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Bone Putty

The prasent invention relates to bone volid fillers. in particudar, the present
invention relates to 8 macroporous material for filling bone voids,

(521

The presant invention concams macroporous matenals for bone repair and
bone void filling, ideally, the materal should be mouldable/formable so that it
can fill and conform to irregular shaped and sized bone defacts, Howsver, ance
implanted 1 ideally should set hard s0 that the implant material maintaing s

10 shape and, under some clrcumstances, be able o bear loads. The materal
should not break up and needs to be tough, Furtthermors, the material should
aflow rapid bone in-growth and, ultimately, bs degradable and fully replaced by
bore, Inorder fo facilitate bone repair the matenial may incorporate a drug or
bicactive molecule which is released fo stimulate bone healing and repair.

A number of bone vaid filler materials are known, but very few meet all the ideal
requiremants.

Poly{methyl methacrylate] bone cements are widely used to fixate joint
20 replacements but these materials are non-porous and non-degradable so they
are not replaced by bone. In addition, when the cemant cures, heat is
generated and the temperature of the material can rise to 80°C or above, This
can damags any drug material or bioactive agent which have been added o
the cement, particularly if the bicactive agent consist of proteins such as bone
25  maorphogeneic profein (BMP) ete,

Calcium phosphats ceramics, such as hydroxyapalite and tricalcium
phosphate, are widely used for bong void filling. These fillers are avallable ina
number of forms. For example, the use of dense and porous granules is

30 known. These can be used fo fill irregular shaped defects and allow bone
growth into and between the granules. However, they cannot maintain a
specific shape or form, and tend to migrate if not fully contained. Porous blocks
in pra-farmed shapes are also known. However, whilst these kinds of fillers
maintain their shape, they cannot be used to iill irregular sized/shaped defects.
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fn addition, it is not easy o incorporate a drug or bicactive malsrial inlo thess
caramics as high temperatures are requirad in their manufacture. Drugs or
bioactive agents can be adsorbed or coated onto the surface of these ceramics
but they tend {o be released very quickly.

Calcium phosphate cements have also been used as bone fillers. These kinds
of fillers have the advantage of being mouldable, and even injectable, and once
in place they set hard. However, whilst they may contain micropores, thess
tend not to allow significant levels of bane ingrowth. Some calcium phosphate

10 cements have macropores but these generally compromise the mechanical
strength of the material. In addition, calolum phosphate ceramics {blocks,
cements ate) genarally tend to form britte malerials.

Thare have been atternpts 1o produce bone void tillers which harden in-sity;

15 these combing ceramic granules with a polymer. US 201370041770 discloses a
composite material formed by mixing & polymer phase with a solvent, adding a
bioresorbable ceramic phase, and thersafier allowing the solvent to diffuse out
of the polymer it the presence of water, o cause solidification of the polvmer
phase. The composite formad does not have initial porosity for rapid bone in-

20 growth, though pores may form laler by degradation of one of the phases.

US 2006/0251266 discloses a mouldatde compasite comprising ceramic
granules coated with a biccompatible polymer and a plasticizer such that the
polyrrer s initially deformable and then hardens upon removal of the plasticizer

25 by placing in water. However, coating the granutes is difficult and the specialigt
processes which need 1o be employed leads to an increase in cost, in addition,
since alt the granules are coated with polymer there is a defay in the
osteoconductive effact of the bioceramic granulas until at least soms of the
polymer degrades.

30
The present invention seeks 1o addrass at least some of thess problems by
providing a macroporous materdal for filling bone voids, which preferably
includes ong or more of the following characteristics: is mouldablefformable:;
sets 1o a hard and fough matertal; is able 1o bear loads; allows for rapid bone
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in-growth; and is biodegradable and substantially replaced by hone without
substantially compromising the structural integrity of the site of application.

In its broadest sense the present invention provides a bone void filler
conprising a bioresorbable granulated polymer and & biccompalible waler-

Lt

miscible solvert.

According 1o the present invention there is provided an implant matarial for
bone void filling comprising bloresorbable polymer granules and a

10 biocompatible water-miscible solvert, wherein the solvent at least pariially
dissolves and/or softens the polymer granulas ko korm a mouldable mass that
can be used to il a bone defedt, but which hardens when the implant material
is exposed o water, and whargin the implant raterial has macroporosity
suitabls for bong in-growth.

15
Suitably, the implant material contains pores of between about 50 and 3000
ricrons; praferably 100 and 2000 misrans; more preferably 120 and 1500
microns, which pores provide a macroporosity tevel suitable for bone in-growth,

20 Suitably, the implant material has an open porosily greater than 15%,
Preferably, the implant material has an open porosily of between aboul 15%-
70%:; mote preferably about 20%-55%, most preferably about 25%-45%.

Upon addition of the biocompatible waler-miscible solvent to the bioresorbable
25  polymer granules the granules soffen and/or partially or fully dissolve causing

them 1o bacome “sticky" and form a mouldable or flowabls mass that can be

delivered to the bone defect and which conforms to the shape of the defect In

the presence of water or an aqueous environment, such as being placed in the

hody, the soivent is removed and the implant material hardens into a mass with
30 interconnacted macroporosity,

Suitably, the bioresorbable polymer granules include particles, takes or

powder,
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Suitably, the implant material finther includes a binceramic material. Suilably,
the bicceramic material is formed as a mixture with the bicresorbable polymer,
Proferably, the bioceramic materal comprises granules, flakes or powder. In
embodiments comprising a bicceramic powder, the powder may be dispersed
within the biorasorbable polymer or biotesorbable polymer granules,

Preferably, the bioceramic materdal is porous. Suitably, the biaceramic material
contains pores of between about 10 and 1000 microns; preferably 15 and 500
microns,; more preferably 20 and 300 microns.,

Suitably, the bioresorbable polymaer granules include a core formed of a
differant material, Suitably, the core is formed from a second bioresorbable
polymer which is different to the polymer of the bioresorbable polymer granules.
Altarnatively, the core is formed from a bioceramic malerial. Preferably, the
bioceramic material is a bioceramic granule or powdsr. Qptionally, the core
includes an inner core and an outer core, wharein the inner core 15 formed from
a bioceramic material and the outer core is formed from a second
bioresorbable polymer, The core may also be formed from a bicresorbable
polymer having a bioceramic powder dispersed therein, In such embadiments,
the powder may be uniformily or non-uniformly dispersed.

