WO 2007/137653PCDEP2007/003382 INJECTABLE FIBRIN
COMPOSITION FOR BONE AUGMENTATION FIELD OF THE
INVENTION [0001] The present invention relates to a biodegradable
WijentsiiareBmposition for bone augmentation comprising fibPfaT &Rt ASEs2
agent and calcium salt-containing particles, as well as a method for bone
augmentation in a patient suffering from a bone disorder comprising
injecting said composition into a non-mineralized or hollow portion of said
bone. BACKGROUND OF THE INVENTION [0002] For example,
percutaneous bone augmentation includes the techniques of
vertebroplasty and kyphoplasty which have been used in the following
indications: painful hemangiomas, osteoporotic compression fractures,

N A Sl s S

bone cements to repair fractured vertebral bodies. This treatment is

effective in relieving paig:?ﬂ%j‘?ﬁmﬂﬁ% helgblte H#)e vertebrae. The
entified usl

targeted vertebrae are i ng fluoroscopy and a trocar needle is
introduced into the vertebral body. The PMMA can be delivered to one
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infiltration, epidural leakage and intradiscal leakage (Truckai €., SF
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powmm@_cluding compression of adjacent structures (requiring
further 2 Wu 2007/137653PCT/EP2007/003382 surgery) and/or

embolism. Recent research has also demonstrated that a mismatching of
forces between the BMIKGELHSE RF Ddite 1bydNG!@Nincrease in
secondary fractures in the vertebrae adjacent to the PMMA treatment
(Trout A.T., Kalimes D.F., Kaufmann T.J., Journal of Neurorad olo
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needle is introduced into the vertebral body. The PMMA can be delivered fo one

(unilatera!) or both (bilateral) sides of the vertebral body and the delivery is monitored

using fluoroscopy to ensure that the cement remains & bolus, without leakage or

migration.

[0003] Complications of the technique include leakage of PMMA. This can be
paravertebral leakage, venous infiltration, epidural leakage and intradiscal leakage
(Truckai C., Shadduck J.H., US 2006089715, 2006). l.eakage can result in very

serious complications including compression of adjacent structures {requiring further



[0005] The viscosity of PMMA is also §critical parameter. It must be low

enough to permit injection and high enough to prevent it from bein
SHIERIEHR the vasculature. The viscosity rises with time providing the -

clinician with a window of approximately 10 minutes to perform the

technique gnd retrieve the peedle, [Q0061 Thus, a.stgag ngemhexXSai that =
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resorbable, i.e. biologically degradable, fibrin matrix. The material of the

present disclosure has substantially no exathermicity, exhibits mechanjcal -
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barium sulphate on the bone and the cement properties are not fully known.

[0005] The viscosity of PMMA is also a critical parameter. it must be low enough to
permit injection and high enough fo prevent it from being squeezed into the
vasculature. The viscosity rises with time providing the clinician with a window of

approximately 10 minutes to perform the technique and retrieve the needle.

[0006] Thus, a strong need exists for injectable bone augmentation compositions

which overcome the above-mentioned disadvantages.

[0007] Therefore, it is an object of the present invention to provide new injectable

compositions for bone augmentation, such as in vertebroplasty and kyphoplasty.
SUMMARY

[0O08] The present disclosure relates to a micro-porous injectable fully resorbable, ie.
biologically degradable, fibrin matrix. The material of the present disclosure has

substantially no exothermicity, exhibits mechanical properties typically seen in
elastomers and is mechanically superior to fibrin alone. Adequate radio-opacity is

achieved through the incorporation of suitable contrast agents and viscosity is



DETAILED DESCRIPTION OF THE DISCLOSURE [0009] One aspect of
thexpresentaisclosure relates to a multi-component system foP@EVEP2007/603382
injectable bone augmentation composition, comprising: component (a)
comprising fibrinogen; component (b) comprising thrombin; component (c)
HIBPEGINgG ableastahércontastegemoamiatiompdnenpédjcebaprimegias. Unlike
least one type of calcium salt-con_taining lp@rtiﬂgs havint%gcggame;,glrsof
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multi-component system for an injectable bone augmentation composition
as defined abayemayrfuntheirefudeayF atHeMueMmipoReRfsuitable for
e.g. augmenting, strengthening, supporting, repairing, rebuilding, healing
or filling a bone, such as osteoinductive agents, growth factors,

gm%mﬁ@ 'Apeutic A pharmacelggical agents . hielogisallvrativeagenis,
hardening and/or adhesive compounds .and mineral additives. These
ar@dmé@??esbﬁi‘a%/%@w%m% R e CURRERERts (a) to (d) of the

multi-corgpepenkey $t8M-aaniging tidthegemesent disclosure or may be
comprised as extra gt})mponenlg. Q 1{(23]77%%0rding to one example of the
present GiREIB0FEL (78 MHSHRBYRRTSNPORENt (a) of the multi-component

system aspfigfineshiafyvesnayifinier tasiriseons i rapestopnd

extracellular matrix proteins, for.example fi rgﬂgc' C%P"@Ji&ﬁﬁ?%%‘i@%ntainin
proteins,CgfﬂgPB?ﬁrﬁdid%?ng%ﬁ e%rr)%s‘,go%%examp elolood clotting factor J
X (FEXI) 4 particles having a diameter of about 200 pm or less.

[0G10] According to one embodiment of the present disclosure the components (a) to

(d) of the mulli-component system as defined above are each present in solution,

wherein at least component (a) is spacially separated from component (b).

[0011] The muiti-component system for an injectable bone augmentation composition
as defined above may further include any other component suitable for e.g.
augmenting, strengthening, supporting, repairing, rebuilding, healing or filling a bone,
such as osteoinductive agents, growih factors, chemotherapeutic or pharmacological
agents, bio!ogicélly active agents, hardening and/or adhesive compounds and
mineral additives. These compounds may be contained in any of the components (a}
tor (d) of the muiti-component system according to the present disclosure or may be

comprised as extra components.

