Cartil age Repair TECHN CAL FI ELD This invention relates to

conposi tions, nethods of preparation thereof, and use thereof for cartil age
repair. BMOKER@IMBoSCartil age damage is conmon i n humanCTiUS20m0tneas ed, t he
darmage can progressively worsen and can | ead to chronic conditions such as
osteoarthritis. A nunber of different therapeutic nethods are currently
being used to repair damaged cartil age. Exenplary nethods incl ude
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to repair cartilage. SUMVARY This invention is based, at least in
part, on the unexpected di scoveries that certain conpositions can be used

to repair cartilage. In one aspeBACKGROUWNENntion features a conposition
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Research 2004, S62-66). There is an ongoing need for a method which exhibits the

15 ability to repair cartilage.

SUMMARY
This invention is based, at least in part, on the unexpected discoveries that certain
compositions can be used to repair cartilage.
In one aspect, the invention features a composition comprising demineralized
20 bone matrix (DBM) and a formulation of a macromer, wherein the macromer comprises
at least one water-soluble region, at least one biodegradable region, and at least one
reactive polymerizable group.
In another aspect, the invention features a method of repairing a cartilage defect in
a subject comprising administering to a subject at a site of the defect an effective amount
25 of a composition, the composition comprising demineralized bone matrix (DBM) and a
formulation of a macromer, wherein the macromer comprises at least one water-soluble

region, at least one biodegradable region, and at least one reactive polymerizable group.



about 3,500 Daltons to about 40,000 Daltons. For exanple, the PEG can have
an average nol ecul ar wei ght of about 25,000 Daltons. In other enbodi nents,
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In some embodiments, the biodegradable region can comprise at least one
carbonate or dioxanone residue linkage. In some embodiments, the carbonate residue
linkage can be derived from a cyclic aliphatic carbonate. For example, the carbonate

20 residue linkage can be a poly (trimethylene carbonate) residue.

In some embodiments, the molar ratio of trimethylene carbonate monomers to
cach PEG can be from about 2:1 to about 20:1. In other embodiments, the molar ratio of
trimethylene carbonate monomers to each PEG can be from about 11:1 to about 15:1.

In some embodiments, the biodegradable region can comprise poly(hydroxy

25 acids), poly(lactones), poly(amino acids), poly(anhydrides), poly(orthoesters), or
poly(phosphoesters). In some embodiments, the biodegradable region can comprise
poly(alpha-hydroxy acids). For example, the biodegradable region can comprise poly(L-
lactide).

In some embodiments, the molar ratio of lactide monomers to each PEG can be

30 from about 1:1 to about 8:1. In some embodiments, the molar ratio of lactide monomers

to each PEG can be from about 3:1 to about 5:1.

2



I n sone enbodi nents, the conposition can further conprise an initiator for
5i nduci ng pol yneri zation, wherein the initiator is selected from(a) a
phot o i niwDabwg25¢sh) a chemical initiator; and (c) a thecwaiS20mios4oas or .
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0
fr 0@ about 6011/{) é[o%leaebqoodlments the initiator is a thermal initiator. In some embodiments,

thermal initiator is of the peroxide family or of the family of Azo thermal initiators. For
example, the Azo thermal initiator can be azobisisobutyronite (AIBN).

In some embodiments, the composition can further comprise a rheology modifier.
For example, the rheology modifier can be hyaluronic acid (HA) or carboxymethyl

20 cellulose (CMC).

In some embodiments, the composition can further comprise a pharmaceutically
active ingredient. The pharmaceutically active ingredient can be a bone morphogenic
protein, a tissue growth factor, an insulin growth factor, an antioxidant, an antibiotic, or a
combination of growth factors. In some embodiments, the pharmaceutically active

25 ingredient can be selected from BMP-2, BMP-4, BMP-6, BMP-7, TGF-B, IGF-1,
ascorbate, pyruvate, BHT, gentamycin, vancomycin, the combination of TGF-f and
BMP-2, and the combination of TGF-8 and IGF-1.

In some embodiments, the composition can be in a hydrated form. For example,
the composition can be in the form of a putty.

30 In some embodiments, the composition can comprise from about 60% to about

98% by weight of the formulation of a macromer. In some embodiments, the formulation
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98% by wei ght of the formulation of a macroner. In sone enbodi nents, the
formul ati on of a nmacronmer can conprise fromabout 5% to about 15% by wei ght
of a nmacrwoen11/2s650t her enbodi ments, the formnul ati on of PaTrEser10NRY6TaN
conprise fromabout 5% to about 10% by wei ght of a macroner. In
sone enbodi nents, the conposition can conprise from about 2% to about 540%
by weight of DBM In sonme enbodi nents, the conposition can conprise from
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i's initieadreshtidie Nqusd. bhlesokneg&mﬁbodirﬁerﬂgrme eiotgitalte Rbspatitie ligoldyaebe PBSI on is
initiated for from about 10 seconds to about 120 20seconds. For exanpl e,

t he pol y?Fe‘f"i‘Eratl on is initiated for fromabout 30 seconds to about 50
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step of fryophiidal gblpehetiBgionomposition to give a non-hydrated conposition.
For exanple, the non-hydrated conposition can be in the formof a dry plug.
In some embodiments, the polymerization can be carried out at the site of
15 cartilaginous tissues. In some embodiments, the polymerization can be carried out prior
to administration. In other embodiments, the polymerization can be carried out at the
time of manufacture of the composition.
In some embodiments, polymerization is initiated by visible light. In some
embodiments, the polymerization is initiated for from about 10 seconds to about 120
20 seconds. For example, the polymerization is initiated for from about 30 seconds to about
50 seconds.
In some embodiments, polymerization is initiated by long wave ultraviolet light.
In some embodiments, the polymerization is initiated for from about 20 seconds to about
60 seconds.
25 In some embodiments, polymerization is initiated by thermal energy.
In some embodiments, the method of the present invention can further comprise
the step of lyophilizing the composition to give a non-hydrated composition. For
example, the non-hydrated composition can be in the form of a dry plug.
In some embodiments, the dry plug can comprise from about 85% to about 96%
30 by weight of DBM. In some embodiments, the dry plug can comprise from about 92% to
about 96% by weight of DBM.



In sonme enbodi nents, the dry plug can conprise fromabout 85%to about 96%
30by weight of DBM In sone enbodi nents, the dry plug can conprise from
about 92%0a0EbN&E5096% by wei ght of DBM | N sone Pemusdéw®msy t he
dry plug can conprise fromabout 1%to about 4% by wei ght of a pol ynerized
macroner. I n sone enbodi nents, the dry plug can conprise from about 2% to
about 4% by wei ght of a polynerized macroner. In sonme enbodi nents, the dry
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can be a human. In sone enbodi nents, the site of the defect can be an

ost eochohlol: pabmeserzingtha mpsjosaan the mold; ang lyiephilizieg Germixtyra @ Hoer age
nol ecul a ight" refers to the wei ght average nol ecul ar wei ght (Mw) that
can be calculated by Mv = ENN2 M2/ ENN M where Ni is the nunber of

nol ecul es of hdoawdnafodivaérghtthdvliry Iﬂﬁ)gﬁsantt&sadlaheteeﬂzéd inhattheotiggileal | y
conpatible liquid" is one that @i siol ogically acceptabl e and does not
cause un%?‘é%@b*taa%né’r%%l‘tedp ulyspf gbgut Apl es of such liquids are water,
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plug exhibits a maximum compressive stress of about 1.5 MPa.

In some embodiments, the subject can be a mammal. In some embodiments, the
subject can be a human.

In some embodiments, the site of the defect can be an osteochondral defect in a

15 joint.

As used herein, “the average molecular weight” refers to the weight average
molecular weight (Mw) that can be calculated by

Mw = ENi’ Mi*/ ENi Mi

where Ni is the number of molecules of molecular weight Mi.

20 As used herein, a “biologically compatible liquid” is one that is physiologically
acceptable and does not cause unacceptable cellular injury. Examples of such liquids are
water, buffers, saline, protein solutions, and sugar solutions.

As used herein, a "region” is a block of a macromer differing in subunit
composition from neighboring blocks.

25 As used herein, a "biodegradable"” material is one that decomposes under normal
in vivo physiological conditions into components that can be metabolized, resolved, or
excreted.

As used herein, “putty” is generally firm yet pliable. It does not crumble. It has a
malleable consistency that can be shaped by hand, or forced into bone voids or cancellous

30 interstices, cartilage defects, with manual pressure.

As used herein, a “hydrogel” is a substance formed when an organic polymer
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As used herein, a "region"” is a block of a macronmer differing in subunit
conposi tion from nei ghboring bl ocks. 25As used herein, a "bi odegradable"
mat eri al We 20n#2sdsat deconposes under normal in vivo phpsiraiSogiooadoco
conditions into conponents that can be netabolized, resolved, or excreted.
As used herein, "putty" is generally firmyet pliable. It does not crunble.
It has a malleable consistency t hat can be shaped by hand, or forced into
bone voi ds, or, canc us 30interstices, cartila wi t h manual
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advantages of the invention will be apparent from the description and drawings, and from

15 the claims.

DETAILED DESCRIPTION
This invention is based, at least in part, on the unexpected discoveries that certain
compositions can be used to repair cartilage.
Compositions
20 The compositions described herein include demineralized bone matrix (DBM)
and a formulation of a macromer, in which the macromer comprises at least one water-
soluble region, at least one biodegradable region, and at least one reactive polymerizable
group.
The compositions of the present invention include from about 2% to about 40%
25 by weight of demineralized bone matrix (DBM) (e.g., from about 5% to about 40%, or
from about 10% to about 40%, or from about 15% to about 40%, or from about 20% to
about 40%). In some embodiments, the compositions can include from about 20% to
about 40% by weight of DBM (e.g., from about 25% to about 40%, or from about 30% to

about 40%, or from about 35% to about 40%). In other embodiments, the compositions



20The conposi tions descri bed herein include dem neralized bone matrix (DBM
and a fornulation of a macroner, in which the nacronmer conprises at |east
one wat erweabubl2essnegi on, at | east one bi odegradabl e regCconS2@a0a4469 | east
one reactive polynerizable group. The conpositions of the present invention
i ncl ude from about 2% to about 40% 25by wei ght of dem neralized bone matri x
(DBM (e.g., fromabout 5%to about 40% or from about 10%to about 40% or
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about 40% or from about 35%to about 40%. In other enbodiments, the
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by weight of a fornulation of 10f rom_about 70% t o about
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macroner can I nclude from about 5%to about 20% by wei ght a macr oner
(e.qg., fatout a@Buor fBémtabowtsOls toldmt A%0f. rlombmb@utboa%dms dtmd“utmﬂlﬁ%nmﬁ from

about 5% to about 10% or fr (put % t | n ot her enbodi nents,
et or nTERBI G e REREr LT SfoBes e BY SiriskbBit TSR Kbbut 1506 by
vei ght  ofro@ J¥BGH PARS alkduit 95%, bF ﬁaﬂlaaba@wso/%% a&u@@m ol aBbutf 300 akput 10%
to about 15%. In some enbodiments, the fornulation of a macromer can
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about 9% to about 15%, or from about 10% to about 15%). In some embodiments, the
formulation of a macromer can include from about 5% to about 10% by weight of a
macromer (e.g., about 5%, or about 7%, or about 9%, or about 10%).
A formulation of a macromer refers to a macromer in a carrier. In some
20 embodiments, the carrier includes a biologically compatible liquid. The biologically
compatible liquid can be phosphate buffered saline solutions (PBS), water, or Lactated
Ringer's solution (LRS). Thus, the macromer can be in a solution of a biologically
compatible liquid (e.g., PBS or water). In some embodiments, the biologically
compatible liquid can be added to a non-hydrated composition to form a hydrated
25 composition before administration.
In some embodiments, a hydrated composition can also be polymerized and
lyophilized to give rise to a non-hydrated composition such as a dry plug.
When the compositions of the present invention are in the form of dry plugs, the
compositions can include from about 85% to about 96% by weight of demineralized bone
30 matrix (DBM) (e.g., from about 88% to about 96%, or from about 90% to about 96%, or

from about 92% to about 96%, or from about 94% to about 96%). In some embodiments,
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20enbodi nents, the carrier includes a biologically conpatible liquid. The
bi ol ogically conpatible Iiquid can be phosphate buffered saline solutions
(PBS), wawenplignrsdsact ated Ringer's solution (LRS). ThuspPCTIiS20mon49aer can
be in a solution of a biologically conpatible liquid (e.g., PBS or water).
In sonme enbodi ments, the biologically conpatible liquid can be added to a
non- hydr at ed conposition to forma hydrated 25conposition before

adm ni stration.