Optionally, the implant matenal includes a bioactive or therapeutic agent.
Suitably, the core includes a bioactive or therapeutic agent. Preferably, the
outer core includas a bioactive or therapeutic agent.

Preferably, the bloactive or therapautic agent includes at least ong of a growth
factor such as any bone morphogenic protein (BMP], platelet derived growth
factor (PDGFY, growth hormone, transforming growth factor-beta (TGH-beta),
insulin-like growth factor; a bisphosphonate such as alendronate, zoledronate;
an antibiotic such as gentamicin, vancomyain, fobramicing an anti-cancer drug
such as paclitaxel, mercatopurine; an anti-inflammatory agent such as salioylic

acid, indomethacine; an analgesic such as salicylic acid.
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The bioactive or therapeutic agent may also be corporated into the Implant
material by: coating onto the biloceramic granules; incorporating within the
bioceramic granules; coating onta the polymaer granules; incarporaling within
the polymer granules; incorporating within the blocompatible solvent; adding at
the time of mixing the componenis or any combination of these methads 1o give
a desirad dispersion and release profile.

Preferably, the sscond bioresorbable polymer is less soluble in the
biccompatible solvent than the first bioresarbable polymer. In this way, when
the solvant is added, the sutface of the bioresorbable polvmer granules
bacomes softeried andfor partially dissolves but the outer core layer, preferably
containing a binactive or therapautic agent, remains largely intact. The
Lioactive or therapeutic agent will be released from the outer core layer as the
first Bioresorbable polymet is absorbed.

Qptionally, the same or a different bicactive or therapeulic agent can be
incotporated inta the first bioresorbable polymer. Suitably, whers the bioactive
or therapeutic agents are the same theyhave different release rales according
to the different release characteristics and/or degradation rates of the first and
second bioresorbable polymers.

Preferably, the bicceramic granules include at lgast one of: calcium phosphate,
including hydroxyapatite, any substituted hydroxyapatite {e.g. silicon,
carbonate, magnesium, strontium, Huoride), fricalcium phosphate, biphasic
calcium phosphats, tetracalcium phosphate, octacaleium phosphate, dicalcium
phosphate dihydrate {brushite), dicalcium phosphate {monetite), calcium
pytophosphate, calcium pyrophosphate dibydrate, heptacalcium phosphate,
calcium phosphale monohydrate; calcium sulphate; any bioactive glass (e.g.
Bioglass) or glass ceramic {e.g. apatite-wollastonite); or any combination of
these, The granules may be dense of porous,

Praferably, the first bioresorbable polymer includes at least one of: any polymer

from the poly-alpha-hydroxyacid group, including poly{lactic acid}, poly{glycalic

acid), poly-L-actide, poly-Dl-actide, poly{lactide-co-glyedlide), polyilactide-co-
SUBSTITUTE SHEET (RULE 26)
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caprolactons), poly{L-lactide-co-Di-actide), polycaprolactone; any
bioresorbable polyanhydride, polyamide, polyarthoester, polydioxanone,
polycarbonale, polyaminoacid, poly{amino-esier), polyiamido-carbonate),
polyphosphazene, polyether, polyurethane, polycyanoacrylale, or any
combination of these.

Preferably, the second bioresorbable polymer includes at leastone ol a
polymey from the poly-alpha-hydroxyacid group, including poly{lactic acid),
poly{glycolic acid), poly-L-actide, poly-Di-lactide, poly{lactide~-co-glycolide),
noly{lactide-co-caprolacions), poly{L-lactide-co-Di-actide}, polycaprolactone;
any bioresarbable polyanhydride, polyamide, polvarthoester, polydioxanone,
polycarbonate, polvaminoacid, poly(amino-aster), polylamido-carbonate)},
polyphosphazensg, polyether, polyurethans, polyeyancaciviate; a
polysaccharide optionally including alginate, chitosan, carboxymaethvl caflulose,
hydroxypropyimethy! celiidoss, dextran, hyaluronic acid, or any combination of
these,

Preferably, the biocompatible, water miscible solvent includes at least one of:
N-methylpyroflidonsg, dimethyl sulphoxide, acetone, poly{athylene glycal),
tetrahydrofuran, isoprapanal, or caprolacions.

Optionally, the implant material includes a water soluble porogen that is not
soluble in the biocompatible solvent. Preferably, the water soluble porogen
includas at least ong of! a soluble inorganic salt such as sodium chioride; any
saluble organic compound such as sucrose; or a water soluble polymer such as
polyiathylene glycol), polv{ving! aleahol], polysaccharide such as
carboxymethylceliudose,

Compared with poly{methyl methacrylate) bone cements, aspects of the
present invention are macroporous and fully bioresorbable.

Compared with bioceramic blocks, aspects of the present invention have the
advantage of being injectable and/or mouldable and capable of conforming 1o
irreguiar shaped bone defects.
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Compared with biocsramic granules, aspects of the present invention have the
advantage of hardening in-situ to form a cohesive mass, thus praventing tha
possibility of granules migrating. This could be particularly advantagaous when
the implant is being used to deliver a drug or therapeutic agant, particularly one
which stimulates bone formation, such as BMP, as it reduces the possibifity of
bone forming in unwanted areas — pardicularly important if the implant is being
used in areas such as the spine where there may be nenves ele near to the
bone implant.

