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1 Synthesis of a Bone-Polynmer Conposite Material 5
This application clainms the priority of U S

Provi sional application no. 60/402,998, filed August
12, 2002, the entire contents of which are

i ncorporated herein by reference. Field of the

I nvention This invention pertains to the synthesis of
conposite materials for use in orthopedic

appl i catians, . .and, re s ifically, to th nt,hesi s

of bone- r crYithiesisiof 3JEgneP ohymer, Compesite Material
Background of the Invention 10 Vertebrate bone is a

conposi ' d Ny re ch yapat i .

col | agertis JBpc! D, FRERP TR pRerbBCE oAb R ARSI Raton .
wed 04 (20 S8ritidett dahgasidl 2, 29b2r tetentied kontenterdf editial erd arwerporated
ca{é he processed into an inplantable biomaterial,

sURFIR8Y s8lfetenfograft, for exanple, by renoving the

cells, leaving behind the extracellular matrix. The

processed bone bi omat erfgidl ofde NAGGLBn Vari ety of 15
properties, dependi ng Jpon The Speciiic processes and

t r eat mefitis imysplipe gettans tto thedynthesys pheompositet materials for use in
characteristics. of other bio erials,with which it is
COTPREHe sBolol, o Topomecnsrvaa b Sren S isgyfiforeed
beyobyR&aased cofipdsite@ad- bearing mneralized grafts

that support and integrate with the patient's bone or

may al ternatively be processed into soft, noldable or
f1 owabl e deni neral i ZBackgzpundphthellayention ¢ hat have 20

the abiyddohrdi0 pbRFNGS:chrfohd HlafiaGRhdMEd bEFRANS BydrbRFapatite.

use of bone gra ne su te nate
orcollagedi mdme dvatienie of i oneslldgekmonprotaths,| & belicanenbddded and

can regenerate without the formation of scar . tissuye, .

f ;aélé?ﬁﬁpfegeléndsaﬁmwe ia%aﬁ%aﬁ PTG 1B L kPl piomaterial
Ligien LR Beahiogthdl | 39 ?yﬂ:, By ecBONRg | the URAB! feabfhg behind the
support physiologic |oading. "Metal pins, screws, and

mesdrescl RAaramatiiy. e qlibatirgcessajubreel Hiomatephlacen thage a variety of

POrGHire HeRAERE SR P PRI Prises oad BF RGPl (o i and

| "ARAPRMCSrpIBe EREMristich oflShECHSREicHaRayidERRIch)t RicBHMthed. For
the T nplant site due to stress shielding.

Furemgtarbpes-denbied| bipmplieeials snaarte yeeaseateinto lpad-basring mineralized

t ogrgﬁ‘sr Elila?is 1%‘;50%; i:aﬂd 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 long time to heal, during which
the bone is unable to support physiologic loading. 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, metal implants are permanent and unable to participate in

physiological remodeling.



10

15

20

25

30

physi ol ogi cal renodeling. 2 Bone's cellular healing
processes, using bone tissue formation by ostobl ast
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 al nost indistinguishabL% fromthe original.

avai | adieesneg o heale Bripigs i g LS (RIGIHign g osioblast
ORIl 1B 6rdRRldY Wi bARCHRANELGA! reSSthBATLY Rbbclabcells, permit bone

resorption rate. Bone subStitute materials and bone
crgrpfﬁs andecag@irchong subsifuis| ragiehus i@ mmmsiel irmré@dcme@tw bone that is

Do aPRERRRle, BORE s oub Bl o PR3 b8 Jb fore erats is

r aifpike] by ievdvitiladle ShapBaingRizeNT. gr@ﬁs&'ﬁﬂsl th8 desife, B83uptifiZe both the
6, 294,041, 6,123,731, 5,899,939, 10 6,478, 825

6 merhanigal stegngihs amhhegnesorpling ratsnt Bane syistiyte naterigls apd bone
PR RS Eoa BT Sl SO RRRSF e RSP BBie . 1

baweatrigy cortseal bond gaﬂs baﬁsIUppgn q)hyslmlpgréak:stmp@b ibobteimdsl slowly.
It is desirable to increase

bone. r 1 Gatkeh Noo ogd 808y 4 A%s il ik 61287 3hgr399.939,
ng 1*89825'1%94'4@%440% 507 318 "o WBhlch dTBatlleﬁF #hich bPe incorporated

6f "thé ITnvention I'm one aspect e invention
i éleaambly mefgirente, piesdibes mytlzods foeprppdringerompositgrostinding allogenic

oiEpnd et §re R 5B beit e ot Pepel RudinaRhigtif dediahls to increase the
D%ﬁ&h hQF bbhé-FeiRfoPRUNIRIpo BB B ifiSreaARE tHRAréARh i of itldinteractions
e bone particles may be dem nerali zed,

now@@ﬂmﬁ@ﬁakmx@ﬁmlor a mxture of both 20

dem neral i zed and nondem neralized bone particles. The

bone particles may beS 0 'gﬂ:{l TnORRRSE o nore of
cortical bone, cancel ¥0us g%ne——torgﬁtnﬂcancellous

bone. Ia aﬂih.‘ilaﬁpe@tj the hlavemmnc& afméthed hdngrodwyingen bone-polyrner

aut ogenous,_al | ogenj c, xenogenic, or sone conbinatio
ofcoﬂi’@§‘é‘3 | oot GRMABHS, thf’h%%‘oﬁ% PERIEing| R P1UAGLy Of bone

7 & cé%/so cOm¥ini l%o%gﬂjéﬂl{f’lesa\pﬁﬂta é’%r@éu@&o&lﬂi polymerlzmg

by wel conmposi t 25 Al'ternatively
orit.i ’ﬁhabl@etpaﬂmlesahmyube o6 Hmerfalizéd npaaletmmbmhzes(hyr benixture of both

el ng%glzeé (éfac olflert %efﬁdr)%% artldﬁ@'l%p%@lﬁ%@laybe

atJRGREA o bhE oPORSHcPSH ddribSbonEh Barkkll ARCLGRURbHRS-cancellous
agent includes an active g oup that is incorporated

i fiomet fe agdigmethe sewrceroh ne They be autogenous, allogenic, xenogenic,

or some combination of these. In one embodiment, the bone particles are about 1-

25%, about 26-50%, about 51-75% or about 76%-99% by weight of the composite.

Alternatively or in addition, about 60% of the particles may be elongate.

A surface of the bone particles may be modified. For example, a silane
coupling agent may be attached to the bone particles. The silane coupling agent
includes an active group that is incorporated into the polymerized monomer. The
active group may be monofunctional or multifunctional. In an alternative
embodiment, a biomolecule, a small molecule, a bioactive agent, a non-biologically

active material, an inorganic material, a mineral, or any combination of the above



10

15

20

25

30

active group may be nonofunctional or nultifunctional.
In an alternative 30 enbodi nent, a bionolecule, a
smal | nol ecul e, a bioactive agent, a non-biologically
active material, an inorganic material, a mneral, or
any conbi nati on of the above 3 may be attached to the
bone particles either directly or through the sil ane

T e L

p Q@b’ﬁfﬁ‘ Th é@dm@h ety frﬁcﬁétychfddbd fiked bohe p@[ftlelebynegdb@inemomted nto
noncoval ent | nteracti ons. I n anot her enbodi nment,

c 6h¢ pejemmerizesprecurson grdinkad theseto &y coMalegHa10pes et igeractions.
?:Igsaglo %@ﬁ’%dﬁ%&% &Q 4§g§ef£b§H 2{3 El?]e gi?xaber Sff &ngy e°15art1cles are

dexpostl] Zthd Mlhé&naﬁﬁhrﬂmy%lﬁ@ed ar sroes linkad. e’ﬂld csc,posed collagen
bi gacti ve agent, n- bi ol |caIIy@ct|ve materi a

arfl herﬁom@&hs: eriitiapd éﬂ“% abIRiRkcYle; 2 gma @?ﬂ%ec%ﬁmlﬂagwgﬁgem a
| 6 me
phosllﬁ 10;—1'11)e %@i@@ Aﬁ'@fe“a? 1%’3}’ aﬁL SOndisriash ergmbﬁl or so

Perati ternative e bone particles
rm:pnibmad:oatoédheml W heHeonp qlaytivdes Ipayealﬁoslmrwwf:d) e ph@sphoric acid.

DOl SR, o e SRR o S RO g b
| WeRleSddntbiadd %ﬁthlhcfa%ge? qﬁgnﬂt?%f BRNendafrbduedoRS A¥E¥ash@ portion of

infil'trated with pol yner precursor. The pol yner

prtee vassular muy1m@$tmaé stisjadere it alnfalﬁﬁr@ porticles may be infiltrated with the
nons bi odegr adabl e pol yner or copol ynmer or a copol yner

ofP° bf‘%?fé’ é‘&%l e and non-bi odegradabl e 15 pol yners.