.. | n sone enbodi nents, hydr at conpositjon can al so
b pol yribFI2ROsiHEn P RINPIAE SgouF LIS gt Sb i y R RaTRS ko bos ¢ | on
such as @ehyofbBY (c.g., fromWHSR FDECAIROFI% | @ ForRhibdur 92N 18368kt 94pyent i on
are in the formof dry plugs, the conpositions can include from about 85%

to about 96% ble dwyindigs ceh cdepiiseefrainiabedt o heal@murdtaxweRBMIa e. g., from

about 88% to, about 96% or from about 90% t 96% .ok, fram about 92%

Fo about 5591085 F p B nsed BITRRET Heuronehe A E R g ik dBedt B o ¢ he

conposi t asyut 996 thABoRI4ES R fronD¥IRIE 2 B &AdbouNEI Uskefrdh aBb@BOUto &% 4%).about

96% by wei ght of DBM (e.ﬁ., from about 92%to about 95% or from about 92%
@

t o about Ingwwge erpdirgenss, pheigpmpasiions igsludsdram aheuBouto abopt 4o dyowrigaf by

wei ght o rul ati f. I rized <o, LI out _1.5%to
about 404 fare RGPk b8l By R OIRL (€ PRE DT BE sy 3o 5 B R %Misnui "aos
or from sdvauB .58t aboabe). 499 . I n some enbodi ments, the conpositions

i nclude fromapout 2% to apout 4% by weight of a fornulation of a

pol ymeri zed mhes BAEPMCE ¢f.the RIS Imoptien nghdaat Pasone gratcapsliblezegiopr  about
3. 5 or ahoit, %f/peastm@bfsag%&&aﬂé{f%iont he s@%@%&'%di'rﬂéﬁfs[‘?e%c‘r&ﬁ%ﬂéde at | east
I 10| e e} da

one wat er-sol ubl e reglion I nked"to at ast one egra e region. In
some embamitaie ohs yatehsoluhirrogion sinkahtoaing bondegweblde reppdnylotith anegirdothl | nked t o

one bi odeqgradabl e region, with one or, both s capped with a polynerizabl e
e S RS HER BSP sl st RO AT SR e BT B hiiBReRer oup O

bl ock t hatteWedilisle Beoupatr®ockhatRRild be RLRP %@gee@prellsmédl sependenhdaml ecul e
rat her than being incorporated into the nacroner. 1n some enbodi nents, the

15macr omepkcnigyatheictham being owatnosdtedumiehesmicodrher. legoma caphddimentsi the t wo
bi O%egr agl%grlo%lers may include a central water-soluble region and outside two biodegradable
regions, with one or both ends capped with a polymerizable group. In some
embodiments, the central region may be a biodegradable, and the outer regions may be
water-soluble. In some embodiments, the macromers may include one or more of the
water-soluble regions and biodegradable regions coupled together in a linear or non-

20 linear (e.g., dendritic) fashion.

Water-soluble region
Water-soluble regions or blocks of the macromers can be made predominantly or
entirely of synthetic materials. In some embodiments, synthetic materials of controlled
25 compositions and linkages are preferred over natural materials due to more consistent
degradation and release properties. Examples of useful synthetic materials include those
prepared from poly(ethylene oxide) or poly(ethylene glycol)(i.e., PEG), partially or fully
hydrolyzed poly(vinyl alcohol), poly(vinylpyrrolidone), poly(ethyloxazoline),
poly(ethylene oxide)-copoly(propylene oxide) block copolymers (e.g., Pluronics™)
30 (poloxamers and meroxapols), and poloxamines. In some embodiments, the water-

soluble regions are made from poly(ethylene glycol) (i.e., PEG). In some embodiments,
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regions, with one or both ends capped with a polynerizable group. In sone
enbodi nents, the central region nmay be a bi odegradabl e, and the outer

regi ons w9 2be/ozsdser - sol ubl e. 1 n sone enbodi nents, the FaTUSAVNDI4YEY

i nclude one or nore of the water-soluble regions and bi odegradabl e regi ons
coupled together in a linear or non- 20linear (e.g., dendritic) fashion.
Wat er - sol ubl e regi on vater-soluble regi ons or bl ocks of the macroners

can be na nant or irely.o nth terials ,0e
erbod: o Gl ST UR B G Lot SE B ot St et ShashsT il mkages
are prefﬁﬂ&%ﬂd&%@%G%ﬂ&MEﬁ&aﬁﬁ&%S%ﬁh§kQ#§b&R7UQT%r%ﬂ@é&§&ﬁﬁﬁ5ﬂ§gradat'0” and
rel ease properties. Exanples of useful synthetic materials include those

pr epar ed fronTb@Wy‘(eesﬁyblem%lom @@, BiG)dlthq mairpmerecagipeohs) (l‘rerae PEG) ,
partiall r full) yze vi nyl cohoal ) vin yrrol i done),
ol vt e Bubbive bl SR ER DRV GUN of 63880 RO Y FR LiTonk
copal ymessout 8,500 DaRb Ub&RI36 HOMDa36f RemanaiEs,s0@Dd tdrﬁrd@or aoob@)),a &fom

pol oxam nes. Tn some enbod Il ments, the wat er - sol ubl e regions are made from

pﬁ| y( et h§toshd.580 JAedp )ab‘eut 28,000 FBEG) In somesgrbodimpeigi the RES has 4p ayergge 50% of
55%
at 1 oast RSP EishCo RS abo RAIREDA o MRLES0 BOPDh Fe - froBiaoBERSORRP o7

about 758§out 15,000 Dih& fr@h abee Gl 100! @a toedoony), (). Da,,or Pl atafut B /360 MacHoMer s
can have an aver nol ecul r wei ght of from about 500 Daltons (Da) to
about 402t0H°>HaY P%hsF‘ereeXglap , Fltﬁrﬁﬁgésﬁuha@,a@@@e@ae mﬁ'%@a et ghgposh,  or
from abo O&)599r9§n& dBe'W,. 30,000 Da, or from about 3,500 Da to about
25,000 Da)’. 1n sone en%odlnents t he PEG has an average nol ecul ar wei ght of
from about 3, Tﬁh)fﬂwmr-‘smuhlbmeglomﬂm@m@aroﬁergcan dlsodra debived fr8m5GMurklb about

15, 000 f bout 3 ahout. 1Q, 000 Da, .or fr about 3,500
B Lo apahicrais iR Siita) 2 pRd e il Whiertels Mo R B WD P E el eoul ar
wei ght Oéerﬁh%thyh%@a&%téaaceqlmo@&osrﬁ%h 29n{0xFahyl celluloscdd@ wat er - sol ubl e

regi ons of the racronefs can al so be derived fromnatural materials. Useful

nat ur al @nﬂnyﬁwdrdxwe@pmhmhlméqse melneptides, pelyhuadeotidas, lp@iwmbhlwesml | ul ose,
hyd oxyalk |.at.e ceI h@UC s h xyet h cel Iu ose
et Ryl hy b B HRSE Boe PO arpan i i Rty AR g dertman
pol ysac Cﬁ@atdﬁ%lf@ﬂe chondr01t1n sulfate, heparin, or alginate, and protelns such as gelatin,
collagen, albumin, or ovalbumin. In some embodiments, the percentage of natural

material does not exceed about 50% by weight of the total water-soluble regions.

20 Biodegradable region
Biodegradable regions or blocks are made of "biodegradable” materials that

decomposes under normal in vivo physiological conditions into components which may
be metabolized, resolved, and/or excreted. In the macromers of the present invention, at
least one biodegradable region can be a carbonate or dioxanone linkage. A carbonate is a

25 functional group with the structure -O-C(O)-O-. The carbonate starting material can be
cyclic, such as trimethylene carbonate (TMC). After incorporation into the
polymerizable macromer, the carbonate will be present at least in part as R-O-C(O)-O-R’,
where R and R' are other components of the macromer. In some embodiments, the
carbonates are the cyclic carbonates, which can react with hydroxy-terminated polymers

30 without release of water. Suitable cyclic carbonates include ethylene carbonate (1,3-



15car bohydrates such as Ficoll TM pol ysucrose, hyaluronic acid and its
derivatives, dextran, heparan sulfate, chondroitin sulfate, heparin, or

al gi nat e,wandiipmsdései ns such as gel atin, collagen, al bunmPaoT/useoi0®addbum n. | n
sone enbodi nents, the percentage of natural material does not exceed about
50% by wei ght of the total water-soluble regi ons. 20Bi odegr adabl e regi on

Bi odegradabl e regions or blocks are made of "biodegradable” materials that

deconposes under rmal in vivo si 0] qg nditions.in conmponent s
bt on megos e S R Tt Sh Selieidttacioneh i HANSES oror s o
the presgpbodaV@m-4RRan- thkﬁ%ﬁ& tPRgmchiyRIRGhAdARL €1 B%&Ba&-@fbn'@? a carbonate
or di oxanone |inkage carbonate is a 25functional group with the

structure -0- o OI}Lr rativre th@@d@b@r&tﬁ@resndawuowgcma@r-sdhblcamlb@(Q:g/cPEG) such

rmcr oor ® HEHE BonReon | e pfueahet G FIERRft piT e bR B o % ©

wherse R gyt R5:126€rdth ABSutGONRABRGHE F:0f. ThRemeRabed®ients, theSAGEr ﬁﬂb@ﬁl ment s,
t he carbonates are the cycllc car bonat es, which can react with

hydr oxy- thecaibeagte desibicy frovash 3ougrtsabiblc caloads Bowfabaat &l to ghaut ABildeeycl i c
car bonat E&M’B‘&Lt;’zg?toe&ﬁlbﬁg%? 8 _g‘&ﬁ 10k t% abogﬂ XP'O??roﬂl ¢l 11RLQPY! ene

car bonat e one), net’hyl ene carbonat e

(1, 3- di oxtsmt 25:0medn, otm(irﬂtﬁtimadmt liiyd raolar mrobxflﬂ&t @rlfchafd-rdéioxspansadl one) .

The nol ar ratio of the.carbopate resggues to each water-sol uble region
(e.g., PEEFrsublesegignindfomn aboytd 1gngiPowst>il (e g., from about 5:1 to about

20: 4, or from I%%ten'?oojdlﬁl&t?qg@%ﬁte}§olgﬂ?le(?§lgé&g gﬁ%l@lﬁ%}oéer]m%poeabom 10:1).

I n some enbodi nents he npD rati1o o onate residues to each

wat er - soinmuismaﬂy@mcoingnadaﬁlc.om about 6:1 to about 20:1 (e.g., fromabout 8:1
to about 20:1 r about 10:1 to abou or from bout 11:1 to
Lboat 16: 3y BirdbenbelT ARG can eBo bE S isd Tkt pRneneR e Pt aRd: &

resi duesyinRashr NRk&ly &@dst&lo%e&%wl&gicalﬁj &e@%@b%bﬁ;&s butiwapheyt 15: 1.

