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Biologically degradable composite material

Field of the invention

The invention relates to a bivlogically degradable composite material and to & process for the
preparation thersof. The biologically degradaide composite material according to the
invention is preferably a bone reconstruction material which can be used in the fisld of
regenerstive medicine, especially as a temporary bone detect filler for bons regeneration.

Prior art

Bone defects and the freatment thereof have baen known for a long time. For example, bone
defects can arise iy the case of fraumatic svents (fractures). In sddition, bone defects can
also be hrought about by diseases, Tor example tumowrs, osteolysis caused by osteoporosis
or by absence of load, such as in the case of alveclar ridge atrophy. In all those cases,
osseous defects are present which must be treated by regenerative measures.

The reservoir of andogenous (autogenous) bons suitable for fransplantation is very limiled:
rernioval of bone for reconstruction at another site can be sffected in the region of the illse
crest, in the chin or the angle of the jaw, at the head of the tibla or by removal at a rib or at
the fibula. In addition o the limited availability, the removal of autogenous bone is associated
with considerable risks for the patient, such as further surgery for bone removal and the
possibility of conssguent discamfor at the removal site.

In addition to the removal of autogenous bone, mention should be made of donor bones
{(allogenic bones, allografts) from human donors. Such bones are processed using laborious
cheamical methods in order 1o ramove all allergenic foreign material from the bons. In addition
10 the risks of rejection reactions, mention should also be made of the difference in the bone
mineral according to the age and fifestyle of the donors, which does not guaranise a
reproducibla therapsutic outcome even after an absolutely reproducible preparation process.
This is described in the publication GRYNPAS, "Age and dissaseusiated changes in the
mineral phase of bong”, Calolf. Tissue Inl. 1993 53 (1), 5784,

As a further possible method of replacing autogenous bone, various aftempts have been
made to process mammalian bones i such a way that all the organic material is removed. In
these cases too, there is still a residual nisk of immune respense and sgually the possibility
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that diseases will cross the species barnier. Nowadays sophisticated technologies are used
to minimise such risks in the case of so-called xenogenic bone replacement materials.

fn adidition {o the risks mentionsd, many matenals of biclogical origin alse have a problem in
respect of X-ray opacity: the therapist may find it very difficull to distinguish the bone
fransplants from the heslthy csseous snvironment in an X-ray image and accordingly may
not siways be able fo check satisfactonily thal defect filling bas been successful and complate
and to monitor the progress of healing. EF 0 833 373 therefore proposes a bone implant
consisting of demineralised and partially demineralised bone particles which 5 provided with
& radio~opaques marker.

The development of alternative biomaterials requires knowledge of the metabolism and of
natural bone reconstruction and degradation processes. Bone is constantly being formed by
osteoblasts and resorbed by ostsoclasts. The degradation of 3 biomateria! {akes place both
by cellutar absorption and by hydrolytic degradation.

Signal proteins, which are secrsted by mammalian cells in order {o influence neighbouring
cells, were identiied in the 1880s (Urist, Marshall R {1985}, "Bone: formation by auto-
induction”. Science 12150 {(668) BO3-888). They act pstepinductively, that is to say they are
able to induce bone growth. These so-called Bone Morphogenetic Proteine (BMPs) and
varfous growth faclors, such as Transforming Growth Factor Beta (TGF-B), Insulin-Like
Growth Factor (GF) and other cylokines resudt in highly sccslerated bone growth. Efforts are
baing made to produce these profeins using recombinant biotechnology in order not to
astract them from the bones of other body parts of mammals. In order o achieve retgrdsd
release of the materials, matrices are provided, on of in which the cytokines are ismobilissd.
Such malrices can be. for example, bong reconstruction malerizls, bicceramics, organic
polymers and also collagen or gelating

As 8 result of the above-mentioned multiplicity of problems associsted with the use of
autogenous bone, donor bone or xenogenic bong, research into allematives in the form of
synthetic biomaterials able to replace or supplement the use of natural bone materials was
bagun at an garly stage.

In the case of syntheatic biomalerials, 3 distinchion is drawn betwsen bone replacement and
hone reconstruction materials, Bone replacement material is not absorbable or is only very
stightly sbsorbable and, once healing is complete, forms a bonglbone replacement material
construct in the defect. In contrast, bone rsconstruction materials are fully absorbable and
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are replaced aver the course of fime by endogenous local bone. Synthetic bone replacement
or bone reconsiruction materials consist, for example, of calcium phosphates that have been
sintered or precipitated from solution, for example hydroxyapatite (HA, Ca(FQO{0OM):) o
bata-tricalcium phosphate (B-TCR, Cax(PO4):); bloceramics, such as bioglass or glass
caramics; or binlogically degradable plastics, Typical bone replacement materials consist, for

absorbable glass ceramics o biclogically degradable plastics such as polyesters,

The regeneration polential of 8 bone reconstruction medium is to a substantial exient
determined by the specific morphology of its porosity. Pores and cavities are impertant for
penstration by blood and bodily fluids, for providing nutrients to the cells and for the treak-
up/degradation of the material. While an interconnecting micropore network primarily ensures
the biocompatibility of the material, interconnecting macropores in 3 size range of from 100
to 500 um primarily promiote psseous growth through the materigl. Both in composits
materials and in loose granules, the intergranular spaces should likewise be undarstood as
being pores when their refation 0 bone ingrowth behaviour is being describad.

Particle size and particle morphology are also essential to the regeneration potential of a
bong reconstruction medium. Small particles lead to inflammatory, aseptic inflammation
reactions. For example, it has long been known that abrasion, especially of the joint surfaces
af artificial joints. leads fo inflammatory resctions brought about by the phagooytic removal of
particles by giant foreign-body-scavenging cells (macrophages). This process, Known 3g
phagocyiosis, can be desoribed in simple terms as incorporation of the particles by or inle a
macrophage and subseguent removal thereof. Macrophagooytosis is the subject of numeral
investigations. GONZALEZ ot ol (O. Gonzalez, RL. Bmith, §.8. Goodman, "Effect of size,
concentration, surface area and volume of polymethyimethacrylate particles on human
macrophages in vitrd”, Jowrnal of Biomedics! Materials Ressarch 1888 (30), 463-473) report
on phagooytable (0.325 um and 5.5 ym) and non-phagocytable (200 um) particles. PETERS
et al, in connection with biomaterials composed of beta-tricaicium phosphate, writs that the
average particle size should be in the rangs of greater than or egual 1o 7-10 um in order 1o
avold phagocytosis phenomena (F. Peters, D Reif, "Functional Materials for Bone
Reganeration from Beta-Tricalclum FPhosphaie”, Mat-wiss. u. Werkstofftech. 2004, 33 (4},
203207,

Further important properties of bone reconstruction media are, for example, biccompatibility,
stability, especially mechanical strength, absorbability, total porosity, adaptability to the bane
detect, and sage of handling for the attending physician,
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the compatibility of the synthetic material with human tissus. A large number of factors day a
role in biccompatibility. For exampls, the nature of the surface of a hone reconstruction
madium ia just as important to biocompatibility as its overall design (for example particle sizs,
particle morphology, total perosity, and the morphology of the infer- and intra-granular
porosity, that is to say pore size distribution and interconnection of the pores within and
between the individual granular particles of a bone reconstruction medium) and chemical
composition. In order that the endogencus defence cells do not identify the materials as
foreign bodies it is essential thaf the bone reconstruction medium match the bone tissus o
be replaced in terms of physical and chemical characteristics. A bone reconstiuction medium
will, however, always behave like & foreigh body, as it in after all not an endogenous
componant,

To ncrease the biocompatibility it has been proposad, for example, to add collagen to the
synthetic biomaterials, because in that way it s possible to obtain a bone analogue, on the
assumption that bone consists of about 30 % collagen of type 1 and 70 % calcium-deficient
carbonate apatite, Collagen is bivcompatible and forms a preferred matrix for the adhesion of
bons-forming cells {osteoblasts). Collagen of type 1 i the most common modification and is
generally used in the fisld of regensrative medicineg and in fissug engineering. Collagen can
be extracted from human or animal tissue, for example skin or tendons. Qrgano-inorganic
composites composed of collagen and calcium phosphates ¢an be oblained by in vilro
rineralisation or by conventional mixing and freeze-drying processes.

For example, collagen in 4 composite with hydroxyapatite has been desaribed (Radrigues et
al., Characterization of a bovine collagen-hydroxyapatite composite scafiold for bone tissue
sngineering, Biomaterials 24, 2003, 40874097}, The surface of the composite has Arg-Gly-
Asp (RGL) protein sequences, which has 8 posifive effect on the interaction of the
osteoblast-specific integring with the substrate surface. Composite matetials composed of
collagen and hydroxyapatite as well as various preparation methods are also described in
the publication Wahl und Czernuska (Collagen-Hydroxyapatite Composttes for Mard Tissue
Repair, European Cells and Matsrials, 11, 2008, 43.56).

