
WO 2010/007229PCT/FR2009/000748 BIOMATERIALS CONTAINING CALCIUM
PHOSPHATE The subject of the .invention is a novel biomaterial based
on calcium phosphate, in particular based on 5 hydroxyapatite or
based on a material comprising hydroxyapatite, such as biphasic
calcium phosphates and calcium phosphate cements, a method for the
preparation thereof and the use thereof for the production of an
implant or for fitting a prosthesis for the purpose of 10 bone tissue
regeneration. The reconstruction of bone substance losses, mainly
resulting from trauma and, more rarely, tumor, is one of the major
difficulties encountered by orthopedic 15 surgeons. Small defects,
from "tight" pseudarthrosis (faulty consolidation of a fracture where
the loss of substance is virtual) up to bone losses of 5-6 cm, are
most commonly the subject of an autologous graft of spongy or
cortical-spongy bone tissues taken from the 20 iliac crest (gold
standard). Large defects 6 cm) require much more cumbersome
procedures, vascularized bone transfers or a Masquelet procedure.
Even so, the amount of autologous bone that is available is limited,
the bone consolidation remains random and these various 25 techniques
are very much purveyors of post-operative complications at the site
where the graft is taken. Various biomaterials available in clinical
practice make it possible to avoid, in theory, the drawbacks' of 30
autologous grafting. Unfortunately, none of them equals the results
of bone grafting and they never enable the reconstruction of large
losses of substances. The majority of the materials currently studied
35 combine, with the biomaterials, mesenchymal stem cells obtained
from bone marrow after several weeks of 



selection and cell culture in vitro. This approach is  WO
2010/007229- 2 -PCT/FR2009/000748  laborious and expensive, which
limits the clinical uses.     It is known that coagulated blood
promotes bone recon5 struction. L. Okazaki et a/., Olin. Oral Impl.
Res., 16, 2005, 236-243 describes implants based on coagulated blood
or demineralized bone powder. Document WO 02/068010 describes a bone
marrow-based composite material, this material comprising a porous,
10 biocompatible implantable matrix and a coagulated material, such
as a bone marrow, blood or plasma coagulate. Such materials,
resulting from the combination of a 15 support and of coagulated or
noncoagulated blood, have up until now been used in maxillofacial
surgery where the problems of bone consolidation are not so
important, but have been used little or not at all in the repair of
diaphyseal bones. 20 The methods for producing these implants require
blood to be taken from a donor, most commonly the individual for whom
the implant is intended, and then require steps in which the support
(demineralized bone or 25 synthetic polymer, ceramic) is handled, in
particular steps of mixing with the blood, which are sources of
contamination of the biomaterial. In addition, it is difficult to
obtain a homogeneous biomaterial by means of these methods. 30 There
thus remains the need for a method for preparing an implantable
biomaterial from a support which is synthetic, and therefore easy to
produce, with constant and homogeneous properties, this method making
it 35 possible to obtain properties that are superior in terms of
biocompatibility and enabling the rapid reconstruction of a bone
tissue of quality, without it being necessary to use culturing or
sampling steps.   The invention makes it possible to remedy the
drawbacks of the prior art and enables a bone of excellent quality in
terms of hardness and vascularization to be obtained. In addition,
the method for producing this biomaterial is simple and easy to carry
out, does not require multiple procedures on the individual to be
treated, and is relatively inexpensive compared with the prior art
methods. 10 Hydroxyapatite is part of the composition of many bone
reconstruction materials. Hydroxyapatite can be used alone in this
application or as a mixture with other components, as is the case,
for example, in biphasic 



15 calcium phosphate or in calcium phosphate cements. Biphasic
calcium phosphate, SOP, is used in many medical and dental
applications. Biphasic calcium phos- phate was described for the
first time as a bone repair 20 material by Nery et al., J
Periodontol. 1992, Sep; 63(9):729-35.SOPconsistsofamixtureof
hydroxyapatite(HA)0a13(PO4)6(OH)2andofbeta tricalcium phosphate
(0a3(PO4)2)(P-ICP). Its bioactivity and its bioresorbability can be
controlled through the 25 proportion of hydroxyapatite and of 13-TOP
of which it is formed. Document US-2005/0226939 describes a method
for producing hydroxyapatite nanoparticles, this method 30 comprising
the mixing of a composition based on calcium ions and on phosphate
ions and a microwave treatment. The conditions used in this document
do not result in the formation of hydroxyapatite or of BOP
impregnated with a calcium chloride solution. 35 SOP-based
biomaterials have the advantage, compared with the other synthetic
biomaterials, of promoting osteogenesis.  WO 2010/007229- 4
-PCT/FR2009/000748 SOP has been the subject of many studies: Lerouxel
et al., Biomaterials, 2006, Sept. 27(26): 4566-72, 18, 287-294;
Malard 0. et al., J. Biomed. Mater. Res., 5 46(1), 1999, 103; Mankani
M.H. et al., Biotechnology and Bioengineering, 72(1), 2001, 96-107.
These various authors have made observations relating to the
influence of the size of the BOP particles. In the document Mankani
M.H. at al., the method comprises 10 mixing HA/TOP particles with
cells then fibrinogen, and thrombin reconstituted in a CaC12
solution. However, the CaC12 solution is more concentrated than that
used in the invention and the Ca012/BCP mole/weight ratio is higher
than that used in the biomaterials of the 



