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(7) ABSTRACT

The invention relates to an osteoinductive biomaterial,
which is based on a ceramic material and which has a total
porosity of 20 to 90%, wherein macropores are present
having a size ranging from 0.1 to 1.5 mm, and wherein
micropores are present having a size ranging from 0.05 to 20
um. The invention further relates to a process for preparing
said osteoinductive biomaterial.
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OSTEOINDUCTIVE CERAMIC MATERIALS

[0001] The invention relates to an osteoinductive material
and to a process for preparing said material.

[0002] Calcium phosphates such as hydroxyapatite are
known to be osteoconductive, or bioactive. This means that
they-act as a template along which bone growth can occur.
Further, bone formation can directly take place at the surface
of the material, and a strong bond is obtained with bone
tissue. Osteoinductivity, on the other hand, is regarded as a
property of materials that induce the formation of bone
tissue. In the past, this property has only been described in
connection with materials that contain osteoinductive, pro-
teinaceous factors such as bone morphogenetic proteins
(BMP’s).

[0003] Recently, however, several studies have been
reported that indicate a possible osteoinductive capacity of
calcium phosphates when implanted intramuscularly in dogs
or baboons. Generally, it is assumed that the presence of a
porous structure and a specific geometry of the implant plays
a crucial role in the osteoinductive character of the implant.

[0004] Yamasaki et al., in Biomaterials 1992, vol. 13, no.
5, 308-312, have described to have found heterotopic bone
formation around porous hydroxyapatite ceramic granules,
but not around dense granules. The porous granules had a
size between 200 and 600 um, and a continuous and inter-
connected microporosity ranging in diameter from 2 to 10

Hm.

[0005] The present invention aims to provide a material
having an improved osteoinductivity. It is an object of the
invention to provide a material that is suitable to be used as
an implant in living organisms and to function as a (tem-
porary) substitute for bone tissue. Thus, the material should
be both biocompatible and biodegradable.

[0006] Surprisingly, it has been found that this object is
achieved by the provision of a ceramic material having both
macropores and micropores of specific sizes. Hence, the
invention relates to an osteoinductive biomaterial, which is
based on a ceramic material and which has a total porosity
of 20 to 90%, wherein macropores are present having a size
ranging from 0.1 to 1.5 mm, and wherein micropores are
present having a size ranging from 0.05 to 20 um.

[0007] The material of the invention shows excellent
osteoinductive behaviour in living tissue. The formation of
bone tissue at the surface of the material of the invention
assists in a favourable acceptation of an implant made of
said material. Moreover, the formation of the bone tissue
accelerates the recovery of any damage in the bone structure,
which forms the reason for applying the implant.

[0008] An osteoinductive biomaterial according to the
invention is based on a ceramic material. The biomaterial
may for instance be a medical implant formed of a ceramic
material. It is also possible that the biomaterial is a medical
implant of a different material, such as a metal or a poly-
meric material, on which the ceramic material is present in
the form of a coating. Another possibility is described by M.
L. Gaillard and C. A. van Blitterswijk in J. Mater. Sci.,
Materials in Medicine, 5:695-701 (1994). This possibility
concerns a copolymer having hydrogel-like properties,
which may be calcified in the presence of calcium and
phosphate ions.
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[0009] In principle, any ceramic material that is both
sufficiently biocompatible and sufficiently biodegradable to
be used as an implant in living tissue can be used. Preferably,
the ceramic material is capable of providing a calcium
phosphate surface, either in vitro or in vivo, which has the
present specific surface structure. It is further preferred that
the ceramic material is capable of adsorbing biologically
active agents, such as growth factors (BMP’s etc.), either in
vitro or in vivo. Suitable examples of ceramic materials
include calcium phosphates, glass ceramics and materials
containing calcium phosphates and/or glass ceramics.

[0010] Preferably, the ceramic material is a calcium phos-
phate. Preferred calcium phosphates are octacalcium phos-
phate, apatites, such as hydroxyapatite and carbonate apa-
tite, whitlockites, such as a-tricalcium phosphate and
tricalcium phosphate, and combinations thereof.

[0011] An important aspect of the invention is the physical
structure of the osteoinductive biomaterial. The material
comprises both macropores and micropores. The total poros-
ity ranges from 20 to 90%, preferably from 40 to 70%.

