Cartilage Repair TECHNI CAL FI ELD This invention relates to conpositions,
net hods of preparation thereof, and use thereof for cartilage repair.
BACKGROUNROGarwiliwge damage is conmon in humans. |f unt peatusdoiobksyseanage
can progressively worsen and can |lead 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
i npl antation of chondrocytes or ﬁ.‘ﬁien1cells directly or via a
cell delivery vehicle into the A Y defect, or using growh
factors to pronote the repair processes (Gao, et al. Cinical Othopaedics
and Rel ated Research 2004, S62-66). Durability of the repair tissue,
certainty of the initial opti rdIEQGINMALI-AEL® dosage, or know edge of the
interaction anpng nultiple bio factors are inportant and sometjnes
probl emati ¢ (éhs%m@@nt@p.rel@ﬁeﬁM@a}powlpmaaﬁwﬁﬁgip RRppriondpego iR ch 2004,
S62- 66) . i scovered certain conpositions and net hods for
repairinéﬁggyﬁngggkggﬁﬁgﬁe aspect, the invention features a fornable
conposi tion including fromabout 25%to about 40% by wei ght of
dem neralized bone matrix (DBM,_ from about 3.5% o about 25% by wei ght of a
hyal uronic acid salt, and from aBAGKGEBOUND ahout 72% by wei ght of a
bi ol qgi cal |y Gommatl Rl oA fin i SAMRnS RO ORR, fhe dafie DAl uroni ¢ aci d
,potassi um

salt "can be a sodiran sa
progressively worsen and can lead to chronic conditions such as osteoarthritis. A number

of different therapeutic methods are currently being used to repair damaged cartilage.
Exemplary methods include implantation of chondrocytes or mesenchymal stem cells
directly or via a cell delivery vehicle into the osteochondral defect, or using growth

10 factors to promote the repair processes (Gao, et al. Clinical Orthopaedics and Related
Research 2004, S62-66). Durability of the repair tissue, certainty of the initial optimal
growth factor dosage, or knowledge of the interaction among multiple biofactors are
important and sometimes problematic (Gao, et al. Clinical Orthopaedics and Related
Research 2004, S62-66).

15

SUMMARY
We have discovered certain compositions and methods for repairing cartilage.
In one aspect, the invention features a formable composition including from about
20 25% to about 40% by weight of demineralized bone matrix (DBM), from about 3.5%to
about 25% by weight of a hyaluronic acid salt, and from about 40% to about 72% by
weight of a biologically compatible liquid
In some embodiments, the hyaluronic acid salt can be a sodium salt, potassium
salt, or calcium salt of hyaluronic acid.
25 In some embodiments, the formable composition can include a biologically

compatible liquid, which can be PBS, water, saline, or LRS, for example, PBS.
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salt, or calciumsalt of hyaluronic acid. In sone enbodi nents, the formable
conposition can include a biologically conpatible |liquid, which can be PBS,
wat er, sawonre10/1ani6iRS, for exanpl e, PBS. The fornmabl e comrpodisteion2snasn
further conprise a rheology nodifier, for exanple, glycerol or

car boxymet hyl cellul ose. In sone enbodi nents, the formabl e conposition can

i nclude | ess tHarfodddsonykigibh caf fut@ei dd)ﬁ’g)@ilsd: Z dittolgn enodifidr) fisr edadipl€xanpl e,
from about 25%to about 35% by wei ght of demi neralized bone matrix . In
some enboglyerseios carbpemathytepllbossonposi ti on can conprise at | east about 6%

by wei ght of the hyal uronic idsalt. In certain di nent he formabl e
compos 1 on cdi RBHETPEEGsURe Euab saBae Ty RS o Thebhyal ur oni c
aci d sal tyibht oqfd%{ne%@&%dﬁ%@ﬁa%pix,tfbﬁeia&y@ﬁjoﬁl ABHP38), to HYuCHY, GPNPr I se
about 6%t o about 9% by weight of the hyaluronic acid salt. In sone

enbodi mrenwvaghttdidetynztalizehbancaddtdx.sal t can have an average nol ecul ar wei ght

of at |east about 500,000 Daltons. |In sonme enbodi nents, the form%bl e
conposi ti on cah se@apmbedimsnts the frmable camppstiat canseMpYisd ai et ouce’d sal t s.

I n ot her .enbodi t he .f or.na conposition can, c rise a m.xture of
two hyal UBeRREn T kP&l BEERML 3nFRIRR Boho SheiRnE BT SaRpfilit Ay er age
mol ecul arcweb8Bksd dboft 698 RISLARE 1 FRBY Ly 1R Bf the h?ﬁlﬁfbtnic]acﬁi ! Ik geDal tons and
a hyaluronic acid salt of a second” average nolecular weight in a range of
about 1. Ccrilmdabe, the. fOrmatild commpoBaionh aas corfresc abaut #fetorabbetiih by weghght rati o
of the hyaluronic acid salt of the first average nol ecul ar weight to the
hyal ¥r oni & thghvlwane ag sehe second average nol ecul ar wei ght can range from

L5 to 5 L 1 some embodiments, the hyaluronic acid salt can have an average molecular

weight of at least about 500,000 Daltons.
In some embodiments, the formable composition can comprise a mixture of at
least two hyaluronic acid salts. In other embodiments, the formable composition can
15 comprise a mixture of two hyaluronic acid salts, ¢.g., a hyaluronic acid salt of a first
average molecular weight in a range of about 0.05 to about 1.0 million Daltons and a
hyaluronic acid salt of a second average molecular weight in a range of about 1.0 to about
5.0 million Daltons. The average molecular weight ratio of the hyaluronic acid salt of the
first average molecular weight to the hyaluronic acid salt of the second average molecular
20 weight can range from 1:5 to 5:1.

In some embodiments, the average molecular weight difference between the
hyaluronic acid salt of the first average molecular weight and the hyaluronic acid salt of
the second average molecular weight can be at least about 0.5 million Daltons.

In some embodiments, the formable composition can be further characterized in

25 test. For example, when subject to the Instron Syringe Extrusion Force (ISEF) test, the
composition can exhibit an extrusion force of from about 12.0 Newtons to about 30.0
Newtons. In some embodiments, the extrusion force can be from about 18.0 Newtons to
about 26.0 Newtons. In embodiments, the extrusion force is measured in a 3 mL syringe
with a diameter of 8.6 mm and 15 gauge 1-1/1 needle.

30
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In sonme enbodi ments, the average nol ecul ar wei ght difference between the
hyal uronic acid salt of the first average nol ecul ar wei ght and the

hyal ur oniwoaeiodiiswht of the second average nol ecul ar weipghmtuse@n/obsdsat | east
about 0.5 mllion Daltons. In sone enbodi nents, the formable conposition
can be further characterized in test. For exanple, when subject to the

I nstron Syri ngehcHyinidbéd @mpositioe c4d Rkthgr doadplise & Prarmacquosalty @fvean exhi bit an
extrusion force of fromabout 12.0 Newtons to about 30.0 Newtons. |In sone
ermbodi menngtedichie Bwtnh@ma@ﬁutfcéﬂsc@ctwamg@s@hw 68 bbb MEBpPIDAERRDETEIN: 0 about

26. 0 Newt ons. trusion forc measur d i n

syringe Wit OB HEDEy Torigey it TRioxilage 4 Fipjoc Gp A B FHIST OF bl e
composi t'ﬁ?@wﬁ?ﬁctt)fér TR EMLEAABAL Sife %@ééﬁﬁ@ﬁ@tdcﬁ% greﬁféhi U teRglk@dy ent . The
pharmaceutical ly active |ngred|en can ne nor phogenic protein, tissue
gr owssh f afeér BMP-2nBNMP-4 BVMBW BMPRREZTGE-B, HGE-1 pascoidate spyravitd, BH,i cs, or

conbi nations of growh factors. |In enbodi nents, the pharmceuti cal |y active
i ngr edi ergenERYCile VasPBYsiadthe combmmof TR and BiE-¢, angife combrigtiopof | G- | |
ascor bat %Gﬁ%ﬁr%ﬁéﬁ- BHT, gentamycin, vanconycin, the conbination of TG~ b
and BMP-2 clonbi nation of TG-b and I G--1. In some enbodi ments, the
phar maceuti cal hl\/soﬁfétérﬁ{%dinﬁ@l'fseq{e%ﬁm‘?&'éeut%ll§;QQIVHQ@r&HeﬂMCEIhbé &ﬁutgmhur oni ¢
acid salt. In another aspect, this invention features a dry b I]en

conposi t iwith thorpalusinigacid h about 60% t 0o about 92% by wei ght of

dem neral i zed bone matri x, from about 3.5%to about 38% by weight of a
hyal119roni c acid salt, and from about 3%to about 10% by wei ght of a

bi ol ogi cal I y_gonpabible | iauidlcoka BATR. STROHLIPOL S, ks vgluren ¢ aci d

salt has an average viei g | t ons.
from about 60% to about 92% by weight of demineralized bone matrix, from about 3.5%

~y

to about 38% by weight of a hyaluronic acid salt, and from about 3% to about 10% by
weight of a biologically compatible liquid. In some embodiments, the hyaluronic acid

15 salt has an average molecular weight of at least about 200,000 Daltons.

In still another aspect, this invention features a plug comprising from about 25%

to about 88% by weight of demineralized bone matrix and from about 3.5% to about 38%
by weight of a hyaluronic acid salt and from about 3% to about 20% by weight of a

20 biologically compatible liquid. In some embodiments, the composition includes from
about 5% to about 10% by weight of a biologically compatible liquid. In some
embodiments, the hyaluronic acid salt has an average molecular weight of at least about
200,000 Daltons. In some embodiments, the plug comprises less than about 10% of a
biological liquid. In certain embodiments, the plug comprises about or less than about

25 5% by weight of a biological liquid. In some embodiments, the biologically compatible
liquid can be water. For example, the biological compatible liquid is residual moisture
that can be measured by loss on drying. In some embodiments, the plug exhibits an
unconfined Compression Stress of at least about 1.55 MPa (e.g., at least about 1.60 MPa,
or at least about 1.65 MPa, or at least about 1.70 MPa). In certain embodiments, the plug

30 exhibits an unconfined Compression Stress of from about 1.55 MPa to about 1.70 MPa.
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In still another aspect, this invention features a plug conprising from
about 25%to about 88% by wei ght of dem neralized bone matrix and from
about 3. 5%oto10ahowet 38% by wei ght of a hyal uronic acid galrtusasd/obsoeen about
3% to about 20% by wei ght of a biologically conpatible liquid. In sone
enbodi nents, the conposition includes from about 5% to about 10% by wei ght
of a bi ol ogi cdhloyic egpap@athisahecnltion atired Mo oLrtbacingentibge ilhesubyaat ur oni c
acid salt has an average nol ecul ar wei ght of at |east about 200, 000

Dal t ons. qompsising admijusierienio S, subjset abk side elondnfecs Bscaridegineusdissesidut 10% of a
bi ol ogi cal..lj.quid. In.certain. enbodi ments, the plug conpr.is about or |ess
han. abodiToEbE by st S CoritstisfoRograar doh s oht S RERL e et s. 1 he
bi ol ogi C%Ltﬁx%ﬁdi'@ﬁ?élﬁﬂoﬁic! a!gﬂf’éaﬁ. TR cRfipdMRoRIcan GOL f&mmalc%mggﬁgo@'awg' cal

conpatible liquid is residual noisture that can be neasur y 1 0oss on
dryi ng. |blesbsompesitiodioraplg;. the pl ug exhi bits an unconfned Conpression
Stress of at |east about 1.55 MPa (e.g., at |east about 1.60 MPa, or at
| east about 1.65 MPa, or at |east about 1.70 MPa). In certain enbodi nents,

the plug exhibits an unconf.ned .Conpression,Stress of from about 1.55 MPa to
about. 1070, eanimepie s BeRT it SRRASEH B R P Plre “OMMEG of repai i ng
car ti | ageonfhoditish Rh@&dmsRABh IcdmPLsiRE bR b 1Pt Mok AMPLEGLighi o Site of a
defect in cartilaginous tissue an effective anount of a conpdsition, the
conposi t i demicoaipred Yomgmaieix fremabowed % cngomral 7% by arvtha ohy hyaluronicacidci d

salt. The conposition can be a fornmable conposition, a dry blend

f bl € np , .
conmp¥si t i BH; angrirom abqug40%40 abgié P2%§3pfé&€tlght10ﬁaglqlw‘@ﬁvicempat&&% liqwd, the et hod
of preparj f | e. €0 ifi h 0 Si;Li.Qn.,. {:si-ag from about
O " SPod EFBS,R RUSSCRERL BB TP om 286
about  25%0pon&it9iThe §flidecofpdhétitPinGn@tdcchRhdraliRABohd ARrikkadL 40% t o about
72% by wei ght of a biologically conpatible |iquid, the
hyaluronic acid salt. The hyaluronic acid salt can have an average molecular weight of at
least about 200,000 Daltons. In some embodiments, the liquid component can be added
15 before the intended use. In some embodiments, the liquid component is water. In cases
where the composition comprises a pharmaceutically active ingredient, the
pharmaceutically active ingredient can be conjugated with the hyaluronic acid salt. In
other embodiments, the pharmaceutically active ingredient can be mixed with the solid
components, such as the demineralized bone matrix and the hyaluronic acid salt. In

20 certain embodiments, the pharmaceutically active ingredient can be mixed with the liquid

component.

In still another aspect, this invention features a method of forming a plug
comprising
25 a) providing powders of demineralized bone matrix and a hyaluronic acid salt,
b) mixing the powders,
¢) adding a liquid component to form a putty like material,
d) placing the putty in a mold, and
¢) drying the shaped putty to form a plug.
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met hod conprising m xing solid conponents, followed by the addition of a

| i qui d conponent. The solid conponents can include dem neralized bone

mat ri x amslo2otw@alienoni c acid salt. The hyal uronic aci d ®afrtuse@o/oksmse an
aver age nol ecul ar wei ght of at |east about 200,000 Daltons. In sone

enbodi nents, the liquid conponent can be added before the intended use. In
sonme enmbodi merGserdlRephtcyus At gomdiablt 1i devadteiumble. tdaes matledtde t he
conposition conprises a pharmaceutically active ingredient, the

phar maceutongiacngy thetcay be phrgedbly band, enierdsd info hpuyetidscorepndsllore hyal ur oni c

acid salt.. In ot hxﬁré enbcl)di ments, the pharmaceutically active ingredient can
be m xed WL EHEUILBRIY! BEfOhent s, such as the demineralized bone matrix

and the hyal urgnhge ambgdifrhd, thé Pos&ié BlntuRAGRAMIBRE SpladilecPiRhARCEUL | Ccal | y
th the | orrpl?]

active ingredient can be m xed i qui d onent. In still another
aspect, tdiycrélnv@iGion features a method of forming a plug conprising a)
provi di ng powders of dem neralized bone matrix and a hyaluronic acid salt,
b) ni xi ng t he Ipsoaeegbodimenigdthadrying Gagbe dyapbHizBigedit dyHS 6F ONCA Oput ty | i ke
mat eri al , d?ué' acing the putty in a nold, and e) drying the shaped putty to
forma pl GGUERABAY Ty "putty” is firmyet pliable. It does not crumble. It

has a mal | eablig c6@N08 bsbsME¥nENAE pudRalBe RRABEDNAN oha @ acRibvE PHBREIE Nt O bone
voi ds or cancellous interstices W th nanual pressure. In sone enbodi nents,
t he powdesoatentof dbant 1H20% bymprighs €c.a, atllest $%ibyevcighi Hnasmgkwybediolentsy PEG.

10 the moisture content is from about 5% to about 10% by weight. In other embodiments,

the moisture content is from about 5% to about 15% by weight.

As used herein, a “formable composition” is one that is capable of being

manipulated by a surgeon to a desired shape substantially without adherence to the

15 gloves, and consistent with good surgical technique. For example, the formable
composition can be shaped to conform to the contours of the surgical defect. A putty
may be one type of formable composition and may be used in a patient. More typically
we use the term elsewhere in this application to describe an intermediate material that is
dried into a plug.

20 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.

As used herein, a “biologically compatible liquid” is one that is physiologically

25 acceptable and does not cause unacceptable cellular injury. Examples of such liquids are
water, buffers, saline, protein solutions, and sugar solutions.