[0012] According to one example of the present disclosure, the fibrinogen component
(a) of the multi-component systermn as defined above may further comprise one or

more of extracellular matrix proteins, for example fibronectin, cellular associated

proteins, other plasma derived proteins, for example blood clotting factor XHI (FXHI)



WO 2007/137653PCT/EP2007/003382 and proteases, and protease

inhibitors, and mixtures thereof The fibgfinogen solution according to the

presggt,yf%s&lgsure may also include any additive which is corpprigeshin/thss:z

StAte OF the art for scientific and/or commercially available fibrinogen

compositions, for example commercially available fibrinogen solutions. ‘
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any clot- forming substance, such as clot-formgﬂ%.derlv%wes of flbn&(agen,
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i CHIOPORENT (3) Bidhemuli-coripaifienEsyiEmoRIngey cislExavpisiiRnibrinogen
about 10 to about 200 mg/ml, suc : abauckR0 mg/ml
COW%WPQEOW%%@B%%B%T@ rrﬁbaﬁ}rﬁalggég%i The tn;{?g%bin component (b)

of the multi-component system according to the present disclosure, may

fyrther comprise additional.compau wihihthearpas welbas aise any clot-
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i thquqr.nbin amount. In one example of the present disclosure, the amount of
Hrombin in said thrombin component (b) is such that it is at least about 1
IU/m1 in the final clotted composition, such as about 30 1U/ml. [0016] The

méﬁg@ "_'rfhéo@bii&liaﬂc&ﬂdf&mogen|ynhmbrmﬁea@@z£?s@% Rlafibipe muiti-
inducing or clotting-inducing agent fog componeny Qr&YeIRleRy/mi, such as
mﬁ?ﬂ%?@l%g?é’é%é%@%%?g aﬁxa%més%jﬁer system.

from about 30 fo about 150 mg/ml or from about 75 to about 115 mg/ml.

[0015] The thrombin component (b} of the rhulti—componem system according to the
present disclosure, may further comprise additional compounds known in the art as
well as one or both of the components (c} and (d), particularly the contrast agent
component (c). There is no specific limitation in respect to the used thrombir} amount.
In one example of the present disclosure, the amount of thrombin in said thrombin

component (b} is such that it is at least about 1 1U/mi in the final clotted composition,

such as about 30 {U/mi.

[0016] The term “hrombin” includes not only thrombin per se, but also any gelation-
inducing or clotting-inducing agent for component (a), for example a physiologically

acceptable alkaline buffer system.

[00171 The term “contrast agent”, as used herein, includes any suitable contrast

. e . . uch
agent usable according to the present disclosure in imaging applications known 1n the art su

as fiuoroscopy. In one embodiment of the present disclosure, the suitable

contrast agent of the multi-component system as defined above has a low osmolality

and allows fibrin assembly to occur at an appropriate extent.

[0G18] Further, the term “contrast agent” includes all such compounds which can be



[0017] The term "contrast agent”, as used herein, includes any suitable
contrast agent usable according to the present disclosure in imaging
applications known in the art such as fluoroscopy. In one embodiment of
th&VSra¥aHE WiBclosure, the suitable contrast agent of the multEESMPSRERE3
system as defined above has a low osmolality and allows fibrin assembly

to occur at an appropriate extent. 5 WO, . . . : di
S T BBb0 OaBE ats sapa framaumaundine.
tighiseldsyréetmdicarebe/distnglisib deRiRira SWebuRRing BEsTRdiRjion, radioactive
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radiation, infrared radiation, ultraviolet radiation, electron or neutron

megfigtio skt @THEGREEHeRl, FNUHPILSIHEPBINERPEombination thereof.

[0019] In one example of the present disclosure, the suitable contrast

agent of the multi-component system according ta the present disclosur, lti-
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earth elements sueh,as gadolinium AL 498 190201 As used herein,

reterm “odine containing organic compound" includes all compounds
onghith eonpeinraisleastain (o eRBMEERATSTIGHAR F6rHassidddefRBOS USed.

physically or chemically, for example covalently or coordinatively. The

same definition applies mutatis mutandis to the above-mentioned or,ganilc q ’
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selected from the group consisting of diatrizoate (m mine)-iodec o,
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example og the present disclosure, the amount of contrast agent such as
quhi% 8F8Fiohexol in component (c) is such that it ranges from about 100

to about 800 mg/ml, such as from about 150 to about 600 mg/ml or from

ioag?fté&%tﬂéasb%t%m@l%ﬂﬁégﬁg@@ht@'%&ﬂwéomﬂﬁﬁtﬁ&ﬁponem system as
defined above are selected from the group consisting of diatrizoate (meglumine),
iodecol, iodixanol, iofratol, iogulamide, iohexol, iomeprol, iopamidol, iopromide, iotrol,

ioversol, ioxaglate and metrizamide.

[0022] According to one example of the present disclosure, the amount of contrast
agent such as iodixanol or iohexol in component (¢} is such that it ranges from about
100 to about 800 mg/mi, such as from about 150 to about 800 mg/mi or from about

200 to about 400 mg/m, in the final clotted composition.

EDOZS] The term "particle” includes any type of particle shape or form known in the

art, for example spherical, angular or hollow.

[0024] In one embodiment of the present disclosure, the calcium salt-containing particles of
the multi-component system according to the present disclosure are

selected from the group consisting of fricaicium phosphate, alpha-tricalcium



[0023] The term "particle” includes any type of particle shape or form
known in the art, for example spherical, angular or hollow. [0024] In one
embodiment of the present disclosure, the calcium salt-containing
partiéte8 Bt eSmulti-component system according to the preseR T/EF2007/003382
disclosure are selected from the group consisting of tricalcium phosphate,
Ipha-tricalcium 6 wo.20071137653PCT/EP2007/003382 phosphate, .
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The calcium salt-containing particles of the present disclosure further
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sclosure, the amount of .
or from about 30 to 40% w/w in respect to the final clotted composition.

[0025] According to one embodiment of the present disclosure, the amount of

fibrinogen in component (a) of the multi-component system as defined above ranges
from about 10 to about 200 mg/mi, the amount of thrombin in component (b} is such
that it is at least about 1 IU/ml in the final ciotted composition, the amount of conirast
agent contained in component {c} is such that it ranges from about 100 to about
800 mg/mi in the final clotted composition, and the amount of the at least one type of
ealcium salt-containing particles in component {d) ranges from about 1 to about

50% wiw in respect to the final clotted composition.