To increase mechanical strength, EP 1413 321 proposes the use of a glass ceramics,
especially calcium alkall orthophosphate glass ceramics, for sxample having the chemical
compesition Ca:KNa(PQs): The material can alse be doped with silicate and, in addition {o
having increased mechanical stability, exhibits increased bicactivity and long shsorption
times.
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their overall design and/or thelr chemical composition are known. For example, bone
replacement or bone reconstruction materials are described in EP 0267824, DE 288223685,
OF 3717818, WO  2004/112885, EP 1413323 EP 08941130, WO 2008/00445,
UG 2003/008238, EF 0184483, US 4785487, EF 0243178, BEP 0884745, DE 3414824,
DE 4222763, DE 3784646, US BO71.438, EF (308241, BEP (388253 EP 1891984,
WO 08/22154, EP 1150726, EP 1270025, US 2005/0158820, US 7,189,263, WQ 02/22045,
DE 102008028000, WO 03/022318, US 2008/0187571, WO 2006/031186, US 7.544 212,
WO 2005/051447, WO 2006/005154.  US  2008/0172018. WO (03/071881,
DE 102005034421, US 2002/0133238 and EP 0302847,

The use of bivlogically active compounds in synthetic biomatsrials has aiso already been
proposed. For example, bone replacement or bone resonstruction materials in conjunction
with osteogenic proteins, growth factors, antibictics and further bivlogically active compounds
have been described,. for example, in WO B85/08787, WO 89/08788, DE 59403430, WO
DRO51448, WO 98/38202, EP 1372748 and ER 1718531

Despite the large number of known and commercially available bone replacemeant and bone
reconstruction materials, the treatment of osseosus defects in the fisld of orthopasdic surgery
and squally of defects in the oral or maxiliofacial region remaing a great chatlengs for the
therapist. The reason for this is that, until now, there has been no material available that
matches the physical and chemical charasteristics of bone tissus in an oplimum way and at
the same time has the desired mechanical strength, absorbability, adaptability to the bone
defact and sase of handling for the attending physician.

A disadvantage of the bone replacement and bone reconstruction materials known hitherto is
that they are frequently optinmised in only one of the desired properties. For example, the
absorbability, adaptaisiity fo the bone defect and ease of handling for the aftending physician
in the case of bone replasemsnt and bone reconstruction materials having goeod mechanical
strangth is generally limted,

A further problem of known bone replacement and bone reconstruction matenals is their low
Reray vpacity, with the result that the success of the treatment cannot be monitored.

The morphology of the pores and the particle size of the bone replacement and bone
reconstruction materials known hithero can alse give fise to problems. For example, bone
cannot fully grow through bone replacement and bone reconstruction materials having pores
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that are foo long and winding. Excessively long interconnecting macroporous systems also
harbour the risk of germs being able to lodge in the closed ends of the macroporous systems
where they svade systemic treatment with antibiotics, as described, for exampls, by PALM
{(Palm, F. "Cerasorh M - 8 new synthelic purs-phass B-TOPR seramic in oral and maxitiofacial
surgery”, Implants 2008, 3 (Sept)). Furthermore, bone replacement and bone reconstruction
materials having particles that are too small or that disintegrate into small particles during
absorption or as a result of abrasion can provoke nflammatory reactions, Since bone
replacement and bone reconstruction materials, being novendogensus tissue, always
behave like a foreign body, the occurrence of inflammatory, aseptic inflammation reactions
remains 8 common problem fo be observed when bone replacement and bone
reconstruction materials are ysed. ’

WO 03082385 relates lo degradable porous composite material for filling bone defects,
sontaining twe inorganic componants of different density and one organic component,

The aim of the present invention was the provision of a new bivlogically degradable
camposite matenial, especially 8 bone reconstruction material, having improved properties in
somparison with the prior art, such as, for example, reduced occurrence of foreign body
reactions through prevention of phagocytosis, higher X-ray opacity and belter sase of
handling and adaptability to the bone defect.

Pescription of the invention

The invention relates to a biclogically degradable composite material, sspecially 8 bone
reconstruction material, having improved properties.

For that purpose, the present invention provides a bivlogically deygradable composite material
socording o claim 1, characterised i that the composite material gontains gt least an
inorganic component (@) an inorganic component (b); and af least one organic component
{¢}; wherain the dengities of the inorganic component {a) and of the inprganic component (b
ars different.

A bivlogically degradable composite material for bons reconstruction or teplacemsnt having
an opsn-porous base structure is provided, characterised in that the composite materisl
cantaing at least an inorganic component (a); an inorganic component {B); and at least one
prganic component (¢); wherain the inorganic component (8} 15 & granular material and sach
granule has an intragranular porosity of 30-40 % by volime, hased on the volume of the
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granule; the inorganic component (b} is a granular matenial and each granule has an
intragranular porosity of 60-70 % by volume, based on the volume of the granule; and the
densities of the inorganic compenent (ay and the inorganic component (b} are different.

The term "biclogically degradable” means that the composile material can be degraded by
cellular absorption andior hydrolylic degradation in a patient's body.

The term “inorganic component’, as used herein, means a biocompatible inorganic material
suitable as 8 bone replacement or bone rsconstruction material. Such materials are known in
the prior art and include, for example, bipcaramics, especially calclum phosphate ceramios,
binglass containing SiK, NauQ, KO, Ca0 and/or P:Os, glass ceramics, or mixures thereof,

a biocompatible organic material that can be ussed in bone replacement or bone
reconstruction matenal. Such compounds or materials are known in the prior ant and include,
for example, biologically degradable plastics, such as polyester, polymers of lactic scid or
glycolic scid, gelatin, collagen, glycosamineglycan, hyaluronan, sodium hyaluronate, calcium
hyaluronate, methyl celiviose, sthyl cellulose, propyt celluloss, hydroxypropy! cellulose,
hydroxyathyl celiulose, starch, dexiran, hydroxyethy! starch, alginate, polysthylene glyeel,
atbumin, chitosan, polvpeptides, proteins and antibiotics.

Preferably, the biologically degradable composite materiyl i characterised it that the
ingrganic component (a) is present in an amount of 2-20% by weight, based on the
composite materiall the inorganic component {b) i pressnt i an amount of 8078 % by
waight, bassd on the composite material, and the organic compoenent (¢) is prasent in an
amount of 10-20 % by weight. based on the compaosite material, with the provise that the
total amount of the components contained in the composite material is not more than 100 %
by weight.

The bivlogically degradable composite material can also be characterized in that the density
of the inorganic component (%) is approximately 0.8-1.5g/om’ and the density of the
inorganic component (b is approximately 0.5-0.8 g/om®, with the proviso that the density of
the inorganic componsnt (b} 5 less than that of the inorganic component (g} and the
difference in density is at least 0.1 glem®.

The biologically degradable composite material can also be characierised in that the bulk
density of the inorganic component (3] is approximately 0.8-1.5 g/am® and the bulk density of
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the Inorganic component (b) is approximately 0.5-0.9 g/om®, with the proviso that the bulk
density of the inorganic component (k) is less than that of the inorganic component (a) and
the difference in density is at least 0.1 gfon®.

The difference in density is the difference betwesn the densities of the inorganic compansnt
{a) and the inorganic somponent {b) (difference in density = [density of the inorganic
camponeant (a)] - [densily of the inorganic component (B)]}.

The biologically degradable composite material can addiionally contain an inorganic
somponent {d), Preferably, such a composite matenial is characterised in that the inorganic
gsomponent (3) Is present in an amourt of 2-30 % by weight, based on the composite
material; the inorganic component (b} is present in an amount of 80-78 % by weight, based
on the compostte material; the inorganic component (d) is present in an amount of 0.1-28 %
by weight, based on the composite material, and the organic somponent (¢} is presant in an
amount of 10-20 % by weight, bassd on the composite material, with the proviso that the
total amount of the components contained in the composite material is not more than 100 %
by weight. Preferably. the bivlogically degradable composite material can be characterised in
that the inorganic component (a) and/or the inorganic componant (b and/or, ¥ present, the
inorganic component {d) contain{s) micropores and/or mesopores  and/or macropores,
According to the invantion, pores <10 um are micropores, pores of 10-50 um are mesopores
and pores >50 um are macropwes. Proferably, the mistopores, mesopores andior
macropores can intsreonnect. More preferably, the micropores form an inferconnecting
network inte which discrete mesopores and macropores have been intraduced in
homagsneous distribution,

More praferably, the biclogically degradable composite material can be charactensed in that
the porosity of the inorganic component {8), of the inorganic component (b} andior i present,
of the inorganic component () s 20-85 % by volume, in each case based on the tolal
volume of the inorganic component.

