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(57) Abrege(suite)/Abstract(continued):
cement comprising a powdered first component comprising stabilized dicalcium phosphate dihydrate containing from about 10

ppm to about 60 ppm of magnesium, a powdered second component comprising a calcium phosphate mineral other than said
stabilized dicalcium phosphate dihydrate, and a liquid third component comprising water.
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ABSTRACT

The invention is related to a calcium phosphate composition
comprising at least one calcium phosphate mineral, ' at least
one reaction retarding agent, at least one binding agent, and
at least one sodium phosphate compound, and a calcium
phosphate cement comprising a powdered first component
comprising stabilized dicalcium phosphate dihydrate containing
from about 10 ppm to about 60 ppm of magnesium, a powdered
second component comprising a calcium phosphate mineral other
than said stabilized dicalcium phosphate dihydrate, and a

liquid third component comprising water.
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CALCIUM PHOSPHATE CEMENT
BACKGROUND OF THE INVENTION '
[0001] = The field of this invention pertains to calcium
phosphate minerals for bone cement or bone filler applications
and in the preparation of such cement. More specifically, this
invention relates to a calcium phosphate bone cement
comprising a mixture of tetra-calcium phosphate and di-calcium
phosphate in an aqueous solution, in which the mixture then
sets to form a bone cement with a substantial portion of the
cement being hydroxyapatite. | B \
[0002] Hydroxyapatite is the major natural building block
of bone and teeth. It has been found that bone cements, which _
are formed by combining calcium and phosphate precursors 1in an
aqueous solution, which initially forms a paste but then
hardens into a hydroxyapatite bone cement, are useful 1in
fixing fractures and bone defects. Hydroxyapatite has a
calcium to phosphorous ratio of approximately 1.67 which 1is
generally the same as the calcium phosphate ratio in natural
bone structures.
[0003] These pastes may be placed in situ prior to setting
in situations where bone has been broken, destroyed, degraded,
become too brittle or has been the subject of other
deteriorating effects. Numerous calcium phosphate bone cements
have been proposed such as those taught by Brown and Chow in
U.S. Relissue Patents 33,161 and 33,221, Chow and Takagi in
U.S. Patent 5,522,893, and by Constantz 1in U.S. Patent's
4,880,610 and 5,047,031,
[0004] It has been well known since the initial use of
calcium phosphate cements that the addition of sodium
phosphate solutions, potassium phosphate solutions or sodium
carbonate solutions to the aqueous setting solution of the
calcium phosphate precursors can speed setting times. This 1is
documented in the Chow et al., April, 1991 TIADR Abstract No.:
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2410 and AADR, 1992 Abstract No.: 666 and was known to those

skilled in the art prior to these publications.

[0005] Typically, the powder components, which may be a
combination of tetra-calcium phOSphaté and di-calcium
phosphate is supplied in a sterile form in a blister pack or a
bottle, e.g., with contents of 2 to 50g. The liquid, e.g. a
molar sodium phosphate solution, distilled water or sodium
chloride solution is usually present in a sterile, glass
container, usually a disposable syringe, having a volume of 10
cc. The powder and liquid components are usually mixed in a
vessel, and processed from this vessel, e.g., by means‘ of a

syringe or the like.
[0006] It is important that these components of bone

cements have 1long-term stability during storage as these
components may be stored for weeks or months before usage when
the powder component is mixed with the aqueous component to
form a settable material. But, the 1long-term stability of
these components have not been extensively studied because it
ha's' been assumed by those skilled in the art that they stay
stable with little or no change in properties.

[0007] However, unlike the industry's general assumption,
according to Uwe Gbureck et al. in Factors Influencing Calcium
Phosphate Cement Shelf-life, Biomaterials, (Elsevier Ltd.
2004), it has been found that some prior art powder mixtures
of calcium phosphate lose their ability to set after only 7
days of storage, despite being stored in sealed containers.
The deterioration of the prior art powder mixtures was
subsequently found to be related to their conversion to
monetite in a dry state during aging.

[0008] Thus, there is a need to develop a rapid setting
bone cement which overcomes the destabilization problems of
the prior art. '

[0009] Furthermore, there 1is also a need to develop an

injectable and rapid setting bone cement which can be used 1n

-2 -
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a minimally invasive manner. Minimally invasive surgery is
often performed through natural body openings or small

“keyhole” incisions, sometimes no more than a quarter-inch in

length. When working through such a small opening, it 1is
"often desired or required to use a bone cement which can be
' injected by means of a syringe, for example, into the

fractured area. |

[0010] ' The commercially available ' injectable ‘cements
currently available in the market, such as Synthes Noriap
SRS®, Synthes Norian CRS® and Wright Medical MIG X3®, are

formulated so that they are readily inject'able. However, they

have longer setting times, forcing the surgeon to wait as the
cements set, prolonging the surgery time.

[0011] Some oﬁher commercially available bone cement
products, such as Synthes Fast Set Putty®, Lorenz Mimix® are
rapid setting, but are not readily injectable through a
syringe or a' needle, rendering the product wuseless for
minimally invasive applications.

[0012] Therefore, there 1is also a continued need to develop
a rapid setting.bone cement with long-term stability, and also
is readily injectable, providing a surgeon with optimal
working time and a decreased overall set-time during a
minimally invasive surgery.

[0013] The invention that is described herein fulfills all

of the shortcomings of the currently available commercial
products described above.

' SUMMARY OF THE INVENTION

[0014] It is an aspect of the present invention to provide
a rapid setting calcium phosphate bone cement with long-term

shelf-life, a method for making such bone cement and supplying
the same as a kit.

[0015] It is also an aspect of the present invention to

provide a calcium phosphate cement comprising a powdered first

component comprising stabilized dicalcium phosphate dihydrate

-3 -
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containing from about 10 ppm to about 60 ppm of magnesium, a
powdered second component comprising at least one calcium

phosphate mineral ~other than said stabilized dicalcium

phosphate dihydrate, and a liquid third component comprising

water.

[0016] Furthermore, it 1s one aspect of the present
invention to provide a rapid setting injectable calcium
phosphate bone cement, preferably with long term shelf-life.
[0017] It is also an aspect of the present invention to
provide a calcium phosphate bone cement that provides an
optimal COmbination of injectability and rapid-setting to meet
a surgeon’s needs. For example, in some embodiments, the
cement of the present invention can be easily molded in vivo
(iLntraoperatively). -
[0018] It is further an aspect of the present invention to
provide a fully injectable bone cement product without ; the

liquid and powder separation when mixed.

[0019] It is another aspect of the present invention to
provide a calcium phosphate bone cement with significantly .
improved mechanical strength properties. For example, soon

after the bone cement minerals of the present invention are
mixed and applied to the defect area, one can drill and put
screws into the cement without cracking, which is a 'common
challenge with the commercially available products today.

[0020] Furthermore, it is an aspect of the invention to
provide a method for making a calcium phosphate bone cement
described above and supplying the same as a kit.

[0021] In one aspect of the invention, a calcium phosphate

cement comprises (1) at least one source of calcium phosphate,

(2) at least one reaction retarding agent, (3) at least one
binding agent, and (4) at least one sodium phosphate compound.
It will be appreciated that when the components are mixed

and/or set, it may or may not be possible to identify or

distinguish these individual components. Thus, references to

-4 -
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"cement"” herein include a cement which results from the
mixture and/or reaction of these components. ‘
[0022] In another aspect of the invention, a c¢alcium
phosphate bone cement comprises the product of a mixture of a
powder component and a liquid component, wherein at least one
source of calcium phosphate is a part the powder component,
and at least one reaction retarding agent, at least one
binding agent, and at least one sodium phosphate compound are
a part of either the poWder component or the liquid component.

[0023] In ~ yet another aspect of the invention, an
injectable calcium phosphate cement comprises a powder
component comprising (1) a di-calcium phosphate mineral

containing from about 10 ppm to about 60 ppm of a stabilizing'

agent, (2) a tetra-calcium phoshpate mineral, (3) and a
reaction retarding agent; and a liquid component comprising
(1) at 1least one binding agent, (2) at least one sodium

phosphate, and (3) solvent.
BRIEF DESCRIPTION OF THE DRAWINGS
{0024) Fig. 1 is a characteristic X-ray powder diffraction

pattern of DCPD containing 40 ppm of magnesium before the

accelerated aging test.
[0025] Fig. 2 is a characteristic X-ray powder diffraction

pattern of DCPD containing 40 ppm of magnesium after the
accelerated aging test (i.e., after storage at 50°C for 77
days) .

[0026] Fig. 3 is a characteristic X-ray powder diffraction
pattern of DCPD containing 60 ppm of magnesium before the

accelerated aging test.

