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priority of U S. Provisional Application No.

60/ 432,968, filed Decenber 12, 2002. Field of the

I nvention This invention pertains to a pol yner-bone
conposite, and nore particularly, to a conposite that
can be formed_in situ or_inmediately prior to .

i npl ant at i on. Faxgmgle Ryf Se¢HabkrPolyaer BonhCoBpOoste is a
conposite nmateri al am@&&foﬁmidqpﬁ&grrwperoiaxyapat ite,

coll agen, and a variety of noncollagenous proteins,

as wel| as enbedded and adherent cells. Bone can be
processed into an inplantable material, such as an

al lograft, for exanple, by treating it to renove the
cells, leaving behind the extracellular matrix. 15 The
pr ocesseHishppiecaib® bR thalprieafy dTays. Provaidnat Xpplication No.
properties, depending upon the specific processes and

t r e 3BAeS fAghPeasembenl12.2003nd may be combined with

other biomaterials to forma conposite that

i ncor por at es characterhﬁgd%%t£I$&$hogone and the

ot her biomaterials. Fo , =deri ved

mat er i allkisimwentien pertairesis eolyrha-bone admpesite] mgl more particularly,
m neral i zed ﬁ%aftﬁﬁ%pat upport . and jnﬁegtate_mﬁ h the
patd BFRMROSHR Higt 0 bsgfo sff ) {4 O AP g dialpprigy e dep bagtion.
into soft, noldable or flowable dem neralized bone

bi omaterials that haggciidigua®bf tembendigiiuce a

cel lul ar heal i ng response. € US€e 0 one grafts and
bone suBerd isatcempasita matesali qemposdtopidtipurerhsdi@iyapatite,scollagen,
rE PRy o LSt EES AL EIPIE R ol 4 cons.
or Bbapeshi te prijesdedastotaak@ipintblshaitihlabuchiaden ko fieal for

during 25 which the bone is unable to %§g ort .
ph§siPa® Givdreprgis fo wmoxe thy ¢rdls, lspragbehinhine sriagrtlylag pmatrix.
fr I r | & :
AL S SRR, LSO A8 cepeningupon
si grcificpaodekses and freamehtsapplixite .it, bisemaf beed@binedwitnitser

ar oun

" biohene]ste s (0RTE ST ShP GO o heRG e Ry et bone and

SOfR ok Blom A AN Sor Bk smpre! E@fé%ﬁv@d‘ﬁllatéﬁﬁﬁlrﬁa}l % processed into

participate in 30 physiological renodeling. "1 W%

20ad O3 impmpenliusPoeds 60 Fupport and integrate with the patient’s bone or
may alternatively be processed into soft, moldable or flowable demineralized bone
biomaterials that have the ability to induce a cellular healing response.

The use of bone grafts and bone substitute materials in orthopedic medicine
is well known. While bone wounds can regenerate without the formation of scar
tissue, fractures and other orthopedic injuries take a substantial time to heal, during
which the bone is unable to support physiologic loads. Metal pins, screws, and
meshes are frequently required to replace the mechanical functions of injured bone.
However, metal is significantly stiffer than bone. Use of metal implants may result
in decreased bone density around the implant site due to stress shielding.

Furthermore, some metal implants are permanent and unable to participate in

physiological remodeling.
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grafts and certain bone substitute materials to

renodel into endogenous bone that is al nost

i ndi stingui shable fromthe original. However, the use

of bone grafts is 5 limted by the avail abl e shape and
size of _grafts anﬁj1 the desire to optim ze both,

mechani Bate s el el gprersgseadennsopnedisele foapatian hestoblast
| N PRNEO A ARth BRRREI ﬂasoﬂgﬁ&ll 8?5&6{)%9 cARNBERit bone

al so nake bone grafts a~l ess optimal substitute

megrefts aid ceBamebons histititte hetaratsap irahsde o bodumentisgsone that is

i.ckl | ed t 4 [ dj at el rovi de
et e S e HEM L. HouBre: War Soirhdt B e
C AN BLPPPIHe ad Q1Y Hapd gl G2 %%Tgﬁsﬁaaﬁﬁh@ Besifeq5BPEhize both

slowy. Thus, it is desirabl have a bone
s ubsehianigekstrengidrand degradationrraist Vragiatigsdin tbone sinaantshappemong

pr.od; il ar uantities.than graft rived .
SoraoE Rk s8R e RE kb ot B SpPrb St ieteriar. Bone
s hapsttuw thitotidls Bed Bighel chipstagelqykl e Sdbdgaebud taddo® immediately
originating tissue. 15 Additi onal IIy, it is desirable

t PrR%e mechyner! surport i centrast epitigpl Romgerafisycap support

a . [ ing inplantation.

sﬁ‘?‘}%“f’s"% 1%%@?5%12%@%%?%&%{ nventi on conbi nes the
advant difes, nfs desirablerabhave arbdna sigstitutde inagelianfor stridieral grafts
conposite can bear wei ght and ot her chani ca oads
B B 3 dheran e e S o B ertjed Saey g bone and
Duhbtifay BOf8REALd R sHab&s RRRA B nhﬁteamtﬁhé Shape of the
infiltrate and mechanically interfock wth porgus
storurainggisglicssposed about the inplant site. The

to aaj s PORT b EaPaR i BliageRtr SR riRed Bl ve

otdieptes td stissirellshdpRSluriag énplaptaasd.s used during
surgery) but remains anchored at the inplant site in

its rigid state, w thout unwanted deformati on 25 or

motion. After the cor¥eamary okthelnventiony and har dened,

It may g iH@&fﬂi'oﬂ%gmbﬂle¥ fh‘éraﬁbéfta%eg %%9@%&1‘351 A" P88 idblant.
the inplant to the surface of the surrounding tissue
orThetoonfpasitd ¢andtear weight dniderthayfimeztiahicdl dovals ilnmedmidl g afer setting
devi.ces..In addition, the c osite. may be .iLrigated

i Sq st e gl G RE ARL R Ry Bgufifretand
behedhenic U inf@locR vithdok&fs striBhAR dabbaa abbhithB8 tmplant site. The
di spl aci ng, changi ng the shape of, or otherw se .
advenade gompwitaeal bginalied loe farmed ito fendbmmto adpacent anatomical and

surgical structures (e.g., other struts, plates, and implants used during surgery) but

remains anchored at the implant site in its rigid state, without unwanted deformation
or motion. After the composite is implanted and hardened, it may be machined to
further conform the surface of the implant to the surface of the surrounding tissue or
to facilitate insertion of additional implants or devices. In addition, the composite
may be irrigated with saline, water, or other appropriate liquids before, during, or
after implantation without displacing, changing the shape of, or otherwise adversely

modifying the final implant.
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adapted and constructed to be formabl e during or

i medi ately prior to inplantation and to be set under
predeterm ned conditions. The conposite may be

formabl e at roomtenperature. 5 Alternatively, the
conposite may becone formabl e when heated to a_ .

t enper df9pe agpcshthernyEEan beampryte Beiecirgar nchuding a polymer
f > At b 137G E 4 | y
bR F B Mg S e B R epredhe CRRRRR B 18

t Harmabo dirind@GmndddGtelp plor ©Qfiplanthtion aBO tdChe wat uBderC.

The conposite nay becone nore se i ncreasi ng the
cri¥ Iq%%%@ﬁgx%pys-o he W&%&t?%}’%eg‘{fﬁ@ﬁgﬂt Foopdemiperature.
cotmResithRlyl thd Ba¥ngodtid Y biddel B fn 18RRI REAANMD PREPERItUre

set when t’he nononer 1s covalently incorporated into
t tgzegta thareahouThE Coloriposhe as freyahleinttdbent 31€E1 Faeexmeplarthe

2 BBt e B pafls UhEp R L Re g R et i oou
carshonsge, 55009 66, 178 °C urceseamice, Tﬁe’@_ng@m@ﬁiay Bedtie more
i ncl ude one or nore of a 15 nucleic acid vector .

mesehicingreasing theraresstlink deasifveafihapelymenearapniicas 1 the ceitposite
fi . . . )

PRI Sl UL SISl o MERRDRLE RIS

baaerpaarlogenis palypent ei ns. The ost eoi npl ant may be
adapted_ and constructed to _be irrigated. foll ow ng
i npl ant ghs SRRt HBaY Tuthss inghide ane r MOFRR{Jiomg MW, 2

Slﬁ&ﬁolgglg%@,be{; ] IﬁSIebﬁl@,daot{ﬁQﬁng %gélt,”@aXciE&ﬁ PABYHatel 090

about wel ght nposite, for exanple,
alathon2fsdartdocedibofior S@dtpleAttsinohpositoiay nelitcrnae de movedf a
partjcles may be nodjfied with on re of a
biglstCaRct Bectop, BssnehyRugT st eclisnOsablists et =nding

a MRepikite!| PEd SRldiY a8 vbMter, wieh ittilcediatd R8N nfdyhfdrsase the
at the surface of the bone-derived particles ma

. ) : : y be
expl sadodistionay berpt hemhb gepetepiosaing. alieyostpoimplanimay be adapted

SRS DR AOFIIG RGP AR b e

bichemdieg ith €hapa. TheBbhe-davived phticled nikiyd@eibbiie] (8¢ andhouad@s by
a non-biological|y active material . The Ql yner may
beVHgld dhaepaprasite fongRnplo byt A dbioabat Yay be a

non- bi cuaatER of R E e AR AR B o R o or more of

meybidmoleadle, asphllimaldctle, obiopitaeegentf arcbapasbivkgidadly active

g][rrela&ﬁr? dJ WA g%l’ ﬁlg{z%ﬁ%tg éﬂ}r%g{a of the rE%lng-’clmel‘\{\<|/etdhpa(x?’c?c esonrlay ¢ €
exposed and may optionally be partially or fully separated from one another. The
exposed collagen fibers may be derivatized with one or more of a biomolecule, a
small molecule, a bioactive agent, and a non-biologically active material. The
polymer may be biodegradable or non-biodegradable and may be a mixture or co-
polymer of biodegradable polymers, non-biodegradable polymers, or both.

The osteoimplant may include a plurality of pieces of composite that are

joined together, for example, with one or more of an adhesive, a mechanical
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of bone particles within the conposite may vary within
the conposite with respect to one or nore of vol une
fraction, size, density, size 5 distribution, and

shape. At |east a portion of the bone-derived

particles in the conposite may be el ongate, and the

ar fasisgenend uigrsonig bondings Thietcampositfemanbpedaptad andwpnyimicted to
| SOL FQRLE 1Pk RN sotropic. The relative alignment of

el ongate bone-derived particles in the conposite may

be di f f Ehedistribntien 6f baie ppoicldsovithia tikeoaipdsigoimty oy within the
and/ or . suhsequent portions of the conposite. The
botREURASHE YA THeRert 181088 OLMATS Hev BT HaTIORoSiFRfeBLY, size

| GkeBubl, ind sRigeaN8 1G4Phd6n BIBR bond QMM RR cles in the
aspect, the invention is a nethod of preparing an
ostaupaspk anty.be Bhangatet sroldhée aghingtemnt dfpasti deswithinftioy einmgpsite

a comnposite conprisin one-deri ved particle nd .

o STITEE PP a® AR Re T ROEEh Al SR ok sy Bt forivea
POpAHIEIEs frith& Bbmpdste nidEtHRQEFfERMNt ih A firBSforli®lE laéd®nd portion, and/or
conmbining the conposite w th autogenous tissue,

i ngibseueyt Rartierpraifthe esommesita. sTIRNeonsrdstizedpartiples anhiig @olymer
Tl Btk SR B B B0 S I BBt

Cc onpthet lof preBefind & ddidimpRAN ORtid Bethsd fretues theteds af forming a
shape, it may he heated to a tenperature at which it

i SCOTRRSISHA BPEPTIHAR Pl HarPY REficleagnd e PRleh{nia P PEHergined
|t gaBe GRPEaukR Qﬁ@écﬁﬁheﬁt@@@r Yh&h cPﬁla?‘Plg‘Yher include combining
ﬁlte ?yne may b g§

t enper at ure. natively, the po e set
i nibie eampogjtetwich autogmoROtidsia kincdediag tytogfafithomepol yner .

The osteoi npl.ant .may .further include a pechanical
f ast enot1° BiRGC PPN ELBBSIRY bRt b2 MORRL 8 aone gnd the step

I e ofinfnBendVEiaHaAd fakidsass fB8Ad sitf WRR tHh@npebidrBBefb & the

set. In another .engodl ment, the invention is a kit for
presaRoisHg isdarmaed iatn aipfiepatit mayhe hadted jorrclenigerstiae polvipigh it is

adl%g%? e,acﬁll(a t%@@%l&%?ﬁngﬂ pl et 3&?/ a‘il \Evgﬁtblg fo %%?%ramzl?lent.tem}oerature

pre erm ne S anda-se I hal Surdgi ca

pl @crde némpdratufe Alsdreniven), tatpol ghe honis: @ebi URekasing the cross-

particles. Under the predeterm ned conditions, the )
oiknsnsiy el the pelyBste I Bepsiciaplsaf piay futherinelysle a mechanical

C oﬁg'e&%darﬁﬂﬂe E&ﬁ € !nfbhpo eafoﬂﬁ&ps%t a%gmr&a%ﬁ tﬁ@ﬁl@&lanic-gpﬁstener

predeterm ned cohditions nmay include a tenperature

gr &t ¢hre idianerabeett 40C.  The pol ynmer may be set by

exposi nl% aintothteg er%ﬂocﬁr%%ﬁt? ﬁlesigyern%gn fiso.';{ ki?fcﬁrrp?gdeutcﬁlrgngnnoes’geoimplant.
The kit includes a polymer adapted and constructed to be formable under
predetermined conditions and set after final surgical placement of the osteoimplant
and bone-derived particles. Under the predetermined conditions, the polymer and
the bone-derived particles may be combined and formed into a predetermined shape.
The predetermined conditions may include a temperature greater than about 40°C.
The polymer may be set by exposing it to an energy source for a predetermined
period of time. The osteoimplant may be adapted and constructed to be irrigated

following implantation without substantially changing its shape. The predetermined



30 period of time. The osteoi npl ant may be adapted and

constructed to be irrigated follow ng inplantation
woibdamss1isubst antial |y changing its shape. ThePCT/US2003/039704

predeterm ned 4 WD 2004/053112 PCT/ US2003/ 039704

shape may be defined by a nold. The conposite may be

adapted and constructed to be inplanted by formng it

within a tissue site. In another aspect, the invention

is a nethod of producing a conposite for use in an

ostheps el dadefimdeynpll Temeripssit Prvhe afapirdendsopshgicted to
ad@e"ﬁlﬁﬂmﬁé‘dﬂbjfo%%{%‘ﬁ Hehed, g&ué’gtéo" mabl e under a first
prede d condit

ermn ion and set under a second
pr edet emnanoe@r apect the dimvenfowWw dinshod opprodating y cofnposite for use
bone-derived particles, and .conbining the pol yner and
t hid 3919§HeqIPp it I hg &Féhqﬁeqq%aewpﬂderge@ﬂms a%/aﬁ&ed and

5fi &ﬁfsﬁru&éc?@e&e%mlmgu&fé?giffrét?}?@de?e’i‘ﬁirféﬁ'cﬁ%ﬁoﬂﬁﬁd tdi®nder a
fb parti cl may f

plurality o one-deri ved ‘ticles may further be
c osopmbpredsteimiaet ogditmns proviknga pBedlivy ef bdve-dsrigpd pérticles, and

nbi.ni ng,. the 10 pal heated.to..
{ oSS th oaliges 4 the DluEYotnealeringd Bitlsn i g st
t hereaQ8MAREd SorBIonDhd ipb MRS ah® tHeQMralify FBBhEAbriRdd particles
body tenperature. A nechanical fastener may be

i ey pothet belcombied weh eptogorius dissuph Befare Hisdstemgf combining, the
further. in ' . i n ' .
10 B0 e T b 8 RE B CETIOR LS00 GRS B
-] othBembogrihayf bd dldwedid asol1s ambicapbrbydyanhperdinee. A
met hod rmifl further include machining the, conposite
i nigchanicahizsfenesanay e igporgpiagd 1piedh ¢QAPSHes or ni ng, or

any co @ﬁ@ﬁ%ﬂhga nﬁfy fﬁltﬁ?e??cla-&efgﬂﬁﬁl%%%e?%ﬁ Joﬂ{a}ogﬁé and causing it

i ncl ude conbi ni ng”bone-derived particles an
p ofoysare foltawipg ediicheh¢ tveo conpeged @ joihel tpgetherctb dsrna aal

t he pol b onbi.ned .b ressin m xtur.e 0
15 Loryepbiny Temdhel PRL A i Brrainte e T gl o
205186 byBk Rt te@kplott@niing, wabh £ cARbMBESL oftB&del NY

the pol yner, solvent casting a polyner and

bone- dethamethpd maydiuslesr ihakp nifp benaderived pagilesrand a

formn pr.essi a_coati of..hone-der v, rticl .
eV g B RoneBR I Bl hSob Rt Sbined
W yhpr@ssiigd ¥ siittture OT@oBae asd benevdytivied phichesthaday nikigt@ne-

a shape fromthe nPosite in a nmold qr arranging the

20 cotgsbsd patticlps é@?tp ot epolgmerpheating theppdpart soliveyf cAging a
SR 0 5 (OB R G, SARIT I g
f uedatieg o€ borprdeswep pativles ingo a shat oHpelymenpod combiaung the
{)g]{)cg%rig ‘}vgﬁ@%&%.‘ql g%ortnggsel%ehrr%y lgeofofrr%ﬁa}? pnaking a shape from the
composite in a mold or arranging the composite in a tissue site.