As used herein, the term “subject” or “patient,” used interchangeably, refers to
any animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats,
swine, cattle, sheep, horses, or primates, and most preferably humans.

30 As used herein, the phrase “an effective amount” refers to the amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response that is

5
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In sone enbodi nents, the drying can be |yophilizing, air drying, or oven or
vacuumdrying. In certain enbodinents, the plug can be further conditioned
t o achi ewsoaomiisteur e cont ent of about 3-20% by wei ght PeTgis2oian2doeast 5%
by weight). In sonme enbodi nents, the noisture content is fromabout 5%to
about 10% by weight. In other enbodi nents, the noisture content is from
about 5%bengadoaylit hAisbye, wast@htaninhd, iudietlublesréuman dy afrecamhire conposi ti on”

is one that |s capable of being mani pul ated by a surgeon to a desired shape
subst ant i gtqripatiin, iitsd tcah@w@}f@h@%@t@mﬂ%@l gl oves, and consistent with good

surgical technj For, . exam Lhe ble co 05| t| can be shaped to
confor m t ot VLBt BiEs e T RacTaiss grielnigar ot SpE 1y ) Meone type o
for mabl € \coaRARoh Bt ?@%tl%ﬁ}’regﬁwsﬁﬁﬁgnbﬂ‘bﬂlg bf §¥fes. Nbre typically we use

theterme sewhere In s application to scrl e an internediate materi al
that sis dried into a plug. As used herein, "the average nol ecul ar wei ght"
refers to the wei ght average nol ecul ar weight (My) that can be cal cul ated
by Mv = SNi 2MT2¥ed% Is pf ongrameorsEmpadimgats afi s dnvestiomwr seddpes ihe mol ecul ar

ight M, As d h | | bl.e | h
1S Dhysi alcag Tl Bt el SR SR Ao TR B A B LR Lo Sy o
njury. EgpmphesoRihusifbAundRodns: WakRr, buffers, saline, protein

soI uti ons, and sugar sol utions. used herein, the term "subject" or
"patient," used interchangeably, refers to any aninal, including mammals,
preferably mce, rats, ot heerﬂeﬂkﬁ,Dﬁggﬁﬁ,fmﬁogs, cats,
10 This invention is based, at least in part, on the unexpected discoveries that certain

compositions can be used to repair cartilage.

Compositions
The compositions that can be used to repair cartilage include, but are not limited
15 to a formable composition, a dry blend composition, and a plug.

A formable composition can include from about 20% to about 40% by weight of
demineralized bone matrix (DBM), preferably from about 25% to about 40% or from
about 25% to about 35%, more preferably from about 30% to about 40%, most preferably
from about 30% to about 35%. The weight ratio between DBM and a hyaluronic acid

20 salt can range from about 1:1 to about 25:1, or from about 2:1 to about 20:1, or from
about 2:1 to about 15:1, or from about 2.5:1 to about 7.5:1.

The formable composition also include a biologically compatible liquid
component, such as water or saline. In some embodiments, the liquid component can be
Lactated Ringer's solution (LRS). In other embodiments, the liquid component includes

25 physiologically acceptable buffered saline solutions such as phosphate buffered saline
solutions (PBS).

In some embodiments, the formable composition of the present invention can
include from about 40% to about 72% by weight of the liquid component (e.g., from
about 45% to about 66%, or from about 50% to about 66%, or from about 60% to about

30 66%, or from about 62% to about 65%). In some embodiments, the liquid component is

6
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swi ne, cattle, sheep, horses, or primates, and nost preferably humans. As
used herein, the phrase "an effective anmount” refers to the anount of
active cownpaondiiorelphar maceuti cal agent that elicits thechiusbagioese or
medi ci nal response that isbeing sought in a tissue, system aninal

I ndi vidual or human by a researcher, veterinarian, nedical doctor or other

clinici arsubﬁsmmﬂ@cfrebefergaﬁlheoltzatmExarﬁplai of the srganic soleerts inelude athamélf hout
limtation repair, q%enerat i on, reconstruction, reconstitution or bulking

of tussueQOprqpﬂ@OHé’rlaﬁ glpwrroledeacaropens wydebdilyesol.dowmmaleealar weeghti on are set
forth in the d scri O her features, objects, and advantages of
the i nverRAGH qqgl;%g %@Mﬁ(}‘v fromthe description and fromthe cl ai ns.

DETAI LED DESCW'IP%I@MbT&O?HJJO@M@Hrcélpﬁcl'uae basgfabAt 3 '5@3(%%ehﬂe£§@‘5‘t§out on, the

unexpect ed di scoveries that certain conpositions can used to repair
car t isl ageat l€astmbost 4% o seadirboutivpas idastaibsutt 11284, oc atcdseabume iS5 toporrae peabtr
cartilage include, but are not limted to a formable conposition, a dry

bl end coribeyi 20%hy warelt af qohwglromc pgd welb| 18 SeBRSBYPEIMSAtSCHA CPMBOTIRS  r om

about 20%¢taq % neralize ne matrix (DBM,

ot of er abl PR et e a5 bR iRl o5 BT P A stB 5556 t o about 5% more
preferably framsgheuhbd@ihR tﬁ@%aﬂi@%mﬁ@s‘%ﬁorpéaﬁflﬁcﬂ%@ fYorh bEYT: 380K, 30% to
about 35% The weight ratio between DBM and a hyal uronic acid salt can
range fr ciboatdid (clg. lfrém ahdnmj% @byt 250, firoomataino 6o t@ allout 35%brom aBOutl, or
from about 2:1 to_about or fromabout 2.5:1 to about 7.5:1. The

for bl e Voipekout 2%)'é)r‘é’@ghfrﬂfltﬁf‘dl@’a&lfﬁlﬂlé%élséhl Ingoms spkedisicats) thgui d

formable composition can include from about 3.5% to about 20% (c.g., from about 5% to
about 20%, from about 6% to about 20%, from about 9% to about 20%) by weight of the
hyaluronic acid salt. In some embodiments, the formable composition includes from
about 3.5% to about 15% (e.g., from about 5% to about 15%, from about 6% to about

15 15%, or from about 9% to about 15%) by weight of the hyaluronic acid salt. In some
embodiments, the composition includes from about 3.5% to about 10% (e.g., from about
5% to about 10%, from about 6% to about 10%, or from about 9% to about 10%) by
weight of the hyaluronic acid salt. In certain embodiments, the formable composition
includes from about 3.5% to about 9% (e.g., from about 5% to about 9% or from about

20 6% to about 9%) by weight of the hyaluronic acid salt.

In some embodiments, the formable composition exhibits an extrusion force of

from about 12.0 to about 30.0 Newtons subject to the Instron Syringe Extrusion Force

(ISEF) test. For example, the formable composition can exhibits an extrusion force of
25 from about 14.0 to about 26.0 Newtons (e.g., from about 14.0 to about 23.0 Newtons, or

from about 14.0 to about 21.0 Newtons, or from about 14.0 to about 19.0 Newtons, or

from about 14.0 to about 16.0 Newtons). In other embodiments, the formable

composition can exhibit an extrusion force of from about 16.0 to about 26.0 Newtons

(e.g., from about 18.0 to about 26.0 Newtons, or from about 20.0 to about 26.0 Newtons,
30 or from about 22.0 to about 26.0 Newtons).
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conmponent, such as water or saline. In sone enbodi nents, the liquid
conponent can be Lactated Ringer's solution (LRS). In other enbodi nents,

t he |i quiwocompansmt i ncl udes physi ol ogi cal | y accept abl echuafst@omasosal i ne
sol utions such as phosphate buffered saline solutions (PBS). In sone
enbodi nents, the formabl e conposition of the present invention can i ncl ude

from about 40%mtsemabmbbdimfits e gt cofpbditton dag Hinthee dighakantedl®syg. , from
about 45%to about 66% or from about 50%to about 66% or from about 60%

to about r%@éieroforfeﬁmlé@mer@m&%rbomhyl651%108€| n some enbodi nents, the
liquid corrpon i Ssu ant| free. of. organic sol vent a of the

o gani ¢ 0! versorh ERKne hatp My EEis AEURAOR S AREHEF BpISearT BBt

Pr OpY1 eneoGh kG Qlapo @ SIOH00 DalibRADIPIAEU Rigs B BIT. R §E 10K Ry glpycol . and
DMSO. The f ormaaoe conposi 'Eal on cah e%c uc?% at | east aboutS 3.5%(e.g. at

| easts aboMDab8flcat aloatbl MiDgut lcaSabait 11e6$ta, atbenst atdYs 1 aMDeastt lalout 12%
or at |east about 15% or at |east about 20% by wei ght of a hyaluronic acid
salt. In 2grel@M¥Ri nents, the conposition can include at | east about 6% by

wei ght of the hyaluronic acid salt. In some enbodi nents, the formable
conposition can include fromabout 3.5%to about 25% (e.g., from about 5%

to about 25% rhre®s dekthEI6rk sﬁi%ﬁy&re%f’y/%lelfld ShRRAhs, %M@leﬁépom 259 by
wei ght of the hyaluronic acid salt. In’sone enbodi ments,” the formabl e

conposi t i @mmposinon nal indadé ﬁomabbmm%to%u@%mg f?cﬁ%ab@ngO% tbmbontabout 5%

t o about 20% fromabout 6% to_ about 20% from about 9%to about 209% by
vei gt of9%’ héqu&bqw Btiodo akqu %% r0m|8é /gfﬁr?bmér%e{ﬁpﬁﬁﬁmsa out”s B mabl e

corpost 1 0] 06 ISK LASPIAR SR, SRS S TR 0L
wei ght Oflnélﬂée fyalaB @13 9, achtbub M % (L NrERMout 4% to about 38%, from about
6% to about 38%, from about 9% to about 38%, from about 9% to about 30%, from about
9% to about 25%, from about 9% to about 20%) by weight of a hyaluronic acid salt. In
15 embodiments, the dry blend composition can include from about 3% to about 10% (e.g.,
from about 3% to about 9%, from about 3% to about 7%, from about 3% to about 5%) by
weight of residual moisture originating from both the DBM and the hyaluronic acid salt.

When the compositions are prepared as plugs, the amount of DBM in a plug can
range from 25% to about 88% by weight of the total composition (¢.g., from about 35%

20 to about 88%, from about 55% to about 88%, from about 60% to about 88%, from about
65% to about 88%, from about 75% to about 88%, or from about 85% to about 88%).

The amount of the hyaluronic acid salt in a plug can range from about 3.5% to
about 38% by weight of the total composition (e.g., from about 5% to about 38%, or from
about 6% to about 38%, from about 6% to about 28%, from about 6% to about 24%, from

25 about 6% to about 18%, or from about 6% to about 15%, or from about 7% to about
15%). In some embodiments, the weight of the hyaluronic acid salt is at least about 6 %
(c.g. at least about 7%, at least about 15%, or at least about 20 %) by weight of the total
composition. In some embodiments, the plug contains from about 3% to about 20% by
weight of a biological compatible liquid, for example, less than 10% by weight. In some
30 embodiments, the biologically compatible liquid can be water. For example, the

biological compatible liquid is residual moisture that can be from about 3% to about 20%
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enbodi nents, the conposition includes fromabout 3.5%to about 10% (e.g
from about 5% to about 10% from about 6% to about 10% or from about 9% to
about 10%vohyiomiwht of the hyaluronic acid salt. |In certcaius2@oiesisoents,
the formabl e conposition includes fromabout 3.5%to about 9% (e.g., from
about 5% to about 9% or from about 6%to about 9% by weight of the

hyal ur onitgy weight (8:gl, fron 4boa05P te At 0P8 [fiomn atidne5Yoas abdlt @ 5L nPhstcsidod

exhi bits an extrusion force of fromabout 12.0 to about 30.0 New ons

subj ect tmoistyES qrrpshar daw wlﬂillﬁgélVEli@tmﬂ)’sbedheﬂS@Tﬁ&é( thelg EFK)H drgBe matndse kanpl e,

the fornmabl e conpqgsition can exhlblt ext Lysi o ce of fro out 14.0
o about S AR Bt Beddts ofBif it 1R 3o St A0S e G Gt BhE o from
about 14. 9/?@&%9#%?%0193%%‘5%’ab9ut lfQW@?oﬁp%ht%%tQaﬁdﬁt@@% t 19.0 Newtons,
or from about 14.0 to about .0 Newtons). In other enbodinments, the

for magbl e corrpossmta;brepwrcleasqtﬁ dsf DBMnnaXlemMposmenmfdrjrfotmdabout 16.0 to

about 26.0 Newtons ée.(_l:; fromabout 18.0 to about 26. Newt ons, or from
about 20.@MMesEPBIND 2@IUE 9B FRRES STOMHRDSEGUS F ABGARS tzzlbguttSéoaryér@ﬂs 3%, 0

Newtons).In s i nt.s for b e co S|t n.can urt i ncl ude
et heot oy BBt o iof,Podginat BugR B nroG SE AR 200 Rl lbbiFogke” 1
sone enbog]caRRL A sulthfle é( Hérs%'o%ﬁ Algron! deid\ag c%‘b@éﬂt%"uﬁ&ﬁ) ﬁ&hﬁﬁ%@r wei ght
of at |east about 500,000 Daltons {Da) (e.g., at |east about 0.8 MDa, at
| east aboa]nbuﬂj(m)milaa),nsajrabmas}{)Oabmuns 1.2 MDa, at |east about 1. 5 MDa, at

| east about 1.8 NMDa, or at le about 2.0 MDa). In cases where the
conp@si ti ons dREOHE 9mbp@ﬁ@n@dﬁﬁémlwp@ﬁ§mdaﬁah iy freabic compeossian hes agan

e R BB, A SRR on BB R AR
at least about 1.0 MDa, at least about 1.2 MDa, at least about 1.5 MDa, at least about 1.8
MDea, or at least about 2.0 MDa). In some embodiments, the hyaluronic acid salt in a dry
composition or a plug can have an average molecular weight of at least about 200,000
15 Daltons (e.g., at least about 0.4 MDa, at least about 0.6 MDa, at least about 0.8 MDa, at
least about 1.0 MDa, or at least about 1.2 MDa).

