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57 ABSTRACT

This invention relates to a bioactive artificial sintered com-
position for providing a morphology capable of consistently
supporting bone cell activity thereon. The composition com-
prises stabilized calcium phosphate phases developed by the
conversion of a hydroxyapatite substance in the presence of
stabilizing entities at sintering temperatures into insolubi-
lized and stabilized tricalcium phosphate. The present inven-
tion has numerous applications in medical diagnostics for
the assessment of abnormal bone cell activity as well as for
medical therapeutics, including bone and dental tissue
replacement and repair as well as for ex vivo bone graft
tissue engineering.
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FIG.6.
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FIG.7




Patent Application Publication Aug. 9, 2007 Sheet 8 of 13 US 2007/0184035 A1

FIG.8b.
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ARTIFICIAL STABILIZED COMPOSITION OF
CALCIUM PHOSPHATE PHASES PARTICULARLY
ADAPTED FOR SUPPORTING BONE CELL
ACTIVITY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 09/029,872 filed Jun. 29, 1998, which is a U.S.
national phase application of PCT/CA96/00585, filed Aug.
30, 1996, which is a continuation-in-part of U.S. application
Ser. No. 08/576,238, filed Dec. 21, 1995, now abandoned,
which claims the benefit of U.S. Provisional Application Ser.
No. 60/003,157, filed Sep. 1, 1995, which are each hereby
incorporated herein in their entirety by reference.

FIELD OF THE INVENTION

[0002] This invention relates to bioactive artificial stabi-
lized sintered compositions of calcium phosphate phases
which are capable of supporting bone cell activity thereon.
This invention has applications in medical diagnostics for
the assessment of normal and abnormal bone cell activity as
well as for medical therapeutics including bone and dental
tissue replacement and repair as well as for ex vivo bone
graft tissue engineering.

BACKGROUND OF THE INVENTION

[0003] Bone is a complex mineralizing system composed
of an inorganic or mineral phase, an organic matrix phase,
and water. The inorganic mineral phase is composed of
crystalline calcium phosphate salts while the organic matrix
phase consists mostly of collagen and other noncollagenous
proteins. Calcification of bone depends on the close asso-
ciation between the organic and inorganic phases to produce
a mineralized tissue.

[0004] The process of bone growth is regulated to meet
both structural and functional requirements. The cells
involved in the processes of bone formation, maintenance,
and resorption are osteoblasts, osteocytes, and osteoclasts.
Osteoblasts synthesize the organic matrix, osteoid, of bone
which after calcium phosphate crystal growth and collagen
assembly becomes mineralized. Osteocytes regulate the flux
of calcium and phosphate between the bone mineral and the
extracellular fluid. Osteoclasts function to resorb bone and
are essential in the process of bone remodelling. Disturbing
the natural balance of bone formation and resorption leads to
various bone disorders. Increased osteoclast activity has
been demonstrated to lead to bone disease characterized by
a decrease in bone density such as that seen in osteoporosis,
osteitis fibrosa and in Paget’s disease. All of these diseases
are a result of increased bone resorption.

[0005] In order to understand the mechanisms involved
which regulate bone cell functioning, it is important to be
able to assess the normal function of bone cells and also the
degree of perturbation of this activity in various bone
diseases. This will lead to the identification of drugs targeted
to restore abnormal bone cell activity back to within normal
levels. Together with the identification of the etiology of
abnormal and normal bone cell activity and the assessment
of this activity, is the desire and need to develop composi-
tions and methods for the treatment of abnormal bone cell
activity, as a result of disease, surgical removal or physi-
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ological trauma all of which lead to bone tissue loss.
Therapeutics which provide for the replacement and repair
of bone tissue, such as with the use of bone implants, are
highly desired.

