosynthesis of greater nechanical

strength, so as to allow the stabilify of the assenbly while awaiting
35 the col oniZat | expmds gilva d@ﬂﬂ@bbmb paneeby st hedboatodd ssoemean-al6b

- material which itself does not flow, as would a liquid,
but whose mechanical strength. is sufficiently low to be

15 able to be moided under the effect of pressure exerted
manuélly 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 ﬁumor
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 thé 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 is ©possible +to envisage combining it with a
: prostﬁesis. Coating the prosthesis with the biomaterial



of the invention makes it possible to pronote the inplantation of
| iving bone tissue in or around the prosthesis. 5 The biomaterial of
the invention nay also be used in vitro or ex vivo as support for the

production of bone tissue: | ndeed, the culture f bone cells around
this. 10 biomaterial nakes it possible i1®@.produce a bone tissue that
can be subsequently inpl ant ed. Anot her subject of the invention is

the use in vi®fo g enyepbler aadishatér i PSP kfeséri beECEPev e H6r
15 produci ng amposrecdtmianbs tiviisigpassidl eisge€ondi ngrt erbhigd the
invention, to culture bone cells on the biomaterial of the invention
in a nold hakhy e Shape of the inplant which it is 20 desired to
manuf acture. The culture of cells under these conditions nakes it

possibl e tp opi&i B;gnbloFLAPabEDLG I N AR iBAViInRG (4B APPE OBEkAL @5
shape and di nensi ons. 25 EXPERI MENTAL SECTI ON Fi gure Fi gure %&
Formati on of BbhE® t9%sst B&V%na?niV%Pﬁr%ff%%aﬁﬁ?gf qﬁ?ﬁﬁi %4r STRE
BCP particl estiau«ross sections of inplants stained with HES after 4
weeks of inplantation at a subcutaneous (A and C) and intranuscul ar
(B and D) site. Scale:A and B. 500 pm 35C and D. 50 pm Wiite arrqws:
ost eobl asts BinR8e%hr r ohBe ostesEyEes Bl ackoRf r offehils: 2BPEBE v&ddsl s

Whit e ar nowhestlsnaestieac@sdes 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, aécording to the invention, to culture
bone cells on the biomaterial of the invention in a
moild having the shape of the implant which’ it is
20 desired to manufacture. The cultﬁre 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

intramusculér (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



- 17 - Figure 2: Section of blood/ BCP inplants after 4 weeks of

i mpl antation. 5(A): hybridization wth inmune serum show ng the brown
col or of osteocalcin in the cytoplasmof cells (white arrow) (B):
hybri di zati on wi th noni mmune serum - scale: 10 pm 10(C): Gol dner
stain - scale: 50 pmBlack arrows: vessefs-and osteocytes. Figure 3:
Scanni ng el ectron mcroscopy of 4-week-old bl ood/ SOP inplants 15(A)

coll.agen matrix in the intergranul ar space - scale: 10 pm (B)
magni ficati onpef£d) 2: Bedk¢onl o@mbloodfscéc)lmbm@neéts@%estqs weeks
attached to t les with 2 to 3 visible nuclei - scale: 10 pm

20(D) functi oﬂ§I 11&%@%%%@ scal e. 10 pm Figure 4: Scanning el ectron
m croscopy- of inplants (A) BCP/ coagul at ed bl ood (B) BCP/ coagul at ed

pl asma ) _ (A): hybridization with immune serum showing the
brown color of osteocalcin in the cytoplasm of cells
(white arrow)
{B): hybridizaticon with nonimmune serum - scale:
10 um '
10 (C): Goldner stain - scale: 50 um
Black arrows: vessels and osteocytes.

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

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 impléntation
Subcutaneous sites (A, C)
30 _ Intramdsqular sites (B, D)
Scale: 500 um (A, B)
50 pym (C, D)

Figure 6: Comparison of the osteogenic properties of
35 +the biomaterial prepared from blood of C57BL/6 mice (A,
B) and human Dblood {c, D) combined with BCP
‘microparticles (40-80 pra} , after subcutaneous
implantatiocon in nude—typer immunosuppressed mice.
Observation at loﬁ (A, C) and high (B, D)



25Scale: 1 pmFigure 5: Formation of bone tissue from BCP/pl asma
inplants after 4 weeks of inplantation Subcutaneous sites (A O

30l ntramuscul ar sites (B, D) Scal e:500 pm (A, B) 50 pm(C, D) Figure
6: Conparison of the osteogenic properties of 35 the biomaterial
prepared from bl ood of C57BL/6 mice (A 18)-and human bl ood (C, D)
combi ned wi th BCP nicroparticles (40-80 pm, after subcutaneous

i npl ant ati on MAIALEECAAE i munosuppressed mice. - 18 -

magni fication. Scag&sieslOGgumunfi gure 7:1nfluence of the size of the
BCP 5 microparticles on bone for mati on after subcutaneous
inplantation in mce. Inplants were prepared fromthe bl ood of
C57BL/ 6 m ce Ebphieéed Mt hIBCRugnca heofor (@A) efza | arfge fhant iBGP of

fine dust &avllnﬂer@péf@fcﬁs | g%s £Hbhag %Mﬂﬂdﬁedaﬁtéb P&k B Ris
80-200 pm (B) of 10 gartlcles of 40-8 rtlclest%f

D) a
80-200 pm ( EIMpdanga i tPeBi6e- 266‘936&%?“6#?9@ &Ea%eﬁnérﬁm
correspond tobVoeivsoatC g megnidonbanednwbth t BEP i inpl dnt SECman@ ) E

respectively. Scal ﬁﬁ% 00_p d}%F&@Ufﬁ@ ddgg)lkpa[yl Sgpr enargad J# qusl00

pl of .C57BL/ 6 nouse creasin uant m croparticles
of BCP 40-80 pran (AP :901 rﬁ;lxe(OB)W%@ r@ar*@(s &0 Ch@ %%2%) HRO r?ﬁ) of
Scal eI 10133 ahnpaﬁ&ﬁ@ldreo@ Xor8ys i#;dogs,- DHpI @rfts;:m&ﬂaned f b@m
coagul at e &, oo u 200
pm: (A Qom0 S0P a8t o R, gafjofpggﬁﬁ??ecg%”%%gi 16‘@ 3570

. mai nt ai ned | nafs@sﬁermréﬁspﬁnﬂhélmlW&juﬁtn@lghércéﬁ@@llétllcéﬁlaha§§ 25

(method No. Lpe (BlpBER Al gy sUM:spBcENdRE] BradiRst heobhod, the
m croparticl es sedi rrentl ng .during the coagulation (nethod No. 2). The

white arrows indicate the presence of a radiotransparent |ine between
the di apiyseafienos &nd Imeldanmgd aptrepared from 100 pl of C57BL/6

mouse blood and increasing quantities of microparticles
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 in dogs - implants prepared from
coagulated whole blood around calibrated BCP
microparticles (80-200 am): (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 1line 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. Pr1nc1ple

ThlS is an instant procedure, carried out in an

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



30 Figure 10: Inplantation in BEAGLE dogs. Post-operative x-rays. (A
to the left, the inplant consists of BCP alone. (B) to the right, it -
consists of the BCP/blood m xture-with a maxinumratio of BCP
accordi-ng to nmethod 35 2 of preparation of the inplants. 1.
.Principle: This is an instant procedurg carried out in an operating
room It consists in mxing, in the body of a - 19 - pol ypropyl ene
syringe, BCP palypedesl anrd ay&@hggpusewﬁuﬂpaﬂ@hemds(SQQGVWadtoaﬁbbeeted
over an antic a at c i.umi o

addi ti on of d@%ﬂggé Qigégl t(5 OS%‘II/BFE %t(:)L(il fit fia?%’% ergnco%gcu KL %(‘)Jrllan