10l n sone enbodi neEnts,” the ter-solubl & regi on of 'the macronmer may be

i ntrinsi peptidy, anhpdrady; adhdzﬂs@r and phosmogﬁ@rdmda)tth@t w@g inoteriadathatdre noie
construc e% Eron1nnno%e §%¥ ; r%% Ilgggﬁ (g §g&ox§ cids or other
bi o’ogi c A% AL ALY Em?)ori“gt §° S(E ROV XY SRAVAPT de,
or t hoest gily(cynidlip Beign peBFDEL abUEs]) ahb @blyywédﬂlc eider Oales stibdle ALERriAGN-
15toxic or present as normal netabolites in the bod)f Sui t abl e pol y(hydr oxy
aci ds) ainglude, polycarbonates such as poly(trimethylene carbonate), poly(amino acids),
poly(anhydrides), poly(orthoesters), and poly(phosphoesters). Polylactones such as
poly(epsilon-caprolactone), poly(delta-valerolactone), poly(gamma-butyrolactone) and
20 poly (beta-hydroxybutyrate) are also suitable.
The biodegradable regions can be poly(hydroxy acids). For example, the
biodegradable regions can be poly(L-lactide). In some embodiments, the molar ratio of
lactide monomers to each water-soluble region is from about 1:1 to about 10:1 (e.g., from
about 1:1 to about 8:1, or from about 3:1 to about 8:1, or from about 5:1 to about 8:1). In
25 some embodiments, the molar ratio of lactide monomers to each water-soluble region is
from about 3:1 to about 8:1 (e.g., from about 3:1 to about 5:1). In some embodiments,
the molar ratio of lactide monomers to each water-soluble region is from about 3:1 to
about 5:1.
The biodegradable regions or blocks can include both poly(L-lactide) and
30 poly(trimethylene carbonate). A macromer having such biodegradable regions or blocks

can modify the time to degradation of the resulting polymerized macromer, for example,

10



pol y(glycolic acid), poly(DL-lactic acid) and poly(L-lactic acid). O her
suitable materials include, polycarbonates such as poly(trinethyl ene

car bonat eyQ 2palozé@m no aci ds), pol y(anhydrides), poly(oPChasseiensyos9 and
pol y(phosphoesters). Polyl actones such as pol y(epsil on-caprol actone),

pol y(del t a-val er ol act one), pol y(gamra-butyrol actone) and 20poly

(bet a- hydr oxybutyrate) are al so suitable. The bi odegradabl e regi ons

can be pol y(hydroxy ids). For e | e, .t he bi odegr,adabl e regions can be
ol y (L | Bty ToF BT b bR T DA GBI 19! OF oser e Fronanre <
to each waf&hesfl Wkl Qirh@l@By itk Jubfidt RRAabbutly] @ ARANErs1Gh dorhe- 9., from
about 1:1 to about 8:1, or fromabout 3:1 to about 8:'1, or from about 5:1
t 0 about er8bddiments, 2Bgonece pdrddinmgrit legtate meoiptylaa biadagiadaldé rdgaet andecndononer s
to each water-soluble reqgion is.fromabout 3:1 to about 8:1 (e.g., from
about 3: 401E PEBAE Sty R VAR dendeRabe PabrbSifonact 1 de
MONGNEr Saidat 8 &€ okl efionsiey. URlseme eaibefinkchits, h aicalfdHcostathinda abfsthyloadl. The
bi odegr adabl e regi ons or bl ocks can include both poly(L-lactide) and

30pol y( t ¢arhestary/meissy atippmanenoicly pp biodesradible fegloauteviBecdesHEaabl e

regi ons - If time to . (N I L Ng

pol yneri %dég#gg}ﬁ%ﬁ%?%gtlﬁ;g%dgégﬁ%g?@n tﬂﬁ%%ﬁ%ﬁgog?f ﬁ%ﬂeab&)ﬁyége;oo%gﬁt'lz?@g %%‘med of

EOl yLrer [ Eﬁgd)nmmbmnﬁh &tﬁ,fgqiolyiﬁﬁ dohm%lﬁ'gg adalblctoasehojeanas arrilgh%gracﬂzﬁ)leel i m nat ed
y the subject w thin abou pto five years. In sonme enbodj nents, a

mecr omer "SI A EovIBe éyéoaﬂiwffya%%s}aéﬁ@é&g%m%ﬂmégm BOLhEO8hd group

pr oyl des iyt ¢341hidure vaydr %?dnhéé‘érhﬂocﬁ&eﬁé}dﬁ%%ﬁ&ef’%ﬁ&ﬁ%%i@&b 4d¥Blel N Vivo of

from 5about 3 to about 4 nont In sone e I ments, a macromer containing
a tri et tegloarmen pacvbdnatesultmog dyygrogel witloxaestinetetiod eetadatisn ambiindizgiodiabl e

regi on provides . a resulting. hydragel with an _estimted degradation tine in
Vi vo of PERPRHLICE: P ObOnES AbridHett e o SreP EBb i O S h ol y rar
cont ai ni aeg?;ﬁ GRPHoR1 3Rl AR MR REMdasle REAPS MR 8nd BGI-AD RItAVi TGS a

resul ting §rogel Wi th an estimated degradation time in vivo of from

L Oabout  HumbsraBeerbopaty errsr linkagurtehishtoalraraies, slew frmbydmkrorindiebut a

bi odegr adabl eqgi on .ca rovi de resul ting hydr | . wth an estinmated
degiadas fon Frdre%) AOOTORE5 WpoFal S Sidsio pter SRE I B RGN e
advant agepidly), theelcpraastesi tih8¥ERYdrogel$ Rdine®Yrowathy int@rddhes tated anmount  of

bi odegradabl e groups, and selecting the rati o between the nunber of

car bonat eongiolledt er | i nkages (which are relatively slow to hydrol yze) and of
15l ower hydroxy acid |inkages (especially glycolide or |actide, which
hydrol yze relatively rapidly), the degradation tine of hydrogels forned

f rom t hePomeearails Gearpsbe control | ed.

20 Polymerizable groups contain a reactive functional group that has the capacity to
reacts spontancously or under the influence of light, heat or other activating conditions or
reagents to form additional covalent bonds resulting in macromer interlinking. For
example, the polymerizable goup can convert a solution of the macromer into hydrogels.
Hydrogels are elastic, and further are both elastic and compliant with soft tissue at low

25 polymer concentrations.

Polymerizable groups include groups capable of polymerizing via free radical
polymerization and groups capable of polymerizing via cationic or heterolytic
polymerization. Suitable groups include, but are not limited to, ethylenically or
acetylenically unsaturated groups, isocyanates, epoxides (oxiranes), sulthydryls,

30 succinimides, maleimides, amines, imines, amides, carboxylic acids, sulfonic acids and

phosphate groups.
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Pol ynmeri zabl e Groups 20Pol yneri zabl e groups contain a reactive functional
group that has the capacity to reacts spontaneously or under the influence
of |ight ,wbeatl/ms650t her activating conditions or reagenPsTiuS2610/084969

addi tional coval ent bonds resulting in macromer interlinking For exanple,
t he pol yneri zabl e goup can convert a solution of the macroner into

hydr ogel s. Hydrogels are elastic, and further are both elastic and
compliant with soft tissue at |ow 25pol yner concentratians.

ol irer zabi cbsBusaly BEua g eBtisS TR GO Myt I s Nt ee

radi cal palyamibZ allyBRoandusafHRSd GRIABEIBo:8licReldy NRishtatAd KitAbE&A!IIcoNi ¢ or
heterol yti ¢ pol ynerization. Suitable groups include, but are not" limted
to, et hyiadd, ead iysatwratad tioptteniy bahdigs. ddswaturatad ewngeaberyliciasuls yeohatees,

epoxi des i ranes sul fhydryl s . 30succini m des, nal.ei m.des, .am nes,
o A Sl PYEk oo i OhhTRe aRAERlis e A BE s
Et hyl eni galcldy funisad, ithedned nis@sodse drnGlratdaicwiclty | UtiauRsd slalboaglivhdiyd et hers,
N-vinyl am des, allyl groups, unsaturated nonocarboxylic acids, unsaturated

g : .
di car boxiprlude aeandidc aahdPeliggtizrbie s@upy Mexrbeky ded vatics ef sudhsnateriadt ed
nonocarb i i € I | |.ic acid and crotonic
aci d. Un§%¥3%g?g%nﬂﬁ%ggﬁ%ﬁ%ﬁy%gé%%ﬁgﬁﬁﬁ@ﬂﬁagﬁéggﬁé%gi fumaric, itaconic,
mesaconi Bydoxihylacthnirglass aold atddsgiue vatyband 4lly¢ @otpayidsc aci ds i ncl ude

aconitic acid, Polynerizaple groups may al so be derivatives of such
materials, subhecasiab@nypelymsizalle @%@ﬁﬁwwﬁ FovaRtladone {Rip ssepad ﬁlgff acryl at e,
hydy,oxye i : n

o Al By o el [ o T 1 oS aPONNgs nd Ot ana
10t hat cmactmai Inbéuse ihimakdig yswhble maposed D twaba@r efcoHemnabdhy tndre t o al | ow

depositiqn and reaction is of.use in making a suifable macroner. Due to

Chorr exaBvIEEvES hidieey whiS G ete by Rt P SURdH ons.

ethyleniﬁ@wﬁkdunsaturated reactive groups are preferred. The polyneri zabl e

groups can be |l ocated at one or nore ends of a macroner. In 15sone

enbodi nent s, Thepgpngreableaiobes eandggecatetativac bouwteendsof g macoenredn of a

MRCIOMeT < ome embodiments, the polymerizable groups can be located in the center of a macromer.
Some representative macromer structures described herein are depicted below.

PEG, lactate and acrylate units are used solely for purposes of illustration.

Some Basic Structures:
20 (CH,-CH,-0)x = (PEG)x
(C(0)0O-(CH2)3-0)y or (O-(CH;)3-OC(0))y (depending on direction) = (TMC)y
(CO-CH(CH5)-0), or (O-CH(CH3)-CO), (depending on direction) = Lactate

repeat unit = (LA),
-CO-CH=CH; = Acrylate end group = AA
25
Segmented PEG/TMC Copolymer:
HO-(0-(CH;);-0-C(0)),-[(CH;-CH;-0),~(C(0)-0-(CH;)3-O)y],-H or HO-
(TMC),-[(PEG),-(TMC),],-H

30
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Some representative macroner structures described herein are depicted
below. PEG |actate and acrylate units are used solely for purposes of
i1l ustratwonoBasesoBasi ¢ Structures: 20(CH2- CH2- O x = PPE®S2010/044969
(C(0)0-(CH2)3-0)y or (0-(CH2)3-0C(0))y (depending on direction) = (TMO)y
(CO CH(CHT) - O)z or (0-CH(CH3)- CO)z (dependi ng on direction) = Lactate
repeat unit = (LA)z -COCH:CHZ Acryl ate end group = AA 25 Segnent ed
PEG TMC 0 0) VRCH2- CH2- 0) x- (C( 0) - 0- (CH2) 3-0) 3I -
or HO( TMSyy S Segment ed PEG TMCO/ Lact at e Terpolyrrer

H- ( 0- CH 2) 3-0) 31. -
AR NPRPALL 8%@@%“%?&@@ ?ON%@% ORI 0L S @i ségme%t o
PEG TMC (@1GHEH: -0} et LA ) MO+ [RIEY - (TMOKR ) 3-4-¢ 0) )

RCH2- CH2- 0) x- ( C( 0) - ( CF12) 3- 04, - C( 0) - CH=CH2 or

AA- (TMC) 3, -[ (PEG) x- (TMC) 3], i Segnent ed PEG TMC/ Lact ate Ter pol yner
Macrsomer S¢ nyé@m@@brMcM&%ﬁlb{POacrvlaTM)y RPEGX- (TIVC)31" (LA, I'n
sone enbodi nents, the macroners include a core of a hydrophi I|c

pol y( et h§HefeltG/E0H (P Onf () d (GBh-6 U APyt HpeOldek (@b6E-CH500 Da
and 40, 000 35,000 Da); an extension on both ends of
the core mh&@éﬁ@%@ fg%)@aﬁf&car bonat e resi dues and optionally between
one and five hydroxyacid residues, for
Segmented PEG/TMC/Lactate Terpolymer Macromer (acrylated):
10 AA-(LA),-(TMC)-[(PEG,-(TMC),],-(LA),-AA

In some embodiments, the macromers include a core of a hydrophilic
poly(ethyleneglycol) (PEG) with a molecular weight between about 3,500 Da and 40,000
Da, (e.g., 25,000 Da or 35,000 Da); an extension on both ends of the core which includes

15 1 to 10 carbonate residues and optionally between one and five hydroxyacid residues, for
example, alpha-hydroxy acid residues (e.g., lactic acid residues); wherein the total of all
residues in the extensions is sufficiently small to preserve water-solubility of the
macromers, being typically less than about 20% of the weight of the macromers, more
preferably 10% or less. The ends are capped with ethylenically-unsaturated (i.c.,

20 containing carbon-carbon double bonds) caps, with a preferred molecular weight between
about 50 and 300 Da, most preferably acrylate groups having a molecular weight of 55
Da. These materials are described in U.S. Pat. No. 6,177,095 to Sawhney, et al.
(incorporated herein by reference in its entirety). See also U.S. Pat. No. 5,900,245 to
Sawhney, ef al. (incorporated herein by reference in its entirety).