The biclogically degradable composite material is further characterised in that the ihorganic
componsnt (&), the inorganic compansnt (B and, if prasent, the inorganic component (d) is a
granular material containing biclogically active, polygonsl, rounded particles which consist of
calcium phosphate andfor sodium-containing and/or potassium-containing andfor caleium-
containing and/or silicate-containing acidic andfor neutral and/or alkaline bloglass, glass
geramics or mixdures thereof.
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Preferably, the biologically degradable composite material can also be characterised in that
the inorganic component () andfor the inorganic component {b) andfor, f present, the
norganic component (d) is a granular malerial containing biclogically active, polvgonal,
rounded particles which consist of calcium phosphate having from D {0 25 % by weight of a
siticate glass additive, based on the calcium phosphate, without there being any change in
the crystalling structure of the calcium phosphate orystal lattice, the calcium phosphate being
selected from befadricaloium phosphate, preferably pure-phase B-tricalcium phosphate
having from 0 to 15% by weight of a sodium nmagnesium silicate glass additive,
monocalcium  phosphate  monehydrate, anhydrous monocalcium  phosphate,  dicalcium
phosphats dihydrate, anhydrous dicsicium phosphate, B-incalcium phosphate, tetracsicium
phosphate, whitlockite, octacalcium phosphate, hydroxyapatife, oxyapstite, carbonate apatite
of type A, carbonate apatite of type B, calclumedeficient hydroxyapatite, amorphous calcium
phosphate, amorphous  carbonate-containing calclum phosphate,  calcium  slkall
orthophosphats glass ceramics, or mixtures thereof.

Furthermore, the biologivally degradable composite material can preferably be characterised
in that the inorganic component {(a) is a granular material having parlicles of » size of 1000~
2000 um, the inorganic somponent (b} is 8 granular material having particles of a size of 150-
500 wim, and, if present, the noganic component (d) is a granular matenal having particles of
a size of 150500 um and a total porosity of approximately 50-80 % by volums, hased on the
parosity of the inorganic companent (&) or (b).

The total porosity denotes the sum of all pores present The porosity is divided into
intragranular porosity {that s o say the pores contained in & single granule of one of the
inorganic componants {2}, (b) or {d) and the intergranulgr porosity (that is to say the pores
formed by the interstices between the granules of the inorganic component in guestion), The
total porosity is determined on the basls of the bulk and tamped densities of the granules of
the inorganic component in question. The bulk density {weight/volume) of the inorganic
component in question is delermined by filling a measuring cylindsr with the inorganic
component up o 3 fixed volume (volume) and determining the weight of the inorganic
component by weighing. The material is then tamped by means of 500 strokes of a tamping
volumetar and the wolume n the measuring oylinder s measured again, the density
ascartained  {weight/ivoluime) gives the tamped density. Tamping volumelsrs are
commercially avallable, for example tamping volumester SVMEZ from Erweka The
determination of the tamped volume s carried out in accordance with the European
Pharmacoposia, Ph. Eur 4, 2002; Chapter 2.9.15 Bulk and tamped densities.
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Preferably, the bivlogically degradable composite material can be characterised in that the
inorganic component (a) is a granular material having particles of a size of 150-500 pm and a
density of 0.8-1.5 g/em®, and the inorganic component (b) is a granular material having
particles of a size of 1000-2000 um and a density of 0.6-0.8 g/om?.

Granular inorganic biomaterials are usually available in various particle size ranges. Particles
of a specific particle size (granule diamster) are obtainable, for example, by comminution of
relatively farge broken fragments of biocaramics and subsequent separation by sleving using
8 sieve cascade. For sieving, commercial sieving machines, for example the Fritsch
Analysette 3 vibrating sieving machine, are available. Granular materials having particles of 8
specific size (particle size} can be oblained by using suitable test sieves (according to
DING187) of defined mesh sizes (mean value), for example 0.15 mm, 0.25 mm, 0.5 mm,
1 ram, 2 mo, 4 mm. For example, particles of a size of 150-800 um can be obtained by first
sieving the bioceramics with a test sieve of mesh size 0.5 mm (500 um) and then sieving the
material that has passed through the sieve (particles < 500 um) with 3 test sieve of mesh
size 0,16 mm (180 um), the retained material (residue on the sieve) being particles having a
size of 150-500 ym, while the parficles that have passed through the sieve have a size of
< 150 um. Afler sieving, the individual fractions are weighad and their distribution thus
determined.

The inorganic component (8} has an intragranular porosity {that is {o say the sum of all
micropores, mesopores andfor macropores contained in @ single granule (particle)) of 30-
40 % by volume, praferably 35 % by volume, based on the volume of 8 single particie of the
inarganic component.

Preferably, the inorganic componsnt (b} has an intragranulsr porosity of 80-70 % by volume,

component.

Preferably, the biclogically degradalie composite material can be characterised in that the
inorganic component (a), {b) and, if present, (d) is a granular material the primary particies of
which have a d50 value of at least 10 um, The d80 value is delerminsd by laser light
scattering. For that purpose corresponding produsts are commercially available, far example
the Fritach Analysetie 22 laser parlicle sizer having a NeNe laser (wavelength 8328 nm,
taser output 4 myWV, faser class 1B}, the particle size distribution is calculated in accordance
with the Fraunhofer ar Mis theory.
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“Primary parlicles” are understood to be the starting particles of the inorganic componeant
which are aggregated by sintering to form granules; the granules are an agglomerale of the
primary partivles in which the primary particles are iy banded B one ancther,

The particls size of 8 granule {a particls of the granular material) of the inorganic component
{2}, of the inorganic component (b) and of the inorganic compaonent {d) can be 150-4000 pm.
Preferably, the granular material of the inorganic components (&), (b} and, i present, (d) can
be composed of sintered primary padicles that are <83 um. According to the invention, the
use of primary particles of <83 um and a 450 value of af least 10 um is preferred.

Preferably, the biclogically degradable composite material can be charactensed in that the
inorganic components (8), (0 and, if present, {d) are In each case a granular material
composad of pure-phase beta-dricalcium phosphale having from O 1o 15 % by weight of &
sodium magnesium silicate glass additive, based on the belaricalaium phosphate, or from 0
to 100 % by weight of a calcium alkali orthophosphate glsss caramics additive, espacially
CakKNa{PO., based on the belatricalcium phosphats,

Especially preferably, the biclogically degradable composite malerial can be characterised in
that the inorganic componenis {8}, (b) and, § present, {d) are in sach case a granular
material composed of pure-phase beta-tncaldum phosphate having from O to 15 % by weight

granular materis! composad of caiclum atkall orthophosphate glass ceramics, having from 3
1o 15 % by weight of a sodium magnesium silicate glass additive (based on the caleium alkali
arthophosphate glass ceramics), especially Bidoped CaKNa(FQ4)s.

A granular matstial composed of pure-phase beats-ticslcium phosphate having rom 0 {o
15 % by weight of 2 sodium magnesium silicate glass additive, based on the betatricalcium
phosphats, can be prepared as described balow for constituent M.

A granutar material composed of calcium alkali orthophosphate glass ceramics having from 1
to 15 % by weight, preferably from 1 1o 5 % by weight, of a sodium magnesium silicate glass
sdditive (based on the oalcium alkal orthophosphate glass ceramics) can be prepared as
described below for constituent N

Furthermore, the biologically degradable compaosite material is characterised in that the at
east one organic component (o) s selected from gelatin, collagen, glvcosaminoglyean,
hyaluronan, sodium hyshuronate, calcium hyaluronate, methyl cellulose, ethyl cellulose,
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propyl  cellulose, hydroxypropyl  cellulose, hydroxysthyl  cellulose,  starch,  dextran,
hydroxysthyl starch, alginaie, polyethylene glyool, albumin, chitosan, organically processed
or demineraglised allogenic or xenogenic bone, synthetic polypeplide, parathormons,
psteogenic protein, or a combination thereof.

Preferably, the biologically degradable composite material can be characterised in that the
collagen of the af least one organic component {¢) is & native and/or renatured collagen.

Furthermore, the biclogically degradable composite material can praferably be characterised
in that the collagen of the at least one srganic component (o) is of animal origin, preferably of
porcing or boving origin,

Prefarably, the biclogically degradable composite material can be characterised in that the
collagen of the at least one organic component (c} is a collagen of type § l or BL or &
cambination thereof.

Furthermors, the biologically degradable composite material can be characterised in that the
osteogenic protein of the at least one organic componeant (¢} is selected from OP-1, OP-2,
QP-3, BMP2, BMPS, BMP4, BMPS, BMPS. BMPS BMP1D. BMP11, BMP1Z BMPI4
BMP15, BMP16, IGF, TGF, PDGF, GDF1, GDF3, GDF5. GDFs, GDF7, GLDF8, GDFS,
GDF1G, GDF1Y, or a combination thereof.