25 The composite may be adapted to be formable into a shape of a wound site in
a bone or to be shaped in a mold. The method may further comprise producing a
second composite and joining the composites together to form an osteoimplant, for
example, with one or more of an adhesive, a mechanical fastener, and ultrasonic
bonding,

30 The composite may be adapted and constructed to be formed into a shape in

amold or a tissue site under the predetermined conditions. The composite may
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shape in a nold or a tissue site under the

predeterm ned conditions. The conposite may 5 WO

2004/ 053112 PCT/ US2003/ 039704 becone set because the
cross-link density of the polynmer is increased. A

nmononmer nmay be conbined with the plurality of bone
pdeedras est baw@sq the cprsyimisdensitydfithrepalprpiosincseassy. A monomer

Boconer. e c%%%%épgﬂﬂﬁg%b ﬁég%gﬁ&ﬁ%ﬁﬁ 3@%9,&Hﬁhe

PQb)ipBsitd maPbavdgitset @hén the Ii’ﬁl!:hbﬁfiel:l [séné¢ceparated ihtoane polymer.
tenperature at which the polyner is fornﬂgle.
Defliersprmpasite mamh@@aerssbwb@n thwglw i Prpgid 69 p GpnReraturedess

tic of a materi al
fogh Dehfefhiud ‘iﬁ&ﬁﬁgﬂge | § og&% 851EhleS

ug
that varr es mnt measurenent. 10

"Bi onpl ecul es”: The term "bi onol ecul es," as used
herein, refers to cl asses __M@cul es (e.g

el ot R i R BUS gt °'LVSF$E'?%§* (e

NuGhReRHNE MSmatetiMGRANatE \R}ﬁh tHel RV Gh@Istk®mest. er oi ds,
etc.) that are commonly found in cells and tissues,

whet her the npol ecul es thensel ves are

nat ur al J]S\fmggl%y&leé A9 Qfte l%lf)llnS g‘l\lg% Gd %@h%@reﬁﬁ r?fers tmélasses

synt hetic or reconbi nan

bicgmdl&mlds€s.gl, pedieids antind adds pestide, |pﬂ1>trﬁdlebﬁdesemglmﬁ,es
recep i]or S neur ot [ ansmtter S, hor nones, cyt oki n
¢ SRIDOp Rt W EHBdiN s PUcleqRpteins. gl@?wtﬁmﬁalw@r%telgﬁoﬁemlds

Chemphacht Eor&ex?l%hgfﬁun@ﬁt 100 L ssu¥ @ GhHEMES the MANEEASS themselves

toxins, Int ons oz mes, anti-sense agents,
plaae;mtu{&uyDMmHg dr m\iﬁmaﬂ&cm@dﬁagl bl eynthdreortrecombinant

"bi oco ible, " a erein is intended. t 20
0B s fsngted Siorecn i3 e GGt Pl e, Svmes
dgediptors, UG Ranineiass! RHRntDBGokings, BeR tdsB6hse -modifiers such as
Bi odegradabl e": As used hereln, "bi odegr adabl e

merew ihabetorgraad ﬁh@@@ta@tlcsfacﬁofﬁaﬂlltd@@ﬁéd‘éﬁcglﬁé% rhaptens toxins,

Physlol 001 630 Gondl 4 LONS b0l Q1A PERGKISLHAGA can be

éxXCre amage t’o organs.

Bi odegr®ieontpatible’t iThleSerat ﬂalmm&np’éﬁbmemssat hérgin is intended to
hydrol yti cally degradabl e and may %glre enzymati C
A {hat, §aej ﬁ%}@nl%‘aﬁ%@’r‘ﬁ% p@Ohigdar Widesizghiplong

i q&]nyg@ec@terl als that are broken down

“Biodegradable”: As used herein, “biodegradable” materials are materials
that degrade under physiological conditions to form a product that can be
metabolized or excreted without damage to organs. Biodegradable materials are not
necessarily hydrolytically degradable and may require enzymatic action to fully
degrade. Biodegradable materials also include materials that are broken down
within cells.

“Composite”: As used herein, the term “composite” is used to refer to a
unified combination of two or more distinct materials.

“Formable”: As used herein, “formable” materials are those that can be

shaped by mechanical deformation. Exemplary methods of deformation include,
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used herein, "formable"” materials are those that can
be shaped by nechani cal deformation. Exenplary
nmet hods of deformation include, 6 WO 2004/053112
PCT/ US2003/ 039704 without limtation, .injection
nmol di ng, extrusion, pressing, casting, rolling, and
movidhavg limitatiom anjesisadneld e, eXtaisipabPiEsTiag 6AstHIZs Totine, Bad
hs,
a:lf} ﬁmgﬁé Bﬁlggmﬁgecghl%hp %mﬁ@%ass Ill‘gans b% shc{B‘éﬁli)y%scmggr using

Telmnematdubel'é, m#¢h mchrhﬁrnﬁﬂnﬁpulzttéﬂaclt}er n" gI ass
transitjon t enper at ur e" |nd| ates the | qwest

tenperat%a%s Elfawweﬁf%mp%mﬁﬂﬁﬁofé%u%?ﬂ e tthefery glass transition
are Wg%@h'ﬁe | ViBicateSt q&%ﬁ Hrfobr At 8 Wﬁck@ﬁfjar?&?ﬁb

referr erein, the val ue
t papieallyetmarphave golysian gs mmﬁemdmbﬂmedaaﬂ@psmldymwahb As

er t and 13 " Sta dard, Test thod.far .

P GErgR i Boras Phaltgol Ty o bR R bee A POE pbrimetry
Di afsfp@f ARtrVeStaReA0 118 86-58 kQfah Bt MestVethbd Far ARtdndlent dOthe
Thermal Analysis." "lsotropic": As used herein, the

t dplass TransifierpTomperatugesdy Risferratiak Sdsaniag Calryiragteen Rifferential
t t hat does not vary with the axis of

neasgggkgn¥ﬁ£&"hklting Tenperature”: As used herein

t he t erxotaspit’?:nds hesdlekdh Uhetert Figotropict &f usae tb assciibea

tenperature, at atnospheric pressure, at which a

paihREterisiEOfmAgHa] th%tsd0§§ BOtVary With § a3 elompasyirment As
f ,
e e g

D371, Bisqtefin &t mﬁataﬁlpeifzemte Nethosphene prEsams iat mhn:h a polymer

Te eratures mer s Dffer
PRSP sipe o [T &t st aror HoC P s the

t &falle’ TS, SOdsHEHEhiNeE acktding 88 ptioA S B eStandi®d D@ﬂ $169 “Standard
ability of a substance to recruit cells fromthe host

t Neest Mathodiforel gnsiben Tenpdrafuresfad Pl ymeers Bw [ fentialdScanning
rQ%l&;ie bone tissue. Most osteoinductive materials
can ~$tF' il ate the formation of ectopi c bone in soft

t i ssue. “Oseaiixﬁﬁmwe’u Ad u/sed hepaﬁa teaermh esstdonductieet 1@ ﬁmd to refer
"ost eoconducti ve" is used refer to the abilit
a e Belity of Agustange tcs%weﬁ%lé frog the host thad haves,tb@ﬂva@meal for

t qﬂi%lﬁé Qew bone and repairing bone tissue. Most osteoinductive materials can
stimulate the formation of ectopic bone in soft tissue.

“Osteoconductive”: As used herein, the term “osteoconductive” is used to
refer to the ability of a non-osteoinductive substance to serve as a suitable template
or substrate along which bone may grow.

“Osteoimplant™: As used herein, the term “osteoimplant” does not imply
that the implant contains a specific percentage of bone or has a particular shape,

size, configuration or application.

27 L

“Polynucleotide,” “nucleic acid,” or “oligonucleotide”: The terms

2?3 6L

“polynucleotide,” “nucleic acid,” or “oligonucleotide” refer to a polymer of

2?6,

nucleotides. The terms “polynucleotide”, “nucleic acid”, and “oligonucleotide”,



25 or substrate al ong which bone may grow.
"Osteoinplant”: As used herein, the term
woOasds@ssnpl ant” does not inply that the inplarCT/US2003/039704

contains a specific percentage of bone or has a
particul ar shape, size, configuration or application.
"Polynucleotide," "nucleic acid," or

oIigonucIeotide': The terms 30 "pol ynucl eoti de, "

nuclelc acid,” or "oligonucleotide" refer to a
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I nvent al n on

arsunthat e tﬁb&nc@bdil’ﬁtwgﬁto mwmpm&adhaamséw f@oexdﬁlp(d e
conmpounds that do not occur in nature

b
20 dvigy/ ceprciliseh. egu/MaQ@@&q@gstrgﬁtaglﬁ ngrelédlsplgys structures of

e
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RN A5 4t Qe o B Shishacicn T RS PRAVARFpdE may be
alh&1iA&d, FnelxmBR, by the addition of a chemical entity such as a carbohydrate

25  group, a phosphate group, a farnesy! group, an isofaresyl group, a fatty acid group,
a linker for conjugation, functionalization, or other modification, etc. In a preferred
embodiment, the modifications of the peptide lead to a more stable peptide (e.g.,
greater half-life in vivo). These modifications may include cyclization of the
peptide, the incorporation of D-amino acids, efc. None of the modifications should

30  substantially interfere with the desired biological activity of the peptide.



enpl oyed. Al so, one or nore of the am no acids in an
i nventive peptide nmay be nodified, for exanple, by

woOheosadsiitki on of a chemical entity such as a PCT/US2003/039704

10

15

20

25

30

car bohydrate 25 group, a phosphate group, a farnesyl
group, an isofarnesyl group, a fatty acid group, a

i nker for conjugation, functionalization, or other

nodi fication, etc. In a preferred enbodinent, the

modi fications of the peptide |ead to a nore stable
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"peLqu&Fharigenme"carbohydrate", and ,

"0 |d%§a8%ﬁ39'8§ ,.'may be used interchangeably.

Typi calSgttaBlePOlAsSREChEInIM e EQMPTskBSe Blefdr€ RS mhlRFi€Bhat may
sugars. The 5 polyner may include natural sugars

( degendeggd jaereacsistanfde grehanicnl deforsetion withespect to a formable
arghl nose, ribose, and xylose) and/or nodified sugars
(e.g., 2'-fluororibose, 2'- deoxyribose, and hexose).

" Set t al¥iSet™ ﬁ%uﬂﬁdﬁérehﬁ rtlea‘buenn t‘shag’ teéegmd' the tstagdd ' mutefiglrthat has
tog a material that ma rendered nore resistant to

e RATRESP] RrD FEAnb P W@w%&w@n Jithgesagsl e afigrmable
stiafe. "Set": As used herein, the term"set" refers to
the state of a material that has been rendered nore
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D FRPBRABIT HErraid 0 RO e p PR GAPehBEh o Hecessarly, the

RS RO LS TRLSEN R 5 St T S50

alapprapyatb geverdmenteageat yorbudye Foeetdanyde, fdongsuoehioyan e listed
by the FDA under 21 C.F.R. §§ 330.5, 331 through 361, and 440 through 460; drugs
for veterinary use listed by the FDA under 21 C.F.R. §§ 500 through 589,
incorporated herein by reference, are all considered acceptable for use in accordance
with the present invention.

“Bioactive agents”: As used herein, the term “bioactive agents” is used to

refer to compounds or entities that alter, inhibit, activate, or otherwise affect
biological or chemical events. For example, bioactive agents may include, but are

not limited to, anti-AIDS substances, anti-cancer substances, antibiotics,

immunosuppressants, anti-viral substances, enzyme inhibitors, neurotoxins, opioids,
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appropriate governnental agency or body. For exanple,
drugs for human use listed by the FDA under 21 C F. R
and 440 through 460; €CU@s2003/039704
for veterinary use |listed by the FDA under 21 C. F. R

500 through 589, 25 incorporated herein by reference,
are all consi dered acceptable for use in accordance

with the present invention. "Bioactive agents": As

used herein, the term"bioactive agents" is used to
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SRR i e RSHERERID R AN
Jliﬁcgﬁlbbrﬁl@ghbrem'rw giffiencel 5 Medi cal Publ i shl ng, 1999;
the "Merck |ndex: An Encyclopedla of Chemi cal s,
Drugs,
al . P ot S S
Phar ﬂaq%%@enaéﬁ MehidRe {ovﬁﬁﬁg‘%k%rér& oa%r f@%&tkﬁﬁ%ﬁd By
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h%ggsltpucpéé to %fe Formabie in a particular condition. For example, the composite

et

may be formable after heating to or above a predetermined temperature. After
forming, the composite is rendered less formable, for example, by cooling or cross-
linking.

The composite may be molded by a surgeon or other skilled operator either
immediately prior to implantation into a tissue site, during implantation into the site,
and/or for a period after implantation into the site. Thus, the surgeon does not have

to prepare an implant having the exact shape of the tissue site prior to surgery or

10
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forma conposite. The conposite is adapted and
constructed to be formable in a particular condition.