25 In some embodiments, the compositions include a macromer that is a
“FocalSeal™", i.c., a biodegradable, polymerizable macromer having a solubility of at
least about 1 g/100 ml in an aqueous solution comprising at least one water soluble
region, at least one degradable region which is hydrolyzable under in vivo conditions, and
free radical polymerizable end groups having the capacity to form additional covalent

30 bonds resulting in macromer interlinking, wherein the polymerizable end groups are

separated from each other by at least one degradable region. Exemplary FocalSeal™
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exanpl e, al pha-hydroxy acid residues (e.g., lactic acid residues); wherein
the total of all residues in the extensions is sufficiently small to
preserve wateryesdsabi ity of the macroners, being typi caCryusb@ss449han about
20% of the weight of the macroners, nore preferably 10% or | ess. The ends
are capped wth ethylenically-unsaturated (i.e., 20containing carbon-carbon
doubl e bonds) caps, with a preferred nol ecul ar wei ght between about 50 and

300 Da, nost refer rqu Vi t of 55 Da.

These. matarstons raf Rudedi by derr Bed P Pia% § ABsT80eY B8 ey, of o

(' NCOr pog @R?%i‘%ﬁ@'[ﬁs gy 21008 348 ditct vaIER BbdpbratRERer&h $9 réfeRncfat . No.
, 900, 245 to Sawhney, et al. (incorporated herein by referefice in its

ent i retyin th@S bmtlrstynﬁoemlSodT“ﬁema@aﬂauh@fromr@wmﬁcﬁospcprntncbm@mi ae paordsder t hat

is a "Focal Seal. T, i,e.. ,a,.Di r B4 % ronmer having a
sol ubi | iW@Prahﬂy ‘?fe%{%?esé%%ﬁqmﬁﬁwl ﬁS’a é%@ggéi gf li"flﬁon conpri si ng
at lseast FouaDsEAar™sMil. Uil @oﬂsfsgbﬂzﬂcor@bfPEGSbaﬂﬁaﬂy daaaadabl e ithagbmithi ch is
hydr ol yzabl e under in vivo conditions, d free radical polynerizable end

groups  herpichgre liked hydiodegradab Lﬁémhﬁ%dmdl%ﬁm @ ol @t witbponds resulting in
ted
recr Ot 0L HIGESf BOLYIPCL 0, A YRR AL e e

conposi tfcdia?EafrldlermﬁfmgefBEGrrﬁold@ﬂw all&emelnnniueﬁand%trnpo&mOn!bfﬁﬂaO 016, U.S.
Patent No. 6,083,524, and U.S. Patent, No. 7,022, 343 all whi ch
i ncor por @Pé%grwg%éq mopgmerss EQEALSHAL t hdinelydes PEL yith ﬁ@é%qu%éé@mg\ht are

ava,,gl abl ey ﬁé@@4§6@E¥H§nsCPb@9IL3§EmNaﬂ‘An@Fé(BﬁtIQS'EzQEW wm%luﬁb pisg) Wi Of
grades i ncludi ng FOCALSEALTm S, FOCALSEALTm L, and 5FOCALSEALTm M Al |

consi st mbleaukanwelgthf 3REM + 5860 Daltons. WSEAL%Svmcmdmnmmmemm ch are
i nked b egr adabl e |1i nkage and ca ach end w

ohot opol OTSBPETAE §1 AFEogH Ll S e SaE TRIC BaEeuCoR P46 Phi ecul ar

vei ght ofyptdaRy &RE19c REGirtdeh &MU mRPECuRSs tEE@h@@%ﬁQ%tld@%nb%rémnber and
conposi t| on o¥ t he bi odegradabl e nonomers. FOCALSEALTM S i ncl Gdes PEG wi t h

mol ecul atypwellylfaur igtide culn 0o c Al REﬁ]@olqE@@AWSEALﬂraﬁlmuamf FeEMBEALTM M

i ncj.ude PEG w t h 50 OCALSEALTM S
i n01 udesmpp?%rtsﬁglf:aecb?%%ﬁ%?g ér%ﬁ@; C}ﬂﬁs gaCFa ?18%8‘?16%1 "l east six or
seven TMEOURIISBAIEY- Scs@;aﬁhlffastlymwﬁz&w Xeistthe tdthd 4cen TMC ol ecul es
to each PEG and lactide nononers, pi cal | é four |lactide nolecules to each

PEG nol eBQCALSEALh asmtklth%%%pthwfé m&lch r yaighhehide S B each PEG The

55 oA AT £ RRL I TGRS R R SRR B Bg 120
nol ecul asevesi GVIC Iﬂ(f)lettlﬁes tBkeech FEIGAILSEARAE NG, 6,083, ideatesdri¥ics it syathegs in N a

ratio of less_ than ten, nore typically seven, TMC nol ecul es to each PEG
U 0 pat detpbof hessamatebalsqescri bes the synthesis in

In some embodiments, the composition includes a macromer that is commercially
available FocalSeal-L. In some embodiments, the composition includes a macromer that
is commercially available FocalSeal-S. In other embodiments, one or more commercially
available FocalSeal products is blended with another (e.g., FocalSeal-L blended with

25 FocalSeal-S) to provide a desired mix of properties (e.g., half life and stiffness).

In some embodiments, The composition can further comprise a pharmaceutically
active ingredient. The pharmaceutically active ingredient can be a bone morphogenic
protein, a tissue growth factor, an insulin growth factor, an antioxidant, an antibiotic, or a
combination of growth factors. In embodiments, the pharmaceutically active ingredient

30 can be selected from BMP-2, BMP-4, BMP-6, BMP-7, TGF-B, IGF-1, ascorbate,
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20detail of these materials. In sonme enbodi nents, the conposition

i ncludes a macroner that is coomercially avail able Focal Seal -L. In sone
enbodi mrerwe,20tiesesonposi ti on i ncl udes a macroner that i CTarsRE0OIALY Yy
avai | abl e Focal Seal -S. In other enbodinents, one or nore commercially
avai | abl e Focal Seal products is blended wth another (e.g., Focal Seal -L
bl ended with 25Focal Seal -S) to provide a desired m x of properties (e.g.,

half |ife and i fthess). . I n.some enhodi ne he sitjon can
ot her | Bobiteau L aREicin yeneom i SR s e 31D Mot BRI tAd 8. Ton 1y
active i aghgdhRINoCREF-Bend 1@Pe nor phogenic protein, a tissue growth

factor, an insulin growh factor, an antioxidant, an antibiotic, or a
conbi nat i on ofn newntbodanerds,si. compositivo diseeibed herehas plradediwehinethed y acti ve

i ngredi ent can he selected from BMVP- 2 MP-4.. BMP-6, BMP:,7, . TG=-B, | G--1,
wscor bat Geent PO (pataR e Rt Ry aMHoR sadur Hha S DHoFHR o
TGF+13 amﬂdakﬁwghy@qummeomgﬁbjnation of TG~ 13 and | G- 1. I n sonme
enbodi ments, a conposition described herein is blended with another agent
that can be u98Yr FeRPeynss that saybredfidat toHeareropeOptiting cRIAPesiaNsgel  of
hyal ur onj ' chy. 0 |l age - ” ounds that
can be a%lglélgg‘fﬂélqta ﬁe;h 02&%?%%#’%%& %ﬁ%ﬁﬁ%egg%ﬁ)(@%hﬁs&%cﬁg}l’c%&Hlecf@%'ﬁ 3 gl'g’re not
limted #hags,atddidg chemombagacpis,or Butglihuas Toxid 0 Saibilizesswhich pteasiat or y
drugs, steroids, chenotherapueutics, or Botulinum Toxin. Stabilizers which
prevent PiCBRENEPRYPSIgHN 28 Fétﬂflwfi‘ﬁ, i%é CXHBPIGBEnONEEMYSIGHHI0BSS: §Lii nones,

hy dy,oqui fx hi nder ed phenols. Preparation of Conpositions
Deg?neraﬁggggdgg%g$%atrix (DBM is the protein conponent of bone. It can be
prepared using the nethods well known to those skilled in the art. General
synthetig 15neth02§7are found in the literature. See Yee et al. Spine
(2003), 2%PEAP"LAGOBEPTHBP™ et al . O inical Othopaedics and Rel ated

Resear ch (200D}mift3ize® BorlBmatrRI(DBMIRIKe prd&i Bshaddcaest bapne b bex (DBM
can be prepared by acid extraction of allograft bone, resulting in |oss of
nost of pisparad neinglliczeethedmpehlemawibigtthesstskrtedam thefare dli¢nsepd synthetic

non-_col | aggn ,protei ns. .1 ngcl udi ng.growt h fagt.or b rocessed as
Cr UEhed GPaRAFaS BB RERER sHE P4 ¢ dEF e gz Dat FfEET 36

gr anul esCligiehlsOrtisdpasdes fRt Relh@l ReEcapth (W0sNA3 5 &9-13e Horeeaspldr i ed for
storage. Additionally, DBM can be obtained from sources such as Tissue

Banks | nd@pingtaligsdbonemmityix (IBBNDR4R e prepexedibycicis extigetignefcallogrft taaicnesvi | | e,

Zld 3 |r In g a. rel-&ﬁng 9{71695561‘ ﬂn&& >f ﬁfe I{lfﬁ%rarﬁggé g&ﬁpdn@%{% iré%&ltfo%rbf %811:%%% %gn-b y

collagen proteins, including growth factors. DBM can be processed as crushed granules,
20 powder or chips. It can be formulated for use as granules, gels, sponge material or putty
and can be freeze-dried for storage. Additionally, DBM can be obtained from sources
such as Tissue Banks International (TBI), San Rafael, California or Exactech,
Gainesville, Florida.
The compositions of the present invention can be prepared by adding
25 demineralized bone matrix (DBM) to a macromer solution, for example, a macromer in a
solution of biologically compatible liquid (e.g., PBS or water). Alternatively, the
compositions of the present invention can be prepared by adding a biologically
compatible liquid to a dry mixture of DBM and a macromer. In some embodiments, a
photo initiator, or a chemical initiator, or a thermal initiator can be added to the

30 compositions.
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25dem neral i zed bone matrix (DBM to a macromer solution, for exanple, a
macronmer in a solution of biologically conpatible liquid (e.g., PBS or

wat er) . AvOenn#Rsesel y, the conpositions of the present PaTAISRI10/04498N be
prepared by adding a biologically conpatible liquid to a dry m xture of DBM
and a macroner. In sone enbodinents, a photo initiator, or a chem cal
initiator, or a thermal initiator can be added to the 30conpositions.

