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CALCIUM PHOSPHATE/SULPHATE-BASED BONE
IMPLANT COMPOSITION

[0001] This invention concerns a bone implant composi-
tion, and a method of forming a bone graft.

[0002] In orthopaedic and dental surgical applications
there is a great need for biocompatible and bioresorbable
implant material which can be conveniently and effectively
used as a bone substitute. This includes bone lost due to
periodontal disease, ridge augmentation, sinus elevation,
bone defects or cavities due to trauma, disease or surgery
and spinal fusions. Following implantation the bone substi-
tute is ideally resorbed in a time frame which is consistent
with its replacement by new vital bone.

[0003] The bone graft material of preferred choice is
autograft, i.e. the patients own bone, since this is totally
biocompatible, is not subject to an immune response or
disease transmission and has good osteogenic capacity.
However, its source is limited, it requires a second surgical
procedure for harvest and there are often donor site mor-
bidity problems.

[0004] Allograft bone is usually considered an acceptable
alternative since it is more readily available and has a
reasonable level of efficacy. However, it has the potential for
disease transmission and since it is ‘foreign’ tissue there is
the potential for immunological reactions. In addition, it is
a material variable in its properties, due to donor source
(often elderly people with osteoporotic bones) and process-
ing variability. This makes prediction of clinical outcome
difficult when allograft is used. Delayed healing is a frequent
complication.

[0005] According to the present invention there is pro-
vided a bone implant composition, the composition com-
prising calcium sulphate and slowly soluble sources of
calcium, orthophosphate and hydroxyl ions.

[0006] The source of the ions is preferably provided by
compounds which are slowly soluble in water, and prefer-
ably compounds where the water solubility at room tem-
perature is less than 5 g per litre, desirably less than 1 g per
litre, and more desirably less than 0.1 g per litre.

[0007] The source of the calcium ions may be the calcium
sulphate alone, or may be provided by one or more of:
calcium carbonate, calcium phosphate, calcium oxide, cal-
cium fluoride, calcium citrate, calcium stearate, or dolomite.

[0008] The calcium sulphate may be in the form of dihy-
drate, hemi-hydrate, soluble anhydrite or insoluble anhy-
drite. The ratio of calcium sulphate to all other compounds
in the composition is preferably between 0.2 and 2 parts by
weight.

[0009] The composition may also comprise a medicament,
and desirably in an effective therapeutic amount. The medi-
cament may comprise any of: an antibiotic, an anti-cancer
agent, or bone morphogenic protein.

[0010] The source of orthophosphate ions may be one or
more of: hydroxyapatite, alpha tricalcium phosphate, beta
tricalcium phosphate, dicalcium phosphate, tetracalcium
phosphate or magnesium orthophosphate. The source of
orthophosphate ions may be in the form of a micro-porous
granular solid. The granules may have a particle size in the
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range 0.2-5.00 mm. The source of orthophosphate may be in
the form of a micro-porous granular solid component.

[0011] The source of the hydroxyl ions may be one or
more of: calcium oxide, insoluble anhydrite, calcium
hydroxide, magnesium oxide, magnesium hydroxide, zinc
oxide, zinc hydroxide, or basic magnesium carbonate.

[0012] In the composition the ratio of basicity to ortho-
phosphate is preferably between 0.0 and 1.0 molar.

[0013] The composition may be in the form of a powder
which can be mixed with water or an aqueous solution to
form a usable paste.

[0014] Alternatively, the composition may be in the form
of granules or pellets. The composition may be formed into
pellets using a tablet press.

[0015] The invention also provides a method of forming a
bone graft, the method comprising using a bone implant
composition according to any of the preceding ten para-
graphs.

[0016] When in powder form the composition may be
mixed with water or an aqueous solution to form a putty or
paste prior to application. The putty or paste may be applied
to a surgical site by a suitable applicator such as a syringe.
Alternatively the putty or paste may be applied to a mould
and allowed to set prior to presentation to the surgical site.

[0017] Where the composition is in the form of granules or
pellets, the granules or pellets can be packed into a bone
cavity.

[0018] Embodiments of the present invention will now be
described by way of example only.