Praferably, the biclogically degradabls composite material can be characterised in that the at
least one organic component {¢} encapsulates the notganic components (&), (b} and, &
present. {d) and/or is contained i, and plugs, the pores of the inorganic components (a), (b}
and, i present, {d).

Furthermore, the biclogically degradable composite material can be characterised in that the
at laast one organic component (¢} and the Inorganic components (a), (b) and, i present, ()
are cross-inked.

The biclegically dagradable composite material can also be charasterised in that i contains
as additives further components, comprising ) an agusous solution of a hydrogsl-forming
substance, the hydrogel-forming substance being selected from maodified cellulose, starch,
methyl celiulose, carboxymethyl ceflulose. hydroxymethyl cellulose, dextran, hysluronic acid,
sodium hyaluranate. poivethylens glycol, or a combination thereof, andior (i) at least one
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anti-bacterial,  woundehealing~promoting,  bone-growth-promoting  andlor  coagulation-
inhibiting substance, in the pores and/or on the surface of the composite matstial.

Preferably, the biologically degradable composite material can be characterised in that the
density of the composite material is from 0.1 {0 2 glem®, praferably from 0.2 t0 0.4 gfom®. The
“density of the composie material” denotes the bulk density (wsightivolume), which is
determined by filling & measuring cylinder with the composite material up to 3 fixed volume
and ascertaining the weight of the composite material by weighing.

Preferably, the biclogically degradabls composite material can be characierised in that the
specific surface area of the composite material is from 0.1 1 2 m¥g, preferably from 0.2 to
04 m¥g. The specific surface ares is determined using the gas adsorption method in
accordance with Brunauer Emmett and Teller (BET).

Preferably, the bicbgically degradable composite material can be characterised in that the
ratio belwesn the density and the specific surfsce area of the composite material is from 0.1
W3 preforsblvyrom 05w D7 orram 1.5t 2.0,

The biologically degradable composite material can preferably also be characterised in that
according 1o combustion analysis of the composite material the ratio between the density and
the volume shrinkage is from 0.1 {0 1.0, preferably rom 02 to D3 or from 0.5 to 0.7 For the
combustion analysis, the composite material is "burnt” In alr for 30 min {up to two hours) at
800°C. The velume shrinkage is ascerfained by determining the valume of the sample by
means of water displacsment before and affer combustion. The difference in the volums
before the combustion analysis and the volume after the combustion analysis is used fo
ascertain the volume shrinkage.

The biclogically degradatle composite material can be present in a geomebic standard
shape, preferably in the shape of a rectangle, paralielepiped, cvlinder or cubs. or in the
shape of the bone defect, preferably in the hollow spherical shape of an acetabulum or in the
canical shape of an extraction alveolus.

Preferably, the biologically degradable composite material can be in sterile form.
According to the invention, the biclogically degradable composite material also includes all

combinations of the fealures mentioned above. special preference being given to
combinations of preferred features.
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The invention relates also 1o & process for preparing a composite material according fo the
invention, comprising the following steps:

(51 adding the at least one organic component (¢} to a water-containing solution fo form a
suspension;

(52} adding the inorganic components (3}, (D) and, i present, {d); and, optionally, 8 cross-
linking agent, to the suspension from step (§1) and mixing the components to form a
solution;

{83} transferring the solulion from step (82) {o 8 mould and then drying the mixture by
ivophilisation {o form the composite material,

Preferably, the process according fo the invention can be characterised iy that in step (83}
after the lyophilisation the composite material is additionally subjected to a heat treatment al
from 80 to 120°C for from 0.25 to 48 hours.

Furthermore, the process according to the invention can be charactenised in that, as cross-
linking agent. an organic acid or an aqueous or slcoholic solution of an organic acid is added
to the suspension from step (81}, preferably formic acid, acelic acid, propionic acid, or an

propanoic acid (propionic acid), butanoic ackd {(butyric acid), n-butyric aad, isobutyric acid,
pentanoic acid (valeric acid), n-valeric acld, isovaleric acid. 2-methyibudyric acid, pivalic acld,
oxalic acid, malonic acwd, succinic acid, ghutaric acid, adipic acid, pimslic acid, hydroxyacetic
aoid (glycolic acid), hydroxypropionic acid (lactic acid), D-lactic acid, L-lactic acid and
racemates  thereof,  beta-hydroxypropionic  acid,  slphashydroxyvaleric acid,  beta-
hydroxyvaleric acid, gamma-hydroxyvaleric acid, hydroxymalonic acid (ladronic acid), D-
hydroxysuccinic  acid (malic  ackd), Uhydroxysuceinde acid and  racemates  thereof,
dihydroxysucainic acid {tartaric acid) snantiomerically pure and racemates thersof {racemic
acid), propsnoic acid {acrylic acid), fumaric acid, maleic acid, citric acid, mesoxalic acid,
aeetonedinarboxylic acid, oxalacetic acid, aconitic acld, tricarbaliylic add, ascorbic acid,
formaldehyde, glutaraidehyds, genipin, glucose, fructose, maltose, dexirose, saccharose, of
combinations thereof,

Preferably, the process according 1o the invention can be characierised in that the solution in
step (82} is foamed by the introduction of gas or by mechanical manipulation and step (3) I8
carried out with a foamed solution, the shaping of the composite material being carded out
before or after the lvophilisation or the heat tregtment,
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Unless otherwise indicated, all amounts and percentages by weight (% by waight) contained
hersin relate {0 the total weight of the composite matenial

An advantage of the novel bidlogically degradable composite material is that there is thus
provided a flaxible material for bone reconstruction or bone replacement which in its
smbodiments can be modelled, kneaded or retumed to its original shape. The composite
material according to the invention therefore exhibits extraordinary ease of handling and can
be tallored to the bone defects in question. The composite malerial according to the invention
5 biocompatible and ostecconductive, that is to say it founs a guideway for newly formed
bana, Furtharmore, all the components of the composite material according to the invention
can be sbsorbed by the organism, thal is t© say can undergo cellular or hydraiytic
degradation.

A particular sdvantage is that the healing process can be monitored radiclogically, because
the composite material according to the invertion can be distinguished from the biological
anvironment at the site of implantation on account of #ts higher Xray opacity,

A further advantage of the composite material according v the invention lies in the difference
in the residence times of the components used, the residence fime being the length of time &
material remains in the organism before it is 100 % absorbed. The residence time of the at
least one organic component () is shorter than that of the inorganic components {a), (b) and,
where applicable, (d) Ideally, the inorganic component & fully replaced by bone, which
grows relatively slowly, within a period of from 3 o 6 months, whersas the organic
camponent has a residence time of only 3-8 wesks. By virfue of the preparation technique,
the organic component can, for example. be cross-linked, which makes 1 possible {0 adjust
the residence times of the organic componant of 3 1o 8 wesks in a controllabla way. The
inhibiting effect of the organic component enswres that recrystallisation of the norganic
componsnt. for sxample caloium phosphate phase fransition, does not take place.

Furthermore, the composite material according to the invention is not limited to application
using & specific means of application; it is suitable for universal use, that is 1o say with all
means of application customary in the field of medicine, especially in the fiekd of dental
medicine and the field of plastic surgery, such as, for example, a spatula, scalpel, bveszers,
brush, knife or an injection or carfridgs system. It is also possible for the composite material
according to the invention to be cut without disintegrating into small padicles.



<48~

The composite material according to the Invention has an open-porous base structure which
both has hasmostatic (hasmostyptic) properties and sliows the composite material according
in the nvention to acquirs blood vesssls {angiogenesis) and tissus blood vesssls and
connective tissue grew into the composite materigl according to the invention in the early
phass of bons healing. Ths blood vessels snable the cells and the incipient tssue
compariments {o be supplied with oxygen and nutrisnis inside the composile maternial
according to the invention. By the time a sufficiently dimensionsally stable connective tissue
structurs is present, the erganic component has been fully absorbed The composite material
according fo the invention ix replaced by endogenous local bone, which encourages bons
growth and, as a result of its place-holder funclion, prevenis the ingrowth of faster-growing
gonnaciive tissus,

A further advantage of the composite material according to the invention is its mechanically
very stable structure, This structure enables the porasity of the composite material according
to the nvention {o be increased and it bioactivity enhanced. Furthermore, the structure of
the compaosite material according to the invention s stabilised in such a way that the matenial
is atiacked or decomposes only after prolonged treatment with organic acid. The action of
acid over the period of from 0 to 8 hours in accordance with the invention affects neither the
phase stability nor the primary parlicle size, Only after being acted upon for 3 periad of &
hours is thare any identifiable reduction in the size of the primary panticles, which stilt does
nod fall below the critical threshold for initiating phagocytosis,

A special advantage of the composile material according fo the invenbion i that wound-
hesling problems are relatively rare. For example, the pores of the composite material
according to the invention are preferably plugged at the time of implantation in erder that
inttially the material cannot be penstrated by pathogens that evade systemic freatment with
antibictics, # the pores arg filled with collagen, as is preferred, it is alse possible for an
antibiotic 1o move through the open sponge-like collagen structure, Furthermiore, in the acule
phase of wound healing after implantation, increased macrophagocytic activity is always
phaarved. As a consequence of such acute inflammatory reactions. ¥ s possible for soluble
inpraanic bioceramics to be attacked, leading to disintegration into small sub-particles. These
small sub-particles can in turn trigoer further phagocylic reactions and  accordingly
significantly increase the risk of an aseptic foreign body reaction. Because the composite
material according 1o the invention has a mechanically very stable structure, such processes
are avolded. An additional safeguard against premature particle disintegration during the
nitial period after implantation is pravided by the preferred, full encapsulation of the inorganic
components by the urganic component The surface structure of the composite material
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sccording to the invention ie uniform and therefore partisularly biocompatible, especially if the
arganic componsnt fully encapsulates the inorganic components.