The compositions of the present invention can be formable compositions, dry
blend compositions, or the plugs.
20 The compositions can include a mixture of at least two hyaluronic acid salts, for
example, a mixture of two hyaluronic acid salts or a mixture of more than two (e.g., three
or four) hyaluronic acid salts. In some embodiments, the compositions can include a
mixture of two hyaluronic acid salts, comprising a hyaluronic acid salt of a first average
molecular weight and a hyaluronic acid salt of a second average molecular weight. In
25 some embodiments, the hyaluronic acid salt of the first average molecular weight is about
0.05-1.0 million Daltons (MDa) (¢.g., about 0.05 MDa, about 0.1 MDa, about 0.3 MDa,
about 0.6 MDa, about 0.8 MDa, or about 1.0 MDa).
In some embodiments, the hyaluronic acid salt of the first average molecular
weight is about 0.1-1.0 million Daltons. In some embodiments, the hyaluronic acid salt

30 of the first average molecular weight is about 0.3-1.0 million Daltons. In certain

SUBSTITUTE SHEET (RULE 26)



about 92% by weight of DBM In sone enbodi nents, the dry bl end conposition
can include fromabout 3.5%to about 38% (e.g., fromabout 4% to about 38%
from abowo@doaimshbout 38% from about 9% to about 38% pCmarsc@borsos®% t o
about 30% from about 9% to about 25% from about 9% to about 20% by

wei ght of a hyaluronic acid salt. In enbodinents, the dry blend conposition

can i ncl ugebddiraemtg Lty aBYorti©add odit of1RMifsea@rage fnfcdevud outighBloaboutabBut 9%
fromabout 3% to about 7% from about 3%to about 5% by wei ght of residual

noi st ur e & miilisaDakgng e gmabot -3t he nDBndMdorhe hyal uronic acid salt. Wen

t he conpositigns are prepared. as plugs, the appunt of DBMin a plug can
ange 1+ om 250 et beRvBEY ayS Rl sp e OB BBt apsia PefeduS ' om
about  35% Lion@bastut 88%,0 hiiBioh PARMEs (REYE) (O g 2R 1 88%Dal B BP R, 60% t 0
about 88‘V§]&g};o%%ou?@605%tgﬁaboﬁs(%%)t(??émﬁbo?t 7%’0/ob1:8{(%E| abouta’88% or

f r omsaboutboB520 MD@ hbatit 288D, diovat A 0MDA, adbduttdeMDaababont £0 MDg). salt in a

pl ug can range from about 3.5%to about 38% by wei ght of the total
conposi ti on (dngome gmppdigwsnist thsbyaleontssgid 8318'1%{ thg seqond gy pgsunoleoslaio about

38% from about 6% out. 28% from about 6%t o about 24%. fr.gm.about 6%
to about Hag o R tiog B e, BB AR B Py AR bisfitoelif Wou
159 . I n SoREseMRPAIIRE iivlech RE waRhORLL& 11018 0 MYiBloATIMofs. adrdxsaple, | S at

| east about 6 % (e.g. at |east about 7% at |east about 15% or at |east
about 20 %@ himturesicghid seft of the sthd lhvaegmosletilanyeight csobeatmubbinnt s, the
pl ug contajns from about 3%to about 20% by wei ght of a bi ol ogi cal

compét i bl BUKeGRIRIEPNS 18, @edhhPd 4 mElien PRlENs109% by wei ght. In sone

I T A ML

t he bi ol ogi cal I's resi be from

about 3%HyalieAkbcid 9ARY cotpirBits «(8alrenié AQMADSH firslaveRga BRIcuhP% f r om about
5% to about 15% . The residual noisture or other |ow volatile solvent may
be neasurwecipht anle hlyalssonomacdt sailtrod arvetond dscragamolecular weight. It is one aspect
of the present invention that two hyaluronic acid salts in a composition allow for the
15 manipulation of rheological properties of the composition.
In some embodiments, the hyaluronic acid salt of the first average molecular
weight can be about 0.05-1.0 million Daltons and the hyaluronic acid salt of the second
average molecular weight can be about 1.0-5.0 million Daltons. For example, the
hyaluronic acid salt of the first average molecular weight can be about 0.1-1.0 million
20 Daltons and the hyaluronic acid salt of the second average molecular weight can be about
1.0-3.0 million Daltons. In certain embodiments, the hyaluronic acid salt of the first
average molecular weight can be 0.3-0.8 million Daltons and the hyaluronic acid salt of
the second average molecular weight can be 1.0-2.0 million Daltons. In other
embodiments, the hyaluronic acid salt of the first average molecular weight can be 0.3-
25 0.6 million Daltons and the hyaluronic acid salt of the second average molecular weight
can be about 1.0-1.6 million Daltons. For example, the hyaluronic acid salt of the first
average molecular weight can be 0.4-0.6 million Daltons and the hyaluronic acid salt of

the second average molecular weight can be about 1.1-1.6 million Daltons.

30 The weight ratio of a hyaluronic acid salt of a first average molecular weight to a

hyaluronic acid salt of a second average molecular weight can be from about 1: 5 to about
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certain enbodi nents, the loss on drying is fromabout 3% to about 20%
(e.g., fromabout 3%to about 17% from about 5% to about 12% from about
5% to abowD 20001116/ suitable particle size of DBMin a fPormsbiie/028086
conposition, a dry blend conposition, and a plug can range from abssout 70
m crons to about 850 mcrons, for exanple, from about 150 m crons to about
800 m cr ofd (er., ab@m1Z2Oboicl: Ansboup 1 :alh @bdut 800, abbw@r3omsaboht 4 Ui, bedboat par ticl e
size of a hyaluronic acid salt can be about 600 m crons, or_ about 500

m crons, br Impwue cralwlimens. dhesweighi rebmel Babrdinsistesid sehel tpdirsiaserree aci d
salt in a for blec ition.has, an ra nol ecul a ht . of at | east
Sbout  5007BG0H R L0 R dygluronis il ot RE B epearlsetiFk 85 Cinae 1°0
Mda, at |gasim aHaH1. diPaped. 18 18(% g, %%{atﬁ)appts thaBodfa, Glfydn® Atut #OWE 1.8
MDa, or at |east about 2 ~I'n some enbodi nents’, the hyal uronic acid

sal t 5i n abdoy3: d@nhn&rthmwmb@dm@enw thngeaghtlname)falﬂb @aﬁmrgeamﬂlsﬁcoﬂthm wei ght of
at | east about 200, 000 Dal t ons | east about 0.4 MDa, at | east
about 0. elNDECrage modegylar wteht tOOh%hﬁl‘@li‘)HométaClﬂé&léPf thp s¢sond aeragodnolequlast | east

about 1.2 %)C3P§ grpghag)g jrrélc;[(g)r]ﬁ(?“g% he present invention can be formable

conposi tiOH8 or the plugs. The conpositions can

include a m xtHKEMmOEmBEJilBAR thE M‘&bré’@é@h&lé&fl‘dr%&g}itqlf’fe%ﬂcé befWREn g¥anpl e, a
m xture of two hyaluronic acid salts or a mixture of nore than two (e.g.,

three or lyalurdnibyad saloofitbe Aot ayvesajetnsoleduter seight emdothelihm?lmtomc dchisabiofiposi ti ons
can incl uﬂe a mxture of two hyal uronic acid sal conpri si r;g a hyal uronic
c.

aci d'%sal tthgpecand pyesagcAuQlecrs wisghbesat dgastadpetdt 5 O%D%y%sL{}VH?ﬁ getfd salt of
a second 1%"‘%@%‘%‘9@%5%%%%@8% 7 MDy ﬁﬂg?st%%?@ g'&’rﬁta%r 2 NG @l urpni ¢ acid

salt of t irst avera ul'ar wei g
MDa).

The compositions can further comprise a pharmaceutically active ingredient. The

pharmaceutically active ingredient can be bone morphogenic protein, tissue growth
15 factors, insulin growth factors, antioxidants, antibiotics, or a combination of thereof.

The compositions can include proteins which can induce the formation of bone
and cartilage. For example, bone morphogenic protein, such as BMP-2, BMP-4, BMP-6,
and BMP-7.

The compositions can also include an effective amount (either present naturally or

20 intentionally added) of tissue growth factors, e.g., TGF-B. In some embodiments, the
composition can have insulin growth factors, e.g., IGF-1. In certain embodiments, the
composition can have antioxidants. Exemplary antioxidants include ascorbate, pyruvate,
and BHT. In other embodiments, the composition can include antibiotics such as
gentamycin and vancomycin.,

25 The compositions can include a mixture of two or more pharmaceutically active
ingredients in an amount effective for promoting tissue growth. For example, a mixture
of bone morphogenic protein and tissue growth factors, ¢.g., TGF-p and BMP-2, or a
mixture of insulin growth factors and tissue growth factors, e.g., TGF- and IGF-1

The compositions can also include other therapeutic agents, for example, pain

30 relievers, whether for conditions described herein or some other conditions.
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0.05-1.0 mllion Daltons (Mda) (e.g., about 0.05 Mda, about 0.1 MDa, about
0.3 MDa, about 0.6 MDa, about 0.8 MDa, or about 1.0 Mda). In sone

enbodi nenwe,2o0tona1teyal uroni c acid salt of the first aver age/usedieoesdoas wei ght
is about 0.1-1.0 mllion Daltons. In sone enbodi nents, the hyaluronic acid
salt of the first average nol ecular weight is about 0.3-1.0 mllion

Dal tons. |In ceriesd tampidiarestls fortihgtrayad piirgost andenybtb@lapené désbebdd inst
average nol ecul ar weight is about 0.3- 0.8 mllion Daltons, e.g., about

0. 3-0. 6 niteleighmerbe vies:. 1 n sone enbodi nents, the hyaluronic acid salt of

t he second average nol ecul ar weight is about 1.0-5.0 mllion Daltons (Ma)
(e.g., about 1.0 MDa, about 1.4 MDa, about 2.0 MDa, about 2.5 MDa, about

3.0 Mda, aboutyfeDni¥hasceficaAl %Httivéngre&’@ﬁ% ard fled HMRe @m\l\g&.ﬁtfﬁﬁ'}tﬁey a@et

hyal uroni c acid salt of the Second average nol ecul ar I ght i s abou
1. 2-4. 0 nbd dimply niiatd with a hiymuoaid ®@idsaétribd demimotadized o myaadiu(@@BiG ici d sal t
of the second average nol ecul ar weight is about 1.,0-3.0 mllion, Daltons.

For exanpitoavder fpsmipy BF Gleadedcwisle p Hiqeid icompenanh eA@aghglyatherrhganassytically ar

wei ght can,.be. about 1. Oég ml.lion D@%}t Rnaﬁ’ &9, agout 1.0-1 .4 mllion
Dal t ons. AFHES MEFEELIYGRRASO ?C?IH'égagﬁ“de‘g 8 yqlireRicigid séin i ncl ude a nixture of
two hyaluronic acid salts, conprising a hyaluronic acid salt of a first
average nol ecul ar wei ght and a hyaluronic acid salt of a second average

mol ecul ar wei gkt usedl herem, deneinespaeitbont ntabrex (IR e cen herpreparddamsitghthe  t wo

hyal uronic acid salts in a conpositjon allow for the ni pul ati on of
r heollogi casthodsopa knoga te thase, élgﬁeﬂﬁd%@ it oenord seghett nﬁ@ﬂsm nd the

a0 O TR She R THRAGHPIRT, TG by o be sbout
mol ecul aromgdpabdics i Rgat@PREcarkh 20959) (4133)) 49078, e eQdtfplc iRmikramRE €, the
bone matrix (DBM) can be prepared by acid extraction of allograft bone, resulting in loss
of most of the mineralized component but retention of collagen and non-collagen
15 proteins, including growth factors. DBM can be processed as crushed granules, 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 commercial
sources such as Tissue Banks International (TBI), San Rafael, California or Exactech,
Gainesville, Florida.
20

A hyaluronic acid is a linear long-chain polysaccharide comprising repeating D-
glucuronate and N-acetylglucosamine disaccharide units. It can be obtained, for
example, either by extraction from animal tissues, such as rooster combs and umbilical
cords (Klein, J., & Meyer, F. A., 1983, Biochem. & Biophys. Acta, 755(3), 400-411), or

25 by the removal of hyaluronic acid capsular material from bacterial species, ¢.g.
Streptococcus (Van Brunt, J., 1986, Biotechnology, 4, 780-782).

The hyaluronic acid can further be subjected to gamma irradiation to permit the
desired molecular weight reduction to occur (Miller, R. & Shiedlin, A. U.S. Patent No.
6,383,344). In some embodiments, the hyaluronic acid is essentially water soluble.

30 The hyaluronic acid can be a modified hyaluronic acid. For example, carboxyl
group in the glucuronic acid portion of hyaluronic acid can be converted to a substituted
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hyal uronic acid salt of the first average nol ecul ar wei ght can be about
0.1-1.0 mllion Daltons and the hyaluronic acid salt of the second average
nol ecul arweenghtiiwan be about 1.0-3.0 mllion Daltons. POTABSRE1RI02S086

enbodi nents, the hyaluronic acid salt of the first average nol ecul ar wei ght
can be 0.3-0.8 mllion Daltons and the hyaluronic acid salt of the second
aver age naphide ptoap. Beitbid substitudigs df the 2bdde Bubstituaddl dogilié groap nlafy indlidr: an

enbodi nents, the hyaluronic acid salt of the first average nol ecul ar wei ght
can be 0.@ningalylgrdupi (Bis abailensiehain ef whish maydicubsiitetcdwith osapt mefe, t he second
aver age nol ecul.ar wei ght, can be about 1.0-1 .6 mllion Daltons. For
oo, S b EARA a8 SRR 1 Rt BrbsEannol cour ar vei ght can
be 0. 4- 0. St bobiy@fky RALLIMHA NS INARbHHLRAIGI A Fins Al Bloubhe Second

aver age m)llecqgl :X? nel gix?%ga}ﬁ%beu&)ébout 1%8)%1% mll ino)%h%ag{()gh’s. The wei ght
rati @ of mecrymbipolyaikgleacintinsialkyl gboug ahiacsioydwsnkgbgoop;eaul ar wei ght to a
hyal uronic acid salt of a second average nol ecul ar wej ght can be from about
1: 5 to adsexleyaminpalkgl group; apdan acryloglamannipalyalkyloncoypiglky! groun. about 2 : 1,
about 3 : 1, ghouyt..4 : 1 .or about 5 :. 1). .In sone e iments, the weight
fatio of the nyaiuinghiaatofin DARIbP <{inh Lot 0% TR BRI Cer ghe ro
the hyal ug®gh ﬁor%?a'll? hﬁéééhigﬁertrﬁtﬂecﬁ%%&’glﬁVﬁr}ﬁ%%r R} %igﬁ@d)fght can be from
about 1. 4 to about 4 : 17(e.g., fromabout 1: 3 to about” 1. 1, or from
about 1: Hyatwworabexid nfdy:be hjare tfficemousaiun tetbadianedtviscotltic\peipgtticsr ati o of the
hyal uronic acid salt of the first average nol ecul ar weight to the
hyal¥ronic acid salt of the second average nol ecul ar wei ght can be from
about 1. 3 to aghout. 1:. 1 hodi,nent.s, e, aver.a | ecul ar wei ght
di fference bet@\;\té)elxglf) %glc_%g/pﬁ’ﬁ%rle(s)ﬁxrggmg@?ggga Y bgfa S%E'elq‘ (fagés ‘glge\?g?age nol ecul ar
wei ght angafudénib¥all Y410RiaGaRGiitd afi fdrgMiic b€, sEEF Mk AMARERINE.gTOkIRGH] ar wei ght
is at least about 0.5 mllion Daltons (Mba) (e.g., at l|least about 0.5 MDa,
at | east sadowt, 00patadyiden) ctaldabastarthbueial (Magndvida omgalcatm), eecdhtsalboot 1. 2

casily obtained, for example, by reacting hyaluronic acid with a base containing an alkali
15 metal or alkaline earth metal. The hyaluronic acid salt (e.g., silver salt) can also be
prepared by methods as disclosed in U.S. Patent Nos. 4,784,991 and 5,472,950. In
addition, the hyaluronic acid salt can also be purchased from a variety of commercial
sources.
The compositions can further include a modified or natural polysaccharide, such
20 as chitosan, chitin, chondroitin sulfate, keratan sulfate, dermatan sulfate, heparin, and
heparin sulfate.
The compositions may comprise a natural, recombinant or synthetic protein such
as soluble collagen or soluble gelatin or a polyamino acids, such as polylysine.
In some embodiments, the compositions do not include any lipids. In other
25 embodiments, the compositions include less than 12% by weight of lipids (e.g., less than

10%, or less than 8%, or less than 5%, or less than 3%).

Method of use
30 The compositions of the present invention can be used to repair cartilage in a

subject. The compositions can be administered to the subject at a site of a defect in
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MDa) . The conpositions can further conprise a pharmaceutically active

i ngredient. The pharmaceutically active ingredient can be bone norphogenic
protein, wosuweaigreowt h factors, insulin growmh factors, pamusexioodzsises,
antibiotics, or a conmbination of thereof. The conpositions can include
proteins which can induce the formation of bone and cartil age. For exanple,

bone nor phegegihcuspisaictira,combiatiasoBidie 2nd Bvittage dEMR-sbch andaBMP- 7. The
conpositions can also include an effective ampunt (either present naturally
or i nt ent9séahandrad delsety. Bhe eanepnsisiogs ehihe preagtt dyventian ¢gn alsydrugd tbn some
enbodi nents,. the conpositign can have insulin growmh factors, e.g., 1G-1I.
'n cert ai HPURBSHREARRE! ol oe BRea T anmBlc et (PR, Exenpl ary
ant i oxi dagedidblaHliG: ARGREDBHERUoWA R doAl JAle dildisOLdiRNidTRad! ment s,

t he conposition can 1 ncl uge antibiotics su as gentanycin and vanconyci n.
The eonpasdatddernsvetian biy el judienent ot tht uttendodg dlinicior dopemdingpiyanrfagentsudal |y
active ingredients in an anount effective for pronpting tissue growh. For
exanpl e, % the seveiity oftheslissasonthe gao gensht apd sensrah conditian efdhepajieaiwve thect or s,
e.g., TGRsband BMP-2, or a m xture of insulin gromh factors and tissue
growt h falblieor S, e.g., TG~band IG~1 The conpositions can al so include

ot her therapeuficGoaR6iltisn adiihisBX&BlaSatiBRichn b tRY R0 phahRASEutar
conditions described herein or some other conditions. These exanples are
only for donipositioed (e\ee fpmmabtes@nepositiamy dot Hlerd @pentisiongsciiclpbgs) n |iterature
TRy B Vgl IS PIALTRCS CELLY SELLUE D0 s B gt the
deni neral ﬂlﬁ& %rigrotja%sm ﬁe' ﬁi{ g%%y&rgted composition is preferably between 6.5 and 7.8,
or preferably between 6.8 and 7.4. The compositions can be sterilized by conventional
sterilization techniques, or may be sterile filtered. The compositions can be packaged for
use as is, or lyophilized, the lyophilized compositions being combined with a sterile
15 liquid component prior to administration.
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
body may be surgically prepared to remove abnormal tissues, followed by placing the
composition of the present invention in the defect area. Alternatively, surgical
20 preparation includes piercing, abrading or drilling into adjacent tissue regions or
vascularized regions to create channels for the cells or bone marrow to migrate into the
plug or putty. The compositions of the invention can be used to fill an osteochondral

defect, or a defect that includes microfractures, or a chondral defect.