15 invention. Trojani C. et a/., Biomaterials, 27, 2006, 3256-3264,
have shown that good osteoinduction can be obtained for the
.implantation of a BCP/Si-hydroxypropylmethylcellu- 20 lose hydrogel
composite material to which bone marrow cells have been added, with
calibrated SOP particle's of 40 to 80 pin. The latter methods
require, however, a step in which a sample of bone marrow cells is
taken and also the culturing of said bone marrow cells. 25 Document
WO 2006/015275 describes a method for enhancing bone regeneration,
this method comprising the preparation of a composition consisting of
a support material based on calcium phosphate, a platelet-rich 30
plasma, calcium and a PAR receptor activator other than thrombin.
However, the CaC12 concentration in these compositions is so high
that, if it were used under the conditions in the present invention
it would act as an anticoagulant. 35 The two BOP components, HA and
13-TOP, represent the two main types of calcium phosphates used in
bone and dental surgery. They are remarkably biocompatible and  WO
2010/007229- 5 -PCT/FR2009/000748  it is considered that combining
them provides a better bioactivity and therefore greater efficacy
than HA alone or P-TOP alone. This is because, in BCPs, the two
components (HA and P-TOP) exhibit a synergistic action: 5
Hydroxyapatite, as soon as it is implanted in vivo and by virtue of
its chemical nature, can promote, at its surface, the formation of
multisubstituted nonstoichiometric calcium phosphate apatite (known
as 10 "biological apatites") by epitaxial growth. This layer of
biological apatite, which is very similar to the crystals present in
the bone matrix, is thought to facilitate cell adhesion and cell
activity. 15 P-TOP, which is much more soluble than HA, maintains a
supersaturation of calcium and phosphates in the biological fluids
surrounding the HOP implant. This makes it possible to maintain the
phenomenon of precipitation of biological apatite on the HA phase. In



20 addition, this phase is much more resorbable than HA, and it is
therefore possible to modulate the resorbability of the implant by
varying the HA/-TOP ratio. These chemical phenomena have been shown
in vitro 25 (J.M. Bouler, G. Daculsi, Key Engineering Materials 2001;
192-195: 119-122; Yamada S, et al., Biomaterials 1997; 18: 1037-41;
S. Yamada et al., J. Biomed. Mater. Res 1997; 37: 346-52) and in vivo
(Daculsi G. et al., J. Biomed Mater Res 1989; 23: 883-94; G. Daculsi
et 30 a/., Int. Rev. Cytol 1997; 129-191). These mechanisms seem to
contribute to the better clinical efficacy of BCPs compared with
single-phase HA or TOP materials (Nery ED et al., J Periodontol 1992;
63: 729-35; Ellinger RF et al., J Periodontics Restorative Dent 35
1986; 6:22-33; Passuti N. et a/., Olin Orthop Relat Res 1989; (248):
169-76; Gouin F et al., Rev Chir Orthop Reparatrice Appar Mot 1995;
81: 59-65; Ransford AO et  WO 2010/007229- 6 -PCT/FR2009/000748 al.,
J Bone Joint Surg Br 1998; 80: 13-8; R. Cavagna et al., J. Long-Term
effect of Med. Impl 1999; 9:403-412). The present invention is based
on the observation that 5 certain calcium phosphates, in particular
calcium phosphate apatites, such as hydroxyapatite, inhibit the
spontaneous coagulation of whole blood when they are brought into
contact. Specifically, it has been observed that HA, and also BOP,
which contains HA, 10 inhibit the spontaneous coagulation of whole
blood when they are brought into contact. It has also been observed
that, if the hydroxyapatite or the BCP is pre-impregnated with
physiological saline (which is an aqueous phase of NaC1), as
recommended in the instruc- 15 tionsofusingthesebiomaterials,theblood
subsequently brought into contact does not coagulate.   Experimental
conditions which make it possible to establish the anticoagulant
properties of a support 20 material are detailed in the experimental
section. The first subject of the invention is a method for preparing
an implantable biomaterial comprising a support based on at least one
calcium phosphate, such 25 as hydroxyapatite or a mixture of
hydroxyapatite and of at least one other material, this method
comprising at least one step of impregnation of the support with at
least one coagulating agent. 30 The expression "support based on
calcium phosphate" is intended to mean a material comprising at least
one constituent of calcium phosphate apatite type chosen from:
hydroxyapatite, fluoroapatite, multisubstituted non-stoichiometric
apatites (ms-ns-AP) and also 