Brief description of the Figures

Figure 1 Comparative X-ray images of composite material according to the invention with
commercially available bone replacement material. A: collagen/TCP composite acsording to
the invention having = density of 0.2 g/lom®, B collagen/TCP composite according o the
invention having a density of 04 glem®, C VITOSS Foam Pack low density, I VITOSS
Foam Strip high density. The nature of the composite material according to the invention is
more uniform and therefore more iocompatible than in the case of the commercial product.
Furthermare, the granuiar particles are far more prominent by virtue of their differences in
density, with the resull that the X-ray opacity is higher and the material can be seen more
easily in the cssenus environment in an X-ray image.

Figure 2 X-ray image in transmission of fwo gelatin/ceramics composite materials according
to the invention showing A particle sizes of the ceramics 150-500 pm and B 5001000 um.
The high degree of Xeray opacity and the uniform surface structure can be seen,

Figure 3 X-ray powder diffractograms of collagen/TCP composites according 1o the
invention befare and after reatment with acetic acid. The PDF file #55-858 shows, in the
form of 8 bar chart, pure-phase B-tricalcium phosphate as reference, The amorphous halo is
saused by the reflection of the collagen. & can be ssen that the phase purity of the calcium
phosphate is not affected by the action of agetic acid.

Figure 4 shows a scanning slectron microscope image of the ceramic suface of an
embodiment of the composite material according to the invention having collagen as organis
component. 1t will be seen that the porous structure of the ceramics is coverad by the
collagen: the collagen plugs the pores and the collagen fibres cross-link the granules of the
inorganic components,

The invention will be explained below on the basis of Examples.
Examples

For the preparation of the composite materials according to the invention, constituents A, B,
CODEFGHLKLMNOG P Qand R are provided. The constituents are as follows:
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Constituent A: 88 % pure-phase Bricalcium phosphate, particulate, a bulk density of
1.3+ 0.1 glom® and a particle size of <83 um (dsy > 15+ S ym).

Constituent B bicabsorbable sinterad glass consisting of 78 + 5 % by welght 80, 8+ 3%
by weight Mg and 15 + 5 % by weight Na,O. Such glass is described in the patents having

having the following element compastiion: 28+ 2 % by weight Ca, 115+ 2 % by weight K
8.5+ 2 % by weight Na, 55 = 2 % by weight PO4, 2.5 £ 1 % by weight Mg, Glass ceramics of
this kind is described in the patents having the application numbers EP 03 080 348 and
EP 03 090 349,

Constituent D Water for injection purposes.

Constituent £ Ammonium hydrogen carbonate having a particle size of <10 um.
Constituent F: Ammonium hydrogen carbonate having a parficle size of 10-50 pm,
Constituent G Ammsnium hydrogen catbonate having a particle size of B0-500 um.

Constituant H: Constituent A Is sprayed intermittently with constituent D on s pan granulator
parfarming roling movements, so that rolling-up occurs i accordance with the snowbsll
affect, After a Shour sintering operation at 1000°C and subsequent sieving, spherical
granules have formed in fractions of 150-5000 um having a potosity of approximatsly
30-40 % and a density of about 1.2 glom®. X-ray powder ditfractometry confirms pure-phase
Betricalcium phosphate. The specific surface area, measured by the BET method with
krypton as measuring gas, gave values in the range of 010,15 m¥g.

Constituent © Constituent A iz inlimately mixed with 10 % by weight constituent E, 20 % by
weight constifuent F and 10 % by weight constituent & and subjected to cold isostatic

opergtion st 1000°C for 5 hours yields granules of the size 150-8000 um, which have &
porosity of about 85 % and a bulk density of 0.8 g/lem® and are pure-phase according to
X-ray powder diffractometry. The pors distribution is discrete, that is to say only the
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micropores, e pores <10 um, are interconnected with one another. Mesopores (10-50 pmy)
and macropares (350 umy are disorelely distributed in the interconnecting microporous
network and, through the micropores, are accessible (o blood and bodily fluids. Xoray powdsr
diffractometry confinms pure-phase f-tricalcium phosphate, Measurements using the BET
method with krypton as measuring gas revealed a specific surface area of D.15-0.2 m%y.

Constituent K, Reticulated polyurethane sponges, produced in ascordance with the
Schwartzwalder-Somers method with s pore size distibution of 45 pores per ich (ppi,
corresponds o 8 pare size of 1000 poy.

Constiuent L Reliculgted polyvurethane sponges. producsd i accordance with the
Schwarzwalder-Somers nisthod with 8 pore size distribution of 80 pores per ingh (ppl,
corresponds 1o 8 pore size of 500 pum).

Constituent M. Constifuent A is made into a slurry with constituent D) 5% by weight
constituent B are added and the mixturs is finely ground so that g thixotropic slurry having &
particle size distribution of 2-5 um (ty) is oblained. Half of the slurry is kneaded into
constitlient ) and half into constituent L. After sintering at 1000°C for & hours, the PU foam
has besn totally burnt-oul without residus, lsaving behind a closely sintered ceramics having
pore sizes of 400 pm (slarling constifuent Ky and 280 um (starling constituent L}
Comminution, sieving and further sintering under the same conditions yield granules of
particle sizes 150-8000 ym having & total porosity of 80 % and & bulk density of
approximately 0.8 giem®, In each case having the pore diameters mentioned for the
respective half. X-ray powder diffraciometry confirms pure-phase B-tricalcium phosphate.

Constituent N. Constifuent © is made inlo a2 slurry with constituent 0 5% by weight
constitusnt 8 are added and the mbdure is finely ground so that a thixotrapic slurry having a
particle size distribution of 2-5 um (dy) Is obtained. Malf of the sluny s kneaded into
has been tolally burnt-out without residue, Isaving behind a closely sintered ceramics having
porg sizes of 400 um (starling constituent K} and 250 um  (starting constituent L),
Comminution, sieving and further sintering under the same condifions vield granules of
particle sizes 150-8000 um having a2 fotal porosity of 80% and a bulk density of
approximately 0.6 gfem® in sach case having the pore diamsters mentioned for the
respective  half. Xeray powder diffractometry confirms  correspondence 1 the phase
KNaCa (PO (PDF #51.579).
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Congatituent Q. Porcine collagen, mainly of type 1, oblainsd from the tissue of pigs that have
been raised under contralled condiions. The materal has been declared it for human
consumption”. The porcine tissue is processed under controlled enviranmental conditions.
The collagen is highly purified. Only frace residues of the preparation progcess are prasent
and toxic effects are therefore excluded,

Constituent P Acatic acid 100 %

Constituent Q: Porcine gelatin obtained from the tissus of pigs that have been raised under
controlled conditions. The material has been declared "fit for human consumption”. The
porcing tissue is processed under confralled environmental conditions,

Constituent R Genipin

Example 1

The particle fraction 1000:2000 um of constitient | is separated oul by sipving and 3.69
portions thereof were each suspended in 20 ml of constituent D, and 74 yl of constituent P
are added theveto. After 0. 1, 3, 6 and 23 hours, the material was filtered, washed and dried,
The particles wers then washed, filtered off and dried and tested for particle size using a
faser soattering apparatus (Fritsch Analysetts), tested for the integrity of the surface by
means of scanning electron micrescopy and tested for phase purity by means of Xeray
powder diffractometry. Table 1 shows diw, dse and dy values of tricalcium phosphate powder
after different pericds under the sction of acetic acid.