The m XtHer ol§inet HRedviRe Ungpfomnth birlcharsblpadrt n@d-Bﬁ)degradable
may be placed in a nold before Polynerlzatlon or aft

paioRer YarPRHYRES obekrorsperea! Mitdepirahle andenon- Blodcgradable
H@f}#}ﬁ&?r The 6@&{[&{% %EF; ﬁey%rg%rggpz{ﬂdztﬁg bofi {ﬁ‘?]let% gﬂagjo%eeplaced in a

Xture precur sor
pandld Yefge poyynigizptiae o after ;mmnmniaanh has beerbgtfidedebut before the

pol yneri zation or  after the p recursor S, heen
p AV EqUETCr yis (semphelely RRlymemzesly 3&1% Fistly Xt 9%%&1 eopolymer

ﬁ:hé’c%%or ﬁ'ﬁthl H‘¥ AbbRN pali @SS ll'l‘laﬁne bar ﬁ@é&f il & UaPthnk Osite before

ance t |Itrat|on of t yner precursor into

t e loerezatiam tor calftes 1heAp<sl§am1ﬁ1ap£ecwfso1t has bmpm’imllav pelymgezed. In
nmodi fi e fter msr|zt|on
oo EmEefiste HRPBeo fArSo R Ao BT SgRanats tsed 10

enﬁhﬂb'%@ﬁﬂﬁ'lt‘?atm%@'ﬂlm ﬁ@&ﬁ%@cm?&r‘iﬁt‘é&h&’ Bomsitticledr

sonme conbi nation of the above 25 may be retained on
t he surA agoefacn of ghel cgmpcmtq maadhﬁ magifieco afterepelymgaeatisy.  For

preécalélp Pﬁe ﬁlglgr%gh%{;gh ag:\%: twey Y o;?f%dé&c chﬂg(ij, 6p¥o%gﬁened. A
biomolecule, small molecule bioactive agent, or some combination of the above
may be retained on the surface instead of or in addition to the oxidation or
roughening. The composite may be machined into a predetermined shape following
polymerization. A plurality of machined pieces may be fastened together, for
example, with an adhesive, a mechanical fastener, ultrasonic bonding, or some
combination of the above. In an alternative embodiment, the composite may be
machined into particles and compressed to form an osteoimplant. The compressive

force may be greater than 1,000 psi. For example, between about 2,500 and about
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pol yneri zation. A plurality of machined pieces may be
fastened together, for exanple, with an adhesive, a
nmechani cal fastener, ultrasonic bonding, or sone
conbi nati on of the above. In an alternative

enbodi nent, the conposite may be 30 nachined into
partlcles and conpressed to formtan osteoinplant. The

R Pincin, o, i3 o8 el oS Bitetstale o void

| Nodite AEDSRHIEE fHan 1206 BEORY ehsmesshHastdpas tplaﬁicm may be
are a void volume not greater than 32% Before

with & hiecemnpiihie bindser filler) Sbemgestaizer; digptaticg biocidal
0 I r :
0 MRy 0ol WL AR s s, o e
aaionuﬁna@ﬁrﬁf thbi #bood. eCITHeeconSIjmité pﬁﬂioeasuﬂney absioolsee forred into an
agent, or any 5 copbination of the

Fﬁgg.\/e. Thi .

c AFEENPIaNORY Wetlaymenalp an AETREve Srbefimentat dgpst a portion of the
0] t v

enSEoRR: fHeaftd 3 ehBialile ot MHER pBlynRir TRAISY cTe 2t gast partialy
hentlexd dommsitcempe baplaced ant anvimipddnt |s'tb¢ bcfere doobing. The at

| east rti ed co osite

i mpl ant gt b R [‘}Bdﬂ"‘ieﬂﬂ 0 3 GABPHE 1°%§Blé18{151ﬂgﬁel?1urahty of

| "BERBT pRfCIES aﬁldCQ"ﬂ%%ﬁhér' ﬁ[%c&@&prtbls 'eﬂﬂnﬁleP'a%@hdnhé‘r Prepolymer,
10 bone particles, and a polymer precursor, fo

extiavpibds p@iyrmnmewtlafliwemwmd blcfdoumbble m@rmrewher@rn at least

par{’%@gfl of %?r{ r%aﬁﬁg? D] OCO ltgtll ! ﬁ?ll ﬁii%nﬁhrpe&hyl%er pr%cursor or,
caiek g Bltyhiénﬂirigaibhﬁélpb@nieﬁﬁe@@dl?(mf prRE@€sH sor or,

after polyinerizing, to the polynerized pol yner

precursor. Brief Descriptiaon of the EXamnn 15 The

i nvention is descr iBiief Ly gt Eheclar: Bhe severa

figure r [ our 8.1 f th
[ 00 ol oAl c%?%%ﬂ?%t i Beldcatayes of i
nodrewing, onwhichone particle into a polyner according to

an exenpl ar nbodi nent. of the ion; and 2 . .
Hgur o Bigard1 & Tog reEe Sbpametodh 6 ispmeriga Ggwigahmoiety
Ay HERE Fadticl S TROW }?@%epfacéoﬂﬁng Y QAT dxemplBY 'eﬂiﬂoﬁﬁﬂé:nt of the
"Bi onol ecul es”: The rm "bi onol ecul es,” as used
henemmmmrsﬂbrs to classes of nDIecuIes (e

g Pr ot ei ﬁ?gg ﬁ;ol saienpfigt' a $1la%0|t)éﬁ1 f%? tulsgCl% an exemplary

nucleo
embodiment of the invention

Definitions

“Biomolecules”; The term “biomolecules,” as used herein, refers to classes
of molecules (e.g., proteins, amino acids, peptides, polynucleotides, nucleotides,
carbohydrates, sugars, lipids, nucleoproteins, glycoproteins, lipoproteins, steroids,
etc.) that are commonly found in cells and tissues, whether the molecules themselves
are naturally-occurring or artificially created (e.g., by synthetic or recombinant
methods). For example, biomolecules include, but are not limited to, enzymes,

receptors, neurotransmitters, hormones, cytokines, cell response modifiers such as
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25 carbohydrates, sugars, lipids, nucleoproteins,

gl ycoproteins, lipoproteins, steroids, etc.) that are
commonly found in cells and tissues, whether the

nol ecul es thensel ves are naturally-occurring or
artificially created (e.g., by synthetic or

reconbi nant nethods). For exa e, bionol ecul es

i ncl ude,. but ar ot Jimted to, enzynes receptors .
P B S, B ehomalaBh ltoty wBRIEE” vase RS Buliel, toins
Maflief feRINS, rﬂi&?m@ﬁ anti-sghRVighntk aslhoids, AMJACHeRNACt | C
factors, antibodies, vaccines, haptens, toxins, . |

i nt er f eBiprompatide’y nEhe team: Thiecompatibled nassuseg hgrgin éfsintended to

"B At " e -

ety iy BASEA-AIS Tl Sy et o e
desktisbe materials, upon adm nistration in vivo, do

not induce undesirable long term . 5 effects. . .

" Bi odegiBiedgRradablps dsdieq, Bersith %IOéﬁsr&égﬁ%ldg’&Fe@ﬁls are materials
MRp G | MdBR kRl obical N@ndARGE e fAMISL product that b
physi(ICJ1 g?%alﬁldg%r{gﬁﬂ?o%écato orm a product tpﬁgtuccan?becan ¢
metetblodlizzé dr excreted mathedt ddrdgeuo otgame.gBiadegmdatan snaterials are not

S SR L A, Py PR b ginerin ' ol
aGiebPe! OBiddeldddfle ARGLANS - al PP HRARNRISTBIaE akdlbfoken down

al so include materials that are broken down wthin
cevitlan ctlid. neral ": As used herein, a "mneral” is a

nat ur al Jy. occur ring inorgani G _.sold.d_havin fi.n -
Lot o R AR e R iRt s A RS REIHRE Shorganic
besoli@X¥aeing0s défifhiddablystal BtrhdtSreCAHIPO Théhival cOhpésition that may be

natural ly occurring solid element., 15 .
" EFRG VREARIE Heits comppes|tiang opg pyfurallyoccurring solid element.

"ol i gon pde's s Th . 2polyn ele: e
"nucl ei ?;)Igg{lht (f,he‘%igr' P oﬁ}lglggcucc‘eddt i J():fe" %rﬁg@géélfagldg + The terms
poipyivanclebtidaitcinacikicdasid, The tdigoruclpaidelurdferotd de'polymer of

"nucl ei.c acid", and_"oligonucl gotide", . be .used -
i uglceRdri e dBr ey, pp%lm%@‘?oﬂéiegof%fm a6 dent nlsarugleotie”,
SLT%)ﬁﬂéhsédqfn?&chaﬁ %b%m F‘%ﬁ%?l%l 168 Bhfprises at least three

ucl eot 1 des. e po may | hcl ude 20 nat ural _
nuskkotiees DNAg and RISAs siragolyrugicptiese, Thegredgneremay include

O e . SRS e BN 0B, i
anfbReRlchSsifh, dedx RHIMRALLE '31@&{)%@@(%1’&? a8 gk Fbiy@ine), nucleoside

i nosi ne, pyrrolo-pyrimdine,. met hyl adenosine, =
Cuplogpy(agl, c3ramitioadenosBiep 2dhipthpmiding; esine, pyrrolo-pyrimidine, 3-

G EHEY P 15 PO B o Faroynl BHBHE! 2 Bromousidine,

C5-fluorouridine, C5-iodouridine, C5-methylcytidine, 7-deazaadenosine,

7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine, and 2-
thiocytidine), chemically modified bases, biologically modified bases (e.g.,
methylated bases), intercalated bases, modified sugars (e.g., 2'-fluororibose, tibose,
2’-deoxyribose, arabinose, and hexose), or modified phosphate groups (eg.,
phosphorothioates and 5 '-N-phosphoramidite linkages).

