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(57) Abstract: Porous biocompatible composite bio-
material, useable as a drug delivery system or as
spacer or as bone substitute, such as for example for
filling bone lacunae or for substituting damaged
parts of bone tissue, or for fixing prosthesis of vari-
ous types, or for thickening bones weakened by ill-
ness such as osteoporosis or the like, comprising a
component adapted to form a porous structural mat-
rix and a soluble component, wherein the soluble
component 1s in form of powder and granules or oth-
er similar agglomerates so as to have mechanical
support characteristics and osteomductive and osteo-
conductive characteristics in the entire volume occu-
pied by the biomaterial, method for obtaining the
biomaterial.




"BIOMATERIAL AND METHOD FOR I'I'S REALISATION"
TECHNICAL FIELD OF THE INVENTION

The present invention regards a biomaterial useable in the medical field, having high
characteristics of integration with the biological system in which 1t 1s interfaced,

bioinductivity and bioconductivity characteristics.

The present invention further regards a method for obtaining a biomaterial having high
characteristics of iIntegration with the biological system in which it 1s interfaced,

bioinductivity and of bioconductivity characteristics.
PRIOR ART

Ceramic and/or polymeric biomaterials substantially used for fixing prosthesis or as bone

substitutes are currently the most commonly used in the field of biomaterials, in particular
biomaterials useable in the orthopaedic and surgery field, for filling cavities or lacunae of

various origin and type.

Such polymeric biomaterial includes, for example, acrylic bone cement, possibly made up of
polvmethylmethacrylate (PMMA) and methylmethacrylate (MMA), and absorbable cements,
the latter uscd in cascs where the support function that they are required to perform is limited

over fime.

Example ol absorbable cements are present in the documents n. US 5085861, that discloses a
composite material comprising a particulate biocompatible calcium-phosphate, ceramic and
resorbable calcium salts dispersed in a cross-linked polyester biodegradable matrix, and n.
EP 1891984, that discloses a powder cement comprising a polyester polymer and an

inorganic calcium-phosphate component.

Ceramic biomaterials are, usually, polycrystalline aggregates constituted by an ordered series
of elements joined together by strong bonds. Such ceramic biomaterials can be bioactive, i.e.
induce - in the biological tissues - a response upon the occurrence of chemical and physical

processcs on the biomatcerial/biological tissuc interface.

Active ceramic biomaterials include, for example, calcium phosphate salts (CPC), among

which the most commonly used are hydroxyapatite (HA), alpha-tricalcium phosphate
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(a-TCP) and beta-tricalcium phosphate (B-TCP), which have a high biocompatibility and an
ideal bioconductivity. The document n. US 2007/059281 discloses a particulate composition

useful as a bone graft substitute, comprising calcium components. However such materials

reveal some drawbacks.

Acrylic cement has optimal mechanical performance which guarantees functional implants
even lasting twenty years. However, it does not develop a chemical bond with the bone tissue
and the mechanical resistance thercof is essentially based on the [riction on the interface with

the prosthesis and the bone; furthermore, it cannot be absorbed.

Though biocompatible and at least partly absorbable, calcium phosphate cements instead,

reveal poor mechanical resistance.

A method for producing a biocompatible polymeric/ceramic composite matcrial with a

predetermined porosity, designed and determined previously, 1s also known, for example

from WO 02/056628.

Such method comprises a first step of preparing a suspension of a ceramic biomaterial In
water, a second step in which a compact of ccramic biomatcrial containing the desired
amount of water is obtained from this suspension and a third step of mixing such compact

with a polymeric material and/or with a liquid monomer.

The composite material obtained from the method described 1n the abovementioned patent
application, as well as other biomaterials based on polymeric matrix and particles which can
be dissolved in a stage subsequent to the preparation one, for example calcium phosphate,
combine the characteristics of biocompatibility and absorbability, [or example of calcium

phosphate, with the mechanical resistance of polymeric cement.

However, the methods for obtaining such materials are extremely complex and difficult and

they have not lead to any commercial product up to date; turthermore, though potentially
osteoinductive and osteoconductive, the polymeric/ceramic materials allow bone colonization
solely 1n the most external and surface area thereof and they are not capable of obtaining a

complete in-depth colonization of the bone.