For exanple, the conposite may be fornmable after
heating to or above a predeterm ned tenperature. After
25 fornin%, the conposite is rendered | ess fornmable,

f arrepaye Arpite forigypartisaldr igplent eondgeratipp.nlasiegd, thipamplant may be
cQ }g%diﬁz%itﬂay be nol ded by a surgeon or other skilled
operator "erther inmmediately prior to inplantation

into a tissue site, during inplantation into the site,
an¥eparation ofb@eri od after inplantation into the site.
Thus, the .surgeon does not . have 30 to prepare an
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PCT/ US2003/ 039704 " prepare a site for a particular
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paillob&die ofight RordinRGing BETIAS bbhd4is peARuley @by aitdReud P8 of
cortical, cancellous and/or corticocancellous bone

wHicBpEmalp teae srsuguriigeprds, usad indgddmadly or imperglinkidon as sources
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al ne one O

a

particles are o romcortica

al dhiygpéng whaele ibghe) .cuftmgeiinte boid, haatineg Wwasole bahein liquid nitrogen,
particul arly advanta egus types. of ~ xenogenei c bone

t i L SHerVisE disinisgrating the 80 tsstieitartiales,cag opfipnally be sieved to
c i ' Ce S the bone particles.
JFNEB AT SIS

Parti cl ng whol e bone to produce
fi ber s,In oohiemppdigienh dhesbdne pestictasthirivarg siwh Gleg, the egest

fracturi ol e. bo in liquid nitrogen or

o B bR LA R B bR, FEEERbPlebeveabou
CamoeRtdnadndbhyl e, &l dp¥iatdzd se Bf REHiGIaRaH bf hk@8mbBsift. Both
speci fic size range. In one enbodi nent, the bone

parailer sl Iaegpepatisley may jalse be usqdein|the epasposites eff the iyiesgn. For
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| arger particles may al so be used_in the conposites of
t &P AGORT PR ealRlo MAY a8 P B Ae Tha desitaddertifls Hzgand

| 8 85k WRNRLOY ARk Bthd BASaRRAH i A0 Rd #RBYT Large particles
will reduce the possible resolution of a desired shape. For example, a composite
with large particles may be difficult to form into a shape having small nooks or other
details. The particle size will also affect the speed with which heat retained in the
particles is released to the surrounding polymer (see below).

Alternatively or in combination, bone particles generally characterized as
elongate and possessing relatively high median length to median thickness ratios can
be utilized herein. Such elongate particles can be readily obtained by any one of
several methods, e.g., by milling or shaving the surface of an entire bone or
relatively large section of bone. Employing a milling technique, optionally followed

by sorting and/or separating by length, diameter, or both, one can obtain elongate

11
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particles, e.g., about 2 20 3m n across or greater,
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di stribution will depend in part on the inplant site,
si ze, and shape. Large particles wll reduce the
possi bl e resolution of a desired shape. For exanple, a
conposite wth large particles may be difficult to
forminto a shape having smal|l nooks or other
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DaRREAR, ik oAl SRR of ASTLARE Lapbel QI RRHY acjusting
1@Rnweight pm'debrﬁ of tHelv@Kmm@apefs (tloapataaticifla@detcl) of Bt
2mm . Xa fromabout 0.2 to about 1nm and a
rré’&’ft S\MUE“FFFF{%ﬂhe £orBRRSitBo BHONERmANd Mase BYengodimensighed particles
eSusedl 5 e @pﬂ%v@urte&naaﬁig%um %ﬁé lﬁb%rég&{ te
ength to me

bo partlc es can possess nmedr an
t padiclesss ratio of at |east about 50:1 up to about

500: 1 . om about 50:1 to a

100: 1, ol Btz T A ping 6l oG SR PR GoT oY Brfseful
@Mileck@ ofbbi: @lb.g}{b aBOR1D0 mrh @ le%[éﬁ‘iml tRe b(f)ﬁeoﬂ'fbé’é%ﬁﬁé mill

50:1 to about 10

The mlling process mayb
o§?$q1ﬁb2@en cqngmerely @stignadd).8i Dai. 196. 1.6, wnélmntqntsl Qﬂf&whlch are

ol ashﬂ)?at%ﬁ ég]ieg”l bc'); {efegé'ﬁcleo SF Iog gnsnl? Cnhsarﬁ%l re% é?]fhtegoia 8bn of

t acbﬂgo thedl stpips aﬂhjlthCImdl@y cirhRnpeingdetto ?ﬁi\@@ﬁlb@lfar-hla@bone particles.
{I ous shapes (elongate, particlulate, etc f bone

ar desupd longpiebrag paiclen é%‘éﬁﬁé@ﬂ iato @Iff@f?@h‘éléeséﬁ dediise er
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pappdacdnes,. eld@amhmh @artjoles calbe destribedodst fEnmients, ﬁiiemj glatais,
bone . particles Hgartlcularly useful for pieces of
E@*%Prﬁﬁn?%sg ut’©100 min in length, is the bone

pr ocesghBYoM pdrticles are optionally demineralized in accordance with known
and conventional procedures in order to reduce their inorganic mineral content.
Demineralization methods remove the inorganic mineral component of bone by
employing acid solutions. Such methods are well known in the art, see for example,
Reddi et al., Proc. Nat. Acad. Sci. (1972) 69: 1601-1605, the contents of which are
incorporated herein by reference. The strength of the acid solution, the shape of the
bone particles and the duration of the demineralization treatment will determine the

extent of demineralization. Reference in this regard may be made to Lewandrowski
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described in commonly assigned U S. Pat. No.
5, 607, 269, the contents of which are incorporated
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the production of |long, thin strips which quickly
curl lengthwi se to provide tubular-Iike bone
particles. 20 If desired, elongate bone particles can
be graded into different sizes to reduce or elininate

orbebn! BiaOgasl Hebspin o6l oAGALE et No. 290,555,
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b rgtstaan Fog ety I b ioR errsraligtioh Hheacid solution also
| GOk REE HeShnB %&%lﬁn@ﬁn&@&%ﬁﬁﬁﬁ@ and PiréseB! ?&Eﬁé 8Gch can be

dem neralizatioh procedure, bone particles are
s @b]péidﬁédn this step tefude inanggndé adids eich anbydodponhigh and organic

pre erré:fj Sé’§¥ac?€c%cé9 d}#g%rn%ﬁjf ﬁ?t opﬁa?%ﬁlefaélz%bone particles

agteonssd sathudrile water @ RAVAE residdathfailints ¥f acid. WaREd clongate
about 10 to about 40 percent by weight of water (i.e.

abeRt PBbClesareapmleyedosoms gianglraret at the demérelized éone particles
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VibbikSgsticléetediss Wbsi ﬂéﬁfé]é@%os@%ﬁ@%ﬁ@as‘t BbdiR 08 wei @R percent of

i ncl ude ;i norgani c acids such as drochloric acid and

oflg#rfiriginal inorganic mineral content. Super icial demineralization produces
particles containing a mineralized core. The phrase "partially demineralized” as
applied to the bone particles refers to bone particles possessing from about 8 to
about 90 weight percent of their original inorganic mineral content, and the phrase
"fully demineralized" as applied to the bone particles refers to bone particles

possessing less than about 8, preferably less than about 1, weight percent of their

original inorganic mineral content. The unmodified term "demineralized" as applied

13



15 acids such as peracetic acid. After acid treatnent,
the dem neralized bone particles are rinsed with
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Wiere el ongate bone particles are enpl oyed, sone

ent angl enent of the dem neralized bone particles wll

result. The dem neralized bone particles can then be

i mredi ately shaped into any desired configuration or
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¥, e t

20 R PAstisles 4t wiepded iy coypirysaliedy cambiation af theifprsgoing
AStyﬁé’g o@'dEﬁ'Ir{@&Hz}é@b% Atd ¢ processing and storage,
the particles can aped into a desired

c onf i guvlatturesmomeochbistiens bf aedorusom @f thei fomlgbmgnpids@ddone
k||| din the art. ed. herei n,
D m%vg%es g F?s FRPLAT P?Pf&é?ﬁlnlsr ot Ozrélaore 8 ﬁ?&%ﬁi%@@gttms e

boRgiRilealbefe pATIEES cdtb ARG RN thiceh®haRes $8§S| Ng at
| east apout 90 wei ght percent of 25 their original

| n@p@gﬁ]ﬂ@ra&ﬁze@p@e pegivlasnt e., ISmgaeftickisghat have not been subjected to
d 0 articles cQ nt a
meanrﬁeeﬂﬁ{x& e%i"f)i%h %Poc@%she ohdz asngra‘hzeﬁ!i,tnlog ng ng{t c&eé 3v111 also

asundijoplnngth Iike celenib Qmﬁlsibﬁhﬁtlhé?ﬂe&ng’ ek %bfhpfe@mb@ B€ength of the
particles possessing fromabout 8 to about 90 wei ght
pépg’@ﬁflteofN‘?l}‘ﬂé}mneé%l}zﬁfi heme inebidipgnendenyiesralized pattions of

?E)grttalﬂg d@ﬁﬁﬁe?ﬁl dbellléé%fer X e[]ﬁ%o rgéelﬁfo%edac%rrg)?g]%% ?rgcréa%mg the

one partlf es r artic
p bssding and)teneidesstichathe abmpbsit, cap meﬂleiraadb byfolettis bbhaparticles
a%f 1, weight percent of their ori gi nal inorganic
m content. The unnodified term "demi neralized"

as app'”ﬂh‘é%onéﬁaﬂ/@eg%é QoA dateRish/ fiRPO0RIAERAT Rete. 1sh-

t he bone particles is intended to cover any one or
c oeiiinezalized bofe pmclﬁsabmwhmgt new perse ingrosdhbpestabéanddction.
ons, of .one.

o Bl R0 ekl L EonBE P unBeBERIq o rEdEeopu nov

empheigebwihidy R¥aMabeiond BotR EypdP bEb&e Jahe:1dstiré gRldngly
types of 5 demi neralized bone particles can be

ergneaded a4 replaeidhutneghhest benamsHigerrdaiéonaof the gothpesite

p@g&grggsg%velm%e, bone particles that have not been
Ject a dem neralization process.

NondeniTe rdafférzeth] 1mrengﬂhongad$nhay andather pilopsrties bétween

al so. .fun ceram ¢ inclusi

naral ARG o R SR oae BEPleg OR hsronetand awhpRsi t e
NoBeeE-Needhhd eﬁ?bﬁ‘zﬁl deﬁﬁhé&ghﬂﬁ H&ﬁ@g%f&? bAkhZ&Her haln can

portions of 10 artla ly dem neraliz bone, Is Itse
a bt iekglpiteditiof oxange,conposiner]izédandéasipgfitialy dbendiaiged

t ﬁgn%gﬁclﬁ%ﬁci{ tgqecz)icénfnieage 1%% retg?onco he ogtgosi}n%ﬁ]a%t ?N%IC% will be
directly subjected to loading during and/or after implantation. In order to increase
the compressive strength of the osteoimplant, the ratio of nondemineralized and/or
superficially demineralized bone particles to partially or fully demineralized bone
particles may favor the former, and vice versa. Thus, the use of various types of
bone particles can be used to control the overall mechanical and biological
properties, 1.€., the strength, osteoconductivity and/or osteoinductivity, etc., of the

osteoimplant.
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The bone particles in the conposite also play a
bi ol ogi cal role. Non- dem neralized bone particles

wonringsatiout new bone i ngrowt h by osteoconduct PomuUS2003/039704
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Dem neral i zed bone particles |likew se play a

bi ol ogical role in bringing about new bone ingrowh by
ost eoi nduction. Both types of bone particles are
gradual ly renodel ed and repl aced by new host bone as
degradgéion of tpe pnposite progresses, over tinme.

The di f¥ReraHRIn5 o el hypesibapgBHticieerigrdspnapry
pr\ﬂﬁ@l&tdeﬁ_&lo‘gx? YEER me%ﬁalﬁ@e{ltah@‘)io‘!’c%ﬁgehqj B{Idgleﬁgérs] gesé{%e . Thus,

dem néral iz bo.ne particles on non-
dewixiveesadfi boad pantidles opearfdusisbdpley, sierj andfoaldegrees done

pasti.cles on the.other d can be exploited. Faqr
eSS Ry 18 ol e o g G Bkl Semmal,and
deblogical pre@tiesiaiiee RAffdsit. ek LRMBOr GANGEIN AL RthoSites may
that region of the osteoinplant which will be

dibedermsd hayBlecctiegle typelod ane pajtielsror mithaneltiple sa¢tians, cach having
[ : ' 0.1 NGLeas 5_the coppressive
TPUER G proa R B ol BAET AR e Oy S BFBATER s can
N e dexilyelctinned banldse skillsd petht iattioal d daseBica) tiksisa8doutine
bone Particles to partially or fully dem neralized

b SXREIIPHHRIAY es may favor the former, and vice versa.

Thus, thgesttsg tRE b?‘&r }%ja?tﬂﬁest ééﬁ%lé n?ncgh%aﬂﬂ%nlg %g %ﬂé)% Say& 8L their

be used to control the overal chani ca
bipodtegi coatenpranperangmented oemodified as tleseriged) for example, in U.S. Pat.

ost eocon i Vj r osteoindugtiyvity, etc., of .
OREGRLSE L V0PI S, GobSBAEANAN oS ned herei
PGY/rbiedidesd/ 039704 The anount of each individual type
of bone particle enployed can vary w dely dependi ng on

t he nmechani cal and bi ol ogi cal properties desired.
TRekctiomehdtalyeas of bone particles of various shapes,

Si zes, / . . L neralj,zation be .
asseang%gﬁg[é%Sgﬁggﬁgggg?ggg@%hé@#gﬁvgg FlﬁﬁéPﬁQP?mSOfﬂm
al(ij’tgzeﬁtidni.OCO}@bFfaierspmnl[&&rpfoil}eﬁerQ)ﬁerIdh enayNgods dxgloit%eﬂ. Thg selected
addj tion or ter ively, conposites may be fornec

h aeiymfr aff‘g‘?fﬁ@w éﬁ?lﬁ_gge é?ﬂt@h_k@ a&gréﬁt%hl%meﬂer RATRUIRT Pedpfans. For
S @&4h9IBSthe 835 PosiR ) hecdmd H&@f&ﬂ@ﬂem&n_ eatlli X3 B &Pk
bone particles. Suitable anmpunts of parti cFe types can
bearticuldi fepnpdeteenion exhnipyle tatompersiire htawt abovd the ghuss tramsition

case- by-case basis by routin experinentation, 10 |f
oSt Bl mmanen” AlirpEN R g rioReY b more
NRdrthaBRY$henGh@polyiBetdmpdifeat 8is R GRAMLMssIRR RBsity. After the
augnented or nodified as described, for exanple, in
ucanpesife is formed into the desired shape, the cross-link density of the polymer
component of the composite is increased to render the composite less formable. In
another embodiment, a small amount of monomer is mixed with the polymeric and
bone components of the composite. Upon exposure to an energy source, e.g., UV
light, the monomer and polymer will further polymerize, increasing the molecular
weight, the cross-link density, or both.
If heat is employed to render the composite and/or the polymer component of
the composite formable, the glass transition or melting temperature of the polymer

component is preferably higher than normal body temperature, for example, higher

than 40°C. Polymers that become more formable at higher temperatures, e.g.,
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Nos. 4,743,259 and 4,902,296, the contents of both of
whi ch are incorporated herein by reference. Sel ection

wohoRalsymer 15 Practically any bioconpati bl e petymspoo3/039704
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may be used in the conposites of the invention.

