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For mabl e and Settabl e Pol yner Bone Conposite and

Met hod of Production Thereof This application clains
the priority of U S. Provisional Application No.

60/ 432,968, filed Decenmber 12, 2002. 5 Field of the
Invention This invention pertains to a pol yner-bone
conposite, and nore particularly, to a conposite that
can be forned in situ or iMmediately prior to

i mpl antati on. Background of the Invention Bone is a

co site ter| d of hydr. oxyapat.

col | EgEMAbIa g SeuaGlePaBimer Bet-GomutBAad Mebfiod of
proteins, as well as rent cells.

Bone can be processed |H@@€§ﬁ°|Q§P pgble mat eri al ,

such as an allograft, for exanple, by treating it to

r emov Q‘htsha@ ﬁ@hlbﬁ clairBathie @ﬁoﬁmfrwsmrewemmamﬂﬂcaﬁcamo
processed bone biomaterial can have a

@QW%@?S é'fle‘bPSﬁEFéfl‘tteF &%,208¢pendi ng upon the specific

processes and treatnents applied to it, and may be

conbi ned with other 15 pp@ Rt Tneémtidgne form a
conposite that incorporatées characteristics of both

bone dhi inYeEon peréaingip Graglangrdoge cqnapos(étﬁ,awgﬂ@re particularly,
k?(? Qg rgg itk ke ORI & fo éd %BSYtu e B Eggg'lo'r B4 finplantation.

aring mnera gra ts port an
|ntegrate with the patlent S bone or

alternatlvely be prqﬂgﬂg@ﬂuuhﬂﬁh&hﬂ@gﬂﬂnldable or
flo d i i al .
0" E ARl SRR Lty e

hhé a vaitet9bf b@fmell@mﬁﬁ@@&%b&m@alb&@tﬁaﬂdﬁd&ﬂmﬂb&m&Icslls
i.n orthopedic omm VWi

VRP0F 30 PERFOfes M%Wﬁ f‘tﬁ’é ) iehas Plbﬂﬁ?ﬁ‘%gg%rr
ek SRPIL; by £AGhY 198 r@heqhd s %H?ﬁé’ﬁéiﬁﬁ‘d Bkt dceRulb iR,

substantial tTme to heal, during ™ which the bone is

(g lprasessed bomshipmaistigisian havs & variséiel prapartgs, gengading upon the
e

SRR e e e TRl R bR b B Lok R BlRE

feidradterizds ®ifgm & |c6mpbdu¢ tisdt iifcbepordtésarhatzoteestidsod both boet ahd

[ nt s res i n.decreased, bone density arou

R R o6 o Py pyampleg Bariers ) Batgiaf Ty be protedied o

FFOHALMR AP hrner A RER gfiflk Mat sifiporahd idé@ate SF{FRAE Pitieatd bone or

unabl e to participate in ‘physiological renodeling

Beayealtsmatively ba prasessed inge snfb soddable orfloweble wﬁénqriﬁs@é éone
fb%nqaéﬂa%thgy hate 'il&-belbﬂftgf 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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cells coordinated with bone and graft resorption by
osteoclast cells, permt bone grafts and certain bone
substitute materials to renodel into endogenous bone
that is alnost indistinguishable fromthe original
However, the use of bone grafts is 5 limted by the
avai | abl e shape and size of grafts and the desire to
optim ze both mechani cal strength and degradati on

rate. _Var, atiqn bone si ze. a

ot e Bae s A e Prarestiss e R LIS P TG ion by ogtoblast
QBNlY dwRtdisaiirbivith UbiRe ARIR4f ?ésomﬁ@lﬂ%oﬁéﬁbﬁst &dlls Spermit bone
mat eri al s and bone chips are ic % renodel ed but

@aqfﬁ@nd Ferade beneeupstitye RAeTisls e apTERAed Hto sRdogerqus bppe that is

R R R L Kk T

dilestedéabltm availilde shape bohsize ofhgbfts andehedéesae it@bptimize both

str ctu raf t t hat ma oducdinlar [
FsEicH Seer i et @ioipte, Qe BhRE G e flrs, i3Bipe pmone

&)Bﬁéntﬂaﬁd Béndratdoaaiiebond kRS B age Sptimblabitithie nit@erial. Bone

[imted by the shape of t originating tissue. d5ate1y

Akt alergls and bpte chis e viekly emedsiecbip ot imime
B éﬂh%m%tsgg#cﬁ{ iniBhrdBEoRRal SRR R sy I e

e during i antation. Summary o entl on
ﬁhwwlngleaitstrgsse&mtbme@lslosrlyadvant ages of a forrrabl e

and a~sol i e h

ond oThE i€l bFRRR e hevhlchote TRRhAE e BRaDER il rans
Dt hﬁtylbb$r6du§edillnﬂﬁrghlequaf5}ﬂﬁdsnﬂan mftmﬁrarbd @crielytﬂ‘wnl | bone and
CI’TpOSIt IS a e to infi ni.ca

1 B e o cpg P Shapes 1 it geg‘:}y sBe ! e
|oggjn§pﬁ%§ésh§ The fornmable con‘posnte can be nol ded or

formed To conformto adjacent anatom cal and surgical
st r uctAdliongly, i is denitable t havstashongisahstiite materiphibptamasbe
r| j,ns anchored at the
ﬂﬁ%qecptt% d%% ré‘dlsrhgﬁ{édr%n%%lglaﬁngﬁ?e W t hout unwant ed
deformation 25 or notion. After the conposite is

i mpl ant ed and har denéSimmarywfthednventionned to further
confo the surface of, the inplant to e surface of
She ol bieator s ritagnd fapBesdtp ooubli s dsp e nly
g ichinpoiile cbﬂBéaﬁt ﬂ\teﬁgh@ Emdi@d‘léxclﬁéchablﬂaladﬂistulnﬁfédlatdllﬁafter setting
conposite be irrigated h sal i ne,

&R Hergidsite plPﬁngelmﬁl wa, ‘B@F%‘PEOS“S a ?h%@fo léﬁltraéﬁftnér
kg el sfbeSobion bppicge.
ifonpiakletconosite can be molded or formed to conform to adjacent anatormcal 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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In one aspect, the invention is a conposite

ost eoi npl ant i ncluding a polyner and bone-derived
particles. The conposite is adapted and constructed to
be formable during or imediately prior to

i mpl antation and to be set under predetermnm ned

condi tions. The conposite may be formable at room
tenperature. 5 Alternatively, the conposite may becone
formabl e when ated to.a tenperature. greater.than
bt TS BeeerlaF I eni iF PR ebleBimiet Hspudifg)f Polymer
andbEt ecderivB@ par€icleR 0Fhd @nipvyitdB @difred sdwbbituctddan be
heated to a tenpenature,great?r t han about 45C, 50C,
feymablsiaring gr inmediately pyjor tpimplantaon B, 8§ i%uw%

RAIIEM LA BondhGdnsPXhé @&hﬁ&?ﬁ g%gtbté ForFiaBRSa kb Ik 1eifIRPdrhnk

f the polymer conponent’ onposite 10 may furt her
idicrnatieely, the nomposite miybecane fosmablamdien hertediorrdamperatire

val I I A6, or i h r.
R4 it b ARG PR b BB HEReSR AEEL 7o Bappl e
RRMposite Ry Hecorm® rc&malﬁle wiendiemted tdmiempan‘gmre grehiemaxgn abeut
t, o u C u carponate, . an
A S ERI G RO o7 8%+ B cepmenis vl bimegpore
RRS ifdredkinkXhd biok&lifk 8Gishly ¥EGE PblynitE eaREdheR | THRIcBMposite
cell's, osteoblasts, osteoclastsS, "and fibroblasts. The
| feitieer drdlilesaperpmenanéd heqomersstiwbathe mogomerisicpvaleptly
I e 'S production of bone norphogenetic
b&%t@?ﬁgd %@eg’g&nﬁh’pl ant may be adapted and
const Tue t@dpdsite lenyi fruthey dodutefonk loo wiongof boak amtr@iv, en
i t hqut . subst ant i al changi ng its .shape. .The . .
R BN PR e
Rarbefht¥hg Bé110 ol BRangNERRSEdriposit®maf kit dne aPRte 1200

to about 50% A surface of the bone-derived partjcles

peslcis acidogrtpr seesapahymahens celip petedilastn ogpasiasisetid e, a
BRI asfO l’Ig'l‘é Clﬁgxﬁieiﬁaac&' &%&,'Mépé&?ﬁuge@ﬁ a;cellh may increase the

non- bi ol ogi active ge bers at
©EiE s prodiation affbohé molphngerbtic pweeing aThd askseimplayt thay be adapted

A [ I 1y b dall fulls
SaD e redod e e s Moo Dbl pbdinete
chdiRiy itRhafte TRYonalderad pattidlesGRe B aboi W% io @bout 99% by
bi onol ecule, a, small mol ecul e, a bi oactive agent, and

e obibs cewpesite fpr seample ahadtSalo. abeWe>0%o0l yrer may
be bi adegfadaihey e—&k‘?ﬂ@? b%‘iﬂglgg ﬂﬂggggx}ﬁméd%ﬂl & & more of

m xture or co- polynmer o eqgr e polyners,
adiore]l oy radwnb ineol pol ey abicactivragont, And T hen-bistogikaly ketive

' | [ f pi f. '
Ftertaf CCpligac 88 ik sbes e oF WIS e ARty B
@kpaeBd asth®gy ¥gtiondll Vo€ patihlbpdr 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



20

25

30

3 fastener, and ultrasoni c bondi ng. The conposite may
be adapted and constructed to be forned in a nold.
The distribution of bone particles within the
conposite may vary within the conposite with respect
to one or nore of volune fraction, size, density, size
5 distribution, and shape. At least a portion of the
bone- derived particles in the conposite may be

e Eieb o Bl T o Sl ALY flaPRe U bbbl o

rbelf@ineuenalmcgmrrent of el ongate bone- derl ved particles
in the comg:mte may be different in a first ortl

2 'secdh dpbraution of BaneRaRICles THUWR e FOmBRRi e R aBY Wi the
%8 ﬁietvﬁth %Eﬁecpﬁ%e de HoYeecS’f firhd fh@Rdnadisk, H&%lt? 05’1%”5‘ r

y be linked wth a silane coupling agent
MMWna@]debepe tAtdedshy portion pf the bane-dertved @amcles in the

?@ggsﬂgprg?yat?e rﬁqglbg%% gfgci s érraqg%%eﬂ%f%%w'lél%ﬁﬁf ?hg é:?ﬁl\]/)osate

conpri sing bone-

medythedbamppinst amsp@bpiaerhe relaive aligrenkat of elbngate balealeeved
The net hod nm

d th t furth
PAGIcE80 S TBTRHE MO SORSEan T RFoR A SR geron. Sndro
tshﬁs%kf@ent b&%i&@bﬂﬁe gathpaial ThOBAIR-dekiPed pRtiAIEEHRT tBE Emw\ér

shape may be that of a wound site in a bone and t

smee/pbe liked mtinamglammqpuph@g aggat. hmendthey asnest, fisuRvENSpR &8 a

: nfittgodt J}ﬁﬁ% g %Bﬁeoﬁﬁia%k el‘ly]getpgﬁ’gﬁﬁﬁbé @F g%gé of fgﬁﬂlng a

Wb‘n@bsnetcon‘@nsfng rbtmé}ﬂmved pdrtictes apd)hpnbmenmyo bpr&dghg}n}acd
ow it to cool to a ent tepperatuyre. or. body. .