Table 1

Hours in acelic acid 10 d&Q ¢9u
& 12.6 3G.08 81.74
1 11.78 30.88 50.08
3 10.52 28,18 43.38
& 3.74 24.08 4339
23 478 21.88 37.27

As can be seen from Table 1, only after 8 hours fs thers any apprectable reduction in particle
sizes, the fines fraction, which is represented by the d10 valug, being subjedt to greater
degradation than the particulate disintegration of the coarser fractions. Accordingly, the
surface etching of the small particles having relatively large surface arsas is to be regarded
as a greater influence than the particle boundary stohing. Even after 23 hours, the fines
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fraction has not dropped substantially balow the oritival threshold of the phagocylable range,
3o that it is possible to rule out an increased risk of excessive farelgn body reactions caussd
by the implantation of the constifuent | in bones or tssue sven sfer prolonged acid
freatment.

The results of X-ray powder diffractometry in respect of phase purity are shown in Figure 3.
As can be seen fom Figure 3, the adtion of acetic acid slso has no sffact on the phase
purity, so that it is possible to rule out both an increased risk of excessive foreign body
reactions caused by the implantation of the constituent | iy bones or tissue and a redyction in
absorbability caused by transformation info a non-absorbable calcium phosphate phase after
prolonged acid treatment.

Exampis 2

16.5 g of constituent O are added 1o 3.5 mi of constituent D and suspendad by means of &
solfoid mill. The particle fraction 1000-2000 um of constituent | is separsted out by sieving
and 5.5 g were added to the suspension. Alter addition of 74 i of constituent P, the material
i stivved ot roowm temperature. After D 30, 120 and 185 minutes, the acid is neutralised and
the mixture is poured into a mould and fresze-dried. X-ray powder diffractometry is used to
fast whether the action tme of the actd has affected the phase siability of the calcium
phosphate. The results show that the action of the acid has had no sffect on the phass
stability of the material

Example 3

The granuar fraction 130-500 um is separated out from constituent M by sleving. The
fractions 150-800 um and 1000-2000 um sre separated out from constituent 1 by steving.
These components are mixed fogather in various ratios in accordance with Table 2. 180 g of
canstituent O are suspended in 1000 mi of constituent D and ground by means of & colloid
mill. 780 g of the granular mixture are added and the mixiure is intimately mixed. After
addition of 10 mi of constituent B, the mixture is neutralised, poured inte 8 square high-grade
steel mould and lvaphilised. Depending upon the lyophilisation wocedure (slow or fast) £ is
possible to obtain composite materials having densities of 0.2 or 0.4 g/mi. Table 2 provides
information about the different mixtures and the densities and specific swrface areas
measiured.
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Table & Measurement results of various collagen/ceramics composites in comparison
with collagen
Constitoent ¥ | Congituent! | Constitienst | | Collagen | Density | Spenifin Fatia of
Sarople | qsns00 m | 150500 pm {1000-2000 surface | density to
ares surface area
[% by muss] % by mass: L % by mass] % by faimi) gl
mass]
CR-33 4 72 20 0.4 0.2605 1,54
CF-34 2 8 bR b ;0 04 028 1.6
,,,,,,, a3 4 b 43 b 84 b 20 i B4 ! (2186 1.82
QF-38 ¢ 20 80 20 0.4 02152 1.88
,,,,, CR37 4 4 w4 oan bopd L oooess | oA
L e e sl S b T —
LF-39 4 12 84 20 0.2 0,208 Cges
CE4g L " O g0 i 20 | 0z | 0.2847 0.56
Collagen | 0 0 g 100 0.3 16768 | 048

it will be ssen that 100 % pure collagen has a § 1o 8 times greatsr surface area. The porosity
is thevefore lastingly reduced. The poras of the ceramics are not accessible initially because
the collagen has penatraled into the ceramics and permeated the porous ceramics structure
{see, for example, Figure 4). By adding the particulate caldum phosphales it s possible to
adjust the ratio between density and speacific surface area over a wide rangs.

Example 4

To determine the volume shrinkage and to monitor homogeneity, the composite materials
asoording to the invention sccording to Example 3 were subjected fo inciheration analysis
with densify delsrmination, whersin shapsd bodies were ouf out of the composites, the
volume and weight thereof were determined and the density ascerlained therefrom, The
shaped bodies were then transferred 1o a crucible and the organic phase of the moulded
bodies was incinerated in an oven withowt residue, leaving behind the ceramics, the weight
and bulk density of which were determined sfier cooling. On the basis of this analysis it is
possible to determine the percentages by volums of the organic and inorganic components
and the volume that remaing after the relatively rapid absorption. The resulls of the tests are
compitad in Table 3. For companson with the composite malerinls scoording fo the invention,
the fwo commerdially available collagen/TCP composites "Vitoss Foam Strip” and "Vitoss
Foam Pack” were also {ested.



Table 3, Volume shrinkage of the composite materials according 1o incinerstion
analysis
Volume | Waight after Tampad Valume 9% by volume  [Shrinkags in %
o] Burnsnut snnsity sftar after measured
ial Bun-aut bum-aut redative to
b fnfom? [onyl] | stanting volume
CF83 [ 218 057 0.72 072 30 1 8rg
LF 34 2.58 0.88 .78 884 48 ¢ Bh4
CF 2§ 237 1 pey ¢ ovs L 08§ | 389 83,1
CF 38 2.51 0.63 0.73 087 346 88,4
CF 37 51 046 068 087 288 734
0F 38 241 (.45 0.58 4.68 PR 1y
CF 39 2.0 03¢ | 087 .. 080 280 4 50
CF a0 2.2 041 (.84 048 21.8 78.2
Vitass Foam Stip 1.43 0.36 Q.32 114 L 784 o 20a
Vitoxs Foam Packd 174 1 Gg2 1 08 ¢.82 454 53.1

The volume shrinkage of composite materials according to the invention having a density of
0.2 gfom® is 70-B0 % once the collagens have been burnt out The volume shiinkage of
composite materials according to the invention having a density of 0.4 glom® is 80-70 % after
burn-cut. In respect of the ratic between density and shrinkage, the values for the composite
materials according to the invention are theelore from 0.2 to 0.8 i contrast, the
commaercially avatlable collagen/TCP composites sxhibil signfficantly less volums shrinkags
after burm-out, that is o say 21 % in the case of “Vitoss Foam Strip” and 53 % in the case of
"Witoss Foam Pack”. The composite material ascording fo the invention containg & higher
proportion of collagen. Afler implantation, the organic component (for example collageny is
absorbed more guickly than the inorganic component i the osseous environment. The
greater decrsase in the volume of the composite material according to the invention is
therefore alzo associated with more rapid regensration and accordingly with more rapid
suctess of treatment,

Example §

2.25 g of constituent Q gre mixed with 15 mi of constifuent D and heated, with stining, 1o
70°0. Onege constifuent Q bas completely dissolved and the solution has cooled o 40°C, first
of all 0.0225 g of constituent R and then 13.5g of the granular fractions 150-800 ym of
constituent | and also 1 g of the fraction ~180 um of the same substance sre adoed. The
solution is then poured into 8 mould while stilt warm and placed in a refrigerator to cool and
cross-ink, The implents can be demoulded after 12 hows. Aller packaging, gsnims-
sterilisation can be carried out,
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Example §

1.8 g of constituent {3 are mixed with 15 mi of constituent D and heated, with stirming, to
70°C. Once constituent A has complelely dissolved, 00225 g of constituent B, 20 g of the
granular fraction <150 um of constituent | and 2.5 g of the granular fraction 150800 pum of
constituent | are added. Alr is then blown into the solution and the fToamed material is poured
into a mould. For cooling and cross-linking the mould is placed in a refrigerator. The implants
can be demouided sfter 132 hours. Afler packaging, sterilisalion by gamma rays can be
carried out.

