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Technical Freld The present invention relates to a
curable composition for use in bone cement
applications. Background of the Invention Many
clinical procedures. such as maxillofacial surgery
and osteochondral surgery  require the use of bone
cements to fill bone defects and deficiencies.
Otherwise, the bone  defects and deficiencies would
not heal properly, preventing the return of normal
function. Various synthetic bone substitutes have
been developed far this purpose, some  of which have
been produced in an injectable form, so as to enable
minimally invasive  surgery . The main use of
injectable bone substitutes include spinal fusion,
bone and joint  defects, osteoporotic fractures,
revision surgery and vettebroplasty. A common
disadvantage of injectable bone substitutes is that
they generate heat during the process of  curing.,
This beat has the potential to damage surrounding
tissue. There is therefore a need for a curable bone
substitute that does not generate beat  when curing.
Object of the Invention It is the object of the
present invention to overcome or substantially
ameliorate at.  least one of the above disadvantages.
Sununat y of the Invention Disclosed herein is a
curable bone cement comprising a curable binder and a
filler,  wherein the cement (and/oribe binder) is
capable of curing without substantial evolution  of
beat. The cement may be capable of curing on exposure
to (e.g.. combination with,  mixing with or addition
of) a curing agent. The curing agent may be a reagent
or maybe a  catalyst, The binder and the filler may
be biocompalible. The curing agent may be  bio
compatible. The binder may be crosslinkable without
substantial evolution of heat. It may be a  polymeric
or oligomcric binder. It may be crosslinkable by
means of an oxidant,, e.g. a  mild oxidant. It may
comprise-.C6R'40R groups (i.e. phenol groups),
wherein R and each  R' may independently be hydrogen,
an alkyl group, an aryl group or an acyl group, and
R' may also be OH. Each IV may be the same as or
different to each other R', provided  that at least
one R', for example an R' ortho to the OR group, is
hydrogen. Rand R' may WO 2007/097710
PCT/SG2006/000039  



2 be such that one =QR'40R group is capable of
oxidatively coupling with  another -C6R'40R group.
The -C6R'40R groups may be for example -C6H40H
groups.  The binder may comprise a combination, a
complex, a reaction product or a conjugate, of  a
polymeric species and a phenolic species. The
phenolic species may be a polyphenol.  Suitable
pheuolie species include tyramine, catechin,
epicatechin, genic acid and  epigallocatechin gallate
(EGCG), as well as mixtures of any two or more
thereof The  polymeric species may be a biopolymer or
a derivative thereof It'may be for example  hyalumt a
acid, a polyamine or a polypeptide, such as gelatin
and/or collagen. The filler  may be an apatite
filler, for example hydroxyapatite, carbonated
apatite, fluoroapatite, or  any form of modified
apatite or a combination of several types of apatite
in any  proportion, or may be some other mineral
filler for example silica, alumina, Arlo onla,
calcium phosphate, telo, calcium carbonate, mica. In
a first aspect of the invention there is provided a
curable bone cement comprising  a curable polymeric
binder and a filler, wherein the cement is capable of
curing without  substantial evolution of heat on
exposure to a curing agent, said binder comprising
phenol  groups which are capable of reacting in order
to cure the cement. The phenol groups may  be capable
of oxidatively coupling in other to cure the
polymeric binder. The phenol  groups may be -C6W40R
groups, wherein R and each R' are independently
hydrogen, an  alkyl group, an aryl group or an aryl
group, and R' may also be OH, and each R' is the
some as or different to each other R', provided that
at least one R', for example an R'  ootho to the OR
group, is hydrogen, and wherein R and R' are such
that one -C6R'40R  group is capable of oxidatively
coupling with another -C4R'40R group. At least some
of the -C4R'40R groups may be -C6H40H groups. The
binder may  comprise for example a hyaluronie
acid-tyramine (HA-Tyr) conjugate, a gelatin-1yr
conjugate or a hyalmronic acid-epigallocatechin
gallate (IIA-BGCG) conjugate. The filler  may
comprise a mineral filler, for example silica,
alumina, zirconia, tale, an apatite or a  mixture of
any two or more of these. The filler may additionally
or alternatively comprise  particles capable of
releasing a drug, a protein and/or a growth factor.
The particles may  be controlled release particles.
Such particles may be useful for enhancing healing of
the  bone or of tissue surrounding thc.bone. Examples
of suitable apatite fillers include  hydroxyapatite,
carbonated apatite, fluoroapatite, or any form of
modified apatite or a  combination of two or more
types of apatite in any proportion. An example of a
suitable  apatite filler is a mixture of
hydroxyapatite (RAP) and carbonated apatite (CAP).
The  



curing agent may be selected so that the bone cement
is capable of curing in acceptable WO 2007/097710
PCT/SG2006/000039  3 time at the temperature of use
(e.g. at the body temperature into with the bone
cement is  injected). The bone cement may be capable
of curing in between about 10 seconds and  about 30
minutes, or between about 20 seconds and 1 minute on
exposure to the curing  agent at the body temperature
of a patient in which the cement is erred. The curing
agent  may comprise an oxidant The curing agent may
be an agent for oxidative coupling of  phenolic
groups. The curing agent may be a mild oxidant so
that curing of the cement  may be accomplished
without substantial evolution of heat The curing
agent may  comprise an enzyme, e.g. a peroxidase. It
may comprise a peroxide. It may comprise a
combination of a peroxide and an enzyme eg. a
peroxidase such as horse radish  peroxidase (RRP).
For example, the curing agent may comprise hydrogen
peroxide and  borse radish peroxidase. Other suitable
curing agents comprise glutathione pemxidase,
mycloperoxidase, tyrosinase or laccase in combination
with or without a peroxide. The bone cement may
additionally comprise one or more ftuther component
such as  collagen, a silicate, a protein (e.g. growth
factor) and platelets. The bone cement maybe
injectable. It may be in the form of a paste, or a
slurry or  some other viscous preparation. It may
show shear thinning (pseudoplaslic) Theology. It  may
show plastic Theology i.e. it may exhibit a finite
yield stress. Once mixed with the  curing agent, the
bone cement may be injectable. It may be in the form
of a paste, or a  slurry or some other viscous
preparation. In an embodiment the curable bone cement
comprises: a conjugate of hyaluronic acid with a
compound selected from the group  consisting of
tyramine, catecbin, epicatechin, gallic acid and
epigallocatechin  gallate, and mixtures of any two or
more thereof; and - an apatite filler, whereby the
cement is curable on exposure to a peroxide and a
peroxidase enzyme  without substantial evolution of
heat In another embodiment, the curable bone cement
comprises a hyaluronie acid- tyramine (BA-Tyr)
conjugate and an apatite filler, whereby the cement
is curable on  exposure to hydrogen peroxide and
horse radish peroxidase without substantial evolution
of heat In another embodiment the curable bone cement
comprises: 