35 mixtures thereof along with other calcium phosphate biomaterials.
Such supports may be constituted of hydroxyapatite, BCP, ms-ns-APs
and apatite calcium phosphate cements.  WO 2010/007229- 7
-PCT/FR2009/000748 The support thus impregnated is then implanted on
the site where a bone defect must be filled. The implanta- tion of
said support then causes coagulation of the 5 blood which comes into
contact with the biomaterial which penetrates into the biomaterial in
situ. In the trials that have been carried out with BCP, it has been
observed that BCP, combined with coagulated blood, makes it possible
to obtain good osteogenesis and 10 results in a bone tissue of very
satisfactory quality by means of a method which is very simple
compared with those of the prior art. Without impregnation of the SOP
with a solution of coagulating agent, no osteogenesis is obtained. 15
According to one variant of the invention, the support based on
calcium phosphate, in particular based on hydroxyapatite or on a
mixture of hydroxyapatite and another material, is implanted in the
site where a bone 20 defect must be filled, and is then impregnated
in situ with a solution of coagulating agent. Preferably, the support
used in the invention is based on hydroxyapatite, fluoroapatite,
multisubstituted non- 25 stoichiometric apatites (ms-ns-AP) or a
mixture of one of these compounds with at least one other
biomaterial, such as tricalcium phosphate in a and p form
(0a3(PO4)2), dicalcium phosphate dihydrate (CaHPO4.2H20), anhydrous
dicalcium phosphate (Ca(HPO4), monocalcium 30
phosphatemonohydrate(Ca(HPO4)2.H20),tetracalcium phosphate
(Ca(PO4)20) and octacalcium phosphate (Ca8H2(PO4)6). Advantageously,
the support is based on hydroxyapatite or on SOP, it is preferably
based on SC P. 35  WO 2010/007229- 8 -PCT/FR2009/000748 



either in the form of a monolith or in the form of granules,
calibrated or not. The BCP which can be used in the invention
consists of 5 a high temperature frit. When it is granule form, it is
ground and calibrated, for example by screening, according to the
chosen diameter. Advantageously, the BCP which can be used in the
invention comprises hydroxyapatite and P-tricalcium phosphate in an
10 HA/P-TCP weight/weight ratio of between 5/95 and 95/5, preferably
between 30/70 and 80/20, advantageously between 40/60 and 60/40.
Advantageously, this involves a porous support, and in 15 particular
a porous BCP, with pore sizes ranging from 50 nm to 1000 pm,
advantageously from 500 nm to 100 pm, and more advantageously from 1
pm to 50 pm. When the support, and in particular the BOP, used in 20
the present invention is in granule form, it advantageously has a
particle size of between 40 and 500 pm, preferably between 40 and 400
pm, even more preferably between 40 and 300 pm, and advantageously
between 80 and 200 pm. 25 The BOP granules or powder can be obtained
in accordance with the methods described by Bouler et al., J Biomed
Mater Res, 1996, 32, 603-609; Bouler et al., J Biomed Mater Res,
2000, 51, 680-684; Obadia et al., J 30Biomed Mater Res, 2006, 80(3),
32-42. The BOP can be obtained commercially from the company Graftys
SARL (Aix en Provence). 35 The hydroxyapatite that can be used in the
invention is preferably in granule form. It is commercially from the
company Graftys SARL.  WO 2010/007229- 9 -PCT/FR2009/000748 More
particularly,theinvention relatesto a biomaterialcomprising acalcium
phosphate-based support, impregnated with a solution of at least one
calcium-derived coagulating agent, the support being 



5 chosen from: hydroxyapatite and a SOP, the coagulating agent being
in the form of an aqueous solution having a concentration ranging
from 1 to 50 mMo1/1, the proportion of coagulating agent solution and
of HA or of SOP being from 0.5 to 5 by volume/volume of coagulating
10 agent solution relative to the volume of HA or of SOP. Preferably,
the invention relates to a biomaterial comprising a calcium
phosphate-based support, impreg- nated with a solution of at least
one calcium-derived 15 coagulating agent, the support being chosen
from: hydroxyapatite and a SOP, the calcium-derived coagulating agent
being present in a proportion ranging from 2.5 to 60 limol of calcium
per gram of HA or of SOP, and preferably from 5 to 40 mmol of calcium
per gram of HA 20 or of SOP. The coagulating agent is a calcium-based
coagulating agent, such as a biocompatible calcium salt, for
instance: CaC12, Ca(NO3)2, Ca(Et0Ac)2 or CaSO4- 25 Advantageously,
the coagulating agent is calcium-based and it is chosen from
biocompatible calcium salts, advantageously CaC12. In order to allow
the impregnation of the support, in particular the HA or the SOP,
with 30 the coagulating agent, the latter is used in an aqueous
solution, advantageously in an aqueous solution having a
concentration ranging from 1 to 50 mMo1/1, preferably from 3 to 40
mMo1/1, advantageously from 5 to 20 mMo1/1. These values are
particularly preferred when 35 the coagulating agent is a calcium
salt, and in particular CaC12.  WO 2010/007229- 10 -PCT/FW2009/000748
The proportion of coagulating agent solution and of HA or of BCP used
in the method of the invention is from 0.5 to 5 by volume/volume of
coagulating agent solution relative to the weight of HA or of BCP,
preferably from 5 1 to 3, advantageously approximately 2. According
to another variant of the invention, the biomaterial is prepared
extemporaneously by impregna- tion of the calcium phosphate-based
support,just before 