Compared with the implant material of US 2010/0041770, aspecis of the
invention described here have the advantage of having immadiate connectad

macroporosity suitable for rapid bone in-growth,

Compared with the implant material of US 2006/0251268, aspects of the
present invantion keep at least some of the bicactive/therapeutic molecule
within an infact coating layer which is not removed from the granules when the
biocompatible solvent is added. This aliows for better control and sustained
release of the molecule. Alsg, in embodiments having more than ane layer of
polymaer coating with different release andfor degradation profiles, the overall
release of drug can be lailored or the system used o deliver different
compounds with different release profiles. In addition, aspects of the invention
do not require pre-coating of the ceramic granules, and lurthermore, the fact
that a portion of the graniuiles comprise a bioresorbable polymer allows for the
creation of greater porosity as the polymer granules degrade allowing more
room for bone in-growth over fime. In addition, we here disclose the use of
water 1o modify the viscosity of the implant material prior to implantation in

order o achieve the desirad handling characteristics.

The viscosity of the implant material prior to hardening can be adjusted by the
addition of water after the addition and mixing of the solvent. Han
injectablefflowable material Iz desired then no water is added but by adding
water prior to implantation a more putty-ike/mouldable consistency can ba
achisved.
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The above and other aspects of the invention will now be described with

referance fo the following drawings in whichy

Figure 1

Figure 2

Figure 3

Figure 4

Figure §

Figure 6

Figure 7

is a schematic flustration of a first embodiment, according o
the present invention, of an implant matenial for bons void
filling,

is a schematic Hlustration of a sscond embodiment, according
to the present invention, of an implant material for bone void

{illing;

is 3 schematic ilustration of a third embodiment, according to
the present invention, of an implant material for bone void

filling;

is a schermnatic Hustration of a fourth embodiment, according to
the prasent invention, of an implant material for bone void
filling;

s a schematic Hlustration of a fifth embodiment, according to
the present invention, of an implant material for boneg void
filting;

is a schematic Hlustration of a sixth embodiment, according to
the present invention, of an implant material for bone void

filling;
is a schematic Hlustration of a seventh embodiment, according

to the prasent invention, of an implant material for bone void
filling;

SUBSTITUTE SHEET (RULE 26)



f s

10

20

25

30

WO 2013/165333 9 PCT/US2012/032066

Figure 8 is a schematic Hlustration of an eighth embodiment, according
to the present invention, of an implant material for bone void

filling;

Figuwe @ ig a schematic flustration of a ninth embodiment, according fo
the present invention, of an implant material for bong void
filling; and

Figure 10 is a close-up schematic view of the embodiment of Figure 9.

Referring to Figure 1, there is shown schematically an implant material
precursor for bone void filling comprising polymer granules 10 and a
biccompatible solvent 11, As the solvent 11 is mixed with the polymer granules
the solvent softens and tackifies the outer surface of the polymer granules,
giving them a "sticky’ character. I this stale, the granules adhers togethsr to
form a cohesive, mouldable implant material. The implant material can then be
used to filt bone voids and defects (not shown). The biocompalible solvent is
preferably water-miscible, In the presence of water or an agusous
enviranment, such as being placed in the body, the solvent is remaved and the
implant matsrial hardens into 8 mass with interconnectsd macroparosity.
Consequently, the magroporous material allows for tissue ingrowth, particularly
bone tissue ingrowth.

The polymer granules ara formed from biosorbable malerials such as
poly{lactic actd), poly(glyeolic acid), poly-L-lactide, poly-Dl-lactide, poly{iactide-
co-glycolide), polv(lactide-co-caprofactone), poly{lactide-co-DL-lactide),
polycaprolactons; any bioresorbable polyanhydride, polyamide, polyorthosster,
polydioxanong, polycarbonate, polyaminoackd, poly{amino-gster), poly{amido-
carbonate), polyphosphazene, polysther, polyurethane, polyeyanoacrylate, or
any combination of thase, and as the polymer degrades and is absorbed by the
body new bone forms and advances 1o replace substantially all of the polymer
malerial,
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The biocompatible water miscible solvent may be selected from: Ne-methyl-
pyroflidone, dimethyl sulphoxide, acetone, poly{sthylens glycol),
fetrahydrofuran, isopropanol, or caprofactons.

material leading to the formation of further macropores within the sat
composition. Typically, the porogen will be a soluble inorganic salt such as
sodium chioride; a soluble grganic compound such as sucrose; of a waler
soluble polymer such as polylsthylene glycol), polylvinyt alcohol),
polysaccharide such as carboxymethyicellidose.

The implant material may also include a bioceramic matedal in the form of
granules 13, as ilustrated in Figure 3. The bioceramic material may be at least
one of: calcivm phosphate, including hydroxyapatite, a substituted
hydroxyapatite (e.g. siicon, carbonate, magnesium, strontium, fluoride),
tricalcium phosphate, biphasic calcium phosphate, letracalcium phosphate,
gctacaicium phosphate, dicalcium phosphate dihydrate (brushite), dicaleium
phosphate (monetite), calcium pyrophosphate, calcium pyrophosphats
dihydrate, heptacalcium phosphate, calcium phosphate monohydrate; calcium
stiiphate; a bioactive glass or glass ceramic; or any combination of these.