[0026] According to a specific example of the present disclosure, the amount of

fibrinogen in component (a) of the muiti-component systern as defined above ranges
from about 75 to about 115 mg/ml, the amount of thrombin in component (b) is such
that it ranges from about 25 IU/mi to about 50 iU/ml in the final clotted composition,
the amount of contrast agent contained in component {¢) is such that it ranges from
about 300 to about 500 mg/mt in the final clotted composition, and the amount of the
at least one type of caicium salt containing particles in component (d) ranges from -
about 30 to about 40% w/w in respect to the final clotted composition.



fibrinogen in component (a) of the multi-component system as defined
above ranges from about 10 to about 200 mg/ml, the amount of thrombin

in corpRenent) is such that it is at least about 1 Um, in the final-gleftedos3sz
composition, the amount of contrast agent contained in component (c) is

such that it ranges from about 100 to about 800 mg/ml in the final clotted
EPpoSitonand theamotnhef thacat |dastonetye ofdssemponent system for an

salt-containing particles. in co Hi%ﬂt g% ges from about 1 to about
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specific examptaefithe) presurigigcidginegahie amount of fibrinogen in
componen f ulti- entsysigm as defined above ranges
Lo

from about 115 mg/ml; the amount of thrombin in component
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40% w/w in respect to the final clotted composition. 7 WO
2007/137653PCT/EP2007/003382 [0027] In another aspect of the present
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multi-component system may be present in containers suitable for

EO%Q%%OF@%Q@P atl e spid,multicomRaRsERYSIemmI Bty for example

containers usable in the multi-component system according to the present

belisersifedaire FieTRAIEENAIRIHVEY BEYIREIRIBSEohiRitRRs BrapyPepiginer in any
cARARIRLR Shapsdaisxanple Vialaieinaytnges.components (b) and (c) in one

container and of components (2) and (d} each in different containers.

[0O030] According to the present disclosure, the containers may for example contain

one or more components as a solid, as well as a solvent separated from said
components by a separation means in said container, wherein a solution of the
respective one or more componenis can be prepared by breaking or removing said

separation means. The components (a} to (d} of the multi-component system of the

present disclosure may be also present as a ready-to-use mixture.

[0031] Moreover, said components (a) to (d) present in one or more containers may

also be part of a kit, comprising the multi-component system as defined above. The

kit may further comprise any additional compound usable in the muifi-component



[0029] Moreover, the components of said multi-component system may for
example be contained in different contairéers or may be present in the

same container in any combination, for example as a combination of
compBAEMYE T and (c) in one container and of components (af GREE) 77603382

each in different containers. [0030] According to the present disclosure,
iners may for example contain one or more components as
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separation means. The components (a) to (d) of the multi-component
system of the present disclosure may be also present as a ready-to-use

[oistere A[0031 ] Moregrvelk said companentsifak i A)nLessit i ne or

more containers may also be part of a kit, comprising the multi-component
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Another aspect of the present disclosure relates to'an injectable bone

augmentation compositid?ATEBIABASIGS CoRHBRERO(A R BRSIHGRITIASS.

f0033} According to one example of the present disclosure, the injectable bone

augmentation composition is prepared from the multi-component system as defined
above, for example by mixing the components of said multi-component system
together and/or homogenizing said components. The preparation of the injectable
bone augmentation composition can be camied out at any suitable temperature, such
as in the range from about 18 fo about 37 °C, for example at 25 °C.

[0034] Moreover, the injectable bone augmentation composition as defined above
may further include any other component suitable for e.g. augmenting, strengthening,
supporting, repairing, rebuilding, healing or filling a bone, such as osteoinductive
agents, growth factors, chemotherapeutic or pharmacological agents, biologically
active agents, hardening and/or adhesive compounds and mineral additives. These
compounds and/or agents can be chemically attached to the matrix, adsorbed on the
particulate component, for example on the caicium containing particles, trapped in
the fibrin matrix or contained as a free molecule/drug particle, for example a powder.

[0035] The components (b) to (d) of the injectable bone augrnentation composition
according to the present disclosure are the same as defined for the multi-component

system characterized above.



component (b) comprising thrombin; component (c) comprising at least

one contrast agent; and component (d) cgmprising at least one type of

calcium salt-containing particles having a“diameter of about 200 pm or

less #OW8B]EEFording to one example of the present disclosur® tHE? 2067/003382

injectable bone augmentation composition is prepared from the

multi-component system as defiped,above, for, | IXE00:
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containing patrticles, trapped in the fibrin matrix or contained as a free
molecule/drug particle, for example a powder. [0035] The components (b)
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during formation of fibrin from fibrinogen using thrombin and; thus,
includes any ratio of fibrinogen/fibrin and any grade of gelation and/or
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fompabiidnotenaharesdnParmalsdule fiRnEnshgedas rRmReRIieRIythe amount of
SR Em A aLef ﬂ‘r%ﬁm%&hﬁmt anidiatnagenigftinsaitditAnhe final clotied

Moreover, the term 'fibrin” further includes any partl ,orngl}/ gelled or -
ERMBASHAR ofOnATRISH: @) £OHERRE PRGNV Contained i~ said contrast agent

component (c) ranges from about 100 to about 800 mg/ml in the final clotted
composition, and the amount of the at least one caicium salt-containing particles in

component (d) ranges from about 1 to about 50% wiw in respect fo the final clotted

composition.

[0039] According to the present disclosure, the injectabie bone augmentation
composition as defined above is in a gelled or clofted state and has a viscosity
suitable for injecting into a non-mineralized or hollow portion of a bone, and may be

applied in a pre-clotted liquid, gelled or clotted state.

[0040] As used herein, the term "gelled” means any state of elevated viscosity when
-~ compared to the initial state. This can be observed for example in the formation of



[0037] According to one example of the present disclosure, the amount of
fibrin in said fibrin component (a) of the ipjectable bone augmentation
composition as defined above ranges from about 5 to about 100 mg/ml
suchV 83 4bbut 15 to 65 mg/ml or from about 30 to 65 mg/rﬁF'

final clotted composition. [0038] According to another example, the

ARNRUDS S ik, i, sug by ?%ﬁy”mgyeﬁeg&ggggiéﬂ%ﬁmaaﬁ%%nn&gg% phgse and at

augmentation c position of the present closure ranges

teasbone looithghasn swshing zleplisdichporiitls wernraslpd opcludes all states
gyrgé@jgdmgg%tmmpomponent (b) is at least about 1 Um! in the

final clotted composition, the amount of contrast agent contained in said
contrast agent component (c) ranges from about 100 to about 800 mg/ml

jpdire finsd clattedasaposiiamsanerthe-amoyni ebthecaigaasicpnierpaleidnnciudes
salt-contajnin rticles,in component (d) ranges from about 1 to about
%‘bﬂé‘\%fgﬁﬁ?ggggﬁﬁ% ﬁﬁé%?iggf%gtﬁ% ogr%ioosition. [0039] According to
the_present dis_clo_sure, the injectable bone augmentatio_n composi_tion as
;%@ﬁa;d&%yﬁn@ iNR.gelled or clotted %9%%%%‘?@8?&? VRS é&%é%@%%&%f
njecting into a non-minera |z_e(§ or hollow portion 0 abo e, and may be
st iva pre-slemliplignid. gelled bprdotteardgitdo be freated, and is adjusted
HRNY QR00BH AR5 3R ERRORT/R03382 ibeinfsamfitHBOgRN PbiN dample, an