“Polypeptide”, “peptide”, or “protein”: According to the present invention,

a “polypeptide,” “peptide,” or “protein” comprises a string of at least three amino
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25 7-deazaguanosi ne, 8-oxoadenosi ne, 8-oxoguanosi ne,
0(6) - net hyl guani ne, and 2- thiocytidine), chemcally
nodi fi ed bases, biologically nodified bases (e.g.,
nmet hyl at ed bases), intercal ated bases, nodified sugars
(e.g., 2'-fluororibose, ribose, 2'-deoxyribose,

ar abi nose, and hexose), or nodifG ed phosphate groups

it gsaf SRR TP R e BUAE, cFppice”, and
AcoRiteihMInPbé RsedihRsaRhgdBKE NPdp®ide maY reRP Ity BE Piditigual peptide

"peptide," ‘or "protein" conprises a string of at |east

t lor@eolipdtion of peplidass Invenkwepensiges henforpbly sepraindenly sp@eal amino
Th . er n | I d II- n -i d n n r t H n .

oy et ugh P BFRAU AR inn 8P FompBliflts B Rl oy in naure
| it vibdtiadanp®pt irderporsted @3 | £Cpdlppeptiie petRiin;dess, for example,

Inventive peptides preferably contain_only natural
arfiting/ Wawicge-caligchisding rd#s APt mhide idplays gructures of

CORRAUIRLS atntﬁ?B Qs ek hg\‘?ec‘q%enisﬂ d& fﬂflﬁ intofbkatbd F}Po fdetional ion
be ‘I'ncor pora e Rto a po ypep%l e chaln; see, for

exhnmiets) anbfor prihovavidcanalogalak ecd kackun in the art may alternatively be
- dadgqr p/,Unpnat struct. gi f, i ch, di splays structures af
GHIMGNer o oGP R OB 0 Of fli P cieisch 2L YERLFpIRyide may be
| NR&HiREL, abekdmile, hitetddanith dfoNchentigdalis) suAts Qf carbohydrate
am no aci d analogs "as are known in the art” nma .

al greum atphesphatebgroup rpfamesyl. grobs an isofarnesyl mooup, effattyhecid group,

am.ng acids in an inhventive .pepti may..pe .10
e i ol Raf et Chy B Rl e SRR B Ay prefored
endmbodirfét iR Smadigie skl YT th DeptideOltRd (8 aphesPiatie peptide (e.g.,
group, a farnesylﬂgrou , an isofarnesyl group, a fatty

er

a(gr@{atgr b@lﬁ-}life a‘f.zmi g gmdjifg@g.pnsomay include cyclization of the
f %ﬁ{ifiep qgé lnéﬁg&:é?l hon Ut [9—%%21{0 ngcg?sjr fel‘c(.: aGb ot t?& ?%Oélliﬁca"i’ions should

preferre ment, I'cations o
penbitakttidligastetforeavifivthe detiedd idolpgiehl abeiviie ofthe peptidat er
half-life in vivg@h These nodi fj cations nay include

cycl i zatobysassharide”,) 5'cpehnhydgatey her i gligesaseharidgy: of The terms
D- i j: [XT3 1) 13 i fj (3] j

B L L
acEhevietrys Gpolykeechaitel’ décarbohipdtays’acat doligesagcharide”, may be used

"car bohydr at e" _or, "oli gosacchar.ide": The ter
" ﬂB‘i‘f’Vi’ﬁ%%ﬁﬁgfbﬁ- deypical aragafﬁw? de csmpmaﬁrsiaﬁ%%ﬁ@m pygass. The
I &fo®fmdOomay RRL I EE ha&?algéglgﬁfrss(-e.g. ,Tﬁ'lﬁc&g,r P®ictose, galactose, mannose,

"pol’ysacchari de”, "carbohydrate", an ) _ )
" girabgossac cibasd, catd, xytase) bndigentodifigd sugerscleangdalbingroribose, 2'-

Typi cal.l a .pol ysacchari de conprises at |east three

s 8¥Emm¥ﬂé“ﬁ@F§%E? may include natural sugars (e.g.

gl ucose:Sndil aideRile daA8GIs08 Berdi@NAOIEm “anfbinftd&Rle” is used to
ri bose, and Xé| ose) and/or nodified sugars (

2'refer (for wplagpiss, whether naturally-occurring or artiﬂcial%f S%:'réated (e.g., via
chemical synthesis) that have a relatively low molecular weight. Typically, small
molecules are monomeric and have a molecular weight of less than about 1500
g/mol. Preferred small molecules are biologically active in that they produce a local
or systemic effect in animals, preferably mammals, more preferably humans. In
certain preferred embodiments, the small molecule is a drug. Preferably, though not

necessarily, the drug is one that has already been deemed safe and effective for use



10

15

20

25

30

deoxyri bose, and hexose). "Small nol ecule": As used
herein, the term"small nolecule” is used to 25 refer
to nol ecul es, whether naturally-occurring or
artificially created (e.g., via chenm cal synthesis)
that have a relatively | ow nol ecul ar wei ght.
Typically, small nol ecul es are honomeric and have a
| ecul ar weight of |ess than about 1500 [l .
PP PRHIOBTAT EOYROMRET R LA boRap o L PTG e of framan use
t htedttia)e POXUWSERr 21 (OB R. §§ 3303y 83 EiliréughfFeRCEnd M0 through 460;
animal s, preferably manmal's, nore ggeferably humans

| iregs €05 vetarinapy eeelisted) by b 8DAennder 3106 FsRalif 500 through 589,
l e i : f :

nar e hefufbb e ches SAH anslfiofflote frgge jp accordance

deditethe padsentdntergibhiect i ve for use 7 by the

approprjate governnental agency qr.body. For exanple,
drugs fdHOIYEREGEE™ Pscised hetFin.h Pigapiv e ABRANS 218 Ysedt rrefer to

3 %(rarn?ouﬁ(%;og A9 Ii}hq% Q&teré 3&]%914,:" %céifvg%%&ig Bg‘eégpig% agf:?%ggf)lo gical or

f eterinary use [ist un
5@hemivabennts 8Byr examply; pordti ecidestsenay ingludeftert encegt limited to,

are.q%ﬁgfongidered acce tabl% for use.kn.accordance 5 ¢
widH- pH %‘F&essi ﬁ(}%ﬁ &h. su %aB‘_éFét jAPHDIQHES, ¢ YnmupQsuppressants,
USGH- RN §hibtanchd, QAGHhY @nlﬁgi%lfs,si'hchﬁ_i Bl do? oSk tol Protease and

conpounds or entities that alter, inhibit, activate, _
orevrfetransdptsd adtibibirs| figionainhibitorse mentoteyinse \ogitids, hypnotics,

For ..ex | e Loactive agents nmay.include. but are.no
g DS TR oG ot by, A’ frlihus and
SURGtAMERson 30bithicel, Ghti-shARANINEURRE emBadé Scont@ctants  including
anti-viral substances, enzyne inhibitors,  including

bhawisl  blackersd miptiss opedis antimiplineesies s @ntiwlpvsemp pgagounds,
[ - , N o) 0 o) |
h;ﬁ%ﬁ%{aﬁ%@g algdl]'ncf’ljl %ﬁﬁl??é\}?n%natés%o ]{JCE[??I% a%}%épﬂ?brs ok gélijgxtracellular
t maxifui ihiezAidns amdladie® el gawtls inhibiged and eint>ahtsommblecules,
ant i - Paxki nson subst ances, anti-spasnndi cs and nuscl e )
cOREQUEHAE AZCAE| udNHBIoOTE hatine PN oc REYA | $i oPTU-N g nepmthesis,

anfn}i: ' i C ibs 9! BMEBYRLGCOMPAERER 18nd _steroidal
a%?Pﬁﬁgggﬁﬁféghnnggggﬁ%i-pro?%?égf conpounds, ron-steroica
nmoaitiHaflanmatfry c eddentsy t ramtiedrigidganic métctdrs, i mb@seaetogns factors,

incl.uding cell growth inhjbitors and anti-adhesi on _
nopligeRetnts \and |4 e @&nt%%,eﬂfsnhm?% &ngggftl%m?mthalmwsa

RN QA I IHRAST AnBYRhRERhS; afNpiychYRC §RRALYAS, anti-emetics, and
anal gesics, "anti-pyretics, steroidal and non-steroida
arimagingfagentseln arogrtaiggme fsired ambodimghtsg theibtoactive agent is a drug.

T SOR R0 Pt LaPRL SRR 80 s st o
ORlskt falthd Gfresent invention may be found in “Pharmaceutical Substances:
Syntheses, Patents, Applications” by Axel Kleemann and Jurgen Engel, Thieme
Medical Publishing, 1999; the “Merck Index: An Encyclopedia of Chemicals,
Drugs, and Biologicals”, Edited by Susan Budavari ef al., CRC Press, 1996, and the
United States Pharmacopeia-25/National Formulary-20, published by the United
States Pharmcopeial Convention, Inc., Rockville MD, 2001, all of which are

incorporated herein by reference.
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prost agl andi ns, anti-depressants, anti-psychotic
subst ances, anti-enetics, and inmaging agents. In a
certain preferred enbodi nents, the bioactive agent is
a drug. A nore conplete listing of bioactive agents
and specific drugs SU|tabIe for use in the present
i nvention may be found in "Phar rﬂaceutl cal Substances:
25 Synt hesBs F Cat e DY eger m
and Jurgen Saieic ' Sttg, 1999, t he
" Mer ck TH&dEleentM Enﬁi)fﬁétmﬁf %yﬂheﬁiﬁ@&%ﬁa—polﬁhldﬂ&omposﬂe by
and Bi ol ogi cal s", Edited by Susan Budavari et alL, CRC
Prl@@gratlmgghon%nwth hehe Wolxreeriost mplEx phatheadbiei ol systhesis or

r r pu e
OB SRR Ko fher O Phi G B plolfest ibPform pieces of a
2(0ddetatineaf s1wlaﬁdl cam®inedOwithn tleer pohaer] widcleisnthey polymerized.
ref erence. .8 . Detai] ed scription of Certai

PrE R BECTEA R SATTRORKS TS ik A TSI LY AT FavHhsafugther processed
S%Qtf&%? {a% bﬁﬁoﬁ’h 1P 8hy BRboRRIROS!C Ee & h%*oﬂ? 89 bR e \Girface of

bone w yneric matrix at t
syth¢ bersi martdrles (eq) ylmna ipadiclech Fogure ha) mhwmorate’ﬂhetoktbﬂ backbone