EXAMPLE 1

[0019] A powdered mixture was prepared according to the
following composition:—

[0020] 1.25 g beta tricalcium phosphate
[0021] 0.63 g calcium sulphate alpha hemihydrate
[0022] 0.05 g magnesium oxide

[0023] The beta tricalcium phosphate particles have a size
of 250-500 microns.

[0024] The mixture was blended with 0.85 ml of a 1%
potassium sulphate solution to give a paste which was used
to fill a periodontal pocket.

EXAMPLE 2

[0025] A powdered mixture was prepared according to the
following composition:—

[0026] 35.0 g beta tricalcium phosphate granules
with a particle size of 1-2 mm diameter.

[0027] 17.5 g calcium sulphate dihydrate
[0028] 2.2 g magnesium oxide
[0029] 0.80 g calcium stearate

[0030] The mixture was pressed into pellets 3 mm diam-
eter by 2.5 mm deep using a tablet press. The pellets were
used to fill a bone cavity.
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EXAMPLE 3

[0031] A powdered mixture was prepared according to the
following composition:—

[0032] 35.0 g alpha tricalcium phosphate

[0033] 14.0 g anhydrous calcium sulphate-insoluble
form

[0034] 10.0 g basic magnesium carbonate
[0035] 0.1 g zinc oxide

[0036] The mixture was pressed into pellets using a tablet
press.

EXAMPLE 4

[0037] A powdered mixture was prepared according to the
following composition:—

[0038] 10.0 g beta tricalcium phosphate particles

[0039] 5.0 g calcium sulphate alpha hemihydrate
powder

[0040] 0.5 g magnesium oxide

[0041] The beta tricalcium phosphate particles have a size
range of 1-2 mm.

[0042] The mixture was blended with 9.5 ml of water and
compacted into 6 mm diameter cylindrical moulds where it
was allowed to set. The set pellets were removed from the
moulds and allowed to dry. These were used to fill a bone
cavity.

EXAMPLE 5

[0043] A powdered mixture was prepared according to the
previous example (Example 4), but including 5% by weight
of the antibiotic gentamycin which was added to the pow-
dered mix prior to moulding.

[0044] There is thus described a bone implant composition
and a method of using same which provides for considerable
advantages. The composition is based upon the following
chemical equation:—

10Ca?*+6P0,> +20H =Ca, o(PO,)s(OH),

[0045] The composition provides a source of ions which
precipitate in vivo to provide a poorly crystalline, substi-
tuted apatite which closely mimics the natural mineral phase
of bone, in contrast to other presently available synthetic
bone graft substitutes. Also, the reaction occurs over a time
frame commensurate with the body’s ability to regenerate
new healthy bone. This precipitated hydroxyapatite is ame-
nable to osteoclastic resorption. The calcium sulphate phase
initially present resorbs by a simple dissolution mechanism
over a period of a few weeks to provide a macroporous
structure amenable to vascularisation and invasion by new
bony tissue. The calcium sulphate forms a micro-porous
barrier which prevents intrusion of unwanted soft tissue
(cells) in the immediate post implantation period.

[0046] The source of ortho phosphate is preferably a
micro-porous granular solid, with a partide size of 0.2-5 mm.
This size range provides for an intergranule pore size of
100-200 microns which is necessary for cell infiltration and
vascularization to stimulate new bone in-growth.
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[0047] Various modifications may be made without
departing from the scope of the invention. The calcium ions
may be obtained from the calcium sulphate alone, or may
also be obtained from calcium stearate as in Example 2, or
other calcium compounds such as calcium carbonate, cal-
cium phosphate, calcium oxide, calcium fluoride, calcium
citrate or dolomite. In addition or as an alternative to the
orthophosphate ions being provided by beta tricalcium phos-
phate, these ions may be provided by hydroxyapatite, alpha
tricalcium phosphate, dicalcium phosphate, tetracalcium
phosphate or magnesium orthophosphate.

[0048] In the examples the source of hydroxyl ions is
magnesium oxide, and also zinc oxide in Example 3. These
ions may though additionally or as an alternative be obtained
from calcium oxide, insoluble anhydrite, calcium hydroxide,
magnesium hydroxide, zinc hydroxide or basic magnesium
carbonate. As illustrated in the Examples, the calcium sul-
phate may be in one or more of the following forms:— alpha
hemihydrate, beta hemihydrate, soluble anhydrite, insoluble
anhydrite or dihydrate.