The document n. WO 2008/037991 discloses a fluid formulation, that can polymerize or

cross-link 1n ordcer to form a solid polymer matrix, and a watcr consuming rcactive filler that
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reacts with water absorbed by the polymer matrix to produce a solid filler material dispersed

throughout the composite material. The particle size of the filler materials 1s up to 200

microns.

[t i1s known that a biomaterial of suitable porosity, when arranged in a vital bone tissue, 1s
invaded by such tissue only if the cavities have - in the biomaterial - a dimension larger than

100 microns.

On the contrary, when a non-porous biomaterial is arranged in a bone tissue, a fibrous tissue

cover, referred to as fibrous sheath, 1s gencrated at the intertace between the biomaterial and

the bone tissue.

The formation of such fibrous sheath insulates the biomaterial from the bone, prevents
integration and regeneration thereof and it 1s thus harmful, also due to the fact that in such a
manncr such sheath constitutes an interruption or discontinuity between the cement and the

bone and hinders the possibility of bearing high mechanical loads.

[n an attempt to counter the occurrence of such fibrous sheath, the most standard procedure is
that of using biomaterials which have surface cavities adapted to receive the new-formation
of the bone tissue. The newly-formed bone 1s implanted into such porosity thus improving the

adhesion between the biomaterial and the bone tissue.

The solutions used currently and described above, however, did not obtain the expected tissue
regeneration and implantation, as visiblc in figurc 1, duc to the fact that the spread porosity

does not have cavities larger than 100 microns.

For example, some materials, such as ceramic materials, due to a largely spread porosity,
conferred by large intercommunicating cavities with dimension comprised between 200 and

500 microns, are capable of obtaining the tissue regeneration inside the material but to the

detriment of mechanical resistance. Thus, the use of such biomaterials is limited to a bone
filler not subjected to direct loads. Actually, such materials are used as cramal prosthesis,
which howcver, if subjected to impacts or loads, can break without guaranteeing suitable

resistance characteristics required even in such part of the human body.

The previously described biomaterials do not meet all the requirements suitable for

supporting and possibly quickening such tissue growth.
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Thus, there arises the nced of providing a biomaterial which, alongside having good
mechanical resistance, 1s capable of allowing the regeneration of the tissue with which it is to

be interfaced, for use 1n the orthopaedic field, dental field etc. Such tissue is in particular the

bone tissue.

Actually, tissue regeneration requires a suitable support, conferred by the biomaterial, which,

as previously indicated, requires having conductive and inductive characteristics with respect

to the tissue to be regenerated.

OBJECTS OF THE INVENTION

In accordance with a general aspect, there 1s provided a composite biocompatible biomaterial
for use as a drug delivery system, a spacer or a bone substitute, comprising: a structural
matrix component comprising polymethyl methacrylate, and a soluble component comprising
tricalcium phosphate, wherein said tricalcium phosphate comprises both powder and
granules, wherein the structural matrix component includes canaliculi having a dimension of
smaller than 100 microns and partially housing the soluble component, and wherein the
structural matrix component and the soluble component compriscs a moisturc content
between 1 and 50% w/w, wherein said tricalcium phosphate powder has a dimension smaller
than 100 microns, and wherein said tricalcium phosphate powder dissolves when contacted
with a liquid to form empty spaces which constitute a porosity formed by microcavities with
dimensions smaller than 100 microns, and wherein said tricalcium phosphate granules have
dimensions between 200 and 500 microns and wherein said tricalcium phosphate granules
dissolve when contacted with a liquid to form empty spaces which constitute a porosity
formed by macrocavities with dimensions between 200 and 500 microns, to impart
mechanical support characteristics and osteoinductive and osteoconductive characteristics in

the entire volume occupied by said biomaterial.