25 Preparation of the compositions
In preparing the composition, both DBM and the hyaluronic acid salt can be
milled to provide the appropriate particle size prior to combining with the other
ingredients, for example, less than 600 microns or less than 850 microns.
DBM and the hyaluronic acid salt may be milled using known milling procedures
30 such as dry or wet milling to obtain a particle size appropriate for a putty or a plug and
for other formulation types. Finely divided preparations of the compounds of the
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powder form or be blended with a Iiquid conponent. Alternatively, the

phar maceutically active ingredients can also be conjugated with a

hyal ur oniwoaeiodiiswht. As used herein, dem neralized bonecwatszeix/otdB) can
be prepared using the nethods well known to those skilled in the art.
General synthetic nethods are found in the literature. See Yee et al. Spine
(2003), 28vdn2iby canbl fopdred beproadsses®nowhnd@the @t fod pa@alle scodnttriigbadl ed
Research (2005), .(435¥\I, 69- 78. For exanple, dem neralized bone matri x (DBM
can be pr Bublipptiene Ng. Wkt 2MR2{008R%%f al | ograft bone, resulting in |oss of
nost of the m neralized conponent but retention of collagen and

non-col | agen proteins, including growh factors. DBM can be processed as

crushed granulmgs, hi DSe - r ,
BR foﬂ@%‘l’e‘»‘éonﬁfosﬁ%@&f th%o Elg[e%c?ﬂﬂ mt?/gntfo‘ﬂ dﬁH'g@Pf'egaIfeQ by Higinga

granul es, gels, sponge material or and can b eze-dried for

stor age. digdichd ofibydlyrpnioBdMdcal aixbd@inhatliad bnomatxnDBM) with sdiquides such as
Ti ssue Banks International (TBl), San Rafael, California or Exactech,

Gai nesvi | 081POReTE (¢-gaPBA). HiY il anrignpiani asngct of the preseabinversiog te pegmix all

pol ysacchar.ide conprising repeati | ucuronate a acetyl gl ucosam ne

G saconar it Ponfigeompphdh, BRI AP neHuRE 2 ARuR sFL OB R APUE act  on
from ani ngk liiﬁié%b'ﬁgoneﬁﬂ%fg,@%ﬂ ooster conbs and unbilical cords (Klein, J.,
& Meyer, F. A, 1983, Bi ochem &Biophys. Acta, 755(3), 400-41 1), or by the
removal of hyalherhyaiuconacacld sdtpmdldamintedlieed bdnefmanx fABVe chmbe ppedicds, €. g.

Streptococcus (Van Brunt, J., 1986, Biotechnol ogy, 4, 780-782). The
hyal119roniﬁ‘?r&l?ﬂ“gl%%hf"éfﬁ(%%ra%t KQbgusy pheptild h@%q@ﬁﬁomi%almuﬁ,iawt% permt the

dest o, TREEHL S0 W GG LSRASRABIONS EMS sl A U0
essent i al dpDRWALAN tiRAHydRiréhic acid salt. When referring to the composition as

homogencous, the ingredients are typically dispersed evenly throughout the composition.

so that the composition can be readily subdivided into equally effective unit dosage

15 forms. It can be understood that when a mixture of at least two hyaluronic acid salts has
been used in a composition, all the hyaluronic acid salts will be premixed with DBM.
The mixing can be conducted mechanically (e.g., in a high velocity shaker, such as
Turbula T2F) until a homogenous powder mixture forms. A liquid component, such as
PBS, can be added to the homogencous powder mixture. The resulting mixture can be

20 mixed, such as in a high velocity shaker, for additional about 12-36 hours (e.g., about 12
hours, about 20 hours, about 24 hours, about 30 hours, or about 36 hours). In some
embodiments, a liquid component can be added immediately after mixing DBM and the
hyaluronic acid salt(s). In other embodiments, a liquid component can be added just
before the intended use.

25 It is another important aspect of the present invention that two hyaluronic acid
salts of different molecular weights can be utilized to create pastes/putties with improved
and controlled rheological and biological properties. A number of medically useful
substances can be prepared by utilizing teachings of this invention by adding substances
to the composition during the mixing process or directly to the final composition. To use

30 a mixture of DBM and the hyaluronic acid salt(s) as a vehicle for in situ drug delivery,

drugs can be mixed with powders of DBM and the hyaluronic acid salt(s) and then the

15
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The hyal uronic acid can be a nodified hyaluronic acid. For exanple,
carboxyl group in the glucuronic acid portion of hyaluronic acid can be
convert edwbeos/Quisst i t ut edam de group. Suitable substit eemtus2aib/obdees above
substituted am de group may include: an am noal kyl group (the al kyl ene
chain of which may be substituted with one or nore, nanely, for exanple 1
to 8, andcopipebieivaday bt hiydradnndkemsyilelgrdowsan be miked with a liquid

am no( pol yal kyl eneoxy) al kyl group; an am no(pol yal kyl eneam no) aUcyl group;
a ner capt @pengHi kyh ankBimb ma@kdgp6@¢¥m@meéhmw¢mym@wyaumyl group; an

acryl oyl am noal kyl , group; and an acr.yl.oyl am no( po | kyl epeo yl group.
o aa ¢ oot e ddl g S n b VL I b AR B R SRR Ay O o e
acid, whighy Lkynhave a higher nol ecul ar weight. A higher nolecul ar

wei ght of hyaluronic acid may be nore efficacious due to its enhanced

vi scael asti c priepesthods thdprepiny sivoht@gi atlatvs fid thd prepdmytédnwfaniscabbchahenay be a
salt. In cases where a hyaluronic acid salt is a salt_ with an inorganic
base, sudMitydrapsawith geleagt apaut §.5% soneprtratipn ebthe dirpluwniqrstdsaliiinie or

al kal i ne earth .netal nesi yum.or. cal ci u uch salts, are easil

obt ai ned, TP RS P VERRES TG nifr oo DS T R B 8T i i g
an al kal 'in@[ﬁ&@imﬁéve@'vlfﬁble%ti@ﬁirob&ﬁ%éﬁhe dshe Iﬁléédii%&'ih&plﬁﬁr!cﬂpﬁﬁét (e.g.,
silver salt) can al so be prepared by metgods as disclosed’in U S. Patent
Nos. 4, 78#e0dd antic ;mothod o8 BE. présentaiddintion shovishmoll yahasrveprapeatcisdndal t can

al so be purchased froma variety of commerci al sources. The conpositions
can Wur t Hernmyadheptons hop grample t%f‘rplﬁ%{t%ﬁ%mtﬁéh% &b@ﬁé@f@é@ and AR chi t osan,

L ISR LR a0, SHL L g Rt DAY
or synt hehhlabilief BisAlsdWeth observed. For example, it can be formed into various shapes
(e.g., a sphere) and can hold the intended shape. In some embodiments, the putty is pre-
mixed with stem cells or bone marrow cells prior to implantation. In some embodiment
15 the compositions 1s implanted into the defect by manipulation of a putty into the site. In

other embodiments, the composition is implanted into the defect by injection through a

needle from a syringe.

The compositions of the invention can also be prepared as a plug. The plugis a

20 bioresorbable scaffold, uniquely designed for the repair and replacement of bone or
cartilage. Utilizing combination of HA and DBM according to the invention, this
material is designed to be a highly porous scaffold to support bone/cartilage incorporation
and remodeling. It is biologically friendly by absorbing fluids and nutrients and uniquely
designed to wick the bone marrow into the scaffold.

25 A plug can offer a more convenient means of scaffold delivery during wet
arthroscopic knee surgery. A plug with a porous, osteoconductive structure comprising
demineralized bone matrix (DBM) and a hyaluronic acid salt can be obtained by mixing
HA with DBM followed by hydration of the powder mixture. For example, a plug can be
prepared from a mixture of DBM and a hyaluronic acid salt by lyophilization or other

30 drying process, in custom designed mold to optimize the plug performance and fit into
osteochondral defect. A plug is a dry formulation of DBM and a hyaluronic acid salt and

16
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as sol ubl e collagen or soluble gelatin or a polyam no acids, such as

pol yl ysine. In sonme enbodi nents, the conpositions do not include any

| i pi ds. Iwoabtwerismrbodi nents, the conpositions include lPesasté@nzgheo by
weight of lipids (e.g., less than 10% or less than 8% or less than 5% or
| ess than 3% . Method of use The conpositions of the present invention can
be used tthercfpaivill kaetchhaged stibihtysit Bjoet tempEeure olpoaictchhodintan, the

adm nistered to the subject at a site of a defect incartilaginous tissue or
a conbi natli@eanohclpdmeplasitvizsar Pricfesigd phisiicizar canbhglyecrplror &k wsthsochondr al
defects. The conpositi.on f the present inventi.on can.,also be used to
epan r *bonBTsEoRR R artt 1 s B SR ke wl nRa R LS S e

tendon, aRdhieh¥eEiIeRaln é&h&?n%ﬁh'ﬁ%ﬁ%s-, tﬂ%fﬁ(h%i% Y A th¥dr) cRRENd on the
di sease condition being treated as well as 'by the judgnent of the attending
cl i nisci arbosie peandivnglls paor th aplantatisich as the severity of the di sease, the
age, weight and general condition of the patient, and the |ike. The
conposition adnm nistered to a patient can be in the form of pharmaceutica
conpositions (€. f or,mabl e..compaosi tiaons, dry bl end.conpositionsg, or the
ol ugs) descr i BaAE e I HeRtardRESwsH R TLme by BofrgR s B8ty r at ed
with a bi é%'aﬁ‘@le@ﬂfe ﬂrbHHéH R 1tisRoHd Be uddesstetd 104t thdie & gdfgonposi tion is
preferably between 6.5 and 7.8, or preferably between 6.8 and 7.4. The
conposi t i illngratise ploposs enlylang et oy teclomaoasttuednalimstiey the irvantiomnntaeg hni ques, or
may be sterile filtered. The conpositions can be packaged for use as is, or
| yopHi | i ZB#C-he | yophilized conpositions being conbined with a sterile

| i qui d conponent prior to adm nistration. The conpositions of the invention
may be applied directly to the tissue and/or to

Examples 1-3: Preparation of a Bone Putty or Paste

15 Example 1
Materials:
Hyaluronic acid salt (HA) powders were purified from the fermentation of
Streptococcus zooepidemicus at Genzyme Corporation: MW=1.2 MDa, physical form
(fine powder) demineralized bone matrix (DBM) was received from Tissue Banks

20 International (TBI), San Rafael, CA.

Method 1:
2.4 grams of HA and 21.4 mL of liquid component, PBS, were premixed for 24
hours in high velocity shaker (Turbula T2F, Glen Mills Inc., Clifton, New Jersey). After
25 24 hours of mixing, a homogencous hydrogel was prepared. At this time, 12 grams of
DBM was added. At the end of the process, the composition did not form a putty
(HA/DBM dough compositions), but rather showed non uniform mixture that did not

incorporate all of the DBM.

30 Method 2:

17
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the site in need of cartilage repair. In sone enbodi nents, the site of
treatnent in the body may be surgically prepared to renove abnor nal

ti ssues, wol2bovmdichy pl aci ng the conposition of the pregemus2ovenBON I N
the defect area. Alternatively, surgical preparation includes piercing,
abrading or drilling into adjacent tissue regions or vascul arized regions
to create chanelrémé of DBNEarcled 4 gragis off Birewem pramixtdfoni1ghaire as pds\odetme plug or
putty. The conpositions of the 1 nvention can be used to fil

ost eochondirdighiereddty shajer Glugbula d2F} thanake @&owaneﬁvs:pmdeammr étsthlsor a

hondral d f t f |
Conmos it i oHe 2L eERiuR aéﬁﬁ@%ﬁyiﬁﬁr}yﬁ% diaPRR chMe BB eI 2o pr ovi de
the appr qﬁgﬁ é‘%l@c@%‘hﬁl&& I aauﬁl%nﬁrm%u o Aci‘ﬁfg)én'a'olf'ﬂle"ﬁr{)&s.i BEm g%éh%()us

i ngredients, for “exanple, less than mcrons or [ess th 850 mi crons.
DBM and thetyl{fial/DBvhdaughcospsatidnsrajth geodiedhkede piopergedamivwitiniidiinalg
procedures_such as dry or wet mlling to obtain a particle size appropriate
for a putadiceen g lprxigloxewissichisveter fornul ati on types. Finely divi ded
preparations of the conpounds of theinvention can be prepared by processes
known in the art, for exanple see International Patent Publication No. WO

2002/ 000196. -th%lefPW&%(&tf‘oﬁ&%PﬁNﬂ)BRﬁP&ﬁesﬁﬁ@d ﬁ?lrL%(%ﬁﬁb‘lel nvention can be
prepared by m xing a bl end of hyal uronl c acid salt and denineralized

bone matrix |( a liguid go BS) . i mport ant
aspect of the DE&%@@& nve on tlo ﬁ@ﬁf sg¥§

nents,

i nc| ud| ng t he h\/nl urontc aci d Sa! t nnrl F\RI\/& nr| or t n | | qu| d
conponent, e€.g. 12MB$ Thel.hygamur gni d2geind shl 2l.agadmdem bone
matri x ( DBM—ecanr—be premxedfor'labout10-24 hours {e- 10 hours,
about 12 hours, about 18 hours, about 20

10

Table 2. Calculated Concentrations of HA in the composition and HA and DBM
in the putty in Example 1

[HA]* w/w [DBM] w/w [PBS] w/w

6.7% 33.5% 59.8%

15

* Concentration in the putty (HA+DBM+PBS)

In Example 1, Method 1, putty was prepared by first dissolving HA in PBS and
then mixing in DBM to form a putty. Results showed that an inhomogencous putty was
20 formed. A portion of the DBM could not be incorporated into the putty. In addition, part
of the DBM was not wetted with PBS. This is likely due to the competitive absorption of
water that occurs between HA and DBM. In Example 1, Method 2, a putty was prepared
by first uniformly dispersing the HA and DBM powders and then adding the PBS. This
resulted in a uniform and cohesive malleable putty.
25
Example 2

Materials:

18
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hours, or about 24 hours) to forma solid conposition including a
honogeneous m xture of DBM and the hyaluronic acid salt. Wien referring to
t he conpowdhomii1as1honogeneous, the ingredients are typipcahisgoidiosspes sed
evenly throughout the conposition so that the conposition can be readily
subdivided into equally effective unit dosage forns. It can be understood
that when a mHEgfalireniofacidtsalt €4} pdwder b fodi feora dicded@ntasionas been used in
a conposition, all the hyaluronic acid salts will be prem xed with DBM The
mi xi ng cayirdpeoceetid geacdiichian ghteraymg (aspepation: MAVHi. HM Deeplasicel foshaker , such
as Turbul a T2F) until a honmbgeno owder .m xture forms, A liquid

component (e dekedE Bagtv R R B R FOERE bl GRS iR 1 xt ure. The
resultin b ] ' ' i & , for

i 1 onal e ey SRR L bora g ich S s ELRd: o BTRREE L " 2bout
24 haur s, thaboildculBOwbight 19,500 kDali®lilier 3. &Ghictdlin, AnUshiPetcanWo.di,383c84d), a | i qui d

conponent can be added imediately after m xing DBM and the hyaluronic acid
sal t (s). Mhysiselferm ginsawwident Hemandralizad Borcgnpenaves recatyed &omdbisdicj ust bef ore

t he intenge e. Lt i ther. | rtant aspect of the present invention
t hat twoqﬁvgﬁﬁﬁgﬂw3nﬁL@EﬁE§F?§m%¢pﬁgfferent nmol ecul ar wei ghts can be

utilized to create pastes/putties with inproved and control |l ed rheol ogi cal
and bi ol ogi cal properties. A nunmber of nedically useful substances can be

prepared by utMetthad:ng t eachi ngs of this invention by addi ng substances to
t he conposition during the m xing process or directly to the final

comp¥si tion. T giaes M ande gamppiHArRoleqdaryaEghi ! agdfld ganefs) as a
vehicle f in.sktu Y be m xed with | rs. of DBM
A O e e R e e
Al t er nat i ghgkdt (TEHHUGAST2ER B fgkcl KoRibhddus Polviiduhid. AQMRORMBL21. Fweibfas PBS and
then added to the prem xed powder conposition.

liquid component PBS was added and the container was returned to a high velocity

shaker for additional 24 hours. At the end of the process, putty (HA/DBM dough

15 compositions) with good cohesive properties and with minimal adhesion to latex gloves

was achieved.