Shapgard tanswns e Savmet /BFy e e ST RGh Bt ineBige Sibisine

'tﬁ@écﬁ]ﬂfdsﬁélw’ith QudgSivhs Abkuk, ilkudiap sitograéibohble pol ymer .

The ost eoi npl ant "nmay further includé a nechani cal

f ast erfée predaigrmined slpp advihe thabp! pavopad Asinadogs ardthe step
o} g ity G 18 BaciBhe 18 SORE R Rl Ble dobiPoA YRR
mnm;bunterlg fcamedstteais]m:leammay bEheatkd to d temiperdbee at whitly ites

d t t
3P RERbT i e oD Hsty 3 e hiTo IR ool b eprmgore
R 86 @y RApeRturt NAIembeRIYTheafilymandapbinet Be tncyea@ﬁng the cross-

particles. Under the predeterm ned conditions, the

éﬁiﬂ(ﬁ‘?ﬁltb’é}f dhe plEmeye J@c@éﬁepma% sy iferthes Hﬁélyie@énechamcal
leP Gild A t-rgzg ﬁm b0 fctmBd & t@&%ﬁqge BADRical fhAEner

st’er m ned T one may | nclude a tenperature
gurfteaﬂlerpotyhu:mmbut 40C. The polynmer may be set by

EXpos iIrr1] gnotf‘nerte?nb% imen ?rtgé/ inventons g Rf & ﬂ?&ﬁ%ﬁltg%@s{é‘égnplam.
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

4



30 period of time. The osteoi npl ant may be adapted and
constructed to be irrigated follow ng inplantation

wi t hout substantially changing its shape. The
predeterm ned 4 shape may be defined by a nold. The
conposite may be adapted and constructed to be
inplanted by formng it within a tissue site.
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pol ynefThe meghtadrrgast fuehp'onglnéc qomh:nmg honederivied galalclcs and a

pol mer and .bo deriv rt| |
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fcoalrmf rb@nedcr@fedmanmldgm ao‘heeﬁ @f Py gedicombipl ed
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et i ned by BeRing At ron

ite an jorning e Cco OSI
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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

a mold or a tissue site under the predetermined conditions. The composite may



exanple, with one or nore of an adhesive, a mechanica
fastener, and ultrasonic bonding. 30 The conposite

may be adapted and constructed to be forned into a
shape in a nold or a tissue site under the
predeterm ned conditions. The conposite may 5 becone

set because the cross-link density of the polyner is
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polymer is formable. Definitions_ "Anisotropic": The
5t ehamatampereturodivahich the polyeyr isdpangble.descri bes a
characteristic of a material that varies with the axis
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of nol &Anisetropis’’y The parmt ‘@hisstropieri’ avused ihdrein, degsriberess

pol ynucl eot i.des, nugl eot i des ar hohydr. at ugar s,

PRt ok & ShmestL i Pl Sy (BERAP M MERLERen 17 >

st er oi dBiomatécnles”! At tethebivpmievniey, fad used Hercig ebfess tanbisses

tissues, whether the nplecul es thensel vef _3re .
10n8f tokachlps (e URTPICHY: HRMARAEIdR REPUAAS, PR yTategHdgse nYFleotiggs,

S ¥ bBRYdrfted rsu%a‘ﬁ% F’iggig,nlﬁ%ieopf@éi&? gﬁf):?prgﬁinsgﬁﬁdt oﬁét@ins, steroids,

bi omol'ecul es , but are not limte ,. enzynes,
18ter)dbas procanmensy fomddn sestand tissueh orhethes the regleeigstbemnselves

B

t eethasls). Fonterarhple iomoletrdes/inelnde, dat are aenlimitadontmzymes,
pl asm ds, DNA, and RNA. "Bi oconpati bhe": The %ﬁ{.m h
15w B?CGETBHSpa?WBF@,S”“%%S’G’QEH‘”W@T%@‘{&’P@& GeHTETRQRYF PeriLiers such as

dgasith PRSP LAY Eifthfotddlia actoth URtiBEHIRS) b Sdcindb, IHaPtehs) toiNg
do not induce undesirable long 20 termeffects.
" Bitodergnsa dihpiares, amii-apneairgeniscpipsmids A prddRidie”
materi a eri tic e orein i 1
pye of BcRiupaflBhd 1Rt oo BRpobBRIALT sl AF herein s intended o
meltsbibk mbediaty thetxapoatadchinistrdiontin daoaipanot indocgyandssirable long
Bi odegradabl e materials are not necessarily
201 JAIPTHFEIScal |y degradabl e and may require enzymatic

act i on«BpydegitddubRD; ARGEATIRIciR ‘BitRIERAEMIE EmAeLiSlE bt Baterials
al so include materials that are broken down
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
25 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

30 shaped by mechanical deformation. Exemplary methods of deformation include,
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within cells. "Conposite": As used herein, the term

"conposite" is used to refer to a wunified conbination
of two or nore distinct materials. "Formable": As used
herein, "formable" materials are those that can be 30
shaped by nechani cal deformation. Exenplary mnethods of
deformation include, 6 without limtation, injection
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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.
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“Polynucleotide,” “nucleic acid,” or “oligonucleotide”: The terms

LR

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

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



25 or substrate al ong which bone may grow.
"Osteoinplant”: As used herein, the term

"osteoi nplant” does not inply that the inplant
contains a specific percentage of bone or has a
particular shape, si ze, configuration or application.
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ltern
25a gtrc?up, ? %3 ospLXte group, a farnesyl group, an isofarnesyl group, a fatty acid group,

a linker for conjugation, functionalization, or other modification, efc. In a preferred
embodiment, the modifications of the peptide lead to a more stable peptide (e.g.,
greater half-life in vive). These modifications may include cyclization of the
peptide, the incorporation of D-amino acids, etc. 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

the addition of a chemical entity such as a

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

modi fi e n & 3] i
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"Settable": As used herein, the term"settable" refers
t &een nendased miore esistantety meokaniesh deforuiation vath respest tarafopraable
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sta ‘Set": As used herein, the term"set" refers to
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resjstant, t nlcal eformati on re
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for veterinary use listed by the FDA under 21 C.F.R. §§ 500 through 589,
25 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

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

immunosuppressants, anti-viral substances, enzyme inhibitors, neurotoxins, opioids,



appropriate governnental agency or body. For exanple,
drugs for human use 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, 25 incorporated herein by reference,
are all considered acceptable for use in accordance
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may be formable after heating to or above a predetermined temperature. After

20

25 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

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

10



20 Detail ed Description of Certain Preferred

Enbodi nents The i nvention includes providing bone or
other fill material and a bioconpatible polyner to
forma conposite. The conposite is adapted and
constructed to be formable in a particular condition.
For exanple, the conposite my be formable after

DSR4 0, SR e PR T, FSTREI i

f ekaped anghe, by cooling or cross- linking. The
conposite nmay be nol ded by a surgeon or other skilled
o%erator_ either inmediately prior to inplantation
i LB t e, during inplantation into the site,
and/ or Th@bore pefidl@&tnifléRA ih MRl pRefaddtionrdf tHlifvéntiee Boree.
Thus, the surgeon does not have 30 to prepare an
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cor ~'bone of " "allogenic origin. Porcine and boviné
benetharvesepdisintegratiag the tado Histuaglusticles gapoptiofally be sieved to

xenogenei ¢ bone tissue. which can be used individually
PR EHirIRE e oBl il el 5" or he bone
par ti cliesne dtatiddiratrmsthabend auttictes Haye aisizk (ineg, thékgesbone

to. produce fi bers, hi ppi whol e .b , fti
AL R e A
O DG Waf & abtiud | Bin 96 Bptiriie EAR JPANRipulfisH 8f thBRbinb6diRS Both

can optionally be sieved to produce particles in a,
s yeellériand darger pagtivdes mayrelesrke usad bthaepmpositaeoishe mvention. For

ol have y e | . )
b 3kbibl B Bl it gt ooy G rad iodth FES, ol
abopin, ?ﬁd&@mmfbraﬁomtl Ojirminay be ogetli E:amr mﬂéde&;hg& about 2-

ni pul ati on of the conposite. S, er .an

20]' gt s T ZEFAIRS. T 89 B epRlG eb e epi RAgRioRFE B of

t RIRBMBA Wil Aepdndlin pAX e Smpla@tePard, iafd ﬁ&g&\ﬂ Lirga particles

| ar gest di nensi on snal | er than about 40m about _
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
25 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 |

30 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
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30m about 20m or about 10pm may be used. Larger
particles, e.g., about 2 20 3mm across or greater, nay

al so be enpl oyed. The desired particle size and

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
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f descaibedisl commondyressigned Us Pat. tNo. 4166726300 qonteptreof which are
o 5 BN B 1 ond B S on o
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r afel er%@hgﬁ&g &i%%a#gg 100% el ongate particles. 15
Anot her pr ocedure Tor obtaini ng el ongate bone
par t i clTls bopepariided @e bptiarsy deminkralizer meesorddnch ovits kybwn
25 um%pqql gone}/%gtlijotna gr%ce urésr}n lo?cﬂsg thfcdlllcsé tf‘lehll'e in%?g%gic%%gr%ls%n@&t.

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
30 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

herein by reference. Use of this bone mll results in

the production of |long, thin strips which quickly

curl lengthwi se to provide tubular-Iike bone

particles. 20 If desired, elongate bone particles can
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Oh@Ridied 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

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

original inorganic mineral content. The unmodified term "demineralized” as applied
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15 acids such as peracetic acid. After acid treatnent,
the dem neralized bone particles are rinsed with
sterile water to renove residual anounts of acid.
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25 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, i.e., the strength, osteoconductivity and/or osteoinductivity, etc., of the

30 osteoimplant.
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another embodiment, a small amount of monomer is mixed with the polymeric and
25 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
30 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. Selection
of Polynmer 15 Practically any bi oconpati bl e pol ymer
may be used in the conposites of the invention.