[0012] The macropores of the material have a size of from
0.1 to 1.5 mm. Preferably, the size of the macropores lies
between 0.2 and 1 mm. It has been found that the indicated
sizes of the macropores have a significant beneficial influ-
ence on the osteoinductive character of the material. Further
preferred is that the macropores are interconnected.

[0013] The micropores of the material have a size of from
0.05 to 20 um. Preferably, the micropores are at least located
in the macropores. In accordance with this embodiment, the
formation of bone tissue is highly promoted. A preferred
range for the size of the micropores is from 0.5 and 10 um.
In a preferred embodiment, the micropores are at least
present in the surface of the macropores. The microporosity
of the material’s surface preferably lies between 40 and
60%.

[0014] In accordance with the invention, the biomaterial
preferably consists of crystals. Preferably, the size of the
crystals is similar to the size of the micropores. When this is
the case, the biomaterial has a preferable microrugosity.
Thus, the size of the crystals lies preferably between 0.05
and 20 um, more preferably between 0.5 and 10 um.

[0015] The osteoinductive biomaterial according to the
invention may advantageously be used in applications where
bone formation is desired. Thus, the material may be used
for the manufacture of medical implants, particular implants
for bone substitution. The material may further be used for
the manufacture of a scaffold for tissue engineering a bone
equivalent.

[0016] The invention further relates to processes for pre-
paring an osteoinductive biomaterial as described above.

[0017] In a first embodiment, the osteoinductive biomate-
rial may be prepared by sintering a ceramic material under
such conditions, that an osteoinductive biomatieral as
described above is obtained. The ceramic material is, before
the sintering, in a calcined state. The sintering is preferably
performed at a temperature between 1000 and 1275° C.,
treated with an aqueous solution of an organic acid and
washed to remove the acid.

[0018] Preferably, the sintering is carried out at a tempera-
ture between 1150 and 1250° C. The duration of the sinter-
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ing step may suitably be chosen between 6 and 10 hours,
preferably between 7 and 9 hours. It has further been found
advantageous to perform the sintering while the ceramic
material is submersed in a powder of the ceramic material.
This beneficially affects the reactivity of the surface of the
material, and consequently also the bioactivity (dissolution,
re-precipitation).

[0019] After the sintering, the material is preferably
ground with sandpaper, such as Si—C sandpaper, to remove
chemical surface impurities.

[0020] Subsequently, the material is treated with an aque-
ous solution of an acid. Suitable acids in this regard are any
etching acids, i.e. any acids which lead to a slight dissolution
of the calcium phosphate based material. The use of the
following acids has been found to lead to extremely favour-
able results: maleic acid, hydrochloric acid, phosphoric acid,
and combinations thereof. The concentration of the acid in
the solution is preferably chosen such that the pH of the
solution lies between 0 and 4, more preferably between 1
and 3.

[0021] After the acid treatment, which preferably lasts
between 3 and 15 minutes, the ceramic material is washed
to remove the acid. The washing may suitably be performed
using ethanol, water or a combination thereof.

[0022] Finally, it is preferred to subject the obtained
osteoinductive biomaterial to a sterilisation treatment, such
as a steam sterilisation.

[0023] In a second embodiment, a slurry of a powder of
the ceramic material in an aqueous solution of a negative
replica forming agent, which during sintering burns or
evaporates, is sintered under such conditions that an osteoin-
ductive biomaterial as described above is obtained. Suitable
negative replica forming agents include hydrogen peroxide,
baking powder or bicarbonate. Preferably, hydrogen perox-
ide is used.

[0024] Thus, first, the powder is added to an aqueous
solution of the negative replica forming agent to form a
slurry. The concentration of the negative replica forming
agent in the slurry preferably lies between 0.5 and 15 wt. %,
more preferably between 1 and 5 wt. %, based on the weight
of the solution. The powder is added in a ratio of between 0.5
to 5, preferably 1 to 3 grams per 1 millilitre of the solution.
The slurry may then be cast in a mould having a desired
shape and size and sintered. The sintering is preferably
carried out at a temperature between 800 and 1300° C., more
preferably between 1000 and 1200° C. for a period of up to
12 hours. Care should be taken that the sintering period is
not so long that a dense material is obtained.

[0025] The invention will now be elucidated by the fol-
lowing, non-restrictive examples.