Co- pol yners and/ or pol yner bl ends may al so be
exploited. The selected polyner preferably should be
formabl e and settabl e under particular conditions. For
exanpl e, the conposite may becone nore fornabl e when
hugleed tham 457, B er ﬁ°p@ﬂlf plsabapsade rﬁxémiany eolyfers having T,

exa ate at ur
SETRNE st SARLINES i inShof PR A8 stareh
Al ;toqey(eaqirbmetbue) pcblg(c@mmsdntag poBNI- 1aencrer) [ly (b lagebe-eo-

when t he nponent has a certain cross-1ink
deHygotigle), Apkyérla@thﬂ@-wc@dﬁ%dei @nfl OGRS, KBTS and enantiomers
degled shape, the cross-link density of the polyner
conponent of the conposite is increased to render the
conposilt & doeascebsaryrdnlal enibodinzmtd thetrthe glascliraesitiqn tamperature

I unt. of, is mxed with t ol yneri
S e bongBmASb o TemestEr deon o otiBs gedames
t QOlebceii‘ﬁ‘l% pBOMBAE theviSositi N the p8limer hB& (S'H?? QEBIghadugh
pol ymer wl furt hér pol ymeri ze, i ncreasin

nmohadh¢ evmpasee g&hH not fhew onboefdht inmpantetsi Ilyoth@rr erblmdwmentﬁ, the

heat is e rende t he

ooyt OB RS PG g FOR TSB! eBppe DEpending
gl @Sthe bR clf}l'sﬁdﬂnitf andBlohl digstAIRAPREREHY, eheQfoljher d@)%pbﬁ%ﬁt may
30 conponent 1S freferably hi gher than normal body

t apmeingelatizely figid kstyag e ghasyansiticiand qodiingtanpeityres.

o, e R TR Gt %915@#}%5%3%@@“%@%46%#{ ohag e

tmyrﬂ&coﬁfppnmt%&)mmmtﬂ@ be used. Exenpl ary
polymers haying Tg. suitable for use with t
i nvent i BACS tﬁe PergROMG Ay Re rigpdereq formable st gflarrfenmplamaﬂon

pgiogf)('rﬁé}moﬁitp%ﬁérﬁg%lth gPe@L Mﬁﬁﬁ%@éﬁﬁélﬁﬁg)mperatures higher than 60°C
| ac ['acti de-co-"glycolide),

poiry §le katibiedior um\dith tlmanvame)m, @mdtecthe p@isyrvetrysnf blologlcal

m Xt ur. apt.ipnmers. 5 ther | S. hot .
natuhsTy npe; PERRN BBHER i ReeARAE® pitet plsEiaft%h the composit
t rRpendsidArbotieie & rﬂiféﬂﬁtﬁre Ald th@ﬁro@@iswg&fm@ eA@tIﬁW%formaﬁ the
body tenperature. In non-| bearin some

| el nopgnerp phareases, (ﬂ%ﬁscomméltwl% lvet 1}5351(1 fppghorter periods of

ot R AR Mintep 1 0 BB hochpBE. | 1% FRar o 1@

e rrbodl B B, oftali@lymer may be manipulated by adjusting its cross-link density

and its molecular weight. Thus, for polymers whose glass transition temperatures
are not sufficiently high, increasing the cross-link density or molecular weight can
increase the T, to a level at which composites containing these polymers can be
heated to render them formable. Alternatively, the polymer may be produced with
crystalline domains, increasing the stiffness of the polymer at temperatures above its
glass transition temperature. In addition, the T, of the polymer component may be
modified by adjusting the percentage of the crystalline component. Increasing the

volume fraction of the crystalline domains may so reduce the formability of the
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10 pol yner conponent may have crystalline and
non-crystalline regions. Depending on the ratio of

wonyesH@asiizne and non-crystalline material, theprpolugp®s/ 039704
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conponent nmay renain relatively rigid between the
glass transition and nelting tenperatures. |ndeed,
for sone polyners, the nelting tenperature wll
deternmi ne when the polymer conponent becones
formabl e. 15 Since the conposite may be rendered

f dohandrdeiwesn Tgrend dritbatithgaminogite Baf to bsdieghed pbove its melting
C SRRAREDL Sutibichy SkARARL B WO IBGLTD o (o

use W tAnytieconipegibld Mymd&ﬁ@y becudetieo fRmsdompoisttys eQ;f:ordlng to
bi ol ogi cal rraterl al to heat. Potential danage to

bone
aribe We@t% rAsaated sbeve, the ciopsslinlpdensiy ead melssaltg sveight of the
=P SRR IOL LR En BRI i TG b 7B (el e
c oniposictiesds Mo uldbgreofiiéategrhdhlge asdhmmt bmdpgadmiﬂs bm»f:ompatlble

to m mze 0|tsb i cal conponents.
TIREDRETS B ALR Trdy o e P IRGBy St L GE R releese
I tagdeleﬁl%sengine&ufgeoaéé ) exBm ?164 US. PateBeuiay. s\Weuahs. 5.770,417;
Thus for ol yners whose 8 ass transition tenperatures

ar5e731603t723@f7116 é%mwcamlgfh 93, %, 883171132 tin Ehastmys 903, 50 to
de I [ | t ,
SSfBuby sSpolphocH R LB koR Al BO6RRE ) A 409

canDoenb; 5©a04467 thRbﬁ.*n@@% QZ%mdf&maﬁbb@d 4806 62 M4 63&(1)45 to
t he pol yner may be produced w th crﬁst al l'i ne_domai ns,

| Act@agsermdpor iaees vles feiear 5?5 BR4pd? nggy, J. Control Release
RIPLN 9841 LRG UEEEH %t At %he Rz?é 9b13RP 9o Nnk %&ﬁéﬁt@%gaﬁ of which

In édéltlon e pol yimer ‘conponent
noack i&mm@otayedduhjrmsbquetehee)per centage of the

crystal i onent. Increasin vol u
yot pkeiBen by TR il SO kiR Exmp iy iadqgrasiable
f onar@ild, id ¥ddfiord f&echosle(ils%@ B0 ﬂ@@&]&t are not limited to
PCT/ US2003/ 039704 mer between T. and Tr" that the
c@ﬁb&@rb&a@eSb @Qlyt(@nlbfénﬁ I@éb’(hkrbvey adids)npdlyéstays, podi(ottha esters),

of‘y%ar'c' ntIO%,fgr e forteLf thth i\nv nt i 0

5 PP B OB Py palss %I&dete& @r (arnide

CQB%@ﬁatE@Sp(ﬂfiﬁﬁlﬂéé Pelylamind zib@dsl ﬁM%TdeltaQ@ poA&adﬁ@%@@olyglycohdes
above, the cross-link density and nol ecul ar wei ght of

t ﬂ?ely(@owoyﬁsarpq%ﬂwdﬁ@@au%atbém&aﬁmiwmlwt% BobKEnyk he

A M S S S
pq»bWaﬁthenalomdemq;Mymmo thbohited, dolybstacdnyittes, ipolyester imides,
g:arg}%aptegc'rlqli ﬁél‘;’/'(ug/gaggst frug%nlo:a)% a r agk%lngt%g %&@2’% gaé@gr_lges. Tyrosine-
5’b§§bﬂbp13?}§ner§, nchQdﬁlé But not limited to polyarylates and polycarbonates, may

also be employed (see Pulapura, et al., “Tyrosine-derived polycarbonates:

Backbone-modified “pseudo”-poly(amino acids) designed for biomedical
applications,” Biopolymers, 1992, 32: 411-417; Hooper, et al., “Diphenolic
monomers derived from the natural amino acid a-L-tyrosine: an evaluation of
peptide coupling techniques,” J. Bioactive and Compatible Polymers, 1995, 10:327-

340, the contents of both of which are incorporated herein by reference).
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5,736,372; 5,716,404 to Vacanti; 6, 095,148; 5,837, 752
to Shastri; 5,902,599 to 10 Anseth; 5, 696, 175;

wo 260uhs3id8; 5,512,600 to M kos; 5, 399,665 to BacTais2003/039704

10

15

25

30

5,019,379 to Donb; 5,010,167 to Ron; 4,946,929 to

d' Anore; and 4, 806, 621; 4,638,045 to Kohn; see also
Langer, Acc. Chem Res. 33:94, 2000; Langer, J Control
Rel ease 62:7, 1999; and Uhrich et al., Chem Rev.

99: 3181, 1999, the contents of all of which are

i ncor paY¥atr-eigdesraddble plymefsanayrade) be ussd pp wielr &bf 9xamm@

b e lE bt bR REAEAL i bt SR Siibreotars gt
ahdatroadtivelpotiendisithadt tRedismiti volthgolfro@ the eddoatiatls Qi‘)ﬁé )o. an

pal y ianh drldesL OI%%1 ydr oxy aC|dsl polyesters
paniplast-+ Hiee Berspiofesradahis, vat hipspimradiblenalyippis pyaledrepolystyrene,

¢ APRAS elaaa PR bR el Yo bdas, PRV ARy acetare),

palojdraci;iletes polpmiethybnytand, Ipd%thymemidm(odiﬂebh&hﬂﬂ es)de).

oyr 1 of | GRS R B AL Paoa et any ofthese

bi&%@ﬁé@@@@aﬁlfﬂl&hﬁs% h@ﬂlec%mpaﬁfék X@h@élﬁﬁﬁc%b&e&gma and

ol ym no carbonates, polyester am des est er
i mcthaéific Palyintay Pa@dmttSp dIhpaer gkh]équg theari Wdl mpgmze that this is an

ol bona i des. e .based
PSR 3! £ SomP e R R PR eE S PR BF g T PES
am@pm&ﬁéﬁﬁf@@-@&yﬂ&rs ABJucts; %@bﬁ&exﬁﬁ cﬂ‘fﬁ'ﬂﬂ/ oY 8¢ poB@fers discussed
Pul apura, et al rosi ne-derived pol ycar bonat es:

BatrabHaY #sgibeiuser mﬁé‘éﬁ’iﬂ’é“%ﬁfl@‘(@ffﬁlﬁ@nam ds) designed
for bi 3%&%&3] eml%l?i%érﬁaﬁile Q%ﬁg%sn@ ?@%‘d%&é&%ﬁh 2 k e’ro}eﬁjé) mer

411-417, oper, et a eno nonomner s
f ranththdnehardened &l siaumHop examyle, ahd:_eﬁoysr-hﬁk dmsﬂg I’of a polymer may be

eval uat n of . ?1 [ technl ques,
BiBAE4SF yaWSt%rr—B 1E8hBG i wglatw@%ergxwge; Afjernatively,
3AacbhoH&@t1@é3&B%Uﬁﬁm?% aé%ﬁ% 'ahé}ﬁlcmrsﬁ 1%&&%9{ RediRbed

her'ein by reference WO 2004/
P@Tdrlgmw/cos@mons\thnnebf magge adatl intopthk gompssiteaExabawe to

b : 1. F ol role,.

ooy Bt e I coimmbts BB &S oY Flr U inrepssame o both of
artke MdREular welgBtindoaedst itk déﬁlsly;n@ﬁﬁeﬁlﬁ@theq@pyrh érdl rlfhgpblymer
vol tage from the endogenous bone to an I ant

NGAMPPBIE §F ﬁ@&BWOSIWﬂa}bNé@ berpritanpd by 9@9%@& & 8i, gliapele If
p%}lé’c% 5&1’3‘1@ ’soxﬁ {H?H El%%r %l?lngaggot% ggégc;e%%é? SR or ex situ, for

ene-v

pcebcympkapg/&@ mnldmg] Ygrlidaaipdsié Bardges, yatvdit ll@rehg tad domposite
t d Th I dth
? %gﬁ}{e(rgarl éﬁ/qpigge ?e)ééqgg Ja]uq:gle gageyogq%n%/g%ae \?/?thout c%usqgg Srrlrc?ersgable

effects such as irritation. If a non-biocompatible solvent is used, standard
techniques such as vacuum, weight measurements, and chemical sampling may be
used to determine whether sufficient amounts of the solvent has been removed from

the composite before implantation in a patient.

Combining the Polymer and Bone
The polymer and the bone may be combined by any method known to those
skilled in the art. For example, a homogenous mixture of polymer and bone

particles may be pressed together at ambient or elevated temperatures. The pressed
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pol ymers are easily purchased from conpani es such as
Pol ysci ences, Sigma, and Scientific Polynmer Products.

wohos®sskel | ed in the art will recognize that POTAISRE®3/039704
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an 10 exenplary, not a conprehensive, |ist of

pol ymers appropriate for in vivo applications.

Co- pol yners, adducts, and/or blends of any of the

pol ymers di scussed herein may al so be used in the
practice of the invention. In another enbodinent, the

c SRpPSpiiewilsmpingdn teshane erd eplative papice pRsTATiRe. Affdevated
hen Qé{ug%nﬁg 6;! §be§é &H%HFQ be ﬁ&%g{ﬂlf@hecmﬁh t ?e%s&rka.” Breferably,
0 I exposi ng

t

dens ty o ncrease

i tthé¢ poliMet isgiot heid aga teaiﬁemtmtof gma@n €ran)80SGC lfmcaasi gnificant time
tive cro I nkj agent

AI er nat.i vel oto
FhE S g s brav R L GACe (AR D loimal SrSTER ofghe
c %Hipeﬁw %etﬂ%%&&fmwy@ﬁc%&%@ed' 0% foRAEGL BRI By o varicty

Exposure to ht "after the conposite is fitted
t mfmqﬂmdanf 0B exaenp/lﬁ: |bong patielss may raé'Ozhe rivigsedh onfoldqdheto a

cul ar .wei.ght, and cr kdenlty ni
e Shaf o VS, AaBRlT: i paNEmpy be
nmeyraddSiatddesteef therie thddltofers@ Wit layes o@bon@pdiﬁaeé Thd behe
bi oconpati bl e sol vent is used, the poly
haReiher be fpregd igtasthe pelyger sheet wying @s@m eIn %lp{f@r embodiment,

T A SRRl B i A

S u;praytmdﬂer] or hlfﬁﬁdlﬁed/%ddhb&ibred&u@ mixed mdihsd laﬁgmk quantity of

St T ealel A UES T hscho JU S JE CHRrOves intgration

ng%%ﬁknﬁﬁth&%QEa%Hf nts, and chem cal sanpllng may
be wused to determn mhether suffici ent amounts of

the so IRDéymeﬂmscdasag techmiguesdndy dso be ed do rpobineéhe bone

bef aa H:gerg Ry | antati ‘%H]éle)%g}%%@% %ﬂ%h?r%ggia%igerﬁﬂg%gggnable e.g., by
c Qﬁ@ﬂlrfge& Wivh aecvlv&ﬁt BRCLokiVAWA vith thB®S8e pABcRK by getion molding

the art. For exanple, a honogenous m xture of polyne
aw@j eligwreon foaminge | Adéorpatiycbie themebaest and ennpartigles Byalibe mlxed