a conjugate.of a polyamine or a polypeptide such as
gelatin and/or collagen with  a compound selected
from the group consisting of tyranune, catechin; WO
2007/097710 PCT/SG2006/000039  4 epicatechin, gallic
acid and epigallocatecbin gallate, and mixtures of
any two or  more thereof and - an apatite filler,
whereby the cement is curable on exposure to a
peroxide and a peroxidase enzyme  Without substantial
evolution of heat The curable bone cement may contain
a mixture of gelatin-Tyr, RA-Tyr and/or an  apatite
filler. There is also provided the use of a curable
binder and a filler for the manufacture of  a bone
cement for use in repairing bones, said binder
comprising phenol groups with at  least one hydrogen
atom attached to the aromatic ring thereof. Time is
also provided a kit comprising acurable bone cement
according to the first  aspect and a curing agent,
whereby said taming agent is capable of causing the
curable  bone cement to cure without substantial
evolution of beat. The ratio of the bone cement to
the curing agent in the'kit may be such that, when
the bone cement and the caring agent  of the kit are
combined in said ratio, the bone cement is capable of
curing in between  about 10 seconds and about 30
minutes at the body temperature of a patient. There
is  further provided a catalysed bone cement
comprising the curable bone cement combined  with the
curing agent Ina second aspect of the invention there
is provided a process formaking a curable  bone
cement comprising combining a solution of a curable
binder with a filler, and  optionally with one or
more further component such as collagen, a silicate,
a protein (e_&  growth factory and platelets, said
binder comprising phenol groups winch-arc capable of
reacting in order to cure the cement The curable
binder and the fillerrmw be as described  above Thus
for example the filler may comprise an apatite or a
mixture of two or more  apatites. The step of
combining may comprise preparing a solution of the
curable binder.  It may comprise combining the
solution of the curable binder with the filler. The
process may also comprise the step of making the
curable binder. This may  comprise coupling a
phenolic species with a polymeric species. The
polymeric species  may be a biopolyme , e.g.
hyaluronic acid, or a derivative thereof. It may be a
polyamine  or a polypeptide, e.g. gelatin or
collagen. The phenolic'speeies may comprise one or
more  



C6R'4011 groups. It may or may not co nprist an amine
functional group. In. an embodiment, the process
comprises combining a solution of a curable binder, .
such as a hyaluronic acid-tyramine (HA Tyr)
conjugate, with an apatite filler, and WO 2007/097710
PCT/SG2006/000039  S optionally with one or more
finther component such as collagen, a silicate, a
protein (e.g.  growth factor) and platelets. In
another embodiment the process comprises - coupling a
phenolic species with a polymeric species to form a
curable binder;  and - combining a solution of the
curable binder with a filler, and optionally with one
or more further components such as collagen, a
silicate, a protein (e.g. growth  factor) and
platelets, said binder comprising phenol groups which
are capable of  reacting in order to cure the cement.
The invention also provides a curable bone cement
when made by the process of the  second aspect There
is also provided a process for making a catalysed
bone cement comprising  providing a curable bone
cement according to the first aspect and exposing
(eg.  combining, mixing or adding) said curable bone
cement to a curing agent, whereby said  wring agent
is capable of causing the curable bone cement to cure
without substantial  evolution of heat The step of
providing the curable bone cement may comprise
preparing  said curable bone cement, for example by
the process of the second aspect of the  invention.
In a third aspect of the invention there is provided
a method for curing a bone  cement, said bone cement
comprising a curable binder and a filler, said binder
comprising  phenol groups which are capable of
reacting in order to cue the cement, said method
comprising -. exposing the curable bone cement to a
curing agent to form a catalysed bone  cement; and
curing the catalysed bone cement without substantial
Minden of heat. The curable binder, the filler and
the curing agent may be as described above. Thus  for
example the filter may comprise an apatite or a
mixture of-two or more apatites and  the curing agent
may comprise a peroxide and a peroxidase enzyme. The
process may  comprise the step of injecting the bone
cement into a patient, or otherwise locating the  



bone cement in and/or on the bone of a patient This
step may be conducted before the  step of curing the
catalysed bone cement The curable bone cement and the
curing agent  maybe used in non-toxic amounts in the
patient The invention also provides a cured bone
cement when made by the process of the  third aspect
of the invention.  WO 2007/097710 PCT/SG2006/000039
6 In a fourth aspect of the invention there is
provided a method for repairing a bone in  a patient
comprising: - combining a curable bone dent
comprising acurable binder and a fill er with a
curing agent to form a catalysed bone cement, said
binder comprising phenol  groups which are capable of
reacting in order to cure the cement, - injecting
said catalysed bone cement onto and/or into said
bone; and - timing the catalysed bone cement on
and/or in the bone without substantial  evolution of
heat. The curable binder, the fllier and the caring
agent may be as described above. Thus  for example
the filler may comprise an apatite era mixture oftwo
or more apatites and  the curing agent may comprise a
peroxide and a peroxidase enzyme. Brief Description
of the Drawings A preferred form of the present
invention will now be described by way of example
with reference to the accompanying drawings wherein:
Figure I shows micrographs of bone injected with a
bone cement according to the present  invention, with
staining with (a) H and E, (b) ALP and NFR, and (c)
VK and NFR for  cement I of the example (HA solution
plus curing agent) (control) 5 weeks after
injection; Figure 2 shows micrographs of bone
injected with a bone cement according to the present
invention, with staining with (a) H and E, (b) ALP
and NFR, and (e) VK and NFRfor  cement 2 of the
example (HA solution and apatite powders, plus curing
agent) 5 weeks  after injection; Figure 3 shows
micrographs of bone injected with a bone cement
according to the present  invention, with staining
with (a) H and E, (b) ALP and NFR, and (c) VK and NFR
for  cement 3 ofthe example (HA solution and apatite
powders, and collagen solution, plus  erring agent) 5
weeks after injection; Figure 4 shows micrographs of
bone injected with a bone cement according to the,
present  