I n sone enbodj nents, the compositions.includj.n and_.a formul ati on of a
mcr omer —can MORHISHLEBGE Ao COMBEIAE TRILLNE REV FEC TSR in) oot abi o
and nol daRé@nREEdYford ad8Sioh aRh Ecahdlily mabOmherRats iR AR 8ANbIS kN of "dry
edge" when pressure is applied to squeeze out the ball shaped putty. The

conposi t inghlahigypulig. ¢t desaablapudpehnuldndGheyvany sigpalf Edryfadger when picgture t o
maintain.its.stability an revent .shel f-degradation of the puity. Wen
Uoed §n isapgi @it oo B ERke BRE- TRSLBRLs eSS b T o on
of ol ynmeyi°zaind@Balt® figm the NghtQo PRivaBIitsZedbilag land preveShslfdgdation of

phot o- pol ynmeri zation is initiated, the rate of crosslinking reaction
depends &8 pue Whentusehineszgory: tehputiyhanggnygrt orp ssmisahid ressp e @itiafign sone
enbodi ne . o] [WeloINg N .lcient to
cause thgéﬁg%ﬁéﬁéﬁgégﬁé’8%g§gﬁgg%§%?@%9l?€§%$%gménBﬁﬁogfpé%§%%$@%%rization,
t he r esulnitidngl, denpresifictanisnkdanrdaetidnodpentds oit the dghtih@nsifihendrit duradion be made
of Teflon, The | oaded conpositions can be |yophilized to gjve a dry plug. A
dry pl ug®lit8e sXpaspisudn sorae epbadigisats; Feosyte e %'h?r@.erwg ireor lightcapdenui ati on of

DBMqand a,riTBeh QfRhu 2Rt LRI dlildrehaNGosNARGLd Stabi [iTy at room

tenperature. 15AI'ternatively, prior to polymerization, the conpositions can
be | oaded i nt Aftar padjdearadiopothy meultimgdonipoatipod ganebreilaektd catoposeltli dhs i n t he

nol d can then he | ili.zed_to qgive dr | ugs. l.n sone enbodi nent s,

The o L T8 AR b o oAt ssiosTHals fin besmpilifes St Pe

Focal Seapg. ATHS pHigyis Blggg?&g&t&t%ﬁﬂd&ﬁ% Suctder 18X 2R frmBtisddr DBV ODBM t o
- W

a 1% sol utron of Focal \ a 0.1% concentrati'on of vinylcaprol actam
(VC). ThandzBiveemmheFaehihsesadre Siltihgyaenhagend sbilitiahrdooneweratare. a Tef | on

nmol d, photo crosslinked and then | hilized to.give r lug. T
oot 2 ned_dry Pagikty e hadlEBet B e ey Sl beR gl a g,
DBM  andandl piftgrowizwd. Jakpslyaitdiz¥CcontpssitiorgpatRdnslt Yaptied bedyophaiRd thre
foll ow ng physical properties: 25 Table 1: Physical Properties of a Dry
Pl ug % LEWedr, pleghfi ned swel |ing about 15-20%

In some embodiments, the dry plug includes demineralized bone matrix (DBM)

and crosslinked FocalSeal-S. The dry plug can be prepared, for example, by adding

20 DBM to a 1% solution of FocalSeal-S with a 0.1% concentration of vinylcaprolactam
(VC). The DBM and FocalSeal-S mixture can be then loaded into a Teflon mold, photo
crosslinked and then lyophilized to give a dry plug. The obtained dry plug can include
about 2.2% (w/w) FocalSeal-S, 94.6% (w/w) DBM, and 3.2% (w/w) salts and VC. The
prepared dry plug can have the following physical properties:

25

Table 1: Physical Properties of a Dry Plug

% Linear, confined swelling about 15-20%
Modulus about 3 MPa
Compressive Stress (10% strain) | about 0.2 MPa

Maximum Compressive Stress about 1.5 MPa
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Modul us about 3 MPa Conpressive Stress (10% strain) about 0.2 MPa Maxi num
Conpressive Stress about 1.5 MPa The macroners descri bed herein can be
synt hesi 2&0 208/mgesneans wel | known to those of skill i nPCmaSarm/o443ener al
synthetic nmethods are found in the literature, for exanple in U S. Pat. No.
5,410,016 (Hubbell et al.), US. Pat. No. 4,243,775 (Rosensaft et al.), and
U S Pat. No. 4,526,938 (Churchill et al.) (i ncorporat ed herein by

reference in heir entiret For. ex | e | ene coI backbone
Lon bo T eact cANOE O A Herein b o Btheis URE Hearo i fEET SR Bonat o t o
forma TMesFHGQKRPIVAR hrt. @%ﬁerﬂ\@hﬁ?{%@c RUNOMR ard RYin@ R the MedrhtirDeorf Ur t her

derivatized with additional degradable groups, such as |actate groups (see

Jarrett etamgle nUSSPRat, NNod,460,088(Hbebbyll elhle), Ue¥. Maha¥o. HydB 9Ky ((Rgseosrit can
then be reacte L y th resen of a tertiar

e ot RSt B35 6. e kB et g RRE ReRin Ry AT e
chem st rmeﬁ@ﬁtukwy)e 13513 %ﬂblé QI poRH QSRS Sy Bh@ib@h@%ﬂ@éﬁ@actwmh sol ubl e

bl ocks, bi odegradabl e bl ocks and pol yneri za I e gr&t@y@g}artl cularly those

cont ai ni HEnaly; ewb@amlwc) oraSIm\Anw brotajecto HgIma A pelgmeegkheed with
TMC and gy (Y LGS frhgﬁmg n@o@é%géﬁrﬁfé{ ferRHED ?cﬁ% ! H{gkbﬁﬁeg 11"1‘ tide, the

reaction can be &) ous” or quen aneous
react i ongioupd, spchodbus@atagraips (@adbrrgactal 6U$ Paf. N@déﬂBEGM) yitertergdindlhe t hree
conponent s, Sequentl al addition of a lactjde after reaction_ of the PEGw th
the TNC by drexyl grepps Gamy heh e acagis |Vﬁ1Hé’f‘Cf1618féb‘P igftheres ARe bR ETHY mor e

[ rRages B0e vea Tamm PRE R RS Ty B o o RN he” enas
of the (GaEnplPEey for aglcmmerQ Gorf?mhyngmthezavzat@mombdae kzlonl{soblotiégrad;abdﬁ blbbles, pr esent
vents on TR R RRUTELLZSA Lk, DB Essthented SPRe L, Sl Le remte
For exanpl e, @1dhpoRleHSIGHR 1R8I RrERA It MOhYIBEY AicRGtcRoMBRYRERY | N
acid such as glycolide or lactide, the reaction can be either simultaneous or sequential.
15 The simultaneous reaction will produce an at least partially random copolymer of the
three components. Sequential addition of a lactide after reaction of the PEG with the
TMC will tend to produce an inner copolymer of TMC and one or more PEGs, which
will statistically contain more than one PEG residue linked by linkages derived from
TMC, with hydroxy acid moieties largely at the ends of the (TMC, PEG) region.
20
Polymerization
The compositions of the present invention may be polymerized into a pre-selected
shape at a site remote from the surgery room (e.g., at a site of manufacture of the
compositions). For example, a dry plug can be prepared by polymerizing a macromer in
25 a mold that is loaded with a mixture of DBM and a formulation of macromer, followed
by lyophilizing the macromer in the mold. In some embodiments, the dry plug can be
characterized in that the dry plug can exhibit a maximum compressive stress of about 1.5
MPa.
The compositions can also be polymerized prior to administration in the surgery
30 room. In some embodiments, the compositions can be polymerized at the site of

cartilaginous tissues in the body.
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25a nold that is |loaded wwth a m xture of DBM and a fornul ati on of

macroner, followed by |yophilizing the nmacronmer in the nold. In sone

enbodi nerwe,20tieseny pl ug can be characterized in that Phe/useyoph49g can
exhi bit a maxi num conpressive stress of about 1.5 MPa. The
conpositions can also be polynerized prior to admnistration in the surgery
30room In sone enbodi nents, the conpositions can be polynerized at the
site of cartiiﬁglnous tissues in.the in a

conposi tion cAaR BACTSBICY Hied FURRPSEPISR 8P°¥YPE@ZF%BY81§1P“€W8%$ Al ¢) processes
or by hetiRhRiwid) pritQeesSBPhdtSdEicFroedlc PRich a@@itmpcﬁﬁhbﬁib)aonj Npsone

enbodi nents, the nmacroner ‘can bé pol yneri zabl e by free tadi cal

pol yner i scand enboddokytnethe mabtomey ﬁmub@ml@meﬂz@ée bxaﬁp@eadlqabpqlmnmmon can be
acryl ate di acryl at es, .5al i goacr, tes., met ha hacryl at es,

o1 1 pomet Rl P RGRE Boff 2 et BERE o PSR AR BBt sl

Pol ymer i alagda@[rylaﬁ@snniaﬁlalcmateﬁuﬁﬂetb%rﬂatés QQ% ﬁﬁt}ﬁ&tyldt@sa@ﬁmﬁates ncl udi ng

phot opol yneri zati on, chem cal or thermal free-radical polynerlzatlon r edox

reaction lcm@am?‘@hl%lgp@}!l?%%tfb&atl on, and chenical reaction of active groups
(e.g., isocy p@lg&%%at QC%Q%Q%t@HH’?gaﬁS?Q&R@nﬂ% HHEIZAL u(aﬂl can be initiated

using initiator i ni use here| hi1n gbroad sense, in

that it pisotepatpipostivbh aheitidat br thodesl firppudipilipalyenaadod, iredvs readtions,esul t in
the polynerization of macronmers, Materials for initjation may be photo
i ni ti at of&lonKRokmerizatinn.and chenaical 1castion ofiaativq FORPS(C Gotiocoamtte [y er s,

co-fat al y3 emﬁ&ﬂh@nt"s hpgyn%{rw&{zaﬁgﬁ BeiPbe ﬁﬂﬁtéﬂfﬁ@ht{a&ﬁ?Sﬁgoteﬂﬂeﬂhﬁam{'\' !

initiators novvnlnt t are 15potentially Suita r the practice of
t he pri msnged hﬂrhmnn]aé)roaﬂrsensel; int thetal 1spr aypgrosyioofwhach umict bgiropridts t hat t he

ol ymeri zat.i on WI ed at useful rat t the rese ce of
Poe” et 1 fstulyfoms Wil res e s TR R reiPe SRS paey SdletiR Misan G PL GRS B

exposur epfdlo dihtbrs, bRt iimfatd, (Hakhsamitatoss éph%geﬂsﬁzéfsnéd dt8gdts] i ght. In
sone errbodl ments, polynerizationis initiate | ong- wavel éngt h

ul t ravi ofhain 1ra1g|ﬁ€tr agengpInd sadical giabster agegist Alf Ilil‘ttlaé@(a Kpden 1Be arfraror
15 potentially suitable for the practice of the priming technique. The critical property of an
initiator is that the polymerization will not proceed at a useful rate without the presence
of the initiator.
Photo initiators can generate a free radical on exposure to light, including UV
(ultraviolet) and IR (infrared) light. In some embodiments, polymerization is initiated by
20 long-wavelength ultraviolet light (LWUYV) or visible light, for example, 320 nm or
higher, for example, between about 365 and about 550 nm. LWUYV and visible light are
preferred because they cause less damage to tissue and other biological materials than
short-wave UV light.
Suitable photo initiators are those which can initiate polymerization of the
25 macromers without cytotoxicity and within a short time frame, minutes at most and most
preferably seconds. Such photo initiators include, but are not limited to, erythrosin,
phloxime, rose bengal, thionine, camphorquinone, ethyl cosin, eosin, methylene blue,
riboflavin, 2,2-dimethyl-2-phenylacetophenone, 2,2-dimethoxy-2-phenyl acetophenone
2-methoxy-2-phenylacetophenone, or 2,2-dimethoxy-1,2-diphenylethan-1-one known as
30 Irgacure 651 (available form Ciba Specialty Chemicals), or any other photo initiators

from the Irgacure family. In some embodiments, the photo initiator is Eosin Y. In some
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hi gher, for exanple, between about 365 and about 550 nm LW and visible
light are preferred because they cause | ess damage to tissue and ot her

bi ol ogi cavorratigms@hs t han short-wave UV |ight. Suitabl ePplatSootiofou49sat or s
are those which can initiate polynerization of the 25macroners w thout
cytotoxicity and within a short tine frame, m nutes at nost and nost
preferably seconds. Such photo initiators include, but are not limted to,

erythrosin hl oxi ne, . rose. .bengal, . thi oni ng, .canphor qui.none, . et hyl eosin,
codi . re e LR e TR MG oY Srany PabebbRenon.
2, 2- di mefphoxy-cAn PR SAKE A EBHORERNRNGS 122 Ted il bxg- IPhapntAAehoRhemene, or