The syringe’ ifshettheﬁSpleacehlelmorloom P@led vat em t“éfrrﬁaeadtiutieorbnt)ﬁ

rotary m X_el';CéM,‘ﬂ hnaekes ikt M&bb_lee {0 HRiptaid the Q@%g@qethehes
in the bl ood, du he coaqgul at.i on- .

in suspensio rin c e of

nomagencoss oF r FBELPER ofS t ESRart {219k TF: e 169 BUAGHI A'ed BPBod
i s thus obt ai mewherfEtmmndrofa t4wasw imgeen,s Wich oatkeandtt pessaplant
pushed out ofdhg syriage ﬁ'ﬂé hB&Be ﬁalduefletshelﬁl QR eARdop! aﬁedtﬁé

the site of inplantation. Resul t's obtal ned animal s_ (C57B
mce): The i 26t at ij’éﬁl%g t ﬁEebl SPRESER al®tat F]lﬁ% eEPBBP%a%WIe
(subcut aneousmﬁmi;enﬁcrwm&titsltaﬁ)audeannsblfat ehei t pa@st edes ndiat i the

propertigs, méqdlrgoé ant Elégét &Y etﬁﬂ%gt 861?4:}’ &P O%héederpc}’ ¥

m neral i zed ure one ti'ssu very ‘é‘i vascul aFlllzed
after 4 \/veeksSYIZlngﬂatJeﬁfl“al?%n afie netdhobke Qmﬁla%rﬁl%ﬂl 4t bPpPhBBE C

cal ci um phosmwle}gemel@i phigsi elﬁabel WReP NoisRfta e B@)adidnad echal

IS‘ site of implantation.

15 Results obtained in animals (C57BL/6 mice):
The dimplantation of the biomaterial at the ectopic site

(subcutanecus and intramuscular) demonstrates . its
osteo~inductive properties, with implants that are
completely colonized by a mineralized immature bone

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
25 composed of 60% hydroxyapatite (HA; Caio(PO4)e(OH}2) and

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

calibrated BCP particles between 80 and 200 microns

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

Pfcvence, 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



25 conposed of 60% hydroxyapatite (HA;, CalO(PO4)6(CH)2) and 40%
trical cium phosphate (TCP;, Ca3(P002). The calibrated SOP particles
bet ween 80 and 200 microns were supplied by the conpany GRAFTYS SARL
| Ai x-enProvence, France). The particles were sterilized by 30 heating
at 180C for two hours. 2.2. Preparatienmf 4he inplants and surgical
procedure: - Subcutaneous inplantation in nice 35 The experinents
~were perfornmed’ Expécowdaiceon tininhéer e§GREERDhs dfhalre DBilosct i ¢ of

Veterinary Sepyitescdd r&eds Onsdiﬁ%mse'b\i‘t%g%evet(Eﬁtﬂ@ééﬁﬂa@% by
aut hori zed by, the Regional Ethics Copmittee for Ani

Exper i ment at | PREEHTA TSRSy SNRCHUER hi Gi¥po@nesthsgized)  ten-week-old
Experi ment at i OETMGmhradeCREEAi) .soleol expéﬁndem’ss,coltﬂaectpﬂamr was

sodi um ci td at§ rd OE%Jan%?%E%GBXQth b Cacre‘illt"‘]ﬁfﬁgﬁ%&!ﬂﬁeaftr %‘00 g

anest heti zed te mce or sone experinents,

pl asma was 5 E@%p%ﬁéﬂ“?ﬂﬁﬁimhole bl ood by centrifugation at 1800 g
for 15 m nutes. thhod 1: The |nplants are prepared by t|X|ng 100 pI
of whol e bl oo Q rticles.

oyringe. The SecRlt ST WshGatd: Fos bseoheRtant drtbiridy Buding®
pl of a 1% Ca@lQl%d¢m¢Cbn omlaﬁgnat hevigéy i59d msf @lo RfR avcar@rwlsSt @nlo

m nutes) ;¢ hey SYr1'[1119%ykinQEaCQﬁeOBcﬂlﬁgthgﬁ of thag U@%B&Hni\éﬂ G¢ken
tissue culture rolle

Thi s l QWs a
rotational noVeETEDf %‘F’éidslﬂgl %&eug Off¢ §‘eii giﬁa?%?[s“b e &Flflﬁe
BCP particl esthen quespensi off | noadmelatioin  Aft etocul i ngindieesdnd dhet he

~syringe, the é;f% Y S 8r & RHSRed. QU Of 1118 SKE NGR bﬁeﬁe%l%n%hﬂ:ﬁle
piston and i nted subcut aneously (SC) 20 or |ntrarmscu arlﬁé

in C57BL/ 6 m‘?ﬂessq\?et FedtereTheod 83 ahvBe ar dtedparlea/ withy >3 >Q$t)mm

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/ploecd ratio. ‘For that, -the BCP/blood/calcium
25 mixture is maintained in a fixed position for the
duration o©f the coagulation so as to allow the
microparticles to sediment naturally in the bloed. 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



concentration of particles and therefore a maxi num BCP/ bl ood rati o.
For that, the BCP/ bl ood/calcium?25 mxture is maintained in a fixed
position for the duration of the coagulation so as to allow the

m croparticles to sedinent naturally in the blood. It is thought that
a maxi mum concentration of mcroparticlzs i n the coagul ated ‘bl ood is
t hus 30 obtai ned. The subcutaneous inplants were placed under the
skin in a dorsatsiposiidezh hpd irhe lianticanusit ubéar - isydlantanewerbBigl &Ced

in each thigh, . a r ! ti.QRn. ach
of the sites @@ang IEW]T3 Wﬁf&ﬁ‘?géggst%‘é‘? %gé%%&ee |ngéa\i\v/aﬁsr{€%%3§éed
during the i aSCBRE| GRPerimeIts, o fashhdteua’l ByCehved abi &Ho6a/BG¢

i sof lurane. TivapSMt HaNd SpBMnhat/VEIEH MniprIlahantaéo: aaelhplsg}ted le@teleaqh
nouse. In so exper.i,rent eac use receiyv a. hl oad/ BCP. . anpt
and s pl aches P AT i SoRedR 3o FRer1ETe g Yindre e Re B
ani mal s are s@@r iahdcélebymp hivat aitiemeveld d02 andlysesi npl ants renoved
for analysis. - Inplantation at a bone site in rats The protocol

which we applied in rats was approved by 10 the regional ethics
committee for"a‘ﬁ’ff?rgqntéfp‘é’r”i fen a{’?%‘ﬁ f’r\}b(lﬁbﬂéb(ﬁ/th-OG). t hese