Co- pol yners and/ or pol yner blends may al so be
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are not sufficiently high, increasing the cross-link density or molecular weight can
25 increase the Ty 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

30 volume fraction of the crystalline domains may so reduce the formability of the
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peptide coupling techniques,” J. Bioactive and Compatible Polymers, 1995, 10:327-

30 340, 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;

5,514, 378; 5,512,600 to Mkos; 5,399,665 to Barrera;
5,019,379 to Donb; 5,010,167 to Ron; 4,946,929 to
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Langer, Acc. Chem Res. 3 3:94, 2000; Langer, J.
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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

patticles may be pressed together at ambient or elevated temperatures. The pressed
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are easily purchased from conpani es such as
Pol ysci ences, Sigma, and Scientific Polynmer Products.
Those skilled in the art will recognize that this is
an exenplary, not a 10 conprehensive, list of polyners
appropriate for in vivo applications. Co-polyners,
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Pol yirer and Bone The pol yner and bone
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Itgafgéf%ndehygésslte Bone particles nay be incorporated

into a\lfenranabib/,ethp pblymer aralbeme naayibetsypplied 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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do hgyessi and the orientation of the elongate particles rotated by some angle, e.g., 90°

25 or45° in each layer. Smaller angles may be used to form a helical pattern.
Alternatively or in addition, elongated bone particles may be used in one portioﬂ 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

30 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 wde variety 5 of configurations. For
exanpl e, while nost conposites will enploy a
honogenous m xture of polyner and bone, it nmay be
desirable to forma conposite in which the bone is
nore highly concentrated on an exterior or an interior
A
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vol fractions i dlffe ent portions. of the
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Vit apparatysds e@;rwﬁe*rqoeteﬁhw sRvingnar be sfisient to canse algnmaent.
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QﬁEeHa%'va ¥P&8otri héﬁ ezé%eatéii a?:ﬁl'%s's leégte Eb%gnﬁ%ﬁgag&édf charge.

nsities, or vo ctlons r
;i‘aoducmgeandqmdy obentecépmldsg/rﬂqews atherrteeynmqaéﬂ edechaoical

.h
iR oo g 97 166 FFRSFRERL o Bfoblihg gy it  sight
diplvafis @flentatisrohg iR Re cAlLeTidctivéls randudlizenBe di@dtionns the
etc, of particles, various polyner joining, techniques,

fgriiclss a Mgitation yay, alse hean effective Rracess 4P randemizg orientation,
be us %e%%ﬁﬁﬁlﬁﬁ?@ﬁclﬁﬁ&é\eﬂgﬁﬂy ﬁﬁ?raﬁo F BQlliyﬁler hifiPhgRR! for

For exanpl e, oni c enab
[ssampier b@WGWOD@WQ@i‘Ve polyhet mbabouh%o welehu"/mnelymr For

L en art i.cl,e
S EDBle ik SRS BEAY foifde o8k 1 Uil 105 BBlymer or
Ebpmamdy leépiatl mi@ms eftipolﬁ@erdn& boned lfl[hed)mpmrﬁthﬁ off Heypobymer
vari et arrangenent s exa el ongat ed
dbprg caa 1 ‘&PHB%V%M“@ ﬁgﬂa‘itﬁ‘%%ﬁf'{’i? e SlteofPF 118

txﬁ@'cﬁ&igm lﬂ‘oﬂeﬁfes %Hﬁ@iﬁg fRigué) élﬁrﬂﬁeadégi’ﬁhﬁmn fahe 18 %H&ﬁ&x ttﬁe
be assenbled in layers and the orientation of

@IB W BTEHeEPOpae 10 tb¢ eympasite el vty vetrbe proghsion@f golmeandZS
45
on QDTG n Y B witbFeBbgrtfe PR SafBkpbi it dehitiques

ehaylm:aiseditdlenehqaa ptdpeities forayralgge af senipositiensdo pptithizera of
he canpos h em)reo]% gularly di nmensi ned1 .

ﬁ&P’PPHe 3 %“rﬁééEP 1PANYh ot &K TREOAYS defting

nﬂub&r&he&mﬁﬁm@@fmealm@cdweéaeersaéﬁgeﬂ anceettfﬁfe@k&shhe

twi sted, or otherw se nmechanically aligned
Aptr@iaﬁtﬁlvel y, the el ongated particles may be

D 58RO M R e

tthmmmabdalm}godtmnmrmthlesammug lof prohfergmdega the mmdaer of cells in

NI e

composite may be measured after mcubatlon 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.
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the softened pol yner, onto which they will fall in
roughly the sanme orientation, "nuch |ike cheese
passi ng through a plane grater. A static electric
charge inparted to the bone particles can also
facilitate alignnment. Friction generated during
mlling (if 5 the apparatus is not water-coated) or

si evi JBY; Q%o?l%'ifdglaﬁ!) nt to cause alignnent.
Alter%ﬂ-vvﬁy,—cm—egl—ev!&ric field may be created across
a si e\teapreferngdamibodinen, théyborgepartidiesdnl e cogposite] cather than
oriented particles requires, other. techni gues. .
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I YospifiePdticht siRRKAY birgér§! hilalvs ¥eh@tibingflarftobfd@sired
and bone. The proportions of the polynmer 15 and bgne
sh#peita bp peaduecd Ao dgegubakyrshenedmieces ekbape. Opaical bone has

99% hlgh Féﬁre@ﬁ%eﬁgﬁ% héweozﬁgg@mx&@ lexHARE FI%i$Mer-

i nC gue, and-the degriadation rate.
ddied bberdaricheetweel hank piccesswbirmye atsbear hempenepbsite wil |

vary with the propertion of polyner..and bone, One
R T R R S L
@éﬁﬁi&ﬂﬁ@&,&?lléﬁiﬁ@ Ribilthethe Fmﬁecbﬁ)ll_aﬁﬁﬂoﬂddj deesitbohiparticles is
properties _for a range of conpositions to qQptimze a
FEPssHRReLRSng the fechnigues f oyr egimmprly ongad iJF% 3’%@%5%1 e,

test the conpressive strength and stiffness of the
cdrighowt ingorpCedtedherein biyaeferante r Bxemplary lsepss-dinkiog imeshads r
an.,approptiate period.of tj nd | i
R HERIArRL iony oot of o JF Ofeniy rpotment,
rRuAARdticafeatidnt,Setd. NAltethatbelypaiin additibm whees buumetperticlel having

1] ded). .anal yzed, Th i ght ch h
SR Taeen 4] BRI EAioB AT yse i bR PUDAIES G b baRdsc g one
Qho@ENSY LirdKing %oséa%ﬁag@%f demiteyatizéd i&ﬁrﬁblgﬁ%@ ﬁfof@h{%

whet her” degradation is |linear or not, and nechanica

rcespprent of narndeninerabzaddwnaparticles psing Fupbing agenke farieapgale,
SR nd, T R, BRTRA RplSBE e
3trfaced maghe enkaneed by rindgy with phasphofic ddid, ecpnipsliStminated in a
t5950(;42 tsgl{ltlngmn gy Efo Smle ‘e Y\?tlersnagéely, %1212{ ]r)raar%iiclcés gl% Ebggr%ztatie&) {5 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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21 Mechani cal Considerations In a preferred

enbodi nent, the bone particles in the conposite,

rather than the polymer matrix, carry the majority of
the applied | oad, while the polynmer matrix holds the
particles in place. For exanple, |arger pieces of bone
may be stacked on 5 top of one another in a pre-form
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n%‘g gﬁévn%f"%dfag&ﬁg%fﬁ s %IOPh 'i‘h% g%tgﬁ;psgt% Bﬁ&’lﬁfcqude additional

d@lﬁﬁuﬂebﬁed Z@dmid: s@hd:h)ém calpiwh phésphite aﬁd(pnjaem cartohatge Noof
acent bgne particles. i 15 cros ked usi.ng 4 he

Mwﬂlx@gtw magriaks gyl Oﬁveam&mese ﬁFé’Hf“PRE)‘% For

@xﬁrﬁ e./radiop&fte! TubBrbsCdrh QR kﬁﬁf%hé[bfallﬁl Eéiw%hhﬁ%sfnﬂiy HelaBtached

acture the contents which aré incorporated
h@ﬂ@uh@nbparrlelﬁéwenﬁ: glangglampistay g7 eherssuplingagssisner meaple
n of
GG RO RS, of ERRG Blh k OGHELh i TR PeaiREE |
eﬁtltbmaﬁh/elgr graih laddahyn,qmly(ethﬂdnh glycxﬂ) (Rﬂﬁiarrmydmwtached to the
fees of

ticl
Do pacTices. Jaelaareally at e rpel SpliRotr Sarmile cmallpolges,
banadedt ég]‘én@ Nehd HGablealledch haﬂKmﬂQmﬁ% pe ﬁﬂebdqo khect@@B particles

deni neral i zed particles to the inorganic npanent of

wlrAuglesiane SAMSZ veing a pelypiakie afeqi HakegseRgior @Eﬂ;‘)‘l‘ﬂl‘ﬁd—’ S. Patent

t -
AP Ll RN 08 i e
maei¢iinidopropienié acid N-hpdroxysuesinisodsezsten,yor rsuccitiicl gnivyidride.

BaRRE o ey on  bnes b el G T B e R o BRI Ra

havé bRAlchemically HduEFRd t6l flo0kle poldf amiydede figktioriiey & the
hydr oxyapatite, trijcalcium phosphate, poJycrystalline

PRl Rpckdane b peler peHenalityallosys| thess PraguEts HOTLaS m
Egﬁﬂ%aaggﬁmts SPbIEANE B dEMENIRE Rl Eseﬂaﬁ{oﬁa coﬁﬁiaﬁbﬂm i CPolyme:r

Icate, tetrabasic ca phos ate
daﬂmdsl pud toi proede ﬁmmyecﬁmdmmts wwswatfmiﬁﬁybm i Qeupling agents

%%ly e lted géttvgutsﬁa boneand The porlnymer 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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30 stearate, calciumsulfate dihydrate, polyvinyl
pyrrolidone, propylene glycol-co- fumaric acid,
cal ci fi ed pol yurethane, baria-boroal um no-silicate

gl ass, and/or 22 polylactide-co-glycolide deposition
and crystal formation on exposed collagen fibers. The
polymer will form around these fibers, increasing

t
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conposite imedi ately before inplantation.
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SEMPOiE usHg thslapayie technidaes @?Sﬁla‘?ff‘\ﬁé’we While glesutipes Qfﬁﬁe
Ompo St B It KRlcbital ki he Eap R RBRERAHCD o g fnplan
eitartind Bickeesalof thesurfaes layer wildiensure thatatdepea portiamelf the surface

ch |
TayRr PR Coripeshs Sendtls iR SRaior BE imb BT Allhalidpya? e
agdidoh Ib’kkl@glcélgﬂﬁnvé Oémpt)tﬁﬁﬁlnﬁay Hd.cOvalBlatyeliviked Mothe bone
5, 846, 951) or wt
FRREY ﬁfoa%%ﬂ@wmw'ﬂvaﬁ BRYyesE cForicrryBlegdlags coyplipg agents
gk Hhﬁ%?l’:ﬁ@b;@i‘ I @dﬁﬁgﬂ oNRY AP S Thd HE HBCIRAS the HRke

succini ¢ anhydri d Equi star "of "Houston Texas

partigtea throngsthe KiEERAT HIERI L0 eearting, grpepsyanl adfipmeleepsmall
een, chem caI |y nodified to provide polar

an(ﬁecélrela lfouﬁlcy naﬁ ity on the polyner backbone. The

pol ar The acmpmlnnaty;alsml Hemvesdetdvagecefis.oBorodxamble, & patuan't’s own

coupl j ng agents in, bl ends .of. dissimlar te
ﬁPM%&‘cﬁ%gzsm%oP’maﬁ!eq A e yith ¢ B9TBRoHfg Altgina ey,
@feﬁi’ééﬂﬁ of BRIgRNGH ce@m.lap Be bﬁp@s}&ﬁ smeaaﬂmg QelisAfol GdeSwith the
Coupl i ng agents 2 be used betwee one and the

paNeptien ingbwp mwhymalmtm eellsgmg sernsctivastisgue ¢rils, ineluding
%91%861&&& YaRbc1hds %ﬁ%ﬁ&%%za&fs the conposite. For exanple,
si'l"ane groups nay be