IS prpcessed.to r i eces .of a edeterm

o PRI et bk & e PR didurifg pofeizpfih, For eximbfe, X may
pqiemt@@gmupm@tanmnm @epregBye may be used

i mredi ately or may be further processed to form an

ost eoi MHeagampasite oXfethe ribvefitivemay acvRedsi € Pong spbgtityte gnaterial,

Lgﬁﬂ%gé fgesl ectﬁ{a&u\?fﬁggﬁltbno nﬁpg ﬂpﬁlgg’t t§ g?lgl?cega P%I? gﬂ %Ig or a whole bone,

bagkhenrle Dicop@inidiisofircer oo dbvddn parmieley nfor vde in producing
during polynerization. For exanple, X may 10 be_an
achtevenglﬁ@tapfca etame s die tchaigeesgof ppg gp@niongy owned U.S.

| f n :
Subé@?{ﬂ?? B%g&lszf{kfzéggﬁv%la@@ g%z%érlgg{%?g §t&hﬁfgﬂ% that exploit
b e |pgrt1cmsl &Buine tpartiobgl aae goteal wayd dvailaldt iwe shapsttbites convenient
bone, vi de_a .convenj ent source of. bone deri

e il iR for JRe N M BIEF Pt 1BRSQTERCh B FACLShapE, for hshioning

eXAEPLE imPEn D Gr HE EEGRANLANESIRE SMic KRITEDNTNe Q&Bﬁﬁues of the
U S 15 Patents Nos. 6,294,187, 76,294,041, and

515018 Inabid twnh grrtickeshiibm ey st @xipblodnty siboaed shape, to be

par %‘i%@p@ﬂg‘%oﬁ? ¢ lgﬁf?@ﬁ&r K easrkgpgqjlgetﬁa\lgﬁéﬁlﬁ\é?a I#?ﬁ%'tﬁatitﬁe size of

mﬁtﬁ@b&her&rﬁa&@smhﬁp&eso&ﬁm&é@a&@fdi@k sel &8l APErs iRRgling but not
for fashioning into an inplant or for use in

| diaitdse & ithey sappandc sheipenef. thehisnplewh they desiredf degsedation rate, the
| %gcglltalglga ﬁfj(‘]ﬁab L rBIéo ufugp%{é& oﬁle efcflarma‘”i"})\fopc’e%é &t Y %uﬁ%undmg

tissue, the expected load magnitude and direction, and the desired interactions with

’5?

the surrounding tissue.

Preparation of bone

The bone particles employed in the preparation of the bone particle-
containing composition can be obtained from cortical, cancellous, and/or
corticocancellous bone which may be of autogenous, allogenic and/or xenogeneic
origin. Preferably, the bone particles are obtained from cortical bone of allogenic

origin, Porcine and bovine bone are particularly advantageous types of xenogeneic
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20 used to produce osteoinplants. One skilled in the

art will recognize that the size of the bone
particles should be optim zed according to several
factors, including but not |imted to the size and

shape of the inplant, the desired degradation rate,
the mechanical strength, nodul &, and ot her

chani cal , properties.of .the surroundi.ng tissue h
oEBe Pt oo dsEd i R BP iog e R WG fof g bone
| RaRIchE! PRRRlaM drb fordRed B nfillingOWRGIE Hnk it6 &duce fibers, chipping
Preparation of bone The bone particles enployed in the

prrdivds dohencwiing ehdle hengafapiaring whele abasieny liquid nitrogen, or
c [ Li on tal ned- fro ' - u
ARSI, B0 RS B BLIPYECT AR S rRORA) beteved o
apraiyes phiticledlof @gptific épel/ or xcnogeneic 30 origin.
Preferably, the hone particles are obtained from

corti calhchbne partigles sgaipyed iy i FRMPRSIMEAa be MBNAcFRd bone
b - ' ] : .
Q%ﬁlc%se}e&gégsin%uh%d¥ éﬂ%@%‘f S I%?jﬁl‘é@%@’fg@ﬂ?ﬁﬁﬁbay fine

one tissue-that can Be used 1 ndivi
c pobidoattb enaras gy adseveo largdrechiyen b onxaerhbalimsnt, powdered bone

Particles are formed by m.llin ole b t.o produge

F PGS G TR0 SRR BUHE SRR B Boedt T2 mm and
frRscw bAGVIRAEL erdatmeichin! toHEMam i EIBRSE rat of from about 1:1 to
otherwi se disintegrating the bone tissue. Particles

c ahowtpi:l oifalesiyecdh gpovidened done pasiciascdnde gradad; infeedifisteny sizes to

specific size. The bone.particles.empl oyed.i,n th

C ipisE o e B e A PO s elra of pare e raucth el B gresgne. As
a pattiges’ aNBBnOTheRamt i shaleSi RS WA GbRiblifeOl8sE &b afhk V@kyhanical
fine owders to coarse grains and even | arger chips.

| rtr efthsdmpiant andaciderreds bdlse Siphrthe eqmabination olhppe powder
i ve ' ' a 0 : t

RUERTREI S 6 LR Lo R e
t hinplaneasd elimta3fshipocombrants di thettone diseld sificelthe Ipblymer may

desired, powdered bone particles can be graded into
dibermeelded inkg 3 desited shiRSduce or el i ninate any | ess

desir a%ferﬁéetéz%gg 1){) g{]%&zg&ihétﬁn%itﬂﬁe%o n@@neﬂlrﬁl?ﬁg Bbwder, bone

As partic ecome snaller, they wll _ _
C grattidlésugemetatiychumctehieedrec blangaaland possessug reddtiviehehigh median

| ant anaﬂac .yoore as friller . .Stjll . tge cqnbi nat i
el lo PR his e oiTs S DRH It R dCeTp Rl parEles can
arRueLdiBf ohigined B?%{'oﬁlerﬁ%%érﬁldmﬁﬁoﬂé, enal By WiRing or shaving the
i mpl ant "and el i nMinates shape constraints on the bone o
i tsoefhde, ofam cntincHwnpairymiativelpylargb sestisindeldbene: Employing a milling
d"atgclhrn?qqle,s cr)]r?ep i obtain a mass of elongate bone particles containing, for example,
at least about 60 weight percent of elongate bone particles possessing a median
length of from about 2 to about 200 mm or more, a median thickness of from about
0.05 to about 2 mm, and a median width of from about 1 mm to about 20 mm. Such
elongate bone particles can possess a median length to median thickness ratio of at
least about 50:1 up to about 500:1 or more and a median length to median width
ratio of from about 10:1 and about 200:1. The milling process may be optimized to
adjust the size of the bone particles and the size distribution. The mechanical

strength, clastic modulus, and anisotropy of the implant can be tailored by adjusting
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Alternatively, or in conbination with the

af orenenti oned bone powder, bone particles generally
characteri zed as el ongate and possessing relatively

hi gh median 20 length to nmedian thickness ratios can

be utilized herein. Such elongate particles can be

readily obtained by any one of d8veral methods, e.g.,

by. m Il.ing or shaving the surface of an _ent] bon

orthF SYSiEhly BTGet a0 AN gTip, SPeR JRONE R PRI g, e of bone
Migdaktid1és uilBChNh AHE coMPEsi@AnGoabht Ferb@s DeBicedl PRARTB0%, e.g,
bone particles contaihing, for exanple, at |east

abbatt BO5%e vt 2pS0tenbowfs el YhgataboworfedParmpyx: beysed.

possessjng, a nedian 25 length of fram -
D00 mm SRR SR 7 shRbY eftngats BoFSHIcIG, biPfaHl user
t qoﬁ%ﬁ:'d&s 8f BBhe andpao MdEhNDOMhEH hin Méngll, dBntiRdbolie prodB3sing mill
to about 20 mm Such el ongate bone particles can

polssathedainneammanly ewgiched &) freBataMa: 1. ekids thaepidregfontents of
at_,. : . 0 : e .
TS MR R e SR B, Beppesis i o
1Graductidn alf dattg, BORA stkips Wiachriphikklygupriexgbwiseay pteride tubular-like
optim zed to_30 adjust the size of the bone particles .

o RPTE IaTiielcse Loes\TPd LIRTIZAHT. DOP DAL Fran R 1ol %ﬁﬁgm sizes

el t@?@du%e Egslln‘l]g J te #3e@MeSIPIHIOBY (S ofl fa®idI EPVRIh flt?&?rhrbgtiﬁesent. In

tall ored ustrng 10 the weight percent o
v avieolls apfeapese, (domgatpabene patities [cah dieedesetileed) aofildpwnts, fibers,

article tilized in.the conposite. Any wei ght
Bet,z"'cﬁéﬁﬁ’ SE’EHMWW%&?&"@O@% ng, aboutyl- 2580 about

26- 50% TiabedHe PabtidiedurcObptRAGNY d&RirkPNized By Recdisafte with known
Anot her procedure for obtaining el ongate bone

paandi ednasntiqnat drengtianes yin gdéruto regupe theif incsganie npigeral content.

of Lup. to.about 100 mMmin | t | S .t

orReBEE RN metipa e T updeln el mpgnig of bone by
Padmplblging aci@dGéldeds. Sud nedihddseire ollmbenadh thedit,Gbe fdreexample,
I ncor porated herein by reference. Use of this bone ,

mi Reddi.e2 @4 £roam Nagelcdsh SaucH78noG100oheS, ths spndgnis pEwhich are

' ' . I i 0 j t ] arali

PRGBS L SO0L DA BuPA N, S MR g e o
Cc asonb @agichaehdi the dudiibh ef @it desinealiAddionaremtroent evibrdetermine the

elimnate any | ess desirable sjize(s),of partigcle .
AT R EaaRn. ReferoncoyB s Fostih By Bhcudeup Jeyandrowsti

bone,par 'B'zf)lﬁ&s 1930 DResdespb] Beds@safd l1REehhSnts fdrReKish are also
t hreads, sle

nder or narrow strips, etc. The bone
pantérpbméeddreeciopy refierenty deni neral i zed i n accordance

L g RO RIS OB GRS B bt

Demicratimkiddh feOiindRER FBow&TRY 8n bl denPi@a@liatioNsREr Alpreferred

conponent of bone by ]
defatting/disinfectant solution is an aqueous solution of ethanol. Ethanol is a good
solvent for lipids, and water is a good hydrophilic carrier that enables the solution to
penetrate more deeply into the bone particles. Ordinarily, at least about 10 to about
40 percent by weight of water (i.e., about 60 to about 90 weight percent of defatting
agent such as alcohol) should be present in the defatting/disinfecting solution to
produce optimal lipid removal and disinfection within the shortest period of time.