invention, with staining with (a) H and E. (b) ALP
and NFR, and (o) VK and NFR for  cement 4 of the
example (HA solution, and pre-mixed collagen-apatite
solution, plus  curing agent) 5 weeks after
injection, Figure 5 shows a representative
crosslinked structure according to the present
invention;  Figure 6 shows a scheme for making a
HA-diaikyl acetal conjugate; and Figure 7 shows a
scheme for making a HA-EGiCCr conjugate. WO
2007/097710 PCT/SG2006/000039  7 Detailed Description
of the Prefemad Embodiments The present invention
provides a curable bone cement comprising a curable
binder  and a filler, wherein the cement (and/or the
binder) is capable of coring without  substantial
evolution of heat, The cement may be capable of
curing on exposure to a  curing agent. Any or all of
the components of the curable binder and of the
curing agent  may be pharmaceutically, clinically
and/Or .vetcdnariiy acceptable. They may be non.
toxic to a patient in which they are used. They maybe
biocompatible_ The curable binder may comprise a
polymeric species, or macromolecular ,species,  and
may also comprise either crosslinking moieties
attached to the polymeric species or a  crosslinlang
species mixed with the polymeric species, The
polymeric species may be  bioeompatible. It may be
non-toxic. It may for example be a glycosaninoglycan,
a  polysaccharide, a polycadwxylic acid, chondroitin,
chondroitin sulfate, demiatan sulfate,  heparin
sulfate, heparin, proteoglycans, polyoronic acids (a
g. polypectate,  polygalachuonic arid, polyglucuronic
acid, pectin, colominic acid, alginate or some other
polymeric species, and may be substituted. A suitable
polymeric species is hyaluronan or  hyaluronic acid,
which may be substituted The substituents may be the
crosslinking  moieties. The crosslinking moieties may
comprise -C6R'40R (,e. phenol) groups which  are
capable of reacting in order to cure the cement In
the -C6R'40R groups, R and each  R' may,
independently, be hydrogen, an allcyyl group, an aryl
group or an acyl group, and  R' may also be OH, and
each R' is the same as or different to each other R',
provided that  at least one R', for example ortho to
the OR group, is hydrogen, and wherein R and R' are
such that one -C5R'401t group is capable of
oxidatively coupling with another -C6R'40R  group.
The other -C6R'40R group may be attached to a
different molecule of the  polymeric species, so that
the oxidative coupling crosslinks the polymeric
species. The  alkyl group maybe a Cl to C12 or more
straight chain alkyl group. It may be a C3 to C12  or
more branched or cyclic alkyl group, or may have a
mitre of alkyl and cycloalkyl  



portions (0-9. it may be cyclohexylme hyl). Suitable
alkyl groups include methyl, ethyl;  propyl etc. It
will be understood that other substituents may be
used, including alkenyl,  alkynyl, aryl, heteroaryl
groups etc. The nature of the groups K and R' should
not be such  as to prevent oxidative coupling
of-C6R'40R groups. Thus for example excessively bulky
subatitutents, particularly the R' groups which are
on the ring, may inhibit or prevent  coupling of the
groups due to steric hindrance. Certain R' groups may
inhibitor prevent  coupling due to electronic
factors. At least some of the -C61t'40R groups may
be -C&H4OH groups, eg. p-C6H1OR, or -C612(OH)3, eg.
3, 4; 54rihydroxyphenyi WO 2007/097710
PCT/SG2006/000039  8 groups. At least some of the
phenol groups may be fused ring phenol groups e g. a
chromane structure bearing at least one phenolic OR
group, The binder may be generated by coupling the
-C6R'40R groups to a polymeric  species (a polymer or
an oligomer), optionally a biocompatible or nontoxic
polymer or  oligomer. The polymeric species may be a
biopolymer. It may be a polysaccharide, a  polyamine
or a polypeptide, eg. hyaluronic said, gelatin or
collagen. The coupling may  comprise reacting the
polymeric species with an aminofunetional phenolic
species which  comprises the -C6R'40R group. Thus the
amine group may be capable of coupling with a
functional group (e.g. carboxylate, haloalkyl eta) in
the polymeric species. A suitable  aminofimetional
species may have formula H2N I-C6R.'4OR, wherein R
and R' are as  described above, and L is a linker
group. L may be alkylene, arylenc or some other
suitable linker group erg. merbylene (-CH2-),
ethylene (-CFI2CHr), propylene  (CH2Cl12CHr) etc. and
may be straigbt chain, branched or cyclic. A suitable
aminofunctional species may be tyramine (Tyr),
Alternatively or additionally, the coupling may
comprise reacting the polymeric  species with a
non-aminofimctional phenolic spades, such as a
polyphenoL Suitable  polyphenols include catechin,
epicatecbin, Sallie acid and epigallocatechin gallate
(EOC(I). In this case, the phenol species may be
conjugated to the polymer or oligomer  by forming a
conjugate of the polymer or oligomer with an acetal
compound (e.g. a  dialkyl acetai compound) to form an
acetal-functional polymer or oligomer, and coupling
the acetal-functional polymer or oligomer with the
phenol species. For example, if the  polymer is HA
and the phenol species is EGCO, then EGCO may be
coupled with a HA  acetat (e.g. RA-dialkylacetal)
conjugate. This may be accomplished by conversion of
the  acetal functional group of the acetal-fimetional
polymer or oligomer with an acid to  