[0027] Fig. 4 is a characteristic X-ray powder diffraction
pattern of DCPD containing 60 ppm of magnesium after the
accelerated aging test (i.e., after storage at 50°C for 90
days) .
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DETAILED DESCRIPTION

[0028] Throughout the entire specification, including the

claims, other steps, elements, or materials may be added and
still form a construct with the scope of the c¢laim or
disclosure. When describing the invention in a claim, this
means that the invention and what is c¢laimed is considered to be
what follows and potentially more. The term “cement” herein

is used interchaﬁgeably with paste, slurry, putty, cement
formulation and cement composition. The term "between" as
used in connection with a range includes the endpoints unless
the context suggests ot-herwise. The term "long term shelf-
life" herein means that the calcium phosphate mineral(s) will
set when mixed with a solvent to form a cement after the
powder has been stored in a sealed container either with or
without the other powder oomponents such as reaction retarding
agent for a predetermined period of time, preferably for ét
least 1.5 months, more preferably 3 months, and most
preferably for at least 6 months or more according to the
accelerated aging test described in details below in Example
9. The term "injectable" as used in accordance with the
present invention herein means that when the'calciumphOSPhate
mineral (s) are mixed with a solvent to form a cement paste and
the paste 18 transferred to a syringe‘ fitted with a 10 gauge
cannula, the injection force measured after 4 minutes and 30
seconds from the initial blending of the mixture at the
ambient temperature of between 18°C to 22°C as set out in

Example 12 below, does not exceed 200 N, and more preferably

-6 -
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150 N. The term "rapid setting” as used in accordance with
the present invention herein means that the calcium phospha'te
mineral (s) will set when mixed with a solvent to form a cement
in about 10 minutes, preferably in about 35 minutes, most
preferably in about 8 minutes, when applied to a defect area,
wherein the defect temperature 1s about 32°C. The term "set"
as used 1in accordance with the present invention herein means
that the penetration force measured according to the wet field
penetration resistance test described in details below in
Example 10 is greater than 3500 pst (24.1 MPa).

[0029] REACTION RETARDING AGENT

[0030] The reaction retarding agent in accordance with the
present invention can be any material useful for retarding the
formation of hydroxyapatite when calcium phosphate minerals
are mixed with a solvent to form hydroxyapatite. If the
calcium phosphate minerals set too fast, then it results in
inhomogeneous porous cement matrix, which results in 1low
compressive‘ strength. Therefore, a reaction retarding agent
'is used to slow the rapid dissolution of calcium phosphate
minerals during cement mixing and injection.

[0031] The reaction retarding agent of the present
invention may be supplied to an end user as a powder component
or dissolved in a liquid component with a solvent. However,
in a preferred embodiment, the reaction retarding agent is a
powder component.

[0032] Examples of a reaction retarding agent which can be
used in the present invention, without 1limitation, are
trisodium citrate, tripotassium citrate, sodium pyrophosphate,
EDTA (ethylene diamine tetra acetic acid sodium salt), citric
acid, and/or a mixture thereof. The preferred reaction
retarding agent is trisodium citrate.

[0033] Furthermore, the particle size and/or amount of the
reaction retarding agent can be adjusted to modify the rate of

the rapid dissolution of calcium phosphate minerals during

-7 -
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cement mixing and injection. For example, the amount and/or
particle size of the reaction retarding agent can be varied so
that the bone cement composition is formulated to be delivered
to a fractured area in a long delivery system before it sets.

[0034] The particle size of the reaction retarding agent
(as well as all other powder components) was measured using
Beckman Coulter's LS 13320 Series particle size ahalyzer. A
sample for analysis was prepared by adding 0.03 gram of powder
and 2.5 mLk of a carrier medium (in this case, ethanol was

' used) to a beaker. The slurry was mixed aggressively for 15

seconds and then was transferred to a small volume module of
the Coulter counter. Prior to the analysis of the sample, a
background count was achieved by first, cleaning the small
volume module two times . with ethanol and then filling the cell
with ethanol. The stirrer speed was turned on to 50% and the
measurement of the background was taken. If necessary, the
cell can be further cleaned using ethanol.

[0035] For sample analysis, the slurry of a reaction

retarding agent and ethanol mixture was added to the cell
until an obscuration value of roughly 10% was obtained. 'This
sampling procedure was performed with the cell stirring set at
50% to avoid settling of the suspension during sampling.

[0036] Volume distributions were then obtained. Upon
measurement completion, the cell was emptied and cleaned and

refilled with the slurry of reaction retarding agent and

ethanol mixture, and the sample procedure repeated for a total
of three times. '

[0037] It is noted that the particle size values mentioned
herein refer to Volume Mean Diameter values. Particle size
distribution can be measured by Becton Coulter's LS 13 3220
series particle size analyzer as known to those skilled in the
art and as further disclosed and discussed above.

[0038] In accordance with the present invention, the

particle size of the reaction retarding agent is between about

-8 -



CA 02669777 2009-06-25

1 um to about 1000 um, preferably between about 170 um to
about 220 um. This means that at least about 25%, preferably
about 50%, more preferably about 75% of the reaction retarding
agent, by weight, falls within these ranges based on sieving.
[0039] In accordance with the present invention the
reaction retarding agent can be provided as a powder
component, or dissolved in a solvent and provided as a liquid
component.

[0040] With respect to the amount of the reaction retarding

agent, the reaction retarding agent may be present in an
amount of between about 3% and about 20%, more preferably

between about 5% and about 10% based on the total weight of

the formulation.

[0041] In a preferred embodiment of the present invention,
the reaction retarding agent of the present invention 1is
supplied to an end user as a part of the powder 'co_mponent,
wherein the reaction retarding agent may be present in an
amount of between about 3% and about 15%, more preferably
between about 5% and about 12.5% based on the total weight of

the powder component.

[0042] BINDING AGENT

[0043] The binding agent of the present invention 1is used
to impart cohesive qualities to the powder material and to
improve the free-flowing qualities. The binding agent also
aids the mixed cement to flow through a syringe and/or cannula
easily. The binding agent binds the components together,

providing a fully injectable bone cement product without the

liguid and powder separation, which is a common chaillenge with

the commercially available products today.

[0044] The binding agent of the present invention may be
supplied to an end user as a powder component or dissolved in
a liquid component with a solvent. However, in a preferred

embodiment, the binding agent is dissolved in a solvent and

provides as a liquid component.

-0 -
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[0045] It is preferred that the binding agent is provided
as a part of the liquid component since some of the binding
agents may be cleaved or cross-linked when gamma irradiation
is used for sterilization of the powder component of the final
product. In addition, if the binding agent is used as a part
of the 1liquid component, it is already solubilized and
therefore produces a much more homogeneous bone cement when it
is combined with the powder component. In addition, the
amount of binding agent needed is reduced in a 1liquid form,
requiring less 1liquid to be used in the formulation, and
resulting in a cement with stronger mechanical strength.

[0046] It is also preferred that the binding agent of the
present invention is water soluble.

[0047]  Examples of the binding agent which can be used in
the invention, without limitation, are polyvinylpyrrolidone, a
copolymer of N-vinylpyrrolidone and vinylesters, a cellulose
derivative, such as hydroxypropyl methyl cellulose, methyl
cellulose, hydroxypropyl cellulose, carboxymethyl cellulose,

gelatin, xanthan gum, scleroglucan (actigum), sodium alginate

and/or a mixture thereof.
[0048] Furthermore, the particle size and/or amount of the

binding agent can be ad'justed to modify the injectability (or
viscosity) of the cement formulation.
[0049] In accordance with the present invention, the

particle size of the binding agent is between about 1 um to

about 2500 um, preferably between about 1 um to about 1000 um,
and more preferably between 10 um to about 250 um. This means
that at least about 25%, preferably about 50%, more preferably
about 75% of the binding agent, by weight, falls within these
ranges based on sieving.

[0050] With respect to the amount of the binding agent, the
binding agent may be present in an amount of between about 1%
and about 15%, more preferably between about 1% and about 3%

based on the total weight of the formulation.

-10-
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[0051] In a preferred embodiment of the present invention,
the binding agent of the present invention is supplied to an
end user as a liquid component dissolved in a solvent. In
such preferred embodiment, the binding agent may be present in
an amount of betwéen about 3% and about 15%, more preferably
between about 7% and about 12% based on the total welght of
the ligquid component.

[0052] CALCIUM PHOSPHATE MINERALS

[0053] The at least one source of calcium phosphate useful
in accordance with the present invention generally includes

numerous calcium phosphate minerals already known in the art,
such as those taught by Brown and Chow in U.S. Reissue Patents
33,161 and 33,221, Chow and Takagi in U.S. Patent 5,522,893,
5,542,973, 5,545,294, -5,525,148, 5,-695,729 and 6,375,992 and
by Constantz in U.S. Patents 4,880,610 and 5,047,031.

[0054] For example, the source of at least one calcium
phosphate mineral in accordance with the present invention

includes tetra-calcium phosphate, di-calcium phosphate, tri-

calcium phosphate, mono-calcium phosphate, B-tricalcium
phosphate, a-tricalcium phosphate, oxyapatite, or
hydroxyapatite and/or a mixture thereof.

[0055] In a preferfed embodiment, two different calcium

phosphate minerals are used in accordance with the present
invention, more preferably one of two calcium phosphate
minerals is tetra-calcium phosphate.

[0056] In another preferred embodiment, the at least one
calcium phosphate mineral includes di-calcium phosphate and

tetra-calcium phosphate, most preferably di-calcium phosphate

dihydrate (also known as di-calcium phosphate
dihydrous) ("DCPD") and tetra-calcium phosphate ("TTCP").
[0057] In yet another preferred embodiment, the at least

one source of calcium phosphate mineral includes two calcium

-13 -
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phosphate minerals, wherein one of the two calcium phosphate
minerals is stabilized using a stabilizing agent.