Table 3. Compositions of HA/DBM putties used in Example 2

HA MW=0.5MDa | HA MW=1.2 MDa DBM PBS Total

1 gram 2 gram 12 gram | 21.4 gram 36.4 gram

20
Table 4. Calculated Concentrations of HA in the composition and HA and DBM
in the putty in Example 2
[HA]** w/w [DBM] w/w [PBS] w/w
8.24% 33% 58.76%
25 ** Concentration in the putty (HA+DBM+PBS)
19
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Furthernore, drugs can be conjugated with the hyaluronic acid salt(s) and
then be added to the conposition. The nethod of the present invention
al | ows fowoths/puumpar ati on of a useabl e bone putty or pastrasSemio2sase | east
about 3.5% concentration of the hyaluronic acid salt in the conposition.
The advant ages of using higher concentrations of the hyaluronic acid salt

i ncl ude i npr ove&xumple®; pltasl it gpsd@desivesropértitherdpast inihal addehidn on, t he
putty or paste prepared by the nethod of t present invention shows good
cohesi ve pﬁeélgbwwgs whwvn«%/mlml%wemtbenconlms1t@k1ar}w@iltmméhuputty does not
adhere to | atex V, i nt ain. t.hro he handl i ng
process, RAPO¥HE ! gﬁ“@?ﬂ%ﬁfﬁ” ?rngﬁ $fﬁg&ﬁ g@% Hﬂ?ggﬁblllty has

al so bee%@ﬂ@aﬁar\wa h P c%%h@,aub@vs ﬁﬁ@h&ﬁaﬁl AR dﬂ}ﬁéblé/ al H@eﬁﬁépes
(e.g., a sphere) d can the 1 ntended shape. In so di ment s he
putty is pre nlxed with stemcells or bone marrow cells prlor to

i nplantation. In sone enbodi nent the conpositions is inplanted into the
def ect byEﬁﬁhWBQIatlon of a putty into the site. In other enbodi nents, the
conposi tion i % anted into the defect by injection through a needle from
a syringe. Th 'sitions of the invention can also be prepared as a
plug. The pl U%yaffur@m@'aé’iﬁ%ﬁ@(ll%%&v&?@vfaﬁ %ed%rﬂ%'%nﬂ%%a!ﬂgﬂ%g for the
repair and replacenent of bone or cartilage. Uilizing conbination of HA
and DBM a®tcptatdonys zaodphiemicws enGemmymet Crrporatdne rivis=1i. 3Mdes plyysex! foombe a

hi ghly porous scaffald to support. bone/cartil age incorporation and

renodel i rigine p?Wﬁ@) bH6|n9@fdéraWSypmrﬁeérﬁ@nytiawalﬁg@m %fgStfqptﬂca%cuand nutrients
and uni q”e' gpconvgé“ﬁq}etnz Pa%oﬁ%g(ftq%grsélg}%r \g’g %dlﬁﬁ&I o QbfliceA PIUg can

offer a ror nien sca dUr
the molecular weight to 500 kDa (Miller, R. & Shieldlin, A. U.S. Patent No. 6,3 83,344),

physical form (fine powder). Demineralized bone matrix was received from Tissue
Banks International (TBI) San Rafael, CA.
15
Method:
9 grams of DBM, 1.9 grams of HA molecular weight 1.2 MDa and 0.85 gram of
HA molecular weight 500 kDa were premixed for 12 hours as powders in a high velocity
shaker (Turbula T2F) to make a homogeneous powder mix. 0.9 gram (1.4 mL) of mixed
20 powders was placed in a weight boat and 1.5 grams of PBS was added. After this
addition, the powder and PBS were mixed with the spatula until a homogeneous putty

was achieved (30 second).

Table 5. Compositions of HA/DBM powder used in Example 3

HA MW=0.5MDa | HAMW=1.2MDa | DBM | [HA] w/w | [DBM] w/w

0.85 gram 1.9 gram 9 gram 23% T7%

25

Table 6. Compositions of HA/DBM putty used in Example 3

HA DBM PBS [HA] w/w [DBM] w/w
0.21 gram 0.69 gram 15 gram 8.75% 29%
20
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art hroscopi ¢ knee surgery. A plug with a porous, osteoconductive structure
conprising dem neralized bone matrix (DBM and a hyaluronic acid salt can
be obt ai ®0d 2by/mmiréing HA wi th DBM f ol | owed by hydrati onpafr/ushe@opeseder

m xture. For exanple, a plug can be prepared froma m xture of DBM and a
hyal uronic acid salt by |Iyophilization or other drying process, in custom
desi gned nol d Th&ExapplerB, pettyt with pbotbeadesivopropsrtes @iddvith hinimbladassi@oohondr al

defect. A plug is a dry fornulation of DBM and a hyaluronic acid salt
andt her eflaies glives théneémha&i@@%&h%m the Y1ALDBMbawA. tféﬁ?féh@pw@s Veresone

enbodi nent s, u nin de a plasticiz I rre | astigi zer can
be. gl yoerBiegr ek iET Ry nebfrd et En iRl Soiredireneial sBudEr: M xt ur o
e.g., defﬂd‘&ﬁfoﬁ' ﬂhﬁ%n@%ﬂﬁoﬁﬁéeﬂ't%o ﬁwmm%ulay%gﬁ@rq §aRfl, 9 MBh HA, | n some
enbodi nment s, Is pre-mxed wth cellI's or bone marrow cells
prios to M[mﬂ@moaholeculaﬂ\m@msiﬂm tongtontiteallowseot thematipsddtioned herein may be
nore effici ently under st ood, exanples are provided below It should be
under st oodicel ﬁ%l@altplﬁ@@@leéxanpl es are for illustrative purposes only and are

not to be construed as limting the invention in any manner. Exanples 1-3:
Preparation of a Bone Putty or Paste Exanple 1 Materials: Hyaluronic acid

salt ( M)Eﬁﬂﬂﬂ@ 4S EXEuSioR Y8rck hRd nieaSiPehiefts’of reﬁ?rﬂ&ﬂﬁ f¢Hde Rfr a%Eé;ﬁQBl@C occus
zooepi dem cus at Genzyme Corporation: MAL. 2 Mda, physical form (fine

powder) dauttieeral i zed bone matri x (DBM was recei ved from Ti ssue Banks
International (TBI), San Rafael, CA Method 1:
10 dditional test to charactetize mechamcal propertiecs of HA/DBM were
developed. The Instron Syringe Extrusion Force is a test used to characterize properties
of putty. In this test, force required pushing material through a 3 mL syringe with a
diameter of 8.6 mm and 15 gauge 1-1/2 needle, in constant rate is measured. The
extrusion force was measured during compression at the rate 0.5 mm/sec until plateau
15 was reached. (see Figure 1). Five HA/DBM formulations were measured and compared

to DBX™ (commercially available DBM from Synthes, PA).

Table 7

Lot # [HA] [DBM] Force [N]

A 6% 70 kDa; 6% 1.6 MDa 31 % 22.9+0.7

B 4% 0.5 MDa; 4% 1.2 MDa 31% 21.3+£0.7

C 6% 1.2 MDa 31% 18.6+£0.7

D 5% 3 MDa 31 % 14.0+14

E 8% 660 kDa 31 % 25.8+04

DBX™ 2.8% 1 MDa 31% 162+14

20
21
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2.4 grans of HA and 21.4 nlL of |iquid conponent, PBS, were prem xed for 24
hours in high velocity shaker (Turbula T2F, den MIls Inc., difton, New
Jersey). wbbero/d#shours of m xi ng, a honbgeneous hydr ogecTwssopnespas ed. At
this tinme, 12 grans of DBM was added. At the end of the process, the
conposition did not forma putty (HA DBM dough conpositions), but rather
showed non uniformm xture that did not incorporate all of the DBM Mt hod
2 :12 grans of DBM and 2.4 granms of HA were prem xed for 12 hours as
powders in a high velocity shaker (Turbula T2F) to nake a honbgeneous
powder mx. At this time, 21.4 nL of liquid conponent, PBS, was added and
the container was returned to a high velocity shaker for additional 24
hours. At the ldgdedf the process, honbgeneous putty (HATJBM dough
conpositions) with good cohesive pr operti es and with mnimal adhesion to

| at ex gl oves was achi eved. Tabl e 1..Co sitiqns of HA/ DBM Putties used in
Exanpl e 1 Table 2. Cal cul at ed Ver“ 'fgra°|°oﬁ’a"g°of HR’in the conposition and
HA and DBMin theg, putty in anrmle 1 Concentration in the putty
(HA+DBMFPBS) | n Exarrpl e 1, Method 1, putty was prepared by fijrst dissolving
HA in PBS and then mixing in DBMto forma putty. Results shcwed that an

i nhonbgeneous putid; O BM ¢ dt be

i ncorporated into part of the DBM vvas not wetted
with PBS. This is t|t|vea wat er t hat
occurs between Hi{and—BBM—In—Exanple Metbrod—2,—apt 'tt" W s prepared by
fihrst uni formy di|lspersing the HA and DBM 0 S and en adding-the PBS.
Thi s

t he putty In addltlon
i kely due to the co D

——14929-C
—4—14929-D

40 T
|\ S
Dol

5E-05 0.5 1 15 2 25 20999 3499 3999 4.5 5 55 5999 65 7 75 7671

Extension (mm)

Force (N)
(2]
o

Example 5: Absorption of HA-DBM Plug Formulations

HA-DBM putty was prepared as described in Example 2 or by manually mixing
HA-DBM powders with liquid component PBS in two syringes with luer-lock syringe
connector. The homogeneous putty was loaded into Teflon molds with desired
10 dimensions. The shaped putty was frozen inside the mold at -80°C for at least 4 hours
prior to freeze drying overnight. The resulting HA-DBM dry plugs were removed from
the Teflon molds.
To optimize the ability of a plug to wick the bone marrow into the scaffold,
absorption of the different plug formulations was tested in following method.
15
Method: Both ends of a 1cc syringe were cut off and a 105-149 um

polypropylene mesh was adhered to one end of the syringe. One HA-DBM plug was
22
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resulted in a uniformand cohesive nalleable putty. Exanple 2

Mat eri al s: Hyaluronic acid salt (HA) powder was purified fromthe

f er ment atworeomi118ten ept ococcus zooepi dem cus at CGenzyne EoTmse@nioesese MAEl . 2
MDa, physical form (fine powder). HA powder was purified fromthe
fermentation of Streptococcus zooepi dem cus at Genzyne Corporation and then
sent for gaseddn tdchaghigic 00 thcoinitabhgghtofi eherpdleead @cord&l. ditie styting00ask Da
(Mller, R & Shieldlin, A U S. Patent No. 6,383, 344), phy5|cal form (fine
powder ) . egediep APmEsaniseisbeandidys imBBS mes Blagesdinfheobaiogsi somuries

I nternational (TBIl.), San Raf a . t t o122 grans of grans of
HA ot e e SR in Tgs A BRD st AL EER GG (508 0a wer e
prem xed t Kieyo rbula T2F) to
make a ho%%%ﬁéﬁg%g% g %M%I%e&%l sryl??grr%gﬁ @%S4Tﬁ@%fmpl/é%d conponent
PBS was abdegtianthtd the phxgnt/ealusedtommpmtalhsmp@brtmea férivghowsefonnulatyorshaker for
additional 24 hours. At the end of the process, putty (HA DBM dough
conpositions) with good cohesive properti es and with m ninmal adhesion to

| at ex gl oves was achi eved. Tabl e Jt%?l? | at ed Concentrations of HA in the
conposition and HA and DBMin the p n Exanple 2 ** Concentration in
the putty (HA+DBNFERRALIRGEXdMPF6rfulatial T W T igeRdogahesi Ve properties and
with mniml adhgsion to |atjex gl oves was achi eved using 14% HA in the
conposi tion. In addi tBBM] thi éﬁgblﬁfoMW| on usedbsaxptisir nol ecul ar wei ght s,

0.5 and 1.2 Mba HA: i‘v‘é./)%ng trwo 3% 450 kDa <30 min.
94% 6% 450kDa 4-5 hr.
88% 12% 450kDa > 24 hr.

From this data, it appears that a slower rate of absorption is attributed to higher

10 molecular weight HA and/or a higher concentration of HA.

Example 6: Swelling of HA-DBM Plug Formulations
To maintain maximum concentration of DBM ir vivo, plugs with minimal
swelling are desirable. To measure the swelling, different plug formulations were tested

15 in the following method:

Method: Both ends of a 1cc syringe were cut off and a 5 um polypropylene mesh
was adhered to one end of the syringe. One HA-DBM plug was placed in each syringe
and the initial height of the plug was recorded. The syringe was placed in a 15mL

20 conical tube and PBS was placed in the tube and inside the syringe. Samples were placed
at 37 °C. The height of cach plug was recorded over a period of 72 hours. The difference

in height of the plug was used to calculate percent swelling.
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nol ecul ar wei ght HA conponents allows for the manipul ati on of

properties.

Cor por at i on:

Exanple 3
MAEL .

Mat eri al s:

2 MDa, physi cal

r heol ogi cal

Hyal uronic acid salt (HA) powder was
purifi ed woamwiheishier ment ati on of Streptococcus zooepi degirassoan2gesnzyne

form (fine powder).

HA powder

was

purified fromthe fernmentation of Streptococcus zooepi dem cus at Cenzyne
Corporation and then sent for gamraTable®i ati on to reduce the nol ecul ar

wei ght to 5
physical fo
Ti ssue Banks
1.9 grans o
wei ght 500

shaker (Tur
m xed powde
After this

honbgeneous
powder used
Exanpl e 3In
adhesion to

00 kDa (Mller R & Shieldlin A US_Patent Na_ 6 _383, 344),

- Foxnfulationpovithas pplatipe rril nReresnt Swell )é’ﬁ@ewaiweilx Rﬁ@eﬂrtédéﬂ\ ed from

5 gdpnat|i I S afqel 9 of DBM

[ I—Lryrmll ecuﬁgg’fv%m 1?%TRI\/?)£aﬂ ) gﬁéS qram %t% iﬁ&m ecul ar

kDa et e pred%&edkmmr 122houBs a$ mawder.s in a4b&qm velocity

ta—2F)—to—ake—a rogeneoys—powder—mx+0-9—¢gram{1.4 nL) of

s ﬁﬁséplace@%4ﬂ)%pﬁelgh?1%ﬁé@ and 31’5 ldans 31 PBE was added.

addigklopn, [t NBoDAWESH 1nduﬁ§93§ere Me0, M Th yhg spatyla until a

putty was achieved (30 second).|Table 5. donpositions of HA/ DBM

i n SEk/arrpI e 13%FEb1k®a6 Cér%po%ltl bns3 1+ HV EBM3pdtttOW uged in
88"“'"' € “W‘“"N@t """'l hesive lpl?““v i “? and—wi{th m ni mal
té)/gl ovelz W;ié ¢ E]dr 3;2 Zﬁoﬁﬁx? g ba\/lmx. Af ter

t he powders Were m xed, PBS was added as needed to create a paste with
this conposition used two HA
nmol ecul ar wei dirom,thi® dataginaprtai thdDan Hérease in swelling 1s attributed to higher

desired rheol ogi cal

p

roperties.l

n addition,

molecular weight HA. The concentration of HA may also affect the swelling of HA-

5

DBM plugs.