generate an aldehyde functional group. The HA-dialkyl
acetal may be formed by reaction  of HA with an
aminofuuctional acetal (e.g. dialkylacetal)), such as
aminoacetaklehyde  diethylacetal. This reaction may
be conducted in aqueous solution under acidic
conditions, commonly mildly acidic conditions (e.g.
pH between about 4 and about 4  optionally in the
presence of a condensation reagent such as N
hydroxysnccinimide  and/or a catbodumide. The
reaction may be conducted at room temperature or at
an  elevated temperature, and may take from, about I
and about 24 hours, depending on the  reagents;'
concentrations and temperature. The resulting.
HA-acetal conjugate may be  purified by any of the
well known methods, for example dialysis.: The
HA-acetal  conjugate may then be hydrolysed using
acid. It may for example be dissolved in water WO
2007/097710 PCT/SG2006/000039  9 and the resulting
solution hydrolysed by adjusting to pH below about 2
(eg. about I).  This may be accomplished using a
strong acid, e.g. a mineral acid such as hydrochloric
acid, sulfuric add or some other convenient said.
Addition of the phenol species (e.g.  EGCG),
optionally in solution (conveniently in a water
miscible organic solvent such as  DMSO, DMP etc.), to
the resulting solution may result in production of
the desired HA- phenol species conjugate. The latter
reaction may be conducted at room temperature, or at
..  some convenient elevated temperature that does
not cause deterioration of the reagents or  product
Tice reaction may be conducted under an intert
atmosphere e.g, nitrogen, argon,  carbon dioxide. It
may take between about 1 and 48 hours, depending on
the reagents,.  concentrations and temperature. . The
structure of the binder may be backbone-linkerpherwl
group, where the  backbone is derived from the
polymeric species, and the phenol getup is derived
from the  phenolic species. The binder may be made by
coupling the linker to the polymeric species  to form
a baciCbone-linker combination and then coupling the
phenol group to the  backbone-linker combination, or
it may be made by coupling the-phenol group to the
linker to provide a linker-phenol group combination
(or the linker-phenol group  combination may be
provided from some other source, e.g. it may be
available  commercially, for example as tyramine) and
coupling the linker-phenol group  combination with
the polymeric species. For example in the case
described above, the  aminofimctionat. acetal, or the
corresponding aminofimctional aldehyde, may be
coupled  to EGCG to form an aminofunctional EGCG
derivative, and the anvnofunctional EGCG  derivative
may then be coupled to HA to form the HA-EGCG
conjugate. The reaction  



conditions for coupling the aminofunctional EGCG
derivative to HA may be similar to  those used for
coupling the aminofunctional acetal to HA as
described above.. The  reaction conditions for
coupling the andnofunc tiorial acetal or aldehyde to
EOCG may be  similar to those used for coupling
HA-dialkyl accial to EOCO as described above. On
cuing the cement of the present invention, the
backbone-linker-phenol group structure  may be
converted to a backbone-linker-crossiinked phenol
group structure. A partial  structure of the
backbone-linker-crosslinked phenol group is shown in
fig. 5, however the  cured binder of the present
invention comprises filler particles distributed
within the  hydrogel structure shown in Pig. S. The
binder may for example comprise a polysaccharide
having phenolic groups" "  attached thereto,
optionally via a linker group (I, as described
above), whereby the  phenolic groups are capable of
emssinking the polysaccharide by an oxidative eouplin
WO 2007/097710 PCT/SG2006/000039  10 The binder may
comprise a hyaluronic acid-tyranune (HA-Tyr)
conjugate. Other suitable  conjugates may be used,
for example conjugates with tyramine, catechin;
epicatechin,  gallic acid or epigallocatechin gallate
(EGCG), or mixtures of any two or more thereof  These
maybe conjugates with hyaluronic acid, or with some
other polymer oroligomer. Alternatively a separate
crossiinking species may be mixed with the polymeric
species such that the cxosslinking species can
crosslink the polymer on exposure to a -.  catalyst
without evolution of substantial heat The
crosslinldng may occur through carbon .  atoms on an
phenol group of the crosslinking species (eg. through
a carbon atom bearing a hydrogen atom before said
caosslinking) and/or through an oxygen atom attached
to a  phenol group of the crosslinking species. A
representative aossliaked structure that could  be
formed by the erosslutking is shown in Fig. 5. The
filler may comprise an inorganic filler, e.g. a
mineral filler. It may be a  reinforcing filler. It
may be non-toxic, and may be biocompatible. It may be
non-irritant  to a patient treated with the bone
cement It may be for example silica, alumina,
zirconia,  tale, mica, an apatite or a mixture of any
two or more of these. Other suitable fillers are
well known to those skilled in the at Examples of
suitable apatite fillers include  hydroxyapatite,
carbonated apatite and mixtures thereof. The filler
may be capable of  reacting with the curable binder,
or may be incapable of reacting therewith. The filler
may  have a mgt particle size of between about I and
about 500 microns, provided that the  cement (having
the filler particles therein) is capable of being
injected through a syringe  



needle. The syringe needle may be between about 18
and 30 gauge. The mean particle  size of the filler
maybe betwem about I and 200 microns, or between
about I and 100,1  and 50,1 and 20,1 and 10,1 and S,
10 and 200,50 and 200,100 and 200,10 and 100,10  and
50.200 and 500,300 and 500,200 and 300, 100 and 300,
50 and 300 or 50 and 100  micaons,for example about
1,2,3,4,5,10, 15, 20,25, 30, 35,40, 45, 50, 60, 70,
80,90,  106, 110, 120,13% 140, 150, 160, 170, 180,
190, 200, 250, 300, 350, 400, 450 or 500  microns.
The filler may have a narrow or broad particle size
distribution. The filler may  have a maximum particle
size that is smaller than the internal diameter of
the syringe  needle (optionally less than 50% or the
internal diameter to the syringe needle). The curing
reaction of the cement (i.e. of the curable binder)
occurs without  substantial evolution of heat In the
context of this specification this is taken to mean
that  the heat evolved when the cement is cured in
the body of a patient maybe insufficient to  cause
damage to surrounding tissue or to components of the
curable cement (e.g. gproteins  that may be
incorporated therein). The curing reaction may evolve
sufficiently little heat WO 2007/097710
PCTISG2006{000039  11 when the cement is cured in the
body of the patient (i.e. when it is cured at the
body  temperature of the patient) that the
temperature of the curable cement dicing the curing
reaction does not increase by more than about S
Celsius degrees, or does not increase by  more than
about 4, 3, 2, 1 or 0.5 Celsius degrees. The curing
reaction may occur at the  body temperature of a
patient into which it is injected. This temperature
will depend on  the nature of the patient. It maybe
between about 35 and about 45C, or between about 35"
and 40, 40 and 45, 37 and 43 or 36 and 39c eg. at
about 35, 36, 37, 38, 39, 40, 41, 42,  43, 44 or 45C.
At the coring temperature, the curable cement (when
exposed to the  curing agent to form the catalysed
curable cement) may become solid In between about  10
seconds and about 30 minutes, or 10 seconds and 15
minutes, 10 seconds and 5  minutes, 10 seconds and 2
minutes, 10 seconds and 1 minute, 10 and 30 seconds,
10 and  20 seconds, 30 seconds and 30 minutes, I and
30 minutes, 5 and 30 minutes, 10 and 30  minutes,
15and 30 minutes, 20 seconds and 5 minutes, 20
seconds and 1 minute, 1 and 10  minutes, I and 5
minutes or 30 seconds and 2 minutes, for example in
about 10, 15,24D,  25,30,35,40,45,50 or 55 seconds or
about 1, 1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9, 10,
15,20,25 or 30 minutes. The bone cement maybe used
for repair of a bone of a patient. The patient maybes
vertebrate, e.g. a mammal, a bird, a fish or a
reptile. It may be a human or non-human  