[0058]) A stabilizing agent is any material (with at least
one calcium phosphate mineral) that will allow the calcium
phosphate mineral to set when reacted after the calcium
phosphate has been stored for a predetermined period of time,
preferably for at least 5 months, more preferably for at least
3 months, and most preferably for at least 6 months or more

according to the accelerated aging test described in details

below.

[0059] For example, the source of the calcium  phosphate
mineral which can be used with a stabilizing agent 1in
accordance with the preseht invention includes tetra-calcium
phosphate, di-calcium phosphate, tri-calcium phosphate, mono-
calcium phosphate, B-tricalcium phosphate, a-tricalcium
phosphate, oxyapatite, or hydroxyapatite and/or a mixture
thereof. | |

[0060] In a preferred embodiment, the stabilizing is added
during the process of making the calcium phosphate mineral to
make the stabilized calcium phosphate mineral.

[0061] The preferred source for making the stabilized
calcium phosphate is di-calcium phosphate, more preferably
DCPD.

[0062] Examples of the stabilizing agent which can be used
in accordance with the present invention, without any |
limitation, are MgO, MgO,, Mg(OH),, MgHPO,, MgHPO,- 3H.0,

MgHPO,* 7H,0, Mga(POs)2, Mga:(POg)a2+4H;0, Mga(POg) . 8H,0,

Mg, (POg) 2 22H20, MgCO;, MgCO,;-3H,0, MgCO;- SH,0,

3MgCO;Mg (OH) 2 - 3H2,0, MgCO3;Mg (OH) 2+ 3H,0, Mg (CaHs03) 2 3H20,

MgC,04° 2H.0, MgC H,0¢*5H,0, Mg (C(H;0¢).°*4H,0, MgCO;-CaCOi;, Mg,P,0,,
Mg (C12H2302) 2+ 2H0, Mg (Ci4H2702) 2, Mg (CiH3302) 2, or Mg (CysHas02):
and/or a mixture thereof. The most preferred stabilizing

agent is magnesium oxide.

-12-
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[0063] In another preferred embodiment, a stabilizing agent
is provided i.n an amount from about 10 ppm to about 60 ppm,
preferably from about 30 ppm to about 50 ppm, more preferably
about 40 ppm relative to the total weight of the calcium
phosphate mineral to which the stabilizing agent is added to
make the stabilized calcium phosphate mineral.

[0064] In a preferred embodiment when the at least one
calcium.phosphate includes DCPD and TTCP, a stabilizing agent,
such as magnesium oxide is provided in an amount from about
10 ppm to about 60 ppm, preferably from about 30 ppm to about
50 ppm, more preferably about 40 ppm reiative to the total
weight of the DCPD. '

[0065] Furthermore, the particle size of the at least one
calcium phosphate can be adjusted to modify the rate of the
rapid dissolution of calcium phosphate minerals during cement
mixing and injection.

[0066]) In accordance with the present invention, the
particle size of the at least one calcium phosphate 1s between
about 0.4 um to about 200 um, preferably between about 5 um to
about 175 um, and niost preferably between 25 um to about '70
um, as measured by Becton Coulter's LS 13 3220 series particle
size analyzer as mentioned above, but using Isopropyl Alcohol
(IPA) as the carrier medium. This means that at least ‘about
25%, preferably about 50%, and more preferably about 75% of
the at least one calcium phosphate, by weight, falls within
these ranges based on sieving.

- [0067] In a preferred embodiment wherein the at least one
calcium phosphate includes DCPD and TTCP, the particle size of
the DCPD is between about 0.4 pm to about 200 um, preferably
about 25 um to about 70 um, and most preferably aboﬁt 40 um to
about 50 um, and the particle size of TTCP is between about
0.4 um to about 200 um, preferably about 10 um to about 30 um.

[0068] In another preferred embodimént of the present

invention; the at least one calcium phosphate of the present

-13-
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invention is supplied to an end user as a powder component.
In such preferred embodiment, the at least one calcium
phosphate may be present in an amount of between.about 50% and
about 90%, more prefeiably between about 60% and about 80%
based on the total weight of the powder component.

[0069] In yet another preferred embodiment, wherein the at
least one calcium phosphate mineral includes two calcium
phosphate minerals, more preferably the stabilized DCPD and
TTCP, the stabilized DCPD may be present in an amount of
between about 15% and about 40%, more preferably between about
20% and about 30% based on the total weight of the powder
component, and TTCP may be present in an amount of between
about 45% and about 75%, more preferably between about 50% and
about 70% based on\the total weight of the powder component .
[0070] SODIUM PHOSPHATE COMPOUND (S) '
[0071] In accordance with the present invention, the at
least one sodium phosphate compound is used to speed the
setting time of the bone cement.

[0072] Examples of sodium phosphates which can be used in
the present invention, without 1limitation, are disodium
hydrogen phosphate anhydrous, sodium dihydrogen phosphate
- monohydrate, sodium‘ phosphate monobasic monohydrate, sodium
phosphate monobasic dihydrate, sodium phosphate dibasic
dihydrate, trisodium phosphate dodecahydrate, dibasic sodium
phosphate heptahydrate, pentasodium tripolyphosphate, sodium

metaphosphate, and/or a mixture thereof.

[0073] In a preferred embodiment, the at least one sodium
phosphate compound is two sodium phosphate compounds, more
preferably di-sodium hydrogen dibasic anhydrous and sodium
phosphate monobasic hydrate.

[0074] The particle size of the at 1least one sodium
phosphate compound is between about 1 um to about 2500 um,
preferably between about 1 um to about 1000 um. This means
that at 1least about 25%, preferably about 50% and more

-14-
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preferably about 75% of the sodium phosphate compound(s), by
welight, falls within these ranges based on sieving.

[0075] In accordance with the ©present invention, the
reaction retarding agent can be provided as- a powder
component, or dissolved in a ‘solvent and provided as a liquid
component.

[0076] ‘The sodium phosphate compound may be present in an

amount of between about 0.5% and about 5%, more preferably
between about 0.5% and about 2.5%, based on the total weight

"of the total formulation.

[0077] In another preferred embodiment wherein the sodium
phosphate compound is supplied to an end user as a 1liquid
component, the sodium phosphate compound may be present in an
amount of between about 1% and about 20%, more preferably
between about 1% and about 10%, based on the total weight of
the liquid component.

[0078] SOLVENT |
[0079] Examples of solvent which can be used in accordance
with the present invention includes, without 1limitation,
water, blood, saline soluticn, PBS (phosphate buffered saline)
and the like and the mixture thereof. The most preferred
solvent is water.

[0080]  The solvent may be present in an amount of between
about 15% and about 30%, more preferably between about 18% and
about 25%, based on the total weight of the total formulation.
[0081] In another preferred embodiment, the solvent may be
present in an amount of between about 50% and about 95%, more
preferably between about 75% and about 90%, based on the total
weight of the liquid component.

[0082] ADDITIVE (S)

[0083] Various additives may be included in the inventive
cements, slurries and pastes to adjust their properties and

the properties of the hydroxyapatite products made from them.

For example, proteins, osteoinductive and/or osteoconductive

-15-
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materials, X-ray opacifying agents, medicaments, supporting or
strengthening filler materials, crystal growth adjusters,

viscosity modifiers, pore forming agents, and other additives

may be incorporated without departing from the scope of this
invention. ‘

[0084] The inventive cement may be supplied to the user in
a variety of forms, including as powders or as powder mixture
which is later mixed with a solvent to make slurry or putty;

or as a pre-mixed putty which may contain a nonagueous

extender, e.g., glycerin and/or propylene glycol.

[0085] It may be supplied with or in the instrumentation
which is used to introduce the cement into the body, for
example, a syringe, percutaneous device, cannula,

biocompatible packet, dentula, reamer, file or other forms
which will be apparent to those of ordinary skill in the art.

[0086] It is contemplated that the cement in any of these
forms, may.be made available to the surgeon, veterinarian or

dentist wvia a kit containing one or more of its key

components.
[0087] The cement is generally provided or employed 1in a
sterilized condition. Sterilization may be accomplished, by

e.g., radiation sterilization (such as gamma-ray radiation),
moist heat sterilization, dry heat sterilization, chemical

cold sterilization, and filtration.
[0088] Moreover, as will be recognized by those of skill in

the art, numerous other specific techniques for preparation of
each component (e.g. at least one calcium phosphate mineral,
preferably the stabilized calcium phosphate mineral, at 1least
one reaction retarding agent, and at least one binding agent
and etc.) of the inventive cement may be employed.

[0089] For example, the conventional precipitation and
crystallization methods can be used in preparation of the

calcium phosphate minerals. Drying of the precipitates and/or

crystals can be accomplished using the conventional drying
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methods such as freeze drying, oven drying, vacuum drying and
the like.