6% /Sglg’%itl dﬁ%&%@%é%&%ﬁsu?% g’fnl%eos Inél*;gosw mjay be.prepared from

[ tmtlshamebla ad ngidqddlytﬁerp ann EXlagppe) Sk firi gdam fasgmm%t may be
el e\éfat ed tenperatures, . roce
S IRERE NCEER O %ﬁmég %FP@ onsp f‘e?rarbg@ P‘”Wh% Once the

gg:lg: Sitd 18 nf1R&4, Ii‘terh%' B délrﬁﬁm&@feq{ 53] @éon@eﬁﬁ&ttﬁ‘a{t it QL‘PS a static

or a signi’'ficant tine during mxing to prev
t hpeesyerle tol prevget separbiien of the b@e(mlrmicﬂmxdrth@polxymet, hfdn@i have

co one particles may be incorporated into a
dﬂﬁ@ﬁ@leﬁgf Yirer by a variety

Alternatively, the polymer and bone may be supplied separately, e.g., in a
kit, and mixed immediately prior to implantation or molding. The kit may contain a
preset supply of bone-derived particles having certain sizes, shapes, and levels of
demineralization. The surface of the bone-derived particles may have been modified
using one or more of the techniques described herein. Alternatively, the kit may
provide several different types of bone-derived particles of varying sizes, shapes,
and levels of demineralization, and that may have been chemically modified in

different ways. A surgeon or other professional may also combine the components
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of net hods. For exanple, bone particles may al so be
m xed or folded into a polyner softened by heat or a

weaboumssiiz Al ternatively, a fornabl e pol ynmer nmapCias2003/039704
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formed into a sheet that is then covered with a | ayer
of bone particles. The bone may then be forced into
t he pol yner sheet using pressure. |In another

enbodi ment, 10 bone particles are individually coated

with polynmer, for exanple, usjng a tunbler, spra

cdatherkit With guplqgoys Besye fedvedylurige §1iserh d ofiexanp i %ﬁ syfgeon

| o Thi O
ST s RO ERL TR AL AR BB gt
ofwhileeprimmmgthe tnpd hret sitenotopid gomepasitBol ymer processi ng

t echni qyes .al so be used to conbi ne the bane 15 .
par U1 ol HEs FaHRHS Fu8 P BT CORRRS 5o GHaE 3 age baiety
I J1e6h el iR Bb Lex e, wHK mdAA€BéhPEkites witl Eﬂﬂpﬁ%} a homogenous
sol vent, and conbi ne th the bone particles by

i Migdtre ofipetwingi anyl bage, iéxtay bsidesirabls o fagn a composite in which the

Al.ternativel. t he I r and bone parti.cles. .m e
iteee ey e R Bhed SRR S AT L HPT L e,
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Alternatively or in addition, elongated bone particles may be used in one portion of
the composite while more regularly dimensioned particles are used in another.
To align elongated particles, the composite may be rolled, extruded, twisted,
or otherwise mechanically aligned. Alternatively, the elongated particles may be

deposited into the polymer as they are produced. For example, grated or milled

bone particles tend to exit the milling apparatus roughly aligned with one another.
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These techni ques may be used to prepare conposites
having a wide variety 5 of configurations. For
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honogenous m xture of polyner and bone, it nmay be
desirable to forma conposite in which the bone is
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particles, the conposite may be roll ed, extruded,
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comparison to the number of cells seeded) analyzed. The weight change of the

composite may be measured after incubation in saline or other fluids. Repeated
analysis will demonstrate whether degradation is linear or not, and mechanical
testing of the incubated material will show the change in mechanical properties as
the composite degrades. Such testing may also be used to compare the enzymatic
and non-enzymatic degradation of the composite and to determine the levels of

enzymatic degradation.

21



the softened pol yner, onto which they will fall in
roughly the sanme orientation, nuch |ike cheese

woassiosgiiehr ough a plane grater. A static el ecPCiTaIS2003/039704

10

15

20

25

30

charge inparted to the bone particles can also
facilitate alignnment. Friction generated during
mlling (if 5 the apparatus is not water-coated) or
sieving may be sufficient to cause alignnent.
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surfaces may be enhanced by rinsing with phosphonc acid, e.g., 1 to 15 minutes in a

5-50% solution by volume. Alternatively, bone particles may be treated to induce
deposition of one or more of hydroxyapatite, tricalcium phosphate, polycrystalline
calcium, calcium carbonate, coralline calcium, calcium phosphate, calcium
hydrogen phosphate, calcium phosphosilicate, tetrabasic calcium phosphate, sodium
chondroitin sulfate, sodium succinate anhydride, calcium sulfate, magnesium
stearate, calcium sulfate dihydrate, polyvinyl pyrrolidone, propylene glycol-co-

fumaric acid, calcified polyurethane, baria-boroalumino-silicate glass, and/or
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matrix, carry the majority of the applied |oad, while
the polyner matrix holds the particles in place. For
exanpl e, larger pieces of bone nay be stacked on 5 top
of one another in a pre-formand polymer allowed to
flow around the_hone piece 0 Iomnn whi ch t$e
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pyrrolidone, propylene glycol-co-
may be used between bone and the polymer component in order to enhance bonding
at the bone/polymer interfaces of the composite. For example, silane groups may be
incorporated into the polymer as a side chain or by modifying the polymer after
polymerization. The silane groups may then be attached to bone particles.
Alternatively, coupling agents having reactive end groups may be attached to the

bone particles and then reacted with the polymer.
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fumaric acid, calcified pol yurethane,
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t o boneTpagdilagbLAbers exposed by demineralization are typically relatively
cheinically inert. The collagen may be rendered more reactive by fraying the triple
helical structure of the collagen to partially or fully separate the individual collagen
strands from each other. Rinsing the partially demineralized bone particles in an
alkaline solution will fray the collagen fibrils. For example, bone particles may be
mixed with water at a pH of about 10 for about 8 hours, after which the solution is
neutralized. One skilled in the art will recognize that the pH, the time period, or

both may be adjusted to modify the extent of fraying. Agitation, for example, in an
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Pahbiaft &8, 118 sBfEeon forms the composite in the appropriate mold, allows the
composite to harden, and implants the newly formed implant into the patient. As
noted above, the composite may be produced with the polymer in a softened state or
softened by the user immediately before forming. The user may then initiate setting
of the composite after it is formed. In one embodiment, a surgeon opens a package
of formable composite and shapes it during surgery to the exact shape of the patient
site.

In an alternative embodiment, the softened composite is formed in the

implant site. For example, a bony defect may be filled by the formable composite.
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al kaline solution will fray the collagen fibrils. For

exanpl e, bone particles may be mxed with water at a
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 BamBBherdifd B8 Sk B R DBRC gl F A biieTHay Sdinue o

c QBIB@S%IHe@t ihfnthasireshndiied oyrpataifienthe dind@hén @k palymer alone

surglcal procedure. 15 Because the conposite can

f graridihaiiseoniedi giie stze and density distribudign @é bane m@%leﬁmthm the

5 DSERSB AP 2045 Ry HRES By KR o

adﬂmﬁwommﬂmhduﬂnggm@m&dﬁm@hnmhoneed to schedul e an
prol ong sur gery to prepare

ddi t d
the | Irrf)‘in OTBPHE TBBY BY gorﬁnﬁwg%ﬁlg}efio o tiAerR VTR iishapes-
CHBLRGIRY hl%ztp%: ﬁlcﬁfdet\pﬁhdlmﬁhﬂﬁﬁoﬁ 'sh@et aﬁl@tek;%mm dhre,

conmposite IS shaped to match
erhbm@ﬁphamstralad s;erlers;ramﬂ oaplltisy mﬂwarkp &ilmj fodrametin diskoeone,

ion are avallable a.s eqQn rin
20 3B GieRP T AP Re PSR e R 1O Sy v i, portion of
| Rldeatcyiihde, thidided byIHREH) rdd) 'hﬁfgetxli'@at CAHIROS Rrdif, dilsoid,
ap ropriate nold, allows t he onposite to harden and

lagmiphieroid pﬁ@wefllfmpwear lpmrb@h@ ppisbeloidhelnsaeieathodinet, the
2
ngfﬁE&ﬁ% 8 PA%Ra {1 eneg&’ g?&ifr%{h% B 1% REAEGHatt £4 B8 pie, a

In a So
mold may be shaped as a portion of a bone or as a whole bone that is being replaced.

25  Exemplary bones that may be replaced using the techniques of the invention include
ethmoid, frontal, nasal, occipital, parietal, temporal, mandible, maxilla, zygomatic,
cervical vertebra, thoracic vertebra, lumbar vertebra, sacrum, rib, sternum, clavicle,
scapula, humerus, radius, ulna, carpal bones, metacarpal bones, phalanges, incus,
malleus, stapes, ilium, ischium, pubis, femur, tibia, fibula, patella, calcaneus, tarsal
30  and metatarsal bones. In another embodiment, the composite is formed as a plate or

similar support, including but not limited to an I-shape to be placed between teeth
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softened by the user immediately before form ng. The
user may then initiate setting of the conposite after

woRod4gssaemed. | n one enbodi nent, a surgeon opeas/U82003/039704

10

15

20

25

package of formable conposite and shapes it during
surgery to the exact shape of the patient site. 30 In
an alternative enbodi nent, the softened conposite is
formed in the inplant site. For exanple, a bony

def ec e.filled by the formabl e conposite. 5
20D EEs et USSOE N ST TR S0 e gilar Db 17
prd%fe%%CinélHHi%?thﬁl e becdal Sidtdug SR8 1dg@teliirallzatib® plates,
all the small” spaces of the site. If the conposite Is

s ebeempldtebyconfdasletesfadevef teafplatgsi somyvessiomilaias, bidgeplates,

NG SR QR ARMF U Yo I mik PECuEREE e e

| RofPesiedraBE MEBhtior Nelt@eltiveB/ tHeR\BeINYSiSmay be a block that is
conformati onal 5 change upon application of a

parachingd aptoiedesiredhhene. oFhq qoghrostiemey be machipeddbeigher its set
T i ..r el L e

o B BE L FhbelteTBbtabs; SicutiAhibhPRyb b8 Shme; F5ip ond
| nsetrinedi asersusgeatewleent the cqopogite is indtsformeatile beaciitioas
fornablg when heated, the heah absor bed by bone

par t i clledeSTRdREhABIGHSas PR R SFTEN S Hebfe On RSB MEN G
U B Qfindph& ARERQStHoR of eLiRBEING Iint dife dudBRIAUA] ﬁ@éﬂlnﬁﬂg &
fonn the conposite 1nto an iInplant. Depending on the

r ebqutiied do fisdle fatoaeito ittesmplant.nBathen ¢heafasiendres inpetedneto the

conponent s, .and.t he si of .the bone particles, the

b REPREIF S i i B P e g el e BSie fetftes are

S Wefn@UhisteM 9O bR theaifi die boﬁlE@siﬂeirﬁr@y yh@iliddn e dael Meffthe shape
al one woul d have cool ed. The size and densit

diod thei fingd iraplapffis BIREhPRINEPIEFE COMPORILTS thﬁ@rq@%@ﬁ%bs heading

i 13 ' e anmobunt of heat rel eased
F%%%h%3$§g%#géﬂ?§hégﬁggé#glF%%Iant during and after

i npl antation. The conposite may be forned, machined,
or both, into a variety of Exhmpds. Exenpl ary shapes
| at e I

i nclud withoyt |imitation, sheet, rticle,
spher e POLATHREHS PEEi:P aRBCao Fder i BlackEA Pisrgerve
NN WPk hdakddfo aﬁbﬁﬂma’c@@qw%‘j@a}ﬁfC? OPEs pAtPREL RN Rbssed
a cone, pin, screw, tube, cup, tooth, tooth root,

s ttpgether g diged topformiadargef massedgelyney! Baftee thetpotyaadedoled,
cylinder.,. rod,.hinge, rivet, .anchor, eroi.d, :

e et GG gty BOps b B Gl doRR i fponigper i e
hype B cbstaidal apgrbRinthtell 50 WEbRCHBRAL partidRs. The composite
conposite is forned in a nold having the shape of a

d & e heptsd aind formed it dhgydasired final shape. Upon cooling to normal

body temperature, the composite set to form a rigid construct in the desired shape.
The composite could be repeatedly heated and reshaped. Once formed, the
composite was subjected to approximately 10 heating/cooling cycles with no

observable degradation of handling or setting properties.

Other embodiments of the invention will be apparent to those skilled in the
art from a consideration of the specification or practice of the invention disclosed

herein. It is intended that the specification and examples be considered as
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nol d may be shaped as a portion of a bone or as a

whol e bone that is being replaced. 25 Exenpl ary bones
woOhads/03BpM2be repl aced using the techni ques of PO®BUS2003/039704

invention include ethnoid, frontal, nasal, occipital,

parietal, tenporal, mandible, maxilla, zygomatic,

cervical vertebra, thoracic vertebra, |unbar vertebra,

sacrum rib sternun1 clavicle, scapula, hunerus,

radi us bones, nefacarpal bones

p r?éF‘QHbaé%on Vn\{fﬁ@‘f e tﬁﬁl SP%RFS““%“’PEH@? the; ipyggiion b§@s.1%ﬁ+fated by the
PUBIISwinkeMins, tibia, fibula, patella, cal caneus,

tarsal 30 and netatarsal bones. In another enbodinent,
the conposite is fornmed as a plate or simlar

suppor ty,.i.ncluding but not limted to an |I-shape to be
ol aced BBgMBERT St 26 WO 2004/ 053112

PCT/ US2003/ 039704 for intra-bony defects, a crescent
apron for single site use, a rectangular bib for
defects including both the buccal and |ingual alveol ar
ridges, neutralization plates, spoon plates, condyl ar
pl ates, clover |eaf plates, conpression plates, bridge
pl ates, wave plates, etc. Partial tubular as well as
flat plates may be fabricated using the 5 conposite of
the invention. Alternatively, the conposite nay be a
block that is machined into a desired shape. The
conposite may be machined in either its set condition
or its formable condition. Such machining m ght be
sinpler for an end wuser, such as a surgeon, when the
conposite is in its formable condition. If desired,
mechani cal fasteners such as screws, rivets, or
sutures may be 10 used to inprove the retention of
the inplant. In one enbodinent, no drilling is
required to fix the fastener to the inplant. Rather,
the fastener is inserted into the conposite while it
is still pliable or while the polyner and the bone
particles are being mxed. O course, the rigid
conposite may be drilled if desired. |f the shape of
the final inplant is sonmehow incorrect, conposites
that are softened by heating 15 may be reheated and
the shape readjusted. Exanples Polynmer pellets of
starch pol y(caprol actone) were placed in a m crowave
oven and heated to approxi mately 130F (54.4C). The
pellets were then pressed together by hand to forma
| arger mass of polyner. Before the polyner cool ed, 20
partially dem neralized bovine bone particles were
folded into the polymer until the polyner contained
approxi mately 50% by wei ght of bone particles. The
conposite
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was then heated and fornmed into the desired fina
shape. Upon cooling to normal body tenperature, the

woaopasstie set to forma rigid construct in thectased39704

o

SN ~oWw

~J

10
11

12
13

14
15

16
17

18
19

21

22

23

25

shape. The conposite could be repeatedly heated and
reshaped. Once forned, the 25 conposite was subjected
to approxi mately 10 heating/cooling cycles with no
observabl e degradati on of handling or setting

Bpar ert oSSR BRI o om a7

consi deypilymaér; add t he specification or practice of the
invention disclosed herein. It is intended that the
speci f itoagdeRvaRirislesnphesihe consi dered as 27 WO

2004/0§ﬁ§&§n<£ﬂéE%ﬁ@@%é?%9%?%FH9%@H@%@%¥m&ﬁEﬁuﬁﬂéBﬁbhnmﬁon

the true scope an e I nvention bel ng

i ndi cat ed byrthmediately puerrig impahtasion Widto hesetinalened

is: 28 WD 2004 E5311 PCIL/.US2003/039704 1 1. A
conposi te odXESTHHIEACONEEMT i sing: 2 a pol ymer; and 3
bone-derived particles, wherein 4 the conposite is

agapt edriangice aﬁtl&bﬁcin_tlpwh@refrpmae&hgoﬁwié fmable at room
i mpl ant ati on or imrediately prior to inplantation

and t o tpepgafureander 6 predeterm ned conditions. 7 2.
The osteoi nplant of claim1l, wherein the conposite is

f gr mabl r L :
of o e Bt BRI AU 12 g e LRI o
about 3T6C3G, wianein titeatoeipsil hlbccoomp Gaittablebelsortested to a

for mabl e when heat edlto a 1%8gcgrrperature greater than
about Affeperarggreaipthai about filiGint of claim 3, wherein
the conposite becones formable when 13 heated to a

t eper atndlBte8idsthiRof thah 3akaskirkhCcorhfodite bEB®mes formable when

osteoi npl ant of claim4, wherein the conposite becones
f or mablheat@héma tenerptitre givatay thantabapledafur e greater than
about 50C. 16 6. The osteoinplant of claim5, wherein

the co %%%s{egirm&lﬁ%?aa{lﬁ ﬁm&%inv\ﬂg Bomposite becomes formable when

heated to a temperature greater than about 50°C.