finely dispersed S’%g;t‘x?m of at least one solid phase and at least one liquid
I

inRaSDIS RO MRS, HlthCTRCHSIMOYEREE fhRiHs RIS ratag gt and/or a
gelatiamsnewrindieiarh [Sadtbiamiegnpiniaiked” eankdabexaropiposition for
el comprising fibrin.and includes ind of copgulation state known in
BRPED (005 R B L B Pt e VRSBl B fount andior
aihjigtraidencomipofsitidriute paifeootaimeapptitdeon, i.e. the bone disorder

to be treated, and is adjusted within the common knowledge of a person

skilled in the art. For example, an injectable composition for filling bone
@948 comedirrsaaplowet dibrireamoaintand/orlaltewer aetountteh galoiting a
beRk-Goaining PafideRAmiieriahie erprResitishprisaRiasiBging the injectable

non-mineralized portions of the bone contains a hjgher fibrin amount )
baR/BHERRIARIAMORTPER LRI @ SR CORIARMG PACIOL [Bo%]-mineralized or
hélhethssraspedtsefidhespeesent disclosure, relates to a method of

augmenting a

07/003382

[6044] As used herein, the term "patient” means a subject suffering from a bone

disorder and inctudes mammals, particularly human beings.

[0045] The method of augmenting a bone as defined above is not limited to a certain
mode of treatment and includes any kind of injection technique, for example

percutaneous Injection. According to a specific example of the present disclosure, the

method for augmenting a bone as defined above is percutanecus vertebral

augmentation and comprises vertebroplasty and kyphoplasty.

[0046] Moreover, the method of augmenting a bone according to the present
disclosure can be used for strengthening, supporting, repairing, rebuilding, healing or

filling a bone, for example a bone in a human suffering from a bone disorder.



bone in a patient suffering from a bone disorder, comprising injecting the

injectable bone augmentation composition as characterized above, into a

non-mineralized or hollow portion of said bone. [0044] As used herein,

the term "patient” means a subject suffering from a bone disorder and

includes mammals, particularly human fegings. [0045] The method of

augmenting a bone as defined above is not limited to a certain mode of

treatment and includes any kind of injection technique, for example
iEeieytaneouscinjettign.iAcaacdiag taspespecifieexample ofitie presefdctable bone

disclosure, the method for au mentin(% a bone g% defined abo

r

iS
auementation compositiocn, com SINg: COMm nent COMPrisl %%I‘il' CO1 onent b
p?ercu%aneousv rtebral aug enlation aRd compHses rtge%if'op as}y and’ (b)

ciayiphioiplastyo (046 Mareevecthemetbiod of kugmentingteationent; and component
(a?cc%%ﬁ{%%té) atthl%zps{eo%%qgagels&l 93 ﬁlei'n%as,gl!]ce,oy Fﬁguﬁqrgsatrrt?c %h‘%@m 9 diameter of 200
uppadrting;’ repairing. rebuilding, healing or filling & bone, for example a
Hivorrd des albumamswiferimg fronbenbane piserden (f20ag0046afAccotdingdo wherein
%ﬁ@ggﬁ%&ﬁﬂﬁph EB%%'&RE‘?%{Q@&' ian, 'Qﬁﬁ%ﬂQlﬁ&ﬁ%é&%‘&%@%ﬂwa of said bone.
composition, comprising: component (a) comprising fibrin; component (b)
comprising thrombin; component (c) comprising at least one contrast
agent; and component (d) comprising at least one type of calcium
satt-containing particles having a diameter of 200 m or less, for use in
augmenting a bone in a patient suffering from a bone disorder, wherein
said composition is to be administered into a non-mineralized or hollow
portion of said bone.



11 WO 2007/137653PCT/EP2007/003382 [0047] Examples of such bone
disorders are osteoporosis for example in vertebra, hip and fore-arm, or
benign and malignant lesions. [0048] The injectable bone augmentation
comymsitiomaseording to the present disclosure is surprisingly pCT/EP2067/003382
advantageous in that it allows injection into a non-mineralized or hollow

portion of a bone while the procedure can be monitored by a variety of
[P04dInG rastiea b seFAPANBE S HF I TRE fastasRsEasHy @haxiaeiren vertebra,

}ﬁgrgge@@_{,@ﬁ;g@g %M@%WWQ@mﬁjtion is in correct place and

therefore advantageously avoids severe problems such as leakage of the
composition into the blood stream of the patient. Moreover, the addition of
[oalpiunTs8ltigeatainind padiclegtectitetithricbasedidompasitiaing to the present
surprisingly enhances the contrast given by the contrast agent contained

o B?Hl'ﬁé%ﬁb‘&ﬂéﬁi&ﬁ?’t%%ﬁ%&%dﬂ%@%‘éﬁgﬁ}”él‘i%ﬁﬁ&“d‘}@&d%ﬂ‘%? ged
ocoméotofsdichcohtrabbagesti©ther peersibine chrirabternstivioofdhey a variety of
FRRGS AR AP Ise e Mo BrysniageouR bIoRRaraURbUINY Menaples  he

Clotted composition, the ease of handling and, particularly inTorm o

stigaRvatoGipBorertaiiténe visgRhRUIRRIEdbiItycangRiglrce and therefore
advaialiityy BRIEGRERCRIPHINERE Jitk BREYNe Sislsomposition into the

Differences in complex viscosities as . a :f%i#lt' of infcreasing concentration )
biodoiteaT i dhe AR HAPERTEN IS IHERE BIF3SiHBARNaRtRE Ng particles
tanfaestalydrb oneauemen@sitorcempoiiinlyinta lesteepotisdicchattastt@iven by the

increase local bone. production.in vertebra (left) and femagral head (right .

o R e S e Rl E L e AR i owing
radithton axfyHmvcnient tht seid. @XM BES Y Diler beneficial characteristics of the

c@rﬂ%%@%ﬁ%ﬁ%g%ﬁgoﬂi’&%%antageous biodegradability of the final clolted

composition, the ease of handling and, particularly in form of the multi-component

system, long term storage stability and high availability.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1. Differences in complex viscosities as a result of increasing concentration of

contrast agent and/or the particulate content.