10 implantation thereof. It is also possible to envision preparing
the biomate- rial of the invention by applying the following proce-
dure: impregnating the calcium phosphate-based support 15 with a
coagulating agent solution, then drying it or freeze-drying it, and
then packaging it under sterile conditions and storing it until its
implantation.    Advantageously, the impregnation time is from 1
minute 20 to 1 hour, preferably from 1 to 30 minutes, advantageously
from 5 to 15 minutes. According to another variant of the invention,
a biomaterial of the invention can be prepared by 25 impregnating the
calcium phosphate-based support with a coagulating agent solution,
and then this biomaterial is packaged under sterile conditions and is
thus stored until its implantation. 30 According to one variant of
the invention, it is possible to envision that the (calcium
phosphate-based) support biomaterial is combined with the coagulating
agent in powder form. In particular, a biomaterial such as BCP or HA
in powder or granule form can be mixed 35 with a calcium salt in
solid powder form. This biomaterial may thus be stored until its use,
and impregnated with an aqueous solution, for instance physiological
saline, extemporaneously, just before its  



WO 2010/007229- 11 -PCT/FR2009/000748 implantation, at the time of
its use . It can thus be implanted in nonimpregnated, dry form.
According to the invention, it is possible to envision 5 adding to
the support, and in particular to the BCP, one or more optional
additives such as: polymers, ceramic particles, pharmaceutical
molecules, bioactive agents, the conditions for using these materials
being: their biocompatibility, an absence of negative effect 10 on
the blood coagulation reaction. Should one of these additives have an
unfavorable effect on blood coagulation, this should be taken into
account in the amount of coagulating agent to be used. For example,
such additives or active agents can be used by grafting of 15 the
support, BOP or the like, by mixing or impregnation or by coating.
Such additives, which are well known to those skilled in the art, are
intended to modify the rheology of the biomaterial or its behavior in
vivo (hardness, resorption, osteogenesis) or to act on the 20
occurrence of infections or of inflammatory phenomena (antibiotics,
anti-infectives, anti-inflammatories). It is also possible to
envision introducing into the biomaterial of the invention one Or
more therapeutic 25 molecules, such as molecules intended for
preventing or treating a pathological condition chosen, for example,
from: a cancer and osteoporosis. It is also possible to envision
introducing into the 30 biomaterial of the invention adipose tissue,
or any other tissue or cell preparation, taken from the patient for
whom the biomaterial is intended, this adipose tissue or this
preparation having been suspended beforehand in blood or plasma or
physiologi- 35 cal saline.  WO 2010/007229- 12 -PCT/FR2009/000748
also possible to envision the presence of biomarkers or contrast
agents which promote the visualization by medical imaging of the
resorption of the biomaterial and its fate in the organism. 5
According to the method of the invention, the support, and in
particular the HA or the SOP, is placed in a cavity of a closed and
sterile container. When the support is in granule form, it can, for
example, be 



10 placed in the internal cavity of a syringe. The appropriate amount
of coagulating agent is introduced into this container, for example
by drawing up using the syringe if such a device is being used. 15 In
the case where the support, and in particular the HA or the SOP, is
in the form of a monolith, the latter is placed in a container of
appropriate shape and size.    In all cases, the volume of the
container is such that 20 it allows the introduction of the desired
amount of coagulating agent solution. The closed container containing
the support, in parti- cular the HA or the BOP, and the coagulating
agent can 25 be agitated, so as to allow homogeneous impregnation of
the biomaterial. However, passive impregnation of the support by the
coagulating agent can also be envisioned. 30 At the end of this step,
the biomaterial is in the form of:  a homogeneous liquid paste, when
the support has been used in granule form,  a monolith, the cavities
of which are filled with 35 liquid, when the support has been used in
the form of a monolith.  WO 2010/007229- 13 -PCT/FR2009/000748
According to one variant of the invention, it is possible to envision
implanting the support material directly in the space to be filled,
optionally as a mixture with the coagulating agent in powder form,
and 5 then impregnating it in situ, either with coagulating agent
solution, or, when it is already in a mixture with the coagulating
agent, with a suitable aqueous solution such as physiological saline.
It is also possible to envision implanting it, when it is in the 10
form of a dry mixture with the coagulating agent, without
impregnating it, and leaving it to be impregnated with the blood from
the surrounding tissues. 15 Another subject of the invention is a
biomaterial comprising a support based on calcium phosphate, such as
hydroxyapatite or a BCP, impregnated with a solution of at least one
coagulating agent, as described above. 20 According to the physical
form of the support, HA or HOP, and the type of device which were
used to prepare the biomaterial of the invention, said material can
then be applied using the means most suitable for the position where
a bone defect must be filled: 25 Using a tool such as a spatula, or
using a syringe, the end of which comprises an opening suitable for
the rheology and the size of the particles of the biomaterial of the
invention. It can also be implanted 