Example ¥

The granutar fraction 150-8500 pm and the fraction 1000-4000 um are separated out from
constituent M by sieving and mixed in a ratio of 1.1, 180 g of constituent O are suspendead in
1000 mi of constituent D and ground by means of g colloid mill. The mixture of the two
granular fractions is added and the mixture is intimately mixed. After addition of 10 mi of
constituent B, the mixure is nsutralised, poured info a square high-grade stes! mould and
lyophilised. Depending upon the lyophilisation procedurs (slow or fast) it s possible {o oblain
composite materials having densities of 0.2 or 0.4 g/ml. Afler packaging, sterilisation by
gamima rays oan be sarried out,

Example 8

The granular fraction 150800 py and the fraction 1000-4000 um are separated out from
constituant M by sisving and mixed in 2 ratio of 1.1, 180 g of constituent O are suspended in
1000 mi of constifuent D and ground by means of a colfoid mill. The mixture of the two
granular fractions is added and the mixture ig intimately mixed, Alter addition of 10 mib of
constituent B, the mixiure iz nsutralised, poured into a square high-grade stest mould and
vophitised, Depending upon the rophilisation procedure (slow or fast) # is possitle {o vbtain
scomposite materials having densities of 0.2 or 0.4 g/ml Aflter packaging, stenlisation by
gaATIMa rays can be carried out.
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Biologiailag lebonthato kompozit anyag
Srabadalmi igénypontok

i Biologiailag lebonthatod kompozit anvag csontfelépitésher vagy -potlashogz, amely nyill-pordzus
slapszerkezettel rondelkezik, azzal jellomerve, bogy a kompozit anvag legalabb egy (1) szervetlen kome
ponenst, egy (b} sservetlen komponenst. és fegalabb cey (0) szerves komponenst tartalmay, shol az ()
szevvetlen Romponens egy granulanum, amely bioldgiatlag aktiv, poligon-tiin, lekerckitett sremeschat
tartalmar, amelyek kalctum-foszfatbol, e9/vagy ndtriume- éadvagy kalum- &s/vagy kaletnm~ és/vagy szi-
Hikattarialnnl savas esivagy semleges 8sfvagy Higos biotiveghol, Gvegkeranuabdl vagy szek Kevercké-
BOE allnak, & oinden granvhon intragranulivs poaroeiidsa 3040 térfogal %o a granulun idrfogatan
vonatkoztatva, a (b szervetlen komponens egy granulatum, amely biologiailag aktiv, poligonatrt, fe-
kerekitest szemosdket tartalmaz, amelyek kaloiumefosxt@ibsl, darvagy natrium- ea/vagy kiltum- éxfvagy
Kaleiome éxivagy szilikitdarialma savas dshvagy semloges ssivagy Wgos hiolivegbdl, tvegkeramiihal
vagy seek keverckehad dlinak, g5 minden granulum mtragranulass porozitasa 60-70 térfogat % & gra-
nubum riogativa vonatkeetatva; az (a) szervetlen kimpongng stielisépe £ a (b) szervetien Kamporens
slirlisége kiknboro: &s a logalabb egy () szervetion Kovnponenst az aliblsiak Raenl valasztiok: sselany,
kflngdn, glikdzamineglikan, bhloronan, nattiunt-hinheonan, Raloiom-hialurondt, metileel-daloz, el
cethuloz, propilecthudoe, hidroxipropieellnldz, bidrasiatealivléz, Kemenyito, dextran, bidvoxietifhemd-
nyitd, alging, polietifénglikol, albunun, Kitoxdn, szerves tton feldolgoront vagy deminerslizalt allogén

vigy Xenogén csont, szintetikus polipeptid, parsthormon, oszisogen protein vagy g2k egy kombing-

2, Az L ipdoypont szerintt biclogiailag lebonthate kompozit anvag, azzal jellerserve, hogy sz (a)
szervetlen komponens a kovpozit anyagrs vonatRostatott 2-30 Umeg % mennyisdghen v jelen; a (b)
szervetlen komponens a kompozit anvagre vonatkoztatolt 60-78 tdmeg % mennyiségben van jelen, &3 a
() szerves komponens ¢ kompozit anvagra vonatkoztatott 10-20 témer % mennyiségben va jelen,
aezal a felicteliel, hogy a kompozit anvag altal tartalmazott Kiviponsosek mennyiscge nem haladia meg

{'a

3 180 %s-0t

3, Az vagy d. igénypont szerinti bioldgiailag lebonthatd kompozitinyag, azeal fellemesye, hogy

7 ol z

az {a) seorvetlen komponens terfopatstrisdge kb 0,815 giom’, & a (B) sxerveton kompouens tdrfo-

gattomege kb, 0.5-0,9 wiaw', azeal 8 felidtellel, bogy a (b) srervetlen komponens térfogaiaiiriissge ki-

sebb, mint az {a) szervetlon komponens Srfogatsiivisége, & a slirfadg-kiléubsdy legalabb 6.1,

G
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4. Az L3 jgénypontek barmelyike szerintt kewopozit suyvag, sezal jellomesyve, hogy a Kompozit
anyag egy fovabbi {d) seervetlen Komponenst tartalmaz; ahol 8 (J) sxervetlen komponens egy granuls-
tum, amely bloldgiailag aktiy, poligon~ton, lekerekitett szemeséket tartalmaz, amelyek kalclam-fosziat-
bol, Ss/vapy natriam- dafvagy kaliume éadvagy kalonum- Ss/vagy sailikdt-tartalmi savas §sfvagy semle-
ges Ssfvagy Higos bisttveghdl, Gvegkardmiabol vagy czek keverekébol dllngk.

5. A 4. igdnypont szerinti bloldgiailag lebonthato kemposit anyag, axzad jellemerve, hogy az ()
srervetlen komponens 3 kompozit anyagra vonatkoztatott 2-20 thmeyg % mennyiségben van jelent a (b
szervetien komponens a kompozit anyagra vonatkoziatott 60-78 18meg % mennyisdgben van jelen, a (d)
szevvetien Komponens a konpozit anyagrs vonatheztiott 0,128 16meg %8 8 a {€) szerves Komponens
# kompazit anyagra venatkoziatott 10-20 tdmeg % moennyiségben van jelen, azzal a felweellel, bogy a

compozit anvag altal tartabmazot komponensek mennyisdge nem haladia neg o 1080 %ot
kompozit anyag altal tartal it komponensek monnyisége nent haladin meg 8 100 So-0l

6. Az 1-8. igénypontok birmelyike seerinti Biologiatlag lebonthatd kompozit anyag, azzal jelle-
mezve, hogy hogy az (3) seervetlen Romponens ésfvagy a (b} seervetlen komponens ésfvagy » ameny-
nyiben jelen van - a (d) szervetlen komponens mikroponsokkal ésfvagy mexoprorasokkal és/vagy mak-
roporusokkal rendelkernek

7, A 0. igdnvpont szerinti bioldgiailag lebonthatd kompozit anvap, swzal jellemenye, hogy a

mikro-, mezo- é8/vagy makropdrasok egvmissal deszekapesolodnak.,

8. A 6. vagy 7. igénypont szerintt bislogiailag leboothatd kompozit anyay, azzal jellemezve, hogy
amikroporusok egy egymassal Ssszekapesolods hilozatot képeruek, amsdybe o disekrdt mezo- & mak-

roporisokat- bomogen eloselnban visseik be.

8 Ax -8 igdnvpontok barmelyike szerinti bioldgiailag lehonthatd Kompozit anyag, azeal jelle-

wgzve, hopy bogy az {8) szervetlen komponens dsdvagy a () szervetlen Kompongns €s/vagy ~ ameny-

&

ayviben jelen van - g (d) seervetlen komposens sgy gravmudatum, amely bioldgiailag altly, poligon-ion,
fekerekitett szemcenchat tartalmaz, mnelyel o Kalolunm-foszfteg vonatkoztatont 823 Wimeg % szilikat
tvegsadaléhot tartalmazo kaleinm-fosetithdl dlinak, ahol a kalclum-fosafit kristalyracednak Keistify
szerkozetdben nom jelentkezih valtozas, ahol 3 kalolm-foszhitor az alibbisk kozil valasajuk: beéta
trikalciufoszfat, elbnydsen fzistisxta Btvikalcioni-forzfat, amely 0-13 tSseg %o natnum-magnézium-
szilikdtiveg-adalékat tartalmer, monokalciumfossfit-monohidrat, vizmentes monokalcion-fosefat, di-
kalonuntoszfa-ditudrgt, vizmentes dikalctum-fosztan, tetrekaloium-toszlit, whitlockst, oktekalcium-
foszlat, hidroxiapatit, oxiapatit, A tpasd karbondtapatit, B tpusi karbonatapatit, balohandeficiens hidr-
oxiapatit, amort kalciunfosefdt, amor! karbondtiactalmll kalciumfossfdt, Kalciunalkdliortofosef-

tvegkeramia vagy ezek Kevaréket



furst

1 Az -9, igénypontok bdrmetvike szerintl biologiailag febonthato komporit anyayg, azeal jelle-
mexve, hogy az (a} szervetlen komponens eey 16002000 pm medretl svemesékkel rendedkerd gramuld-
tum, a () szervetlen komponens epy 150300 pm méretlh sremuesékkel renddelberd manuldtum, &s
amennyiben jelen van - a {d) szervetlen komponens egy 1502300 pm midretlt seamesdkhel rondetkesd,
¢s g7 {a) Hletve (k) szervetlen komponensek porozitdsira visathoztatolt 30-60 1érfogat % dsszporozi-

tansal rendetkezd pramdatum,

11 Az 1.9, igénypontok harmelyvike srerint bloldgiailag febonthato Kompozit anyag, axzal jelle-
mezve, hogy az (1) szervetien komponens egy 130-500 wom ndretl szemosckkel, ¢s 081,58 wion’ stird-

sépgel rendetkerd granuldtam, & a (b) szervetlen komponens egy 1000-4000 um méretit szemesékkel,

2 1

gs 0.6-0,8 giom’ strfiséggel rendetkerd granuldtum.
12 Az 1-11. ipénypontok barmelyike szerintt biologiailag lebonthatd kompouzit abyag, azeal jelle-
mezyve, hogy az {a), () &x - amennyiben jelon van - (d3 szervetlen komponensek granuldtumok, amelyek

primer sesmessinel 430 encks legaldbb 10 pmu

13 Az 1-12. igényvpontok birmelyike sverinll bislogiatlag lebonthatéd kompozit anyug, azsal jelle~
mezve, hogy az {a), {b) &s ~ amennyiben jolen van - {d} seervetlen komponeneck egyarant tizistissta, a
béta-trikalotom-foszfatra vonathortatott 0-13 tdmeg % ndtriunemagnézivnesrilikatiiveg-adalékot tar-
talniazs béta-rikaleim-foszfatbol &l granuldtumok vagy (a kalciun-atkali-oriofosz il livegkeramiara
vonatkoztatott) 1-13 tomeg % ndtriom-agndzium-sailikativegadalékot tanalmasd kalcium-altkali

ortofoszfiat dvegkeramiabal UG granuldtumek.