Fig. 2. Injection of the injectable bone augmentation composition info osteoporotic
bones {o increase local bone production in vertebra (left) and femoral head

{right).

The present invention will be further illustrated in the following examples, without any

limitation thereto.

EXAMPLES



Example 1: Preparation of clots containing iodinated contrast agent and
particles Materials: Fibrin sealant solutionFreeze dried fibrinogen powder
reconstituted with aprotinin solution ffa total clottable protein
woneenteation of 91 mg/ml. lodixanol5-[acetyl-[3-[acetyl-[3,5-HiS(ELFH17/003382
dihydroxypropylcarbamoy1)-2,4,6-triiodo-Phenylkamino]-2-

Exa%ﬁ&% %ggg@%?%%_%&%&%dm g%?gxypégpv@&ed contrast agent and
lohexol5-gagabike2, 3-dinydroxyproPypamino)-N,N'-bis(2,3-
dihydroxypropy1)-2,4,6-triiodo-benzene-1,3-dicarboxamide

ParticlesTricalcium phosphate particles (TCP), 35 pm, spherical (Plasma

Matdatad, Derby UK) Thrombin 500 Um!Freeze dried thrombin powder
reconstituted with 5 ml of thrombin buffer, to a concentration of 500 1U/ml.
Thrombin Buffer40 mM CaCl2.in 1-120 [0049] Either an 80% or a 60% ,

Fibricostrdathgefitindixarfolesziphekiaantbsega m PadFhbifesanslied  with

prepared in a thrombindilfion, bufiaidd GraMdacidtaeubistgisttiottentration

water). The solution is then homogenised. The solution is centrifuged to
remove bubbles and s@rﬁi@éﬁ%@’ filtering through a 0.22 um filter. The
fibrinogen is mixed with thrombin/contrast agent (CA) in a 1:1 ratio

lodiktherefore the CA coneppiratian i thetgelied-ble(dsshalved to either 40 or
30%). For this 2 ml of the thrombin/contrast agent,splution is t _rgg}ﬁq 9.
a5 mlsyringe.2mlo |Bﬁ%§’8§é’8r@¥?r%agr rﬁﬁ‘fg”wn‘é%#@?@ %s%%giate 5 ol
ml syringe. The particlagdasxy2ruopy§rericoldbitbis e 3-dihydroxypropyi)-
2 4 B-triiodo-benzene-1,3-dicarboxamide

iohexol 5-(acetyl-(2,3-dihydroxypropyl Yamino)-N,N’-bis(2,3~
dihydroxypropyl}-2 4,6-triodo-benzene-1,3-dicarboxamide

Particles Tricalcium phosphate particles (TCP), 35 um, spherical
(Plasma Biotal, Derby UK)

Thrombin 500 1U/ml Freeze dried thrombin powder reconstituted with 5 ml of

thrombin buffer, fo a concentration of 500 1U/mi.
Thrombin Buffer 40 mM CaClzin H.0

[0049] Either an 80% or a 60% contrast agent (iodixanol or ichexol) and a 75 1U/mi
thrombin solution is prepared in a thrombin dilution buffer (40 mM CaCl; in double
distilled water). The solution is then homogenised. The solution is centrifuged {o
remove bubbles and sterilised by filtering through a 0.22 um filter. The fibrinogen is
mixed with thrombin/contrast agent (CA) in a 1:1 ratio (therefore the CA concentration
in the gelled clot is halved to either 40 or 30%). For this 2 ml of the thrombin/contrast
agent solution is transferred to a 5ml syringe. 2 ml of fibrinogen (91 mg/ml) is

transferred to a separate 5 ml syringe. The particles (ca. 2 pm) are incorporated as



13 WO 2007/137653PCT/EP2007/003382 percentage weight of the final
clot volume (w/v). These are weighed and placed into another 5 ml

syringe. [0050] The syringes contain?r% the particles and the thrombin are
veormertetsida a Luer adapter and the thrombin/CA and partigfg<gEP2007/003382
homogenised by transferring the contents from syringe to syringe
thoroughly. [0051] The syringes containing the thrombin/CA/particl

0. - h esand ..
PerCEEsi sl b et AR HTRAlapRP A R ESFitRRgNT Placed info

aﬁmggmgﬁ@%@oo&] The material remains liquid for approximately 1
minute during this time it can be injected into the defect or alternatively
after a few minutes it can be delivered as a pre-formed gel. [0053] The

[005Wpausitiesrpiespectiva bigttheitmdifrertrebvetrionhi sfreoparrected via a
agents and of TCP, can he taken f Te]V's +Mechani :

Lue oA SN SO UG orEene ot e P cantaet e g he

conti054icehatsrinydinmyiieminbhtedugtitast agent and particles are
prep_ared as described in Example 1. These clots are cast in wells of a
multiwell-plate where they are then allowed to gel. These clots are.

[005rEiBhedsycnpETe oslisinina (héir FHeERB Sifesaae then tBeRRpR are
conft Ségg%ﬁé'gMé%é;ﬂ@w&ﬁa&h@%6h@é&@@h@ﬁtﬂg@m.m. [0055] On

inspection, there is a big difference between normal fibrin clots and
CA clots prepared according to Example 1. The contrast agent containing

[aﬁa%yfﬁr?éerfafﬁtfmerﬁﬁﬁglr}ar@twh@mexmmmfﬁbﬁnmmsdarmwﬁm sinee it can
_opaque, Like the normal fiprin clots the CA clots can be.inj '
e RO L A A R MG R e BBl i vered as 2
pre-fiffial gigts and CA clots can be observed during this process. The
normal clots are easily damaged, collapse and leak buffer 14 wo
2007/137653PCT/EP2007/003382
[0053] The viscosities of respective clots with different concentrations of contrast

agents and of TCP can be taken from Figure 1.

Example 2: Mechanical behaviour of fibrin clots in the presence or absence of

a contrast agent

[0054] Clots containing iodinated contrast agent and particles are prepared as
described in Example 1. These clots are cast in wells of a multiwell-plate where they
are then allowed to gel. These clots are removed from the wells, and their
mechanical properties are then tested in compression using a universal mechanical

testing system.