[0049] The composition may comprise a medicament in an
effective therapeutic amount, which medicament may com-
prise an antibiotic, an anti-cancer agent, or bone morpho-
genic protein.

[0050] Whilst endeavouring in the foregoing specification
to draw attention to those features of the invention believed
to be of particular importance it should be understood that
the Applicant claims protection in respect of any patentable
feature or combination of features hereinbefore referred to
and/or shown in the drawings whether or not particular
emphasis has been placed thereon.

1. A bone implant composition characterised in that the
composition comprises calcium sulphate and slowly soluble
sources of calcium, orthophosphate and hydroxyl ions.

2. A composition according to claim 1, characterised in
that the source of the ions is provided by compounds which
are slowly soluble in water.

3. A composition according to claim 2, characterised in
that water solubility of the compounds at room temperature
is less than 5 g per litre.

4. A composition according to claim 3, characterised in
that water solubility of the compounds at room temperature
is less than 1 g per litre.

5. A composition according to claim 4, characterised in
that water solubility of the compounds at room temperature
is less than 0.1 g per litre.

6. A composition according to any of the preceding
claims, characterised in that the source of the calcium ions
is the calcium sulphate alone.

7. A composition according to any of claims 1 to 5,
characterised in that the source of the calcium ions is
provided by one or more of: calcium carbonate, calcium
phosphate, calcium oxide, calcium fluoride, calcium citrate,
calcium stearate, or dolomite.

8. A composition according to any of the preceding
claims, characterised in that the calcium sulphate is in the
form of dehydrate, hemi-hydrate, soluble anhydrite or
insoluble anhydrite.

9. A composition according to any of the preceding
claims, characterised in that the ratio of calcium sulphate to
all other compounds in the composition is between 0.2 and
2 parts by weight.
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10. A composition according to any of the preceding
claims, characterised in that the composition comprises a
medicament.

11. A composition according to claim 10, characterised in
that the medicament is in an effective therapeutic amount.

12. A composition according to claim 10 or claim 11,
characterised in that the medicament comprises any of: an
antibiotic, an anti-cancer agent, or bone morphogenic pro-
tein.

13. A composition according to any of the preceding
claims, characterised in that the source of orthophosphate
ions is one or more of: hydroxyapatite, alpha tricalcium
phosphate, beta tricalcium phosphate, dicalcium phosphate,
tetracalcium phosphate or magnesium orthophosphate.

14. A composition according to any of the preceding
claims, characterised in that the source of orthophosphate
ions is in the form of a micro-porous granular solid.

15. A composition according to claim 14, characterised in
that the granules have a particle size in the range 0.2-5.00
mm.

16. A composition according to any of the preceding
claims, characterised in that the source of the hydroxyl ions
may be one or more of: calcium oxide, insoluble anhydrite,
calcium hydroxide, magnesium oxide, magnesium hydrox-
ide, zinc oxide, zinc hydroxide, or basic magnesium car-
bonate.

17. A composition according to any of the preceding
claims, characterised in that in the composition the ratio of
basicity to orthophosphate is between 0.0 and 1.0 molar.

18. A composition according to any of the preceding
claims, characterised in that the composition is in the form
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of a powder which can be mixed with water or an aqueous
solution to form a usable paste.

19. A composition according to any of claims 1 to 17,
characterised in that the composition is in the form of
granules or pellets.

20. A composition according to claim 19, characterised in
that the composition is formed into pellets using a tablet
press.

21. Amethod of forming a bone graft, characterised in that
the method comprises using a bone implant composition
according to any of the preceding claims.

22. A method according to claim 21 when dependent on
claim 18, characterised in that when in powder form the
composition is mixed with water or an aqueous solution to
form a putty or paste prior to application.

23. A method according to claim 22, characterised in that
the putty or paste is applied to a surgical site by a suitable
applicator such as a syringe.

24. A method according to claim 22, characterised in that
the putty or paste is applied to a mould and allowed to set
prior to presentation to the surgical site.

25. A method according to claim 21 when dependent on
claim 19 or claim 20, characterised in that when the com-
position is in the form of granules or pellets, the granules or
pellets can be packed into a bone cavity.

26. Any novel subject matter or combination including
novel subject matter disclosed herein, whether or not within
the scope of or relating to the same invention as any of the
preceding claims.