[0006] Several research groups have developed methods
to directly observe the activity of isolated osteoclasts in
vitro. Osteoclasts, isolated from bone marrow cell popula-
tions, have been cultured on thin slices of natural materials
such as sperm whale dentine (Boyde et al Brit. Dent. J. 156,
216, 1984) or bone (Chambers et al J. Cell Sci. 66, 383,
1984). The latter group have been able to show that this
resorptive activity is not possessed by other cells of the
mononuclear phagocyte series (Chambers & Horton, Calcif
Tissue Int. 36, 556, 1984). More recent attempts to use other
cell culture techniques to study osteoclast lineage have still
had to rely on the use of cortical bone slices (Amano et al.
and Kerby et al J. Bone & Min. Res. 7(3)) for which the
quantitation of resorptive activity relies upon either two
dimensional analysis of resorption pit areas of variable depth
or stereo mapping of the resorption volume. Such techniques
provide at best an accuracy of approximately 50% when
assessing resorption of relatively thick substrata. In addition
these analysis techniques are also very time consuming and
require highly specialized equipment and training. Further-
more, the preparation and subsequent examination of bone
or dentine slices is neither an easy nor practical method for
the assessment of osteoclast activity.

[0007] The use of artificial calcium phosphate prepara-
tions as substrata for osteoclast cultures has also met with
little success. Jones et al (Anat. Embryol 170, 247, 1984)
reported that osteoclasts resorb synthetic apatites in vitro but
failed to provide experimental evidence to support this
observation. Shimizu et al (Bone and Mineral 6, 261, 1989)
have reported that isolated osteoclasts resorb only devital-
ized bone surfaces and not synthetic calcium hydroxyapa-
tite. These results would indicate that functional osteoclasts
are difficult to culture in vitro.

[0008] Several groups have also attempted to provide
compositions suitable for the therapeutic replacement of
bone tissue. U.S. Pat. No. 4,871,578 discloses a process for
the formation of a non-porous smooth coating of hydroxya-
patite suitable for implant use. U.S. Pat. No. 4,983,182
discloses a ceramic implant which comprises a sintered body
of zirconia and a coating of a-TCP and zirconia, or
hydroxyapatite and zirconia. U.S. Pat. No. 4,988,362 dis-
closes a composition for the fusion of a bioceramic to
another bioceramic. U.S. Pat. No. 4,990,163 discloses a
coating used for the production of bioceramics which consist
of a-TCP and B-TCP. Although these different compositions
may be used as biocompatible coatings for implants and the
like, none of these compositions have been demonstrated to
be suitable for the culture of both active osteoclasts and
osteoblasts in a reliable and reproducible manner such to
allow for the quantitative assessment of the specific activity
of osteoclast resorption and osteoblast secretion of bone
matrix. Furthermore, none of the prior compositions devel-
oped, can be manipulated to reliably produce a range of
films, thicker coatings and bulk ceramic pieces which share
a common composition and morphology which leads to
similar bioactive performance in vivo and in vitro.

[0009] Applicant’s published international PCT patent
application W(094/26872 describes a sintering process for
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forming thin films of calcium phosphate phases on which
bone cell function occurs. This is the first thin layer of
synthetic material on which osteoclasts can exhibit extended
activity and on which osteoblasts may secrete bone matrix.
As described in that application, a variety of factors should
be considered in providing a thin film with a desired ratio of
hydroxyapatite to tricalcium phosphate. Such parameters
include:

[0010] 1) amounts of reagents for preparing the sol-gel
hydroxyapatite substance;

[0011] 2) rate of combination of reagents;

[0012] 3) duration and rate of mixing when making the
sol-gel;

[0013] 4) rates and methods of precipitation and sepa-
ration;

[0014] 5) process environmental conditions during the
manufacture of the sol-gel;

[0015] 6) velocity of removal of the substrate from the
sol-gel in dip coating a film thereon;

[0016] 7) sintering temperature;

[0017] 8)sintering in a controlled atmosphere such inert
gas, a vacuum or an atmosphere with water vapour
present.

[0018] 9) the nature of the substrate, with quartz being
a preferred embodiment to create a transparent sub-
strate coated with stabilized calcium phosphate phases.