I'ncorporated into the polymer as
a si d&he ballagenfibbrg erpatied B dgminemlipatiopraee typically relatively

chemically 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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pol ymeri zation. The silane groups may then be attached
to bone particles. Alternatively, coupling agents
havi ng reactive end groups may be attached to the 30
bone particles and then reacted with the polynmer. 23
Biologically active materials, including bionolecules,
smal | nol ecul es, and bioactive agents may al so be

n .
SRFIE B iy AR MR (R AARA G may e
salitaed with matkucarfacthitaatoattol,an soke comhmammi Qf thesac Beﬂt:frayed

acid vectors, i | udi n as a vi ral ,vect

SR iy Shibiesn ARers Suatchstter kelroq MaB g OB, Bfl S ang

%ﬁﬂ'&%lets hﬁomloél Kol dcBRRs Qﬁolaglem)hnﬁaﬁzwbmpam (ﬂfsombone
hogenetlc protelns may be included in th

imatiereof theesj Thespumaterisis may hawowiendy RERoR- Wlwr%%d
r

?@*ﬁ%ﬁgﬁ%“%@ﬁ RS t T RTNE iy olds A Hilagen fiber
sachckedydine, erdittine, hydmwpplysine, podlirtehandhydpayprodine.A

rmt erial may be sel ectively distributed on or near the
onposite using the layering

%ﬁ&% %sf%sscr f above. Wiile the surface of the
c 0 npoSﬂhé eompdsite peayrbex el aarirliveatly ias 4 fisue sitgerSomeedi isto a

pulatedlnthel t he thi.ckness of the
gﬁ%pﬁé@@eﬁ i aufion fog o ppgied dher prmplaptation, oK Reetivsly. or

SR, ﬁﬁeshaﬁeadﬁﬁe &fmﬁd@ﬁc FRYBO fahRulLdiBcfsre AurinB Cor for a
surface of the inplant. Alternatively or in addr'tion
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ovaredue te Bl jits Inﬂédlb@n,mﬂ%gepédbe% apritg schedulen,additional
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§R4PEBL9 W88 1 ang fi brobl asts. The col l agen fibers

expos glomyerflesdimentad sefirt bOMoRIE Of & particwthd bone@k Boneqsirtion are
25 chemcally inert. The collagen may he rendered_nore
pueileblata agyreeen guting sugery.r Aferdeterminipg theglimensiqps of the

tlﬁglaﬁp% § 2\@1‘3 @u:fg?orpﬁ':%b fHe! Hrpbsifelth e spPRAiEEndIB allows the

VI
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 exainple, a bony defect may be filled by the formable composite.
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strands fromeach other. Rinsing the partially

dem neralized bone particles in an al kaline solution
will fray the collagen fibrils. For exanple, bone
particles may be mxed with water at a pH of about 10
for about 8 hours, after which the solution is 30
neutralized. One skilled in the art will recognize
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conposite inplanted into a patient
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nee Know t exact ze or shape of the inplant
site Eféf:oompsamenhyl berfgrraed p?aoh‘lad.h oebetd, inrd 4 variety ofrshapes.

dit h
TSPl S aheb ORI SRR AR, HRE6 plsls PR e
thahidpherle atthnd; cbitedatiand @apillplyartvedrk Olﬁllm, Rber) atesh, Qiiukecdriee

characterlstlcs of the inpla tﬁjeslte are knovxﬁw
POFHRBALREONG DI GCTEHa (06 1B, Ak toOH 1004, Frgnwedge, pottion of

RIRR0 R er, Br8Ld GRindl, 0L A ivd: BNk SphAbidDANBORY,
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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
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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25 noted above, the conposite may be produced with the
polynmer in a softened state or softened by the user

i medi ately before formng. The user may then initiate
setting of the conposite after it is fornmed. In one
enbodi nent, a surgeon opens a package of formable
conposite and shapes it during surgery to the exact
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set UpPdesB¥d d8dehhitD fdtendisishel ficredRyAV@E) Gk Buties kriagive.
I n enbodi nents where the pol yner conponent becones

fuspdhigimprapedhe refrationaf the Heplaetatln ape epbedimpnt, pR Adlling is
ey i e slEnct TR inbGnd kel T BRfenbr V€ inkErn L O1RLd 10
fcompotitvevluteripsstitl @liablavowhite ihepobmer amdbhebdnanparticles ire

| ative, h it f the bone_and. th
s irRonSR OBt th BecldE Sorfosive Fisg R G iFiioal B e Bhape
REae RRY il stendhow ihedrRRg Compauitet tHabark B6ftened by heating

surroundi ng polymer after the tine when the pol yner
dﬂ%’r@rebﬁﬁ‘éﬂ%cﬂnﬁégf‘e‘hé%ﬁé@l}mt%e size and density

di stribution of bone particles within the 15 conposite

may be optimzed to adjust gfgmpepunt of heat rel eased
into portions of an osteoinplrant during and after

i mpl aMohmiaspellethefl saappeliyfcepiotagtane) Weretased iratmigieave
LNt ' o .
e Cheal iR sl LS Rop TORRRY, THEFENE: Rk iffiERea
Spdetiiee by himedriosSpine & éargérmaassl pf paliinexd Beforzrtbk palaped doaked,
netwark, fil | ber,. nesh, . di sk, .. 20 portion of
et Sepimeratized hoving b patistrs oot fol0e B hd Pl bt he
Yolyher chREMEd afibkinAbel P50% Woaeezht 6F bbrkqfiticldsh IThe deshposite
cyl'inder, rod, hinge, tivet, anchor, spheroid,
efasithasdicgted apg feamred n dreclegiredsfingl shape.c Upppsenliag topormal
RS et ftuRha L nPiste sbito Pitth SARALLARRAt in'th€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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conposite is forned in a nold having the shape of a
desired inplant. For exanple, a nold my be shaped as
a portion of a bone or as a whole bone that is being
repl aced. 25 Exenpl ary bones that may be repl aced
using the techniques of the invention include

ethnoid, frontal, nasal, occipital, parietal

¢ . . _ B 3
SRR, oni FRABLEL G FBbt phepifi AP Errion B i tated by che
followiag elaimm cl avi cl e, scapul a, hunerus, radius,

ul na, carpal bones, netacarpal bones, phal anges,

i ncus mal l.eus,,.stapes, ilium ischium pubis, fenur,
tibia  FRTE Bt el | a, cal caneus, tarsal 30 and
net at ar sal bones. In anot her enbodi nent, the conposite
is formed as a plate or simlar support, including
but not limted to an |I-shape to be placed between
teeth 26 for intra-bony defects, a crescent apron for
single site use, a rectangular bib for defects

i ncl udi ng both the buccal and |ingual alveolar ridges,
neutralization plates, spoon plates, condylar plates,
cl over | eaf plates, conpression plates, bridge plates,
wave plates, etc. Partial tubular as well as flat

pl ates may be fabricated using the 5 conposite of the
invention. Alternatively, the conposite nay be a bl ock
that is machined into a desired shape. The conposite
may be machined in either its set condition or its
formabl e condition. Such machi ning 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. If the shape of
the final inplant is sonmehow incorrect, conposites
that are softened by heating 15 nay be reheated and

t he shape readjusted. Exanples Polyner pellets of
starch pol y(caprol actone) were placed in a m crowave
oven and heated to approximately 130F (54.4C). The
pellets were then pressed together by hand to forma
| arger mass of polymer. Before the polynmer cool ed, 20
partially dem neralized bovine bone particles were
folded into the polynmer until the
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pol ymer cont ai ned approxi mately 50% by wei ght of bone
particles. The conposite was then heated and forned

into the desired final shape. Upon cooling to nornal

body tenperature, the conposite set to forma rigid
construct in the desired shape. The conposite could

be repeatedly heated and reshaped. Once forned, the 25
cpnmposit ximately 10

hgatl né/cgogﬁaﬁ%%éogﬁé%t tc? 'ﬁxﬁﬁ%gobser vabl e degradati on

of handling or setting properties. O her enbodi nents

of theapelymstiagpd will be apparent to those skilled in

the art froma consideration of the specification or

Pract i ggheQferivbg t?aﬁ‘i’c%kt | \Qibrélh Sk O a%@st éﬁ’né%‘é‘foﬁ' 6‘1‘ tHel bbife-derived
i ntended that t specification a exanp

consi der ed pati@lEs mogepframabouni 30, micrerns to hboutrBuamodg@th and
and spirit of the invention being indicated by the

fol | ovg,Rgel! @kTBm ?m%toét&nﬁ BhR%hot ?oxg?a%lelat]aboutp?ﬁ"(l or less but
conposite pste0| an rising: a polyner; and

3 bone- der i bednparfoincdbds whehereated tohe t¢rapgatute greater than about
di mensi on % gjle bone-derived 4 particles ranges from
about 50 mit¥6ns to about 3 nmin | ength; and 5

wherein the conposite osteoinplant is not formable at

about Bi€Coqicoitnpdmt blitlairfh 1hevhensis teocommdulsite bhemdsefateable when
to a tenperature reater th&ag Eout é4OC. 8 2. The

ost eoi e&‘ﬁPddFmE I3iUgs grealfh 1B 2ROt "Conposi t e becones
formabl e when 9 heated to a tenperature greater than

ahout TCostddimplant bE chafrh €0 iwhpteiin theodonthadltenbeconidseforhsible when
the conposite beconmes formahl e V\,hen 11 heated. to a

t enperitRddo griempERIUFhERaEh By aBoe S01C. 4. The

osteoi npl ant of claim 3, wherein the conposite becones

for mabig: whedim gla?mt beatad 3 wherdie MRecoMipshe BEQRE! fofhatle when
about 55C. 14 The osteoi npl ant of claim4, wherein

t he cobgsbsslitoa iyapyabiEe gsRGRBIEAR aWPPS5°¢5 heated to a
tenperature greater than about 60C. 16 6. The

ost eoi T aélémﬁfple&'t AF Blatim AREIRIM (H@nesIIRO BeéAndicPAARSle when

f ormabl e whe
heated to a temperature greater than about 60°C.