30 directly in the form of a monolith. In the latter case, said
monolith will have been designed or trimmed so that its shape and its
dimensions correspond to those of the space to be filled. 35 A
subject of the invention is also a method for filling a bone defect,
this method comprising the steps listed above and also comprising a
step of inserting the biomaterial into the space where a bone defect
has been  WO 2010/007229- 14 -PCT/FR2009/000748 noted. This method
may also comprise tissue-incision and suturing steps. According to
the size and the configuration of the bone 5 defect, the filling with
the biomaterial of the invention can be combined with the temporary
application of an osteosynthesis which gives the affected tissue the
necessary mechanical strength while the bone reconstruction takes
place on the site of implantation of 10 the biomaterial of the
invention.      promote the formation of 15 of time (a few weeks),
richly vascularized.  the implantation of the has made it possible to
bone tissue in short periods this bone tissue being very  Another
subject of the invention consists of a kit for carrying out the
method of the invention, this kit 20 comprising the combination of a
support based on a calcium phosphate such as a hydroxyapatite or a
mixture of hydroxyapatite and at least one other material, for
instance a microporous BCP, with a calcium-derived coagulating agent.
Advantageously, the coagulating 



25 agent is a biocompatible calcium salt, such as CaC12. The amount
of coagulating agent is calculated so as to compensate for the
anticoagulant effect of the calcium phosphate, and in particular of
the hydroxyapatite, and 30 to promote blood coagulation in the
surrounding tissues. Such a combination may be in the form of a kit
comprising: 35(a) a sterile device comprising a sterile internal
cavity in which the support, for instance the HOP or the HA, is
placed,  WO 2010/007229- 15 -PCT/FR2009/000748  (b) a sterile
reservoir comprising the coagulating agent. The reservoir (b) may be
part of the device (a) or may 5 be a separate entity such as a tube
or a bottle from which the coagulating agent can be taken in order to
transfer it into the internal cavity of the device (a), or a syringe
which allows the coagulating agent to be injected into the cavity
where the support is placed. 10 The internal cavity of the device (a)
is of a size which makes it possible to introduce therein the amount
of coagulating agent necessary for producing the biomaterial of the
invention, and also the other constituents of the mixture, such as,
for example, 15 active ingredients. Also advantageously, the device
(a) comprises means for applying the biomaterial in the region where
a bone defect has been noted. 20 Such a device may consist of a
syringe. It is also possible to envision using a device such as 



the one described in WO 02/068010 comprising a tube 25 inside which
the support, in particular the BCP, is stored and into which the
coagulating agent is injected, and for which a plunger can be fitted
in order to release the biomaterial once the latter is formed. 30 A
biomaterial according to the invention can be used for the production
of a bone implant, whether it is a question of filling a fracture, a
loss of substance of traumatic or tumor origin, or a defect following
a 35 surgical procedure, or of aiding the fitting of a prosthesis.
WO 2010/007229- 16 -PCT/FR2009/000748 The biomaterial can be
introduced by means of a surgical procedure in the region where a
bone defect must be filled. After incision, the biomaterial is
implanted and the incision is closed. The biomaterial of the
invention can be combined with an osteosynthesis so as to allow
temporary consolidation while awaiting the stabilization of the
defect region by the bone tissues. Coating of the prosthesis with the
biomaterial of the invention makes it possible to promote the
implantation of living bone tissue in or around the prosthesis. 15
The biomaterial of the invention can also be used in vitro or ex vivo
as a support for the production of bone tissue:   Specifically, the
culturing of bone cells around this 20 biomaterial makes it possible
to produce a bone tissue which is subsequently implantable.
Another subject of the invention is the in vitro or ex vivo use of a
biomaterial as described above, for 25 producing-a bone implant.
According to the invention, bone cells can be cultured on the
biomaterial of the invention in a mould having the shape of the
prosthesis that it is desired to 30 produce. The culturing of cells
under these conditions makes it possible to obtain a biocompatible
prosthesis of suitable shape and dimensions. FIGURES 35 



WO 2010/007229- 17 -PCT/FR2009/000748 Figure 2: Graphic illustration
of the calcium concentration of a plasma in contact with the calcium
phosphate biomaterials. 5 Figure 3A: Photograph of the product
obtained by adding a solution of calcium chloride to BOP and HA
before the addition of blood.    Figure 3B: Photograph of the product
obtained by adding 10 a solution of calcium chloride in increasing
concentrations to BOP. Figure 4: Scanning electron microscopy
analysis of implants consisting of whole blood taken without anti- 15
coagulant (A, C) and of HOP microparticles (80-200 pm), or of
implants prepared according to the usual protocol (B, D). In the
implants prepared without calcium, the absence of formation of a
network of fibrin and of a blood clot around the grains is noted (A,
C). The white 20 arrow in (C) indicates some red blood cells
deposited on the grains. Scales A, B: 100 RI; C, D: 10 pm.
EXPERIMENTAL SECTION 25 I - Effect of BOP and of HA on coagulation
1. Principle: It involves an extemporaneous procedure carried out in
the operating room. It consists in mixing, in the body of a
polypropylene syringe, SOP particles and a 30 coagulating agent:
CaC12. The implantation of this biomaterial in the site where a bone
defect has been noted promotes coagulation around the biomaterial. 2.
Materials and methods  35 2.1. Biphasic calcium phosphate particles:
The biphasic calcium phosphate (BOP) biomaterial is composed of 60%
of hydroxyapatite (HA; 0a10(PO4)6(OH)2) and of 40% of tricalcium
phosphate (TOP; 0a3(PO4)2). The 