In accordance with another aspect, there is provided a method for obtaining a biocompatible
composite material for use as a drug delivery system, a spacer or bone substitute, comprising
the following steps: providing a structural matrix component comprising polymethyl
methacrylate; providing a soluble component comprising both tricalcium phosphate powder
and granules; wherein said step of providing said soluble component comprises providing
tricalcium phosphate powder with a dimension smaller than 100 microns and providing

tricalcium phosphate granules with dimensions between 200 and 500 microns; and mixing
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said polymethyl methacrylate and said tricalcium phosphate, said tricalcium phosphate being
configured to dissolve to form empty spaces which constitute a porosity formed by
microcavities with a dimenston smaller than 100 microns and empty spaces which constitute
a porosity formed by macrocavities with dimensions between 200 and 500 microns, so as to
have mecchanical support characteristics and osteoinductive and osteoconductive
characteristics in the entire volume occupied by said biomatcrial; whercin the structural
matrix component includes canaliculi having a dimension of smaller than 100 microns and
partially housing the soluble component, and wherein the structural matrix component and

the soluble component comprises a moisture content between 1 and 50% w/w.

[n accordance with a further aspect, there is provided a composite biocompatible biomaterial
for use as a drug delivery system, a spacer or a bone substitute, comprising: a structural
matrix component consisting of polymethyl methacrylate; a soluble component consisting of
tricalcium phosphate, wherein the structural matrix component includes canaliculi having a
dimension of smaller than 100 microns and partially housing the soluble component, and
wherein the structural matrix component and the soluble component comprises a moisture
content between 1 and 30% w/w; and a radiopaque material; wherein said tricalcium
phosphate comprises both powder and granules, wherein said tricalcium phosphate powder
has a dimension smaller than 100 microns, and wherein said tricalcium phosphate powder
dissolves when contacted with a liquid to form empty spaces which constitute a porosity
formed by microcavities with dimensions smaller than 100 microns, and wherein said
tricalctum phosphate granules have dimensions between 200 and 500 microns and wherein
said tricalcium phosphate granules dissolve when contacted with a liquid to form empty
spaces which constitute a porosity tormed by macrocavities with dimensions between 200
and 500 microns, to 1mpart mechanical support characteristics and ostcoinductive and

osteoconductive characteristics in the entire volume occupied by said biomaterial.

An advantage attaincd by an embodiment of the biomaterial according to the present
nvention is that of having the possibility of being present in at least two versions: in solid
form, possibly preformed and resizable through the common orthopaedic equipments

according to the prior art, or in form of a pasty fluid, which can
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possibly be injected or applied onto the prearranged seat through known syringe,
blade means or the like. .
A further advantage lies in the possibility of applying the biomatenal according to
the present invention through the techniques of the prior art and universally known
by clinician, trained for use thereof, thus without requiring retraining the personnel
intended to use and apply such biomateral.
Another advantage lies in the possibility of obtaining the biomaterial according to
the following invention starting from commonly used materials and using
instruments and accessories commonly available for those skilled in the art.
A further advantage attained by the method for obtaining a biomaternal according to
the present invention is that of being applicable to materials available and known
by a man skilled in the art.
A further advantage of the method for obtaining a biomaterial according to the
present invention is that of having the possibility of conferring the properties
required to obtain tissue regeneration even using low cost materials, usually rarely
used in the sector.
BRIEF DESCRIPTION OF THE DRAWINGS

Thes.e and other advantages shall be clearer to those skilled in the art from the
following description and from the attached drawings, provided by way of non-
limiting example, wherein:

figure 1 illustrates a section of a bone tissue and prior art polymeric-ceramic
biomaterial in which there is the growth of a newly formed bone tissue solely in the
outer porous part;

figure 2 illustrates a section of a bone tissue and biomaterial according to

the present invention in which there is the growth of the newly formed bone tissue
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in the entire free volume of the biomaterial;

figure 3 illustrates an enlarged detail of the biomaterial according to the

present invention.

EMBODIMENTS OF THE INVENTION.
In the present disclosure, the term biomaterial is used to indicate material of any
type or origin capable of interfacing with a biological system with the aim of
increasing, treating or substituting any organ tissue or body function; the term
bioinductivity is used to indicate the capacity of the biomaterial to cause the new-
formation of the tissue with which such biomaterial 1s interfaced; the term
bioconductivity is used to indicate the capacity of the biomaterial to create a
suitable support, adapted to allow the colonisation of the progenitor cells of the
tissue with which such material is interfaced and capable of guaranteeing survival
and proliferation thereof.
The biomaterial according to the present invention is a biocompatible composite
material comprising a component adapted to form a porous structural matrix.
Such component adapted to form a porous structural matrix may comprise
polymeric components, pure metal components or made of alloy and/or ceramic
components, as long as they are biocompatible.
The component adapted to form a porous structural matrix which constitutes the
biomaterial according to the present invention determines the structural support ot
the biomaterial and confers good mechanical characteristics thereto, greater than
those of the ceramic materials and comparable to those of classic acrylic cements,
such to allow even the application of direct loads like in the case in which a
vertebral body is filled with such biomaterial, for example in the known surgical