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

heated to a temperature greater than about 70°C.

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

heated to a temperature greater than about 80°C.

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

heated to a temperature greater than about 90°C.

9. The osteoimplant of claim 1, wherein the composite is set by increasing the

cross-link density of the polymer component.

10.  The osteoimplant of claim 1, wherein the composite further comprises a
monomer, the composite becoming set when the monomer is covalently

iincorporated into the polymer.
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17 heated to a tenperature greater than about 70C. 18

7. The osteoi nplant of claim6, wherein the conposite
beconmes fornable when 19 heated to a tenperature

greater than about 80C. 20 8. The osteoinpl ant of

claim?7, wherein the conposite becones fornmabl e when

21 heated to a tenperature greater than about 90C 22
911.Th eTkIIBdJ&kﬂiimplaahbf clhing [l aivhertin thh enmpnsitd@ﬂhmmm@rtses at least

i s set i ncreasing the 23 cros | j nk de it

ol ymeTBRIRCAL Do Eows e SIGERIRSH I oA b oleR o onctve
wher el ghehf) %al‘éﬁﬁpﬁﬁdsbﬁaté Ltralcht% cﬁfbﬁﬁﬁtbsﬁﬁ Rlls. 25 nonorer ,

the conposite becom ng set t he m)norrer

covalently 26 inco rat [ nt 0 the
Thte osT*éf‘oP#swmlwﬁfofgcﬁ T Wik e b g%%p%‘gﬁ?f comprises at
furt helrcasQOHHJ 'rﬁ?rébal olfeﬁsﬁuclcgc Of8q RERR! REschGRBal stem cells,

marrow, a bl ono e, a small nolecule, ‘a bioactive

3 agentsteobldsts, astequihastyphad Bbrobhdstsi um car bonat e, and

cells. 4 1.2. The osteoinplant of claim1l, wherein

t C ' : r{ise

oFF o RO Ul Bihblgh F SRR 12 S, A SRRIGOEAVRGE, when
ost eobinaetsced datoemcélhshercasen dhd cdil'optodsetson Jf Udhe mhephogenetic
ost eoi npl ant of claim 12, wherein the nucleic acid

vect orP™%n 8 introduced into a cell, increases the
cell's production of bone norphogenetic 9 proteins.

13 14. THh esteetmglamp bAntlaiof lclxahem:ﬁ: lhd‘IGEtebm]ﬁm is adapted and

ost eoi npl ant | s adapted a 11, constructed to
irri ga%lawvdﬁ srﬁataﬁt@ilpwwmﬁ favgab%tgﬂﬁ ghbsjantially

12 changi, shafape. 13 15. The osteoi npl ant of
claim1, gﬁgrﬁgl na{éﬁe bone-derived parti cI es are

selected 14 from the group consj sting

nbhdent ?fe@ﬁﬁqunb@ﬁel%rlt iveegein %Pw—eaﬂwed particles are selected
er nhih! 680 RARE B 8 ncpRlTeblgeh done particles  parially

dem ner parti Cl es, dem ne
bone ptmmmeﬂdhseda]nsrmher‘paxﬂlct_'lttfﬁ,‘sullidﬂﬁcleh:fr dethihefalGed libﬂae partlcles, fully
ost eoi l.ant ..of claiml rein th bo e-derived

partic @"§P57WO§F|P@H‘°13E8‘“$F%‘M"53 of the group

consi sting of cortical bone, cancellous bone, 19
ChF.t i COrCadieshiptuns obolaem 1aRdhersix the shetdeeived particles are obtained

from a member of the group consisting of cortical bone, cancellous bone,

cortico-cancellous bone, and mixtures thereof.

17.  The ostecimplant 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.

18.  The osteoimplant of claim 1, wherein the bone-derived particles are about

10% to about 99% by weight of the composite.

19.  The osteoimplant of claim 18, wherein the bone-derived particles are about

25% to about 50% by weight of the composite.
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20 1.7. The osteoinplant of claim1l1, wherein the
bone-derived particles are obtained 21 froma nenber

of the group consisting of autogenous bone, all ogenic

bone, 22 xenogenei c bone, transgenic bone, and

m xtures thereof. 23 18. The osteoi nplant of claim1,
wherein the bone-derived particles are about 24 10%

t20. abolite &bimplaneoBdlbinot, Wheeiaaqoics of th%oﬂe&en%@amcles is
oste0|nplant of  claim 18, wherein the bone-derjve

par t i cPediDg eVl qumempber 9603 Swnsﬂieawe o8y m@l%‘wa afbioactive

the compashinn biflodically actfie rBRLER! 4 da@gtco&fm ifiBh BY the sbove.

wherei IT a sur ace articles is
nodi fied with a nenber of a blom)IecuIe a snal |

1 ec uTles osieampkiat plelaing 28 gwhereinghe membes iliikeditp yhe surface by
actlve ?F‘% %‘pqtand any conbi nation of the above. 4

21. The ant of claim20, wherein the nenber
is Ilnked to the surface by 5 a coupling agent. 6 22.

THe osthopstprimplanyiof elaamn . 1Whmr?é|1ﬂasata pogtien of the bone-derived

Por ¢ heRlied I BONSHHEANS oo BRISLES 2 e

coval nKe 0 -one ‘ano ™23, The

oste0|nplant of claim1, mhereln col |l agen fibers at

tHe suFlicoseampling ofcltiona, d/éuerewmdoyéwem ithers ahthe surface of the
ant of claim 23, wherein

{
?ESOZX °&§e%“é’8ﬁ‘P%’§8\>‘fos egeg(lpg é‘re 11 partially or fully

separated fromone another. 12 25. The osteoi npl ant of
cdai m B osteeimeplantt bE clsimo23d wdetdimgbe dxipbesds callagen18bers are

derivati wth a noie sel ected fromthe group
consi sgqrﬁapyoqr 15{15 t%‘i%f”é‘ onefﬂog‘e'érml | nolecule, a

bi oacti ve agent, a non-biologically active material,
dtfd  IBheamgteommgibmtadt elaimf 28 hevhehow ethe 1<ﬁcp%ed Ehkleagen fibers are

g;t :2|t Jvaggﬁﬂo\{/ﬂ]glagrl;cgng% sel\%de;tga g‘i‘@} éhp gqgt ¥on313t1ng of a biomolecule,
bi odegy @&@i@hﬁm@&hy e hoacid aEén@dE%ﬁl%ﬂﬁbﬁcﬂﬁJ )fé'[ﬁfesmatenal and
co- 18 polymers of biodegradabl’e pol yners, co-polyners

of norenyicotkynaigalwif ¢he b@veol yners, and co- pol yners of
biodegradable and non- biodegradable polymers, 20 and

geeur 0 / RElARt A th
C| aﬂ?ﬁ g%ea%}aaﬁteﬁlb?hﬁq g&ﬁ])?lﬁe%%ﬂ}%s S%Pect eg ? reom&ﬂ © group

gr oup coh&stmmsmfsthmdggmﬂa@bapo]mm yn¢rehpdegradabdam epglymers, co-
poly ( Cq grlsag Aegrfd%ﬁé s:aolymearlg t co—pz)lymers of non-biodegradable
polymers, and eo-polymers of biodegradable and non-biodegradable polymers,

and mixtures of any of the above.

27.  The osteoimplant of claim 23, wherein the polymer is selected from the group
consisting of starch poly (caprolactone), poly (caprolactone), poly (1- lactide),
poly (di-lactide-co-glycolide), poly (I-lactide-co-di-lactide), enantiomers of the

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

28. The osteoimplant of claim 1, 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
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23 poly (dl-lactide-co-glycolide), poly
(1-lactide-co-dl-lactide), enantioners of the 24

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

above. 25 28. The osteoi nplant of claim1l, wherein the
polymer is selected fromthe group 26 consisting of

poly (arylates), poly (anhydrides), poly (hydroxy

aci ds)(dmxﬁﬁoxma),yepﬁlyhﬁdroxyHuyyrémrt polyhytimixyyalyrate, poly (vinyl

?glmygggyg%? Pasg), b%glpgra%&ﬁo lyg)gq?usg%gﬁ&) Bic sggr?ga%ltp po]¥rurethanes,

(capr d | !
pol yagé%ta gaﬁglgfsi/ ﬁ?a?lgéegﬁg%o ygl 3&?’%‘%&3@%‘? 3)% il po{ymmo

(di ox arasbremjes, nnol}/}chlydr&nmglbutmlaem imides, amino amd polyary]ates

g%égéﬁq%‘gg)@/g‘l %8? g‘?&ﬁ%ﬁ% R%Y%{%é" 1%% é?éb; El i z’ély (thiophene),

pol yurgiihanese, noa-méﬂe\geﬁﬁstaq;ouﬁeahaﬂex r@ﬁyﬂeado 6B ethylene vinyl
pol ynmers, pol yal kyl ene oxi des, polym no 4 carbonates,

pol yestcetateini mm:spropﬂreyasme}mqﬁhe@edateamqiwtbﬂm, poly (cthylene
pol yar e p

(pyrro (%( 1?%) - ]polinam o%e ?cid%%@ ?gﬁ%ﬁ% d?xﬁé%xtures of any of
pol ystmeeb\@,;e non- bi odegr adabl e pol yur et hanes,

pol yureas, poly (et hyl ene vinyl 7 acet at e),

(B vy ERL SRSl LA o RhsfeinO ey Rt @i BRitles and the

of thepcﬂja@u;earemﬁemwﬁhwcaﬁpmfg apat. of 9 the above. 10
29. The osteoinplant of claim1, wherein the bone

e SR B0 A B TR S ek st

wher el flofh e S %ﬂmtﬁg ofi@Borit, & BERRNTTaHoneJshed3 platd) Particle,
the group consisting o bone, a section of a bone

sheet , spbFees Bemisphere sirend, cmtle%ptnmdecamﬁwwmrk §im.afieer, mesh,

coi | ed r [ ] r e

5 o WS pEBBe o5 trte blE Erew, thE®. cpoforn, A roor, st
cup, twedde, pbdiohbf wedge, clifidér, threhﬁedl\qdﬂﬂer @@:t tlmn:g& ﬁf/et anchor,
wedge, cy |nder t hreaded cylinder, rod, hinge, riv

anchorsp efP?d s HanseIdy, oblatq pe&etpld,omralaée seliesigg, or hyperbohc
pr ol at jgsoi d, or hyperbolic 18 paraboloid. 19

31. The ost e0| nplant of claim1, wherein the

ost eoi rrpl ant conprises a plurality of 20 pieces of

colnposT heeoswm@pbthﬁ Heinp .eelsscinitee ptaimilanbesnprises a plurality of

32. Th 1ecoe t l‘“?%zlsq&t wﬂ%rﬁf“h t%l %e%%s Mn_ggcg[‘l&* R)g%t'ﬂgr pi eces

are | er’ w n adhesi ve,

a nechanlcal fastener ul trasoni ¢ bondi ng, and any
32.  The osteoimplant of claim 31, wherein the pieces are joined together with a

member of an adhesive, a mechanical fastener, ultrasonic bonding, and any

combination of the above.