WO 2010/007229- 18 -PCT/FR2009/000748 BCP particles sized between 40
and 200 microns were provided by the company Graftys SARL
(Aix-en-Provence, France). The particles were sterilized by heating
at 180C for two hours. 5  2.2. Measurement of the calcium
concentration in murin plasma: The calcium concentration was measured
in C572L/6 mouse (Janvier, Le Genest-St-Isle, France) plasma. This 10
plasma was prepared, from blood taken on heparin, by centrifugation
at 1800 g for 15 minutes. Heparin is used as an anticoagulant which
does not modify the plasma calcium concentration. The analysis was
carried out in a Hitachi automated device (Orleans, France). 15 2.3.
Preparation of implants and surgical procedure: As illustrated in
figures 1A to 1D, a syringe (1) comprising a hollow cylindrical body
(2) in which a plunger (3) moves is used. At the end of the body (2)
20 which is not closed off by the plunger, the body of the syringe is
closed off by a filter stopper (4). In the body (2) of the syringe,
between the end (5) of the plunger and the filter stopper (4), are
granules (6) of BCP (figure 1A). The whole was sterilized prior to
its 25 use. The end of the syringe bearing the filter stopper (4) is
placed in a container (7) filled with an aqueous solution (8) of
CaC12 at a concentration of 1%. A backward movement of the plunger
(3) allows the solution (8) to be drawn up into the body (2) of the
30 syringe (1) (figure 1B). The whole is left to stand for 10 min in
order for the HOP particles to impregnate the solution, and then, by
means of the plunger (3), the excess solution (8) of the CaC12 is
expelled through the filter stopper (4) (figure 10). The filter (9)
is 35 removed from the filter stopper (4) and a pressure on the
plunger (3) makes it possible to deposit the HOP granules (6)
impregnated with solution (8) on the  WO 2010/007229- 19
-PCT/FW2009/000748 operating site (10) (figure 10). The implantation
site is then closed up again (step not represented). 3.Results  5
3.1. Effect of hydroxyapatite and of TCP on coagulation: 



50 mg of HA powder or of TOP powder were placed in the body of a 1 ml
syringe. 100 1.11 of blood were added to each syringe containing
either HA or TOP. This mixture 10 was placed on a wheel allowing the
powder to remain in suspension in the blood during the coagulation
time, i.e. 10 minutes. In each experiment, one syringe containing 100
R1 of whole blood treated like the others, i.e. 10 min on the wheel,
served as a positive 15 control for the coagulation. After 10
minutes, the wheel is stopped, the syringes are recovered, their end
is cut and the blood/powder mixture is extracted by pushing with the
syringe plunger. Coagulation of the blood around the powder is or is
not observed. Each 20 experiment was repeated 3 times. It was
observed that, in the presence of 50 mg of HA and 100 jil of whole
blood, the coagulation was inhibited. The blood remains liquid. 25
Control: positive control for coagulation. A clot and a serum
extrudate were observed. In the presence of 50 mg of TOP + 100 111 of
blood, 30 coagulation occurred; this results in the formation of an
implant in which the fibrin network keeps the powder homogeneously in
suspension. The same experiment was carried out with calcium 35
chloride having been added to the syringe containing the HA prior to
the introduction of blood: coagulation and the formation of an
implant were found.  WO 2010/007229- 20 -PCT/FR2009/000748 3.2.
Effect of BCP on coagulation It was observed that blood freshly taken
(100 1.11) in the absence of anticoagulant and immediately mixed with
the BCP particles (50 mg) does not coagulate. This anticoagulant
effect is nullified by the addition of CaC12 (20 p,1 of a 1% CaCl2
solution) suggesting an uptake of the plasma calcium by the BCP. This
hypothesis was confirmed by measuring the calcium concentration in
the plasma before and after contact 10 with BCP. For this, plasma was
prepared from C57BL/6 mouse blood taken on heparin (anticoagulant
which does not modify the plasma calcium concentration). In the
presence of BCP, a decrease in the plasma calcium concentration from
2.06  0.06 mmo1/1 (normal value) to 15 0.59  0.07 mmo1/1 in the
presence of BCP was observed. 