According to this embodiment, the solvent softens and tackifies the outer
surface of the polymer granules, making them sticky. The granules then
adhere to each other and also the bioceramic granules, and as the solvent is
removad, the polymer hardens and incorporates the bicceramic granules in the
set macroporous structure. The bioceramic granules add strength and rigidity
to the implant malenal, and are ostecconductive to encowage bone in-growth,
Further, because only the auter surface of the polymer granules is softensd, the
polymer doss not spread to coat the surface of the bioceramic granules, and
therefore much of the outer surface of the biocermaic gramues fermaing
axposed. Accordingly, there is substantially no delay 10 initiation of the
ostecconductive effect.
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In further alternative embodiments shown in Figuras 5 and 8, the biocompatible
solvant fully dissolves the polymer granules in the prasence of the bioceramic
granules and forms a coating 14 over each surface. Thig can be achieved in
the presence of absence of a porogen. Alternatively, a similar result can ba
achieved by pre-mixing the solvent and polymer and then adding the
bicceramic granules, and optionally a porogen, to this mixture in order o form
the implant material {(Figures 7 and 8).

The implant material may also include a bioactive or therapeutic agsnt.
Examples of such include, but are not limited to a growth factor such as a bone
morphogenic protein (BMP), plalelet derived growth factor (PDGF), growth
hormone, transforming growth factor-beta {TGF-beta), insulin-like growth factor;
a bisphosphonate such as alendronate, zoledronate; an antibiotic such ag
gemntamicin, vancomycin, tobramicin, an anti-cancer drug such as paclitaxal,
mercatopuring; an anti-inflammaltory agent such as salieylic acid,
ndomethacing; or an analgesis such as salicylic acid.

In further embodiments of the invention, shown in Figures 8 and 10, the
bicresorbable polymer granules include a cors formed of a different malerial,
The core material may be a different bicresorbable polymer, having different
properties 1o the first bioresorbable polymer granules, of may be a bicceramic
matarial. In embodiments which incorporate a bioceramic core, the material wil
be a bioceramic granuls or powder. In further embodiments, the core includes
an inner core and an outer core, where the inner core is formed from a
bioceramic material and the outer corg is formed from a second biorasorbable
polymesy,

Referring to Figure 10, there is shown a polymer granule formed from a first
bioresorbable polymer. The polymer granule includes a core having an inner
gore formed from a bioceramic material, and an outer core, formed from a
second bioresorbable polymer. The first bioresorbable polymer will he at least
partially soluble in the biccompatible solvent 50 that it provides adhasion
hetween granules, If the first bloresorbable polymer includes a bioactive or
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therapeutic agent, it may provide an initial release of thal ageni as the polymer
starts to degrade and be ahsorbed.

The second bioresorbable polymer may be: a polymer comprising a poly-alpha-
hydroxyacid group, including poly{lactic acid), poly{glycolic acid}, poly-L-lactide,
poly-Dl-actide, poly{lactide-co-glycolide}, poly{lactide-co-caprofactone), poly(l-
tactide-co-Dl-actide), polycaprolacione; any bioresorbable polyanhydride,
polyamide, polyorthoester, polydioxanone, pelycarbonate, pelvaminoacid,
poly{aming-aster), polylamido-carbonate), polyphosphazene, polyether,
polyurethane, polycyanocacrylate; 8 polysaccharide comprising alginale,
chitosan, carboxymethyl celiulose, hvdroxypropyimethy celfutose, dexdran,
hyaluronic acid, or any combination of these, The second bioresorbable
paolymer is generally less soluble in the biocompatible solvent. Where bioactive
or therapautic agents are incorporatad in the second bioresorbabile polymer,
this allows for 4 sustained release of sald agent.

Examples

Example 1

Materials: f-tricalcium phosphate granules (GenOs 1-2mm, supplied by Qrthos
Lid}; poly-DL-lactids-co-glveolide (PRLGA) 85:15 (Puresorb, supplied by
Puracy; N-methyl-pyrollidone (NMP) {suppliad by Sigma-Aldrich).

Prior to use the PDLGA raw granuies were reduced in particls size by cryo-
milling for a total of about § minutes 1o a final particls size <1mm,

Method: tmil TOP granules was mixed with 1mi PDLGA 85:15 granules. 0.5m
of NMP was added and the mixture was slirred and kneaded with 8 spatula
unti it formed a pulty-like consistency. The mass couid be moulded in the
hands, It was placed in a eylindrical plastic mould (nternal diameter = 11.8mm)
and packed using finger pressure. The material was then pushed out of the
mould and was saen {o maintain #s shape. It was placed in delonized water al
room temperature. Aller approximately § minutes the sample was removed
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and had hardened sufficiently that i was ng longer mouldable,  was obssrved

that the material had maintained porosity between the fused granules.

The sample was storad overnight in deionized water at 37°C. After 24 howrs
the cylindrical samples weare all cut fo a height of 1 .5cm and {ested in
comprasgsion using an Instron 5589 Universal Testing Machine at a rate of

Srymdmin,

Compression testing gave a vield stress of 5.5MPa. There was no paak in the

stress-strain curve indicaling a tough material.

Compressive Stress (MPaj

& 1 3 36 4 & B
Compressive Strain 09

Example ¢

Example 1 was repeated but this time 1mi of NMP was added. In this case the
palymer granules fully dissolved and a solid plug was formed with less visible
porosity. The sample was stored in deionized water at 37°C and tested in
compression as described in Example 1. Compression testing gave a yield
stress of 4MPa. There was no peak in the stress-strain curve indicating a tough
material.
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Compressive Stress (MPa)

bl O S O OO T s e
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& 10

Example 3

1ol of TCP was mixed with 0.25my of PDLGA 85:158. 1ml of NMP was then
added and stirred to dissolve the polymer. The mixturs in this case was