Example 7: Arthroscopic Delivery Evaluation of HA/DBM Plug Formulations

The ability of the plug to retain integrity during handling was tested in following

methods:

10

Method: A synthetic, articulating knee joint was used to simulate arthroscopic

delivery conditions. Standard arthroscopic equipment was used to create access ports in

the knee and to visualize the procedure within the joint capsule. Standard fluid

management equipment was used to control flow rates within the joint capsule and to

distend the joint capsule as needed. Osteochondral defects were created on the medial

15

and femoral condyles. HA/DBM plugs were loaded into a tube and plunger device. The

distal end of the device was introduced into the joint space through a cannula and aligned

with the defect. At this point, constant fluid flow was initiated and the HA/DBM plug

was implanted into the osteochondral defect by advancing the plunger. Plugs were

evaluated for integrity and retention properties under flowing conditions during and after

20

implantation (5-60 minutes).

Test results (Table 10) indicated that plug formulations with an HA concentration

of 6% and a molecular weight of 200,000 Daltons were displaced from the application

site under constant fluid flow. In contrast, plugs with an HA concentration of 6% or
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M xi ng two nol ecul ar wei ghts HA conponents allows for the manipul ati on of
rheol ogi cal properties. Exanple 4: Extrusion force and neasurenents of

ext rusi oowbanmet1imn acceptabl e putties Additional test troTalsaraors®ss ze
mechani cal properties of HA/ DBM were devel oped. The Instron Syringe
Extrusion Force is a test used to characterize properties of putty. In this
test, foridghdraadiatriedt punhicogr waigt ¢fad501000 Dagbnsawde Blccsysfiilggetaited in a

di ameter of 8.6 mmand 15 gauge 1-1/2 needle, in constant rate is neasured.
The ext r U applicaticiesigasdersassiad dluulawmg conpression at the rate 0.5 mi sec
until plateau was reached (see Figure 1). Five HA DBM formul ati ons were
measured and conpared to DBX(tn) (conmercially avail able DBM from Synt hes,
PA). Table 7Figure 1 AvGagq Syringrg,E9§ce - 1l6gauge Noddle n=3 5E-05 0 5
1152252999 3499 3999 4555550999657 757 671 Extension
(mm) Exanpl e 5:| AbBgnpiation of| HAFdpBMalonilg For mul ati ons HA- DBM putty |was

pr epar ed| dtdescri bed in Exanpl mgnual |y m xj ng. HA- %‘/(l!f owgder s
with liquid conponer{ﬁBll%ﬂS in twgﬁ‘élﬁ‘h@ﬁg Wi t h‘L‘ittYJ‘@FQOPHB%l“é?YRE connect or.
The honogengous puttyswas T ogdedgd nh@dLr T an @‘Blﬂ%{}i‘ﬂnﬁﬁlsﬂ&&fr&ﬂsﬁ' MgNsi ons.
The shaped puttly was frozen ilnside the nmold at -8Q0C for at |east 4|hours

prior to| frBezdg dryi A¢%over ni|ght 6%ThekPaesul|t i ngasA-iDBMtdetyinglaugits werle
renoved f+ UEI the—Tef 5884% rotds:

12% 450 kDa Pass — implant retained at site

D 79 % 21% 1.6 MDa Pass — implant retained at site

Figure 2. Arthroscopic Evaluation

10 2A. Entry A was displaced from 2B. Entry B was successfully retained in the

application site the application site

Example 8: Unconfined Compression Testing of HA/DBM Plug Formulations

15 Method:
An Instron mechanical test instrument was used to measure the unconfined

compressive propertics of dry HA/DBM plugs. At the start of each test, the plugs were
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To optimze the ability of a plug to wick the bone marrow into the
scaffold, absorption of the different plug formulations was tested in

f ol | owi ngwoebtwdiieiet hod: Both ends of a |ce syringe wereTaiskoiohtsoand a
105- 149 um pol ypropyl ene nmesh was adhered to one end of the syringe. One
HA- DBM pl ug was 99pl aced in each syringe and the initial height of the plug
was recorgieldadctie 19V itiange ofdsnilnaia e d ficnpielobBin, thopiugahs dddbébedrig Tayle i n PBS
was placed in the tube to just cover the bottomend of the syringe (end

with fil tlelrW@r@tca@p@&)ed asarat elsl m@lwm&@aomprewwalw&% whation into

h pl da % b t
"o the s oaebat hedt: RTeRpRR:Sheciontvsfoas Beiyp fplyrgcand oosorPrien
for mul at i gas siraf @Rk &e Balbiiy Tﬁlahlsthgé’t?%s-lsﬂrém%ﬁ’ﬁ@ar s that a slower rate of

absorption 1s attributed to higher ecul’ar wei ght HA and/or a hi gher
concentration of HA. Exanple 6: Swelling of HA-DBM Plug Formulations To

mai ntai n maxi_mum concentration of DBMin wth mniml swelling
are desirabl Bigurg. faseifinsd lQ‘?élpéﬁ?/SélpPlTﬁ@mgdlfflg%rléKt(4§]k@@)T@Sn@pﬁﬂ\flons wer e
tested in the follow ng nethod: Method: Both ends of a lIce syringe were cut
off and a 5 un1po|ypropy|ene mesh was adhered to one end of the syringe.

One HA- DBM[plug was placed in each syringe and the initial height; of the
pl ug was recorded. The syringe was placed in a 15nL conical tube jand PBS
was placed|in the tube and i nsi de Sptsresite$ nge. Sanpl es were placed at 37
0C. The helght of each plug was recorded over a period of 72 hours. The
di ff erence |i n“hei g‘ht oT ‘t he pI ug vvas used to] cal‘cul‘ ate per.cent
swel |'i ng. Tabl e 9 L
g 777777777777777777777777 | P | T B
g o g e R :7774‘777L777‘k777 Specimen #
L S
a I I I | | | | ——2
- B = S D I A
£ | | | | | | | | |
S I | I I I I I I I I
L I s e T o e S e S R B S
P S U S O O
-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Compressive strain (%)
10 Table 11
_ Heiaht | Diameter Comp. Stress Modulus | Modulus
Specimen (m?n ) (mm) (10%) (Automatic) | (5-10%)
(MPa) (MPa) (MPa)
1 949 4.76 1.57 32.81 11.19
2 9.61 4.74 1.64 30.78 12.37
3 9.87 4.75 1.69 26.50 13.51
Mean 9.66 475 1.63 30.03 12.36
Std. Dev. 0.19 0.01 0.06 3.22 1.16

Specimens 1-3 exhibit suitable compression stress. These results are based on the
testing of 3 individual plugs comprising 12% HA (450k Da) + 88% DBM. This

15 formulation passed the arthroscopic evaluation as shown in Table 10, Entry C.
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Fromthis data, it appears that an increase in swelling is attributed to

hi gher nol ecul ar wei ght HA. The concentration of HA may al so affect the
swel | i ng wO 2biDBMopl ugs. Exanpl e 7: Arthroscopi c Del i vergTHS2010A280861 Of

HA/ DBM Pl ug Formnul ations The ability of the plug to retain integrity during
handling was tested in follow ng nethods: Method: A synthetic, articulating
knee joi nt wasAlueftilc fangtydibddssed ar thivrspsdfigition delyibceombmeddh ddyons. St andard
arthroscopi c equi pnent was used to create_access ports in the knee and to
vi sual i zeconhenasipnc Behy featwietdisclpsedhin thisispecifiespon may bsrephtad 8y #hui d managenent

i prent used t tral fl i.thin the joint le and t
Gi'st bncl BTG i e 18 st Tl abtmdtRar e bt 4768 o cr oat ed on

the medi aly,andy kGG RE R ERat R@% Rl w@éﬁlﬂp@@@@ad%éneﬁ@ iy Ube and
pl unger deX [ cey The diestaFl’ end gful:étaﬁe eevi ce %vas I ntroduced in%oet he j oi nt
space t hrafughivalenteoRithitar datirad. i gned with the defect. At this point,
constant fluid flowwas initiated and the HA/ DB was i nplanted into

M pl
t he ost eochondyaiougepdiicatigns odheripymgorHe a@iﬁ%@ﬁﬁoSg%ﬁﬁéib%h@e@vﬂﬂhat ed for
i nt it d tenti . ti fl ow ndi g i [ d
arter i meapaerigh HosS R Rbe AT foblb Fortaofis Q%R e TadiobBRed "t ha

pl ug formyt afkh %&d@ﬁ%ﬁaﬂ%ﬂﬂﬁlﬁl@@&ﬁ)@fo&“ﬁ{eiaﬁﬁeﬂa}c@d@Pzﬁrﬁs’?d a nol ecul ar wei ght of
200, 000 Daltons were displaced fromthe application site under constant

fluid flow. In contrast, plugs with an HA concentration of 6% orhi gher and
at | east a nol ecul ar wei ght of 450,000 Daltons were successfully retained
in the application site under constant fluid flow. Table 10
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Figure 2. Arthroscopic Evaluation 2A. Entry A was displaced from2B. Entry
B was successfully retained in the application site the application site
Exanpl e 8wounooniiemed Conpressi on Testing of HA/ DBM Pl ugCEarseulboasosans

Met hod: An Instron nechanical test instrunment was used to neasure the
unconfi ned conpressive properties of dry HA DBM plugs. At the start of each
test, thewHHADSS grdMEDasded to IN at a rate of 1 mMmimn. After

prel oadi ng, the plugs as described in Table 1llwere conpressed at a rate of
1 mimnuntil a conpressive strain of 13% was achi eved. Val ues for
conpressi ve stless A Brmablgwempesitinn c@ﬁmrlﬁmalfmmat(orgémééma@uaﬁ% % strain)

Conpr oasi SHETGULPRGHTIAGbBAR (B IR o0t 88 oioBBRN Pt & YAERHUA nens 1-3

exhi bi t the testin
of 31 nar ESHE (GOTRL SEEHOR ShECHS) o MERTAFOLN RN ARRELARY, e testing

f or mul atlcmlmmablsélqmihe arthroscopic eval uation as shown in Table 10, Entry
C. Al of the features disclosed in this specification my be conbined in
any conbi nation. Each feature disclosed in this specification may be

repl aced by an, alternative .feat ervin equi.val en or simlar
bur pose. Thuo 2 uni a8 chipBPuadry i i RR ARl oML R 538G Ssea 1o
only an %ﬁ%t@ssi%l ﬁltg&%khﬁn%{éﬁ@al‘ﬂfron@&éﬂld’al ent or simlar features.
Various nodifications of the invention, in addition to those described
herein, will be apparent to those skilled in the art fromthe f or egoi ng

description. Such npdifications are also intended to fa thin the scope
of the appendeqd cl dibgsomppstiian ofichifdpvhegein the blologlcally cornpatlble liquid 1s

PBS, water, saline, or LRS.

4. The composition of claim 1 wherein the biologically compatible liquid is
PBS.

5. The composition of claim 1 further comprising a rheology modifier.

6. The composition of claim 5 wherein the rheology modifier is glycerol or

carboxymethyl cellulose.

7. The composition of claim 1 comprising from about 25% to about 35% by

weight of demineralized bone matrix.

8. The composition of claim 1 comprising from about 6% to about 15 % by

weight of the hyaluronic acid salt.

9. The composition of claim 1 comprising from about 6% to about 9% by

weight of the hyaluronic acid salt,
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1. A formable conposition conprising fromabout 25%to about 40% by wei ght
of dem neralized bone matrix, from about 3.5%to about 25% by wei ght of a
hyal ur oniwoaeiodiiswht, and from about 40%to about 72% bycuaisghi/oefosa
biologically conmpatible Iiquid. 2. The conposition of claim1l wherein the
hyal uronic acid salt is a sodiumsalt, potassiumsalt, or calciumsalt of
hyal uroni c acild. 3.Thtkemeesitassftdsin lokhatiaitio Hyawhetieasid kalehdiaal ogi cal |y
conpatible liquid is PBS, water, saline, or LRS. 4. The conposition of
claim 1 vitverage moldsulapiveighbeloalldagt abewp0i00) Daltpesui d i s PBS. 5. The
conposition of claim1 further conprising a rheology nodifier. 6. The
conposition of claimb5 wherein the rheology nodifier is glycerol or

car boxymet hyl el | uhasgm gsiti&;hﬁc‘l:a‘?moﬁﬁﬁﬂrﬁﬂl Afmixh ¢ BF & 1EQfWI! Sing from
bg wel ght §

about 25%to about 35% of dem'neralized bone matrix. 8. The
conposi t ilgalwdnic hed valtk. conpri sing from about 6% to about 15 % by wei ght of
the hyaluronic acid salt. 9. The conposition of claiml conprising from
about 6% to about 9% by weight of the hyaluronic acid salt.10. The

conposi tion of ,claim 1 wher.ein e hyaluronic acid salt has an.average
ol el ar wer gt of o Bau oLy fHime Golise ke B S o BRI TPon o
claim 1 cQmprcbmpRnga MyathiohR L1d @it of 8 &S at MR MALHUNAU GglRGhdasal Ts.

hyaluronic acid salt of a second average molecular weight.

13.  The composition of claim 12 wherein the hyaluronic acid salt of the first

average molecular weight is about 0.05-1.0 million Daltons.

14, The composition of claim 12 wherein the hyaluronic acid salt of the

second average molecular weight is about 1.0-5.0 million Daltons.

15.  The composition of claim 12 wherein the average molecular weight ratio
of the hyaluronic acid salt of the first average molecular weight to the hyaluronic acid salt

of the second average molecular weight ranges from 1:5 to 5:1.

16.  The composition of claim 12 wherein the average molecular weight
difference between the hyaluronic acid salt of the first average molecular weight and the
hyaluronic acid salt of the second average molecular weight is at least about 0.5 million

Daltons.

17.  The composition of claim 1 further characterized in that, when subject to
the Instron Syringe Extrusion Force (ISEF) test, the composition exhibits an extrusion

force of from about 12.0 Newtons to about 30.0 Newtons.

18.  The composition of claim 17 wherein the extrusion force is from about
18.0 Newtons to about 26.0 Newtons.
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12. The conposition of claim 11l conprising a m xture of two hyaluronic acid
salts, conprising a hyaluronic acid salt of a first average nol ecul ar

wei ght amwloaotw@ahienoni ¢ acid salt of a second average npcEaskao/ozsght. 13.
The conposition of claim 12 wherein the hyaluronic acid salt of the first
average nol ecul ar weight is about 0.05-1.0 mllion Daltons. 14. The
conposition of claim 12 wherein the hyaluronic acid salt of the second
average nol ecul ar weight is about 1.0-5.0 mllion Daltons. 15. The

conposi tion ofl%I ailhe Tomppsutiasn of dldia [dwelreage thesxausipmforeis givesured ingt of t he
hyal ur oni cid salt. of.the first average nolecul ar, weight to the
hyaluroniinifvﬁn%%WFh6#”?W§rthﬁﬁﬁﬁﬁgé?gég%ﬁﬁrggﬂF%ycmeight ranges from 1:5
to 5:1. 16. The conposition of claim 12 wherein the average nol ecul ar

wei ght difference between the hyaluronic acid salt of the first average

mol ecul ar wei @ittt arithetchmpbyitidrusfandin laftthers@hiprishg b iphaecantitaky artiage

nol ecul ar, weight is at | east about 0.5 mllion Daltons. 17. The conposition
of cl ai midgidieiher characterized in that, when subject to the Instron

Syringe Extrusion Force (ISEF) test, the conposition exhibits an extrusion
force of fromabout 12.0 Newtons to about 30.0 Newtons. 18. The conposition

of claim 17 “hﬁfeiﬁ}kQ@n@éﬁﬁdﬁ%ﬂwhﬁ{wXWh&émimﬂ&hﬁﬁﬁE&hﬁﬁyQahﬁ“ﬂ9”5 to about
26.0 Newtons. 19. The conposition of claim 17 wherein the extrusion force is

measur ed ingredieBt irhosymonphegani ¢t proing iissre geawtb fackr§ imuliagobwith fgrge 1- 1/ 1
needl e. 20.. The conposi.tion of claim1 further conprising a
phar maceAitiesdpys, ahbigiics, %wmﬁmpils of growih faciors. ~ © o

22, The composition of claim 20 wherein the pharmaceutically active
ingredient 1s 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.