technique called vertebroplasty. Such biomaterial is thus not fragile.
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The biomaterial according to the present invention further comprises a soluble
component.

Such soluble componeﬁt can be made up of calcium bioceramic inorganic material
such as for example tricalcium phosphate (TCP), calcium sulphate (CS) and
calcium carbonate (CC).

Such soluble component can also be made up of other inorganic salts provided with
solubility and biocompatibility such as sodium chloride, potassium chloride or
magnesium and aluminium salts. Soluble organic substances for example
polysaccharides such as lactose and carbohydrates such as amides can also be used.
Such soluble component is in form of powder and granules or other similar
agglomerates.

The soluble component in form of powder has a dimension substantially smaller
than 100 microns while the soluble component 1n form of granules or other similar
agglomerates has a dimension substantially larger than 100 microns and preferably
comprised between 200 and 500 microns.

The soluble component which forms the biomaterial according to the present
invention has the capacity, upon contact with water and/or liquids of various types
and/or biological liquids, of dissolviné and/or solubilising: it is thus eliminated
from the biomaterial, leaving the corresponding empty spaces to form a porosity 1n
form of open microcavities and macrocavities, interconnected to each other, which
make all the cavities present in the biomaterial intercommunicating.

The microcavities, originating from the dissolution of the soluble component in
form of powder, are summed with the “canaliculi”, already present m the
structural matrix, also with dimension smaller than 100 microns which converge

or are connected or joined, alongside the microcavities, with the macrocavities.
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The microcavities and canaliculi, due to the small dimension thereof, minimise
the mechanical deterioration of the biomaterial and allow the capillary invasion by

the biological fluids present in the surrounding bone tissue and the corresponding

migration of growth factors or of osteogenic factors, required for promoting bone

growth. Such factors reach up to the macrocavities, which, originated from the

soluble component in form of granules or other similar agglomerates, have a

dimension larger than 100 microns.

The macrocavities may be substantially spherical-shaped. Such macrocavities

preferably have a dimension comprised between 200 and 500 microns.

The macrocavities and microcavities are obtained from the soluble component and
substantially they have the shape of such soluble component.

Due to the porous nature thereof and the capacity of absorbing liquids through

capillarity, the biomaterial according to the present 1nvention can be

advantageously used as a drug delivery system with the aim of containing and

administering "active ingredients even serving as drugs in the place of

arrangement.

The soluble component is homogenecously distributed within the biomaterial;

analogously the porosity in form of micro and macrocavities 1s present

homogeneously over the entire mass of the biomaterial.

The biomaterial according to the present invention may possibly comprise a
moisture level variable in percentage, possibly in form of water or aqueous
solutions. Such humidity is used to determine the formation of the previously
described “canaliculi”, in the structural matrix.

The “canaliculi” can house, partly, the soluble component.

The biomaterial according to the invention can be arranged in a bone lacuna or seat
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with the aim of filling it so as to restore the structural continuity thereof. Such
structural continuity is attained due to the proliferation of a new bone tissue within
the biomaterial.

Actually, the biomaterial according to the present invention allows
uninterruptedly joining a synthetic material, like the biomaterial, and a biological
tissue. Actually, such biomaterial “merges” with the bone tissue becoming a
continuous and non-separable part thereof, eliminating the discontinuity typical of
similar products.

Experimental tests carried out by the Applicant revealed that the bone growth
within a solid biomaterial can be promoted or prevented depending on the need.