6. The osteoimplant of claim 5, wherein the composite becomes formable when

heated to a temperature greater than about 55°C.

7. The osteoimplant of claim 6, wherein the composite becomes formable when

heated to a temperature greater than about 60°C.

8. The osteoimplant of claim 7, wherein the composite becomes formable when

heated to a temperature greater than about 70°C.

9. The osteoimplant of claim 8, wherein the composite becomes formable when

heated to a temperature greater than about 80°C.

10.  The osteoimplant of claim 9, wherein the composite becomes formable when

heated to a temperature greater than about 90°C.
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17 heated to a tenperature greater than about 55C. 18
7. The osteoi nplant of claim6, wherein the conposite

woecvssiit or mabl e when 19 heated to a tenper aParais2003/039704
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greater than about 60C. 20 S. The osteoinpl ant of
claim?7, wherein the conposite becones fornmabl e when
21 heated to a tenperature greater than about 70C 22
9...The .Qst epi npl,ant .of .cl.ai m 8 erei n.t he nposi t e
pedones RePRaBme Aot floiS 1 Wi e o grPuls s S BYPESHeistoe the
gr eat ercréRamkakasity ke p@¢méPeonlpienst eoi npl ant  of
claim9, wherein the conposite becones formabl e when
25 heated to a tenperature greater than about 90C. 29
Wi22004he=steepnipant/ofiskon 3, wBoreouthe gompositpdirther comprises a
ost eoi L1, [ ite

by | ncrnatir iy Eh kbl g o8 N (0 RASIE s BBy
conmponantarp@atkR intd e mdymai. npl ant of claim 1, wherein
the conposite further conprises a 4 nononer, the

c osi.f,e becom.n ef .when.the noner .j s val ent |

s P or HEARea T ST EHE Jo et g Sogpostsguiier Tofiprisds o
ost eoi Mpdsabiie MEmBEAIfHoAe mRBKEh BiduRe R _BIalIendl8EL S QF
conprises at 7 |east one nenber of bone narrow, a

bi onpl ddeActye agesinghlciumbplesphate, glagurpicehenito.cndgeHs.

cal ci um phosphate, cal cium carbonate, and cells. 9 14.

Theg ostgQi Iml f ' ' ' .
T3 e AR el o Sh L A TS
aci d vdedsoone meabaraifyumulkleit &id catdrsmedehclhophachdnassls,

osteocl asts, and fibroblasts. 12 15. The ost eoi npl ant
of cl aiWeﬂ?al,aSWFe@Flﬁﬁﬁ’ %ﬁiﬁ’éq’t&?‘s&s-aci d vector, when 13
introduced into a cell, increases the cell's

prigductrebsRbiniNag ofelaRhAgenRikH thd AuddéieheiiRNSectod SyHB:

The osteoi nplant of claim1, wherein the osteoinplant

i s adaprieetivgediintal cdbirreages thd celd's produetiomyaf mahe morphogenetic
follomﬂg%e%gplantation wi t hout substantially 17

changiﬁb |%s‘shape. 18 17. The osteoi nplant of claim

1, wherein the bone-derived particles are selected 19

f riém t lr‘i[&legusmubnmm'lnfaifslaim g, whexreﬁnlﬂ:le m;t@irbrqﬂdm @lad@pmle and
particles, parti y. 20 . dem neral i zed bone partjcles
super f icepﬁmcgﬁdd%ﬁ? Héeaiee sallpen Enplantaties) wihout substantially

changing its shape.

17.  The osteoimplant of claim 1, wherein the bone-derived particles are selected
from the group consisting of nondemineralized bone particles, partially
demineralized bone particles, superficially demineralized bone particles,

fully demineralized bone particles and mixtures thereof.

18.  The osteoimplant of claim 1, wherein the bone-derived particies are obtained
from a member of the group consisting of cortical bone, cancellous bone,

cortico-cancellous bone, and mixtures thereof.

19.  The osteoimplant of claim 1, wherein the bone-derived particles are obtained
from a member of the group consisting of autogenous bone, allogenic bone,

xenogeneic bone, transgenic bone, and mixtures thereof.
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21 fully dem neralized bone particles and m xtures
thereof. 22 18. The osteoi nplant of claim11, wherein

woOhevdwssig2 deri ved particles are obtained 23 fPOmUS2003/039704
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menber of the group consisting of cortical bone,
cancel | ous bone, 24 cortico-cancell ous bone, and
m xtures thereof. 25 19. The osteoi nplant of claiml,

rein.the bone-derived . particles €0 ined, 26
F PDho o Thebisp TR 158 15 Phe 8 pRl Rl pliiesEe avout
bone, aloboweahbtt 99908y weZoht ¥ETHREBRAPDSItehone, transgenic
bone, and m xtures thereof. 30 WO 2004/053112

PCT/ US2003/ 039704 0. The osteoinplant. of claiml1,

wHdr ei niberpstepippian Pé@a 2Rawherginghe g@@-%@&@ portigtnsagabout
about 80 RYaLWEl @t HOTv 8 o ERIRBSILbSte. 3 21. The

ost eoi %gl/gantabgﬁtl cléli ?n 29%4?1 \%ﬁer el Izlbt hee bone- deri ved
particles are about 4 25%to about 50% by weight of

t 8. confhesisteeimBart 2f clife lowhemsimpsuaface of the banendgrived particles

wherein a f.ace of the e-derived particles 6.1is .
ot 11 deonnithe i fhumel e T3 BrGRrUE s SRL NGl Pototonve
nol ecula@entfa RPBIBIIIARILY ad@RSthatedalN @it &yddoadigalonYof the above.
active material, and any conbi nation of the above. 8

23. The_osteoj mpl ant. of claim 22, wherein the nenber

i 231§ nkidg optsormdant of £laum 22gwhgrein the gmvayisdigked to the surface
24. Th i of claiml1l, wherein at |east a
portio%yggkg g%%%%ggderived 11 particles are

covalently linked to one another. 12 25. The

o#eoi Mipleanteomiplaitaif laim Iwkwbereimat desist ap@tioh pbthedoae-derived
the surface of the 3..bone- deri ve articles are
exposed’.aﬁ]fiesfé‘? Cof{ﬁgnéglh@]g‘?cﬁrﬁloélﬁtan% elgl ai m 25, wherein

t he exposed collagen fibers are 15 partially or fully
separ atled osfconnplag ofoRiN el whiiGindblladdiefingt aahePh@itt ofthe

'claim 25, wherein the exposed collagen fibers are 17

der i vatiopederyadpagtichesi ase gxposedct ed from the group
consi sting of a 18 bionolecule, a small nolecule, a

bixgact i = bihal Ogl.cal i
| e caRgpinR FORRZ0 LSRN AL B g
ost eoi mpitaiily oofullyl sepamted fisneors anothee. pol ymer is
selected fromthe group 21 consisting of

bi,adegr.adabl e. pgl r n- bi odegr adabl I S, Co

22 ol yRE S B E Y E P AR Uy e PR Eb S o

non- bi QEAGAREARI® a moiety selected from the group consisting of a
biomolecule, a small molecule, a bioactive agent, a non-biologically active

material, and any combination of the above.

28.  The osteoimplant of claim 1, wherein the polymer is selected from the group
consisting of biodegradable polymers, non-biodegradable polymers, co-
polymers of biodegradable polymers, co-polymers of non-biodegradable
polymers, and co-polymers of biodegradable and non-biodegradable

polymers, and mixtures of any of the above.

29.  The osteoimplant of claim 25, wherein the polymer is selected from the
group consisting of starch poly(caprolactone), poly(caprolactone), poly(l-
lactide), poly(dl-lactide-co-glycolide), poly(l-lactide-co-dl-lactide),
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23 polynmers, and co-polynmers of biodegradabl e and
non- bi odegr adabl e 24 polyners, and m xtures of any of

woOhersasene. 25 29. The osteoi npl ant of clai m 2BCT/US2003/039704

wherein the polynmer is selected fromthe 26 group
consi sting of starch pol y(caprol actone),
pol y(capr ol act one), poI y(I - 27 lactide),

ly(dl -
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co-polyners of the above, and m xtures of the 2 above.

3 30e| gggé)g%)wem nl{l)rpgngﬂllg&p%/l grlegb glp yerl‘rrﬁglqusr ected frorg the group
poly(ar ) ),
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1o egrﬁ&gophon&% ﬁ@e Magfe&%%gfnko%?} a%@sc D)%r ggaﬁﬂe

tyrosi base

pol ym @ﬂlﬁ%tb@ﬁ@,tﬁﬁysa@iaﬁ&é‘d; @&oﬁﬂiﬁ Bl&"Sd pDQ’h)eeﬁ pelyalkylene
imdes, amino acjd 12 polyaryl ates, anlno acid

pol ycaroﬁf&?éi@éymﬁelcﬁ’(bﬁwq% |p@}yestﬁbq1r91@g§, b }ﬁét)er 1r111§es amino acid
pol y(t

pol yurgjt negtgg S‘g Hﬂéj?czgﬁaﬁﬁbopo y?bl? ﬁﬁ?{ene 1?(amhne)

acet at @)31y(¥mdmpn@pwlestenenﬁﬂiovmmmdy'blatpe yurethanes polyureas,

l yeth t.hyl d
Phe” abdvb e e bk Mg ar i pos R f R oy cthviene
any of pblﬁetﬁgfgﬁ@om@@ 3@—pof§ﬂ%r@§ﬂtﬁ@h$@|eamdu@fs ok dBote, and

wherei n the derived particles and the 18 polyner

are | i nrigthred afteng of wbory agent. 19 32. The

osteoi nplant of claim1l, wherein the osteoi rrpl ant has

a shap I

oo, o EgsReLTaeod ol AT, WiErel AUBOAPRRIE ARiHs oo gy

sphereponmmnaammﬂedsmﬂamdnmmnghgﬂustrand caplllary

network, film fiber, mesh 22 di sk, cone, portion of
gone,

2B 8 T SR o BB G 1 g e

cyli ndqfom fRGbrody QRistifg ¥4 bor%4a %&%Bﬁbf a%@ﬁ@rsﬁéé’ei plate particle,
el lipsoid, oblate spheroid, prolate ellipsoid,

hyper bebhare, hemisphere strand, coiled strand, capillary network, ﬁlm fiber, mesh,

disk, cone, portion of a cone, pin, screw, tube, cup, tooth, tooth root, strut,
wedge, portion of wedge, cylinder, threaded cylinder, rod, hinge, rivet,
anchor, spheroid, ellipsoid, oblate spheroid, prolate ellipsoid, or hyperbolic

paraboloid.

33.  The osteoimplant of claim 1, wherein the osteoimplant comprises a plurality

of pieces of composite, wherein the pieces are joined together.
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25 paraboloid. 26 33. The osteoi nplant of claim1l,
wherein the osteoi nplant conprises a plurality 27 of

woien@s3lak conposite, wherein the pieces are jBCnaS82003/039704
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toget her. 32 WD 2004/ 053112 PCT/ US2003/039704 1 34.
The osteoi nplant of claim 33, wherein the pieces are
joined together with a 2 nenber of an adhesi ve,

Cos ndb R BIeAD shib Pyl niREBle P Rind] e

cl ai m Inentb@logian allfivepapeshdntal fasaﬁapnms@ndbo@mg, and any
constructed to be formed in a nmold. 6 36. The

ost eoi rePRERatign of fhgiakPee. wherein the distribution of
bone-derived 7 partlcles within the conp05|te IS not

urysf or Z?h\@' Jst@ofrﬁﬁ’lﬁﬁg}ef cld®m T, Wg@f@ﬁ{ ko 838 ﬁd%ﬁ&?édd‘) n,

size, density I'stributi
conbi nabhgncted tobetftvnedbowenold0 37. The ost eoi rrpl ant
of claim1, wherein at |east a portion of the

nth osite .
e Bngat 4 S TReRal i e AP Rl Bofs derived
deri Veq;aﬁﬁilésl witles thefbcﬁﬂﬁ)sﬁ@ﬁﬂ@s ihiforhSwits edspefit€ a @dember of
ani sotropic. 13 38. The osteoi nplant of claim1,

wher ei Yolmg Eagionasipddensy, Srape.izerbsiebuen, ggyany gpmbination
parti cl ??hé]fb gge conposite are elongate, and wherein a
relativ I gnment of 15 bone-derived particles in a
first portion of the conposite is different than the

187 el althe\oeteaimpjammftcladm b eiherefteatileasta partion ©ff ¢e hanealerived

second portian of the 17 conposite A net hod

o1 epar LAY B4R HBIAR A SLBRBIE Sitgherty g POHG SFbone.
conposideAv&PpRIitiss LB enS &ﬁt’éhé’ﬁ&r&ﬁé bt sﬂlsﬁ@

polymer into a 20 predetern1ned shape; and 21 cau3|ng

t he-polynmer to set. 22 40. The nethod of claim 39, .

f Bt her Y@cﬂﬁ@pngplﬁ@t E shvinri, Rgercireatdensbo apitienif i bopg-derived
aut ogen t | ai m.: :

V\Eer gl %ﬁﬁclés in ?lgee%ogfp%sﬁ%%regﬁy%égﬁ ﬂl?ldwﬁ{re%faqjgm\kgg %lagnné%n of

site i rboaeideﬁeecamtlctlémmsﬁf&pt wirtidro6 fthe gompogiteiis édferent than the
packi ng the wound sife with 26 the conp 05|é
relative alignment of bone-derived particles in a second portion of the

composite.

39. A method of preparing an osteoimplant, comprising:
forming a composite comprising bone-derived particles and a polymer into a
predetermined shape; and

causing the polymer to set.

40.  The method of claim 39, further comprising combining the composite with

autogenous tissue.

41.  The method of claim 39, wherein the predetermined shape is that of a wound
site in a bone and the step of forming comprises packing the wound site with

the composite.

42.  The method of claim 39, further comprising, before the step of forming,

heating the composite to a temperature at which it is more formable.
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27 42. The method of claim39, further conprising,
before the step of formng, 28 heating the conposite

woOaom/oseITper ature at which it is nore fornmabl ePCBRSYD3/039704

2004/ 053112 PCT/ US2003/ 039704 1 43. The nethod of
claim42, wherein the step of causing conprises
allomﬁng the 2 conposite to cool to anbi ent
er t hod.,of 43. wher ei

S CBh ortn ey SLnpr P LB el Rickhehie i AudBe e
cool thH@ﬂB’lté@%@It@tahﬂl{tﬁentfetﬂ&,ratﬁﬁe met hod of claim
39, wherein the step of causing conprises |ncrea3|ng
6 the cross-link density of the polyner. 7 46.