EXAMPLE 1

Preparation of Materials

[0026] Four different types of porous hydroxyapatite (HA)
discs (approximately 6x6x2 mm in size) were prepared:

[0027] A: HA sintered at 1300° C. (FIG. 1)
[0028] B: HA sintered at 1250° C. (FIG. 2)
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[0029] C: HA sintered at 1300° C., and treated with
acid (FIGS. 3 and 5)

[0030] D: HA sintered at 1250° C., and treated with
acid (FIGS. 4 and 6).

[0031] FIGS. 1-4 are 2500x enlarged; FIGS. 5 and 6
are 81.5x enlarged.

[0032] Two types of porous calcium phosphate blocks
(18x18x25 mm) were prepared by sintering hydroxyapatite
at either 1250° C. (HA1250; white colour) or 1300° C.
(HA1300; blue colour). The HA1300 was prepared by a
subsequent sintering of HA1250 blocks, for 8 hours at 1300°
C. (the temperature was raised from room temperature by
100° C. per hour, kept constant for 8 hours, and lowered by
100° C. per hour to room temperature), while submersed in
HA powder to obtain a surface reactive layer. HA1300
contained approximately 10-12% by weight of f-tricalcium
phosphate. The sides of all blocks were ground with #220
Si—C sandpaper to remove chemical surface impurities, and
the blocks were cut in 4 parts of approximately 8x8x25 mm.
A total of twenty, 2 mm thick sections were prepared from
each material type. The corners of each material (HA1250
and HA1300) were placed in 2.5% maleic acid for 10
minutes. Subsequently, all sections (40 in total) were ultra-
sonically cleaned/washed for 5 minutes in alcohol (70%)
and distilled water respectively, individually packaged and
sterilised by steam sterilisation.

Experimental Design and Surgical Procedure

[0033] Four pockets were created in the paravertrebal
muscle in the back of 7 goats (2 pockets left and 2 pockets
right from the spinal cord) for each of the four implants. the
implants were inserted in a randomised manner in each
pocket, ensuring that each implant type is only present once
in each goat. Each material type was evaluated in sevenfold
for statistical analysis, which necessitates the use of 7 goats.

[0034] Seven adult Dutch milk goats (approximately
40-60 kg; CAE/CL arthritis free and examined by a veteri-
nary surgeon) were obtained from a professional stock
breeder, and kept in quarantine for 4 weeks prior to the
experiment. Prior to surgery, the goats were weighed and
amphicilin 20% (2 ml/50 kg body weight) was administered
by intramuscular injection. The surgical procedure was
performed under general inhalation anaesthesia. After an
intravenous injection of Thiopental, a mixture of nitrous
oxide, oxygen and fluothane maintained anaesthesia. Left
and right, 10 cm from the spinal cord, the back of each goat
was shaved at two places, respectively. For each of the four
intramuscular implantation sites (in each goat), an incision
of approximately 3 cm was made, followed by blunt dis-
section until the muscle fascia of the paravertrebal muscle
was reached. using a Mayo scissors, an incision of 15 mm
was made in the muscle fascia and an intramuscular pocket
was subsequently prepared by blunt dissection followed by
implant insertion. The muscle fascia and skin were closed in
separate layers using vicryl 3-0 sutures. Six months post-
operatively, the animals were sacrificed using an intrave-
nously administered overdose of thiopental and potassium
chloride.

Implant Processing and Histology

[0035] After sacrificing the animals, the implants were
excises. Six implants of each material type were placed in
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Karnovsky’s fixative for at least one week (4° C.), while the
seventh implant was stored at —70° C. for biochemical
analysis. The fixed implants were subsequently dehydrated
through a series of ethanol and embedded in Methyl Meth-
acrylate. Semithin sections were cut on a modified innerlock
diamond saw, perpendicular to the longitudinal plane of the
implants, and examined by light microscopy for de novo
bone formation.

Results

[0036] After the six months implantation time, histology
revealed that a thin fibrous tissue capsule surrounded the HA
samples. The adjoining muscle tissue had a normal appear-
ance. None of the HA1250 and HA1300 sample revealed
signs of degradation. With the acid treated HA1250 samples,
some loosened HA particles could be observed at the periph-
ery of the implant, while abundant surface degradation was
observed with the acid treated HA1300. Especially at the
outer surface of these implants, many loosened HA particles
were present in the surrounding tissues. Noteworthy is the
finding that particularly at both the outer surface and the
pore surfaces of acid treated HA1250 implants, numerous
individual mononucleated and multinucleated giant cells
were present that were more or less cubicoidal in morphol-
ogy. Furthermore, in the acid treated HA1250 samples, de
novo bone formation was apparent. This bone tissue was
normal in appearance and contained osteoblasts and osteo-
cytes. None of the other materials revealed any bone for-
mation.