II - Effect of the calcium phosphate-based biomaterials  on plasma
calcium concentration  1.Principle: 20 Aliquots of 50 mg of BCP
(60/40) microparticles, or aliquots of 50 mg of HA or of P-TCP were
brought into contact with either 50 121 of H20 or with 50 W. of a 2.5
mM solution of CaC12.2H20, and left to dry overnight at 56C. These
biomaterials were deposited in the wells 25 of a 96-well microplate.
100 p1 of plasma prepared from C57BL/6 mouse blood taken on heparin,
an anticoagulant which does not interfere with the calcium level, are
added to each well. After 15 minutes in incubation, the plate was
centrifuged for 2 minutes at 800 g and the 30 supernatants were taken
in order to assay the calcium concentration of the plasma. The
calcium assay was carried out using the QuantiChrom Calcium Assay kit
(Centaur, Brussels, Belgium) and according to the manufacturer's
instructions. For this, 5 ttl aliquots of 35 supernatant were brought
into contact with 200 pl of a solution of phenolsulfonephthalein, a
dye which forms a 



blue-colored stable complex in the presence of free calcium. After
incubation for 3 minutes, an intensity  WO 2010/007229- 21
-PCT/FR2009/000748 of coloration, measured at 612 nm, which is
directly proportional to the calcium concentration in the sample, is
obtained. In each plate, a calibration range is prepared using the
following concentrations of 5calcium: 0 - 0.5 - 1 - 1.5 - 2 - 3 - 4 -
5 mM. 2.Results:  It was noted (figure 2) that the BOP in
microparticle form and also the HA powder, brought into contact with
10 plasma, induced a considerable and significant decrease in the
calcium concentration of said plasma. The decrease in calcium
concentration is similar for BOP and HA and is not observed for
3-TOP. On the basis of the values obtained for the plasma alone
(1.960  15 0.044 mM), the plasma in the presence of BCP (0.871  0.160
mM) and the plasma in the presence of HA (0.840  0.121 mM), the
calcium uptake was evaluated at 0.125 pmol of calcium per 50 mg of
BOP or HA. 20 It was also noted that the addition of 50 pl of a 2.5
mM solution (i.e. 0.125 pmol) to the BOP or the HA before addition of
the plasma made it possible to restore a normal plasma calcium
concentration (figure 2). The same amount of calcium chloride added
25 to P-TCP adds to the initial plasma calcium and confirms the
absence of uptake by this biomaterial under these conditions.
Moreover, it was observed that the calcium uptake was 30 identical
for the three BCP granulosities tested, i.e. for the microparticles
of 40-80 pm, of 80-200 im and those of 200-500 pm. Furthermore, the
same results of compensation through 35 the addition of calcium were
obtained whether the calcium chloride solution is added
extemporaneously in liquid form just before adding the plasma, or
whether 



WO 2010/007229- 22 -PCT/FR2009/000748 this solution is first dried on
contact with the particles. III - Effect of the addition of calcium
on the 5 anticoagulant properties of BCP and of HA 1.Principle:   In
order to demonstrate that a cause-and-effect link existed between the
inhibition of coagulation and the decrease in plasma calcium induced
by BCP and HA, 10 coagulation tests were carried out on aliquots of
50 mg of BOP (60/40) microparticles and of 50 mg of HA powder, after
the addition of 50 pa of 150 mM NaC1 or of 50 ill of 2.5 mM
0a012.2H20. 152.Results:  After the addition of the blood not treated
with an anticoagulant and rotation for 15 minutes, it was noted
(figure 3A) that the prior addition of calcium to the BCP and the HA
made it possible to reestablish 20 coagulation of the blood brought
into contact with these two biomaterials. These results demonstrate
that the anticoagulant effect of the BOP and of the HA is indeed
linked to the 25 decrease in the plasma calcium concentration that
these two biomaterials induce, and that the addition of calcium makes
it possible to reestablish coagulation. The effect of a calcium
dose-response on the coagulation 30 of blood brought into contact
with BCP was analyzed (figure 3B). The biomaterial was prepared by
adding 100 1.11 of whole blood, not supplemented with an
anticoagulant, to 50 mg of BCP particles in the presence of a fixed
volume of 50 ill of CaC12.2H20, prepared at the 35 concentrations of
0.01% (0.68 mM) - 0.02% (1.36 mM) - 0.05% (3.4 mM) - 0.1% (6.8 mM) -
0.2% (13.6 mM) - 0.5% (34 mM) - 1% (68 mM) - 10% (680 mM), or of the
same volume of Nadi at 150 mM. After incubation for 15 minutes  WO
2010/007229- 23 -PCT/FR2009/000748 