2, 2-di met hoxy- 1, 2- di phenyl et han- 1- one known as” 30l rgacure 651 (avail abl e

f or m G bhg&pec] ¥ tlyhydnevyicgdbkyxyl-pherghiictondelrgphiot 819 (phend bex3416r om t he

Irgacure _faml.y. |n.saone enbodi ment t he oinitiator is Eosin Y. In
Some. et RSB ST Pt el PP ORtMELET e tonity. For
exanpl e, (rﬁéisylﬂﬁ@)ﬁaﬁeﬂgmj-%inﬂi@otlﬁ@pr gnciel BCc e corhé OMbddigREM! B BRtromer

- di phenyl e

(2, 2-di net hoxy-1, 2 han- 1- one), |rgacure 184
( 1- hydr osegieijes fipreeheutghEayiy waiglirad Yhe phogainiftadorg19 (phenyl bi s(2, 4, 6-

trimethyl b hi .ur.e. 90 - ABLNV] -144-
S(methy 1 hi o) St RGRRQL s Pot Mo Cthabl B SRR AR T S |
macr oner radeglly kadveffunticabiogtbupds-idéutiess avaivehionelf chichicap tigior dyistehatsach

Anot her alternative class of initiators capable of injtiatin
pol ymer i $EfShsystent r Bee reder Safqny may dnchedes Ewétri: BAIMiGEbigpiEon (D) (Gtes

conyent i ARALs GBS anll At AERY (¢S SURER petbxilicdst YRR Yok, 1henicedox
system nmay | ?1 Flu%\e,éabagt fﬁee not(e% mte pt o, Il.tli ronry?l I%)én?e. g. Ig) 10f er reous

gl uconat esecamnds adypatagrowsao (use gredok-spuitmifopeipxemmtion, begarso genasperiard de) . |1 n
sone cas s.advant ageous to,use a redox system for iﬁ;.rreri zati on,

S, It j d X 0
because TroradicabBiIOn My TIREFTedft 4 IAOPAPS GHS N ao%ldﬁrf“geg ed at a

r easonabicgpel@e Rl ny\WvEebE 8NGerdalat IRPRERIMIE D beRdeBY20een be
triggered at | ow tenperature of between 0-20 C. Exanmples of suitable

t her mal i nitiBxanples alcjuitdlele thammalkingiatays includct eut aronotdindteddo oh?'sazobis

15(2, 4-djyethyl pent aneni t.rile),. 2..2" sazgbi s (2-nmethylpr,opanenjtrile),

2 o a7 o B AR RORR b 1o FiS 12 AR ER U DA LRSI " per oxi de,
and the hekglbuBmeh@hl@Rlpgroxides stdredsiRhzdyliptioRidel arldStha ik FEERAIDUL YiOoNi t e

(A1BN). O her well-known azo-conpounds are also useful. To facilitate the
admi ni st tharmaAnisaer tsrazgbisspbutponafAdi)s QihemvelbkpyEn azcoemnpounds are

also useful.
To facilitate the administration and treatment of patients with compositions
20 described herein, the macromer can be polymerized in the presence of pharmaceutically
active ingredient, such as prophylactic, therapeutic or diagnostic agents, for delivery of
the incorporated agents in a controlled manner as the resulting polymer degrades. The
pharmaceutically active ingredient can be a bone morphogenic protein, a tissue growth
factor, an insulin growth factor, an antioxidant, an antibiotic, or a combination of growth
25 factors. In some embodiments, the pharmaceutically active ingredient can be selected
from BMP-2, BMP-4, BMP-6, BMP-7, TGF-B, IGF-1, ascorbate, pyruvate, BHT,
gentamycin, vancomycin, the combination of TGF-§ and BMP-2, and the combination of
TGF-B and IGF-1.
In some embodiments, pharmaceutically active agents that may be coadministered
30 with the compositions can be anesthetics (such as lidocaine) and antiinflammatories (such

as cortisone).
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20 described herein, the macronmer can be polynerized in the presence of
phar maceutically active ingredient, such as prophylactic, therapeutic or

di agnost iwoagemsesof or del i very of the incorporated agemC3/usroia/o¢49n¢ r ol | ed
manner as the resulting polynmer degrades. The pharmaceutically active

i ngredi ent can be a bone norphogenic protein, a tissue growh factor, an
insulin growmh factor, an antioxidant, an antibiotic, or a conbination of

grow h 25f act . In so i ments, har utically active

Phar edi ent  cahDRAEMEEY '%ﬂae@wg%mé@ c Tpiopable PioRptied sueEsE, | Gr- 1,
ascor bat %lul:HM g‘vh‘ﬁ@tsglunmlsc&%@tﬁw&h& P@B%@J’&ﬁ(‘sbﬁltloh Q@n&ﬁﬁ@ﬁd}ﬁﬁl'v@ﬂe@f TG 13
and BMP- 2, the conbinati on of TG-13 and |1 G--1 I n sonme

ermbodi nethe ylsCQMEfrlm@@yalbcdlfdo;eddm thy degrgent endt Iidtingrehye lbegth 0&thei TVISE er ed

30with the,c tio anest heti as. lid and

oot i o1 GRAGRTPRRAbPETRs SRE BB e RS REigh BPER PRI LC, | ped

her gi n gRBRF-8bILYIcheéyend @ig. mE(b)l eTHRmagRIlls sTIhShedto@s isatdelidityttie and sol uti on
Vi SCoSi ty FI’ opertl es. For gLven sol uti on concentration in wat er, t he

vi scosi t jojesulgererehf bgrwaer @f@ﬁsélﬂk%yﬂ@%@’dd@@l degradationdateicar bagodifid. fagngt h of

the TMC r r o wei ght
of the sf J*ﬂn.l%é,b%&%é%s%ﬁ% s BE L R BEST ROty By Bl DRy Bk, 12
hydr ogel glinolaﬁ‘ef e didickanynd)he aneimeaitloarthaeidglof tHecianie AE@THES bopkpmerThe

hydr ogel g[rad tion rate can be nodified, for exanple, by adding a second,

more easPlqF tRAGAHIBE {Beeosshinkabls endgrowm to fogn dbe PacgMlact ate, glycol ate,
1, 4r,di oxanoney, & eaca§e%99§ratem b% ﬂeaqnaggs% Rf vikORitP 3B e ﬁ&%&é&@%ym

prior to adding t crosslin end group to formthe nmacromer. 10l n sone
cases itof @pdeailomabltlm tnwue mﬂleethentahmnwsemsihs yoof fitrhle arthersatef at the tinme

of application t he ti S at the nmacroner remains nore firny at
Che. oi t eapYIcalipy {Rakyies Whe W& o e VRS PE TETRiRuSE t he

vi scosi t %hsaiont 1ﬁ@1u5@-%95]?%rno§ ﬁin%a ) glﬁ@ééﬁﬁﬁ@gl%ﬁns @GAG)%CH aswaﬁgoﬁle
gl ycosam n‘?%ﬂ@) ans such as hyal uronic aci HA), carboxymet hyl

cel | ul oseci cad@xymatrhyl eidlutase ACHIEDT @Xéranaiﬁdtm@pidf%mlanél pyrrolidone
(PV

Sppl® cat POn parRETd FELEEP) vEbE S BP BREY 45 Dbl tert o PR e ent
i nvent i obefe@pbRcdtado the tisepai r cartilage in a 20subject. The conpositions
can be admnistered to the subject at a site of a defect in
Method of Use
The compositions of the present invention can be used to repair cartilage in a
20 subject. The compositions can be administered to the subject at a site of a defect in
cartilaginous tissue or a combination of bone and cartilage defect such as in an
osteochondral defects. The compositions of the present invention can also be used to
repair bone or a defect in other tissues such as meniscus, ligament, tendon, and
intervertebral disc annulus. Effective doses will depend on the disease condition being
25 treated as well as by the judgment of the attending clinician depending upon factors such
as the severity of the disease, the age, weight and general condition of the patient, and the
like.
The compositions of the invention may be applied directly to the tissue and/or to
the site in need of cartilage repair. In some embodiments, the site of treatment in the
30 body may be surgically prepared to remove abnormal tissues, followed by placing the

composition of the present invention in the defect area. Alternatively, surgical
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cartilagi nous tissue or a conbination of bone and cartil age defect such as
in an osteochondral defects. The conpositions of the present invention can
al so be wweadotim2s@pai r bone or a defect in other tissuePCIMSkoIa®4496Ni Scus,
| i ganment, tendon, and intervertebral disc annulus. Effective doses wl|
depend on the disease condition being 25 treated as well as by the
judgnent of the attending clinician dependi ng upon factors such as the
severity of the disease, the . weight and %eneral condition of the

pat | ent . PERYAtEEREES Diereing. aiiding o JBlIng B RaTGRoR R IR0 B may be

appl i ed @ist@Giibad kRiohd® drbas bRanABE/ O tht Gellshi bohé malBwneesighle mad thk! age
repair. In sonme enbodi nents, the site of treatnment in the 30body may be
sur gi cal plypgpr pptéy. ebhe @mmstives abihonmention sauasyscfl ¢d fibwe dstogchondeil ng t he

conpositi of t resent jnvention in the. defe rea. Alternatively,
cur bt cal 85t AT IR Ry B lP il SREITE PG 1 1 ho Tt o ad acent
tissue regi oNSh@fonvESatIng Chz Beladriigisedsd mhcarsgﬂhge shianeglesr hebrithorcel | s or
bone marrow to migrate into the plug or putty. The Qqupsitions of the

i nvent i ofevéess Bevaiglesliveryfdericenbpvsdeenenisipearnd dessebed Brthaagéd ect t hat

i ncl udes, m I o) (o be
i i ot S P REGH R e 4G HRTER SREShenBI b PIRISHLERTERT, 0

del i ver yPgleNbs elscddanss dnedrys8se lvdpietlaramdreie $icdorfagated by kdfereacd inttheiadm ni st er
viscous |iquids such as the carpule vi ces described by Dr, Oentriech in
U S. PatSntigly. Aldgmmaligdo make 3,@17‘5@@ zgﬁemm@ﬂﬂa?@ Herenss haseibleder hiced by