[0090] Furthermore, each component described in accordance
with the present invention herein (such as at 1least one
reaction retarding agent, at least one binding agent, solvents
and additives and etc.) may alsop be purchased if there is .a
commercially available product. '

[0091] Similarly, the particle size reduction of these
elements can be accomplished by using, for example, a pestle
and mortal, a ball mill, a roller mill, certifugal-impact mill
and sieve, cutter mill, attrition mill, chaser mill, f£luid-
energy mill and/or centrifugal-impact pulverizer.

[0092] This invention is illustrated by, but not limited
to, the following examples. ‘Although the follow:i.ng Examples
may recite a certain order of steps of making the invention,
the invention is not in anyway limited to the orxder written.
{0093] EXAMPLE 1: PRODUCTION OF DCPD WITH 40 PPM OF
MAGNESIUM
t0094] (1) 30% Phosphoric Acid Solution Preparation With 40

ppm Magnesium Addition
[0095] To make the required 30% concentration  of

orthophosphoric acid (H3;PO;), in a 5 ltr stainless beaker, 261
+/- 2 mls of 85% orthophosphoric acid was added to 737 +/- 2
mls of deionized water and the beaker was placed on top of a
hot plate set to 45°C. Then the temperature probe was placed
in the beaker to measure the temperature of the acid solution
and the hot plate was turned on to heat the solution to 45°C.
The solution was then stirred at a speed of 200 +/- 10 rpm to
ensure that the probe was measuring a true representation of
the beaker content. While the acid solution was being heated
to 45°C, 0.0413 grams of magnesium oxide (MgO) (equivalent to
about 40 ppm magnesium content or about 0.006883% based on the
weight of the DCPD) was added to the solution, which is herein

also referred to as magnesium "spiked" solution or magnesium
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"gpiked"™ orthophosphoric acid. Then the pH probes and
temperature probes were calibrated and' put 1into the acid
solution. ' |

[0096] (2) Preparation of Calcium Carbonate Solution

[0097] 0.45 kg of calcium carbonate (CaCO,) was added into a

5 kg stainless steel beaker and 1 1ltr of deionized water was
added to the beaker. The beaker was then placed on top of a
hot plate which was set to 40°C. Then the temperature probe

was placed into the calcium carbonate suspension and the hot

plate was turned on. The calcium carbonate suspension was

then stirred at a speed of 575 +/- 50 rpm to ensure that the
- probe was measuring a true representation of the beaker

content.
[0098] (3) Wet Chemical Precipitation
[0099] Once the magnesium spiked orthophosphoric acid

reached the temperature of 45°C and calcium carbonate
suspension reached the temperature of 40°C, Watson-Marlow's '
Model 323u/D peristaltic pump system was set up to feed the
carbonate suspension into the magnesium spiked orthophosphoric
acild at a feed rate of 48 +/- 2 ml/min. The pH probe was
activated in order to obtain the temperature/pH/time data at

the start. Then the carbonate suspension was fed into the
acid solution. Once the pH of the acid solution reached a pH

of ~3.6, the feed rate of the car'bonate suspension was stopped
and the pH of the solution was monitored. The pH data from
the beginning till the end of the carbonate feed was recorded.
Once the pH reached 4.75, the final temperature/pH/time data
for the precipitate was recorded and all the temperature and
pH probes as well as the peristaltic tube from the solution

were removed. The reaction of magnesium, orthophosphoric acid

and calcium carbonate  produced the stabilized  DCPD
precipitate.

[0100] (4) Precipitate Rinsing
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[0101] A Whatman® #5 filter paper (2.5 um pore size) was placed

into each Buckner funnel attached to a Buckner flask. Five (5)

Buckner funnels attached to Buckner flasks were needed per
precipitation run. Then,' the precipitate  solution
- (approximately 300 ml) was poured into each Buckner funnel
attached to a Buckner flask and then a vacuum pump was turned
on. The pump drew a vacuum and caused the water to be removed
from the precipitate while the filter paper kept the
precipitate in the Buckner funnel. After 'a minimum of two
minutes of suction, each Buckner funnel was filled to the rim
with deionized water (approx. 200-300 ml) in order to rinse
any excess reactants from the precipitate. - The precipitate
was left under the wvacuum for a minimum time of 5 minutes 1in
order to ensure removal of any'excéssive free moisture.

[0102] (5) Freeze Drying .
[0103] Next, a maximum of 300 grams (approximately half‘f\ a
precipitate production yiéld) was placed per freeze-dryiﬁg
tray in a manner ensuring that the precipitate is spread out
evenly on the tray. <The filled trays were then placed into
Biopharma Process System's Model VirTis Genesis 25 Super ES
freeze dryer. Each tray contained a temperature probe 1in order
to monitor the precipitate temperature/moisture level during
drying. Then the freeze dryer cycle was set to the program

listed below and was turned on.
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Table 1
Freeze Drying Recipe for DCPD
Temperature Time Vacuum
Step - (°C) (minutes) (mTorr)
_*R | -5 | 1 | 100
R | -5 | 120 | 200
R | 0 v 120 | 1000
B | o | 600 | 1000
R |~ 10 | 60 | 1000
B | 10  f 30 | 1000
R | 20 | 60 | 1000
H | 20 ] 30 [ 1000 |

*R = Ramp section of the freeze drying cycle.

**H = Hold section of the freeze.drying'cycle.

[0104] Once the precipitate has been dried using the freeze-
drying cycle 1listed in Table 1, the precipitate requifed
milling in order to reduce the average par_ticie size so as to
improve the final cement handling and setting properties. This
milling is performed using Gien Creston Ltd's Model BM-6
roller ball-mill.

[0105] (6) Ball-Milling

[0106] 3000 +/- 30 grams of alumina milling media (13.0  mm
diameter x 13.2 mm height) was placed into each ball-mill jar.
Then, 500 +/- 25 grams of the dried DCPD' precipitates were -
added into each ball-mill jar and were placed on the ball-mill
rollers. The ball-mill was set to 170 rpm and a mill timé of
30 minutes, and was turned on.

[0107] The ball-mill jar speed was monitored to ensure that it
is rotating at 85 rpm. Once the 30 minutes of milling has

elapsed, the milling media was separated from the milled
powder by sieving through the 8 mm screen provided. |

[0108] The milled and sieved powders were then placed into the
freeze-drying trays and the freeze-drying procedure as

detailed in the previous section was repeated.
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[0109] As will be recognized by those of skill in the art,
other specific techniques for preparation of the stabilized
di-calcium phosphate component of the inventive cement may be
employed. -' |
[0110] For example, one may also use the following freeze
drying ‘and \ball milling parameters in preparation of
stabilized DCPD with 40 ppm of magnesium.

[0111] (7) Freeze Drying

[0112] A maximum of 500 grams was placed per freeze-drying
tray in a manner ensuring that the precipitate is spread out
evenly on the tray. The filled trays were then placed into
Biopharma Process System's Model VirTis Genesis 25 Super ES

freeze dryer. Each tray contained a temperature probe in order
to monitor the precipitate temperature/moisture level during
drying. Then the freeze dryer cycle was set to one of the
following preferred programs listed below and was turned on.
Table 2
1°¢ Freéze Drying Parameters for DCPD
Vacuum

Temperature Time
o
—%R | 5 [ 1 [ 100
—wwE [ -5 | 480 | 100
—® [ o | 1s0 | 1000 _
—H® | o | _eoo | 1000 _
—® [ 16| 60 | 1000 _
—® [ 10| %0 | 1000 __
—® [ 25 | €0 | 1000
W | 25 | s0 | 1000 _

*R = Ramp section of the freeze drying cycle.

**H = Hold section of the freeze drying cycle.

[0113] Once the precipitate has been dried using the freeze-
drying cycle listed in Table 1, the precipitate required
milling in order to reduce the average particle size so as to
improve the final cement handling and setting properties. This
milling is performed using Glen Creston Ltd's Model BM-6
roller ball-mill.

[0114] (8) Ball-Milling
-21-~
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[0115] 3000 +/- 25 grams of alumina milling media (13.0 mm
diameter x 13.2 mm height) was placed into each ball-mill jar.
Then, 560 +/- 10 grams of the dried DCPD precipitates were
‘added into each ball-mill jar and were placed on the ball-mill
rollers. The ball-mill was set to 170 rpm and a' mill time of
25 +/-2 minutes, and was turned on.

[0116] The ball-mill jar speed was monitored to ensure that it
is rotating at 87 +/- 5 xrpm. Once the 25+/-2 minutes of
milling has elapsed, the milling media was separated from the
milled powder by sieving through the 8 mm screen provided.
[0117] The particle size of the powder components (including
DCPD and TTCP) were measured using the above mentioned Beckman

Coulter's LS 13320 Series particle size analyzer.
[0118] The milled and sieved powders (maximum weight of 375g)

were then placed into the freeze-drying trays and the freeze-

drying procedure as detailed in Table 3 below.
Table 3

2™ preeze Drying Parameters for DCPD

Temperature Time Vacuum

Step (°C) (minutes) (mToxr)
R [ 5 | 1 ] 200 |
™4 [ 5 | 60 | 200
R | o | e | 1000
H [ o ] 120 | 1000
R | 10 ] 60 | 1000
H |10 | 3 | 1000
R | 20 | 60 | 1000
o H | 20 | 60 | 1000
R | 8 | 60 | 1000
H | 3 | 30 | 1000

*R = Ramp séction of the freeze drying cycle.
**H = Hold section of the freeze drying cycle.