23, The composition of claim 20 wherein the pharmaceutically active

ingredient is conjugated with the hyaluronic acid salt.

24, A method of repairing cartilage in a subject comprising administering to a
subject at a site of a defect in cartilaginous tissue an effective amount of a composition,

the composition comprising demineralized bone matrix and a hyaluronic acid salt.

25.  The method of claim 24 wherein the hyaluronic acid salt is a sodium salt,

potassium salt, or calcium salt of hyaluronic acid.

26.  The method of claim 24 wherein the composition further comprises a

biologically compatible liquid.

27.  The method of claim 26 wherein the biologically compatible liquid is
PBS, water, saline, or LRS.
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21. The conposition of claim?20 wherein the pharmaceutically active

i ngredient is bone norphogenic protein, tissue growmh factors, insulin
grow h f aspansy11amwti oxi dants, antibiotics, or conbi nati @a3/ustoignosesé
factors. 22. The conposition of claim20 wherein the pharnmaceutically
active ingredient is selected fromBW-2, BWP-4, BWP-6, BWP-7, TG B,

| G- 1, ascorbate, pyruvate, BHT, gentanycin, vanconycin, the conbination of
TG~ b and BMP-2, and the conbination of TG-- b and IG--1. 23. The

conposi tion of28| ailhe2ethaseaf slaimiZhavhskain the dealegiedly opmpetiblo Baniddy edi ent i s
conj ugat glgbi\n th the hyaluronic acid salt. 24. A nethod of repairing

cartil ag a subject conprising admnistering to a subject at a site of a
defect in cartilaginous tissue an effective anount of a conposition, the
conposition conprising dem neralized bone matrix and a hyaluronic acid
salt. 25. The 2%t hdthcofctioddaifrlaza 26tvereedim thicudolbyiedllyroonpatile liquidad t 1S a
sodiumsalt, potassiumsalt, or calciumsalt of hyaluronic acid. 26. The
met hod of W&ffai m 24 wherein the conposition further conprises a biologically
conpatible liquid. 27. The nethod of claim 26 wherein the biologically
conpatible liquid is PBS, water, saline, or LRS.28. The nethod of claim 26

wherein the bip 0gimgRlhohdTRAHRUS SR cbfiphBSon RotherlgpiBeNod of claim
26 wherein the biologically conpatible liquidis water. 30. The net hod of

cl ai m 24 rthbaogy modilier.conposi ti on further conprises a

31.  The method of claim 30 wherein the rheology modifier is glycerol or

carboxymethyl cellulose.
32, The method of claim 24 wherein the composition is a formable
composition, comprising from about 25% to about 40% by weight of demineralized bone

matrix.

33.  The method of claim 32 wherein the composition comprises at least from

about 3.5% to about 25% by weight of the hyaluronic acid salt.

34, The method of claim 32 wherein the composition comprises from about

6% to about 15% by weight of the hyaluronic acid salt.

35.  The method of claim 32 wherein the composition comprises from about

6% to about 9% by weight of the hyaluronic acid salt.

36.  The method of claim 32 wherein the composition comprises from about

40% to about 72% by weight of a biologically compatible liquid.
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rheol ogy nodifier. 31. The nethod of claim30 wherein the rheol ogy nodifier
is glycerol or carboxynethyl cellulose. 32. The nethod of claim 24 wherein
t he conposptzhomitisia formabl e conposition, conprising frPomuEsbaoo2®306 t o
about 40% by wei ght of demineralized bone matri x. 33. The nethod of claim
32 wherein the conposition conprises at |east fromabout 3.5%to about 25%
by wei ght of t31e hykhkuficttivdofatin 2dalterciBthe cdm@oditdhead dof biehdi m 32 wher ei n

t he conposition conprises from about 6% to about 15% by wei ght of the

hyal ur oni @mpepitiorpompriging froreabont ¢ togboyt % mbs veighé peiamingralizedbensi t i on
conprises_from about 6% to about 9% by wei ght of the hyaluronic acid salt.
36. The mMBf8d of claim 32 wherein the conposition conprises from about 40%
to about 72% by wei ght of a biologically conpatible |iquid.37. The net hod
of claim 24 wherein the conposition is a dry blend conposition, conprising
from about 60%8t o dihouticti06fleiaime7 gitteradi thdenmpesitidd coaahrisene l¢wt fror. 38. The
nmet hod of claim 37 wherein the conpositjon conprises at |east from about

3.5% to aheut3-38de BYourdf Gy wrighteb theyupiyrams ecidedld salt. 39. The method of

claim 37 wherein the conposition conprises fromabout 3%to about 10% by
wei ght of a biologically conpatible liquid. 40. The method of claim?24

wher ein the compOSicoRticy ¢F cRAHG7 VIR HRIcBEpIAS @RYsc?himbBo@bout 88%

by wei ght of dem neralized bone matri x.
3% to about 10% by weight of a biologically compatible liquid.

40.  The method of claim 24 wherein the composition is a plug, comprising

from about 25% to about 88% by weight of demineralized bone matrix.

41.  The method of claim 40 wherein the composition comprises at least from

about 3.5% to about 38% by weight of the hyaluronic acid salt.

42.  The method of claim 40 wherein the composition further comprises from

about 3% to about 20% by weight of a biologically compatible liquid.

43.  The method of claim 40 wherein the composition further comprises from

about 5% to about 10% by weight of a biologically compatible liquid.

44, The method of claim 24 wherein the composition comprises a mixture of

at least two hyaluronic acid salts.

45, The method of claim 44 wherein the composition comprises a mixture of
two hyaluronic acid salts, comprising a hyaluronic acid salt of a first average molecular

weight and a hyaluronic acid salt of a second average molecular weight.

46.  The method of claim 45 wherein the hyaluronic acid salt of the first
average molecular weight is about 0.05-1.0 million Daltons.
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41. The nethod of claim40 wherein the conposition conprises at |east from
about 3.5%to about 38% by wei ght of the hyaluronic acid salt. 42. The

met hod ofwolzaimi4i1wherei n the conposition further conprcsas2éwonscabout 3%
to about 20% by wei ght of a biologically conpatible |iquid. 43. The nethod
of claim 40 wherein the conposition further conprises fromabout 5%to
about 10% by wei ght of a biologically conpatible liquid. 44. The method of
claim 24 wherein the conposition conprises a mxture of at |east two

hyal uroni ¢ am‘lﬁ' salTthe metimd OfW@lméﬁh’t‘h@T%m thelhaplnonae agiksadiof therrecadinposi ti on

conpri ses m xture of t alts, conprising a hyaluronic
acid sal tav(g{eaggnp ]tarﬁ’\el‘@pgﬁélg ﬂeoégbél?lﬁwgi *"$nd a hyal uronic acid salt of
a second average nol ecul ar wei ght. 46. The net hod of claim45 wherein the
hyal uronic acid salt of the first average nol ecul ar wei ght is about
0.05-1.0 mlli48n Ddlhcaemshotinof cliva 40etheegn tic a&éra'gmnéﬁcwaleweight raﬂi‘(EOtFthal uronic
acid salt of the second average nol ecul ar wei i s about mllion

Dal t ons. Wglurae agid sabef the ﬁ@r ayoraeesnalprat 3é“ﬁ>1 h%@ tavéyedgf@nw&p@osaltaf thgei ght
rati o of thedh al uron!i @gl ﬁ@r of th ;,t average nol ecul ar weight to
t he hyal ufF6Hi% Sli?gﬁmé’ it ]E)We]tg ag%e&%’gl é? ae nol ecul ar wei ght ranges from
1:5 to 5:1. 49. The nethod of claim45 wherein the average nol ecul ar wei ght
di fference between the hyaluronic acid salt of the first average nol ecul ar
wei ght and t het9hyalTle omitioodad| cthimailStwlmfeimtimasaawniobvﬁma\ge'ghmﬁiﬁﬂaﬂmr wei ght

is at |least about 0.5 mlljon ns. 50. The nethqd of ¢l aim 24 wherein
the conmpoXivewsrihg byalwanic agidhself o @e ISH AT RESTBRIEF WAl ojehi énd the hyAlyrasis ent |

acid salt of the second average molecular weight is at least about 0.5 million Daltons.

50.  The method of claim 24 wherein the composition further comprises a

pharmaceutically active ingredient.

51.  The method of claim 50 wherein the pharmaceutically active ingredient is
bone morphogenic protein, tissue growth factors, insulin growth factors, antioxidants,

antibiotics, or combinations of growth factors.

52. The method of claim 50 wherein the pharmaceutically active ingredient is
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.

53.  The method of claim 50 wherein the pharmaceutically active ingredient is

conjugated with the hyaluronic acid salt.
54, A method of preparing a formable composition comprising from about

25% to about 40% by weight of demineralized bone matrix, from about 3.5% to about
25% by weight of a hyaluronic acid salt, and from about 40% to about 72% by weight of
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51. The nethod of claimb50 wherein the pharmaceutically active ingredient

i s bone norphogenic protein, tissue growmh factors, insulin growmh factors,
ant i oxi damop1oaniiehbi oti cs, or conbi nations of growt h faetcons2015202803he

met hod of claim50 wherein the pharmaceutically active ingredient is

sel ected from BMP-2, BMP-4, BMP- 6, BWP-7, TG-B, | G~1, ascorbate,

pyruvat e, ale[Bglc@Ey]t:(ﬁﬁpatlﬂoR I aheemiehed cdnfygisthgmbix ingtsolbd cerhipobiehtsp and BMP- 2,
and the conbination of TG--b and | GF-1. 53. The method of clai m 50 wherein
the phar niebewed ythepddigen ofe ligid eemponent. s conj ugated with the hyal uronic
acid salt. 54. A nethod of preparing a formable conposition conprising from
about 25%to about 40% by wei ght of dem neralized bone matrix, from about

3.5% to about $35% b WRiiHHt ofRlaid SONAICHP HeGoRE ki Sbhts cARFrifes B about - 40%
to about 72% by wei gre\t of a 0b| oallogl cae ) cgrrro)at ?ﬁ“@ﬁ‘ I aﬁlé’rgﬂn eﬁe met hod

conpri si ndgniinechlivgd $ohd matmmmndﬂmrﬁwlurdmd hadoveadt. by the addition of a liquid
conponent. 55. The nethod of claim54 wherein the solid conponents
conprises the denineralized bone matrix and the hyaluronic acid salt. 56.

The net hod of gl al acid s S sodi.um sal t,

T tane umisol 150 o M i &l ag oo B sl kR s RHRRRME b7 el i m

o4 Vmere'ﬁbtésﬁ%nﬂ §aﬁ%r¢af’cﬁﬂ?ﬁ’5’ﬂ@dﬁ hiSroRidd . 09' cally conpatible Ii CIUI d. 58.

The nmethod of claim57 wherein tyhe biologically conmpatible liquid is PBS,

water, saline, or LRS. 59. The nethod of claim57 wherein the biologically

conpatible liquid is
mpat| ! cgu7| IThe method of claim 54 wherein the liquid component is a biologically

compatible liquid.

58.  The method of claim 57 wherein the biologically compatible liquid is
PBS, water, saline, or LRS.

59.  The method of claim 57 wherein the biologically compatible liquid is

water.

60.  The method of claim 54 wherein the liquid component is added before the

intended use.

61.  The method of claim 54 wherein the composition further comprises a

rheology modifier.

62.  The method of claim 61 wherein the rheology modifier is glycerol or

carboxymethyl cellulose.

63.  The method of claim 54 wherein the hyaluronic acid salt has an average

molecular weight of at least about 200,000 Daltons.
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water. 60. The nethod of claim54 wherein the |iquid conponent is added
before the intended use. 61. The nethod of claim54 wherein the conposition
further cwopnisksica r heol ogy nodifier. 62. The nethod ofctlusomd28bswher ei n
the rheology nodifier is glycerol or carboxynethyl cellul ose. 63. The

met hod of claim54 wherein the hyaluronic acid salt has an average

nol ecul ar wei gi#t  ofThetmdtieaisdf caia st vAREiV M2 cBrpbaticn énpribbea Mdithedfof clai m
54 wherein the conposition conprises a mxture of at |east two hyal uronic
aci d sal ta& leaggwotyalugasihasdd stscl ai m 64 wherein the conposition conprises a
m xture of two hyaluronic acid salts, conprising a hyaluronic acid salt of
a first average nol ecul ar weight and a hyaluronic acid salt of a second

aver age mol ecyjsar vme%%hod@ff-claﬂh%ﬁ%{ef@m&fcoﬁl ag'iﬁ%@é;ot%\%?é%é Rilthe geyal uronic

acid salt of the first average nolecular weight iIs .05-1.0 mllion
Dal t ons. t676. hydlweonieididshltef condpaisimg Ghyalnernis avid sudt dfndlrstravedage moledulaal t of the
second aver.age nol ecul ar weight is about 1.0-5.0 mllion Daltons. 68. The
met hod of WeiBliand @ dyalkeands a¢1d fd odvspcogd angreccuplasulgleVyelit. rati o of the

hyal uronic acid salt of the first average nol ecul ar weight to the

hyal uronic acid salt of the second average nol ecul ar wei ght range from1:5

to 5:1. 69. They meteeh@foddfldme3 WREIEHR hBrE'l%rd?&Y@Jc?cQ@altW'ﬂ?eCﬁ{lstar wei ght
di fference between the hyaluronic acid salt of the first average nol ecul ar

wei ght amayetage nmtoyelilar enight is about 0.05-1.0 million Daltons,

67.  The method of claim 65 wherein the hyaluronic acid salt of the second

average molecular weight is about 1.0-5.0 million Daltons.

68.  The method of claim 65 wherein the average molecular weight ratio of the
hyaluronic acid salt of the first average molecular weight to the hyaluronic acid salt of the

second average molecular weight range from 1:5 to 5:1.

69.  The method of claim 65 wherein the average molecular weight difference
between the hyaluronic acid salt of the first average molecular weight and the hyaluronic

acid salt of the second average molecular weight is at least about 0.5 million Daltons.

70.  The method of claim 54 wherein the composition further comprises a

pharmaceutically active ingredient.

71.  The method of claim 70 wherein the pharmaceutically active ingredient is
bone morphogenic protein, tissue growth factors, insulin growth factors, antioxidants,

antibiotics, or combinations of growth factors.

72.  The method of claim 70 wherein the pharmaceutically active ingredient is

selected from BMP-2, BMP-4, BMP-6, BMP-7, TGF-B, IGF-1, ascorbate, pyruvate,
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acid salt of the second average nol ecul ar weight is at |east about 0.5
mllion Daltons. 70. The nethod of claimb54 wherein the conposition further
conpri seswa 2ptoanmseeut i cal |y active ingredient. 71. ThePoetuseaoobdsoss ai m 70
wherein the pharmaceutically active ingredient is bone norphogenic protein,
tissue growh factors, insulin growth factors, antioxidants, antibiotics,
or conbi rBIH”iF,ngww@;fchf, owiconlyaiat e somBdatiohe TGE-Padd BMRL adndhtdd wherei n the
pharmaceutically active ingredient is selected from BwWP-2, BWMP-4, BMP-6,
BMP- 7, TGDIT@,maIUGIDf,TGEsﬁ:@d%@Eel,- pyruvat e, BHT, gentanycin, vanconycin, the
conmbi nation of TG--b and BMP-2, and the conbination of TG--b and I G~-1. 73.
The nmethod of claim 70 wherein the pharmaceutically active ingredient is

conj ugat ed w t4 t herfyadiiotichieid Rt thgﬁanﬁa!asutfsﬁﬂ Qéi!iv_@finré%cﬁf&etﬁ‘ism

wherein the pharmaceutically active ingredient I's mxed wt

dem ner al donpgated méthrtid kiyakuramd atidsalnyal uroni ¢ acid salt. 75. The nethod of
claim 70 wherein the pharnmaceutically active ingredient is mxed with the
| i quid conponent. 76. A dry blend conposition conprising fromabout 60%to

about 92% by i ght,of dem al i-zed bon trix, fromabout 3.5%to about
3896 by e gt "t “a TS gl Sledairh Sherdh g Pl BTR S e UgHIA ° 150k by
vei ght  of A epidhIed GdhihdracRAMBhé Rh@ixl dndWhChyalifonid B&d §AfPOSI tion of claim 76
wherein the hyaluronic acid salt is a sodiumsalt, potassiumsalt, or
calciumsalt of hyaluronic acid. 78. The conposition of claim76 wherein
t he hyaluronic acid salt has an

yaid ! 75. ! The method of c?aim 70 wherein the pharmaceutically active ingredient is

mixed with the liquid component.