EXAMPLE 2

Preparation of Material

[0037] A 2.0 M solution (A) of calcium nitrate tetra-
hydrate (AR) in distilled water (AD) was prepared. A2.0 M
second solution (B) was prepared of diammonium hydrogen
phosphate (AR) was prepared in distilled water (AD). Under
stirring and adjusting the pH just over 8.0 using ammonia
(AR), the second solution (B) was slowly added to the first
solution (A) in a ratio of 1.63:1 (vol/vol).

[0038] The obtained mixed solution was kept overnight in
a cupboard at ambient temperature. The next day, the pH of
the solution was adjusted to over 10.00 using ammonia. The
solution was left to age at ambient temperature.

[0039] After 30 days, the clear solution was tipped to leave
a slurry which was washed five times. with distilled water
(AD). Next, the slurry was filtered over 3 filter papers (2* #3
and 1* #1) under negative pressure. The cake in the filter
was washed three times with distilled water (AD) while
taken care that in between each washing cycle the filter cake
was dry but not broken. The cake was then dried in an oven
at 50° C. and ground to a powder. The resulting powder was
sieved over a 140 mesh sifter to obtain a biphasic calcium
phosphate (BCP) powder.

[0040] The BCP powder was mixed with a 3.0% aqueous
hydrogen peroxide solution at a ratio of 1 gram powder in 1
ml solution. The resulting slurry was poured into a mould
consisting of a plastic container (diameter 38 mm, height 60
mm). The mould was placed in an oven at 60° C. for foaming
and drying. Next, the dry porous blocks were carefully
removed from the container and sintered at 1100° C. for 10
hours (the temperature was raised from room temperature to
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1100° C. in 10 hours, and after sintering, the temperature
was decreased to room temperature in the same time frame.)

Animal Experiments

[0041] To test the osteoinductivity of the above prepared
biphasic calcium phosphate (BCP), BCP cylinders were
implanted in the thigh muscles of dogs for 90 days. Bone
formation induced by BCP was analysed with histology,
back scattered electron microscopy (BSE) and energy dis-
perse X-ray (EDX) microanalysis.

[0042] 1. Preparation of the implants:

[0043] BCP blocks machined from BCP ceramic body
as obtained above were polished into cylinders (5 mm
diameter, 6 mm length). The implants were ultrasoni-
cally washed with 70% ethanol for 15 minutes, with
demineralised water twice (15 minutes each), dried at
50° C., and then steam sterilised (121° C.) for 30
minutes before implantation.

[0044] 2. Animal preparation:

[0045] Eight healthy dogs (male and female, 2-6 years
old, 10-15 kg) were selected and used to test the
osteoinductivity of BCP.

[0046] 3. Surgical procedure:

[0047] The surgical procedure was performed under
general anaesthesia (30 mg pentobarbital sodium/kg
body weight) and under sterile conditions. After shav-
ing, the skin was sterilised with iodine and 70% etha-
nol. With a scalpel, a longitudinal incision was made in
the skin. By a blunt separation, the thigh muscle was
disposed. Again, with a scalpel, a small longitudinal
incision was made in the thigh muscle and a muscle
pouch was obtained by blunt separation. One BCP
cylinder was inserted into the muscle pouch (one BCP
implant was implanted in each dog). The surgical
procedure was finished by suturing the muscle pouch
and skin in layers with silk thread. The animals were
intramuscularly injected with 1.6 million units penicil-
lin 3 times in 3 days.

[0048] 4. Sample harvest:

[0049] Ninety days after surgery, the dogs were sacri-
ficed by an overdose of pentobarbital sodium, and the
implanted samples with surrounding tissues were har-
vested and immediately fixed in 4% buffered (pH=7.4)
formaldehyde. A total of 8 samples were collected from
8 dogs.