[0119] EXAMPLE 2: PRODUCTION OF DCPD WITH 60 PPM OF MAGNESIUM
[0120] (1) 30% Phosphoric Acid Solution Preparation with 60

ppm Magnesium Addition
[0121] To make the required 30% concentration of
orthophosphoric acid (H;PO,), in a 5 1ltr stainless beaker, 261
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+/- 2 mls of 85% orthophosphoric acid was added to 737 +/- 2
mls of deionized. water and the beaker was placed on top of a
hot plate set to 47°C. Then the temperature probe was placed
in the beaker to measure the temperature of the acid solution
and the hot plate was turned on to heat the solution to 47°C.
The solution was then stirred at a speed of 200 +/- 10 rpm to
ensure that the probe was measuring a true representation of
the beaker content. While the acid solution was being heated
to 47°C, 0.0620 grams of magnesium oxide (MgO) (equivalent to
about 60 ppm magnésium content' or about 0.0085% based on the
weight of the DCPD) was added to the solution. Then the pH
probes and temperature probes were calibrated and put in to
the acid solution.

[0122] (2) Preparation of Calcium Carbonate Solution .
[0123] 0.45 kg of calcium carbonate (CaCO;) was added into a 5
kg stainless steel beaker and 1 ltr of deionized water was
added to the beakexr. The beaker was then placed on top of a
hot plate which was set to 42°C. Then the temperature probe
was placed into the calcium carbonate suspension and the hot
plate was turned on. The calcium carbonate suspension was

then stirred at a speed of 575 +/- 50 rpm to ensure that the
probe was measuring a true representation of the beaker

content.
[0124] (3) Wet Chemical Precipitation

[0125] Once the magnesium spiked orthophosphoric acid reached
the temperature of 47°C and calcium carbonate suspension
reached the temperature of 42°C, Watson-Marlow's Model 323u/D
peristaltic system was set up to feed the carbonate suspension
into the magnesium spiked orthophosphoric acid at a feed rate
of 48 +/- 2 ml/min. Then the pH probe was activated in order
to obtain the temperature/pH/time data at the start. Then the
carbonate suspension was fed into the acid solution. Once the
pH of the acid solution reached a pH of ~3.6, the feed rate of
the carbonate was stopped and the pH of the solution was
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monitored. The pH data from the beginning till the end of the
carbonate feed was recorded. Once the pH reached 5.00, the
final temperaturé/pH/time data for the precipitate was taken
and all the temperature and pH probes as well as the
‘peristaltic tube from the solution were removed. The reaction
of magnesium, orthophosphoric acid and calcium carbonate
produced the stabilized DCPD precipitate.

[0126] (4) Precipitate Rinsing

[0127] A Whatman #5 filter paper (2.5 um pore size) was placed
into each Buckner funnel attached to a Buckner flask. Five (5)

Buckner funnels attached to Buckner flasks were needed per
precipitation run. Then, the precipitate solution
(approximately 300 ml) was poured into each Buckner funnel
attached to a Buckner flask and then a vacuum pump was turned
on. The pump drew a vacuum and caused the water to be removed
from the precipitate while the filter paper kept. the

precipitate in the Buckner funnel. After a minimum of two

minutes of suction, each Buckner funnel was filled to the rim
with deionized water (approx. 200-300 ml) in order to rinse
any excess reactants from the precipitate. The precipitate
was left under the vacuum for a minimum time of 5 minutes in
order to ensure removal of any excessive free moisture.

[0128]) (5) Freeze Drying .
[0129) A maximum of 300 grams (approximately half a
precipitate production vyield) was placed per freeze-drying
tray in a manner ensuring that the precipitate is spread out
evenly on the tray. The filled trays were then placed into
Biopharma Process System's Model VirTis Genesis 25 Super ES
freeze dryer. Each tray contained a temperature probe in order
to monitor the precipitate temperature/moisture level during
drying. Then the freeze dryer cycle was set to the program

listed below and was turned on.
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Table 4
Freeze Drying Parameters for DCPD

vacuum
(mTorr)

100

100
200

Temperature Time
Step - (minutes)

o
a

. 120

120

240

120 1000
1000
1000

1000 |
1000

1000

'}
et e
ond Lan

*R = Ramp section of the freeze drying cycle
**H = Hold section of the freeze drying cycle

[0130] Once the precipitate has been dried using the freezé-
drying cycle 1listed in Table 4, the precipitéte re(;iiired
milling in order to reduce the aVerage particle size so0 as to
improve the final cement handling and setting properties. This

milling is performed using Glen Creston's Model BM-6 roller

ball-mill.

[0131] (6) Ball-Milling

[0132] 3000 +/- 30 grams of alumina milling media (13.0 mm
diameter x 13.2 mm height) was placed into each ball-mill jar.
Then, 500 +/- 25 grams of the dried DCPD precipitates were
added into each ball-mill jar and were placed On the ball-mill
rollers. The ball-mill was set té 180 rpm and a mill time of
32 minutes, and was turned on.

[0133] The ball-mill jar speed was monitored to ensure that it
is rotating at 95 rpm. Once the 32 minutes of milling has
elapsed, the milling media was separated from the milled
powder by sieving through the 8 mm screen provided. The milled
and sieved powders have a particle size within generally a
range of about 0.4 to about 200 um, preferably about 35 +/- 20

um, as measured by Beckman Coulter's Model LS 13320 Series

particle size analyzer as explained above. The milled and
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sieved powders were then placed into the freeze-drying trays
and the freeze-drying procedure as detailed in the previous
section was repeated.

[0134] As will be recognized by those of skill in the art,
other specific techniques for preparation of the stabilized
di-calcium phosphate component of the inventive cement may be
employed.

[0135] For example, one may also use the following f£freeze
drying and ball milling parameters in preparation of
stabilized DCPD with 60 ppm of magnesium. o

[0136] (7) Freeze Drying

[0137] A maximum of 500 grams was placed per freeze-drying
tray in a manner ensuring that the precipitate 1s spread out
evenly on the tray. The filled trays were then placed into
Biopharma Process System's Model VirTis Genesis 25 Super ES
freeze dryer. Each tray contained a temperature probe in order
to monitor the precipitate temperature/moisture level during
drying. Then the freeze dryer cycle was set to the program

listed below and was turned on.

Table 5

1°* Freeze Drying Parameters for DCPD

Temperature Time Vacuum
~*R_ | -5 "+ | 100.
_**H | -5 | 480 | 100
R | o I 120 | 1000
®H | o | 600 | 1000
R | 10 | 60 | 1000
B | 10 | 90 | 1000
R | 25 | €0 | 1000
_H | 25 | %0 | 1000

*R = Ramp section of the freeze drying cycle.

**H = Hold section of the freeze drying cycle.

[0138] Once the precipitate has been dried using the freeze-

drying cycle 1listed in Table 5, the precipitate required

milling in order to reduce the average particle size so as to
-26 -



CA 02669777 2009-06-25

improve the final cement handling and setting properties. This
milling is performed using Glen Creston's Model BM-6 rolier
ball-mill.
[0139] (8) Ball-Milling
[0140] 3000 +/- 25 grams of alumina milling media (13.0 mm
diameter x 13.2 mm height) was placed into each ball-mill jar.
Then, 560 +/- 10 grams of the dried DCPD precipitates were
added into each ball-mill jar and were placed on the ball-mill
rollers. The ball-mill ‘was set to 180 rpm and a mill time of
25 +/- 2 ppm, and was turned on.
[0141] The ball-mill jar speed was monitored to ensure that it
is rotating at 87 +/- 5 rpm. Once the 25 +/- 2 minutes of
milling has elapsed, the milling media was separated from the
milled powder by sieving through the 8 mm screen provided. The
milled and sieved powders have a particle size within
generally a range of about 0.4 to about 200 um, preferably
about 47 +/- 22.5 um, as measured by Beckman Coulter's Model
LS 13320 Series particle size analyzer as explained above.
The milled and sieved powders (maximum weight of 375 g) were
then placed into the freeze-drying trays and the freeze-drying
procedure as detailed in Table 6 below.

Table 6

2% Freeze Drying Parameters for DCPD

Temperature Time Vacuum
Step (°C) (minutes) (mTorr)
‘R | 5 1 1 ] 200
™H | 5 ] 80 | 200
R | 0o | 60 | 1000
H 0 ] 120 | 1000 _
R | 10 | 60 | 1000
H | 10 | 3 | 1000
R | 20 | 60 | 1000
_H | 20 | 60 | 1000
R | 3 | 60 | 1000
H | 3 | 30 [ 1000 _

*R = Ramp section of the freeze drying cycle.
**H = Hold section of the freeze drying cycle.
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[0142] EXAMPLE 3: PRODUCTION OF TETRA CALCIUM PHOSPHATE (TTCP)

[0143] (1) TTCP Cake Preparation
[0144] To form the preferred TTCP, the TTCP slurry mixture

needs to comprise a 50% w/w solution of solid to liquid with
the solid component comprising 60.15% di-calcium.;phosphate
anhgdrous (DCPA) and 39.85% CaCO; and the 1iquid component
comprising purified water. To prepare a batch of TTCP "cakes"

for sintering in the furnace, i.e., 3500 grams of TTCP cakes,
2105.25 +/- 0.5 grams of DCPA was accurately weilghed out intb
a clean 5 liter Buckner flask. To this, 1394.75 +/- 0.5 grams
of CaCO; were added. To this powder mixture, 3.5 liters of

deionized water was added. Table 7 shows the specific amounts

and percentages of these components.