flowable and less putty-fike than the previous sxamples. However, when tmi of

water was added ta the mass i immediately became more cohesive and pully-

ke, it was packed into the mould using Hinger pressure as belore and then

pushed out into defonized water. Alter about 5 minutes the sample was

removed and the plisg had hardened, It appeared more porous tharn examples

1 and 2. The sample was stored In delonized water at 37°C and ested in

compression as described in Example 1. Compression testing gave a peak

stress of 1MPa.
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Exampile 4

0.8mi of TCP was mixed with 0.5mi sucrose {granulated - supplied by Sigma-
Aldrich, Product Code 84097) and 0.5m1 PDLGA 85:15. 0.5mi NMP was added
to the mixture and stirred and kneadsd with a spatula to form 8 putly. Again the
mixture was packed into the mould then pushed out into water. After about §
minutes the sample was removed and examined and saen 1o have hardened,
Pares were visible between the granules and alsu from the dissolution of the
sucrose. The sample was stored in delonized water at 37°C and tested in
comprassion as described in Example 1. The sample gradually collapsed
under compression and no yield point o peak stress was visible on the slress-

strain cunve.
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Example &

0.6ml TOP was mixed with 0.5 mi sucrose and 0.25 mi PDLGA 8515, 1 mil of
NMP was added. As for Exanple 3, 3 flowable system was formed. 0.5 ml
waler was added and this caused the mixture o form a putly-like consistency.
Again it was packed info the mould and pushed out inlo water. Afier about &
minutes the sample was examined and seen 1o have hardened. Pores were
vigible between the granules and also from the dissolution of the sucrase. The
sample was stored in deionized water at 37°C and tested in compression as
desaribed in Example 1. The sample gradually collapsed undar compression
and no yield point or peak stress was visible on the stress-strain cuve,
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Example 6

1l TOP wag mixed with 0.5mi powdered POLGA 5050 {supplied by Aldrich
{The PLGA was not cryo-milled as it was already in powdered form). 0.2mi
NMPF was added dropwise o the dry constitusnis and thoraughly mixed by
hand with 2 spatula 1o form a inosely cohesive mass. Five drops of deionised
watar wera then added with further mixing to praduce a mouldable pulty. This
was patked and comprassed into the mould and then pushad out into
detonised water. The sample quickly hardened to form a porous gylindrical
nlug. The sample was stored in defonized water at 37°C and tested in
sompression as described in Exampls 1. Compression testing gave a psak
stress of 0.5MPa.
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Example 7

1mi TOP was mixaed with 0.2ml powdered PDLGA {50:50). (.15m) NMP was
added dropwise to the dry constituents and thoroughly mixed by hand with a

£33

spatuia to form a loosely cohesive mass. Five drops of delonised walsr were
then added with further mixing o produce a mouldable pulty. This was packed
and compressed into the mould and then pushed out info delonised water. The
sample guickly hardened fo form a porous eylindrical plug. The sample was

10 stored in deionized water at 37°C and tested in compression as described in
Example 1. Compression tesling gave a peak stress of 1.25MPa.

Example 8
imit TCP was mixed with 0. 1ol powdered PDLGA {(B0:50). 0.15mi NMP was

15 added dropwise to the thy constituents and thoroughly mixed by hand with a
spatula to form a loosely cohesive mass. Five drops of deionised water were
then added with further mixing to produce a mouldable pulty. This was packed
and comprassed into the mould and then pushed out into delonised water. The
sample quickly hardenad {o form a porous cylindrical plug. The sample was too

20 friable to undergo compression testing

<
~
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Example @

0.5mi TCP granules were combined with D.5mi hydroxyapatite granules (2-3
mm - supplied by Plasma Biotal Lid}) and 0.2ml powdered PDLGA (80:50).
D.25 mi NMP was added dropwise 1o the dry mixture and thoroughly mixed with
a spatula, The further addition of 5 drops of delonised water produced &
cohesive putly that was packed into the mould and then released out inlo
deilonised water. The sample quickly hardened to form a parous cylindrical
pltig. The sample was too friable to undergo cormpression testing.

Example 10

0.4mi TCP granules were combined with 1.2mi hydroxyapatite granules (2-3
mm) and 0.8mi powdered PDLGA (50:80). 0.28 mI NMP was added dropwise
ta the dry mixture and thoroughly mixed with a spatula. The further addition of
& drops of deionised water produced a cohesive pulty that was packed into the
mould and then released put into delonised water, The sample quickly
hardened to form a porous cylindrical plug. The sample was stored in
deionized water at 37°C and testad in compression as described in Example 1,
Compression testing gave a peak stress of 0.90MPa.

Cornpressive Stress {MPal

R

& § i 15 &8 25 0
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Example 11

1l of TCP was mixed with 0.25ml of PDLGA (85:15). 1mi of e-caprolacions
{(suppliad by Acros Organics) was then added and stirred to form a flowable
mass. The material was packed info the mould and 1ml of walsr was added,
The plug could then be pushead out of the mould Into deionized water. Alter
about § minutes the sample was removed and examined, It was a cohasive
vorous cylinder hut still quite soft; it had fully hardened after 16 hows, The
sample was stored in deionized water at 37°C and tested in comprassion as
dascribed in Example 1. Compression testing gave a peak stress of 0.8MPa,
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Exampda 12

{ral TCP was mixed with 0.25mi POLGA 85:15 and then 0.88g NMP was
added. The mbdure was stirred to form 8 mouldatie mass and was then
packed into a cylindrical mould {internal diameter = 8.5mm) and compressed
using finger pressure. The plug of material was pushed out info defonized
water and was ssen to harden ingtantly on contact with the water,
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The sample was stored in deionized water for 2dhours and then removed and
aly dried.

The sample was prepared for Micro-CT analysis by mounting the bone void
filler speciman directly onto a brass pin sample holder using an adhesive tab on
the base of the bone void filler. Micro-CT images were acquired on a Skyscan
1173 Micro-CT using a micro focused Xray soutce with a voltage of 85KV and
a current of B8uA, X-ray shadow images were acquired with a 0.4 deg step size
pver a 180 dey acquisition angle, with 4 averages and Sum resolution. The X-
ray shadow images were reconstructed into a stack of 2D cross-sections using
a reconstruction program {N-Recon) supplied by Skyscan, The Micro-CT
imagas were raconstructed using a smoothing factor of 2, a 1ing anefact
corraction of 12 and a beam hardness corrgction factor between 50%-65%.