prelimnary eXperprenitc Werleldarwe edpplieditin heatentveal approeéd house
(Ani mal erige Gagd r al ) fonﬁ\ﬁe Ni %ghﬁggyl tYcimiBAL nes.1o Ve ysad; a
nodel of |oss. of fenoral diaphyseal, interruptive, segmental, bone
substance of TMIGIELNTSIIEN(6 5&\1‘5”88%?%%9 th phape- sErekininary
ost eosynt hesiexperimetiels dewedopedriirdousut akar athey. caMcoer ahémah a
house (Animalerie Centrale) of the Nice faculty of
medicine. '
15
We used a model of loss of femoral diaphyseal,
interruptive, segmental, beone 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 iat, the loss of substance is filled
in with our biomaterial, autologous whole blood/BCP
{80-~200 pm). Thé 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—operétivelyL The coagulation is initiated by the
addition of 15 pl of 2% CaCl; and the homogenization is
produced by ceontinuous rotation until- coagqulation is
obtained s0 as to maintain the BEP particles in

suspension in .the blood and ensure the homogeneity of



20 single femur per rat, the |loss of substance is filled in with our
bi omat eri al , aut ol ogous whol e bl ood/ BCP (80-200 pn). The rats are
nonitored clinically (absence of pain, deanbul ati on, general
condition) and radio-logically by photographs at DO, D7, D15, D30,
D45, D60 25 and D90. At the end of the 2hi+d nonth, the animals are
sacrificed, the femurs are collected and, after ablation of the

ost eosynt hesi shedbermaigritade bones are fixed in formalin before being
enbedded in nethyl nethacrylate resin and histol ogical study. 30
During the first procedures, the inplants were made to the size of
the bone def ect ™33 4o Fdr £ BR1ET SHAF t 161 LG 5689 wei ght / vol une,
that is 75 nogTiofs BGR par d&dfepl odf whese df oedldbkheetedcfirionmirtilve 1

ani mal 35 Jpre-ope [V T ul at i i:S. Jnitsiat t -
Sdi i on o TR Yide JUSRARAIAE R cibdllidiRl B8 Bhel Begton
conti nuous rothtFlm laftsnalcdegarali 6ANPY 186t PRI & WUk feden

the BCP partigkesiHd) suspessiwreddl t merbl e9ch antbgnsune the femoral
honogeneity of - '

=22 --t-he bi terial. - Jnplantation,at a _bone.site
in BEAG__E'dog%OWJSeﬁ S “éerrﬁ)deggcg]ff?%ss %l?oic%l i%?% %d 2§r%ndrrnl?gal i3
cavi tary bonecslbsttmtbe af cthd i desgigindedi n athe Yhegi @rasfedue. | aber al

~fermoral gondyb@serprodueedan adykbndags QM 4{idhe Beagbenbrered.nbor
..each dog, the 2 fenoral  condyl es \E/ier. t ackl ed. olhe blbo.od (t3'5 111) :
is collected 2tiMe bRYTnnifg 8Fthe o oddGHAES py-he biomaterial.

Cylindrical bone loss of 8x10 mm is produced 1in the

region of each external femoral condyle and the bone
sequestra are carefully removed by washing with

15 physiclogical saline and aspiration.

Each animal received two implants of different
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 pm) and blood with a ratio
of 50% weight/volume or 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 physioclogical 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 iﬁmediately 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



10 puncture in the region of the jugular vein of the animal and is
used to prepare the biomaterial. Cylindrical bone |oss of 8x10 mMmis
produced in the region of each external fenoral condyle and the bone
sequestra are carefully renoved by washing with 15 physi ol ogi cal
saline and aspiration. Each animal recejyed two inplants of different
conposition but prepared so as to conpletely fill in the defect
created, that izhtsotﬂns@?ey pidtad whiehoBeehandaiéheidd aatt an ko 1be

tested consists ture.of ., BCP .(80-200 P
ratio of 50% &%{v thgl é%eg% ‘fﬁjé %Jégo Eb%g? \ﬂ‘i%’lu +on
bl ood. The BCFopaiti bbessars mwiomt a'—lem@drahuzﬁ sudpéhshormiardidad the

coagul ation byafﬁﬁlrl on OfetiheoSyringe Wﬂ'40h %%EVedaE@ pr‘iﬁ%&n‘ér’é!ﬂe
m Xt ur e. Ch the o er hand, BCP. alone is HTEI anted, npisturized |n
i

physi ol og|5cal it ris 6B lpyi AB%t he SR Gk voldhR a
the control atleafmdthmhant eifjn*ehmmat,l onadfrome ebnserl iz |ssc8meeks

Post -oper at | ve-dc £ie VRLRsLakeny | BREALAL chy ADdahy Lhe: 35 gndeolst he

experinent at the ENVN. 2.3. ana ssect ed
i npl ants ar e A¥3QskFor mzﬁrﬁaepeer n r%I"elO%hl?(fydoff'er éHef o e n wd&hut #8n.
Each inpl ant Asiddwen HRE coldd camditd KM:E@S,DIE@EEem@; chran€e). 1In

decal ci f| d o V), eth nedi am net et raacetl ac'
(EDTA) soﬁutl%réé%r£§4%né8]€s y thoom rrperafaure and tuﬁen enbed ]g% in

paraffin. Sectikgridlei 4b9ﬁﬁar eopr et ednes Hepdr afdmchi Zed, the BCP
noi sturized guktSicaleRed on R:HQGEFBB@?SYEéIEU esydthrside oiaflfaann(:HEaSé

The sections are,.then exanmn g m Crosco using a Zeis
Axi oskop ni crio¥édde: e?henﬁﬁog §e§r ég?%?gﬁaﬁq% aar?ulo |a8€aﬁg|§@ce@6‘—f‘]gr
canera (Zei s0 L. Petg’ Blange)the mddiar dexis ooquarits f ymplentsur face
areas ocqupi ed,dpy éf‘eth'egé' ldlecbOfShe ON the aBgahadupand by, thge BCP
- particles, i\‘? hand, each | na e of | | ant S subdl vi ded
into three Z%Jr%?lljr Fn&oaesﬁ?'?%% Yre oG rE Vﬁ%@ ARORYLEHR
medi an axi s ®deli.de 6i npbfintard.n This analysms 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 mm?
in the form of a mean * standard deviation. The
25 statistical test used is 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 pym were stained by the Goldner's Trichrome method
which makes it possible to evaluate the mineralization
of bone tissue 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



15 each of these three zones, the area occupied by the fibrillar bone
ti ssue was neasured using the AxioVision Rel.4.6 software. This
analysis was carried out for three SCinplants and three I Minplants.
The nunber of vessels and osteoclasts was evaluated in these sane 20
zones by counting the capillaries and-the 4rul tinucl eated giant cells
respectively under the |ight mcroscope (100X) by two different
observers. Theidsedi twitdf dssebtladt waded.vethsel sdctiexpr essed pen

m2 in the fo n ;standard devj atlong, ik t i,stqiscal
test used is %%9%?%d2§?' slq‘ét est .rgJTth\Hsi géni f?%%%ﬁa?%efﬁ%&ﬁfn& a
p val ue of | eBenedaty arigh. Fuchs indazawsl o3ty AFRHLC 39CBdcfPEns JH1-

nﬁndecialjci fi eﬂih%am Sibaytegi@ ddicknassuafted pm Wi Rictiched oy
the Gol dner's_Trichr t'hod which makes_ | ssi bl e al. yat.e
“the mineral i Z8F7¢ .Ch%c?lnygboc{r% t&%CslsC}L/.Jy‘e?jraafl1 e.t ?dﬁ%%i%guﬁ% ’tﬁ%&rﬁng%e?gl i'Zed
ti ssue (in blaetigieenpctéom tsheinedni rer al thed pseesner 350fi sddahti n