Table 7
Raw Material Weights
for the Production of TTCP Cakes

1l | Weight (g) | Ratio (%)
1394.75 + 1
2105.25 +1
500.00 + 10

Materia
CaCoO,
DCPA

Waterx

60.15
100

3

[0145] The Buckner flask was then sealed with appropriate
rubber bung and nozzle attachments. The Buckner flask was
placed in Glen Creston Ltd's Model T10-B turbular mixer for 20

minutes for homogenous mixing. Table 8 shows the turbular

blending parameters.

Table 8
Turbular Parameters for
Blending of TTCP Raw Materials

Setting
14 + 4
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[0146] While the Buckner flask was mixing, the appropriate
vacuum tubing to a four-point manifold was connected: one end
was attached to the vacuum pump, the other four points were
attached to the nozzle attachments on four Buckner flasks. A
9 cm diameter polypropylene Buckner funnel was assembled onto
each of the four Buckner flasks, respectively, and Whatman

grade 5 filter paper was placed into each Buckner funnel. The

blended DCPA/CaCO;/water mixture was removed from the turbular
mixer, and the  rubber bung was removed. Then, each
polypropylene Buckner funnel was completely filled with the
TTCP slurry. The TTCP slurry was vacuum dr.ied using the vacuum
pump, and the vacuum was drawn for a minimum of 5 minutes
until the cakes formed solid top surfaces. Further vacuum
drying could be used if required to form solid cakes. Once
the cakes were formed, the vacuum on the Buckner flasks .-Was
released. Each funnel was removed from the flask and the
inverted funnel was gently tapped to remove the cake. Each
funnel produced a cake of approximately 300 grams. '

[0147] Then the spent filter paper was removed, the funnel was
washed out with purified water and a fresh filter paper was
placed in the funnel. The above steps were repeated until all
the slurry solution is in a cake form. The TTCP slurry was
hand mixed every four to five cake preparations to ensure
homogeneity. If ﬁpon removal from the funnel, the cake was

broken or has a rough surface, the deionized water was sprayed
onto the surface to bind loose fragments together. Any loose

remaining fragments were reintroduced to the slurry mixture to
form new cakes.

[0148] (2) Sintering

[0149] All cakes were stacked onto a stainless steel tray and
dried for two hours at 200°C in Lenton's Model AWF 12/42
muffle furnace to drive off excess moisture prior - to

sintering. The TTCP cakes were now ready to be sintered using

the sintering program detailed in Table 9.
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Table 9
Sintering Parameters for Firing of TTCP Cakes

Temperature Time Ramp Rate
Step N (minutes) (°C/min)
800 100
800 2120

1550 94
1550 720

800 <10
15

o
a

Dwell

Dwell
Cool

Cool

n/a
75

™~
ot

[0150] The sintered cakes were transferred to a vacuum Buckner
flask before the temperature dropped below 150°C unless the
material was to be crushed and milled immediately.

f0151] (3) Jaw Crushing

[0152] TTCP was processed through Glen Creston's jaw crusher

to reduce the granules to a manageable size, preferably in

the range of about 2.5 to about 7.5 mm prior to processing
through the co-mill. The sintered TTCP cakes were manually
broken using a mortar and pestie to particle sizes of
approximately one inch in diameter before loading into the jaw
crusher. In this instance, the jaw crusher gap was set to 5
mm.

[0153] (4) Co-Milling Of TTCP Granules

[0154] TTCP was processed through Quadro 1Inc.'s co-mill
(Model Quadro Comil 197) to reduce the material to the final
particle size. The mill speed was set to 5000 +/- 300 rpm. The
impeller gap was set to 0.375" using stainless steel washers.
To co-mill the TTCP powder, the jaw-crushed TTCP powders were
slowly fed into the co-mill at a rate of approximately 700
grams/min, ensuring that the co-mill did not become clogged

with excess powder. (See Table 10 for co-milling parameters.)
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Table 10
Parameters for Co-Milling the Jaw-Crushed Sintered TTCP Cakes

Setting

__Screen No. | 0.024"
Impeller speed

[0155] (5) Ball-Milling

[0156] Glen Creston Ltd's Model BM-6 roller ball mill was used
to ball-mill the sintered, jaw crushed and co-milled TTCP.
The ball milling parameters for the dry milling of the
sintered, jaw crushed and co-milled TTCP are listed in Table
6. For the dry milling of the TTCP, a total of 3000 +/- 25

grams of alumina milling wmedia (13.0 mm diameter x 13.2 mm
height) was weighed into an alumina ball-milling jar, to which
600 +/- 25 grams of the TTCP was added. The ball mill

parameters are outlined in Table 11 below.
Table 11

Milling Parameters for the Dry Ball-Milling of TTCP

TTCP Ball Mill Parameters
Speed (rpm)
360 +/- 15

Media £ill weight 3000 +/-25
(grams)

TTCP weight (grams)

[0157] The milled and sieved powders have a particle size
within generally a range about 0.4 to about 200 pm, preferably
about 10 to 30 pum. The particle size was measured as

explained above using Beckton Coulter's LS 13 320 series

particle size analyzer.
[0158] EXAMPLE 4: PREPARATION OF A REACTION RETARDING AGENT

(E.G. TRISODIUM CITRATE)

[0159] Trisodium citrate (which was procured from ADM, Co.
located in Cork, Ireland) was processed through Quadro Inc.'s
co-mill (Model Quadro Comil 197) to reduce the material to
the final particle size. The mill speed was set to 300 +/-50

rpm. The screen size used was 0.039”. The impeller gap was set
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to 0.05" using stainless steel washers. The trisodium citrate
powder was slowly fed into the co-mill at a rate of
approximately 700 grams/min, ensuring that the co-mill did not
become clogged with 'excess powder. |

[0160] EXAMPLE 5: PRODUCTION OF WATER-BASED SOLUTION OF SODIUM

PHOSPHATE AND TRISODIUM CITRATE

[0161] Into one liter of high purity water, 22.8 grams of di-

sodium hydrogen phosphate anhydrous, 45.5 grams of sodium
dihydrogen phOSphat'e monohydrate and 147.1 grams of tri-sodium
citrate were added and stirred until they were completely
dissolved. The details of this water-based solution are

outlined in Table 12 below.

Table 12

Liquid Component of Bone Cement

Formula
Di-Sodium HNa,O4 141.96 22 .8 g/l 0.1606 M
Hydrogen grams
Pho sphat s ----
Anhydrous

Sodium Dihydrogen | H,NaO,P.H,0|137.99 |[45.5 g/l 0.3297 M
-
Monoh drate
Clt:rate 2H,0 grams

[0162] EXAMPLE 6: MIXING OF THE POWDERED COMPONENTS WITH THE

LIQUID COMPONENT TO PRODUCE THE FINAL CEMENT
[0163] For the final cement usage, add the DCPD with the TTCP

in an equimolar ratio (i.e. DCPD-to-TTCP ratio of

31.97:68.03). This powder mixture was blended to ensure the
formation of a homogeneous mixture. Then the liquid component
of Example 5 was added using a 1iquid-to-powdér ratio of 0.32
to form a settable final product.

[0164]) EXAMPLE 7: PENETRATION RESISTANCE TEST

[0165] The bone cements produced as described in Example 6

were also tested for penetration resistance after the
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accelerated ageing tests. The preferred penetration
resistance requirements for the present invention are > 1000

psi after 5 minutes from being mixed and a resistance of >
3500 psei after 10 minutes from being mixed. Tables 13 and 14
show the results of the penetration resistance tests using the

bone cements produced according to Example 6 above.

Table 13

Penetration Resistance Test Results
Bone Cement Containing DCPD
With 40 ppm Of Magnesium

Sample Number ' Results

3414 psi @ 5 min
7227 psi @ 10 min
3723 psi @ 5 min
6843 psi @ 10 min
2441 psi @ 5 min
7444 psi @ 10 min

6606 psi @ 10 min
‘
6243 psi @ 10 min |

0
.~

6 2341 psi @ 5 min
7153 p8l @ 10 min
Sample Average 2788 psi @ 5 min .

| .
L4

6919 psi @ 10 min
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Table 14

Penetration Resistance Test Results
Bone Cement Containing DCPD With
60 ppm Of Magnesium o

i e

1 1947 psi @ 5 min

' 4668 psili @ 10 min
1675 psi @ S min
3947 psi @ 10 min
1649 psi @ S min

- 4567 psi @ 10 min

3047 psi @ 10 min

5872 psi @ 10 min |
2903 psi @ 5 min
5483 psi @ 10 min

2106 psi @ 5 min
4930 psi @ 10 min .