The preferred concentration range of the defatting solution is from about 60 to about
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enpl oyi ng aci d solutions. Such nmethods are well known

in the art, see for exanple, Reddi, et al., Proc.

Nat. Acad. Sci., 1972, 69:1601-1605, the contents of

whi ch are incorporated herein by reference. The

strength of the acid solution, the shape of the bone
particles and the duration of tHd dem neralization

trgat ne will determne the 2 t ent -

e R rtbsept BRORPCPES mioebe RRer iy Bbubap avsialy msgoent aleohol
mp&ld\ﬂﬂé—ﬂ@ﬁﬂﬂfg‘?ﬂ&lﬂme piticRk are Mnm&s&RichcidVbike? timeRe%fiect their
1996, 31: 365-372, the contents of which are al so _

i ndoniperelizativnhells Acipyelycedisindestethe bpng byt killing siuses, vegetative

deni [ i edyr ' . .
OSSN’ 90 GAEE AR LRy FDBRRAE BE  cha
gyifnafga_a'mi a;ﬂ:(ljctk@uﬁ? s mgtijozhb}-ie racRl &1d orfamit ates rsech asl'Zﬁer_acetic acid.

efattin I s nfectant, solution Is an aqueous sql uti.on
of A Fha_éi*fgﬂ?atﬂeﬁ‘aﬂ%ﬂ demyneraligrdpase m%meSfag% ripgegvidh stafilg Water to
Rlovk Fedad@? AthoMAr fARRid hfy g-%féb};?ﬁisé bt ]?ﬁn 2R SonleMfarticles are

solution to penetrate nore deepfy 1 nto the bone
papreferdtdy . driaddi foaréxanplat by dacphilidation, béfore inbwporatedOinto the
per cent . by Lght of. water (i,e., about 60 to,about
CFGRROSHE: SBRbOB: PHLFIE F G USEhERGT SHrPRS SARGBAGY ynil hey are
shidh hrbgeiRA ARG Rndvie niteh st dnoedbsfoRd 86thbiehg them with the
solution to 30 produce optimal |ipid renoval an

diwondraet i on within the shortest period of tinme. The

preferred ncentr.atjon,range of.t. ef L DGy -
solutio Siug,lﬁfer 0 r%\'BbB"F pé]f)as 05%5%?&%'196@%%%59 28 applied o the
pebsirRMariall&Okedrs anbbrdgsittidesepiabing aabantabé0t 9®weipht percent of

percent al cohol.  Follow ng defatting, the bone L
patheir coriging rigorgamisr méngralreomiang ‘bl phiaserepuigially fdsgyineralized” as
Chei r. e al . . i nfect

ol ST R pAAATrTL T BEhe pEh AR IRLALEE otk out 5 1o
ansbonp 60 escighiettenivbf tdiRiraaiyiig issrphriy @dnéml tdrtentsareipthe phrase
include 5 inorganic acids such as hydrochloric acjd X
anduly isfieoralifeds wuaprled gefhsc Bone P&E}cge.s TAFE elf ia@‘r@a particles
L r PRSI 1|e§shﬁaﬁ' SHbNSS, AL REMHLPRAE V%Hoﬁ{ ¢S wRlght Péﬁé&gof their

stefile water to ‘renove residual anounts of aci _
anarigiharietrnganiainsiectaheompént. Theuloodifipd tarincldesimaralized" as applied

preferably dried, for anpl e, by |yophili,zation .
betoobE PORS BrTsIEs e rtPEd 1o rever BRI GiesomantisBdf the foregoing
pa{ybg%ﬁ&nﬂﬁ%a%d%%?gnmbger aseptic conditions until

they are 10 used or sterilized using known nethods

short | yMigthraser gombingiions afivamonione efihe ahovrdirpes ofhgne particles

utili,zed herej the phrase "sue@i i g | . :
e rrrIgt For Siple e oo e o Bisdasalgpsgf demineralized
I ebdieS phick@nearnp det bdbRSedGaSeGabingi@l Wistsiondbalterdli@ed bone
wei ght percent of ) ) o
particles, i.e., bone particles that have not been subjected to a demineralization
process. To increase fracture toughness the composite must be strong when it is in
tension. The particles of the composite must be bound in the matrix so that the load
can be transferred from bone to polymer etc. If they are not bound the loads are not
transferred. Bonding increases the compressive and tensile strength because it

provides a connection through which loads may be transferred.
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their original inorganic mneral content. The phrase
"partially dem neralized" as 15 applied to the bone
particles refers to bone particles possessing from
about 8 to about 90 wei ght percent of their origina

i norganic mneral content, and the phrase "fully

deni neral i zed" as applied to thd2Zbone particles refers
to bon ticles osseSS|n Iessﬁ#ha abo

pr f or aBI%y PPRE PALIER Abde comp Lehiedptictlegle. Non-

Y rdeﬁhﬁ&!ﬂléeﬂq{oﬂ@ ﬁbhﬁw[@s ehg! abﬁISi’trl{eﬁanene-rl'ﬁ?ro'-ci\J‘iHBSi IokieBbnduction, in
term"dem neralized" as applied 20 to bone

pavhick Iaesldwsnmng berdetiontobindy by therpartatie serfacso r@cmater@ﬁed bone

of th oin s .of. d ral.l ze on
ot DR Bt B diP Ro g Shwl W hope, ingrowth by
t hﬁte@hﬁmetlér}/ ResviRdh beHtecaMalatd fdcAfited fedim lilge B{EE@'tl@Mﬁdto regenerate
For exanple, one or nore of the fore&m ng type

L

deon e el impdant sifen Bofnhbet PEBoRPATHElew pls| 25 lln/r!remodeled and

; Y0 bo el ity PEREIEH 2pBRARIIT 6 R IMTAR B FrfpEling of he

déifnpiane bathd Fati¢cloNpropfees &S timko | ncrease fr act ure
toughness the conposite nmust be strong when it is in

si.on particles of the conposite nust be bound
”ﬁﬁéeﬁ@¥£%%ﬂagﬁqf %Heéﬁmgckﬁad can be transferred
f rom bofR dome PAIRMAKE o thfonElWﬁfe:ﬁ&?to%ﬁa&%‘iﬂ&r {fd&action with
| oads are not transférre Bondi ng 1 ncreases the
cchp pels/mev ®rdndoniensome psopestygioithe @elaub.’esurfaces (While some bone
prov connect | t hr.ough which | o
P AL B SREBEC bl bl M OB D BT 8 SRHIRR A liked 1o the

alpodyridradhaftixl)i tak QaHE&d of Qhe boh® haetRidsN R hee@ dobB @nodified to
particles brlng about new bone ingrowh

osf@@bmdmﬁmqmtwn mrlltomlme@nthaﬂ\ﬂ@neﬂmgmle%w&elk t@rione, such as
'ﬁﬁﬁ ﬁfn%eé WPakd L dfﬁc%HBxfl @?&ildéés’f% Qbéb‘?{c é&?%?ﬁlglx ri]sg strongly

es I ew se pla e1n

abmuﬂemmvmbanﬁcle@gt}wﬁdﬁeh)reﬁrmy esiabghtlgs i on, in which
bone ceIIs are recruited fromthe host tissue to
r egenerlBtode epthrdingnt Hlang RHIPARE agpits areB‘%i{llPﬂOY‘}Pp@shIBﬁ‘ a monomer

bCU?FI‘mBQ ok hﬁlﬁc'ﬁleatroethg Elﬁ'gié@ Ither l?dﬁgd e['h%@llgr'iﬁdhas I E’éan sections,

new host bone as degra ation of
r emmecbﬂ tigeofleavirey grauph antl doaetiveagtaupl eﬂ“hpramgvegoup may be

over tinme, Surf gee Modi ficati on of, Bone, Parti cl
ot i bt STESn gl s Sl Py A loReugd (gher Foup. An

enhamptiry Rithde b&%ﬁﬁ@ngﬂ’tnlsv‘ﬁ Hﬂnetﬁ@%sﬂ?fp)’éﬁ‘lm%aér?late available

confer sone to the particle Surface.