33.  The osteoimplant of claim 1, wherein the composite is adapted and

constructed to be formed in a mold.

34.  The osteoimplant of claim 1, wherein the distribution of bone-derived particles
within the composite is not uniform with respect to a member of volume
fraction, size, density, shape, size distribution, and any combination of the

above,
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23 conbination of the above. 24 33. The ost eoi npl ant

of claim1, wherein the conposite is adapted and 25
constructed to be formed in a nold. 26 34. The

ost eoi npl ant of claim 1, wherein the distribution of
bone-derived particles 27 within the conposite is not
uniformw th respect to a nenber of volune 28

f¥5act i B osedimplaeofictam s heleeinsit Aeastliasgariidaubf dhre, beneederived
any con‘oi.cgatio of the 29 g}b{&ve. 3(? é 35. The b
ost eoi RpHGFRt o€ CPRIPRTIES an pig aRd PRSI 4 BEpREegIEnp P! Done-
the bangndg Ehﬁﬁ%{és if tHRGhipesiESisifbitloBR GARReRbpie, are

el ongate, and wherein an arrangenent of bone- 3

derived particles in the conposjite is isotropicg. or .
atfi- sot Fgppgteoimplant of slaigst.cuherpinattlest ad?“é?‘?ﬁ)?? the bone-derived
wher el f fljod P &)n%fsfté Akt QanE:H?, BRNGhERI ¥ 88ative alignment of
particles 1n the conmposite are elongate, and wherein a

r el at i kmealerigedrpattictzt in @ firstnpertien bf g @empasit ésdifferent than the

7 1 ol dBPOKe MABh ol PORCIREN Bl PEHIep AP Fciebai] pofion of the

secondgagydsiten of the 8 composite. 9 37. A method of
preparing an osteoi nplant, conprising: 10 formng a

AP RO e RO, Rt v "
P e IS b AT ROl SR etk 1BRFR R targest

shape; 13 @hféndién @@ﬁ&i‘tﬁﬂxctdﬁv@@})mr@s trghg8€ froy about 50 microns
all owi ng the osteoi nplant to cool to about 37C 15 or

| ess. 16 38io aheut Feamoa. lengthcpngd mpelymer jpionepredetermined shape;
conpri si ng % nbi ni ng the conposite with 17 autogenous
tissue. 18 . The nmethod of claim 37, wherein the
predeterm ned shape is that of a wound 19 site in a

bone atwsingéhespadpmer tof st by ajowingshe egeoipwdat tryceddo about 37°C
wound site vvitth 20 the conposite. 21 40. The nethod

of claim 37° FUit her conprising, before the step of
formng, 22 heating the conposite to a tenperature at
wWi.ch The irethodref ¢lommraB] &urther comprising combining the composite with

autogenous tissue,

39.  The method of claim 37, 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.

40.  The method of claim 37, further comprising, before the step of forming,

heating the composite to a temperature at which it is more formable.

41.  The method of claim 40, wherein the step of caﬁsing corhprises allowing the

composite to cool to ambient temperature.

42.  The method of claim 41, wherein the step of causing comprises allowing the

composite to cool to body temperature.

43.  The method of claim 37, wherein the step of causing comprises increasing the

cross-link density of the polymer.
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23 41. The method of claim40, wherein the step of
causi ng conprises allowng the 24 conposite to cool
to anbient tenperature. 25 42. The nethod of claim4l,
wherein the step of causing conprises allowing the 26
conposite to cool to body tenperature. 27 43. The
nmet hod of claim 37, wherein the step of causing
cBhpr i Beesmethod edsilaig 3hdurtRd comgssirg a:ddim&alsﬂldcyamitaltfhﬁener to
pol yme 33144 The net hod of cl u f th
conpri F nESteRimPIAt-a WRSEHR nf EaFte?agfetm’é'?mlgoco'ﬂp‘???é orming  the
0St €0 emk;ﬁ;@&e tONRBAEHR théBamib AFadtiner @ﬁ@? A8 s&P TP Chuift:.
form ng the 3 corrp03|te to retain the nmechanical

st ener after th ?ﬁ of cau 45, The

5 cl al s mpt OW‘R-:fr VRERE Ibgp% paiticles é‘reaﬁlaﬁ}lt hl?)d%o about
to ab u/bg %Yt oﬂﬁfoi@é the conposite. 6 46. The
f "elai whe

nmet ho ein the conposite further
conprises at | east one 7 nmenber of bone marrow,

tenol Eaimethod of giaip 3fpwbeigirethe SOBIPEsite furiher cg)mpns%s at least one
ol ec%gmﬁ%aloﬁ_he Qxﬁﬁﬂ@rat e'70 SrRhIELHEN & amhan ?ﬁ(ﬁﬁﬂﬂé} dy bioactive

cells od of claim whereln
conposmbkemﬁlarctaltmuquhnmha&aesalamnewﬂnmatel@mbéells nucl ei c
acid vector, nmesenchymal stemcells, osteoblasts,

f’f Ohgesﬁu V\}}hoﬁrbq cleﬁ%:e& nuclf%%lfﬁﬁéccaﬁé%sgt?b@ﬂﬁhde&ﬁ{ﬂ?ﬁgs Qfnember

erern el Cc acl

i Nt r odsfeethdlgit acid Wdcwr,arédench yatdl eeaesellshestedbldstss osteoclasts, and
produdrgl on of bone norphogenetic proteins. 14 49. The

met hod"yPLRstE m 37, wherein the polymer is sel ected
fromthe group 15 consisting of biodegradabl e,

e - bi Distegiemda bl elairk a7 pohsteRrthe Ahcléic acidgeaabliten idffoduced into
pol ymers, co- polyners of non-bi odegradabl e pol yners,
and cod g, yiretasesihie calf's progaetipnaefione masphogenelic proteins.

non- bi odegradabl e polymers. 18 50. The nethod of claim

A8, Wk ftthdaeoP elaiiey 7, iveher€ih elik Qblyrhemst é‘&eoﬁédoﬂﬂm iR group
consi sting of starch ol y (caprol actone),

(capr o(poal@xs‘@n@yf bigdegra aqu, a@mby@)egradgbjcm gplymgrs of biodegradable
(di-17 01 ErsC 9%—%| Jtré g»g)n’on%%cy lgradable A ¥m{:1ﬁ,e an«i fo-polymers of

(1-1a e-cob enant’l oner

above,bm@egmaday;m:ﬁr@hth@agwnh&,poaﬁﬂerm xtures of the
above. 22 51. The nethod of claim37, wherein the bone

gﬁ%lo\ljg'ﬁcﬁar il'bogiLSis cfall nd 1‘5’1 e?‘:lﬁn%e po%?’mgrrl% Lél&%e%dfrw Blc group
consisting of starch poly (caprolactone), poly (caprolactone), poly (l-lactide),
poly (dl-lactide-co-glycolide), poly (I-lactide-co-dl-lactide), enantiomers of the

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

51.  The method of ¢laim 37, wherein the bone derived particles and the polymer

are linked with a coupling agent.

52.  The method of ¢claim 37, wherein the predetermined shape is selected from the
group consisting of a bone, a section of a bone, sheet, plate, particle, sphere,
hemisphere strand, coiled strand, capillary network, film, fiber, mesh, disk,
cone, portion of a cone, pin, screw, tube, cup, tooth, tooth root, strut, wedge,

pdrtion of wedge, cylinder, threaded cylinder, and rod, hinge, rivet, anchor,
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24 52. The method of claim 37, wherein the

predeterm ned shape is selected fromthe 25 group

consi sting of a bone, a section of a bone, sheet,

plate, particle, sphere, 26 hem sphere strand, coil ed
strand, capillary network, film fiber, nmesh, disk,

27 cone, portion of a cone, pin, screw, tube, cup,

t oot h, sphewid) rebligspidst wbtate wephgeoid, 8ot t elipsmd, verddeperbolic
cylinder, ihreaded cylinder, and rod, hinge, rivet,
anchorParabloid. spheroi d, el i psoid, oblate spheroid,

prolate ellipsoid, or hyperbolic 2 paraboloid. 3 53.

T meThodn@hod lodi ¢hmidy 37 ufufther comprisihgi fopmin®r m Ngpshta second
| east a second 4 caqnposite,, causing, the pol )t/msr in. ..

the sctURPsEeFIBEng errolyper indhgsecend,¢oiaPQsHE to get, and joining the
conpos, : inplant. 6 54. The

met hodé&cr)I gﬁ%%@,& t#)g?{nﬁgaﬁfbggo&pﬂﬁgﬁng machi ni ng the
conposite into a 7 shape, wherein the step of L
nfe hi nlggmicthog et dimed7 blartberecamprising maghingg, the sgmpogte into a
after 0f ' r; | .
ot tor TRE-SEBeiline BbEbEchifiiglie phitfnNaibele, (PUED OB orming
t he abafiee thelQembf fokhengrteloe tlaf step af cauBihg, hftertthestep of causing,
conpri sing conbi ni ng_hone-derived particles 11 and a

pol yne?" 40y cPBbMating of 8¥¢e. 12 56. The nethod of

cl ai m 55, wherein the step of conbining conprises a

nEaTber Thelmetbd R e BismIRT, furtex boprisihg pompimig boid-derived particles
bone-derived particles, hand m xing 14 bone-derived

parti cinea plymer o fpan the GBIMASES heating the pol ymer,
solvent 15 casting a polyner and bone-derived

PRt i cTigsmethdli@Ftolfm IW) vdiehdn twgtgplsf 6dnbihfhgf @mMPriz@s a member
presm&g a coating of bone-derived particles into a .
sheet @f Pisstipgmar mixture einpolyBwhiand mynewsriped pagicles; handymixing
sol ve : 0 ' : '

tep s b pRRAPRP fofaty BhTRL nREE The phlifer solven:
conposgdsting @ polydier] aad hoae dariged gattiokes ¢ ojpnont molding) extrusion
tissue site. 20 58. The nethod_of claim 37, wherein

at | earmMHE BESFIBE agPatRR O RS- draiveq oarticiss iptord slieeiaf polymer,
Nt heuRBRRhhg R SoIGhenNIRl 8 soRed. wherei n an

arrangenent o one- derived particles in the

conposite is isotropic or anisotropic. 23 59. The
met hodTles mether af Flaimyde mdierrinthe sep of Iivdg suppries appember of

bone- dg/.j : i ' ' .o . . .
ol onga g?ﬂlgg}éq EnPRIEIEh fidid fd. %%%?{g%i bbifipdi in a tissue site
58.  The method of claim 37, wherein at least a2 portion of the bone-derived

particles in the composite are elongate, and wherein an arrangement of bone-

derived particles in the composite is isotropic or anisotropic.