mammal. It may be for example a human, dog, cat,
horse, cow, pig, elephant, llama, ,goat,  sheep or
some other type of mammal. Curing of the curable
binder, and of the curable bone cement, maybe
promoted by  a curing agent. The curing agent may
comprise an oxidant. The oxidant may be a mild
oxidant so that curing of the cement may be
accomplished without substantial evolution  of heat.
The wring agent may be a reagent for promoting (o 9.
catalysing) the oxidative  coupling of phenolic
groups. The curing agent may comprise, an enzyme,
e.g. a  pemxidase. It may comprise a pwo dde. It may
comprise a combination of a peroxide and  an enzyme
e.g. a peroxidase sock as home radish peroxidase OW).
For example, the  curing agent may comprise hydrogen
peroxide and horse radish peroxidase. The bone cement
may additionally comprise one or more father
component such as  collagen, a silicate, a protein
(e.g. growth factor) and platelets. The further
components  may serve to reinforce the cured bone
cement, or may serve to promote healing of the  bone
into which the curable bone cement is injected or of
surrounding tissue, or may  serve to minimise damage
or. irritation to surrounding tissue or may servo
some other.  purpose. The further component may be
provided in a polymer-inorganic composite WO
2007/097710 PCT/SG2006/000039  12 dmglprotein/grawth
factor delivery particles in order to deliver healing
agents: It may  comprise controlled release delivery
particles for delivering the healing agents to sites'
near or adjacent to the region where the cement is
injected. The bone cement (curable or catalysed) may
be injectable. It may be in the form of  a paste, or
a slurry or some other viscous preparation. It may
show rheology such that it is  injectable using a
syringe (e.g. between about 18 and 30 gauge), i.e. at
relatively high-.  shear it may be relatively
non-viscous (mobile). It may show rheology such that,
once  injected into a bone, it will not readily flow
out of place, Le. at low shear it may be  relatively
viscous. It may display a yield stress, such that at
shear stresses below the yield  stress it does not
flow. The curable bone cement may be made by
combining a solution of the curable  binder with the
filler, 'and optionally with one or more further
component such as  collagen, a silicate, a protein
(eg. growth factor) and platelets. The solution may
be an  aqueous solution. It may comprise additional
components for example buffer materials.  The
solution may be prepared by dissolving the curable
binder in a solvent, or may be  prepared by combining
a solution of a polysaccharide with a reagent,
wherein the reagent  



comprises a crosslinldng moiety, such that the
polysaccharide reacts with the reagent to  form the
curable binder. The durable binder should have
sufficient crosslinking moieties  coupled thereto, or
should have sufficient crosslinldng species mixed
therewith, that the  curable cement, once cured to a
solid cement, has an acceptable strength and/or
hardness.  The solid cement may have a wet
compressive stiffness of at least about 0.5 MPa, or
at  least about 1, 2, 5, 10, 50,100, 206, 300,400,
500, 600, 700, 800, 900 or I000MPa. The  wet
compressive stiffness may be between about OSMPa and
I GPa, or between about  IMPa and IGPa, lOMPa and
143Pa, 100MPa and 1OPa, 50OMPa and 1GPa, 0.5 and
SOOMPa, 0.5 sad IOOMPa, 0.5 and 5OMPa, 0.5 and 2OMPa,
OS and 10MPa, 0.5 and 5  We, 0.5 and IMPa, I and 500
We, 10 and 50OMPa,100 and 50OMPa, 10 and I00MPa  or
10 and SOMPa, and may have a wet compressive
stiffness of about 0.5,1,1.5,2,2.5, 3,  3.5, 4, 4.5,
5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45,
50,60,70,80,7%, 100,150, 200,  250, 300, 350, 400,
450, 500.'600, 700, 800 or 900 MPa or about 1GPa. The
cross**  density of the solid cement may be between
about I and about 50 crosslinks per 100  monomer
units of the polymeric species or between about I and
25, f and 10,1 and 5, 5  and 50,10 and 50, 25 add 50,
5 and 25 or 5 and 10 crosslinks per 100 monomer
units, e.g.  about 1, 2, 3, 4, S. 10, 15, 20, 25, 30,
35, 40, 45 or 50 orosslinks per 100 monomer units.
Tfius for example if the curable binder comprises a
HA-Tyr conjugate, the molar ratio of WO 2007/097710
PCT/SG2006/000039  13 BA to Tyr (i.e. to sugar units
of the HA) in mating the conjugate maybe between
about  100:1 and 100:50 (based on the sugar units of
HA). The solution of the curable binder - maybe
between about I and about 10% w/v, or between about I
and 5, 1 and 2, 2 and 10,  5 and 10, 1 and 3, 2 and 4
or 2 and 3/a, for example about 1, L5, 2, 2.5, 3,
3.5, 4, 4.5 or  5%. The solution may be combined with
the filler in a ratio of between about 1:5 and  about
5:1, or between about 1:5 and 1:1,1:1 and 5:1, 1:4
and 4:1, 1:3 and 3:1,1:2 and 2:1..  or 1:15 and
1.5:1, for example about 1:5, 1:4.5, 1:4, 13.5, 1:3,
1:2.5, 1:2, 1:1.5, 1:1,  1.5:1, 2:1,15:1,11,15:1,
4:1,4.5:1 or 5:1 on a w/w basis. The solution of the
curable  binder and the filler may be combined e.g.
mixed, blended, homogenised, vortexed etc, to  form
the curable bone cement. If further components are
included in the cement, they  may be added after
combining with the filler or before, or at the same
time. It will be  readily understood that the order
of addition at this stage is not critical, and any
convenient order may be employed. The further
components may be added neat or in  solution (e.g.
aqueous solution), and if more than one further
components are used, they  