In particular, in order to promote bone regeneration, the biomaterial should meet
at least three conditions: 1) the biomaterial should be covered with open
microcavities, interconnected to each other, which make all the cavities present in
the biomaterial intercommunicating; the average dimensions of said
microcavities, usually smaller than 100 microns, should be sufficiently small to
allow filling with liquid through capillary force; 2) the biomaterial should also
contain macrocavities with dimension larger than 100 microns and substantially
spherical-shaped; 3) the biomaterial should be surrounded by living bone tissue.
On the contrary, failure to meet just one of the previously outlined requirements 1s
enough to prevent bone growth within a porous biomaterial.

The biomaterial according to the present invention meets such requirements:
actually, it has the right-sized porosity which, besides facilitating and causing
bone regeneration therein, is capable of absbrbing — through capillarity — fluids of
various types, gaseous substances and/or water or other biological liquids and/or

drugs and medicinal substances. Such biomaterial is then capable of delivering
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such substances again outside and making them available therein. Furthermore,
the fact that the soluble component in granules or other similar agglomerates, and
the ensuing macrocavities, is alternated with a soluble component in powder form,
with ensuing microcavities, allows meeting the required mechanical
characteristics bf the biomaterial Which can thus be 'subj ected to direct loads.

In the currently known materials, the macrocavities are solely present in the
peripheral zone of the material. The inner part instead contains microcavities
alone. This determines a tissue infiltration 1 of the bone 2 only at the peripheral
part of the material used which, therein, is not colonized by a new tissue, as
observable 1n figure 1.

The biomaterial 3 according to the present invention, due to the abovementioned
homogeneous distribution of the soluble component in form of powder and
oranules or similar agglomerates, instead, determines the presence of
macrocavities 4, correlated to each other and with the microcavities, both 1n the
surface and inner part of the biomaterial. Thus, the colonisation of the newly
formed bone 1 occurs on all the free zones of the biomaterial, up to the complete
integration of the bone 2 up to the centremost part of the biomaterial, as
observable in figure 2.

Figure 3 shows an enlargement of the biomaterial 3 in which the “canaliculi™ 5,
inside which there is a part of the soluble component 6, are observed.

Scientific tests show that the cells of the bone tissue colonising the biomaterial
according to the present invention, initially progenitor cells of the bone tissue or
osteoblasts, are transformed into osteocytes over time, i.e. an actual solid and
mineralised bone tissue. Thus, the bone tissue grows and matures within the

biomaterial, thus allowing the correct growth and nutrition of the cells by which it

11
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is colonised in-depth.
Furthermore, contrary to the previous belief, it was proved that the bone tissue

grows even in terms of cavities with dimension smaller than 100 microns, in casc

there are more inner macrocavities which cause proliferation thereot.

Thus, the biomaterial according to the present invention 1is 2 biocompatible
biomaterial, having osteoinductive and osteoconductive characteristics which
allow the bone regeneration of the entire free §olume occupiced by the biomaterial.
Thus the macrocavities serve as “recall” for the osteoid bone tissue, which reaches
them, migrating through the microcavities. Also the microcavities are filled with
the newly formed osteoid tissue but solely in case of presence of macrocavities: 1f
such macrocavities are absent, the osteoid tissue does not enter the microcavities.
The presence of microcavities alongside intercommunicating macrocavities 1s thus
an essential requirement to obtain the biomaterial according to the present
invention having osteoinductive and osteoconductive chracteristics.

Furthermore, the presence of such type of micro and macrocavities confers the
previously mentioned bioactivity characteristics also to a previously inert
material.

Such biomaterial can be used, for human beings and/or animals, for insertion 1n
fractured bones or that have been weakened following a disease such as
osteoporosis, or for positioning in bone lacunae generated by partial therapeutic
surgical removal of bone tissue (for example due to a tumour), with the aim of
reinforcing them, preventing or reducing further weakening of the tissue.
Actually, the biomaterial according to the present invention stimulates
osteogenesis so that the new bone is produced in the nearby areas. Such new-

formation continues up to the complete invasion of the biomaterial. Thus, such

12
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biomaterial remains firmly anchored to the pre-existent bone, thus becoming a
structural part thereof capable of bearing mechanical stresses involving the organ.
In a further embodiment, the previously described biomaterial can be added with
radiopaque materials, for example barium sulphate and/or other known radiopaque
materials.