59.  The method of claim 37, 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 particles in a second portion of the composite.

60. The method of claim 37, wherein at least a portion of the bone-derived

particles are covalently linked to one another.
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25 bone-derived particles in a first portion of the
conposite is different than the 26 relative alignnent

of bone particles in a second portion of the

conposite. 27 60. The method of claim 37, wherein at

| east a portion of the bone-derived 28 particles are
covalently linked to one another. 35 1 61. A kit when

uded tA kirvdtnosedito mretiew ampdsteoimplentypompiisipg: 2 a

pol ymer; and 3 bone-derived particles, wherein the

| ar gest paymerighdn of the bone-derived 4 particles

ranges from about 50 microns to about 3 mmin | ength,

and 5 whelRlifed HartRMsy Malerdfl dhé N&rgB@NEmeASHh Véihe bone-derived
particles are conbined to forma 6 conposite that is

f or mabl e whetitiestapgest foom abeutiérmicrons te pbaitt rmmHadength, and
about 40C. 8 62. The kit of claim61l, wherein the

pol y .S [ hia .t :

For o opérSinel pinfph A3 A bbhe- Rridf BRFERY a cBRHEE o form
claim6l, wuenmisite thet io&irmablepibent héatedaidap tempesatdre greater than
constructed . to ?(50 11 irrigated follow ng i nplantation

wi t hout subsh zg'ly changing its shape. 12 64. The

kit of claim®6l, wherein the bone particles are about

161% t oTtabkintof @0¥mblyl, wiiEreirithg polyfner hie satdrypogiosiag ifltb an energy
65. The kit _of claim61l, wherein the conposite further

conpr | YEEefpr  predptegpmed pen dP%of bone marrow, a

bi onol ecul e, a small. nol ecule, a bioactive 16

n6d. ec ulles kic af elainis phokgrbiatthe ostedimiplumt éscadapredtaed camdructed to be
cells. 17 66, The kit of c¢laim6l, wherejin the,
conposirfigated follnwing impiantatian Withuytsubstatially changingifsshape.
acid vector, nmesenchymal stemcells, osteoblasts,

0s4. eoCTaskis of @nigh 6 1,9 Hhdréih ald BsHepartdlestafe addie 10%4 tocbout 99% by
cl ai m 65, wherein the nucleic acid vector, when

i nt r odvieight efihecempasitecel |, increases the cell's

producti on of bone norphogenetic proteins. 22 68. The

ke4. of Tikd RitnoSdlaimMee! QihRreill€hdd Obiip®Yitel firthed esthprsckraareast one
the group consisting 23 of biodegradable, L
non- bi BeBEemeitiane BerpwYl yAandianIecule.od ctiralt anplecule, a broactive

pol ymergteculf e TR AR GueRSeRbanEs AR g

non- bi odegr adabl e pol yners. .
66.  The kit of claim 61, wherein the composite further comprises a member of a

nucleic acid vector, mesenchymal stem cells, osteoblasts, osteoclasts, and

fibroblasts.

67. The kit of claim 65, wherein the nucleic acid vector, when introduced into a

cell, increases the cell's production of bone morphogenetic proteins.

68.  The kit of claim 61, 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,

69. The kit of claim 65, wherein the polymer is selected from the group consisting
of starch poly (caprolactone), poly (caprolactone), poly (I-lactide), poly (dl-

36



W

© O ~N O O

10
11

12

13
14

15

16

17
18
19

20
21
22

23
24

25
26

27

26 69. The kit of claim65, wherein the polynmer is

sel ected fromthe group consisting 27 of starch poly
(caprol actone), poly (caprol actone), poly (1-1actide),

poly (dl- 36 1 I actide-co-glycolide), poly
(1-lactide-co-di-lactide), enantioners of the above,

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

3 70. Tatedekéa-glytoluded,i pol (I-lavhde-ei-dl-tahkdd) perantiemierseef the above,

particles .and t |ymer are, 4 linked with a

Coupl 1ssgpelgie clandovindthbrsts s B B Wner ei n the

ost eoi npl ant has a predeterm ned shape 6 selected

fTom t Tie kit @fplaensl, sthengn dic Bolkoderived pmetidlésoandothegpolymer are
bone, sheet,. plate,. 7 particle, sphere, hem sphere

st r andlinkegivi a%‘%"rpl\‘ﬁﬂﬁg%épi llary network, film 8

fiber, mesh, disk, cone, portion of a cone, pin,

STIr. ew, Thau R, ofc tlpim t6dotwherdinahd os@oinpsitnt Bdsr aitpredetatgened shape
portion of wedge, cylinder,  threaded cylinder, and

rod, SPChidguN the group conisile ofdpRnico gection|af 3dkang, sheet, plate,
obl at roi . L1 ; 1 )

par abal e 7 MNEEE spREted Hfrandy cobIRRY, ghErk, film
pr edet Brarj mesh, shiskpeons pdetiomefia lbyng pim| sdrewl, 3ubg cuffhwoth, tooth

kit of claim®6l, wherein the conposite is_ adapt nd

const rigeh Ao VESE. DA GH, Ph HeEBE LS P TORES & LHeTy 2 rod
ti ssuenifibd, @ivel 2unéHor, SpkRbiAOE1BE0iR! SItE! sPHerdids PrAIRR! diBpsoid, or
for use Tn an osteoinplant, conprising: 16 providing

a pol ymerboliz pprabelogi.ng a plurality of bone-derived
particles, wherein the |argest dinension 18 of the

bpne- ded Meds 3t ¥ £ veRrdid MESeddimiAl oo & dBEAEPBS alntbld.

. A i
about 3 19 mmin Iengtf{; and 20 conbi ni hg the pol yner

and the plurality of bone-derived partigles to form a
2783 conplsskit @f el ¢l Whsreha thecoppResits de peapiedang constructed to be

terrper-g;f.llgrgfcgg)g in%ﬁ@ﬂﬂﬁ@gﬁ @uhe 40C. 23 75. The

met ho arm erein the step of conbining
conprises conbining. 24 the polyner and the plurality, .
of4. bond Tershed/eiprpdyaing ¢ eempesits fRrMss 4 A 0slcimpdand, comprising:
76. The nethod of claim 74, further conprising, before
the st@pvidingPphimeng, 26 heating the polyner to a

tenperature at ich it is formable. 27 77. The nethod
gLoﬁlt a;lzfem@_Zi?rig a‘x"@ﬁ?ﬁit{? otf tg)gné- € \.ree>rcia]§alfltﬁc esl, Whired rtheer ].axt'grégtndimension

of the bone-derived particles ranges from about 50 microns to about 3

mm in length; and

combining the polymer and the plurality of bone-derived particles to form a
composite that is formable when heated to a temperature greater than
about 40°C.

75.  The method of claim 74, wherein the step of combining comprises combining

the polymer and the plurality of bone-derived particles with autogenous tissue,

76.  The method of claim 74, further comprising, before the step of combining,

heating the polymer to a temperature at which it is formable.

77.  The method of claim 76, wherein the temperature is greater than about 40°C.,
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37 1 78. The nmethod of claim 77, wherein the

tenperature is greater than about 45C. 2 79. The

nmet hod of claim 78, wherein the tenperature is greater

t han about 50C. 3 80. The nethod of claim 79, wherein
the tenperature is greater than about 55C. 4 81. The

nmet hod of claim 80, wherein the tenperature is greater
tHan aboumetDCof chirBZ7, Whereingthé tahpmfateteds gre@ier thanhebeutrd 5°C.
the tenperature is greater than about 70C. 6 83. The

hod ' ; L1t t: j r rene
i b EBiSs Uim 284 bR P G RPRLR! Y feglot ugn3BbR s0°C.
the tenperature is greater than about 90C. 8 85. The
n&d: hodTes methar of Pleim 78y vhereingbersmpsrature i greater thae abputy5°C.
of conbining, 9 allow ng the conposite to cool to
agpi enthd REMBHJ Blafin 800wREeinthe 1eMifchRtreql ofchRl Fﬁaﬁfhi)ciut 60°C.

further conprising, after the step of i ni ng,

co
allowing the conposite to cool to body tenperature, 12
séﬂ.- Thihewethed o F}aEP§§rr‘ng?F,e‘f’ft ?fwraé%/wf fgg than 3ol T0°C.
i ncorporating a nechanical 13 fastener into the

cgBposThemethdd 38 claih @2whireih thé tedhpriraturéds gwhares ean abbet 80°C.
bone-derived particles are selected from 15 the group

B0t o b ethoa AERRREISA Bet e BN i o than about 90°C.

superficially dem neralized bone particles, fully 17
d&i nethd inmeltbdo ofi elapar 76, clusthermpainpiisingir aftert therséepf of £émbining,

89. The, nethad of claim 74, wherein the bone-derived

parti C‘Felg)é’“ﬁg 'eocﬁf%oﬁ@d{gf(i%}ﬁo ! tﬁEIHB%‘"PPU{;?- t he group

consi sting of cortical bone, cancell ous bone, cortico-
286.cantled otisodo ofi elairan®h, nfuxtherr esmptising odfier 2he Mep FHeombining,
met hod of .cl gim 74, whereip the bone-derived particles

are obHY{Bg! @mpoﬁlﬁcﬁ’%ﬂ‘é’etfo%fw@ﬂga@f%up consi sti ng

of aut ogenous bone, allogenic bone, 23 xenogeneic

bghe, Thamgeed ofbsmien 7andurthett usmepridihgrieafrporddn®la mechanical
The nmeghod of cl|aim 74, wherein the bone-derived

part i clagingiBlodhe ERMAOHS, t 0 25 about 99% by wei ght of

the conposite. 38 1 92. The nethod of claim 91,

VEEr ei Thd Methdd e -clifmhi e evheadin thel e aletived particRb Yod Rlected from
about 50% by wei ght of the conposite, 3 93. The nmethod |
of cl alihfh 70Ul uLPHATINgo ngdr | RONdgMiRsaRLIAgH n Joae s ertipdes, opartially

the boggrineralized bone particles, superficially demineralized bone particles, fully

demineralized bone particles and mixtures thereof.

89, The method of claim 74, wherein the bone-derived particles are obtained from
a member of the group consisting of cortical bone, cancellous bone, cortico-

cancellous bone, and mixtures thereof.