14 Az 113, tpduyvpontok barmelyike syering bislogiailag lebonthatd kompozit anyag, azzal jelle~

mezve, hogy a kollagén tormesvetes ¢/vapy renaturalt kollagen.

13, Az 113 indnypontok barmelvike szerinti bioldgiailag lebonthatld kompoeit auyag, azzal jelles

mezyve, hogy a kollagén allati, elénytsen sertés vagy searvasmrha eredetit kollagen,

6. Aw 11§, igdnypontok harmelvike szerinti biologiailag kebouthatd kompozit anvag, azzal jelle

mezve, hopy a kollagén e, Hxes vagy [H-as tipustt kollagén vagy exek kombindcinia,

17. Az 113, igénypontek birmelyike szevinti bioldgiatlag lebonthatd kompozit anyag, azzal jelle-
mezve, hogy ax osrteogdn proteint az alabbink koztl valasetiuk: OP-1, OP2, OF-3, BMP2, BMP3,
BMP4, BMPS, BMP6, BMPO, BMPIO, BMPLL, BMPI2, BMPI4, BMPLS, BMPL6, IGE, TGE, PRGE,
GDPL, GDF3, GDFS, GUFs, GDF?, GDER, GDFY, GDELO, GDFH vagy seek kembindeigia



18 Az 117, iggnypontok barmelvike seevintd biokbpiailay Iebonthato bompozit anvag, azzal jelle.
mezve, hogy 8 () szerves kumponens, az {33, () s - amennyiben jelen van - 3 () szervetien kompo-
nenseket behoritia de/vagy az {a), (b) ¢s - amennyiben jelen van - a {d) seeevetlon komponensek pane-

saiban van jelen és azokat eltdmiii.

19, Az 1-18. igénypontok barmelyike szerinti bioldgiailag lebonthatsh kompozit suyvag, awzal jelle
mezve, hogy a (o) szerves kompongns, az{al (b} és - amennyiben jelen van - a (d) szervetlen kompouens
térhalonak.

20, Az 1-19. igénypontok bdrmelyike szerin biologiailag febonthatd komposit anyag, azaal jelle-
mezve, hogy a kempozit snvag a kompozit anyvag porusaiban ésfvagy felitletén adalékanyagkent tovabbi
komponenseket tartalmag, amelvek ax aldbbiakat tartalmaszdk: () egy hidvogél-hépad anvag vizes ol
data, ahol a hidvogdbkdprd anyagot az alibbiak kozi] valusetivk: mddositolt cellulie, keményitly, me-
silcelluloz, karboximetileelbldz, ludrosimetifcellulozr, dextran, hialurorsay, natviumbialurondt, polieti-
Inglikol vagy ezek sy kombindeidia; eafvagy (1) legalabb epy antibakteridlis, sebpydgvulist eliisegitt,

csontntvekedist eloseglld dafvagy alvaddsgitld anvag,

it Az 1-20 igénypontol barmelvike szerinti bioldgiailag lebonthatd kompozit anyag, aesal jelle-

meve, hogy o komposil anyag s8riisége 0.1-2 glom’, elBuvisen 0.2-0.4 glom’.

32 Az 1-21. tgéoypontok barmeivike szerimi biologiailag febonthatd kompozit anyag, azaal jelle-

megve, hogy & kompoxit anvag fajlagos feldets 1,122 /g, elényosen 0,2-0.4 m¥lg

23 Az 122, igénypontek barmelyike szerinli binlogiailag lebonthatd kompozit anyag, azssl jelle-
mezve, hogy 8 kompozit anvag stirhisége ¢s fajlagos felidete KieSttt arany 0.1 - 3, eldnydsen §.3-0.7
vagy 1,530

24, Ax .23 ipdnvpontok bdrmelvike szerint biologiailag lebonthatd Kompozit anyvag, szl jelles

>

mezve, hogy a Kompozit anyag stirdsége €5 a kompozil anyag ¢getéses snalizise olant térfogatestikes

nése kozdnt ardny 0,110, elénydsen 0.2:0.3 vagy 0.5:0,7

28 Az 1-24, igenypontok banpeivike szennti biolopiailag lebouthatd kompoult anvag, avzal jelle-
merve, hogy & komporit anyag gs:w’neiriai standard formdji, elonyOsen négysaig, téglatest, henger vagy

kocka formaj, vagy a csontsérlils formajdval, eldnyOsen az fzvipa fireges golyopinak vagy egy sxte

rakeids alveola kipjinak formajaval megepyezd.



26 Az 1-28, igényponiok barmelyike szorinti biologiatlag lebonthats kinnpozit anyag, azzal jelle-

mezve, hogy @ komposit anyag stert] formaban van jelen,

27 Bjdras az 1226, génypontok baroebyike sreriot Koanpozit smyag ¢léallitasioa, smely az alabbi
lepéseket tantalmazia;

(511 egy vivehartalmazo oldathox a (¢} komponenst hozedadya ssuszpenziot képaimk;

(321 az {81) ipdshen kapott sauszpenzidhoe hozzdadiok az (ol (1) & - moempviben jeloa van -
szervetion Komponenscket €8 adott esetben epy #rhalositd szery, € a Komponenseket keverve oldatot
Reépziink;

{53) az (82} {épéshen Kapott nldator cgy formaba vezetjiik, & et kdvetden g keverdket Hiofilizaldssal

szaritiuk fzy eldallitva a kompozit anyagst,

28 A 27, igénvpont szevinti eljdrds, azxal jellemerve, hogy vz (8533 Iépdsben # lofilizalis uthn a

komposit anyagot 80120 Choon 02548 drén at hékezelitk,

29, AT vagy I8, lgdnypont szanut elidrds, aveal jellomeave, hogy (erhalosid srarként egy szerves
saval vagy egy szerves sav vizes vagy alhoholos oldatdl, elbnydsen hangyasavat, evetsaval vagy propi
ousaval vagy metdnsay (hangyasav), ctansay {ecotsav), propansav (propionsav), butansav (vajsavi n-
vijsay, irovajssv, penidnsav {valeridnsav), revalertdosay, rovaleridnyay, 2-mtilvajsay, pivaliosav,
axdlsay, malonsay, borostyanklsav, glatdrsav, adipiusay, pimelinsav, hidroxienetsay (gliknlsavy, hide-
oxipropionsay (tejsay), Dtgjsay, L-teisav és racemitial, béta-hidroxi-propionsay, alf-hidroxivalerian-
sav, héta-hidroxivaleriinsay, gamma-hidroxivaleriansay, hidroximalonsay (Qartronsav), Debidvoxibors
kosay, (almasay), L-lidroxiborostinkdsay & racomsitial, diludroxiborostyinkdsay (horkdsav) enantio-
mer forpaban €5 racematal (sedlisavy, propénsay {akrilsav), Famarsay, nusleinsay, aitromsay, mgzoxdl
say, acetondikarbonsay, oxalecstaay, akonitsay, tnkarbalhlisav, sszkorbinsav, formaldehid, glutaralde-
hid, genipin, glitkdz, frukidr, maltde, dextrdz, szacharoz vizes vagy alkoholos oldutdt vagy ezek keve-

tékedt adjuk 2z (51) Kepéshen kapoht sausrpenzichoz,

M, A 2729, igduypontok birmelyike szevinti eliards, wazal jellomeszve, hogy az (823 1¢ adsben ka-
308t olditot o beveratesdvel vay micchanikal dton habositngk, € a0 053 Rpést ey habosiiott oldatta
patt oldmtot gl d 1 {vags haniksd tton habositiuk, {93} lepast egy habostion oldattal

hajtiuk vépre, ahot o kompozit anvag foomdgiban blalekitdea a Bofiliaderd vagy a hikezelds olbtt vagy

uidn irtemk
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