scfrmn Bdmen Cpmbltic clTé's thidel mﬁﬂﬂDEY aeaups gaielithey lwmg grhleps and the
moR& acrrylaHa ac?lse %190\{1% is ggm}éc{edq “ta‘he éiﬁcgnhzﬁom by a propyl tether group.
In a preferred embodiment, the leaving group is an alkoxy group such as methoxy or
ethoxy. Depending on the solvent used to link the coupling agent to the bone,
hydrogen or alkyl groups such as methyl or ethyl may serve as the leaving group.
The length of the tether determines the intimacy of the connection between the
polymer matrix and the bone particle. By providing a spacer between the bone
particle and the active group, the tether also reduces competition between chemical
groups at the particle surface and the active group and makes the active group more

accessible to the monomer during polymerization.
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pol ymer matrix, the surface of the bone particles my
need to be nodified to facilitate incorporation into
pol ymers that do not bond well to bone, such as 15
pol yl acti des. Surface nodification provides a chem ca
substance that is strongly bonded to the surface of
t he bone, preferably coval ently.l131n one enbodi nent,

silane couplin ents, are.enpl oyed to |jnk nononer
or i ni t1%aq HBPRGT b acte BGPF dt &n gnaloRed bR dnoreT of the
SipARBenAtatdt. | PGS bxdiPleS GRAALAStve Brovph Wil bBIi€orporated into
| eavi ng groups and an active group. The active group

meiye!uniges, ceinaethenest @otyserbonites oandavther ipelynies elhgsandased on

by el ongat.ed tet.her group, ex lary. silane, . .
oo 3k ifec S bl Rren L i F AR st 3Pfein an amine.
avAydreR}-germlif60 Hine WAt idorpdfated e poRBMMX ¥cids, polyesters,
groups are the |l eaving groups, and the nethacrylate . )
aciidvethefr peligmies classes ég@telaclslée thiydroxyylatedomongraaRspyAgpmatic active
pr . . . ,

P SSRGS LBy Al RELSTSE FIARHATR Ty A8 potmer
etdmbother Popwancts gt grow be radital @olynusatién Itiisikott ivecssary that the
coupl i ng agent tq the bone hydrogen or al kyl gr.oups
s&?ﬁ"%groﬁlﬁt ongfungtigpal. r}ﬁ@eegelrt Ty, Rrp,ffgrqbgaa Aigstive groups that

9r &R beﬂﬁgmﬁ)ﬁﬁ%cﬂn% B%&g%ﬁeﬁteﬂ %Ioﬁgﬁ@.rﬁg ol BE difunctional. A

intimacy o e connecti’on betwee pol ymer matrix
andlaté daviopewpaamtined, eveByf pnos aiseqpndarypaciae, vt weeterminate a

t he .bone article and the.actiye up, .the tether .

A EORE LEE QG rish BUPWSRSE e tHEafiTEet, Balgecs, chains
t heitRaslvety, &hs HEfRCEoaH thdyiSe BGhENE BIRAIEMo TBICBSe groups in
the active group nore " accCessible to the nonomer

dubg pgmony pesiidrnzat i on. 13 I n one enbodi ment, the
active graoup is_an_.anal.o t he noner. the .. . .. .
pol y ror S Pkl W3R Qhac S B LR Iy i encignip tsed i
beTdbie ar, pogiddnesl drot vailgak Vs desmp4dadsy wiickt Baresion Carbide, AP
pol ycar bonat es, and ot her pol yner cl asses based on

noReseBrcss Gt (Seale Sowihy Kosgmnand BAMh | Whemgethgotilppe contains a

q tai g M .
SRR, SRR A BN OL A SETVRLEH e ettt
pal pestepaible an@ipoinieto the lbpne patichssssg b hedctiondh wdech the non-
hydr oxyl at ed npnoners. ArqQmati c active r oups .qQr

a&?%ﬁ@%&@lwtws BaeR B Ry 1 TBRY BRI BEarectech the
| Ni8cofhpiYibld eb | 1@ QERRT bPRLY MRhchihd dhe SNAE BY the bone

radi cal” polynmerfzation. It 1s not necessary that the
aqgartide,gregardlcdse ofrebefhen ttel ©haat is bivdemgatilile omayt. b&he derivatized

preferable that actjv roups that 10 are, to he.

R BRROPaL bt b e S0 e BF oot fefiPostliinte the potymer

di dridnichéted ith fhe bone particles, coating the bone particles with a mixture of
“bioactive” silanes and “monomer” silanes. U.S. Patent 6,399,693 discloses
composites of silane modified polyaromatic polymers and bone. Silane-derivatized

polymers may be tnstead of or in addition to first silanizing the bone particles.



silane having two am nes, even if one is a secondary
amne, wll not termnate a polyner chain but can
react with ends of two different polynmer chains.

Al ternatively, the active group nay be branched to
provide two reactive groups in the primary position.
15 An exenplary Ilst of S|Ianeslﬂhat may be used with

onoc O

Vai | o S B B e G AP B PR BT o yAane
esour ces Nopetd- %ﬂoeth%@)u A aR@opréi\itriafetiox y¥ e
he silane contains a "potentially non-Dbi ocormatl bl e
i ety as the a@ahm @nldn@propylngﬂn’ddldthbsysuﬂsw to

hao hi rhl o canmmatinA + A +tha Ihana ~or HEP|
et-her a—oH uuunpcul DT€— €0 unu 6 llc uunc Pl e

sing a reaction i#HRAFE Broﬁ%]ﬁmfbo’fﬁsg?:'lﬁrpatl bl e
i ety 1s the | eaéhﬁglamﬂgyprdﬂyhmt R yaERE" abl e to
ttach the biocofpatible conpdund tyhe silane
efore attaching m&£38nethmstlglpt¢w1}wrasulﬁ|dart| cl e,

ot. The derivati z%aanmgiai%%egwﬁﬁ&m%%fﬁg@ with

ITanes that can gghﬁggﬂgg,?%pgjqng{eﬁﬁﬁ LYanknNt 0 the

olvner and reac one parficles, coating
he bone particl gﬁnﬂmt@iyadmmup)étrmﬁemysﬁamact | ve"

| Aand " anmny ! Fa¥aVa¥al ] < DAt ANt A02
LIL uIICO ullu |IU'|\JIIDI Uy \J\J\J UJIJJ

i scl oses conpoSPTEY- ]}Sqercgpqogfpé)y}{gmefl}ogas%gpyar omati c
ol 'ymers and DO%E”IE SN T N Ok S may be
nstead of or i %N?oﬁ:{?g *ﬁ%@}érﬁ-ﬁﬂ? ani ZSI ng the bone
articles. 14 Methyltnacetoxysrlane (MTAS)

| haf a / /\m poet h\/l A= - npt hul di ot havv o
I T AT 11U

ane /M%th'yitnmethoxym ane (Mmsj’ AP A
Foeta- (A noet IM% 1S (i @%an‘i’@}glfahé fRggxysiTane

ai nma- Am _nopr opy oxysi l"fane
anma- Ami nopr opyl t r iMtthgk@sintiaa &ilane (MOS)

ahme Am nopr obvitrinmat hhovveil ana

i s(3-tri et hoXyshl Jlipimehy)eller kgme)iilane (MOS)
ai mma- Chi or opr gﬁ?ékl#/f h@t(‘ éﬂo?ﬂe'o@(ﬂﬁe) Silane (POS)

anma- Chl or opr o i methoxysila
amma- d yci doxypr opyPhemylr@khﬂmyﬁlllaﬂm&’OS)

g
Samm Met hacr ﬁhs&xlﬁ%ﬁmlw | sreylHsigmphpiane (POS)

NethyttTTacetoxysit a”?e&%’tﬁ&éysﬂane (TEOS)
Tetra (methyl ethyl ketoximo) Silane (TOS)

Tetramethoxysilane (TMOS)

m!—'-

a
T

SC'-"S'-"

TS_'TSQ’)""TSU)3“CT

d

©

I'I'I

(@)

Vinyltriethoxysilane

Vinyltrimethoxysilane

Vinyl tris-(butanone oxime) Silane (VOS)
Vinyl Oximino Silane (VOS)
Vinyl tris-(methyl ethyl ketoximo) Silane (VOS)
Table 1

The active group of the silane may be incorporated directly into the polymer

or may be used to attach a second chemical group to the bone particle. For example,
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Met hyl t ri met hoxysi l ane (MIM5) Methyl tris-(butanone
oxinme) Silane (MOS) Methyl Oximno Silane (MOXS) Met hyl
tris-(nethyl ethyl ketoxino) Silane (MXS) Phenyl
tris-(butanone oxine) Silane (PCS) Phenyl Oxim no

Si | ane (POS) Phenyl tris-(methyl ethyl ketoxino)
Silane (POS) Tctraethoxysilane (IFECS) Tetra (nethyl

thyl ket oxi Si | TOS) Tet th i | T _
Vit PR PrPIeE KA PEAS Bt &1 FANOR ngpbe Tl is not
t r&osmﬁémiagmﬂm M) a Silk)ehd MidRbm¥r Aydy BXiala¢hed to the active

Silane (VOS) Vinyl tris-(ntthyl ethyl ketoxinp) Silane
(\#8yp-Tabl e 1 The active group of the silane may be

| 00! PO Sttt BAEH ol R B GnBRVTR profied e SR of the

to attac a Seco cal gro
painvention. Hopexaxpleplkesyatdicd fvilhfgemr dovalehelionde matheydroxyl groups

pol ynmeri zes through a functional groyp that i ot
c offirecsufacy of hdronypeatie csraml%hf%, Wike ¢hdho néfarh‘r%/ PHMA on
at t tok . oy ' »
o e P A Pl DL OHP LR RIS Tt World
i NBientataials Eongressaiqidye29-Tsmc y.atfoe Tovartd, €Aj. misoyaiabnanchors,

bond i th hydroxyl grou on the surface, of .

hy B 4sfen Frd ot onhs STt (oyiase deseriged With gpspept fg gilancs, may
PMAL 1d MHAEDX HRBBIEE-EndtoN0eY 1HRabéHChRTIcKS IdiTo attach chemical
| socyanat oet hyl net hacryl ate,” Fifth Wrld

Bi groapse thad | willChink resyslenipayor 2@onjcavialently 1996, 2 pebwraroside group.
CA% | socyanat e anchors hers and active

or SRR et S LRas, S ol oF FEEBiipsafg secondary, or

Si feANR@PF , aniTAYs, 1WWiIDIsUSBRAIL Ritht BAE hheREeparatle] a8fct Gand many
the bone particles or to attach chem cal groups that

wi pnemherk ape \pelerer sidosTonph -Rebyaatiaes agd ikpeanatep enaynks obtained
S1 f5miaHR.