may be added together or separately. For example the
further component may be added to  the combined
curable binder and tiller, or the curable binder may
be combined with the  combined filler and further
component (optionally in solution). The ratio of
filler to.  further component may depend on the
nature of the filler and of the father component  The
ratio may be for example between about 1:2 and about
100:1 on a w/w'basis, or  between about 1:2 and 50:1,
1:2 and 20:1, 1:2 and 10:1, 1.2 and 5:1, 1:2 and
2:1,1:2 and  1:1, 1:1 and 100:1, 10:1 and 100:1, 50:1
and 100:1, 1:1 and 50:1, 1:1 and 20:1, 1:1 and  10:1,
1:1 and 5:1, 1:1 and 2:1, 5:1 and 50:1, 5:1 and 20:1
or 5:1 and.101, for example  about 1:2, 1:1.5, 1:1,
1.5:1, 2:1, 2.5:1, 3:1, 4;1, 5:1, 6:1, 7.1, 8:1, 9:1,
10:1, 15:1, 20:1,  25:1, 30:1,40:1,50:1,60-1,70-.1,
80:1, 90;1 or 100:1 or some other ratio. In order to
form a catalysed bone cement the curable bone cement
is exposed to the  curing, agent The curing agent may
be combined with, e.g. mixed with, stirred with,
shaken with, blended with, sonicated with or
otherwise combined with the curable,  cement The
curing agent may be added in sufficient quantity that
the bone cement pees  at the temperature of use in
the desired time. Temperatures and times for
curingisetting  have been described elsewhere in this
specification. This quantity will depend on the
nature of the curable cement and of the curing agent
As an example, if the curable  cement comprises an
HA-Tyr conjugate and the curing agent comprises HRP
and  hydrogen peroxide, the HRP may be added to the
HA-Tyr at between about 0.01 and  about 0.05 Unitstmg
(or between about 0.01 and 0.03, 0.01 and 0.02,0.02
and 0.05, 0.03 WO 2007/097710 PCT/SG2006/000039  14
Ind 0.05, 0.02 and 0.04 or 0.02 and 0.03, e.g. about
0.01, 0,015, 0.02, 0.025, 0.03, 0,035,  0.04, 0.045
or 0.05 Units/mg) and the hydrogen peroxide may be
added at about 0.5 and  5nmol/mg, or between about
0.5 and 2, 0.5 and 1, 1 and 5, 2 and 5, 1 and 3 or
0.8 and  1.Zmnol/tng, e.g. O.S. 0.6, 0.7, 0.8, 0.9,
1, 1.1, 1.2, 1.3, 1.4, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 or
Smnol/mg. The HRP and the hydrogen peroxide may each
be added in solution eg.  aqueous solution. They may
be added together or separately, The concentration
ofBRP in  the solution thereof may be between about
10 and about 100Uhnt (or between about 10  and 50, 10
and 20, 20 and 100, 50 and 100, 20 and 80, 15 and 30,
20 and 30 or 22 and  28U/ml, e.g. about 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95 or  100U/ml). The concentration of hydrogen
peroxide in the solution thereof may be  between
about l and 10mM, or between about 1 and 5,1 and 2,2
and 10, 5 and 10, 2 and  8,3 and 7 or 4 and 6mM, for
oxample about 1,2,3,4, 5, 6, 7, 8, 9 or 10mM. 



The curable bone cement may therefore be combined
with the curing agent to form  a catalysed bone
cement. The cement may then be applied to the bone to
be repaired, e.g.  it may be injected into the bone
or onto the bone or both. This should be accomplished
before the curing reaction has proceeded to the point
where the cement is no longer  injectable. This will
depend on the curing time, which is described
elsewhere in this  specification. It will be
understood that commonly the curing reaction will be
accelerated  at elevated temperatures. Thus the
catalysed bone cement may be prepared at relatively
low temperatures (e.g. between about 10 and about 25C
or l0'and 20, 10 and 15,15 and  25, 20 and 25 or 15
and 20C, for example about 10, 15, 20, 25C or ambient
temperature), at which the curing rate is relatively
slow, and may then be injected into a  patient with
abody temperature between about 35 and 45C, as
described earlier, at which  the caring rate may be
more rapid. In one form, the present invention
provides an injectable bone cement material
comprising of hyalumaic acid-tyramine (HA-Tyr)
conjugates and apatites. This  injectable paste is
capable of setting quickly via the formation of
crossliuked network of  HA in the presence of
horseradish peroxidase (fRP) and hydrogen peroxide.
The system  shows no, or low, heat release during the
formation of bone cements and no, or negligible,  or
acceptably low, tissue damage because the
crosslinldng reaction occurs by enzymatic  oxidative:
reaction of the tyramine moiety in the HA-Tyr
conjugates under mild conditions.  This novel
injectable HA-apatttebased bone cement is
particularly well-suited for the  healing of
osteochondral defects as it contains mainly HA,
collagen and apatites, all of  which are native to
the bone and joint regions. WO 2007/097710
PCT/SG2006/000039  15 HA is a glycosaminoglycan.
comprised of linear, unbranched, polyanionic
disaccharide units. The - disaccharide traits consist
of glucuronic acid N-acetyl  glucosamine units joined
alternately by beta-1,3 and beta-1,4 glycoside bonds,
Tyramine  is 4-(2-aminocthyl)phenoL The tunable bone
cement of the invention may comprise added collagen,
silicates,  and/or proteins such as growth factors
and platelets. The cement forms an injectable'  paste
(i.e. a catalysed bone cement) when mixed with a
solution containing HRP and  hydrogen peroxide. It
sets within a short time to form a solid material by
the crosslmidng  of the HA-Tyr conjugates. The main
advantage of the bone cement of the present
invention over traditional injectable bone cements is
that the setting process does not  