The biomaterial according to the present invention has the double possibility of
being available in preformed solid form or fluid paste which can be injected
through standard means currently used for the known materials.

The fact that the biomaterial can be present in these two forms is conferred by the
capacity of the component adapted to constitute a porous structural matrix to be in
fluid or previously solidified form.

The component adapted to form a structural matrix in fluid form has the capacity of
solidifying within a predetermined period of time.

In the form of fluid paste, such biomaterial can thus be inserted into an extrusion
syringe or similar extrusion means and for example, positioned in a vertebra
through percutaneous means.

In the preformed solid form, which can for example be derived from a previously
solidified fluid form or from sintering the same, for example in form ot a 20x20x20
mm parallelepiped, or blocks of any other size or shape, the biomaterial can be
easily resized through common orthopaedic equipments. The obtained fragment
can be usefully arranged in a bone lacuna. The biomaterial will be colonized by the
newly formed bone tissue within a short period of time.

Thus, the biomaterial according to the present invention acquires several
therapeutic applications.

Table 1 describes an embodiment of the biomaterial according to the present

13
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invention and describes the mechanical characteristics of various materials

compared.
Table 1 |
(Glass Resistance
Resistance | Elasticity | Resistance
transition | to
Material to flexion modulus to traction |
temperature compression
(MPa) (MPa) (MPa)
TI'g (°C) (MPa)
Cortical
- 490-148 11-19 - 131-205
bone
Spongious
- - 0-32 - 2
bone
Porous
- 1-2 8 - 10-15
ceramic
Porous
PMMA
110 17 1,17 . 36
with TCP |
granules | |
PMMA 110 70 | 3 50 100
316 steel - 280 200 515 -

The method for obtaining the biocompatible composite material according to the
present invention, useable as bone substitute, such as for example for filling bone
lacunae or for substituting damaged parts of bone tissue, or for fixing prosthesis of

various types, or for thickening bones weakened by illness such as osteoporosis or
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the like, comprises the steps of obtaining a component adapted to form a porous
structural matrix and provision of a soluble component in form of powder and
granules or other similar agglomerates.

This step of obtaining the component adapted to form a porous structural matrix 1s
attained by providing one or more components selected from the group comprising:
polymeric components, and/or pure metal components and/or 1n alloys, and/or
ceramic components.

The abovementioned step of obtaining the soluble component is attained by
providing a material in form of powder with dimension smaller than 100 microns
and in form of granules or other similar agglomerates with dimension larger than
100 microns and preferably with dimension comprised between 200 and 500
microns. \ -
The method according to the present invention comprising a step of mixing the
component adapted to form a porous structural matrix and the soluble component.
The method according to the present invention comprising a step of thermal
polymerisation or solidification or thermal sintering of the biomaterial.

In an embodiment, the step of obtaining the component adapted to form a
preformed structural matrix is attained by providing a polymeric and/or metal
and/or ceramic component and a step for thermal sintering the same.

In an example, such embodiment provides for the provision of the component
adapted to form a structural matrix, in form of polymer, and/or ceramic, and/or
metal, in powder form having suitable grain size, the addition of said component
adapted to form a structural matrix with a soluble component in form of soluble
salts, such as soluble ceramics in form of powder and granules, and, possibly, with

accessory substances serving as expanding agents, for example an expanding
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material.

Such method further comprises the steps of transferring the entire assembly into a
heating chamber; closing and pressurizing the heating chamber; melting, due to the
high temperature and to the high pressure, at least at the interface, the particles of
material of said component adapted to form a structural matrix, expanding the
expanding maferial, producing a weft/mesh of thin intercommunicating canaliculi
in the component adapted to form a structural matrix.

Such method further comprises a step of entrapping the single particles of soluble
ceramic in powder and granular form in the component adapted to form a structural
matrix, and interconnection thereof by the weft/mesh of canaliculi produced by the
expansion of the expanding material.

In a further embodiment, the biomaterial in fluid form should be prepared by the
clinician immediately before use on the patient

In an example, such embodiment provides for a step of joining a solid component
in powder form with a component liquid preserved separately and hermetically.
The component in powder form (for example 100g) comprises: a component
adapted to form a porous structural matrix, for example an acrylic polymer, at a
concentration of 100% w/w and a soluble component in powder and granular form,
for example beta TCP, at a concentration variable between 1 —50% w/w.