The results from the micra-CT scanning were as follows:

% Open Pore Space 41.0

% Cloged Pore Space {08

Total % Pors Space 41.8

% Materal 581
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The sample was then tested in compression using an Instron 5569 Universal
testing Machine at a rate of 2.5mm/min. The sample had & compressive
modulus of 2.33MPa and a fallure stregs of 0, 13MPa.

Example 13

Tl TOP was mixed with 1mi PDLGA 8515 and then 0.5g NMP was added.
The mixture was stirred to form a mouldable mass and was then packed into a
cylindrical mould {internal diameter = 8 8mm) and compressed using fingsr
pressure. The plug of materal was pushed out info delonized waler and was
seen to harden instantly on contact with the water,

The sample was stored in delonized water for 24hours and then removed and
air dried.

The sampie was analysed by micro-CT as described in Example 12, The
rasults from the micro-CT scanning were as follows:
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% Open Pore Space 19,8

% Closad Pore Space | 1.6

Total % Pore Space 21.4
% Matarial 78.8

i bk i

The sample was then tested in compression as described in Example 12, The
sample had a compressive modulus of 77.0MPa and a fallure siress of
3.78MPa,

Example 14

2mi (=2, 13g) HA granules {2-3mm, Plasma Biofal) wag mixed with 0.24g
PDLGA 85:15 and then 0.49¢g NMP was added. The mixlure was stired {0
dissolve the polymer and coat the ceramic particles. This formed a mouldable
mass which was then packed into a evlindrical mould (nternal diameter =
11.8mim) and compressad using finger pressure. The plug of material was
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pushed oul info deionized water and was sesn 10 harden instantly on contact
with the water.

The sample was stored in dejonized water for 24hours and then removed and

5 gir dried.
The sample was analysed by micro-CT as described in Example 12 The
results from the micre-CT scanning were as follows:
% Open Pore Space | 418
% Closed Pore Space | Q1
Total % Pore Space 418
% Materal 58.1
10

Sk
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The sample was then lested in compression as described in Example 12. The
sample had a compressive modulus of 1.82MPa and a fallure stress of
0.14MPg.

Example 15

0.18g PDLGA 85:15 was mixed with 0.37g NMP to dissolve the polymer. 2mi
{=2.12g} HA granules {2-3mm, Plasima Biotal} was then mixed into the polymer
sofution, The mixture was stirred coat the caramie particles. This formed a
mouldable mass which was then packed into a cylindrical mould {internal
diameter = 11.8mm) and compressed using finger pressure. The plug of
material was pushed out info deionized water and was seen 10 harden instantly

an contact with the waler,

The sample was stored in delonized water for 24hows and then removed and

afr dried.

The sample was analysed by micro-CT as described in Example 12. The
resuits from the micro-CT scanning were as follows:

% Cpen Pore Spacea 347

% Closed Pore Space | Q1

Total % Pore Space 39.8

% Matedal 60.2
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The sample was then tested in compression as described in Example 12, The
sample had a compressive modulus 3.21 and a {ailure stress of 0,18MPa.

Example 18

A 33.3% wiw soludion of PLGA 85:15 in NMP was prepared by mixing 3¢
POLGA with 8g NMP and allowing to stand ovarnight at room temperature until
the polymer was fully dissulved.

dmi {=1.468q) HA/TCP granules {0.8-1.8mm, supplied by Ceramisys Lid) was
mixed with 0.52g of the 33.3% PDLGA solution and stirred thoroughly {o coat
the granules. The resulting mass was packed into 3 cylindrical mould {internal
diameter = 11.8mm) and comprassed using finger pressure. The plug of
material was pushed out into deionized water and was seen to harden instantly
on contact with the water,
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The sample was stored in defonized water for 3 days and then removed and aly
drind.

The sample was analysed by micre-CT as described in Example 12, The
5 results from the micro-CT scanning were as follows:

% Open Pore Space 44.5

% Closed Pora Space 104

Total % Fore Space 44 8
% Malerial 551

10 The sample was then tested in compression as described in Example 12, The
sample had a compressive modulus of 3.96MPa and a failure stress of
0.24MPa.
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Example 17

2mi (=2.18g) HA granules (2-3mm, plasma Biotal} was mixed with 8.53g of the
33.83% PDLGA solution used in Example 16 and stirred thoraughly {o ¢oat the
granules. The resulting mass was packed into a eylindrical mould {intemal
diameter = 11.8mm) and compressead using finger prassure. The plug of
material was pushed out into deionized water and was ssen 1o harden instantly
on contact with the water.

The sample was stored in deionized water for 3 days and then removed and air
dried,

The sample was analysed by micre-CT as described in Example 12. The
rasults from the micro-CT scanning wers as folfows:

% Open Pore Space | 42.9

% Closed Pors Space 0.0

Tatal % Pare Space 1429

%, Maternal R7 1

SUBSTITUTE SHEET (RULE 26)



WO 2013/165333 28 PCT/US2012/032066

The sample was then lested in compression as described in Example 12, The
sample had 3 comprassive modulus of 13.3MPa and a fallure stress of
5  0.37MPa.

Example 18

2mi {=2.12g) HA granules (2-3mm, plasma Biotal} was mixed with 0.70g of the

33.3% PDLGA solution used in Example 16 and stirred thoraughly 1o coal the
10 granules. The resulling mass was packed into a eylindrical mould {internal

diameter = 11.8mm) and compressed uging finger pressure. The plug of

material was pushed out info deionized water and was seen (o harden instantly

ort contact with the water,

15 The sample was stored in delonized water for 24 hours and then removed and
gir dried.
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The sample was analysed by micro-CT ag described in Example 12, The

rasults from the micro-CT scanning were as follows:

36.0
% Closed Pore Space | 0.1

Total % Pore Space 381

% Material 83.9

The sample was then tested in compression as described in Example 12. The
sample had & comprassive modilus of 31.5MPa and 3 fallure stress of
1.52MPa.