Alternatively, a biologically active compound such as a biomolecule, a small
molecule, or a bioactive agent is attached to the bone particle through the silane. For
example, mercaptosilanes will react with the sulfur atoms in proteins to attach them
to the bone particle. Aminated, hydroxylated, and carboxylated silanes will react
with a wide variety functional groups. Of course, the silane may be optimized for
the compound being attached to the bone particle.

Biologically active molecules can modify non-mechanical properties of the
composite as it is degraded. For example, immobilization of a drug on the bone
particle allows it to be gradually released at an implant site as the composite is
degraded. Anti-inflammatory compounds embedded within the composite will
control the cellular response long after the initial response to implantation of the
composite. For example, if a piece of the composite fractures several weeks after
implantation, immobilized compounds will reduce the intensity of any inflammatory
response, and the composite will continue to degrade through hydrolytic processes.
Compounds may also be immobilized on the bone that are designed to elicit a

particular metabolic response or to attract cells to the implant site.
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Pol yam nes, organi c conpounds contai ning one or nore
primary, secondary, or tertiary amnes, wll also
bind with both the bone particle surface and nmany
nononers and pol ynmer side groups. Pol yam nes and

i socyanates may be obtained 15 from Aldrich.
Alternatively, a blologlcally adti ve conpound such as
a bi omokecul.e actlve a

is attachiod P Fglrﬁa%nsén%gf??q%‘i“ &5y ﬁPga‘aﬂact 48PS, ay talso be

Foincopyaitadl i@ito the peBRied hdtaneFovéxainpld my\mﬂlﬁb bél@s have reactive
sulfur atons in proteins to attach them to the bone

pafite cehainsani Ahe ephennl derewy | en eyrosited hear b@ﬁw@p@&ed to form

Ct
gr%ﬂg%?baﬁ‘a LF?O qg&ylt%gee saa‘jpa 8i%rrrg§1 0 %Ibglg %(Sm(zed Ii‘u? a et al,
t hﬁﬁmmfifldvdd@d]g:aﬂidrllambejﬂadl«boh&moﬁgiid ‘peetidotlm@ly(amino acids)

ogl al.ly actiyve nol ecul es can ify
fadeslafrorsisab applications; naiorebimsssi 19%s4 HL417; and
d d, e I _
biﬁé‘%%arﬁ% IR ARt def96d, Hanf e nftlthd afing 4Eid oL
arﬁymsp’man ewdlt@ioaofiphptideorouplng echisqlds, de ghemeide and Compatible

Cohtserise T 10 e D G FainE &g, of boltpbhwbitfcpig incorporated
af he@Eintiereldibddes! A&rﬁﬁ@ 9@1@@ shéh AsRLiant aﬁ%inﬁfé ﬁf{dﬁ)i@ﬁtysme proline,

conposi te. For exarrp a plece of he co OSI
f ranst bydrox yobne jalspekde wﬁctere growps alnda‘:trﬁ cﬂssentlally tri-functional.

I mmbi reduce th
i gﬂé‘j}l T%‘i“iﬁ’ iycgn‘g é/glé g\%cgln s @l ésoc%cgpar dF g ']s'% sfl {l df¥ctional.
C ORiidhnARinb GacilRamad Set ditach@ond rsalbiyd hed B0 GRS 8 e 6¥Qwo active
Conmpounds _may al so be inmmpbilized on the bone that are
degPypedyatlable fordneorgoraan tnte aPakymast abol i ¢ response or
to attr :
bi onol e@ﬁﬁg b%%éléalf}{)actrtrlg?ecu eags,n ﬁqaig g.b&]ﬂ; ?@gqgé}éen?osne particles.
naE?oraém;ﬂe, tadivopppreatiwdinesdent, t drempgieyicelly aetive partibles may be
anp am no CI ds have reactlve e, chai
@taﬁiﬁ%kﬁs spaﬁl SPrisdfienbe fedmigien desepk 6‘19 8B olf 4 material,
o lex P IECA Abs or ERJS%?th% pr@@uﬂ:ed as a silane or other group
po yi m nocar bonat es ? ee PUl apura, 5
" Theoseaves cath wemimlglmapm&bamlcﬁaﬂukbm@hﬂhdng|@dnt may be

pseudaq;.- pol 1 N0 aci.ds) esi e fo b| onedi
el G et YREb B PeRLsurE 570 Sondd 105538 o ilae witn e
HoQB&l or Bisted! 'As'tht BRSO RIksorban) m& ﬁoﬁj%[dd\égﬁdﬁlﬂ@ Makd#Rals are still
natural am no acid a-L- tgrosn ne: an eval uati on of

pelfgetnod.@d choml ity tissehriilquéy, hatyral Bingtabekie epraergses, allowing the
aefl,] aEllcng fof Elgc% ﬁ(r)]@r;nser %1% %ﬁ% Ir%sgl 3188 rop t?igtbgag p%ﬂ}chgseto be tracked

using standard medical diagnostic techniques.

In an alternative embodiment, the bone particle surface is chemically treated
before being derivatized or combined with a monomer. For example, non-
demineralized bone particles may be rinsed with phosphoric acid, e.g., for 1 to 15
minutes in a 5-50% solution by volume. Those skilled in the art will recognize that
the relative volume of bone particles and phosphoric acid solution (or any other
solution used to treat the bone particles), may be optimized depending on the desired

level of surface treatment. Agitation will also increase the uniformity of the
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10 herein by reference). Am no acids such as |ysine,
argi ni ne, hydroxylysine, proline, and hydroxyproline
al so have reactive groups and are essentially
tri-functional. Amno acids such as valine, which has
an isopropyl side chain, are still difunctional. Such
ami no acids may be attached to tlie silane and stil

 RUEBRRS AR BB PR S B g of parctes
acthe/Shdtphéiid A stMiomt@BtshANRHearnedl EdmpoiRnbeNBe bone to coat
particles. For exanple, radi oopaque, |um nescent, or

melia eritiskds| witlaealiiven plasphaté,eshipynaydncrgasedbh edinity afftlee surface

bope.parti.cl es.using the.technigue escrihe Qve.

" RE R o1 ol St &° AR EL R BE B e i ignent of the
cagviffioshe. PLsosbtekdb@g, theSiurRoe ntly 8 patially derinetdliakd to expose
reacts with cal ci um phosphate ceram cs, then a

c hoE apHaggn dherstat thypaséclo ouifasobi | i zed on the bone

par ti cl £, SUn 1,60 1ARY RhQWB] defhil hiDatof B! A Ral} Idlively inert

the atom or us one Is resorb
notnstliave ggmadapdsed namtias iaaldsresitieessthiat tan participeted ihreaotions. The
the tissue site by natural netaboli.c

al ffqﬂggﬁbmlaﬁ e rgrgj@reéidlgpyeorﬁacafvetl}y Hong ! ?tlgigfégieefli:lzg str.ucture of the
r e&ﬁfgg&ﬂ Rin eage:'lﬁe RENR Pl cg! élng R nihB&G Fxpset Rthino acid

standard nedi cal diagnostic techniques. 25 In an _
al teeidnes, iThés Botbady nemtases e Hufiee parat dvallabls fpf eloenical reactions

chemcally.treate bef ore. bei ng.derivati zed or . :
cORB: FEdnUHERER FUTBRER, “Ebr DEgRE Sno  Fnsing the partiall
degdnmiabali & BoROPR1iPRE tih GhaFkdiRY BRitioh NSRIUfMY ke collagen fibrils.
phosphoric acid, e.g., for 1 to 15 mnutes in a 5-50%

s of artexemplsy bons pardclesingy be sidpendsd in wagerat apH afiabput 10 for about

B e bR LB R A Bl LR aBRL bt Gl o
usggt thix time Flerib endyomeinpRsatddCoredcrreasaly tobglj o the1e:ze of fraying.

depending on the desired |evel of surface treatnent., .
AgRB’éfttl%ln fon lexargpleo i Gor WHEWMN balinimar fduge dhe precessmg time.
' : ' A ti

o ST DS B OB L SRR, osome
sotantbinstionedaha&ewi t h t he mi neral conponent of the bone

to coat _the particles with cal ci ym phosphate,  whi.ch
may inchleDaliyse i eplipacy Ghers H‘é"ylsjl?_r Gaselliegr A Var&l of cross-
' ”1‘?1{1&11%%1 beehfQHE énﬁ‘ﬁbl%gtt%ﬂg%g&gggblﬁ&aﬁdﬂsaﬂs%veﬁrl&of»\%fin%h@ art. For

pol ymer conponent of nmposite. As noted above,
t hexasapld,aceompounde plaket i dHdtlyylefeGadinutlatlamisdpropybx pearbodiimide

D s RSB0 g5 S SL ARGl imice o
t yRIIF tdsilinketdtalo¥e by phii§dlbgic or slightly acidic pH (e.g., in pH 5.4 MES
buffer). Acyl azides and genipin, a naturally occuring bicyclic compound including
both carboxylate and hydroxyl groups, may also be used to cross-link collagen
chains (see Simmons, ef a/, “Evaluation of collagen cross-linking techniques for the
stabilization of tissue matrices,” Biotechnol. Appl. Biochem., 1993, 17:23-29; PCT
Publication W098/19718, the contents of both of which are incorporated herein by
reference). Alternatively, hydroxymethyl phosphine groups on collagen may be

reacted with the primary and secondary amines on neighboring chains (see U.S.
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but have sone exposed am no acid residues that can
participate in reactions. The collagen may be
rendered nore reactive by fraying the triple helica
structure of the 10 collagen to increase the exposed
surface area and the nunber of exposed am no acid
resi dues. This not only increasd$ the surface area
vai |l abl.e f m_cal reactions or _mechani ¢