76. A dry blend composition comprising from about 60% to about 92% by
weight of demineralized bone matrix, from about 3.5% to about 38% by weight of a
hyaluronic acid salt, and from about 3% to about 10% by weight of a biologically
compatible liquid.

77.  The composition of claim 76 wherein the hyaluronic acid salt is a sodium

salt, potassium salt, or calcium salt of hyaluronic acid.

78.  The composition of claim 76 wherein the hyaluronic acid salt has an

average molecular weight of at least about 200,000 Daltons.

79.  The composition of claim 76 comprising a mixture of at least two

hyaluroinc acid salts.
80.  The composition of claim 76 comprising a mixture of two hyaluronic acid

salts, a hyaluronic acid salt of a first average molecular weight and a hyaluronic acid salt

of a second average molecular weight.
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average nol ecul ar wei ght of at |east about 200,000 Daltons. 79. The
conposition of claim76 conprising a m xture of at |east two hyal uroinc
aci d sal two 28f)/11Tte@ conposition of claim 76 conprisi ng &CwUsta028986 t Wo
hyal uronic acid salts, a hyaluronic acid salt of a first average nol ecul ar
wei ght and a hyaluronic acid salt of a second average nol ecul ar wei ght. 81.
The conpositi a1, of Theabnp&htiohefictiim S0hehaniakhertgaiveordcadd sl dof tf fitshe fir st
average nol ecul ar weight is about 0.05-1.0 million Daltons. 82. The
conposi t i &ykrage mellesiler 3oighhis rboui 0tl3el .Gymllion ltensaci d salt of the second
average nol ecul ar weight is about 1.0-5.0 mllion Daltons. 83 . The
conposition of claim76 further conprising a pharnmaceutically active

i ngredi ent . 84 ThereQBRASIidigF PfimHALNB-ER 1165 Ridhid Red RRgrReeut i cal |y

active ingredient is bone norphogenic protein, ‘tissue gromh factors,
i nsul i n geomtdravbagt ankculantvegki idabds ,1.0ah0 nbilohiDastonor conbi nati ons of
gromh factors. 85 . The conposition of claim83 wherein the
pharmaceutically active ingredient is selected fromBW-2, BWMP-4, BMP-6,
BMWP-7, TGF-B, J,GF- I, ascorbate [ BHT, .gent apycin, .vanconycin, the
condi hat i on oft o e aRarenpr il s fammutioh o e EARLET T e,
The corrpqg'glte'ufgﬁt_ of claim 83 wherein the pharnmaceutically active ingredient
is conjugated with the hyaluronic acid salt. 87. A plug conprising from
about 25%to about 88% by wei ght of demi neralized bone matrix and from
about 3.5%to about 38% by weight of a hyaluronic i i
84.  The composition of claim 83 wherem the pharmaceutically active
ingredient is bone morphogenic protein, tissue growth factors, insulin growth factors,

antioxidants, antibiotics, or combinations of growth factors.

85.  The composition of claim 83 wherein the pharmaceutically active
ingredient 1s 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- and IGF-1.

86.  The composition of claim 83 wherein the pharmaceutically active

ingredient 18 conjugated with the hyaluronic acid salt.
&7. A plug comprising from about 25% to about 88% by weight of
demineralized bone matrix and from about 3.5% to about 38% by weight of a hyaluronic

acid salt and from about 3% to about 20% by weight of a biologically compatible liquid.

88.  The plug of claim 87 wherein the biologically compatible liquid is at about
5-10% by weight.

89.  The plug of claim 87 wherein the biologically compatible liquid is water.

90.  The plug of claim 87 wherein the powders further comprise a plasticizer.
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acid salt and from about 3% to about 20% by weight of a biologically
conpatible liquid. 88. The plug of claim87 wherein the biologically

conpat i blwol2omuitdiel s at about 5-10% by wei ght. 89. The plcugisedioobssen 87
wherein the biologically conpatible liquid is water. 90. The plug of claim
87 wherein the powders further conprise a plasticizer.91. The plug of claim
90 wherein the plasticizer is glycerol or PEG 92. The plug of claim87
wherein the hyaluronic acid salt is a sodiumsalt, potassiumsalt, or

cal ci um sal t Jfl. hydihgmbisi of cldm@Osdierein 4w plapheizglinglyesrokardifq.87 conpri si ng

at | east about 6% by wei ght of the hyaluronic acid salt. 94. The plug of
claim87 conprising fromabout 6%to about 24% by wei ght of the hyal uronic

acid salt. 95.90The - Qi oS : 0 about 18%
by vei gt of 1 hy SRR Rl ST e I Bl i o i 1t he

hyal ur oni mtasiuch sak) ér dakfunaseleofdiyalgeoniododtsditar wei ght of at | east about
200, 000 Daltons. 97. The plug of claim87 conprising a mxture of at |east
two hyaluronic acid salts. 98. The plug of claim 97 conprising a m xture of

two hyal uroni g,aci d,salts 0 i sing .a hyal uroni cid.salt..of a first
aver age nol ecfﬂ3ar mieé’h{g da{cr‘fgal ”%RfBF‘Bﬁ%lﬂg 3y18%%¥8b0§15§%%&w%}g@é’§%d aver age

mol ecul arpRir@hé aci@Salt. The plug of claim 98 wherein the hyaluronic acid salt
of the first average nol ecul ar weight is about 0.05-1 .0 mllion Daltons.

94.  The plug of claim 87 comprising from about 6% to about 24% by weight

of the hyaluronic acid salt.

95.  The plug of claim 87 comprising from about 6% to about 18% by weight

of the hyaluronic acid salt.

96.  The plug of claim 87 wherein the hyaluronic acid salt has an average

molecular weight of at least about 200,000 Daltons.

97.  The plug of claim 87 comprising a mixture of at least two hyaluronic acid

salts.
98.  The plug of claim 97 comprising a mixture of two hyaluronic acid salts,
comprising a hyaluronic acid salt of a first average molecular weight and a hyaluronic

acid salt of a second average molecular weight.

99.  The plug of claim 98 wherein the hyaluronic acid salt of the first average

molecular weight is about 0.05-1.0 million Daltons.

100.  The plug of claim 98 wherein the hyaluronic acid salt of the second

average molecular weight is about 1.0-5.0 million Daltons.
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100. The plug of claim98 wherein the hyaluronic acid salt of the second
average nol ecul ar weight is about 1.0-5.0 mllion Daltons.101. The plug of
cl ai m 98 wbans/nitshe average nol ecul ar wei ght rati o of wrhe/usy@owesssé c aci d
salt of the first average nol ecul ar weight to the hyaluronic acid salt of
t he second average nol ecul ar weight ranges from1:5 to 5:1. 102. The plug

of claim98 whenei rThbtpalgaofeta@g%miee@mtlﬁravm%@mbledmlﬁﬁ@éigmid)efiﬂveen t he
hyal uronic acid salt of the first average nol ecul ar weight and the

hyal ur oniltyaheerdc seidl salogf theBrss avessg naol averahit et Ayalwenighieidislt af theeast
about 0.5 mllion Daltons. 103. The plug_of .cl ai m 87 wherein the powders
further c%ﬁ%ﬁaggrageﬁwgﬁ?:ﬁ@%gﬁ]tgﬁgélW? fg?(‘?i ?\?goisﬁgredi ent. 104. The plug of

cl ai m 103 wherein the pharmaceutically active ingredient is bone

nor phogeni c protein, tissue growh factors, insulin growh factors,

anti oxi dants, 18ati bihetplupsaf caim©@8vidicrad thenscage gokwtlbr Faghtatiferedd®S. The pl ug

of claim 103 wherein the pharnmaceutically active ingredient is selected
f r om BVP-BEtwamphohyaBypuig acigpt of thy@pst pyerjggmelecwa vwigdead theywaliganic  BHT,

gent anyci n,, van cin,, the conbination, of TG--b and BM2- 2, d the

Qonbi nat 1010 S OFEREh T AR AL IR RGN oG P SRR P M ei ' ¢ e
phar maceutically active ingredient is conjugated with the hyaluronic acid
salt. 107. The plug of claim87 characterized in that the plug exhibits an
unconf med Conpi¥éssi pékgr@scgl@fwaffmer%&kepawéa&s fyrthss cypRrise#08. A et hod of

form ng ;ﬂﬁhﬂ&eﬁt%m?iga.jg;é]:lq{@%digﬁtp\’i di ng powders of dem neralized bone matrix

and a hydluronrc ac

104.  The plug of claim 103 wherein the pharmaceutically active ingredient is
bone morphogenic protein, tissue growth factors, insulin growth factors, antioxidants,

antibiotics, or combinations of growth factors.

105.  The plug of claim 103 wherein the pharmaceutically active ingredient is
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-f3 and IGF-1.

106.  The plug of claim 103 wherein the pharmaceutically active ingredient is

conjugated with the hyaluronic acid salt.

107.  The plug of claim 87 characterized in that the plug exhibits an unconfined

Compression Stress of at least about 1.55 MPa.

108. A method of forming a plug comprising

a) providing powders of demineralized bone matrix and a hyaluronic acid salt,
b) mixing the powders,

¢) adding a liquid component to form a putty like material,

d) placing the putty in a mold, and
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b) m xing the powders, c¢) adding a liquid conponent to forma putty |ike
material, d) placing the putty in a nold, ande) drying the shaped putty to
forma plwg.200Q116The net hod of claim 108 wherein the hyalrasesnioo2ses d sal t
is a sodiumsalt, potassiumsalt, or calciumsalt of hyaluronic acid salt.
110. The nethod of claim 108 wherein the plug conprises |ess than about 20%

by wei ght of &)bfﬁﬁg)@b@ﬁdpb&pm&bﬁbhﬁmgi quid. 1 1 1. The nethod of claim
110 wherein the plug conprises | ess than about 10% by wei ght of a
bi ol ogically conpatible liquid. 112. The nethod of claim 110 wherein the

biologically c atible liguyid.i er. 113. The. nethod.of claim 108
wher orn ¢ he’ poier o aratindblebinrot Snsn deRiudEie TRl i i Rig o
claim11l el et Lastdicd@ashutaidlyeeniol or PEG 115. The nethod of
claim 10 (&%gﬁefﬁ Fﬂgm%ﬂﬁggdg%p?igé@“%%mf%%st about 6% by wei ght of the
hyal uronic acid salt. 116. The nethod of claim 108 wherein the plug

conprises from about 6% to about 24% by wei ght of the hyaluronic acid salt.
117. The met hddOof Trangthorod clarrarl8f mwheredn the nlecomprisesdessiraambawa®e 6% t o

about 18% by .wei ght .qf .t hyal uroni c. .acid salt. 118. The nethod of claim
108 mhergﬁﬁx?ﬁ4“%9&Wﬂ?%ﬁ$§”:§Wﬁ€@8F Uilas an average ol ecul ar wei ght of at
| east about 200, 000 Daltons.119. The nethod of claim 108 wherein the plug

conprises a mxture of at |east
111.  The method of claim 110 wherein the plug comprises less than about 10%

by weight of a biologically compatible liquid.

112.  The method of claim 110 wherein the biologically compatible liquid is

watcr.

113.  The method of claim 108 wherein the powders further comprise a

plasticizer.
114.  The method of claim 113 wherein the plasticizer is glycerol or PEG.

115.  The method of claim 108 wherein the plug comprises at least about 6% by

weight of the hyaluronic acid salt.

116.  The method of claim 108 wherein the plug comprises from about 6% to
about 24% by weight of the hyaluronic acid salt.

117.  The method of claim 108 wherein the plug comprises from about 6% to
about 18% by weight of the hyaluronic acid salt.

118.  The method of claim 108 wherein the hyaluronic acid salt has an average

molecular weight of at least about 200,000 Daltons.
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two hyaluronic acid salts. 120. The nmethod of claim 119 wherein the
conposition conprises a mxture of two hyaluronic acid salts, conprising a
hyal ur oniwoaeiodiiswht of a first average nol ecul ar wei ghttcanb2@ohysaBar oni ¢
acid salt of a second average nol ecul ar weight. 121 . The nethod of claim
120 wherein the hyaluronic acid salt of the first average nol ecul ar wei ght
i's about 0.05-1190 nihkneotivdRelctamnd 08 hd2reinlihe phigtdoagriods aahiature 3241 loser ei n t he
hyal uroni c acid salt of the second average nol ecul ar wei ght is about
1.0-5.0 niwolliyahkyrqnag acithealts123 . The nethod of claim 120 wherein the average
nol ecul ar weight ratio of the hyaluronic acid salt of the first average

nol ecul ar weight to the hyaluronic acid salt of the second average

nol ecul ar wei ghy. ra{@l@%?etﬁ&d%ﬁcidirﬁ_ﬂlﬂ thh'SlJein t%géomg(f)'b%idﬁeéoh%ﬁ[s fa Iﬁlx%l%l‘gbﬁ'zo

wherein the average nol ecul ar weig I fference betwee e hyaluronic acid
salt of tthe Hyalusdnicaed sadts, svbdpeicing arhyakirgind acihshitdia firstalveragnmoleadlad sal t  of
the second average nol ecul ar weight is at |east about 0.5 mllion Daltons.
125. The Weighicad athyaluenig acobsalied aspeond prcrpenmeleculpyveigldr conprise a
pharmaceutically active ingredient. 126. The nethod of claim 125 wherein

t he pharmaceutically active ingredient is bone norphogenic protein, tissue

growt h factorsyii sl inftgfdWMchihaod Amereifihb hﬁéﬂhﬁéyﬁ{&ta‘éid @b Reatritcs, or
conbi nations of growth factors. 127. The nethod of claim 125 wherein the
phar maceutviergt mplaalar weighthignbditdrld- 1.6 nskkioe Exaéidnd r om BMP- 2, BMP- 4, BMP- 6,
BMP-7, TGF-B, 1 G-I, ascorbate, pyruvate, BHT, gentanycin, vanconycin, the
conbi nati on of TG--b and BMP-2, and the conbination of TG--b and I G~1.

122. The method of claim 120 wherein the hyaluronic acid salt of the second

average molecular weight is about 1.0-5.0 million Daltons.

123.  The method of claim 120 wherein the average molecular weight ratio of
the hyaluronic acid salt of the first average molecular weight to the hyaluronic acid salt of

the second average molecular weight ranges from 1:5 to 5:1.

124, The method of claim 120 wherein the average molecular weight difference
between the hyaluronic acid salt of the first average molecular weight and the hyaluronic

acid salt of the second average molecular weight is at least about 0.5 million Daltons.

125.  The method of claim 108 wherein the powders further comprise a

pharmaceutically active ingredient.

126.  The method of claim 125 wherein the pharmaceutically active ingredient
is bone morphogenic protein, tissue growth factors, insulin growth factors, antioxidants,

antibiotics, or combinations of growth factors.

127.  The method of claim 125 wherein the pharmaceutically active ingredient

is selected from BMP-2, BMP-4, BMP-6, BMP-7, TGF-B, IGF-1, ascorbate, pyruvate,
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128. The nethod of claim 125 wherein the pharmaceutically active ingredi ent
is conjugated with the hyaluronic acid salt. 129. The nethod of claim 108
wher ei n twe 2droyitng1i s | yophilizing, air drying, or ovenpor/usaewozseds yi ng.
130. The nethod of claim 108 wherein the plug is further conditioned to
achieve a noisture content of about 3-20% by weight. 131. The net hod of

cl ai rr? 130BMINEgcBitamyiche varvofiytinethe obhBbtidrsoff TGN ahe BMB 2 dnd tebout  10% by
Wwel t.
J combination of TGF-f and IGF-1.

128.  The method of claim 125 wherein the pharmaceutically active ingredient

1s conjugated with the hyaluronic acid salt.

129.  The method of claim 108 wherein the drying is lyophilizing, air drying, or

oven or vacuum drying.

130.  The method of claim 108 wherein the plug is further conditioned to

achieve a moisture content of about 3-20% by weight.

131.  The method of claim 130 wherein the moisture content is from about 5%

to about 10% by weight.
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