[ ef B eNCaydidts LR EraGli infce i analdhy el e Rl
conpositﬁgﬁgsﬁg@gggégggﬁ%o%%?@?% ggﬁthe ??éggﬁgfgfgghie%grggedkgﬁj%ction
rat chet wedhans smranlygowferred fatehd senpositenk ambs prcimadedm augdadricdl i s

currentl referred.for the co sitiops, to be prelqaded in a cylindrical
cont ai netoiing i ErTHYE g o heeorre! oy Bbcelibsbm BeBe Laapt ed to
recei ve giuRbdiadefivoatfhAR W HondKescal fIRMARh&G 2 The RicBr®Ehd &S Blehwollde second
end or outlet would be covered bg a renovabl e seal and be adapted to fit
into a neediverdddysi regovablaistadand he adapeashtpdiintp emsedla howeng orallavnide to exit
the outl et and.enter a needle or other hollow tubular er, of the

arieni st FomRfiogRyT s 2o RE: iR AR g el A MRS TR FiehlE o o e
sol d in tBebtOsith®hdiinkdtlatiE@aBNitS 106 dAsok@isiéhcd @Rt @ ddohghdsIBNS EHNESE L | ON.
The device having an outlet for said conposition, an ejector for expelling
t he conp¥dd 1 Ba feryota Ko remniting ey Hayicheamaningithe eunnasitione Thadpeee f or
adm ni st gr.: S 1 | ] i . . onposi tions
re adm oSt QR RIRER colBl:)0h 20 EH0L Bieling the corfBRRIRGROTRAS! £ o7
exanpl e, hddjow tubabir atcihibgr fied wahp ostldt ifensimidkeriay hawinpoaitiohénts ubj ected to a
illumnating light, which initiates polynerization of the adm nistered
podﬁosit@ﬁﬂ@! Wien pol yreri zation is achieved using radiation, the subject

| s general |y ol MeebfpedigR Adhdhi er?&'td b uiBa! h8RohBosifnd GASE rom
about 10 seconds to about 120 seconds (e.g., at |east about 10 seconds, at

| east abpalymtfzsie tordsnplt by ersliatinpoht cid@posemondthe sitbjdce amt badubisctcds

Sboot SerkiubRR AR 8P SR o BherBR! o ARS8 B B, or
at | east wakppblyhdRiz8@GPRUSNicvddusHRRIRIBL hdBRIM &t isRaBaRPh¥MBt&RET on can

be achi eved using radi ation, the subject 30can be adm ni stered radiation by
i | 128 natadistion by huminetiern foslsblenst s dlaawih d8 seaondpioutbos0l 20 scconds (¢.g., at

least about 10 seconds, at least about 15 seconds, at least about 20 seconds, at least about

25 seconds, at least about 30 seconds, at least about 35 seconds, at least about 45 seconds,
at least about 60 seconds, at least about 90 seconds, or at least about 120 seconds). In
some embodiments, when polymerization can be achieved using radiation, the subject

30 can be administered radiation by illumination for at least about 30 seconds to about 50

seconds (e.g., at least about 30 seconds, at least about 35 seconds, at least about 40
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seconds (e.g., at |east about 30 seconds, at |east about 35 seconds, at

| east about 40 seconds, at | east about 45 seconds, or at |east about 50
seconds) .wlhen/qsdsyneri zation i s carried out by irradi aPCmgiSaoisoisect with
| ong wave ultraviolet light, the irradiating can take fromat |east from
about 20 seconds to about 60 seconds (e.g., at |east about 20 seconds, at
| east about 25 seconds, at | east about 30 seconds, at | east about 30
seconds, at 5l egst a,tt))out 35 seconds, at Iegsot abo&ta\g,g seconds, at .|l east
about 455G Acas ADQUL 43 Seconds, Or Ableat aBaL sgeondah SV hehBolyMEHZal0Bdhds,  at
| east abgiicPeutRGRARInSS s@jcdt %ﬁtlo?%{@ 02 $RERMERY), the irradiatidd'Ean
conpositions can"al so be admnistered to a subject in an iterative manner,

such t hatakafromegdeast fom about xsagids to 8hous 60 secoBdafspd.i dedsbalmuoR0t he

hat o sbout o (o Bout 00 oe o
pol yror i e BetuBiR Ao et ISR 1 B E b G TORRRR ShETR 7

CONBOSI t je@RAERIG! sebfdlls el @istaioan4®sechadK adesht hboA Y seMS Nt @Akt abayt and
may forma kit including for exanple separate containers, alone or together
with t hetapispndsatt loest dbant S8 scormds.mhfasimbest 2y wopndst e aittagt ahogt @Y separatel y
fromtheseic{yﬁés':)at or, 15unl ess they are co-lyophilized and stored in the
dark, or otherw se nmaintained unreactive. Dilute initiator can be in the
reconsti t uti omhd tamhghisitRinglbian al2ebs adh@istdied toea sTGFCOIMRIN Odratdbyermager, and ot her
ingredients may be in either vial, depending on chem cal conpatibjlity. The
DBM may B’éﬁiﬂi*?é iRhigad tvp, fonexamnie.ak 4a0mbiRndications 9é theeososition pedPiay dad a

physi ol ogj I s | LX1 401 at or
R A S TR G S

del i ver edf thacompostoonposi tion, it nmay be in any of the vials, or in a
separate container, depending on its stability and storage requirenents.
Al'l of the felhacespaditink dsedibedhthinscas pephtiagad inoamymayvdsertovdyi reld | n any
conbi nat i on, EaCP. fe %e di sclosed in this. slpeci ficati OE n&){ e repl aced
by an 253FY &G K &Cfuckig fo CXUPRIF AgPAHE CAMRRCTSe{ATS A teRrtthera Tt ihgi | ar

pur pose. pHidSHondtVRRS T8 RERASHhts 8 r8Er BLNQEMISEparfBG e AlUhiadrsCl 0sed is
only an exanple of a generic series of eduivalent or “simlar features.
Varisous wdisftheyaare oordyaphilized anchvterediinthe dank,ad diheroe nwinthinsé uaesdvicbed

22; glr In bt ﬁ‘ghtle 11%?}8%? E,%{ﬁe? {nct %) F%Eg&ﬁutlsolg flhllig;dstailb?liée?se argrirg thfern?a{grénr}eer oflror egoi ng
syringe; and other ingredients may be in either vial, depending on chemical compatibility.
The DBM may be included in the kit as a powder to be reconstituted with a
physiologically acceptable fluid prior to mixing such as the initiator solution or the mixed
20 macromet/initator solution. If a drug is to be delivered in the composition, it may be in

any of the vials, or in a separate container, depending on its stability and storage

requirements.

All of the features disclosed in this specification may be combined in any
combination. Each feature disclosed in this specification may be replaced by an
25 alternative feature serving the same, equivalent, or similar purpose. Thus, unless
expressly stated otherwise, each feature disclosed is only an example of a generic series
of equivalent or similar features.
Various modifications of the invention, in addition to those described herein, will
be apparent to those skilled in the art from the foregoing description. Such modifications

30 are also intended to fall within the scope of the appended claims.
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30are also intended to fall within the scope of the appended clains. WHAT
IS CLAIMED I S: 1. Anmethod of repairing a cartilage defect in a

subj ect cwoppigizegoadm ni stering to a subject at a sitePofi/usb@odefoert an
effective anount of a conposition, the conposition conprising dem neralized
bone matrix (DBM and a fornulation of a 5 nmacroner, wherein the macroner
conprises at | east one water-soluble region, at |east one biodegradable

regi on, e reactive polynerizable group. 2. The net hod
of cIa|ﬁﬁ%iAihéﬁggghggﬂhnaater soluble region is selected from
poly(ethyl ene glycol), poly(ethylene oxide), poly(vinyl alcohol),

pol y(vinyl pyryoli dmﬁatho@@w gkiny h Q¥aAflel Rt inPPIUBFRE 661Ap , proteins,
and conbi nati ons t hereof. ﬁ ¥ Q# nmet hod of clalﬁﬁ%§ wher ei n sald

wat er s oaldmllnestqr@@ut@ B Shly e@@lt ¢ (Slé‘t pifthe ﬁefegﬂ a,nﬁffe)ctw@@@punt of a compasitighéhgret hod

3, 500 Dot LIRS At ot Rk (RUE MR BT L T8 G

wher & n mbefoﬁﬁﬁ wiaseia theaviedrager f@h}ﬁmb atrleawbgmva&f-salbmetregi&n Q@Cabil t ons.
206. The net hod of c¢laim 3, wherein the PEG has an average nol ecul ar wei ght
of about omEbipdRgrasableggion, and at least onpiigactize ROYMSFIZRY@RIAUR, wherein sai d one
or nore reactive polynerizable groups are selected fromethylenically or

acetyl enical l y unS@ﬁy&%%gQOQE%eln] hé%ﬁMéﬂﬁ&%%raﬁéﬁpﬂﬁﬁaﬁﬁ é@é&&%ﬂgﬁxy i c

sul f hydryls, succinim es, amnes, imnes, des. car

aci ds, Spﬂ15’@ﬁ1&¢elﬁ®1yi$)1)apdy£dﬂltrbdq:1’reactxaadeg,rmll|]z(snnyl alcohol), @olyrwﬁymnbb@bmp claim
1, mherel 0 re rea tive on ri zable gr s IS an
et hyl eni P; e@k&’ﬂ?{?a&m é’tlg)gysﬁ?%ﬁ e%arotg cornglnatlor% therbor

10

3. The method of claim 1, wherein said water soluble region is poly(ethylene
glycol) (PEG).
4. The method of claim 3, wherein the PEG has an average molecular weight

15 of from about 3,500 Daltons to about 40,000 Daltons.

5. The method of claim 3, wherein the PEG has an average molecular weight

of about 25,000 Daltons.

20 6. The method of claim 3, wherein the PEG has an average molecular weight

of about 35,000 Daltons.

7. The method of claim 1, wherein said one or more reactive polymerizable
groups are selected from ethylenically or acetylenically unsaturated groups, isocyanates,
25  epoxides (oxiranes), sulfhydryls, succinimides, maleimides, amines, imines, amides,

carboxylic acids, sulfonic acids and phosphate groups.

8. The method of claim 1, wherein said one or more reactive polymerizable
groups is an ethylenically-unsaturated group.
30
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WO 2011/ 025650PCT/ US2010/ 044969 9. The nethod of claim 8, wherein the

et hyl enicall y-unsaturated group is selected fromvinyl groups, allyl
groups, uweaburesed nonocar boxylic acids, diacrylates, @eCrgsacophaces,
unsat urated di carboxylic acids, and unsaturated tricarboxylic acids.

510. The nethod of claim 1, wherein the biodegradable region conprises at
| east one carbonate or di oxanone residue |inkage. 11. The nethod of claim

10, wherein the c onate .resj due |jnka i eriyed froma cyclic
o e ar Beonar TRORGEA 0F S, WhisRHEe BBl St B d it ¢ ne
car bonat g|¢@si £oig v'iﬂyﬂ‘ ﬁﬁﬁl?s,' ﬁlyﬁgﬂéﬁbé{ u(lﬁa{uhrﬁféhh‘ﬂdrfo@@r_b%ﬁ%?&s?diaé&ﬁdtélye-

13. The nmethod of cl'aim 12, wherein the nolar ratio of trinmethylene

car bonat elighcrybrieensitiratice dshrior@i¢ acidy, ond nivatitrated tridcacboapboncid®: 1.

14. The method of claim 13, wherein the nolar ratio of trinethylene
carbonate nononmers to each PEGis fromabout 11:1 to about 15:1. 2015. The

met hod of claign 1, THORERLE of bRIMI1 OHBERAAE bR JELATHe LR dosgFisBOAty (hydr oxy
aci ds), ﬁoly(lactones), pol y(am no aci ds), poly(anhydrides),

pol y( or t l§aEsne egponaie opdioyinone spstbiedERLS | 16. The method of claim
1, wherein the biodegradabl e region conprises 25pol y(al pha-hydroxy acids).
17. The nmethod of claim1l, wherein the biodegradable regi on conprises

pol y(L-lactide).. 30HS8méEthedmEthaan 10fwhdrainthd darboviees ekidut iskdapeli@derivatli o of

| acti de pononers t
from a cycisic al?phatic carbonate.
10
12. The method of claim 10, wherein the carbonate residue linkage is a poly

(trimethylene carbonate) residue.

13.  The method of claim 12, wherein the molar ratio of trimethylene carbonate

15 monomers to each PEG is from about 6:1 to about 20:1.

14.  The method of claim 13, wherein the molar ratio of trimethylene carbonate

monomers to each PEG is from about 11:1 to about 15:1.

20 15.  The method of claim 1, wherein the biodegradable region comprises
poly(hydroxy acids), poly(lactones), poly(amino acids), poly(anhydrides),
poly(orthoesters), or poly(phosphoesters).