Sample Average

[0166] EXAMPLE 8: PRODUCTION OF THE POWDER COMPONENT

CONTAINING DCPD, TTCP AND TRISODIUM CITRATE ,

[0167] 28.6 weight % of stabilized DCPD with 60 ppm of

magnesium, 61 weight % of tetra-calcium phosphate and 10.4

weight % of tri-sodium citrate were mixed to form a mixture,
Table 15

Powder Component of Bone Cement

Y
Weight /total
~ weight of
| | Chemical Mw Powder
Chemical Name Formula (grams) Component
40 ppm of Magnesium
Tetra-Calcium Ca.,0(PO,) 61
10.4
TotAL | | | 100

[0168] EXAMPLE 9: PRODUCTION OF LIQUID COMPONENT COMPRISING
SODIUM PHOSPHATES AND POLYVINYLPYRROLIDONE (PVP)

-34-
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[0169] Into one litre of high purity water, 29.8 grams of di-
sodium hydrogen phosphate dibasic anhydrous, 85.6 grams of
sodium dihydrogen bhosphate monobasic hydrate and 90.0 grams
of PVP were added and stirred until they were completely
dissolved. All of the above-mentioned materials are readily
available commercial products, and in this particular case,
‘were procured following manufacturers.

[0170] The details of this preferred water-based solution are

outlined in Table 16 below.

Table 16

Liquid Component of Bone Cement

% weight/total

Chemical Mw weight
Formula (grams) (weight (g))
Na,HPO, 141.96 | 2.5 |

137.9

Chemical Name
Di-Sodium Hydrogen
Dibasic Anhydrous
Sodium Phosphate NaH,.PO,. H-,O
Monobasic Hydrate
Polyvinylpyrrolidone
Water

Il

7.

(111.1), 7.5
18 82.9

[ “CGH9NO" ] n

[0171] Below is another preferred embodiment of the 1liquid

component of the present invention using  sodium
carboxymethylcelllose as a binding agent.

Table 17

Liquid Component of Bone Cement
Chemical Mw Percentage %
Chemical Name Formula (grams) w/w

Di-Sodium Hydrogen | Na,HPO, 141.96 2.7
Dibasic Anhydrous -
Sodium Phosphate NaH,PO,. H:O 137.99 7.7
Monobasic Hydrate .
Sodium [‘N&2C15H22014"] n (484.14) n 2.2
carboxymethlycellulose -
Water | @ H0 | 18 87.4

[0172] EXAMPLE 10: MIXING OF THE POWDER COMPONENT WITH THE
LIQUID COMPONENT TO PRODUCE THE FINAIL CEMENT

[0173] For the final cement usage, stabilized DCPD was mixed
with the TTCP in an equimolar ratio (i.e. DCPD-to-TTCP ratio
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of 31.97:68.03). Then  trisodium citrate was added to the
mixture of DCPD and TTCP to produce a final ratio of
DCPD:TTCP:sodium citrate of 28.6:61:10.4. This powder mixture
was blended to ensure the formation of a homogeneoué mixture.

[0174] Then the 1liquid component was added ¢to the powder

mixture using a 1liquid-to-powder ratio of 0.32 to form a

settable final product.

[0175] 'The bone cements produced as described in Example 10
were subjected to an array of qualification tests to verify
that they meet the performance requirements. The bone cements
of the present invention were analyzed, for example, for their
(1) long-term-stability, (2) wet field penetration resistance;
(3) compression strength, (4) mixing evaluation, (5)
injectability, (6) percent washout, (7) hardware pull out, (8)
hydroxyapatite conversion, and (9) shrinkage, which are
described in more details below.

[0176] EXAMPLE 11: TEST FOR LONG-TERM STABILITY

[0177] The DCPD powders produced as described in Examples 1
and 2 were analyzed for long-term stability using an X-ray
diffractometer. First; as shown in Figs. 1 and 3, the X-ray
powder diffraction patterns of the initial dry DCPD powders of
Example 1 and Example 2 were collected using Rigaku's X-ray

diffractometer.

[0178] Then, 5 grams of DCPD powders were packaged in a topaz
bowl and heat-sealed with a breathable Tyvek® 1id. This bowl

was then placed in a foil pouch with 10 grams of silicon
desiccant. The foil pouch 1is then heat-sealed. The sealed
foil pouch was then placed in a climatic oven set at 50°C and

aged for a set period of time. It has been determined that

storage under these conditions for 52 days is equivalent to 1

year real time aging.
[0179] The stabilized DCPD powders were stored in a climatic
oven set at 50°C for 77 days, and the DCPD powders of Example
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2 were stored in a climatic oven set at 50°C for 91 days for

accelerated aging tests.

[0180) After the exposure in the accelerated aging test
conditions, the X-ray powder diffraction patterns of the DCPD
powders of Example 1 and Example 2 were collected again using
the same Rigaku's X-ray diffractometer. As shown in Figs. 2
and 4, said stabilized DCPD containing magnesium exhibited
characteristic x-ray diffraction peaks of DCPD.' - More
specifically, after the exposure in the accelerated aging test
conditions as mentioned above, the X-ray powder diffraction
patterns of the DCPD powders of Example 1 and Example 2, said
stabilized DCPD powders exhibited x-ray diffraction peaks at
11.605, 20,787, 23.391, 26.5, 29.l16, 30.484, 31.249, 31.936,
33.538, 34.062, 35.45, 36.34 and 39.67 +/- 0.2 degrees two-

theta after an accelerated aging test of 52 days at 50°C in a

sealed container.
[0181] Similarly, a powder component of the final formulation

(for example, a powder component comprising stabilized DCPD,
TTCP or a powder component comprising stabilized DCPD, TTCP
and a reaction retarding agent such as trisodium citrate) is
also tested for 1long-term stability in the same fashion

described above.
[0182] After the exposure 1in the accelerated aging test
conditions for a predetermined period of time, the powder

component can be tested for its stability by mixing it with a
solvent to see whether it sets to form a cement.

Alternatively, the powder component c¢an be tested for

!

stability using an x-ray diffractometer to determine whether
the x-ray diffraction pattern exhibits the characteristic x-

ray diffraction peaks of the original calcium phosphates of

the powder component (such as DCPD and TTCP).
[0183] Based upon the Arrehnius equation as defined in ASTM F

1980, the following accelerated aging times equate to real

time room temperature shelf-life:
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Table 18

Accelerated Time |
Real Time at 40°C

1.5 months
3 _month
6 _months

ear
2 _years

' [0184] EXAMPLE 12: WET FIELD PENETRATION RESISTANCE TEST
[0185] The bone cements produced as described in Example 10

Accelerated Time
at 50°C

were also tested for wet field penetration resistance. The
test consists of applying a load applicator through the cement
at specific time points. The load applicator was made up of a
small cylindrical stainless steel needle with 1/16” in
diameter. Two minutes and thirty seconds after initial
blending of the powder and liquid constituents, the cement was
deposited into a -long groove (1/4” wide x 1/4” deep) of a
block heated at 32°C. Three minutes after the initial
blending, the cement was subjected to a constant flow of
saturated phosphate solution wusing a Watson Marlow 323
peristaltic pump set at 20 rpm. The solution was kept
constant at 32°C. Four minutes after the initial blending, the
load applicator was made to penetrate the cement for 1.5 mm
and the result force was recorded. The test is repeated every
minute for 13 minutes. A stress/displacement curve was
obtained at the end of the test to show the increase 1in
resistance of the cement over time. The preferred penetration
resistance requirements for the present invention were greater
than 3500 psi (24.1MPa) after 10 minutes from being mixed.
Although the results below were measured after 10 minutes from
the initial blending, the same test can be performed to
determine whether the cement has set at 8 minutes or 9 minutes
from the initial blending. Table 19 shows the results of the
penetration resistance tests using the bone cements produced

according to Example 10.
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. Table 19
Penetration Resistance Test Results
Bone Cement Containing DCPD
with 40 ppm Of Magnesium (Example 1)

"Results
4416 psi (30.45 MPa) @ 10 min
4587 pel (31.63 MPa) @ 10 min
4559 psi (31.44 MPa) @ 10 min
4649 psl (32.06 MPa) @ 10 min

4155 psi (28.65 MPa) @ 10 min
4549 psi (31.37 MPa) @ 10 min
Sample Average | 4486 psi (30.93 MPa) @ 10 min |

[0186] EXAMPLE 13: MIXING EVALUATION

[0187] Five random non-experienced users of bone cements were

Sample Number

presented with the powder component of Example 1 and 1liquid
component of Example 9 of the bone cement formulation of the
present invention. The users were asked to mix and transfer a
cement into the syringe fitted with a 10 gauge cannula at the

ambient temperature of between 18°C to 22°C when they felt the
mix was ready. The times taken for mixing and then

transferring were measured from the initial blending of the

powder and liquid components as recorded in the table below.

Table 20

End of
Transfer time |
min 24 secCs

Mixing time
35 secCs
54 secs

User
User 1
User 2
User 3
User 4

User 5

=

mins 5 secs

42 secCs
45 secCs

RN
g3 15 =
| e} o] -
a R fa 3
nin!  |u
RS W
nininln
o(o(olo
alalala
nlnln|ln

[0188] The filled syringes were then taken to a test machine
to carry out the injectability and wet £field penetration

tests, which are described in details below.