Example 18

2mil {=0.72g) HA/TCP granules {0.8-1.5mm, Ceramisys) was mixed with 2mi

{=1.72¢) sucrose, then further mixed with 0.70g of the 33.3% PDLGA solution

used in Example 16 and stirred tharoughly to coat the granules. The resulting
SUBSTITUTE SHEET (RULE 26)
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mass was packed into a cylindrical mould {internal diameter = 11.8mm) and
compressad using finger pressure.  The plug of material was pushad out inlo
deionized water and was séen to harden ingtantly on contact with the water but
with some shedding of ceramic particles. The sucroge wag also seen o

dissolve, creating pores.

The sample was storad in deionized water for 24 hours and then remaved and
air dried,

Tha sample was analysed by micro-CT as describad in Example 12, The
rasults from the micro-CT scanning wers as follows:

% Qpen Pore Space | 85.3

% Closed Pore Space | 05

Total % Pore Space 55,8
% Material 442
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The sample was then tested in comprassion as describsd in Example 12. The
sampie had a compressive modulus of 8.07MPa and & fallure stress of
2.13MPa.

Example 20

2.5mi PDLGA 85:15 granules {as racsived ~ not eryo-milled) was mixed with
0,320 NMP. The NMP made the polymer granules tacky so that a mouldable
cohesive mass was formed. This was packed into 2 eylindrical maudd {internal
diameter = 11.8mm) and compressed using finger prassure. The plug of
material was pushad out into delonized water and was seen {0 harden instantly

on contact with the water,

The sample was stored in delonized waler for 24 hours and then removed and

air dried.

The sample was analysed by micro-CT as described in Example 12, The
results from the micro-CT scanning wera as foliows:

% Open Pore Space | 37.7

% Closed Pore Space | 0.2

Total % Pore Space 37.8

%, Matarial 621
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The sample was then fested in compraession as described in Example 12, The
sample had 3 compressive madulus of 26.5MPa and a failure strass of
3.65MPa,

Example 21

1.25mi PDLGA 8515 granules {as received ~ not cryo-milied) was mixed with
1.25mi HA/TCR (0.8-1.5mm, Ceramisys) and further mixed with 0.33g NMP.
The NMP made the polymer granules tacky so that a mouldable cohesive mass
was formed. This was packed into a eylindrical mould {internal diameter =
11.8mm) and compressed using finger prassure. The phig of materdal was
pushed out into deionized water and was seen o harden instantly on contact
with the water. There was some shedding of ceramic particles from the surface
when the plug was dispensed into waler,

The sample was stored In deionized water for 24 hours and then removed and
alr drigd.
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The sample was analysed by micro-CT as described in Exampls 12, The

results from the micro-CT scanning were as follows:

% Open Pore Spacs | 426

% Closed Pore Space [ 1.2

%, Wateria 562

The sample was then ested in comprassion as described in Exarmple 12. The
sample had a compressive modulus of 0.97MPa and a failure stress of
10 Q.18MPa.

SUBSTITUTE SHEET (RULE 26)



WO 2013/165333 35 PCT/US2012/032066

Table 1 below summarises the compositions and results from Examples 1-11
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Table 3 below summarigses the tesling resulls from Examples 12-21.

% Open ﬁ%tiased Total % $tress at
Example {Pore iPm“e Pare % Modulus |Failure
No Space 35;;:9:&”” {Space  IMaterial {{MPa}  [{MPa)

12 410 | 09 419 58,1 2,33 0.13
13 8 | 1B 214 We L IR0 | A
14 418 | 01 41.9 58,1 19 1 01
15 1 B»7 |01 398 L 602 | 321 | oas
16 4.5 0.4 44,4 551 | 396 | 024
17 2.9 0.0 29 | 571 | 1330 | oa7
"""" 18 3.0 0.1 /1 0 639 | A0 | 1S
19 55,3 0.5 558 | 442 607 | 213
IR 379 | 621 | 2650 | 369
21 2.6 12 438 | %62 1 097 | 018

The resulls in lables 1 and 3 show that materials able to withstand stresses up
to SMPa or higher are achievable, while still maintaining a high leval of porosity.
The compressive strength of cancellous bone s typically in the range 2-12MPa
50 it can be seen that it is possible to make bone void filling materials with
strengths in this range (Examples 1, 2, 13, 18 and 20). The Young's modulus
ot cancellous bone is typically in the range 4-350MPa and it can also be seen
that it is possible to make materials with compressive moduli in this range
{Examples 13, 16, 17, 18,18, 20}. All the samples had a high degree of
porosity {20-60%) as seen in Tabls 3 and imporiantly most of this ig
inferconnacted porosity with only very low levels of closed pore space, thus
altowing hone in-growth throughout the material. Inclusion of a porogen {such
as in Example 18} can be seen o increase the poresily.
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CLAIMS:

n

. An implant material for bone void filling comprising bioresorbable

polymer granules and a biocompatible water-miscible solvent, wherein
the solvent at least partially dissolves and/or softens the polymer
granules to form a mouldable mass that can be used fo fill a bone defect
but which hardens when the implant material is exposed to water, and
wherein the implant material has macroporosity suitable for bone in-
growth.

An implant material according to claim 1 comprising pores of between
about 50 and 3000 microns; preferably 100 and 2000 microns; more
preferably 120 and 1500 microns, which pores provide a macroporosity

fevel suitable for bone in-growth.

An implant material according to claim 1 or claim £, wherein the
bioresorbable polymer granules comprise particles, flakes or powder.

An implant material according to any one of claims 1 to 3, wherein the

implant material further comprises a bioceramic material.