,red)i) tB"i(jef'y?ﬂéé‘z@/m&afé(}:m\éfgrS?CtrﬁiQﬂﬁce;y,e vféagl'}»égf ailgglaﬂ%deh‘s_e.@ .
I ncubat e 1IN e.presence O igert's enatl OX 1 N r , JLLLnNse
Wi th running Water Sd o FRETETRI/at BALPH (T prReSBHEd of" 1dyhaldan

al cohol , washedumi iy methiung (Hetek, f Darkstadt argriaey) .- 24 - rinsed

-with distjdled water. The sections are then stained by incubating in
a solution of xylidine Ponceau/acid fuchsin/azophl oxin/acetic -acid

for 5 nin, rifsedBHABILEOGERIEFHY Phtbat 95FeCKRélpiBEence of

We used an immunopurified polyclonal antibody to mouse
osteocalcin, directed against a 'synthetic peptide
corresponding to amino acids 1-20 of the N-terminal end
15 of the protein (Alexis Biochemicals, Lausanne,
Switzerland). Briefly, 7 pm sections in paraffin were
deparaffinized, zrehydrated in ethanoi, 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 uéing 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 nwunting 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 éolutioh.-The samples were then

washed and incubated in the presence of 30% glycerol

for 1 h and then frozen in liquid' nitrogen and



5 phosphnol ybdi c acid/orange G for 20 mn, rinsed in 1% acetic acid,
stained in the presence of light green/acetic acid for 5 m nutes,
washed in 1% acetic acid for 5 mnutes, dried and nounted in Entell an
nmount i ng nedi um (Merck, Darnmstadt, Germany). 10 2.5

| mmunohi st ochem stry of nurine osteocalgdne W used an i mmunopurified
polycl onal antibody to nobuse osteocal cin, directed against a

synt heti c peptirdetepsd espRiteng H@h?ﬂi@@uﬁcidﬁnl 20eof pregehl-ter witna

end 15 of thepeoleln {A exscDioshomeal o Laamng, Swigeriandl

Briefly, 7 pnrsec ion arafrif-were dep ara i zed, dr at
et hanol , was hé@m¢rﬁ@BSLlarf@Exar@rﬁml@ki5ﬁéﬁze@em ﬁum&ﬂﬂm@ plddénee

of 0.3% H202 i4naRBS: Ahtekes VO FYASHES EBrPBS,mltrheaﬁchl@lﬁénwaweaoat
i ncubat ed é n the presence of 1.5% goat seru %le gg buffeLru)m for 30

oat
e Af terd vatHiThy SEPBSL R unMATon PRt I e SoNER of a
bi oti n-| abel esupprrtimdng dhregblyicetedmunoyl abukyes ahdyele-paldeddume

for visualizagpofa Md MhPRIOX YRGS E THRS %xQﬁiﬂé’Ef‘@x{j W nﬁqérf‘%eé@@rmed

| abeling 25 kit, (sc-2118, Santa Cruz, CA, USA). The sections

t hen |ncubateﬂsffgt%eSfﬁ%%%ﬂﬁmﬁ%ﬁCEﬁ¥biFd%§éc§BSsPﬁaF@ef8FO¥O6RpﬂFand
the cel lul ar tysd efJegt=ailned with hematoxylin for 3 mn. After
dehydratilclaﬂ, the mounting is performed in Entellan nmounting fluid

( Mer ck) e BO controls are produced by incubating the slides in the
- presence of b odk@SY-BSuf fer. 2.6. Scanning el ectron nicroscopy The

i npl ant's consg st ngvysd rsaagilat ethdl QQ:ﬂ:/rB@Eo@&c35 a@aeagghat edr the

pl asma/ BCP, before and after four vveek fa tio wer e flxgd
Feny e 20

for 12 hours a'f g noézsbu?If er &0 GF Y AF Ut Pén. ca?ﬁglggﬁpl es

were then washkebdREA-ncubat ed i n the presence of 30% gl ycerol for 1
h and then frezenddy ddt@wiénnids QAR{LAREed- b280d in the absence of

BCP particles did not allow the formation of bone
tissue. After four weeks, only a small quantity of
fibrous tissue was found at the site of implantation.

20 Dissection and macroscopic examination of the implants
of coagulated blocd 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 _ef
blood/BCP implants after 4 weeks of implantation
revealed a cbmplete 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
magnificetion suggests that the coliagen matrix is more
mature at the IM site (Fig.rlD) than at the SC site
35 (Fig. 1C). To evaluate the quantity of fibrillar bone
developed in the interpafticle space, the ratio betﬁeen
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



fractured. After dehydration in the presence of increasing
concentrations of ethanol, they were i mersed in hexanethyl disilazane
(Sigma-Aldrich, L' isle d Abeau Chesnes, France) for 5 min and then
dried at 5 roomtenperature. They were then fixed on al um num
supports and then coated with a | ayer-aofg gol d- pal | adi um ( Pol ar on
E5100, UK). The exam nation was then performed. using a scanning

el ectron m cr esgopei @fntt e EHeCencé0bEttvgpe (Hapah)and (M. s iResulwtish

3. 1. Macroscopic.an I GYa@SCOopi ¢ anal.ysi.s . of: t ubgut: a

i ntranuscul ar E%'G a%trsg':)bl?sﬁco%gu a Qe_d té?gg /I%(%Ph&i% ?ﬁegﬁﬁgﬁgﬁfa%&
of coagul at ed4Bl Dol 33 t e BbSeficeiBPlEurs pirt FcPesPditd hd32al | Sdlt he
]1:0[) mation of @@@@et}r%%uigtsAfélﬁéwalHatV\?eké, iaerparsiele gswadd t ¥ sof
i brous tissue un t t.he si.te.of .i antation...20 Dissecti_on
and macr osszop?%%gi%ﬁﬁ%%’aﬁoghondfzetdhé”ﬁ r%tgnigg (?Pdctofﬁqguﬁla{:teesd l]ﬁu%ogtha%
~around BCP path¢clesanfiter $fandiSsweeckslenadereéd pbssipleniiy asimsdive

their firmcogsistency, and tzﬁeiﬂFﬁﬁﬁBQQ off nunmerous small vessels at
their surface’ No inflanmmation of the host tissue 25 was observed.

Hi st ol ogi cal analysis of the paraffin sections of blood/BCP inplants
after 4 weeksaof danghl anf atihen séves) edvea cbspltetd dam@ repessiucs boé
col oni zatjion g e,80LE1 € IAtATRArLI Ll 8o 8PACE AY hAFREYY € hare
tissue i nlogl org%m%%onl%é;c}trsv%t% t he BCP boteﬁ ?%r %ﬁe SC TFi g. ':LA% and I M
(Fig. 1B) i npyenfavslmahstaibohesdt im gHdr thegrimPiléatsord FedggdSt s Pr hat
t he col | agen WBi¢k XatSowseidmt UTiee Bt tbent Mreveelédi g didnitfiaanat

the SC site 3340, 0ocl GV aAtfy LG, GaNiLYo0Ls FLBIA! Lakean
bonedevel ope |n,ef € interparticle space, e ratio_between the areas
occupi ed by t#e bbéhetti dsudladd t¥RSsfled8moccapied By 1fhe IBCA Y

cal cul at ¢ asrdlgsaidied yungder Maberigl s apdodkt hods. Ihis maderivbd
possi ble to show a - % s&%n;ﬁf&cant di ff rena%ecﬂ%g{te\éf%% tthl gg and
M sites witHPHEEES B89 CEF B8R Psdle TR tthe NS &t SM8nd 42
8.33% i n t he SCGtiimPleantishine=agrogheags D35Fhes |calHes eancesigend ishdw

that the interparhphgleyspage ves Sy&alel ¥s Cobony zedtkBchatPs Senand
IMsites, but that the quantity  of ,tlésue devlel opgd istsi ni'fi caqtly
greater in tHRFIMAYTpI YAtk (Trojani C. et al., " Biomaterials, r

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 micrbparticles | 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 observed . the
presence of cubic osteoblasts aligned at the surface of

30 the BCP particles (Fig. 1C and insert, Fig. 5C, white
arrows) and of numerous 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_(Eig. 2A).
Furthermore, all the implants were positive after
Goldner's staining after 4 weeks of implantation,
indicating that this neoformed <tissue is mineralized
{Fig. 2C).