90.  The method of claim 74, 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.

91.  The method of claim 74, wherein the bone-derived particles are about 10% to

about 99% by weight of the composite.
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4 derived particles wth a nenber of a biomo.lecule,

a small nolecule, a 5 bioactive agent, a

non- bi ol ogically active nmaterial, and any conbi nati on

of the 6 above. 7 94. The nethod of claim 74, further
conprising linking a nenber of a 8 bionolecule, a

smal | nol ecul e, a bioactive agent, a non-biologically

& i veThOmetibd rof @laimaHd wheyein trethonatdedmedpartibles atzoabeut 25% to
to a syrfa f the bgne-derived 10 particles with a

coupl i%&“&rﬁ@ﬁ&’y "‘ﬁ%é’%%%‘émi‘@sﬁ%d of claim 74, further
conprising covalently linking at least a 12 portion

043, t heTlhomethdarof \cexim Plafintied esmbprisingenatifyiged surfRe3F.the bone-

The met hod_of ¢l.aim. 74, wherein the step of conbinin
conpr | $EWed RABHIHAPH It 2 MsabshRE- 4HPmelicysy @i enel mplgeule, 2

pol y meg;o | £AGH-bRAGki b & 3an{FREHBMatiéh of th
bi om%gﬁté,,g ag&st’rrgﬁ?a Pn“)l eéﬁ?gﬁ%évﬁﬁg%t&?&g rrg ecul e,El ot the
cal ci uabové&6 phosphate, cal ci um carbonate, and cells.
17 97. The nmethod of claim95, wherein the step of

i ' [ - Al 1 honge- [
et g SRR SR Ultner SohBRep AARRE' Y Riember of 2
nucl ei Womb&calei d snexdt otolecnizs encibyatble agestnacadd-biologically active
ost eobl ast.s, osteoclasts,. and fibroblasts. 20.98.. The, K .
et hod 8FTigh ANSha8Y COMRUILPR of e ARedP @ SEfage égl?eoPsme-deﬂved
when i M QaUGRHA alcBhPlingZdgefit. Cel |, increases the cell's
producti on of bone rphogenetic protein. 22 99. The

met hod_of claim 74, further conprising exposing. ..
B | agBhf metads ohclaime 74, it FREBNENE qeyAlBi finking at least a

par ti Gl&fion 8ﬁthl%gp?5&‘?ve@% e orb@hohed, further

conpri‘sing partially or y separating the 25 ends

of exposed col | agen fibers fromone another. 26 101. .
e methforetod of glasmold, whareimthe stapnesr qospbiging comprises combining
derivatLzing I i '

o1 et oA  BRARRS £ bAGRR vt bt RakPo blimbe of bone
bi onol mamde, aabiodfdlécubned lsmatll molecrle, a bioactttel ymlecule, calcium
agent, .a non-biologically active material, and any 2

conbi rRitOsBRAHcalchHEm Sﬁg‘é)’%@te’?@@?ﬁs'The net hod of claim

74, wherein the polyner is selected fromthe group 4

consi sTheWgedbd Dif QLG IBd ablefein HRMktdy OttRgitatiallcémprises combining
co- pol yners of bi odegradable 5 pol_t\émer s, co-polyners ,
of nonhpbeaedeacdataatices srrbpalymsnwithcy feest ons @egper of a nucleic

acid vector, mesenchymal stem cells, osteoblasts, osteoclasts, and fibroblasts.

98, The method of claim 97, wherein the nucleic acid vector, when introduced into

a cell, increases the cell's production of bone morphogenetic protein.

99.  The method of claim 74, further comprising exposing collagen fibers at the

surface of the bone particles.

100. The'method of claim 99, further comprising partially or fully separating the

ends of exposed collagen fibers from one another.

101. The method of claim 99, further comprising derivatizing the exposed collagen

fibers with a moiety selected from the group consisting of a biomolecule, a
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6 bi odegradabl e and non-bi odegradabl e pol yners. 7 103.

The nmet hod of claim 102, wherein the polyner is

selected fromthe group 8 consisting of starch poly
(caprol actone), poly (caprol actone), poly (1-1actide),

9 poly (dl-lactide-co-glycolide), poly
(1-lactide-co-dl-lactide), enantioners of the 10

above, snm} molegnier s bidactihe agdngveenorabidlogicallyraesveoatdmal, and any
above. 104. The qg#hod of claim 102, wherein the

pol ere‘ion? nalignaftheAism t he group 12 consisting of
pol y(aryl ates), poly(anhydrides), poly(hydroxy acids),

1B3)2pol Ties ietsod QDbm(rﬁr'Ivamézﬁrmh: popyhgrcBr dedevadde from the group
pol y(propyl ene fumsrate 14 (am de ester

po: y (W’é@ﬂ%aﬂﬂeﬁﬁl‘@@}? €, ﬂep\;(qﬁggﬁagpfge,t ymers osf')blodegradable
pol yam ers Lo- 88@&1?&@0?%&2?]&%(%}'&3? bk (a)}icg%rﬁkﬁ, and cg émlymers of

ponIact glyco ones),

pol yhyhin@egri&lab}era&ﬂmonﬂﬁb@dgyaﬂabbe;po@mﬂat e, poly(vinyl

pyrrolidone) 17 bi odegr adabl e pol ycyanoacryl at es,

d%degfl?éjg'ﬁh% p&} M&?H'@Q” relrﬁgnqogélgﬁgf SNalLAEP from the group

t yrosi ne- yrrers xi des, polym no

19 cardvowdtieg of pkafcahemiyz r(c@mldcﬂene)p@lye{sdmolachneﬂegply (l-lactide),
no, acid

Sg} ;2 a;pcﬁgﬂfg?lgclét%/daeﬁ%q-@ cﬁ%e o a wdﬁ-(cgrﬂlv[lgqpélj:), enantiomers of the
pol y(t4HoQp rL%rF&]ngI%Jof% RN ra%a%lxﬂ@fs &Y Relastadabl e

pol yur et hanes yureas, poly (ethylene vinyl 22

acetate), poI ypropyl en pol yret hacryl at e,
pUly ot B Eivthodnel sthima i Bereim eoRalifisT 19 selpried fops the group

f th

any or A3 HLEUTEEHabAE R EARCH bRy acids)
vvh er e i pm]ydmm qnéy(dﬁino mﬂsp aolycarbesates) dolylpropgeymfamerat6s), poly
o o e e PR 58, G i
const r s &hinb QucidéSp &?aé&élmlﬁaétmeﬁ’ ﬁlﬁgﬁﬂléglﬁﬁﬁ(ﬁﬁxmones)

from the” group conS| Sting section of
a bonepolylimskcexybphyaste, paolwhgdrexy@ﬂ;yreﬁee pehy(eipiler epyrrolidone),

stran oi | 30 st.rand ary fil
71 ber biplGmdific . SuhERnpaFRley of YubGtatldbys ) Plygurpthanes,
screw, pdly@@ch&id@s ty96diRe-biseat bol!‘y@@is., d;ﬁﬂjfdlkylelwciﬁﬁies, é)olymmo
portion of wedge, cylinder, t hreaded cyl i nder

r od, m@@mdtqs{ \nelyesign oﬂrﬁ@lﬁies,smm%frrd imiges, pEIFICd acidbpalyarylates,

3 sph o) S

o hchgied o8 bl ablrlel Bl (el icitehing), potyhigphene)

C0rTD0Spdlysty@n.a,mtlﬁdd@raﬂ]abmrmWahacbst polyureas, poly (ethylene vinyl
acetate), polypropylene, polymethacrylate, polyethylene, poly (ethylene
oxide), co-polymers of the above, adducts of the above, and mixtures of any of

the above.

105. The method of claim 74, wherein the bone derived particles and the polymer

are linked with a coupling agent.

106. The method of claim 74, wherein the composite' is adapted and constructed to
be formable into a shape selected from the group consisting of a bone, a
section of a bone, sheet, plate, particle, sphere, hemisphere strand, coiled

strand, capillary network, film, fiber, mesh, disk, cone, portion of a cone, pin,
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5 be formable into a shape of a wound site in a bone.

6 108. The nethod of claim 74, wherein the conposite

is adapted and constructed to 7 be shaped in a nold.

8 109. The nethod of claim 74, further conprising

produci ng at |east a second 9 conposite and joining

the conposites together to forman osteoi nplant. 10

110. Tseeewreitbgcbupf tooklai toothO@ot, \shret, eveldlgt hportiond svddgs, cylinder,

are joine ogether wth, a. 11 genber _of apn adhesj.ve
o reenhikaed 035%41%@%, r?ﬂ’ﬁ?‘ﬁ%"od?vcet,b%‘}?&PhgﬁPﬂgrﬁ Je6iljpsoid, oblate

conbi h‘E‘ﬁﬁh,%ﬁolﬁﬁ%llﬁﬂgl\ﬂ?or%ﬁe}ﬂdlicpﬁ%om.h‘)d of claim

74, further ¢onprising machining the conposite into a

14 shape. 15 112. The nethod of claim 74, wherein the
stiEp of PR R 6128 wdieein, theepwosit i agppige @ad ehgstgicted to
m Xt urig. Bhm ROk TG A HONGodtfrdiketaBardi ol es, hand

m Xi ng one-derived particles into formable
pol ymer, heating the polyner, solvent, 18 castin

, a

P8y meFheamathed é cladmi Ae thewein thel composils Badapigd ﬁﬂg gPpjructed to
extrusi.o . f jiNg, pressing a coating of

bone- eergu?‘\%%‘ﬁé‘aa%méir es into a sheet of polyner, 20

and conbi ning the polymer with. a solvent. 21 113. The

M9 odTlast methadrof £lainh éd.e fusthen sompripiagi predpeing b Jeast 2 second

d { 1O.. ' Js D).
R T S
predeterm ned conditions. 24 114. The nethod of claim

74.0. whBreeimethod e fadaimo 0%, avhiseaio tesscaynposijes ategeined dogetiser with a

115, *REMREL Rom onatvs ik natie) oot AERERE pohling, and any

conmbi nigrghisfEdfIeSatingbi ning 27 a nononer with the
plurality of bone-derived particles and the pol yner,

a 41 1 en the .copposite becones set, when.the .
Domes welRAASHEL 20 MHhE RGN, BATHAPE Wt Fpposic into 2
The medapgl of claim 74, wherein the conposite becones

set when the 4 polynmer is brought to a tenperature

BB T ST Bt o B B  merber
| east & PRELHOR RixthReoPPHGmRAThH WYoRe-deflvéd Barticles, 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.

113. The method of claim 74, wherein the composite is adapted and constructed to
be formed into a shape in a member of a mold and a tissue site under the

predetermined conditions.

114. The method of claim 74, wherein the composite becomes set because the

cross-link density of the polymer is increased.

115. The method of claim 74, wherein the step of combining comprises combining

a monomer with the plurality of bone-derived particles and the polymer, and
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7 conposite are elongate, and wherein an arrangenent

of bone-derived particles 8 in the conposite is

isotropic or anisotropic. 9 118. The nmethod of claim

74, wherein at |least a portion of the bone-derived 10
particles in the conposite are elongate, and wherein a
relative alignment of 11 bone-derived particles in a

first it therconfpotineberonmes skt whérs theki mbworeert is tiheomparhted into the
12 relative alignment of bone-derived particles in a
secondPBPt on of the 13 conposite. 42

116. The method of claim 74, wherein the composite becomes set when the
polymer is brought to a temperature less than a temperature at which the

polymer is formable.

117. The method of claim 74, 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.

118. The method of claim 74, 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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