[0019] 1t was suggested in this earlier PCT patent appli-
cation, that in order to obtain a broad range in ratios of
hydroxyapatite to tricalcium phosphate on quartz substrates,
many of these parameters needed to be considered in order
to achieve the ratios of 10:90 through to 90:10. The sug-
gested sintering temperatures in an air atmosphere were
from approximately 800° C. to approximately 1100°. It was
established that at 800° C. the film was predominantly
hydroxyapatite. A sintering temperature of about 900° C.
provided ratios of about 70:30. At 1000° C., the ratio was
about 10:90 and at 1100° C. the film was predominantly
tricalcium phosphate. It was also suggested that sintering in
a vacuum at 1000° C. produced a ratio of approximately
66:34. It has now been found that the preferred ratios are
from 50:50 to 20:80. The optimum ratio is approximately
333:666. To achieve these ratios, consideration can be given
to several of the above factors. However, it is desirable to
minimize the variability in several of the above factors and
to achieve the desired ratios for optimum film compositions
in an exacting reproducible manner. Surprisingly, this film is
stable in the presence of various aqueous media, even
though a-tricalcium phosphate is supposed to be soluble in
water.

[0020] Applicants have discovered that the presence of
stabilizing entities can stabilize the composition and prevent
its degradation in physiological fluids. Hence, disappearance
of calcium phosphate entities from a film, coating or bulk
ceramic piece of this composition, is substantially due to the
activity of the osteoclasts and not due to a dissolution
process. The stabilized artificial bioactive composition is the
first such composition which supports both osteoclast and
osteoblast activity and which allows for the reliable assess-
ment of the physiological activities of both cell types as well
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as for the development of both diagnostic and therapeutic
strategies. The stabilizing entities stabilize the a-tricalcium
phosphate within the calcium phosphate phases formed
during sintering to provide for a stable form of a-tricalcium
phosphate which does not degrade in physiological fluids
and which forms calcium phosphate phases having a cell
compatible morphology which supports and encourages
bone cell activity thereon.

SUMMARY OF THE INVENTION

[0021] The present invention provides a stabilized com-
position which provides for a wide variety of diagnostic and
therapeutic applications. The stabilized composition, in
accordance with an aspect of the invention, can be used to
provide a range of thin films, coatings, powders and bulk
ceramic pieces which share a common surface globular
microporisity and an internal microporosity. In addition, the
bulk ceramics also can have a macroporosity within the
structure in order to provide an artificial three dimensional
bone tissue similar to that found in vivo. The composition,
made in any form, encourages the activity of bone cells
cultured thereon and also allows for the development of ex
vivo engineered artificial bone tissues to use as bone grafts.

[0022] In accordance with an aspect of the invention there
is provided a bioactive artificial sintered composition for
providing a morphology capable of consistently supporting
bone cell activity thereon, the composition comprising sta-
bilized calcium phosphate phases developed by the conver-
sion of a hydroxyapatite substance in the presence of stabi-
lizing entities at sintering temperatures into insolubilized
and stabilized tricalcium phosphate.

[0023] According to another aspect of the present inven-
tion is a process for stabilizing an artificial sintered compo-
sition of calcium phosphate phases having a morphology
suitable for supporting bone cell activity thereon, the pro-
cess comprising converting an hydroxyapatite substance,
into primarily alpha tricalcium phosphate by sintering, and
providing stabilizing entities which stabilize and insolubi-
lize the formed alpha tricalcium phosphate within the phos-
phate phases.

[0024] According to yet another aspect of the present
invention is a sintered artificial microporous polycrystalline
structure for supporting bone cell activity, the structure
comprising sintered stabilized calcium phosphate phases
having a globular surface morphology of loosely intercon-
nected rounded granules with interconnected micropores in
the structure.

[0025] According to yet another aspect of the present
invention is an implantable calcified bone matrix compris-
ing:

[0026] a) a structure for supporting the matrix;

[0027] b) a layer of stabilized calcium phosphate phases
developed by the conversion of a hydroxyapatite substance
in the presence of stabilizing entities at sintering tempera-
tures into tricalcium phosphate where the stabilizing entities
insolubilize and stabilize the calcium phosphate phases;

[0028] c¢) a boundary layer deposited by osteoblasts cul-
tured on the layer of stabilized calcium phosphate phases;
and