16.  The method of claim 1, wherein the biodegradable region comprises

25  poly(alpha-hydroxy acids).

17.  The method of claim 1, wherein the biodegradable region comprises

poly(L-lactide).

30 18. The method of claim 17, wherein the molar ratio of lactide monomers to

each PEG is from about 1:1 to about &:1.
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each PEGis fromabout 1:1 to about 8:1. WD 2011/ 025650PCT/ US2010/ 044969
19. The nethod of claim 17, wherein the nolar ratio of |actide nononers to
each PEGWe 2brianrs@bout 3: 1 to about 5:1. 520. The met hodPofi/usb@iomudss wher ei n
t he bi odegradabl e regi on conprises poly(L-lactide) and pol y(trinethyl ene
carbonate). 21. The nethod of claim 1, wherein the nmacronmer conprises
poly(L-lactide), poly(trinethylene carbonate), and acryl ate endcaps. 10
22. The nmethod of claim 1, wherein the conposition further conprises an
initiator for inducing polynerization, wherein the initiator is selected
from (a) a phps o imhd n@ihel of CRIm a7ChEIBahe Bldr k@ {P6f 1a@ M ridnonierd foer mal
initiator. 1523. The nethod of claim 22, wherein the initiator is a photo
i ni ti at ogach PEG is from ab@y 3: Meebpet hbd of cl ai m 23, wherein the photo
initiator is eosin Y. 25. The nethod of claim 23, wherein the
photo initiator is 2,2-dinethoxy-1,2- 20 di phenyl et han-| - one( DVAP) .
26. Tye net hogh.of ThamBihdd.of BB & Whékm BEBHdeEkdANE FdgRindon{iRSs I edoX
chem stry. 2527. The method of clalim?26, wherein the chemcal initiator
conpr i sekolydolictidq)and palyatrigratiyilengecartp@atthe met hod of clai m 27, wherein the
peroxide is t-butyl peroxide. 3029. The nmethod of claim 22, wherein the
initiator is a thermal initiator.

21. The method of claim 1, wherein the macromer comprises poly(L-lactide),

poly(trimethylene carbonate), and acrylate endcaps.

10
22.  The method of claim 1, wherein the composition further comprises an
initiator for inducing polymerization, wherein the initiator is selected from (a) a photo
initiator; (b) a chemical initiator; and (c) a thermal initiator.
15 23.  The method of claim 22, wherein the initiator is a photo initiator.

24.  The method of claim 23, wherein the photo initiator is cosin Y.

25. The method of claim 23, wherein the photo initiator is 2,2-dimethoxy-1,2-
20  diphenylethan-1-one(DMAP).

26. The method of claim 22, wherein the chemical initiator uses redox
chemistry.
25 27.  The method of claim 26, wherein the chemical initiator comprises iron (II)

and a peroxide.

28.  The method of claim 27, wherein the peroxide is t-butyl peroxide.

30 29. The method of claim 22, wherein the initiator is a thermal initiator.
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25 WD 2011/ 025650PCT/ US2010/ 044969 30. The nethod of claim 29,
wherein the is thermal initiator is of the peroxide famly or of the famly
of Azo thworml1/a2mi50i at or s. 31. The nethod of cl ai BC3AIS20¥BuM6N t he
Azo thermal initiator is 5azobisisobutyronite (AlIBN). 32. The net hod
of claim1, wherein the conposition further conprises a rheology nodifier.
1033. The nethod of claim 32, wherein the rheology nodifier is HA or CMC

34. The met hod, of claim 1, erein . the conposition further nprises a
ohar maceut 1 cably otk eTioRgr Ehtene VHuSE The herRbEHOCH 8f OB ei n
t he phar gRaEWH Fald MRSt Yol tREhRdIgiMtolsS @ bone norphogenic protein, a

tissue growmh factor, an insulin growh factor, an antioxidant, an
antibiotic, or a conbination of growmh factors. 36. The net hod

of claim 34, erein th har maceytically active ingredient is 20 sel ected
£rom BV 2. BNP- 4, T pEcRol Al S ghienfpg R g0 WendHpiplor s 150 Cai,
gent adYy CaAdbiswaba9ratelcMAIBKE combi nation of TGH-13 and BMP-2, and the

conbi nation of TGF-13 and | GF- 1. 37. The nethod of claim1l
wherein the conposition is in a hydrated form 25 38. The net hod of
claim 37, wheggin $al §630RPHalth Q" whrelitht BEmb&itBrPhur@e Pt Hises a
rheology modifier.
10 33.  The method of claim 32, wherein the rheology modifier is HA or CMC.
34.  The method of claim 1, wherein the composition further comprises a

pharmaceutically active ingredient.

15 35.  The method of claim 34, wherein the pharmaceutically active ingredient is
a bone morphogenic protein, a tissue growth factor, an insulin growth factor, an

antioxidant, an antibiotic, or a combination of growth factors.

36.  The method of claim 34, wherein the pharmaceutically active ingredient is
20  selected from BMP-2, BMP-4, BMP-6, BMP-7, TGF-B, IGF-1, ascorbate, pyruvate,
BHT, gentamycin, vancomycin, the combination of TGF- and BMP-2, and the
combination of TGF-f and IGF-1.

37.  The method of claim 1, wherein the composition is in a hydrated form.
25
38.  The method of claim 37, wherein said composition is in the form of a
putty.
39.  The method of claim 37, wherein the composition comprises from about

30  60% to about 98% by weight of the formulation of a macromer.
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39. The nethod of claim 37, wherein the conposition conprises from about 30
60% t o about 98% by wei ght of the fornulation of a macronmer. WO

2011/ 025680RaT/0255010/ 044969 40. The nethod of cl acmBZ010mn®6ei n t he
formul ati on of a macroner conprises from about 5% to about 15% by wei ght of
a nmacromner. 41. The nethod of claim 37, wherein the fornul ati on of
a macroner 5 conprises fromabout 5%to about 10% by wei ght of a nmacroner.

42. The net hod, of aim 37, ereln the ¢ osition conprises from about 2%
Lo about " 40% £ wel BhEelPdBERIATE AV hHE T OGS o8 PLR ASISther of n-t he
conposi t&cﬁﬂﬁn?sfééfﬂbhﬁﬁ)%uf5%%@9&Ht15@9t%>$v@igﬁp@ﬂﬁmé&%kﬂ wei ght of DBM 44. The
met hod of claim 37, wherein the formul ation of a macroner conprises a

bi ol ogically conpatible Iiquid. 15 45. The net hod of cl aim 44,

wherein the bjpl ogi.call onpatible Jliquid s PBS or . .water. 46. The
mothod of |l ot fn 95 Farethel SEBRP P WhirPHuRs BT oRr ST on. 20mner ei n
the pol yemnprzat fem dbdut olth abad 10Y, By weiaet damsabeet.ed from (i) photo

pol ymeri zation; (ii) chem cal free-radical polynerization; and (iii)
thermal free-radical polymerization. 47. The nethod of clai m 46,

wherein said |y ' i .S ri . 2551 t e. rtil.agi nous
tissues. Rg48 n?%é%{rlrlg? %(g cciﬁgﬁ %21 giﬁ%eﬁlg%le ?é]néégﬁh&s%n{&) ?lﬁg{ %%e%ra'foélétt ion is
carri ed Dutto pbdar0vobyadeight sStDBM.onN.

10 43.  The method of claim 37, wherein the composition comprises from about

30% to about 40% by weight of DBM.

44, The method of claim 37, wherein the formulation of a macromer
comprises a biologically compatible liquid.
15
45.  The method of claim 44, wherein the biologically compatible liquid is

PBS or water.

46.  The method of claim 37 further comprising the step of polymerization,
20  wherein the polymerization is initiated by a reaction selected from (i) photo
polymerization; (ii) chemical free-radical polymerization; and (iii) thermal free-radical

polymerization.

47.  The method of claim 46, wherein said polymerization is carried out at the

25  site of cartilaginous tissues.

48.  The method of claim 46, wherein said polymerization is carried out prior

to administration.

30 49.  The method of claim 46, wherein said polymerization is carried out at the

time of manufacture of the composition.
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3049. The nmet hod of claim46, wherein said polynerization is carried out at
the time of manufacture of the conposition. WO

2011/ 025680RaT/0253010/ 044969 50. The net hod of cl ai m 46, PamArSeI10/0826%
polynerization is initiated by visible light. 551. The net hod of clai m50,
wherein said polynerization is initiated for from about 10 seconds to about
120 seconds. 52. The nethod of claim50, wherein said polynerization is
initiated for fromabout 30 seconds to about 50 seconds. 10 53. The
met hod of claim46, wherein said polynerization is initiated by | ong wave

ul'traviol et [5@ht. The metho@df chhf 48B4 RQEinQhidGloN MPAtioMEhRIaldR d
polynerization is initiated for from 15about 20 seconds to about 60

seconds. visible ligh5. The net hod of claim 46, wherein said polynerization is
initiated by thermal energy. 2056. The net hod of claim46 further conprising
the step of |lyophilizing the conposition to give a non-hydrated

conposi L ion. 5. Thehdmkhod oftlagh 30 W A&einWarl Rl yinédation i iRttt for fomMPOsi tion
is in the
about 10 seconds to about 120 seconds.

52.  The method of claim 50, wherein said polymerization is initiated for from
about 30 seconds to about 50 seconds.
10
53.  The method of claim 46, wherein said polymerization is initiated by long

wave ultraviolet light.

54.  The method of claim 53, wherein said polymerization is initiated for from

15 about 20 seconds to about 60 seconds.

55.  The method of claim 46, wherein said polymerization is initiated by

thermal energy.

20 56.  The method of claim 46 further comprising the step of lyophilizing the

composition to give a non-hydrated composition.

57.  The method of claim 56, wherein the non-hydrate composition is in the
form of a dry plug.
25
58.  The method of claim 57, wherein the dry plug comprises from about 85%
to about 96% by weight of DBM.

59.  The method of claim 57, wherein the dry plug comprises from about 92%
30 to about 96% by weight of DBM.
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formof a dry plug. 25 58. The nethod of claimb57, wherein the dry

pl ug conprises from about 85%to about 96% by wei ght of DBM 59.
The net howoahiial2aésm 57, wherein the dry plug conprises fPromsaiowni4992% 30 to
about 96% by wei ght of DBM WD 2011/ 025650PCT/ US2010/ 044969 60. The
met hod of claim57, wherein the dry plug conprises fromabout 1% to about
4% by wei ght of a pol ynerized macroner. 61. The nethod of claim

57, wherein t dr | ug conpyises from apoyt 2% to 5. abaut 4% by weight of
a pol yneri zedg(ﬁacrﬁpgm?%oa Orfnc)lralr%g?’ W ge%gﬁgﬁ' Lﬁ\dg E‘?rﬁi’rﬁ%eﬁ%o“hﬂ@%?/ﬁ ®he dry
plug is ghas @%ttg;\;,giggtgﬁhﬁdmeﬁg@@&{cyorﬁ&ug exhibits a conpressive nodul us
of about 3 MPa. "1063. The net hod of claim 62, wherein the dry plug is

further characterized in that the dry plug exhibits a nmaxi num conpressive
stress of abo

1. VP 4. T hod of | ai 1, wh i i i
et 1500 8he nledmed SEFARET VisePare Sl e ol RS R ARt A 856 The’

met hod ofpout aYdBylweidhes el pblyh&ifdtreac@dméhe defect is an osteochondral
defect in a joint.

62.  The method of claim 57, wherein the dry plug is characterized in that the

dry plug exhibits a compressive modulus of about 3 MPa.

10 63.  The method of claim 62, wherein the dry plug is further characterized in

that the dry plug exhibits a maximum compressive stress of about 1.5 MPa.

64.  The method of claim 1, wherein the subject is a mammal.
15 65. The method of claim 1, wherein the subject is a human.
66. The method of claim 1, wherein the site of the defect is an osteochondral

defect in a joint.
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