[0189] EXAMPLE 14: INJECTABILITY TEST
[0190] As explained above in Example 13, the powder and liquid
components were mixed to produce a cement paste and the paste

was transferred to a syringe fitted with a 10 gauge cannula.
~39-
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Then, a downward force was applied on the plunger ‘using a
mechanical test machine with the speed set at 25mm/min. A
downward force was applied after 3 minutes and 30 seconds from
initial blending of the powder and liquid components of the
cement formulation. The readings were taken from the
force/displacement curve at 25 wmm displacement which is
equivalent to 4 minutes and 30 seconds. For t_his test,

maximum force at that time point is not to exceed 200N,
preferably 150N. The results are recorded in the table below.

Table 21

Injection force at|
Test sample 3 mins 30 sec (N)

Average | 80.5

{0191) EXAMPLE 15: WASH OUT TEST

[0192] This test was performed in vivo during an animal study.
Canine cranial defect was used as the site for evaluation of
the washout. 5cc of cement was implanted in the canine defect
with the defect temperature of 32°C and at 8 minutes, the
cement produced according to Example 10 was subjected to a
pulse lavage from an Interpulse® squirt gun. The wash out was
deemed to be acceptable as no significant amount of the 'cemen.t'
was lost.

[0193] EXAMPLE 16: HARDWARE PULL OUT TEST

[0194] The cement produced according to Example 10 was mixed
and injected into an artificial cancellous bone material.
Three minutes after the initial blending of the powder and
liquid components, the artificial cancellous bone with
injected bone cement (composite) was immersed 1nto a phosphate
solution, which was at 32°C. The composite was removed from

the solution to be drilled in preparation for the screw at S
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minutes. At 10 minutes, the hardware (4.5mm cortical screw)

was screwed into the drilled composite and placed in the test

rig ready for testing. At 12 minutes, the screw was pulled
out of the composite using a mechanical test machine. The
screw pull out force is toexceed 100N. The results are

recorded in the table below.

Table 22

Test sample Pull out strength (N)

386.72

[0195] EXAMPLE 17: HYDROXYAPATITE CONVERSION \

[0196] The cement produced according to Example 10 was mixed
and allowed to age for the appropriate time point in a
- phosphate solution at 37°C. At the spécified time point, the
cement was removed from the solution and dried in an oven at
70°C. The cement was then pulverized with the aid of a mortar
and pestle and placed in a Rigaku x-ray diffractometer for XRD
analysis. The sample was scanned between 10 and 40 degrees 2
theta and the results recorded on a graph of 2 theta versus
intensity. The peaks for the sample were compared to JCPDS

pattern 9-432 (for Hydroxyapatite) and the peak intensities at
2 theta of 29.23, 29.81, 31.77 and 32.20 were recorded for the

calculation of HA conversion. The peaks at 2 theta of 29.23
and 29.81 correspond to TTCP and the peaks at 31.77 and 32.20
correspond to HA. The HA conversion was then calculated and
the result at 2 weeks must be greater than 60% HA conversion.

The results are recorded in the table below.
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Table 23

~
2 4 767
__Average | = 66.9

[0197] EXAMPLE 18: SHRINKAGE

[0198] The cement produced according to Example 10 was
injected into a mold (21.3mm X 6.1lmm). A total of three
samples were prepared. The samples were allowed to set prior

to removal from the mold. The volume was calculated from the

diameter and height of each specimen. The samples were then
incubated at 37°C in a phosphate solution for 24 hours. They
were subsequently removed and dried. Using a calibrated

vernier, the specimens were measured again and the change in

volume change calculated using the new measurements.

Table 24

Test sample Volume change %
- '
2 | o0.%4

.~

[0199] As these and other variations and combinations of the

features discussed above can be utilized without departing

from the present invention as defined by the claims, the
foregoing description of the preferred embodiments should be

taken by way of illustration rather than by way of limitation
of the invention as defined by the claims. It 1is therefore to

be understood that numerous modifications may be made to the
illustrative embodiments and that other arrangements may be
devised without departing from the spirit and scope of the

present invention as defined by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

. A calcium phosphate cement comprising:

(a) a powdered first component comprising stabilized
dicalcium phosphate dihydrate containing from about 10 ppm to
about 60 ppm of magnesium,

(b) a powdered second component comprising at least one
calcium phosphate mineral other than said stabilized dicalcium

phosphate dihydrate, and
(c) a liquid third component comprising water.

2. The calcium phosphate cement of claim 1, wherein said
stabilized dicalcium phosphate dihydrate is produced using a

wet chemical precipitation process. |
3. The calcium phosphate cement of claim 1, wherein said

magnesium 1is present in an amount from about 30 ppm to about
50 ppm of magnesium.

4. The calcium phosphate cement of claim 1, wherein said at
least one calcium phosphate mineral other than said stabilized
dicalcium phosphate dihydrate 1is tetracalcium phosphate,
dicalcium  phosphate, - tricalcium phosphate, monocalcium
phosphate, g-tricalcium phosphate, «a-tricalcium phosphate,
oxyapatite, or hydroxypatite or a mixture thereof. .

5. The calcium phosphate cement of claim 4, wherein said
calcium phosphate mineral other than said stabilized dicalcium
phoSphate dihydrate is tetracalcium phosphate. |

6. The calcium phosphate cement of claim 1, wherein the
source of said magnesium used ‘to stabilize dicalcium phosphate
dihydrate is from MgO, MgO;, Mg(OH),, MgHPO, MgHPO,- 3H;0,

MgHPO, - 7H;0, Mg; (PO,) 3, Mg; (POy) 2 4H30, Mg, (PO,) 2° 8H,0,
Mg3 (PO;) 2" 221“1;0, MgCO;; p MgCO; . 3H20, MgCO; . SHQO,
3MgCOiMg (OH) ;- 3H,0, MgCOa Mg (OH) 2* 3H,0, Mg (C3HsO3) 2 3H20,

MgCz04+ 2H;0, MgC(H(Og* SH3;0, Mg (CH.O¢)a°4H20, MgCO,+CaCO;, Mg;P,0,,
Mg (C12H2302) 3 2H30, Mg (Ci14H3703) 2, Mg(Ci1eH3303)3, oOr Mg(czaﬁasoz)z or
a mixture thereof.

7. The calcium phosphate cement of claim 6., wherein the
source of said magnesium used to stabilize dicalcium phosphate'
dihydrate is maquesium oxide.

8. The calcium phosphate cement of claim |, wherein said
third liquid component further comprises at least one sodium
phosphate. ' ’
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9. The calcium phosphate cement of claim &, wherein saild at
least one sodium phosphate is di-sodium hydrogen phosphate
anhydrous, sodium dihydrogen phosphate monohydrate, sodium
phosphate monobasic monohydrate, sodium phosphate monobasic
dihydrate, sodium phosphate dibasic dihydrate, trisodium
phosphate dodecahydrate, or dibasic sodium phosphate
heptahydrate, pentasodium tripolyphosphate, sodium
metaphosphate, or a mixture thereof.

'10. The phosphate cement of claim §, wherein said third
liquid component further comprises tri-sodium citrate.

11. A method for forming a calcium phosphate bone cement
comprising: (a) producing a powdered first component comprising

stabilized dicalcium phosphate dihydrate containing from about
10 ppm to 60 ppm of magnesium using a wet chemical

precipitation process,

(b) producing a powdered second component comprising at
least one calcium phosphate mineral other than said stabilized
dicalcium phosphate dihydrate, and -

(c) reacting said first and second powdered components
with an aqueous 1liquid component causing a reaction which
forms a settable material.

12. The method for foming a calcium phosphate bone cement of
claim 11, wherein said reacting is performed by first blending
sald first and second powdered components to form a mixture,
then mixing said mixture of said first and second powdered
components with said aqueous 1liquid component causing a
reaction which forms a settable material.

13. The method for forming a calcium phosphate bone cement of

claim 11, wherein at least one said calcium phosphate mineral
other than said stabilized dicalcium phosphate dihydrate is

tetracalcium phosphate.
14. The method for forming a calcium phosphate bone cement of

claim 11, wherein the source of said magnesium used to
stabilize dicalcium phosphate dihydrate is magnesium oxide.

15, The method for forming a calcium phosphate bone cement of
claim 11, wherein said third 1liquid component further

comprises at least one sodium phosphate.
16. The method for forming a calcium phosphate bone cement of

claim ][5, wherein said third 1liquid component further
comprises tri-sodium citrate. '
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17. A kit for forming a calcium phosphate bone cement
comprising:

(a) a first container containing a mixture of a powdered
first component comprising stabilized dicalcium phosphate
dihydrate contairing from about 10 ppm to 60 ppm of magnesium,
and a powdered second component comprising tetra calcium

phosphate; and
(b) an aqueous liquid component in a second container,

wherein said aqueous liquid component comprises at least one
sodium phosphate. '

18. The kit for forming a calcium phosphate bone cement of
claim 17, wherein said aqueous 1liquid component further

comprises tri-sodium citrate.
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