[0055] On visual inspection, there is a big difference between normal fibrin clots and
CA clots prepared according to Example 1. The contrast agent containing clots are
clear and transparent while the normal fibrin clots are white and opaque. Like the
normal fibrin clots the CA clots can be injected into a mould following a brief mixing
and allowed to gel. Differences between normal clots and CA clots can be observed

during this process. The normal clots are easily damaged, collapse and leak buffer



while being retrieved from the mold. The CA clots remain intact and can
be handled more forcefully. These materials also exhibit elasticity and this
is demonstrated using non-confined Ufii-axial compressive testing. In this
vestthemorFaal clots reach ca. 80% strain before stress begiR§TEP2007/003382
increase. At the point at which the stress rises the clot is near to being
completely squashed and the buffer forced out. Conversely CA clots are

ik G FRA B R 2000 6 in Ry AP BRI ASS TRl §6 ngnaled

ol esessipKcerisaeadatk oM eshibiesladithis o titisUs sitanrisestiatédd using

the clot breaks. If the stress is removed at a int prior to the, break the
”O%Wﬁﬁﬁé’%“ﬂ’g%r@?ﬂé?rﬁﬁﬂg Eﬁﬁff&gtﬁ[ n{ﬁ#n)? A E?Sewrhqg aér éc%?s reach ca.

alcl

soopetmanesibtdamagebldiis alsoombservett that putht lohgeiclydliingtréssesses the
the clots have fewer te ncies to,br

Ol e 1R EORGr FELEI SeDe N e e Dloeed de T gy G

clotarerexpelibcstiten tel laganA(ihettainibappSing MEcHINEF RS tolthglress i.e. a

gregt'*é'ildf&%g f@%&%dd&&"%g)éoﬁﬁ%% SrbrARRlication Qfiheinieatahle. bend the clot

augmentation composition Osteoporosis and age related loss in .
breakond tisesiiegarisifporAdeidanty RABLPESTHY M BFEAn IMReAIBHAPIUMS 10 IS

origheadaisctionREthgdnisstableReoeaugmaataliomeaemasiiemagesrding also
to the present invention at these sites helps nkéahe treatmint af such

0bSi‘?ﬂ\{@F&b%‘@ﬁBrWﬁﬂiﬁﬁS%Wﬂ%gﬁ?ﬁé&&%@qﬁ 535%% endencies o break as
theF WBRORHIORS SHEREPRASRARS OLtlinesiin Examipleid. QBT tmderhaving fo be

fluoroscopy (C-arm) a vertebraoplasty tracer (diameter: 3.2, mm{
SRR 5P LB ELER ) K BRI e DI Lh s ) aue
to theadiltegpestitehgdafreelyyman cadaver using the transpedicular
approach. [0058] TCP is added to the contrast agent containing thrombin
solution by swooshing the two components back and forth until .
E xanople Jeniptitisgtiboue e rinde R irogs ) anr augrmandadsirasagenttion
containing thrombin solution is mixed with the fibrinogen solution by
swooshing the solutions back and forth approx. 6 times in two 15 WO

[0953710 )3 ErEosPaisT AXD200%/081358D 5inbLRens MgeshdergblanbRtngads to

fraciiaterial (arerex- Sifisdeadahintajbeibares! ok anjeciebleasty gugmentation
(Optimed Cement() RE). [0060] The gun is ?i{é—:‘ctl c.?nnﬁﬁxeg ztr? tﬁett!_ré;a al ot of
co HeR 2EEBERD NSRS Eﬁévﬁ%‘g'@?ia eGSR EHBE TR
suckoitefemural heashiseiopeaivitly, injesapwihgriecutgrfiemeagion. Quripositiens are
roc{gdures ict reswere ]iakfan (cf. Figure 2). Example 4: In vivo studies
Prei ﬂ?jé)@t bl Bgnexgﬁgrﬁeritation composition in sheep [0061] The

medial fascia of the tibia shaft is excised and the tibia is exposed. A plate

ool SISt e e s S oo o

1.8 e $ebferengienB0eer, R0 T is rRipesmidnat itPRie 8. fgraoral head,
resEIRRIE & TheTRRfieLns KliecinbleBanmapsaantatisphesasposition is

filled into the defect and the wound is closed by suture.

[0058] TCP is added to the contrast agent containing thrombin solution by swooshing

the two components back and forth until homogenization (about 20 times).

100591 The TCP and contrast agent containing thrombin solution is mixed with the

fibrinogen solution by swooshing the solutions back and forth approx. 6 times in two



[0062] The animals are followed up for 4, 8 and 12 weeks (X-ray
evaluation). At the 12 weeks timepoint the animals are sacrificed and the
tibia is extracted for final analysis (u@ﬁ' and histology). [0063] The contrast
vagentrhadssio negative impact on the medical effect of the cIBE#isfaar {3382
bone. 16 WE CLAIM: 1.A multi-component system for an injectable bone

augmentation composition, comprising: component (&) comprisi
connmmi‘mﬂ)géﬁf\@@mM@érﬁq@}leaﬁ%’b?iQ?ﬁbe{rﬁbﬁﬂBﬁﬁ’?éo#(ﬁé%@m’%éﬁz‘go%w&f@%é’a”’e'
of a BLIRASLARRGAAIRADAASRI T¥haARPREN! (d) comprising at least one

type of caIC|urr_1 salt-containing particles having a diameter of 200 pm or
less. The multi-component system according to claim 1, wherein the

[00609MRO RNk set(d)careprasen instlution @itatiedsteompehese(a)isd the
matez%gjﬁ%g%){ggt d{({%ﬁgﬁ% 508 %gttgbe) T 3@&%&%%@99&8@@9@@@’%@@brewing

act € contrast agent comprises at least one
it cuiaditre epntaibingothanccedpesmictures were taken (cf. Figure 2).

Example 4: in vivo studies of the injectable bone augmentation composition in

sheep

10061] The medial fascia of the tibia shaft is excised and the tibia is exposed. A plate
is contoured 1o the shaft and fixed to the bone using screws. The plate is removed
again and a standardized 1 cm full thickness defect is created. The segment is
removed, the plate is repositioned and the screws are reinserted. Thereafter, the
injectable bone augmentation composition is filled into the defect and the wound is

closed by sulure.

10062] The animals are followed up for 4, 8 and 12 weeks (X-ray evaluation). At the
12 weeks timepoint the animals are sacrificed and the tibia is extracted for final

analysis (uCT and histology).

[0063] The contrast agent had no negative impact on the medicai effect of the clot

inside the bone.