release heat, which would damage the surrounding
tissues, Evolved heat may also  damage components of
the cement, for example included growth factor. The
cement of the present invention provides many
benefits: (i) it does not require  surgical
implantation, (ii) it prevents tissue damage, (iii)
it suffers less loss in biological  activity for
growth factors, and (iv) it provides for improved
biocompatibility. From the standpoint that the tissue
surrounding the bone is mainly composed of HA  and
collagen, a bone dent according to the present
invention, made using HA-Tyr  conjugate with
collagen, possesses the advantage that it enables the
crystallization of  apatite in the HA-collagen matrix
without tissue damage. While many bone scaffolds
containing HA and collagen have been reported, this
bone cement is more versatile as it is  possible,
using this cement, to regenerate the bone tissue by a
simple injection, without  damaging surrounding
tissue. The bone cement is also particularly
well-suited to the  healing of osteochondrat defects
as it contains mainly HA, collagen and apatites, all
of  which are native to.the bone and joint regions.
The bone cement may be especially  suitable for use
at the bonc-joint interface as it primarily contains
HA and apatites, which  are the major constituents of
cartilage and bone, respectively, It can be used as a
graded  composite structure for healing defects at
this location. Animal studies. on mice have indicated
that a bone cement according to the present
invention was non-toxic and biocompatible, and set
readily in vivo. In addition, the  material also
appeared to be osteoinductive as positive alkaline
phosphatase staining  results were obtained on the
extracted samples 5 weeks post-injection. Examples
Materials and Methods WO 20071097710
PCTISG2006/000039  16 HydroxyVatite (HAP) and
carbonated apatite (CAP) were synthesized from
calcium nitrate, ammonium phosphate and ammonium
carbonate by base precipitation.  Collagen was
extracted from rats, and dissolved in 0.05 M
phosphoric acid at a  concentration of 40 mg/ml.
'Four different formulations of injectable pastes
were  examined: I. HA-Tyr solution only (control) 2.
HA Tyr solution and apatite powders 3. . HA-Tyr
solution and apatite powders, and collagen solution
4. HA-Tyr solution, and pro-mixed collagen-apatite
solution 



HA-apatite-based bone cements, both with and without
collagen, set in mice by  injection of the paste
mixture of HA-Tyr, apatite, HRP and hydrogen
peroxide. For the  sample without collagen, HA Tyr
(25 mg) was dissolved in I nil of PBS (phosphate
buffer solution). To this solution, 600 mg of apatite
powder was added, followed by  'vortexing thoroughly.
Freshly prepared 25 Nl of HRP (25 U/in) and 5 p1 of
hydrogen  peroxide 0.14 mo11L) solutions were added
to the paste of HA-Tyr as curing agent for the
enzymatic oxidative coupling reaction. The paste was
then injected subcutaneously  through an 18-gauge
needle into the Swiss albino mice where it set into a
solid cement  within 30 seconds from the time of
addition of HRP and hydrogen peroxide. For the
sample with collagen, we prepared two different paste
solutions: () the paste solution of  HA-Tyr and
apatite containing 0.5 ml of collagen. and (ii)
HA-Tyr solution containing I  ml ofpro-mixed solution
of collagen and apatite. 5 weeks post-injection, the
mice were sacrificed and the injected cement was
removed for cryosectioning and histological analysis.
The slides were izmnunostained  using hematoxylin and
eosin (H and E), alkaline phosphatase and nuclear
fast red (ALP  and NPR), and Von Kassa and nuclear
fast red (VK and NFR) solutions. Resuks and
Discussion After 5 weeks post-injection, the
following results were obtained. H and B staining
showed that there was healthy Dell prolitbration,
blood supply and tissue ingrowth with no  necrosis
for all samples (Figures 1(a), 2(a), 3(a) and 4(a)).
(H and E is Hematoxylin and  .Basin stain for
histological tissue sections. Cell nuclei will be
stained blue, with some  metacbromasia. Cell
cytoplasm will be stained various shades of pink,
identifying  different true components. ALP is
Alkaline Phosphatase Chromogen stain for
histological sections (also known as BCIP/NBT; BC1P:
5-bromo-4-chloro-3-indolyl  phosphate, NBT:
p-nitroblue tetrazoliimn chloride). Areas with
alkaline phosphatase WO 2007/097710 PCT/SG2006/000039
17 activity will be stained a deep purple. Alkaline
phosphatases are a group of enzymes  found primarily
the liver (isoenzymc ALP-1) and bone (isoenzyme
ALP-2). NFR is  Nuclear Past Red stain, a
counteastain for histological sections. Cell nuclei
will be stained  red and cell cytoplasm will be
stained pink. VK is Von Kassa staining of
histological  sections for calcium. This technique is
for demonstrating deposits of calcium or calcium
salt, so it is not specific for the calcium ion
itself in this method, tissue sections are treated
with a silver nitrate solution and the silver is
deposited by replacing the ealehon reduced by the
strong light, and results in a black or brown black
stain in areas with  



calcium salts.) Compared to the control (Figure
1(b)), the incorporation of apatites into  the
material formulation resulted in positive ALP
staining, where areas of osteoblast  activity were
stained dark purple (Figures 2(b), 3(b) and 4(b)).
Positive VK staining  (dark brown) was also observed
in the samples containing apatites (Figures 2(c),
3(e) and  4(c), which could be due to the calcium
present in the apatites or released through
osteoblast activity This indicated that our materials
were non-toxic and biocompatible.  in addition, the
apatite-containing formulations also appeared to be
osteoinduetive since  ALP activity was observed
afterinjeetion into an eetopie region. Conclusions
The inventors have synthesized bone cement
materials-that are injectable and fast- setting in
vivo with no heat release or surrounding tissue
damage. A simple and non-toxic  injectable in sine
bone cement system was achieved using an enzymatic
oxidative  coupling reaction. The biocompatibility
and convenience of application of this injectable
bone cement system would be highly advantageous to
the healing and regeneration of  bone defects.
Preliminary in vivo studies confirmed that the
HA-apatite-based materials were non- toxic and
biocompattble, and likely to be osteoinductive. These
bone cements contain  primarily hyaliuonic acid and
apatites, both of which are naturally abundant in the
bone- joint area. These Characteristics would make
the materials particularly well-suited for the
healing of defects in the osteochondral region, and
for use in spinal fusion, bone and joint  defects,
osteoporotic fractures, maxiliofacial and revision
surgery, and vertebroplasty.  Synthesti ofhyalumnic
add-aminoacetylaldehyde dWhylacetal conjugate (I) The
conjugate (1) was synthesized by following a general
protocol, which is shown  in fig. 6. HA (1 g, 2.5
umnol) was dissolved in 100 ml of distilled water. To
this solution  nminoacetaldehyde diethylacetal (1.2
g, 9 mini) was added The pH of the reaction  mixture
was adjusted to 4.7 by the addition of.0.IM HG.
N-hydroxysuccinimide (0.34g, WO 2007/097710
PCT/SG2006/000039  18 3.0 mmol) and
1-ethyl-3-[3-(dimethylamino)propyl]catbodiimide
hydtoebloride (EDC)  (0.575 & 3.0 mmol) were added to
the solution. After mixing, the pH of the reaction
was  maintained at 4.7 The solution was kept at room
temperature for 24 It under gentle  stirring. The
mixture was subjected to purification by dialysis
(molecuar weight cut off=  1000). Synthesis
ofhyaiuronic acid-epigallocatechingallate (HA-EGCG)
co jugate 