Such component in powder form should be preserved with a moisture content
variable between 1 and 50% w/w.

The liquid component (for example 50g) comprises an acrylic monomer such as
methylmethacrylate, at a concentration of 97-99% w/w and an accelerator such as
N-N dimethyl-p-toluidine, at a concentration variable between 1-3% w/w.

The two components, in powder and liquid form, are intimately mixed and the

16

PCT/IB2010/055815



10

13

20

29

WO 2012/080782

CA 02817817 2013-05-13

resulting fluid paste should be applied during surgery. After a few minutes, the
paste becomes solid.

In this case, the soluble component is dissolved upon contact with the biological
fluids with which it comes to contact during surgery.

The method according to the present invention further comprises a step of
providing porosity obtained according to the steps of provision of a soluble
component, positioning the biomaterial at contact with biological liquids and/or
water, dissolution and/or solubilisation of the soluble component, elimination of
the dissolved soluble component with ensuing provision of empty spaces which
form microcavities and macrocavities.

The dissolution of the soluble component is determined by water or liquids of
various types or by biological fluids.

The method, in a further version, comprises a step of adding radiopaque maternials -
for example barium sulphate and/or other known radiopaque materials - to the
biomaterial according to the present invention.

The method, in a version of an embodiment, comprising a step of adding chemical
active ingredients, possibly with drug function, to the biomaterial.

This addition step, in the step of an embodiment, comprises a step of introducing
the active ingredients in solid powder form to be added to the component in powder
form before mixing with the liquid component, for providing a biomaterial in tluid
form.

In a further embodiment step, this addition step comprises a step of introducing
said active ingredients in aqueous solution state to be mixed with the preformed
biomaterial due to the porous nature and capacity thereof to absorb liquids through

capillarity.
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In an embodiment of the method for obtaining the biomaterial according to the
present invention, there is comprised a step of extruding the biomaterial through
extrusion means of the known type, such as for example a syringe, and subsequent
solidifying of the biomaterial which assumes, in such a manner, the characteristics
of a structural matrix with the desired support capacity.

In an alternative embodiment, the method according to the invention comprises a
step of obtaining a preform through thermal solidification or thermal sintering of
the biomaterial so as to obtain a compact biocompatible composite material having
a preformed shape.

Such preformed shape can be a cube, a plate or any other shape useable for
replacing the damaged bone tissue or for the introduction of the same into a bone
lacuna. |
Such method can further comprise a step of resizing the biomaterial of preformed
shape through the common instruments used in orthopaedics.

Such steps can also be present at an order different from the one indicated above
and they can be present, contingently, wholly or partly, with respect to the various

embodiments described above.
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CLAIMS:

L. A composite biocompatible biomaterial for use as a drug delivery system, a spacer or
a bone substitute, comprising:

a structural matrix component comprising polymethyl methacrylate, and a soluble
component comprising tricalcium phosphate, wherein said tricalcium phosphate comprises
both powder and granules, wherein the structural matrix component includes canalicul
having a dimension of smaller than 100 microns and partially housing the soluble component,

and wherein the structural matrix component and the soluble component comprises a

moisture content between 1 and 50% w/w,

wherein said tricalcium phosphate powder has a dimension smaller than 100 microns,
and wherein said tricalcium phosphate powder dissolves when contacted with a liquid to lorm
empty spaces which constitute a porosity formed by microcavities with dimensions smaller
than 100 microns, and

wherein said tricalcium phosphate granules have dimensions between 200 and 500
microns and wherein said tricalcium phosphate granules dissolve when contacted with a
liguid to form empty spaces which constitute a porosity formed by macrocavities with
dimensions between 200 and 500 microns, to impart mechanical support characteristics and
osteoinductive and ostcoconductive characteristics in the entire volume occupied by said

biomaterial.

2. The biomaterial according to claim 1, wherein said structural matrix component

further comprises one or more components selected from the group comprising: polymeric

components, pure metal components, alloys and ceramic components.