The multi-component system according to claim 3, wherein the contrast
agent is selected from the group consjgting of diatrizoate (meglumine),
iodecol, iodixanol, iofratol, iogulamide, iohexol, iomeprol, iopamidol,
iopromide, iotrol, ioversol, ioxaglate and metrizamide, and mixtures
thereof. 5.The multi-component §yg€hAédording to claim 1, wherein the
calcium salt containing particles are selected from the group consisting of
tricalcium phosphate, alpha-tricalcium phosphate, beta-tricalcium _
(. phiosphisteccalcivmniphaspmale, andojgmsiih fvakiwmphiedehaemposition,
hydroxyapatite, calcium carbonate, calcium sulfate and any combinations
th%?@%%i%)‘?%. The multi-component system according to claim 5, wherein
the calciomsaitscdritgicmy piatigddbaregelected from the group

consisti f L Q[P(ﬁfg ricalcium phosphate,
beta-tri(?é%lg?é%ﬁ%ﬂgg%mate n§ ggéﬁﬁjﬂgﬁ%’sphate, and mixtures thereof,
and/or whevenTSald DtemprisiocanaRsl R B EBIEAHh A HERP ratio in
the range fraph & 18 PedmpRSifmiUi-eemnonen) sy eoaaraarsitgdontaining
claim 1, wherein the amount of fibri n in sajd fibrinogen component (a)
ranges BIWEIES (Y09 r%&)ﬁmeé.ew?egﬁﬁﬁmé’ fotent system according
to claim 1, wherein the amount of thrombin in said thrombin component

(b).is such that it is at least 1 1U/m1 in.the, final clotte iti
eGPy S BT 1 B To b T s St @)
cant(astagentirtitdrcsniptiore pingd pisisashabatiorengés)fiosaod iy geparated
mg/ml in the fingrll{:h?)t)ted composition. 10. The multi-component system
a %%ﬁ%%g%?alm ,'Wherein the amount of the at least one type of
calcium salt-containing particles in component (d) ranges from 1 to 50%

. Wiy I respectio e final slefied conprg toridity TheAuilircampasiafist agent

system according to claim 1, wherein the amount of fibrinogen in
cORPERBARS @) Rt SOEHAIND tBrIBl R ATFRHE SPHRMEF thrombin in
component (b) is such that it is at least 1 Um' in the final clotted
caomposition, the amount of contrast agent cqntained in component (c) | .
. cubPRRR-SHBRCTROISYBE B0 ML AL el DL c8n%%‘8§. %ﬁ%ge“" S
angwhgeinfibe atheunjrolithecatigattgnetypeabizzatiurimesidwomeahingdecol,
particles in component (d) ranges f t 9 /vy' eRRGCES dheifigaliotrol
clét 68@%‘5%% v ré“#uIt‘%%%%%br%ﬁ't%@é!érﬁgcc%hg g) claiim ’ ’
1,ioneseail) kaidglatei@ndsedetrizamide, and mixtures thereof.

The multi-component system according to claim 1, wherein the calcium salt
containing particles are selected from the group consist_ing of ftricalcium
phosphate, alpha-tricalcium phosphate, beta-tricalcium phosphate, calcium
phosphate, a polymorph of calcium phosphate, hydroxyapatite, calcium

carbonate, calcium sulfate and any combinations thereof.



10.

11.

12.

18 containing particles have a diameter of less than 100 prm. 13. The
multi-component system according to,glaim 12, wherein said calcium
salt-containing particles have a diameter of less than 50 pm. 14. A
multi-c_o_mponent system for an injectable bone augmentation composition,
comprising: component (a) comprising fibrinogen; component (b)
comprising thrombin; component (c) comprising at least one contrast
agent; and component (d) comprising at least one type of calcium
salt-containing particles having a diameter of 200 pm or less; wherein one

Zﬁﬁ@rﬁtﬁl’gﬁébﬁéﬁﬁmwt%&b@@ ﬂf&ﬂeseﬂ?t iwteeseiid fesncalSum salt
n injectable bone augmentation co osm rlsm 0 n
CRREVEPBUEmpERert (5 o ih Krosht c%%%‘gésr? i gf tH¥icium
COMpsisRgeAtdRAsT- mmmqﬁhmﬂtmmﬁta—tma{caum phosphate and calcium
phosphate, and mixtures thereof, and/or wherein said calcium salt containing

particles have a Ca/P ratio in the range from 1.5 to 2.

The multi-component system according to claim 1, wherein the amount of

fibrinogen in said fibrinogen component (a) ranges from 10 to 200 mg/mi.

The multi-component system according fo claim 1, wherein the amount of
thrombin in said thrombin component (b) is such that it is at least 1 IU/ml in the

final clotted composition.

The multi-component system according to claim 1, wherein the amount of
contrast agent in the component (c) is such that it ranges from 100 o 800

mg/mi in the final clotted composition.

The multi-component system according to claim 1, wherein the amount of the at
least one type of calcium sait-containing particles in component (d) ranges from

1 to 50% wiw in respect to the final clotted composition.

The multi-component system according to claim 1, wherein the amount of
fibrinogen in component (a) ranges from 10 to 200 mg/mil, the amount of
thrombin in component (b) is such that it is at least 1 {U/ml in the final clotted
composition, the amount of contrast agent contained in component (c) is such
that it ranges from 100 tc 800 mg/ml in the final clotted composition, and
wherein the amount of the at least one type of calcium salt containing particles
in component (d) ranges from 1 to 50% w/iw in respect tfo the final clotied

composition.

The multi-component system according to claim 1, wherein said calcium salt-



14.
- part

15.

component (d) comprising at least one type of calcium salt-containing

particles having a diameter of 200 pm, gr less. 16. The injectable bone
augmentation composition according 10 claim 15, wherein the contrast

agent comprises at least one iodine containing organic compound. 17 The
injectable bone augmentation composition according to claim 15, wherein

the suitable contrast agent is selected from the group consisting of
diatgzeatengnedtoninahvedediaimodixahial éifratofl 00gutamide, iohexol,
iomeprol, iopamidol, iopromide, iotrol, ioversol, ioxaglate and metrizamide,

and mixtures thereof. 19 the calcium salt-containing particles are selected

13. framethengitbepropnsisting wstiva kv ghgshaasiapha-tidagskim said calcium

Phoaphale, B HFEIIT Sosplate CrlguEnpespbelgy polymorph of

caleium p

roxyapatite, calcium carbonate, calcium sulfate

and any combinations thereof. 19. The injectable bone augmentation

c

@@rigerﬁgsa@%@gyt@t@tﬁi%ﬂ-%ﬂwh@r&maeb@ﬁi@iwugsagmgmmposmon,
|

are selected from the group consisting of tricalcium phosphate,

alpREMBiE#NEUmM phosphate, beta-tricalcium phosphate and calcium
phosphatey, aRRmixiires Hisieat; andfeigaherein said calcium salt