At each of the sites, we observed the presence of 10 nunerous vessels
wi thin the collagenic matrix, honogeneously distributed in all the
inplants .(Fig. 1C, D, black arrowheads). Their count revealed a
significant difference between the IMand SC inplants with a nean of
61.4 10.2 vessels/m®2 and 51.10 10/ 15 respectively (n = 9; p =
0.045). We al so observed nunerous nultinucl eated giant cells attached
.to the BCP particles (white arrowheads). These cells are identical to

t hose whi ch tjf Sbl t S
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texture with a Tower eter(%)E?eneous densi ty Fi nal ;C/E, we observed
the presence er ckfh cg%%lt@rﬂﬂ a5 -al {gneil 3K 137 %S f ad@To1 3BT e
BCP particl esit Fd:@lfﬂtﬁtG&i‘lCthe’lSﬁréserﬁleg o:SCsta\m:ttmgaard avs)lsandgf ofhe

|1 s..0f |
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i.munohi st ol qu&@lund@aeqﬁy 08 Qlerd36e00dhEI Bphbed.cf2Ahe FuktbopIRsE,

al | thelrrpl ntsev&r ﬁl}_lllve aft Goldner s staining after 4 weeks
of inplantati or" i'ndPcati ng tha s neof ormed tissue is mneralized
(Fig. 20. - 27 - Analysis of the 4-week |1 Minmplants by scanning

el ect ronymi Cr’l@}%C%éu'I%@e JdtaBesai Blrect-0goRsekyeoFFiifp13htiheon did
m croporosity

e article agen mat.ri x f||||n t he
interparticlé gpa%eevsea H %rﬁjs%?fcél?ﬁnh% u‘ﬁ]c%‘ll e apith a%?ee Sk
cont ai ni ng eriypirotyt eA I ghe 3AC andhilie iarylew)tsanrostevplast by

attached to tha BERAr any) s fufhPur3C théCk A1OWe ) ngFUrdRer oy it
confirnmed the presenge of star-shaped cells of the 10 ost eocyte type

possessi ng nWFB&QgéQF%nE?mCF%%Cﬁg in all directions, enbedded
in the cablagen matrix and surrounded by a pericellular space of the

osteopl ast typg, (Magrogéabﬁéeéﬁd P‘% pl.b;ea giggﬁé gpt phoedoajier 8

weeks of inpl ant at'l on not reveal any S|g ant difference wth
the 4-week i}l dAPdanpp| of et ated MlesPFraRtE  are conpl etel y
col oni zed by Ilnm’m’tdﬂre HONEn DG tHeNgrddiee e hialleol i titd plasma

- Characteri st £Re 3- gloé\éacrc%ﬁ %p' Ena”?%%'PCB&FeCOPfe%f%%Etf%é of,,d he

Sc and Ierrp ants of ‘coagul ate
implanted 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 blocod/BCP and coagulated
plasma/BCP, was analyzed by scanning electron
micrOSCOpy. This showed that the fibrin mesh_obtained
with the coagulated blood was larger than that observed
_ with the coagulated plasma (Fig. 4A, B). As expected,
35 the red blood cells and the platelets are - the
predominant cells observed in the implants of
coagulated blood/BCP. The preservation of their shape
and thelr structure demonstrates good viability_(Fig;
4a), which indicates that the mixture of blood and BCP



In order to anal yze the respective role of the plasma and the bl ood
cells in the bone neoformation, we 25 inplanted in parallel for each
nouse and at each site (SC and IM an inplant of coagul ated bl ood/ BCP
and an- i apl ant of coagul at ed pl asma/ BCP. The structure of the
fibrin network of the two types of 30 25 -

i npl ant, coagul at edbl ood/ BCPandcoagul at ed pl asnma/ BCP, was anal yzed by
scanni ng el ecpaomi dli<ty G:3G0RY. dEheBeshone kdfzatt bthethebbloodesdlls.
obtained wi-th the coagul ated bl ood was | arger than that observed with
"the coagul ated plasma (Fig. 4A, B). As expected, 35 the red bl ood
celI's and t heDp$sacilions anck NIRrIREPem radmisabien opdethied plenss

lWB' aRtS of C@@Q%é@gﬂa@é@oﬁﬁﬁa/ﬁbﬁ Iférf%%@{ vat kph of Lbeks %lmaﬁed
and thelr structure adeppnstrates od_Vi |ty Fi 1 C
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after 4 Fl h@%}?‘o%ﬁ% £ e Sqn‘l%ﬂh rgsofveg ekl q?gq%ngg/oshowed

col oni ze neot orned bone. Anal ysis o Minplants.
showed corrpl RIS tenicRHOmdA At AR5 0f S8asks CERRE. (BBY- anB) i A58 of
cases, the presense @is@s,snﬂlhé pepssmte z6NeaobmADI eckhbrolszand boose

tissue (result not.shown A% %é%eoﬂu%@%eS'éeSufJ“h&Fogﬂgﬂﬁp (Pt

fibrillar bord&%S sstd" ibit t he "Same aracteristics as
of the tissuecatit aihethe rswfesfu ngtameesirmegaduilbatidd abl be#LBELSSERg.

5C, 5D). 1l5n congiyigican, th@eselﬂeesehbsaee@pﬂ%i@é eashathébe use efie -
whol e bl ood nekes it

| et | h
inpl ants at botiFY§ ©°F al?ﬁgTFIE ggﬁbf‘ﬂﬁg?% S Pc%%aé)ﬁl%t e(‘iia%ﬂ ﬁlZECE) ©
BCE parti cl es(piopdiges 5 .i ﬁ@onpheﬂescgﬂlontlze?ee oresd.tE Memocostopte

and micr OSCOP&IPataG:%Jews% of LBhanbso6eMmeRed of p‘&w%llet ed bumann
bl ood and 40-80 pm B rPartl cl es, af t er subc taneoust ng al[ft ationin
complete colo zation of the i1mplants oth 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 pym BCP
25  particles, after subcutaneous implantation in
immunosuppressed mice. | _
We analyzed the bone formation induced by 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 implanted the .biomaterial prepared from
blood from C57BL/6 mice in order to compare, 1in the
same recipient animal, the bone formatlon induced by
mouse blood and that produced by ‘human blood. -After 6
35 weeks of implantation, the 1mplants were collected,
fixed and the histological analysis was carried out as

previously described.