3 méhod 1o methpdpBRdaing 47, t"ﬂ@?el% ﬁqupsqfﬁ@usa%w@prases allowing the
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27

nechanlgﬁ%¥£l %BSTHJHB nggﬁﬂ@%te0|nplant wher ei n
or

the step m ng co ormng the 9 conposite
to retain the mechanical fastener after the step of
caidsi nglheethad offtlanm3f, wddrapf thelséipm{3gysingheamapmses frereasing

bone pajticles .are 10 to about 11 99% by
wei ght "’{%? Clioﬁsels%lﬁ%jég gh’efﬁ YHET The method of claim
39, wherein the conposite further conprises at | east

13i60ne TreM&hodbf AORE3 I AiindNcodphsiagaddag h erechari @ lfdstener to
nol ecul e, a hioactive .14 nol ecul e, cal cium hosphate
cal ci urheesterimalast. vdireeie B step %éomngv%pﬁﬁsrfe@mast e

claim %ﬁ?gwgh‘fé t%'r@tamﬁe ﬁfégmgdaﬁ BasfHbl S1RE n ﬁ%ﬁmﬁ

nmenber a nuclerc acid vector, nesenc
cells, osteoblasts“ osteocl asts, 17 and fibroblasts.
18750. Theenetboholclaim 39, athered®thebione panticteh erambohie] @6 to about

aci d vegt, when jntroduced 19 into a cell,
increa§§§?€¥3m€§FPh§ ©5PRCYEI on of bone mor phogenet i c
proteins. 20 51. The nethod of claim 39, wherein the

palgy merTheSn&Bb&6f &8inf 39 Mhehen ﬂfe@uﬁlpoaﬂe Rener SinpiBeit least
bi odegr adabl e, non- b|odegradabl co- pol yners of 22

bi odegro&d mﬂn@b% ef pcpfte(rgarr% 2731@ ﬁkpgleoap small molecule, a bioactive

non- bi 99@8%@9 W gm?ghé(sgﬁété carch'lgn ofiéte RRlERL S of

bi odegra € an odeg abl'e pol'yners. 24 52.
The nethod of claimb51, wherein the polyner is
sdldect dthefmaihod bﬁ'eclanncﬂﬁ) whafeirc thesostposite nfthert @ongirises a member

poly(ca roI ton L%é rol act one
pol y(1 q g:)ac Eh St eaﬂec%]s %ﬁt%p@}ﬂsysdgsteoclasts
pol y( 1- ah&%k(ﬂﬁ&ts@s@ dl -l1actide), enantioners of 27 the
above, co-polyners of the above, and m xtures of the
above.

50. The method of claim 49, wherein the nucleic acid vector, when introduced

into a cell, increases the cell’s production of bone morpho genetic proteins.

51.  The method of claim 39, wherein the polymer is selected from the group
consisting of biodegradable, non-biodegradable, co-polymers of
biodegradable polymers, co-polymers of non-biodegradable polymers, and
co-polymers of biodegradable and non-biodegradable polymers.

52.  The method of claim 51, wherein the polymer is selected from the group
consisting of starch poly(caprolactone), poly(caprolactone), poly(l-lactide),
poly(dl-lactide-co-glycolide), poly(l-lactide-co-dl-lactide), enantiomers of

the above, co-polymers of the above, and mixtures of the above.
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34 WD 2004/ 053112 PCT/ US2003/039704 1 53. The net hod
of claim 39, wherein the bone derived particles and

woheoqpssyeer 2 are linked with a coupling ageRCT/US24/039704
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The net hod of claim 39, wherein the predeterm ned
shape is selected from 4 the group consisting of a
bone, a section of a bone, sheet, plate, particle, 5

spher e,~hen strand, coiled strand, capillar )
o TR P bt SN eE e ouf SRR o R B pormer
a cone,arlifikedseitiecolplibg ag@ip, tooth, tooth root,

strut, 7 wedge, portion of wedge, cylinder, threaded

cylinder, rod, hinge, rivet, 8 anchor,  spheroid,
el psoilg, meBehelclaphi shareipihgpagdsteaminedsbare is splected from
hyper bgjd ou§ B AR81PL Bond A s8tion ' dte HERE MRTe0 1% l, q;lf[fble,

39, furthér conprisfng forii ng at least 'a set

conposisphsre danssphgre dmngaoyedstrand, ¢dpdllas aemarlc ditmo §béremesh,
to set,,.and joini.n 12 the. conposifes together to

f or m aifi e pellsy RTAR LA Fpsgin, BV fEPhGEPIFOL) Lo et st
fur t ey daeaTor S \6f WaIZH! d}iifder! hPeICTRARIdEE rbd tnd, rit4,
shape, wherein the step of machining 1s perforned _
bef or e apphorsbiproid, cliipseid ohilatg splereids prokae eltipgpidifor hyperbolic
formn Hngg%%{e the step of causing, after the step of

16 causing, or any conbination of the above. 17 57.

The nethod of claim 39, further conprising conbining
béhe- déathiewedhodld dhkemt 3% Figtheposhprighnd formind 0 1§01 Mxdcbad
conposite. 19 58. The nethod of claim57, wherein the .
step ofEBABIN FH§INEShHPe wmer 7 th%?ﬁS@Pd CHPPIHLC i B stndgoRIng
m xt ur enbonifls i8R AR t@%?éjff(‘éétéb@ﬂ Pﬁﬂ{.“ cles, hand

m xi ng 21 bone-derived particles into formable
pol ymer, heating the polymer, solvent 22 casting a
p &by meT'hamepthyshelcdrami 39e Birfhar canepresng inaghéning olre ermhmisitginto a

extrusi forinin ressi ng a coati of

pone- adihsefisssPthE paEof g aingR B GRen Ry Rete steppr

and cof@infih§) GffeNgieRRpWMBSmbhd, Defors ﬂie\éﬁdfibtof caisiRd aftthe step of
nmet hod of .claim 39, wherein the step of form ng

conpr i §8%IRE, REABEsOYTnatipg of igAbeyet he conposite in a
nol d and arranging the conposite in a tissue site.

Page 3Tneineibdor YinZ00flrfrsdokipriiy HNRRE 3L Arived

particles and a polymer to form the composite.

58.  The method of claim 57, wherein the step of combining comprises a member
of pressing a mixture of polymer and bone-derived particles, hand mixing
bone-derived particles into formable polymer, heating the polymer, solvent
casting a polymer and bone-derived particles, injection molding, extrusion
forming, pressing a coating of bone-derived particles into a sheet of polymer,

and combining the polymer with a solvent.

59. The method of claim 39, wherein the step of forming comprises a member of

shaping the composite in a mold and arranging the composite in a tissue site.

Page 35 0f 43
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1 60. The nethod of claim 39, wherein at |east a
portion of the bone-derived 2 particles in the

woaenpasstie are el ongate, and wherein an arrangeoemsS28/039704

bone- 3 derived particles in the conposite is
i sotropic or anisotropic. 4 61. The nethod of claim
39 wherein at | east a portion of the bone-derived 5
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7 relative alignnment of bone particles in a second

por t i olesved pastiglenindhe eampapite 3s isqiEepieret #vBPtEPice| ai m

39, wherein at |least a portion of the bone-derived 9

pafiti clgs Ak, Cfl:&vcﬂlﬁln’atd %Hefe'ﬁ!f?tq 55921891‘?10?1%%&%0116](% 034

A kit for producing an’osteoi F conpr a

pol yempastdstie theanothpositsdre lehingﬂte,t andbehdran Iﬁ&bﬂaﬂv&lﬁﬂ@ﬂn@t of
redeternined c set und

1;1322 tnd é g H@Waﬁ&}ﬁs in gofgdl tion %} ﬁcamﬁ%lte is dl?ferent than the

bone- degjaiedalRAbdechféBsone partits ril? h BecoH#l 981&10%? tifd Jo?ﬁposrce
predet erm ned condition, the polyner and the bone-

derived particles may be combined and forned into a

proédet dmginpdhod qfwlagmaﬁps?e whegiga leaphe prition®f the banmdggyed
V\,her ei | are a tenperature
gre ta{t[&? %geﬁ&%geu@ﬂg%fg%% %h&ﬁlge kit of claim®63,
mhereln the polynmer is set by exposing it to an energy
2163sourA:kitﬁmTpradlmh@mxtcetemmpldntpemhmﬁismg t i nme. 22 66.

The kit of claim®6 ereln he oste nt

adapt e&pﬁﬁpﬂ“@cﬁqéﬁtiﬂg&‘%‘ﬁh ngguct toﬁ? F’P‘l‘ %df‘ rfaéJ’rrPtovvl ng
i mpl antatio

24 67 The B ét'&egepﬁgkgl%%b%%&?&\h&hﬁé&i{%&%?%ge on r%%? ARG

are about 1@%dibomlodt 99% 25 by weight of the
conposi e kit of claim63, wherein the

conp05|bpgefiff?‘féraé3rartb2 rises at |east one 27 menber of

bone nBFHe@Mh, 1dBH 1BEBikE prdeterBineABbhdifi®H, €dAb&ymer and the bone-
bi oactive 28 nolecul e, cal cium phosphat e, calcium

carbonate, astvedmartclesysaley couangbahfprmed into a predetermined
PCT/ US2003/ g§%€04 1 69. The kit of claim®63, wherein
te

t he conposi urther conprises a nenber of a
64.  The kit of claim 63, wherein the predetermined conditions are a temperature
greater than about 40°C.

65.  The kit of claim 63, wherein the polymer is set by exposing it to an energy

source for a predetermined period of time.

66.  The kit of claim 63, wherein the osteoimplant is adapted and constructed to

be irrigated following implantation without substantially changing its shape.

67.  The kit of claim 63, wherein the bone particles are about 10% to about 99%
by weight of the composite.

68.  The kit of claim 63, wherein the composite further comprises at least one
member of bone marrow, a biomolecule, a small molecule, a bioactive

molecule, calcium phosphate, calcium carbonate, and cells.
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2 nucl eic acid vector, nesenchymal stem cells,
ost eobl asts, osteoclasts, and 3 fibroblasts. 4 70. The

wai2boak3abai m 68, wherein the nucl eic acid vecPOT/US24U8/039704
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introduced into a 5 cell, increases the cell's
producti on of bone norphogenetic proteins. 6 71. The
kit of claim63, wherein the polyner is selected from

R b1 oHEHCREERE oyt He e SmBHHiG G sgPRiiss member of

pol ymE‘rrﬁlcleﬁpacﬁlp{féé?&rﬁe%cl&@ﬂal@te@d@eﬂk%’s@@b@asﬁ?b%ﬁﬂ&ts, and
and 9 co-polyners of bi egr adabl e and

non- bi diwgplagiabl e pol ymers. 10 72. The kit of claim
68, wherein the polyner is selected fromthe group 11

¢ oﬂ)s' St’fﬂéq 1Pc§f cﬁu%)réﬁh wﬁ?ﬂe{rgﬁﬁ]@ ?E%%;cﬂr&%}‘tfr when introduced into a

poly(caprol actoné
pol y( dlcellgigiticases tige- @li3scmbdwteipn of bone morphogenetic proteins.
poly(l-lactide co-dl -l actide), enantionmers of 13 the

ahove, rs _of the abov and t.ures _of the
v T BE T 3 M e DT eGR4 g
der i Ved:oﬁﬁﬁﬁﬂgcdﬁﬁo& dEl'S‘l% RALY BB gralasle, dPpbi b th
a coupl i ng agent. ‘The kit Jof ol aim 63, wherein

t he osthéedagprdabie phmneas shapiynswt ebraubipdesradabée palymers, and
group conS|st|n b se 0
SR8 BogPatolss uR ATl IRy

sheet, ere, ere %Frand
coiled strand capillary network, film flber nmesh,

dizk, T lgosfelaimas, wbareqf tha pobynesr iqoéel‘racteslcfrc&mthd glb&p

cup, tooth, tooth root, str t dge, 2 ortio .
wedge, OpFistingst stareh poldcare 1y|<¢@ar0qftﬁp w&é ﬁ}/@iﬁcﬁd&)
anchor I-1 Hh@ &dBPRAEY! hanti f
pr ol at é) o%ﬂ(ﬂf%?%?eﬁécﬂ%y €+1 eZ?t?lhﬂ & 22Epg§gdbo&égl 1aln21c3>’merSO
75. Theh&httovef cocpqiymﬁ&f twmloee,rantl meix presddites shaved

shape is defined by a nold. 24 76. The kit of claim

373b elrfé Iﬁr}%%th gaﬁ (gp %’;l%l%e%} Rgrq?a ér%%g%:;ﬁw e%%f’ltggllljeg(t)o?%ner are

site. aﬁ]kzgwwﬁar@hﬁmgg@enprodum ng a conposite for use
in an osteoinpl ant, corrprl sing: 37 WD 2004/ 053112

PCT/ US2003/ 039704 %ﬁOVIdlng a, pol yner adapted %
colfst r u’Eheéat ofglam %w 1pthg patepingplathag a ghape selected from the

pr edet &glsﬁgﬂgbf 4 Bdhe2R ge Bh 0¥ RUEhe, AnSE! , aqartlcle Phere

predet ondi tion; prOV|d|ng a ur

bone- ddrmuqﬂlemaatﬂand:,loeﬂed stredld capillary network, film, fiber, mesh disk,
cone, portion of a cone, pin, screw, tube, cup, tooth, tooth root, strut, wedge,
portion of wedge, cylinder, threaded cylinder, rod, hinge, rivet, anchor,
spheroid, ellipsoid, oblate spheroid, prolate ellipsoid, or hyperbolic

paraboloid.
75.  The kit of claim 63, wherein the predetermined shape is defined by a mold.

76.  The kit of claim 63, wherein the composite is adapted and constructed to be

implanted by forming it within a tissue site.

77. A method of producing a composite for use in an osteoimplant, comprising:
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5 conmbining the polynmer and the plurality of
bone-derived particles under the 6 first
wonred@seria ned condition. 7 78. The net hod of eCa&iusea3/039704
wherein the step of conbining conprises 8 conbining
the polymer and the plurality of bone-derived
particles with 9 autogenous tissue. 10 79. The nethod

of claim77, fur f

L Combi niyaing s TR G L B Pt oo PO RS o

2 Which it is drafebahifed cbadiB6n addset MBEdQke@dndChraliditrilned
wherein the tenperature is greater than about 40C. 13

3 81. The et weadigpncl ai m 80, wherein the tenperature is
greater d of claim

4 81, mhéxsaaﬂgﬁgﬁgﬁh eﬁg?n&ﬁmg%féieatef @ﬁan about 50C

5 15 83. cohdiding thegohfmetlant theSaluralibesfdonetdedvédeparaclad wider the
is greater %han about 55C. 16 84. The nethod of claim

6 83, wher ei n ffg gditigngy eat er than about 60C.