3. The biomaterial according to claim [, wherein said soluble component further
comprises at least one of a calcium biloceramic inorganic material, inorganic salts provided

with solubility and biocompatibility, or soluble organic substances.

4, The biomaterial according to claim 1, wherein said macrocavities are spherical-
shaped.
J. The btomaterial according to claim 1, wherein said biomaterial turther comprises

radiopaque materials, comprising barium sulphate or other radiopaque materials.
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0. The biomaterial according to claim 1, wherein said structural matrix component 1s in

fluid or solid form.

7. The biomaterial according to claim 6, wherein said biomaterial comprising said

structural matrix component in fluid form 1s injectable.

8. The biomaterial according to claim 6, wherein said biomaterial comprising said

structural matrix component in solid form has a prcformed shape.

9. A method for obtaining a biocompatible composite material for use as a drug delivery
system, a spacer or bone substitute, comprising the lollowing steps:
providing a structural matrix component comprising polymethyl methacrylate;
providing a solublc component comprising both tricalcium phosphate powder and

granules;

wherein said step of providing said soluble component comprises

nroviding tricalcium phosphate powder with a dimension smaller than 100 microns
and providing tricalcium phosphate granules with dimensions between 200 and 500 microns;
and

mixing said polymethyl methacrylate and said tricalcium phosphate, said tricalcium
phosphate being configured to dissolve to form empty spaces which constitute a porosity
formed by microcavities with a dimension smaller than 100 microns and

empty spaces which constitutc a porosity formed by macrocavities with dimensions
between 200 and 500 microns, so as to have mechanical support characteristics and
osteoinductive and osteoconductive characteristics in the entire volume occupied by said
biomaterial;

wherein the structural matrix component includes canalicult having a dimension of
smaller than 100 microns and partially housing the soluble component, and wherein the
structural matrix component and the soluble component comprises a moisture content

between | and 50% w/w.

1 0. The method according to claim 9, wherein said step of providing said structural

matrix component further comprises providing one or more components selected from the
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oroup comprising: polymeric components, pure metal components, alloys, and ceramic

components.

[1.  The method according to claim 9, wherein said soluble component in the form of
powder and granules further at least one of a calcium bioccramic inorganic material,

inorganic salts with solubility and biocompatibility, or soluble organic substances.

2. The method according to claim 9, further comprising a step of thermal polymerisation

or solidification or thermal sintering of said biomaterial.

13.  The method according to claim 9, further comprising a step of adding radiopaque

materials to said biomaterial.

14.  The method according to claim 9, further comprising a step of adding chemical active

ingredients comprising drugs to said biomaterial.

5.  The method according to claim 14, wherein said adding step comprises introducing

said active ingredients in solid powder form.

16. The method according to claim 14, wherein said adding step comprises introducing

said active ingredients in aqueous solution.

7.  The biomaterial of claim 3, further comprising polysaccharides comprising lactose,

and carbohydrates comprising amidcs.

18.  The method of claim [1, further comprising polysaccharides comprising lactose, and

carbohydrates comprising amides.

19, A composite biocompatible biomaterial for use as a drug delivery system, a spacer or
a bone substitute, comprising:

a structural matrix component consisting of polymethyl methacrylate;

a soluble component consisting of tricalcium phosphate, wherein the structural matrix
component includes canaliculi having a dimension of smaller than 100 microns and partially

housing the soluble component, and
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wherein the structural matrix component and the soluble component comprises a
moisture content between 1 and 50% w/w; and a radiopaque material; wherein said tricalcium
phosphate comprises both powder and granules, wherein said tricalcium phosphate powder
has a dimension smaller than 100 microns, and wherein said tricalcium phosphate powder
dissolves when contacted with a liquid to form empty spaces which constitute a porosity
formed by microcavities with dimensions smaller than 100 microns, and whercin said
tricalcium phosphate granules have dimensions between 200 and 500 microns and wherein
said tricalcium phosphate granules dissolve when contacted with a liquid to form empty
spaces which constitute a porosity formed by macrocavities with dimensions between 200
and 500 microns, to impart mechanical support characteristics and osteoinductive and

osteoconductive characteristics in the entire volume occupied by said biomatcerial.

20. The composite biocompatible biomaterial of claim 19, further comprising at least one

chemically active ingredient.
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