Even before the histologicel .study, we observed the



i rmunosuppressed mice. W anal yzed the bone formation induced by the
bi omateri al prepared from coagul ated human bl ood around 40-80 pm BCE
particles after inplantation in nude-type 30 inmunosuppressed m ce:
In parallel, in the sane aninals, we inplanted the bionateri al
prepared from bl ood from C57BL/6 mice_igy arder to conpare, in the
sane recipient animal, the bone formation i nduced by nouse bl ood and

that producedghyrduiBishhootarfhtes &35tNeekip0intsPbanpaté@nsrbhe

i mpl ants were_collected, fixed d the histological analysis wa
carred our aaSinePofgh, ade M HeladtS! 88 FRuaRl &bt A eas
of the inpl anhsrereipatdd focomihtemay bl ood while the inplants of nouse

bl ood had a nore elastic consistency. 5 Histol ogical analysis of .the
murine inplants reveal ed an immture bone tissue qof equival ent
a

qual ity to t hatSEUAR TRur | HF tiFe Sprayi bie BRPERF meMPS2BAFr FET°BUFi n
a syngeni c sysit eimfatptanbaté oni ofusSFBLEGupasend| qodl 1y C6FBLh6t
mce). W obs i ghl.y v ari.z : geni.c. fLbrill
tissue in whi %ﬁ}/ onfgl%erﬁ]s%eo_ eoﬁ%élsst %?{p%gtlglgék?egggghé%sélg%c%_s?s
can be identi$YRENIM $YSEAN ERPPLeNERBI @Y ¢l CHRINSIUsSE PheocRuian
i npl ants gavecymany/6l5 wdidd)ar eme r esiddrsred t by caligizat iverchyaaipagur e
bone ti SSUE- Jorielab%n% celéi%rarﬁ g:evxgri in fg}/lorwglfi Bst Qcytes. . he
supporting tissue BXhibi t'san o?gani #5618n Rt o e_f: er “StFuctiired
al i gned and negteddrséseol | ageeotytas s, ahavi ngsheehiastis can  be
hemat opoi esi s; &0\ filrate@s (¢hgr agieréged by the presence of immture
hemat opoi etic cells such as erythrobl asts and adi pocytes (Fig. 6C,
6D). The hardness of these inplants upon cutting suggested that this
ti ssue was hilgdatelwigierdl isnedysi tdfertgfeorleurst aimelare: stegane 28ry

lamel | ar jBoney 4 Ssua The didd epencechbioARiaidy B) henpang thssyes
obt ai ned after 1 nplantation of the human and nurine bl oods coul d
tissue. 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 it hematopoiesis
20 plates characterized by the presence of immature
hematopoietic cells such as erythroblasts and
adipocytes (Fig. 6C, 6D). The hardness of these
implants upon cutting suggesfed 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 composiﬁion, to
growth factors, %o soluble facters 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



result fromdifferent properties of the blood of these 30 two
species, properties linked to the cellular conposition and/or to the
protein conposition, to growmh factors, to soluble factors and to the
fibrin network. Experinments will be carried out to try to understand
t he. nechani sns i nvol ved. 35 Conparison of our results with those of
the literature showed that the mature bone tissue which we obtained
from human bl nedeneisyivelr ystiatidlarceld st HESonesdesct édedartyyl iSeiver alnd

groups after | j of . hu -2 30 - hyml romal .
cell's (MO sgﬁrg%%écﬁglf%qfi%ﬁ it fjfrgcroentélgéjtse?gﬁex Vi voS‘itfﬁdﬁ{Tgthen
ost eobl ast s apgmphesd cokbl nSEPWRIVIBEP Fhwdetb @R el vansgusinged

i npl ant ed i nt O §TURASIHRGRSSRG 0 6€ced Al these results are
therefore very promsing for clinical application. " 3.4 Influence

of the particle size of BCP on bone 10 forrmation We tested 4 forns of
BCP, three niBtbparttssel eréonhbs callichbr shedefespectanyel proet ween 40rand

80 pm 80 and;209; pm angd,130Q rapd 500 pm and a mxture of particles
of 80-200 pm and of finé dust -of nmuch less than 40 pm 15 in size, the

proportion of fine dust being 40% by weight relative to the total
wei ght of the3m xtunfduchopl anf s tker epprepared sinderof hescrondz t ibons
al r eady crk@gﬁat{gnom C57BL/ 6 nouse bl ood and from each of these
forns of BCP. Bone formation was anal yzed after 8 20 weeks_ of

subcut aneous Fepltastadi dn fAYEynGéni BCRB7BLI 8 nideroPRetiedsl £OTHF
figure 7 illusiradeddipt réd@edtiiplaaAnt Soetween 40 and 80 um, 80 and

consi st i ngof 80;200pm ¢ropar Li.gl eayery 23 benr aducibly g qslyee e
best col oni zatio y an Thmature on8"ti §80e “haVi ng the
characteristies 80rzdtyuneaedi béd L¢ppgduzt, ofDpuchihd egsedsnse 48f KBCP

dust (sizg ofijhessbhancdd pRopd-kednWidh tthae8G12R0 pELBEP 408 by
meroparticles ] 5, ¥ LLPIRI Ve 9P A O¥8elP" 2908t 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 pm 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 pm) mixed with the 80-200 pm BCP
microparticles is extremely deleterious for bone

30 formation as shown 1in figure 7A. Iﬁdeed, cclonization
of the implants is 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 um ihplants.

35 1Indeed, inexplicably, a central colonization defect is
sométimes observed as shown in figure 7B. Finally, the
implants consisting of 200-500 pm  grains are always
colonized but by a more fibrous and loose tissue of a
less satisfactory quality (Fig. 7E, 7TF}.



30 formation as shown in figure 7A. Indeed, colonization of the
inplants is observed which always remains strictly limted to the
peri pheral crown. The inplants consisting of 40-80 pm grai ns produce
good col oni zati on but | ess reproduci bly than the 80-200 pm

i npl ants. 35 Indeed, inexplicably, a ceptral colonization defect is
soneti mes observed as shown in figure 7B. Finally, the inplants
consi sting of 200-500 pmgrains are always col oni zed but by a nore

fibrous and | Qose tiss of ,a less satjsfactory qualit Fi, 7
O R A R R R ey B o B P Fhe e
80- 200 pm gr a3 t yit s grorrei cidiyablis t awdsene fegorabilen &p ahone

ectopic site. rérato dpeter %nggkgﬁgi@fsiﬂg optimal BCP/blood ratio for
bone-reconstruction It is possible to incorporate into our

bi omat eri variable quantities of BCE microparticles for the sane 10
vol une of bl 08d5 Thecdefrstigrat b6n tafke tdyeingdal BeRhpomasranio for

inportant step,in }etcg:n%‘f%lc%%ﬁn?- Several experinments for

i npl antation at a subcutaneous site in mice, and prelimnary )
experi ments cBfrildd BEESHRlA BOnelBFeePe TR staiOr AR%r ard oAt BEAR} e
dogs al | owed wsriab1k5 gpeeiityesherbestr BErbbaeditcbés 08or Bhd. dame

| npl ant at;i;on at, a subcufaneous.ectqQpic_site . 1£€ r .
inplantsHé%nsY%¥?%b %ﬁu%fé?@édTﬁ%aﬁ?#??m%ﬁ§sﬁﬁ%F%%dt%€08&%$?,g%ﬁ%?xed
quantity of C&EGL2 an10ippyraget arfliarcr éasi Afs quadeitstapmsmt40- §everRfBCE

m croparticl ees;%peliqrdé&mqo&g,in@@aﬁﬁa@ﬂgn?@t e, stBahthse&¢ Hloodin
ratios of 10, 30, 50 ande O%V\/eg:ght/volurre. TherBCP par%l cles yere
mai nt ai ned | MsifepdhSi SASHA EHR bl TORE IS 25°¢658§uPhti 8h By
rotating on aite |y (hetdodrdays FThdseéni Adaaries dvad eyuiomddents stees
at the thme ofpddiBlarhat baBr MEb/bIRRPeGive vol umes of : 112, 116,
120 and 124 pl. .
3.5.1. Implantation af a subcutaneous ectopic site in
mice
We prepared implants consisting of a fixed quaﬁtity of
20 blood (100 nl), a fixed quantity of CaCly (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 in the blood during
25 coagulation by rotating on a roller (method 1). These
implants had equivalent sizes at the time of
implantation, with respective volumes of: 112, 116, 120

and 124 pl.