17 85. The nethod of claim84, wherein the tenperature
| 87801 eafiRimdhiado faAH 77 Whereid theSp oBmBRIAOorRbriseh a' m

85, wherein the tenperature is greater than about 80
8 19 87. cPmbimeg thegobimer|aail thegdyralibyeridionedhavedpartelas Wrtb
9 IS greatﬁ{ t han. about 90C. 20 88. The nethod of claim
f urtHE LB M5P%i ng, after the step of conbi ning,
21 all owi ng the conposite to cool to ambient
10 t erper atherBeth@PoBaiml TR fifeidd @dmpfisil,deford the stef dth@imbining,
conprising, after the step of conbinin 23 al l ow ng

11 the cori@ﬁe%ri&t@epelyatﬁérwttﬁnﬂwwur@@wéioaﬂgiséonwlﬂao The

nmet hod of claim 77, further conprising incorporating a

12 maghanigRly ko SAILRIES, wWidldn EH%Qerﬁ@éFBﬁ?@ fsegrea%’r tMQ about 40°C.
2004/ 053112 PCT/ US2003/'039704 1 9 he met hod of
claim 77, wherein the bone-derived particles are

13 sdllect éﬂteznﬂh@mﬁ a3 whetam diedemnperatpte is greater than about 45°C.
nondem neral i zed bone particles, partially 3
d ner-gl i [ °

14 58 nermBEe b S BEE Bl RYBR o Ot Al eheater than shgur s0°C.
bone particles and m xtures thereof. 5 92. The net hod

15 of83cl aiThehicthovheff daim §2)evhooaie thesaempadtupaisigredtashar about 55°C.
obtained 6 froma nenber of the group consisting of

tic cel lous bon cortico- ca

16 oo, SRR ST i gernnigiohe BRI e oy o°C.
77, mherein t he bone derived particles are obtained

17 85.  The method of claim 84, wherein the temperature is greater than about 70°C.

~

18 86.  The method of claim 85, wherein the temperature is greater than about 80°C.
19 87.  The method of claim 86, wherein the temperature is greater than about 90°C.

20 88.  The method of claim 79, further comprising, after the step of combining,

21 allowing the composite to cool to ambient temperature.

22 89.  The method of claim 79, further comprising, after the step of combining,

23 allowing the composite to cool to body temperature.

24 90.  The method of claim 77, further comprising incorporating a mechanical

25 fastener into the composite.
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9 froma nmenber of the group consisting of autogenous
bone, allogenic bone, 10 xenogenei c bone, transgenic

woan®/osame m xtures thereof. 11 94. The net hodproT/usk@i39704
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77, wherein the bone-derived particles are about 10%
to 12 about 99% by wei ght of the conposite. 13 95.
The method of claim94, wherein the bone-derived

p eltl cl.es gﬁ‘%‘ odagjgcli %ﬁ@e%?ﬂjg %ggtdgﬁg‘%)/ %t}giﬁ o§ %Ftsﬁlg?ted

Comor | Stdig tHgbily tdiBistng Bf haem@erilired benepariéies) @amaﬁgl
particles with a nenber. of a bionolecule, a snall

nol eculdsmigeralizediboae P@r@éle&gsémrﬁmaﬂﬁ gpmBlcEAlGgq bang Lgﬁrtlcles
t f the ab
06 or° 1R S eral DAL ARAFRIN @b werkle | 18 Tb0vE

linking a nenber of a 20 bi onol ecul e, a small
nil2e c ul he mcthodaltdlaive7 B gdrtegin tiwr‘u@ne—kibn‘iz@gﬁ)arﬁd:lbg/aracbtamd

21 material, r‘% E%&%?%g%%tsfgtgg%o ctotlrtgqeaé glgavfe:?pcgllous bone,

coupl i NG 1AGeRAhecBas B8, HREmARLRGthedborc! @i m 77, further
conmprising covalently I'inking at |east a 24 portion

of the bone-derived particles to one another. 25 99.

THS. metHsdanahodpkglpny 7], Whseaieihe hone-dsxiesd particlesae @bﬁgled

conpri I

o FE LS % HOR GR) 5,80 pon
bi onol eeubgeneid tHAB ttans@dnichine, aral hixoaes thegeofiol ecul e

28 cal ci um phosphat e, calciun1carbonate and cells.

o] 2l HEGBEBGHG I { heSIh HiboBE g IR L R SRH3 0% o

Conb' NiBgu o8, 99%1£1%5fﬁ1%@019@5§1{e‘3| es and polymer with
at | east one nmenb 3 of a nucleic acid vector,

nmesenchymal stem ceI | s, osteoblasts, osteoclasts, 4
arfd. i Brisbhetbedof Gain04d, wheesimthethore dfrivedpanidievare about 25% to

mherelng ﬁﬁ“ﬁ?§¥r ?Sf?ﬁcgﬁ%ﬁ%t when introduced 6

into a $ production of bone

nor phogenetic proteins. 7 102. The nethod of claim

7°06. f uriheenctbedf dlsinny/, dxfices cogprisihg agdifyingesusiaat of the bone-
8 surface of the bong particl The net od of

cl ai m HFBYeS RATHFET Wil ﬁﬂ??‘%?%@?ﬁg}%‘?é??@e Grsmapgiecule, a

separ atyifi3 i\ d8eent, a non-biologically active material, and any combination of

the above.

97.  The method of claim 77, further comprising linking a member of a
biomolecule, a small molecule, a bioactive agent, a non-biologically active
material, and any combination of the above to a surface of the bone-derived

particles with a coupling agent.

98.  The method of claim 77, further comprising covalently linking at least a

portion of the bone-derived particles to one another.

99.  The method of claim 77, wherein the step of combining comprises
combining the bone-derived particles and polymer with at least one member
of bone marrow, a biomolecule, a small molecule, a bioactive molecule,

calcium phosphate, calcium carbonate, and cells.
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10 ends of exposed collagen fibers from one anot her.
11 104. The nethod of claim 102, further conprising

wdenoqasiizi ng t he exposed 12 collagen fibers ncwhmamymmwm
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noi ety sel ected fromthe group consisting of ~a- 13
bi onol ecul e, a small nol ecul e, a bioactive agent, a
non-biologically active 14 material, and any

T thod of ¢l ai
S8, PRl G 8Y St hEcn R BB R T
consi Stdoﬁﬁmﬁﬁ% bicadagidedvddl Rirticle midipdtieskradiabitdeast one member

co-polyners of 17 bi odegradabl e pol yners, co-polyners

of non-Afircuelgicaasibyecteyomyspaplymal sipm q%lsc@siwlwﬁe@%e@ﬂasts

bi odeg I non- bi odegradabl e pol yners. 19 106.
The rretaﬁggi%o(folgﬁ%gl m 105, wherein the polyner is
sel ected fromthe group 20 consisting of starch

paloy( c él?jreohahdﬁdmh)lampm(y tuhainthaabcler)acid vector, when introduced
pol y(1-I|acti , (dl -l actide-co-gl ycolide), .
Dol ¥ 1inGc et hegelt srpoiion ot bR Ropaeist prpgeins.

above, co-polyners of the above, and m xtures of the

aboye. 13 nl&ﬂod I Qaift N eek Rk cohptishg gﬁaosiﬁdﬁoﬂhgbnt s at the

polyner is selected fromthe group consi sting of
pol y( arsyifaceeefthe benoyaaitdissdr i des), pol y(hydroxy aci ds),

25 pol yesters, poly(ortho esters), polycarbonates,

pqlog( PIORMERSy & f;g@ﬁﬁ;&s}u hegg%lggﬂ s?f&%?%rﬂgu)‘;é} gw)separatmg the
pol yametdésof gpoyaindotlagachilstss frpalopacedtaks,
pol yl acti des, polyglycolides 28 poly(dioxanones)

30 %0 S0k abed a5tpie BBty Satraute SfrPReli e

bi odegrgdakinesiRad \wgu am&w&e&s@ frol B8 Bl ugct@héﬁn?g ofa
pol yur et hanes, pol ysaccharides, tyrosine-based

pol y rrertsompbcu}la,l m?éhmom@su a:llelgactwg lagertnonerablobrgaradly active

polyester ani pQa amno acid 4
polyar %f% w%%@ﬁcogéﬁgh ?%grggﬁ%tes

poly(pyrrole) poly(aniline), 5 poly(thiophene),

pologst yrteneethodof dhiad?zy vareddh ehepolyigras hﬁmﬁﬁd from the group
pol yureas,. 6 poly(ethylene vinyl ace

pol ypr GEYHENE Of;}’é?@ﬁ&ﬁdﬁ‘é}&‘%ﬂna‘?l@de%%ﬂa;’gt Ry Pelygers of
pol y( et‘tﬁ&# %Paﬁiaﬂ?é' d er§% %ﬁ'@rg of ﬁén-&}a@e%%\ﬁ?e ?oﬁ}émers, and

adducts o e above, m xtures o
above. ® Mﬁneriloébnndegradhbdﬁ argll ImnPblé’(qurwdabquhymﬁe. bone
derived particles and the polyner 10 are linked with

1%%Up|"[l’he§¥n§g (P of claim 105, wherein the polymer is selected from the group

consisting of starch poly(caprolactone), poly(caprolactone), poly(l-lactide),

poly(dl-lactide-co-glycolide), poly(l-lactide-co-dl-lactide), enantiomers of

the above, co-polymers of the above, and mixtures of the above.

107. The method of claim 105, wherein the polymer is selected from the group
consisting of poly(arylates), poly(anhydrides), poly(hydroxy acids),
polyesters, poly(ortho esters), polycarbonates, poly(propylene fumerates),
poly(amide esters), poly(amide carbonates), poly(caprolactones),
polyamides, polyamino acids, polyacetals, polylactides, polyglycolides,
poly(dioxanones), polyhydroxybutyrate, polyhydroxyvalyrate, poly(vinyl
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11 109. The nethod of claim 77, wherein the conposite

i s adapted and constructed to 12 be formable into a
wehap®ssakect ed fromthe group consisting of arPoDMS2003/039704
13 section of a bone, sheet, plate, particte; ~sphere,~~ = -
hem sphere strand, coiled 14 strand, capillary
network, film fiber, nesh, disk, cone, portion of a
cone, pin,. .. 15 screw, tube,. cu tooth,. . tqoth.root,
strut, PRERUACRYdeGeGtnable pRlG ORI POdCHAIAHY e
cyl i ndepblyuk@Baneh) jaliRacdhaM&ds tiﬂ?ét‘iﬁwliase@ bisfiRt polyalkylene
eIIips??_, obl ate 17 spherof , prolatepe Iipsng, or ]
hy per bokides ol ghinb saonates, pelyestghamides. potyester anidesnammo acid

wherein the .composite.i ed a uct 4

1o be PoiEBrE Are S RuBiRBnaleC R BRI e it Be)
20 111 polthimisprichedpdistglené, Mok -biodsgeideble poheralaeegiolgireas,
is adapted and constructed to 21 be shaped iq a n?ld.

22 112 Polrfghiensyaybiceraia); BALPFOPYIERS: Reymetasrylaemylyethylene,
pr oduci . )| [ [RTeI P

Phe comspsrhyefiFStaR, SEFper ol EOMRRE, LRUBRDINR D08 and
113. Theixtmetshafcngfof Heabovd 12, wherein the conposites

are joined together with a 25 nmenber of an adhesi ve,

a .nechani cal , f ast ener,. ultrasoni.c_bqgndi and a 2
9 & JME naltieanetbad ST, Seispt g pond el g B g fymer
10 77, fu&&@ngQQﬁﬂ{Q&h%gnga jtning the conposite into a

28 shape. 41 WO 2004/053112 PCT/ US2003/039704 1 115.

The method of claim77, wherein the step of conbjning

. : P
11 cdfpri Js methediglainp? J phsreins tiesgmposiieds ad@test andgopsisicted to
and bone- ' [ L %] - gen]
12 O o RE ORI PR e Ak AR HolR o fiaTHke s
13 sol ventsectibnaeattiong, shegipplytepparacid, dpbore; oenisplene strand, coiled
particles, injection [ di n extrusi.an 5 form ng, .
14 pressi ﬁga%d,gaé\ﬁprrygnegy o1 O&féﬁ%@ﬁ’\}%ﬁﬂp‘ggﬁ iCSPeefo}EtnFﬂ“pOf& cone, pin,
15 sheet QfreROkyEBEL tdRtRMEhtE A8HRI éﬁ‘uﬂﬁvéd?@ FRENTEY wc‘!ﬂgﬁboﬁinder,
solvent. 7 116. %%e met hod of claim 77, wherein the
16 conposithradesl atiagiredanidge aivst, rodtosdpheroid ehiwseidr phaete
into a sha in nber of a .d_and.a . tissue site
17 under RATE, Pt BT b RRIDPHOREHE1 17, The
nmet hod of claim 77, wherein the conposite becones set

18 beaagusertehigethddlofdlgias 7], whgredte tisicoynposite ib adgued/arel canstructed to

i ncreased, . Lo
19 be formable into a shape of a wound site in a bone.

o 1 O bW N

20 111. The method of claim 77, wherein the composite is adapted and constructed to

21 be shaped in a mold.

22 112. The method of claim 77, further comprising producing at least a second

23 composite and joining the composites together to form an osteoimplant.

24  113. The method of claim 112, wherein the composites are joined together with a
25 member of an adhesive, a mechanical fastener, ultrasonic bonding, and any

26 combination of the above.

27 114. The method of claim 77, further comprising machining the composite into a

28 shape.
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12 118. The nethod of claim 77, wherein the step of
conbi ni ng conprises 13 conbining a nononmer with the

wol4aissitly of bone-derived particles and the 2dT1/US2003/039704

[« R

-~

10
11

12
13
14
15

16
17
18

19
20
21

pol yner, and when the conposite becones set when the
nmononer is 15 incorporated into the polymer. 16 119.

The net hod of cIain177 wherein the conposite becones
set when the fo ymer is, brought to a tenperature

| é55 t Ham n’&ﬂ%‘)@rﬁf@ Jﬁewa@rewﬁhe Ao REcomBINEE) GOFFISpSa member
for mabl,e eg’s?n%ggn t-ﬁ_geo aRl bSﬁ«Tf‘HéHV%a’pam%seMﬁd%lxmg

| east a ort| ne particles in
conpos bbre-dereved Ipangws emto domhablepadymer heamgahgeotgmer, blvent

b d d | th i.te
ot r obfLnE A Pafrul ag b Jobyed kR abirslind oling exiyion
77, wWhesijife, %Yesklﬁé%tcoé’tn&%ﬂﬂoﬁ@-d@ﬁvéd%r@&&emﬁ% §868to 25dlymer,

particles in the conposite are elongate, and wherein a
rel ati wed edrngningribe pdlymgrwilbasolyerti ved particles in a
first portion of the conposite is different than the

23 166 | %E }lm'teeﬂ%ldl ?@ﬁ%ﬁ%hgﬁﬂﬁhg g%rhf{c?sitﬁ Q@Ma‘p?eldea%d cBndructed to

second on o
be formed into a shape in a member of a mold and a tissue site under the

predetermined conditions.

117. The method of claim 77, wherein the composite becomes set because the

cross-link density of the polymer is increased.

118. The method of claim 77, wherein the step of combining comprises
combining a monomer with the plurality of bone-derived particles and the
polymer, and when the composite becomes set when the monomer is

incorporated into the polymer.

119. The method of claim 77, wherein the composite becomes set when the
polymer is brought to a temperature less than a temperature at which the

polymer is formable.

120. The method of claim 77, wherein at least a portion of the bone particles in
the composite are elongate, and wherein an arrangement of bone-derived

particles in the composite is isotropic or anisotropic.

121. The method of claim 77, wherein at least a portion of the bone-derived
particles in the composite are elongate, and wherein a relative alignment of
bone-derived particles in a first portion of the composite is different than the
relative alignment of bone-derived particles in a second portion of the

composite.
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