HA-EGCG conjugate was synthesized by the protocol
shown in Fig. 7. Ig of  conjugate (1) was dissolved
in 60 ml of distilled water. Then the pH of the
solution was  adjusted to I by adding HCl solution.
To this solution 5 ml of EC1CG solution dissolved in
DMSO (0.2 g/ml) was added. The solution was kept at
room temperature under nitrogen  for 24 It under
gentle stirring. The mixture was subjected to
purification by dialysis  (molecular weight cut off
1000). WO 2007/097710 PCT/SG2006/000039  19 Claims'.
1. A curable bone cement comprising a curable
polymeric binder and a fills,  wherein the cemeatis
capable of coring without substantial evolution of
heat on exposure  to a curing agent, said binder
comprising phenol groups which are capable of
reacting in  order to acre the cement. 2. The curable
bone cement of claim 1 wherein the phenol groups
comprise -C6R'40R groups, wherein R and each R' ate
independently hydrogen, an alkyl  group, an aryl
group or an acyl group, and R' may also be OH, and
each R' is the same as  or different to each other
R', provided that at least one R' ortho to the OR
group is  hydrogen, and wherein R and R' are such
that we -C6R'40R group is capable of  oxidativcly
coupling with another -C6R'40R group. 3. The curable
hone cement of claim 2 wherein at least some of the
-C6R'40R  groups are -C61140H groups. 4, The curable
bone cement of claim I wherein the curable polymeric
binder  comprises a conjugate of a polysaccharide, a
polyamine or a polypeptide with a  compound selected.
from the group consisting of tyramine, catechin,
epicatechin, gagie  acid and epigallocateohin gallate
(EGCG), or with a mixture of any two or more thereof
5. The curable bone cement of claim 4 wherein the
polysaccharide is hyaluronio  acid 6. The curable
bone cement of claim 1 wherein the curing agent
comprises an  oxidant  7. The curable bone cement of
claim d wherein the curing agent comprises an
enzymc. 8. The curable bone cement of claim 7 wherein
the enzyme is a peroxidase  enzyme. 9. The curable
bone cement of claim 7 wherein the curing agent
additionally  



comprises a peroxide. 10. The curable bone cement of
claim I wherein the curing agent comprises  hydrogen
peroxide and horse radish peroxidase. 11- The curable
bone cement of claim I wherein the cement is capable
of curing  to a solid in between about 10 seconds and
about 30 minutes without substantial evolution  of
heat on exposure to the curing agent at the body
temperature of a patient in which thie  cement is
clued WO 2007/097710 PCT/SG2006/000039  20 12. The
curable bone cement of claim 1 wherein the filler
comprises a mineral  filler. 13. The curable bone
cement of claim I. wherein the filler comprises an
apatite or  a mixture of two or more apatites. 14.
The cumble.bone cement of claim I wherein the filler
comprises a material  selected from the group
consisting of hydroxyapatite, carbonated apatite,
fluoroapatite, a  modified apatite, silica, calcium
phosphate, alumina, zirconia, tale, mica and mixtures
thereof 15. The curable bone cement of claim I
additionally comprising at least one  fatther
component selected from the group consisting of
collagen, a silicate,.a protein and  platelets 16.
The bone cement of claim 15 wherein the protein is a
growth factor. 17. A catalysed bone cement comprising
the curable bone cement of claim 1.  combined with
the curing agent. It The bone cement of claim 17
which is injectable. 19. The bone cement of claim 17
which is in the form of a paste. 20. A process for
making acurable bone cement comprising combining a
solution  of a curable polymeric binder and a filler,
said binder comprising phenol groups which  are
capable of reacting in order to core the cement,
whereby the cement is capable of  curing without
substantial evolution of heat on exposure to a curing
agent at the body  temp nature of a patient in which
the cement is cured. 21. The process of claim 20
wherein the phenol groups comprise -C6W40R  groups,
wherein R and each R' are independently hydrogen, an
alkyl group, an aryl group  or an acyl group and each
R' is the same as or different to each other R',
provided drat at  least one R' is hydrogen, and
wherein R and It' are such that one -C6R'aOR group is



capable ofoxidatively coupling with another -C6R'40R
group 22. The process of claim 20 wherein the curable
polymeric binder comprises a  conjugate of a
polysaccharide, a polyamine or a polypeptide with a
compound selected  from the group consisting of
tyramine, catechin, epicateclnin, gallic acid and
epigallocatechin gailate (EGCG), and mixtures of any
two or more thereof Z. The process of claim 20
wherein the filler comprises an apatite, a mixture of
apatites, silica, calcium phosphate, alumina,
zireonia, talc, mica or a mixture of two or  more of
these and the curing agent comprises an enzyme, 24.
The process of claim 23 wherein the enzyme is a
peroxidase enzyme, 21  25. The process of claim 23
wherein the curing agent additionally comprises a
peroxide.  26. The process of claim 20 comprising
adding at least one further component selected  from
the group consisting of collagen, a silicate, a
protein and platelets. 27. A method for curing a
curable bone cement, said method comprising: -
exposing the curable bone cement to a curing agent to
form a catalysed bone  cement; and - curing the
catalysed bone cement without substantial evolution
of heat; wherein the bone cement comprises a curable
polymeric binder and a filler, and wherein the
cement is capable of curing without substantial
evolution of heat on exposure to the curing  agent at
the body temperature of a patient in which the cement
is cured, said binder  comprising phenol groups which
are capable of reacting in order to cure the cement.
28. The method of claim 27 wherein the curing agent
comprises an enzyme. 29. The method of claim 27
additionally comprising the step of injecting the
bone cement  into a patient before the step of curing
the catalysed bone cement. 30. Use of a curable bone
cement and a curing agent in the manufacture of a
curable  composition for at least partially repairing
a bone in a patient. 