on a wheel, the biomaterial is demolded. It was noted that, at low
concentrations, corresponding here to 0.01% and 0.02%, the added
calcium did not make it possible to reestablish coagulation. In the
presence of 5 concentrations between 0.05% and 0.5%, coagulation was
observed. Surprisingly, it was noted that increasing the
concentration of Ca012.2H20 to 1% and above induced, once again,
inhibition of coagulation (figure 3B and table 1). 10 These
experiments made it possible to determine the optimum calcium
concentrations which made it possible to block the anticoagulant
effect of BOP 60/40 and showed that there is a important
concentration range to be respected. 15 IV. Analysis of the fibrin
network by scanning electron microscopy  The anticoagulant effect of
BOP visualized by the absence of formation of cohesive gelled
implants during 20 the tests described above corresponds, at the
molecular level, to the inhibition of the formation of the fibrin
network forming the framework of the clot. The presence of the fibrin
network was analyzed by scanning electron microscopy. For this,
implants were prepared by mixing 25 100 jil of blood, not
supplemented with anticoagulant, with 50 mg of BOP or with 50 mg of
BCP incubated in the presence of calcium and then dried. After 15
minutes of rotation on a wheel, the mixtures were demolded and
directly immersed in a fixing solution containing 1.6% 30 of
glutaraldehyde in a 0.1M phosphate buffer, pH 7. The samples were
then washed, dehydrated using bowls of alcohol at increasing
concentrations, immersed in hexamethyldisilazane (Sigma-Aldrich,
L'isle d'Abeau Chesnes, France) for 5 minutes and dried at ambient 35
temperature. After mounting on aluminum supports and covering with
gold/palladium for 4 minutes (Polaron, A5100, UK), the analysis is
carried out using a scanning electron microscope (JEOL 6700F, Japan).
WO 2010/007229- 24 -PCT/FR2009/000748 As can be seen in figure 4,
under the BCP conditions, no fibrin network was observed (figures 4A,
4C) between the BCP microparticles. The presence of a few red blood
cells deposited on the grains attest to the mixing of the particles
with the blood. Conversely, in the presence of BCP/calcium, the
presence of a clot holding the particles is observed, said clot being
visualized by the mesh of the fibrin network and a very large
10number of red blood cells (figures 43, 4D). Concentration of the
CaC12.2H20 solution added to the mixture of BCP 



and blood(as % and as molarity) Number of gmol of calcium introduced
per 50 gl of Ca012.2H20 Coagulation test 50 mg BCP + 100 gl blood +
50 gl CaC12.2H20(liquid or dried)   - 0.01% (0.68 mM) 0.034 - 0.02% 



0.068 + 0.03% 0.102 + 0.04% 0.136 + 0.05% 0.17 + 0.1% 0.34 + 0.2%
0.68  0.5% 1.7 



+ 0.6% 2.04  0.7% 2.38 + 0.8% 2.72  0.9% 3.06 +    1% (0.68mM) 3.4
2%  



10% (680 mM) 34   Table 1  WO 2010/007229- 25 -PCT/FR2009/000748
CLAIMS 1. A biomaterial comprising a calcium phosphate-based support,
impregnated with a solution of at least 5 one calcium-derived
coagulating agent, the support being chosen from: hydroxyapatite and
a BCE', the coagulating agent being in the form of an aqueous
solution having a concentration ranging from 1 to 50 mMo1/1, the
proportion of coagulating agent 10 solution and of HA or of BCP being
from 0.5 to 5 by volume/volume of coagulating agent solution relative
to the volume of HA or of HOP. 2. The biomaterial as claimed in claim
1, the 15calcium-derived coagulating agent being present in a
proportion ranging from 2.5 to 60 limol of calcium per gram of HA or
of BCP, and preferably from 5 to 40 limol of calcium per gram of HA
or of BOP. 20 3. The biomaterial as claimed in claim 1 or 2, in which
the coagulating agent is CaC12. 4. The biomaterial as claimed in any
one of claims 1 



25to 3, in which the support is in monolith form. 5. The biomaterial
as claimed in any one of claims 1 to 3, in which the support is in
granule form. 30 6.The biomaterial as claimed in any one of claims 1
to 5 and also comprising at least one additive chosen from: polymers,
ceramic particles, pharmaceutical molecules, natural or synthetic
growth factors, biomarkers, contrast agents, and a 35tissue or cell
preparation.  WO 2010/007229- 26 -PCT/FR2009/000748 7.The biomaterial
as claimed in any one of claims 1 to 6, for use as an implant in a
method for filling a bone defect. 5 8.A combination of a biomateria1
as claimed in any one of claims 1 to 7 with an osteosynthesis. 9.A
kit for carrying out a method for producing a biomaterial as claimed
in any one of claims 1 to 10 7, this kit comprising the combination
of an HA-based or BCP-based support with a calcium-derived
coagulating agent, in the form of an aqueous solution having a
concentration ranging from 1 to 50 mM/1, and the proportion of
coagulating agent 15 solution and of HA or of BOP being from 0.5 to 5
by volume/volume of coagulating agent solution relative to the volume
of HA or of BOP.       10. The kit as claimed in claim 9, in which
the 20coagulating agent is CaC12. 11. The kit as claimed in either
one of claims 9 and 10, which comprises:              (a) a sterile
device comprising a sterile inter-25nal cavity in .which the support
is placed,  (b) a sterile reservoir comprising the coagulating agent.



12. The kit as claimed in any one of claims 9 to 11, 30in which the
device (a) comprises means which allow the biomaterial to be applied
in the region where a bone defect has been noted.      13. The kit as
claimed in any one of claims 9 to 12, 35in which the device (a)
consists of a syringe.  WO 2010/007229- 27 -PCT/FR2009/000748 14. The
in vitro or ex vivo use of a biomaterial as claimed in any one of
claims 1 to 7, as a support for the production of bone tissue. 5 15.
The in vitro or ex vivo use of a biomaterial as claimed in any one of
claims 1 to 7, for producing a bone implant. 