30 As shown in figure 8, after 4 weeks of implantation, Qe
cbserved that the final size of the implants was
proporticnal to the initial weighit 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



30 As shown in figure 8, after 4 weeks of inplantation, we observed
that the final size of the inplants was proportional to the initial
wei ght of BCE incorporated, and that all the inplants had an

equi val ent particle density. Moreover, the colonization by i mmature
bone 35 tissue was the sane regardl ess $f 1the BCE/ blood ratio. These
results show that the honobgeneous dispersion of the grains in the
initi ial i npl aster Obimé Nedn byhs ottt ©arwf 4 hehenpneiges curdatgking of
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3.5.2. I npl angglﬁ%]_on at .a bone site in rats W operate on a single
femur per rat, the | oss of substance is filled in with our

bi omateri al, autol ogous 15 whol e bl ood/ BCP (80-200 pm. The rats are
noni t ored cl iTheadipe{iaksanceubbepabntl deasnbid ad it geretaine site

condi ti ori)O an #dgﬁchih%@el ¥GP¥%ﬁth ographs at DO, D7, D15, D30,

045, 060 "and hée "end o e third nonth, the animals are
sacrificed, the femurs are 20 collected and, after ablation of the

ost eosynt hesi g, st eringd1anthe ibANES &rkoréd Xetkd N ewrel i n before being
enbedded i n nﬁet hgl Fg\_{g%hacorr}/l gt e resin gnd hi st oI~09éé:aI ¢ tud]5‘/c55825O

During the first B ocedures, thsemlgnp antS werfe ‘naltie 1 o e siZe 0

the bone def esthstsinde dsprfdgdedi on withapuf cheenatesooh waivgietreehane,
that is 7% mof: BCB1BSE/BEP Rlsoebovhqlg bl ead coldeched hoRmkbled
ani mal pre-opelr,at,l i I]%'. Th% coagul ation is initi ak%@% hy the 30
addi ti on of 1%t % CAEF5P5Rd Phe RdMdyentSHt 5101 0 d5EE2 by
conti nuous r otatdidricmt isndc cagubavgonally ot athmebEwpas B6 BAL NDAi n
the BCP partigl£S hi, SUBRENSIRR idhd hsod! 0fd 2Rd IRUrer tPRe third
honogeneity of the biomaterial, L _ ‘
month, the animals are sacrificed, +the femprs 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 coagulétion is initiated by the

30 addition of 15 ul of 2% CaCl, and the homogenization is
‘produced by continuous rotation until coagulation is

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
photégraphs'at D7, the-appearance of a radiotranéparent
line between the bone surfaces and the implant
{fig. 9A), reflecting an absence of cohesion between



35 W& observed very reproducibly and fromthe first x-ray photographs
-at 07, the appearance of a radiotransparent |ine between the bone
surfaces and the inplant (fig. 9A), reflecting an absence of cohesion
between - 33 - the biomaterial and the di aphyseal sections. Wen the
BCP is at maxi num concentration in the {3 aod, the mcroparticles

sedi nmenting during the coagul ation (nethod No. 2), a satisfactory
cohesi on bet welgh bhend: & it £1d athanditpeydéaphysealosect Whas khe

observed (11 chie 98) o2 Sudky, APl soncol. (e nesulte QRAedomth

the two nethodS for preépari In"rats B) and
in dogs (Fig. mqmwrdtlpés)s atseaﬂlmmélggte dyhign g - r‘al;:eanawgééa%@med
with this new HLCcoke. t g ab§e%Qﬁ&aéhbkpk&gﬂle@,flohheoéﬁWe&ﬂt S.h@n

the x-ray of Ihefron and 't ence of on the x-ra
the side 3 0 R el RO Re e R gy  20SLEvEl
differ ences i hfltdmfer &8ul-ts on bone formation. 3.5.4. Discussion: In

the case of a bone inplantation of a sedinented 20 bionaterial
(method 2), there is no reduction in the dinmensions of i mpl ant ,

as we can obsrire -off ¥RE TLSPRy &1t Llen T6FULEFs OQEGIBBQSWI%dtP F¥ounas
correctly fi thestthodsn f@erpEep@ﬂi:agttm timpgiae tlhone, it benefits from-

Fashi on. 1034 O At A metflod Fortt e ancr o i o e oy
conpri si ng abone site, the x ray analyses showed, with this new
protocol, the absence of shrinkage of the implants on
the x-rays of the front and the absence of a line on
the x-rays of the side. In mice at an ectopic site, we
15 did not observe differences in the results on bone

formation.

3.5.4. Discussion:

In the case of a bone implantation of a sedimented
20 Dbiomaterial (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, in close contact with the bone, it benefits

from the osteoconduction and ostecinduction phenomena

25 1n an optimum fashion.



BCP in the formof granul es di spersed substantially honogeneously in
a three-di nensional network of blood proteins or in a network of bone
marrow proteins, this nmethod conprising at |east the follow ng steps:
(i) mxing a biphasic cal cium phosphate, or BC?, in the form of

granul es whose size is between 40 and 00 pmw th blood, or with a
bone marrow aspirate, in a proportion ranging from 10 to 90% by

wei ght of BCP per volune of blood or marrow, in g/m, (ii) adding to
the mxture ofClmg (i) at |east one coagul ating agent in a
sufficient quantity to cause the coagul ation of the blood or of the
marrow. 2. The method as clainmed in claim11, in which the coagul ating

agent based om cal Gi WBtisy ¢BPsER fnsﬂi’ﬁacbﬁﬁ%m?ﬂi@}nstéﬁla@lé&ﬂpﬁﬁéﬂng a
and preferably CaCl2. 3. The e %_é]‘qed i1 elthgr of éhe. 1

preceding clains, A°whithFhe 800° PRctBEPHESr TGP T 8 %
donor conpati bl e whbhogdneonelyi pienta fthre\ak@menh@rbﬂorrmtaptlal of s bloed

intended. 4. The rrﬁwwkn@s ¢! aihmed r!e@w@ﬁé/ dasn%ogé EB&QW §a8HLiH, this
clains, in which t | ood was .coll e d fromthe

ted
reci pi ent for whonPEHPDHFETRATEIPRIZY §53% ‘él?‘ﬁjgaf qé"m?hsete%t hod as
clainmed in any one(df ntikéngreceiprrgic| el umwphaphhte t ey REFApAns bike

the step (iii)a)insphi o b?@nd‘ﬂe&t Uﬁc?seogii?é rl%dbé’éwe%hei)o (drda) s@@mmammmg
the BCP, the bl ood gmd t he cqaﬁu 1'b| n is al Itowed ta sro d o
during the bl ood cBEff at™ ade 8B a@ rSWaFF%Wat Re BOP™t 8 $&di eht

and to form an |rrp1rmln9atfew!at e wpt POBCAY, V&.ltheOﬁeB%oP%s wlarereef
in any one of clali H’:anh bO hr-¥WRI Gy g,&ﬁ further conprises the step of
(itii)b) mxi ngunde h&,‘_,?gnSQrO”Bt' ngtpure of step (i) at least one

coagulatlng agent in a sufficient cquantity to cause the

coagulation of the blood or of the marrow.