An implant material according to claim 4, wherein the bioceramic
material is formed as a mixture or dispersion with the bioresorbable
polymer.

An implant material according to claim 4 or claim 5, wherein the
hioceramic material is porous and comprises granules, flakes or powder.

An implant material according to any one of claims 4 1o 8, wherein the
hinceramic material comprises pores of between about 10 and 1000

“microns; preferably 15 and 500 microns; more preferably 20 and 300

microns.

An implant material according to any one of the preceding claims,
wherein the bioresorbable polymer granules include a core formed of a
different material.
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8. An implant material according to claim 8, wherein the core is formed
from 3 biocerarnic material.

10. An implant material according to claim 8, wherein the core includes an
inner core and an outer core, and wherein the inner core is formed from
a bioceramic material and the outer core comprises a second
bioresorbable polymer,

11. An implant mat’eriai_ according fo claim 10, wherein the outer core further
comprises a bioactive or therapeutic agent.

12.An implant material accarding fo any one of claims 1 to 10, wherein the
implant material comprises a bicactive or therapeutic agent.

13. An implant material according to claim 12, wherein the first bioresorbable

polymaer further comprises the bioactive or therapeutic agent.

14.An implant material ascording to any one of claims 11 to 13, wherein the
bioactive or therapeutic agent comprises at least one of: a growth factor
such as a'ny bone morphogenic protein (BMP), platelet derived growth
factor (PDGF), growth hormone, fransforming growth factor-beta (TGF-
beta), insulin-fike growth factor; a bone anabolic égent such as
parathyroid hormone or teriparatide; an anti-resorptive agent such as a
bisphosphnnaté {including stidronate, clodronate, tiludronate,
pamidronate, neridronate, clpadronate, alendronate, ibandronate,
risedronate, zoledronate),or strontium ranelate; an antibiotic such as
gentamicin, vancomycin, tobramyein, erythromycin, clindamicin; an anti-
cancer drug such as paciitaxel, mercatopurine; an anti-inflammatory
andfor analgesic agent such as acetylsalicylic acid, buprofen,
naproxen,indomethacine, ketoprofen or diclofenac.

15. An implant material according to claim 10 or claim 11, wherein the
second bioresorbable polymer is less soluble in the blocompatible
solvent than the first bioresorbable polymer.
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16. An implant material according to any one of the preceding claims,

wherein the bioceramic material comprises at least one oft calcium
phosphate, including hydroxyapatite, a substituted hydroxyapatite (e.g.
silicon, carbonate, magnesium, strontium, fluoride), tricalcium
phosphate, biphasic calcium phosphate, tetracaicium phosphate,
octacalcium phosphate, dicalcium phosphate dihydrate (brushite},
dicalcium phosphate (monetite), calcium pyrophosphate, calcium
pyrophosphate dihydrate, heptacalcium phosphate, calcium phosphate
monohydrate; calcium sulphate; a bicactive glass or glass ceramic.

17.An implant material according to any one of the preceding claims,

wherein the first bioresorbable polyrmer comprises at least ong of: a
polymer comprising a poly-alpha-hydroxyacid group, including poly{lactic
acid), poly(glycolic acid), poly-L-lactide, poly-Di-lactide, poly(lactide-co-
glycolide), poly(lactide-co-caprolactone), poly({L-lactide-co-Di-lactide),
polycaprolactone; a bioresarbable polyanhydride, polyamide,
polyorthoester, polydioxanone, polycarbonate, polyaminoacid,
poly(amino-aster), poly{amido-carbonate), polyphosphazene, polyether,
polyurethane, or polycyanoacrylate.

18.An implant material according o any one of the preceding claims,

wherein the second bicresarbable polymer comprises at least one of. a
polymer comprising a poly-alpha-hydroxyacid group, including poly(lactic
acid), poly{glycotic acid), poly-L-lactide, poly-Dl-actide, poly{lactide-co-
glycolide), poly(lactide-co-caprolactone), poly(L-lactide-co-DL-lactide),
polycaprolactone; a bioresorbable polyanhydride, polyamide,
paiyoﬁheestér, polydioxanone, polycarbonate, polyaminoacid,
poly{amino-ester), poly(amido-carbonate), polyphosphazene, polyether,
polyurethane, polycyanoacrylate; a polysaccharide comprising alginate,
chitosan, carboxymethyl celiulose, hydraxypropyilmethyi cellulose, -
dextran, or hyaluronic acid.

19. An implant material according to any one of the preceding claims,

wherein the biocompatible, water miscible solvent comprises at least one
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of: N-mathyl-pyrollidons, dimethyl sulphoxide, acetone, poly(ethylene
glycol), tetrahydrofuran, isopropanel, or caprolactone.

20.An implant material according to any one of the preceding claims,
wherein the implant material includes a water soluble porogen that is not
soluble in the biccompatible solvent.

21.An implant material according to claim 20, wherein the water soluble

porogen comprises at least one of: a soluble lnerganic salt such as

- sodium chioride, calcium chioride, strontium chioride, magnesium
chioride, a soluble organic compound such as sucrose, glicose, lactose,
calcium gluconate, calcium lactate; or a water soluble polymer such as

- poly(sthylene glycol), polylethylene oxide), poly(ethylene oxide-b- _
propylene oxide), poly{viny alcohol), poly vinyl acetate, polyacrylic acid,
poly vinyl pyrrolidone, poly{viny! phosphonic acid), polysaccharide such
as carboxymethylcellulose, sodium alginate, chitosan, or dextran.

22 An implant mateﬁai according to any one of the precading claims,
whersin the implant material has an open porosity of greater than 15%.

23. An implant material according to claim 22, wherein the implant material
~ has an apen porosity of between about 15%-70%; more preferably about
20%-55%; most preferably about 25%-45%.
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