[0050] 5. Histological preparation:

[0051] The fixed samples were washed with PBS (3
changes of PBS, 2 days each), then dehydrated with
series ethanol solution (70%, 80%, 90%, 96% and
100% X2) and embedded in MMA. Thin undecalcified
sections (10-20 micrometer) were made and stained
with Methylene Blue and Basic Fuchsin for histologi-
cal observation. Some sections were coated with car-
bon and observed with BSE and EDX.
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[0052] 6. Results:

[0053] Incidence of bone formation

[0054] Bone formation was found in all samples (8 in
8) Identification of induced bone

[0055] Histologically, bone was found in the pores
inside the implants. Mineralised bone matrix, osteo-
blast seams and osteocytes were obvious. BSE
observation showed that the bone tissue was min-
eralised and contained osteocyte lacunas, EDX
analysis showed that the mineralised tissues were
composed of Ca and P.

[0056] 7. Conclusion

[0057] Soft tissue implantation (both intramuscularly
and subcutaneously) is the study model of osteoinduc-
tion. The bone formation in BCP ceramic followed
intramuscular implantation showed that the tested BCP
is osteoinductive.

EXAMPLE 3

Preparation of Material

[0058] A mixture was prepared of SiO, (relative amount
29.4% in weight, AR, particle size 0.5-10 microns), NaHCO,
(relative amount 34.1% in weight, AR), CaCO, (relative
amount 28.6% in weight, AR) and Na,HPO, (relative
amount 7.9% in weight, AR). This mixture was sintered for
10 hours at 1000° C. and for 2 hours at 1300° C. After
cooling, a glass ceramic material was obtained.

[0059] The glass ceramic was broken mechanically into
small particles, which were subsequently ball-milled to a
fine powder. The powder was sieved through a 200 mesh
filter. The glass ceramic powder was mixed with a 3.0%
aqueous hydrogen peroxide solution at a ratio of 2.4 gram
powder in 1 ml solution. The resulting slurry was poured
into a plastic container (diameter 38 mm, height 60 mm).
The mould was placed in an oven at 50° C. for foaming and
drying. Next, the dry porous blocks were sintered at 800-
1000° C. for 2 hours (the increase in temperature was 5°
C./min.) . Eventually, the blocks were allowed to cool
naturally in the oven.

Animal Experiments

[0060] To test the osteoinductivity of the above prepared
glass ceramics, glass ceramic cylinders were implanted in
the thigh muscles of dogs for 90 days. Bone formation
induced by glass ceramics was analysed with histology, back
scattered electron microscopy (BSE) and energy disperse
X-ray (EDX) microanalysis.

[0061] 1. Preparation of the implants:

[0062] Glass ceramic blocks machined from glass
ceramic body as prepared above were polished into
cylinders (5 mm diameter, 6 mm length). The implants
were ultrasonically washed with 70% ethanol for 15
minutes, with demineralised water twice (15 minutes
each), dried at 50° C., and then steam sterilised (121°
C.) for 30 minutes before implantation.
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[0063] 2. Animal preparation:

[0064] Eight health dogs (male and female, 2-6 years
old, 10-15 kg) were selected and used to test the
osteoinductivity of glass ceramic.

[0065] 3. Surgical procedure:

[0066] Surgery was performed under general anaesthe-
sia (30 mg pentobarbital sodium/kg body weight) and
under sterile conditions. After shaving, the skin was
sterilised with iodine ethanol and 70% ethanol. With a
scalpel, a longitudinal incision was made in the skin.
By a blunt separation, the thigh muscle was disposed.
Again, with a scalpel, a small longitudinal incision was
made in the thigh muscle, a muscle pouch was obtained
by blunt separation. One glass ceramic cylinder was
inserted into the muscle pouch (one implant was
implanted in each dog). The surgical procedure was
finished by suturing the muscle pouch and skin with
silk thread in layers. The animals were intramuscularly
injected with 1.6 million units penicillin for 3 days.

[0067] 4. Sample harvest:

[0068] Ninety days after surgery, the dogs were sacri-
ficed by a pentobarbital sodium overdose, and the
implanted samples were harvested with surrounding
tissues and immediately fixed in 4% buffered (pH=7.4)
formaldehyde. A total of 8 samples were collected from
8 dogs.

[0069] 5. Histological preparation:

[0070] The fixed samples were washed with PBS (3
changes of PBS, 2 days each), then dehydrated with
series ethanol solution (70%, 80%, 90%, 96% and
100% X2) and embedded in MMA. Thin undecalcified
sections (10-20 micrometer) was made and stained with
Methylene Blue and Basic Fuchsin for histological
observation. Some sections were coated with carbon
and observed with BSE and EDX.