2, The method as claimed in claim 1, in which the 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 ccllected beforehand from a donor
compatible with the recipient for whom the biomaterial is

intended.

4. The method as claimed in any one of the preceding claims,
in which the blocod was collected beforehand from the

recipient for whom the biomaterial is intended.

5. The method as claimed in any one of the preceding claims,
which further comprises the step (iii)a)in which the
mixture obtained at step (ii)} containing the BCP, the
blood and the coagulating agent is allowed to stand during
the blood coagulation phase so as te allow the BCP to

sediment and to form an implant saturated with BCP,

6. The method as claimed in any one of claims 1 to 4, which



honogeni zation of the BCP while the coagul ati on occurs. 7. The nethod
as claimed in any one of the preceding clains, in which steps (i) to
(iii)a) or (iii)b) are carried out in the inner cavity of a syringe
or in a tube closed at its ends. 8. The nmethod as clained in any one
of the preceding clains, which conpris®¥s mxi ng from50 to 90% by

wei ght of BCP relative to the volunme of blood in gird, preferably
from60 to 80% 9. A biomaterial obtained by the nmethod as clained in
any one of claims 1 to 8, conprising a BCP in the form of granul es
having a size of between 40 and 500 pm and coagul at ed bl ood or

coagul at ed marrow. flfcnetheodprares etheastepsof| aimed in claim9, in the

formof a malleabl ¢; glqandﬂl]ﬁ%gs p\z,a\%; 11 co‘gggtltyngnat e&*&{ot% cl aiped

in either of clains CP granul es ,have a si ze
rangi ng from BO tohmeﬁﬂﬁ"atj}?n ‘T’né‘-hﬁl%ﬁ?at“@’rliethPa§°EF‘éjiat’?é8nl?F°3ﬁ§/ one
of claims 9 to 11, in which the BCP contains hydroxyapatite (HA) and

O- tricalcium hos t i aht ¢ &t as Of
bet ween 5/ 95 (zﬁd 9 %ﬁfggaT%D)Clwm&p il TGP Yol o &’%“-‘Egm‘-g &ld 9‘8

bi omat er | al ascar‘rﬁg %
claims 9 to 12 andimdéhichofaePy EonpPi &itd2hton dddt) nf 8dGrET VA g 8l
chosen from pol yneis, cier dmnhepacddiclesf phasyrdogutowcdn a tube closed at
nol ecul es, gr owt hf aﬁ; rSgpatural orsynthetic, biomarkers, contrast
agents, tissue or | preparations. 36 14. The bionmaterial as
clainmed in any one of clainms 9 to 13, for its use as inplant in a
met hod for filsli ngrien rethohesdefletted 15. 2oy coabdhatheonrefeding claims,

biomaterial as clajnes 388N 6iRins! BIcAB59 tO 3ds Wby Nudiknt of Ber
ost eosynt hesi s.
relative to the volume of blood in g/ml, preferably from

60 to 80%,.

9. A bicmaterial obtained by the methed as claiwmed in any one
of claims 1 to 8, compriging a BCP in the form of granules
having a size of between 40 and 500 pm and coagulated

blood or coagulated marrow.

10. The biomaterial as claimed in claim 9, in the form of a

malleable homogeneous paste.

11, ‘The biomaterial as claimed in either of claima 2 and 10,

in which the BCP granules have a oize ranging from B0 to

200 pm,

12. The biomaterial as claimed in any one of claims 9 to 11,
in which the BCP contains hydroxyapatite (HA) and Q-
tricalcium phosphate (B-TCP) in an HA/B-TCP weight/weight
ratio of between 5/85 and 95/5.

13. The biomaterial as claimed in any one of claims 2 to 12
and additionally comprising at least one additive chosen
from: polymers, ceramic particles, pharmaceutical
molecules, growth factors, natural or gynthetic,

biomarkers, contrast agents, tissue or cell preparations,



16. A kit when used for carrying out the method as clained in any one
of claims 1 to 8, this kit conprising: the conbination of a BCP
having a particle size of between 40 and 500 pmw th a coagul ati ng
agent derived fromcal cium wherein the quantity of coagul ati ng agent
is calculated in order to conpensate 36r the anticoagul ant effect of
BCP which is conmbined with the blood. 17. The kit when used as
claimed in claim16, in which the coagul ating agent is CaCl2. 18. The

kit when used as,clajned.in either of claips 16 and 17, ich
conprises: (a) i%\' dgihecg’l%ﬁﬁri"g ny® £REBFT 1® PRer™t & %a B whiteh3:
the BCP is placed, fdr) ihsstsy idse imphsertvanr acorgoidsimg #ilding in a bone
coagul ating agent. I1fe.dhe kit when used as clained in any one of

claims 16 to 18, in which the device (a) conprises neans allow ng the
i ntroduction of blood into the inner cavity. 20. The kit when used as

clained in any e &f @hblmeidf b6 49pidmntehiaih ssheldbvidCEn( @ahy one of
conpri ses neans al | Qi ng. tghgoaﬁpmglgt;nogsggos%&#%gmt erial in the

zone where a bone defect has been observed. e kit when used as
claimed in any one of clainms 16 to 20, in which the device (a)

consists of a she.i ngekit hed2usddefous eanfyiaghiwmmaher ietlhodsas| aizired iih
any one of clal s 9.4 & bf Hathd Lltol¥, WhiQ 8T SURRILIaJOT the

production of bone %kgséémbination of & BCP having a particle size of between
40 and 500 um with a coagulating agent derived from
calcium,
wherein the quantity of coagulating agent is calculated in
oxder to compensate for the anticoagulant effect of BCP

which is combined with the blood.

17. The kit when used as claimed in claim 16, in which the

coagulating agent is CaCl,.

18, The kit when used as claimed in either of claims 16 and

17, which comprises:
(a) a device comprising a sterile inner cavity in which

the BCP is placed,
(b) a sterile reservoir comprising the coagulating agent.

19. The kit when used as claimed in any one ¢f claims 16 to
18, in which the device {(a) comprises means allowing the

introduction of blecod into the inner cavity.

20. The kit when used as claimed in any one of claimg 16 to
19, in which the device (a) comprises mean2 allowing the
application of the biomaterlial in the zone where a bone

defect has been observed.

21, The kit when used as claimed in any one of claims 16 to

20, in which the device {a) consists of a syringe.



23. The use of a biomaterial as clained in any one of clains 9 to 15
In vitro or ex vivo for producing a bone inplant.

37

22, The use of a blomaterial as claimed in any one of claimg 9

te 15 in vitro or ex vivo as support for the producticn of

bone tissue.

23. The use of a biomaterial as claimed in any one of c¢laims ¢
to 15 in vitro or ex vivo for producing a bone implant.