containing particles have a Ca/P ratio in the range of 1.5 to 2. 20. The

injectateBERE AT PEEHBBLRBR according to claim 15, wherein
the ameiyptebHBAIN ) compasiegt{alestgaitomizio Agehinghml in the

final clotted composition. 21 The injectahle bone augmentati -
clompo&ﬂm%ggﬁﬁgwgﬁn?ﬁ%%%%ﬁ%g\/ ?nﬁﬁ%@ﬁﬁfg’n@l ficqptaining
component (b) is at Ieqrﬁrﬂplélsrha\jhnm_diameimt@‘dzaﬁmpbsﬁi@ﬁs22. The
lﬂ@gﬁ%ﬁﬁ%%%eo?u é@%rgggﬁ%ﬁ%%ﬁﬁrp&wgﬁ@r ng yclaimlag Ofﬁg‘so!id

contrast agent in component (c) ranges from 100 to 80

mddnmhin the final clotted composition. 23. The injectable bone
augmentation composition according to claim 15, wherein the amount of
the at least one type of calcium salt-containing particles in component (d)
rahydBiacabietbreavenantrigh e TPRRINaCOBREF E8mposition. 24
The injeciabisgne AUBRasHalinemposition according to claim 15,
wherein the amount of fibrin in component (a) ranges from 5 to 100 mg/ml
in the fibampenedcbmpeirgsNAdATBAIY of thrombin in component (b)

is at legst 1 IL/m L inthe HiRakriotiadsanansitiony e agaounisd contrast

ag

ent 20 )
component (d) comprising at least one type of calcium salt-containing

particles having a diameter of 200 ym or less.

16. The injectable bone augmentation compdsiﬁon according to claim 15, wherein

17.

the contrast agent comprises at least one iodine containing organic compound.

The injectable bone augmentation composition according to claim 15, wherein
the suitable contrast agent is selected from the group consisting of diatrizoate
(meglumine), iodecol, iodixanol, iofratol, iogulamide, iohexol, iomeprol,
iopamidol, iopromide, iotrol, ioversol, ioxaglate and metrizamide, and mixtures

thereof.

18. The injectable bone augmentation composition according to claim 15, wherein



contained in component (c) ranges from 100 to 800 mg/ml in the final
clotted composition, and the amount of the at least one type of calcium
salt-containing particles in component (%) ranges from 1 to 50% w/w in
respect to the final clotted composition. 25. The injectable bone
augmentation composition according to claim 15, wherein said calcium
salt-containing particles have a diameter of less than 100 pm. 26. The

inj%ﬁ@@ﬁ@gﬁﬁmm&ﬂﬁg peimipRsitioe agtectiagfitoralain @%Mmelﬁiﬂsﬂng of
sai caclums [t-containi cIe have dlameter ess.than 50 p

L SOE Buch RO GA G BLRA Bl o A F AT, Bnosphate.
Whemcumaagﬁtmm;t@rpmﬁylmar'lelte‘d:alt:ﬂjaMpﬂcﬂptmm]dmdmayapad:mtycaicsum

swtab for |njec Into a non- rr(%nerallo?gb?n r][?allrc})wiﬁ)grégp of a bone.

28 CRE gé?abq%%g SaLEugartr?e%?a ion comp05| IoN, comprising: component
(a) comprising fibrin; component (b) comprlsmg thrombin; component (c)

10.COMRLITELAIRABLRACEANAN-RBR L ANSLCRIPAREBI AL ANBHFING B! wherein

least ong type of calcium salt-containing particles having a diameter of
20t praadeiasssalt- COﬂtaf@Wﬁsﬁaﬁlﬁﬁ@niﬁéﬂtﬁ'@e@mnﬁqma%Bgt@r,qup consisting of

suffering franpRdRpRE Wiseldan-whaleinnsaitheoptresitinats 1ad8cium phosphate

administered into a non-mineralized or hollow portion of said bone.

THE CoRRLior qeRfrim AR i8S Wirdfsh ﬁf@jﬁ%fn@f'lﬁsf%i’aé"uafg? calcium salf
seleiedHirpHreciyo p e asiziMfgrafiosteppatasie if viestebra, hip and

fore-arm, and benign and malignant lesions.

20. The injectable bone augmentation composition according fo claim 15, wherein
the amount of fibrin in component (a) ranges from 5 to 100 mg/mi in the final

clotied composition.

21. The injectable bone augmentation composition according to claim 15, wherein
the amount of thrombin in component (b) is at least 1 {U/ml in the final clotted

composition.

22. The injectable bone augmentation composition according to claim 15, wherein
the amount of contrast agent in component (c) ranges from 100 to 860 mg/mi in

the final clotted composition.

23. The injectable bone augmentation composition according to claim 15, wherein
the amount of the at least one type of calcium salt-containing particles in
component (@) ranges from 1 to 50% wfw in respect to the final clotted

composition.

24. The injectable bone augmentation composition according to claim 15, wherein
the amount of fibrin in component (a) ranges from 5 to 100 mg/ml in the final
clotted composition, the amount of thrombin in component (b} is at least 1 1U/mi

in the final clotted composition, the amount of contrast agent



20

contained in component (c) ranges from 100 to 800 mg/ml in the final clotted
composition, and the amount of the at least one type of calcium sait-containing
particles in component (d) ranges from 1 to 50% wiw in respect {o the final clotled

composition.

25. The injectable bone augmentation composi‘tion according to claim 15, wherein

said calcium salt-containing partides have a diameter of less than 100 pm.

26. The injectable bone augmentation composition according to claim 25, wherein

said calcium salt-containing particles have a diameter of less than 50 pm.

27. The injected bone augmentation composition according to claim 15, wherein

said composition is in a gelled or clotted state and has a viscosity suitable for

injecting into a non-mineralized or hollow portion of a bone.
28. An injectable bone augmentation composition, comprising:
component (a) comprising fibrin;
component (b) comprising thrombin;
component (c) comprising at least one contrast agentr; and
component (d) comprising at least one type of calcium salt-containing
particles having a diameter of 200 pm or less,

for use in augmenti'ng a bone in a patient suffering from a bone
disorder, wherein said composition is to be administered into a

non-mineralized or hollow portion of said bone.

29. The composition according to claim 28, wherein the bone disorder is selected
from the group consisting of osteoporosis in vertebra, hip and fore-arm, and benign

and malignant lesions.