[0071] 6. Results:
[0072]

[0073] Bone formation was found in 6 samples of 8
Identification of induced bone

Incidence of bone formation

[0074] Histologically, bone was found in the pores
inside the implants. Mineralised bone matrix, osteo-
blast seam and osteocytes were obvious. BSE obser-
vation showed that the bone tissues were mineralised
with osteocyte lacunas, EDX analysis showed that
the mineralised tissues were composed of Ca and P.

[0075] 7. Conclusion:

[0076] Soft tissue implantation (both intramuscularly
and subcutaneously) is the study model of osteoinduc-
tion. The bone formation in glass ceramic followed
intramuscular implantation showed that the tested glass
ceramic is osteoinductive.

What is claimed is:

1. An osteoinductive biomaterial comprising at least one
ceramic material having a total porosity of between about
20% to about 90%, with the ceramic material including
macropores having a size ranging from about 0.1 mm to
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about 1.5 mm, and with the ceramic material including
micropores having a size ranging from about 0.05 um to
about 20 um.

2. The osteoinductive biomaterial according to claim 1,
wherein the macropores range in size from between about
0.2 mm to about 1.0 mm.

3. The osteoinductive biomaterial according to claim 1,
wherein the micropores range in size from between about
0.5 um to about 10 um.

4. The osteoinductive biomaterial according to claim 1,
wherein the total porosity is between about 40% to about
70%.

5. The osteoinductive biomaterial according to claim 1
comprising crystals having a crystal size of between about
0.05 um to about 20 um.

6. The osteoinductive biomaterial according to claim 1
comprising crystals having a crystal size of between about
0.5 um to about 10 um.

7. The osteoinductive biomaterial according to claim 1,
wherein the ceramic material includes a material having one
or more members selected from the group consisting of
calcium phosphate and glass ceramic.

8. The osteoinductive biomaterial according to claim 1,
wherein the ceramic material is one or more calcium phos-
phates selected from the group consisting of octacalcium
phosphate, apatites, hydroxyapatite, carbonate apatite, whit-
lockites, p-tricalcium phosphate and ca-tricalcium phos-
phate.

9. A process for preparing an osteoinductive biomaterial
comprising sintering a ceramic material at a temperature of
between about 1000° C. to about 1275° C. to produce a
sintered ceramic material, treating the sintered ceramic
material with an aqueous solution of at least one acid, and
washing the sintered ceramic material to remove the acid.

10. The process according to claim 9, wherein the at least
one acid is selected from the group consisting of maleic acid,
hydrochloric acid, and phosphoric acid.
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11. The process according to claim 9, wherein the aqueous
solution has a pH between about 0 to about 4.

12. The process according to claim 9, wherein the sintered
ceramic material is washed with one or more of ethanol or
water.

13. A process for preparing an osteoinductive biomaterial
comprising preparing a slurry including a powdered ceramic
material and an aqueous solution including one or more
negative replica forming agents, and sintering the slurry at
a temperature of between about 800° C. to about 1200° C.

14. The process according to claim 13, wherein the one or
more negative replica forming agents is hydrogen peroxide.

15. A process according to claim 9 further including the
step of sterilizing the osteoinductive biomaterial.

16. A process according to claim 13 further including the
step of sterilizing the osteoinductive biomaterial.

17. An osteoinductive biomaterial prepared by sintering a
ceramic material at a temperature of between about 1000° C.
to about 1275° C. to produce a sintered ceramic material,
treating the sintered ceramic material with an aqueous
solution of at least one acid, and washing the sintered
ceramic material to remove the acid.

18. An osteoinductive biomaterial prepared by preparing
a slurry including a powdered ceramic material and an
aqueous solution including one or more negative replica
forming agents, and sintering the slurry at a temperature of
between about 800° C. to about 1200° C.

19. A medical implant comprising the osteoinductive
biomaterial of claim 1.

20. A scaffold for tissue engineering a bone equivalent
comprising the osteoinductive biomaterial of claim 1.

21. A method of inducing bone formation in a mammal
comprising implanting the osteoinductive biomaterial of
claim 1 into a mammal in a manner to induce bone formation
on the osteoinductive biomaterial.