N ort HE RO HE BHG neAni el od hick g EprpfFated. herein by
paﬂefdréﬁc'e)’ ARAHaRET @bdsARMKiRONGeRAT 5! @8 N8N and dialdehydes,
al kaline solution will fray the collagen fibrils. For
emhmp@xy lgomeomdﬂ faphieg agents nmhsimgmﬂd@@lemnnmlthe roxgles.gorganic

O o by 84 BheRuiH B Al paon o

I eaPigidyE @roupB dblidwie B b lr%tl@ﬁrmﬂﬂhj@r}mb@ té m{lﬁaaﬁdte@racyl azide
decr ease to adJ ust the extent of fraying. Agitatio
f orounsatvelohexylaerbadiimide Ane itp derivativgy apg othes hewéoblﬁmctlonal

r J s
SLFERRLAR TR, o (I ALIAR Wl THLELSRTB BE st 1o
c aarbssrlaik the coﬂageheSKhe tide Ahttietasairs ﬂehwashédetocmiﬂoag @l leachable
[ ss-linkcd. A varlet of cros

fib b
| :tﬁ%%;@?aﬁ% Hgﬁtgf“[ﬁzs Egaymaticectpes linking @g?nt%law elé9 ibsnused.  One
ar in& ih tﬁé‘{ﬂvﬁnl @a%ll} aa%]e to'%ﬁéfermﬁf&atﬁ? bﬁm&%@éﬂ?ﬁgms of cross-

like T-et yl am nopropyl )" car F1m
hylml«:nngm@ntm;l 1mubhmnn tinos fordne dasired dtgreaci anssHinkng.

N- hydr C|n| crossli .col en at
oy i of BYRCIPEA i GREMPLEMIEHED (et Biag.oe JeHV o8 Sathggnomer,
2 3prepd1{@es, mﬁﬁi& ad/6heBi ANIBiE ,orQnélﬂlthro@Hp&Smds including
occuring blcyc i c compoun i ncl uding both carbox Iate

anit hyefr bxyiled g%bpsnolmgcsalls@acmee u@@dtSt cmptlo swplgquing, inorganic

col | a e Exal u

capBER. whgBuy b, NeBTRA Rl oty R UagBE er such as
stighint, #ginid) WlirdxyBsite, pRilinbCaRl hydbofpeelnto| Mohpflers that link
Bi ochem , 1993, 17:23-29; PCT Publ i cation W98/ 19718,

t Heia st Rlysenrationt map reagh Math these amingr padsaviedths sparereactions

hﬁ)cﬁﬁhe@vﬁ[cﬁnglﬁ-& @lly{n% é‘t ' ‘V%Il ymtg}{gﬁlgfgy gﬁ& bei\}\?rt Hlotnﬂrélers that

phospli ne group Bh co agen reacte

prpahanyrizisly slemopdlgnmnammﬂﬁap reanewith blosse agidh adidsat the double
(see U S._ 18 Patent 48,386, the entire

cAft¥nt s \GRYIWHTIOBETS Plhdco? & SPERPTAYF e fhit bpolymenze by chain

I e #1205 Skion Th 1Ayt B3 hinftd 29428 her fdctivéSendant groups,

mono- and di al dehydes, pol yepoxy compounds, tanning
agemtisg theolindigneppoloéeteglobmuerivet al | i ¢ oxi des, organic

TRENER Y RN L -
; g}kﬁ&g@ta R¥icK Q8GR WhdyhbOYEERE Meerbdde ftAE BuABEd YRhEsH surface
roughness of the bone particles. Such treatments increase the interfacial strength of
the bone/polymer interface by increasing the surface area of the interface and/or the
mechanical interlocking of the bone particles and the polymer.
Preferably, surface treatments of the bone particles are optimized to enhance
covalent attractions between the bone particles and the polymer matrix of the
composite. In an alternative embodiment, the surface treatment may be designed to

enhance non-covalent interactions between the bone particle and the polymer matrix.
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groups, dicycl ohexyl carbodiimde and its derivatives
and ot her heterobifunctional crosslinking agents,
hexamnet hyl ene dii socyanate, and sugars may al so be
used to cross-link the collagen. The bone particles
are then washed to renove all |eachable traces of the
material. Enzymatic cross-linkind§ agents nay al so be

us e 10 skilled in the a asi be able to
doEsRIRG PR CR e teCRFHOB Tl plectpsiate ogérfiong fgdrogen
agkyHdh 2 ﬂ:l “hdHURAetRAotd, "Pan f @& ta1demidrfdions 988 &fechanical

cross-11nking. Both frayed and unfrayed col | agen
f i interlocking. kf@rdaeampm ufzeQrmmrorrmmimmcghalwpep@mmwrhzed on the

B SR SO i S Ay g

bi waktth¥eloagetiatns 8fMh¢ BiBlbgekl §SlynidhOdsd 8HiyC pd§merize. Charged
materials, mnerals, through reactive am no acids on

t Hhosphatagides o hesugfaeshotathe boyeinreducsst gy iyashing the bone particles
I I

i hlgtrﬁ)al)él?énsi\éﬂt{\;ﬁa\&%? %t%l%gii Wﬁg Shé; a%[‘)@]ﬁx %8 '&%X¥M€§%r§ﬁﬁ§ present in

t hasey amcnmpaﬁbldsmmﬁeﬁshesmaﬁﬂyrtﬁa@t bmd ort bmmmgblcids The pi-

whi ch they polyneri ze. nDnoners and ot

moMBHEP @ntaﬁ%?aﬂcp@owﬁelmra ﬁye Ronsdrartigls 5 ﬂliltemcfreﬁvh double

lds Yhd &o%%égrﬂlﬁg?xﬁﬂé‘ﬂngﬁnéﬁm{tﬂﬁ doubl e 20 bond.

Vi nyl nononers omers t hat pol yneri ze by
chain polynerization may react with these am no acids
vi Gombiging the Boné PerthGIha Qolympsl’reduewvi ng the vinyl
group f ol yneri.ze. nally o
o) Cornals ey Y BTN s PPESPRARISS e Sombisd i polymer
Of preéur&s ml&y%lﬁﬁcﬁﬂxﬁﬂh&&s IRuRembB@fed PaitANy PBHSnerized

the surface area or surface 25 roughness of the gone
pamlmpreélo“@blﬂpqlmm @e prepolyimer e ds polymer maydefigsyablle because it

sty gn HEEP agt &%ﬂ?{gﬁg&}{{?{ bF&tugé f]ta§$ O?l¥ { %ﬁlgl{lgﬁsl'oufgmolecular

t he™sur Ar'ea ace an

WE@blghﬂ CS\lchl pearrbas kel phetihel lﬁoﬁﬁhﬁﬁﬁbssﬁn&mgmoﬂﬁﬁenzatmn
Preferablaé surface treatnents of the bon

f{eir Cpmbingtign opth heneappridesionpiae cqgm;tg Ag which the polymer is
at éo‘vﬁﬁeh{l? ”tﬁﬁgﬂ(gﬁf‘egb&{é R0DEs. pgg e‘?'?é’ al1BG MBIKIBF weight

matrix o |te rnatlve
e ndi Gdinree mplcaﬂ]ly@rsdm:bdid&ongfeﬂepmwmn’pylyhﬂmdamng riéhe prepolymer is

e%gq? &nglnrﬁalcé)x\égslse | L eﬁf‘aglfﬁ:llg%?lgg ecto\é\}%gﬁﬁrgtg?%,proquce molecules
NofaCAY al %ﬁmhﬁ&@mtth@%é Qﬁhﬂdﬁoﬁé)@ﬁ{ﬂ@ﬁtﬁﬂ dnd an excess of an

i nteractions, hydrogen bonding, pi-bond interactions,
Vadiisdeyanwgahay bepelyasrizeht pmddcqm@cryamte a¢rminated prepolymer that

argehEEnP s w7e A hR0RiPim apo bR " " °
The combination of the bone partlcles with a monomer involves both
microstructural and macrostructural considerations. The microstructural
considerations concern the degree of infiltration of the polymer within the bone.
The macrostructural considerations concern the arrangement of the bone particles

within the polymer.
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bone particle, the chains of the polynmer matrix wll
becone physically entangled 5 with the [ ong chains of
t he bi ol ogi cal pol yner as they polynerize. Charged
phosphate sites on the surface of the bone, produced
by washi ng the bone particles in basic solution, wll
interact with the carbonyl and @6rboxyl ate groups

present in (N . bi aconpati bl e polynmers, especially
t@gggﬁggggglgﬁmégﬂﬁﬁgg%pids. The pi- orbitals on

aromat ifg KsBIHRS, BRI infeehiRA AclRAe BafibhklgCofMissue into thin
interact with double ™ 10 bonds and aromati c groups in

t séicgsofgmupricneatopioc obSawasioni. ngHeweveRothe bang ipeltisdeswngad in the

PRI 658D R B R TR e PP imrcion,
Exeepkedsyarp liyfitbhti o 0€ tieSPsl$men tltdidiee 1IOHGRE between mineralized
partially polynerized polyner, flowable polyner, or
preefagspnihers. AMsst ghtte menpnisss adboiiBl ko lBERpRSEUTSers pyggested for
Wa,?e %ﬂf ﬁ’% RS idnt e %kﬁdlé}ﬁlypﬁ(%\%bég [t?] B@ﬁé&é&e tHrbugtPthehannels
extrenely 1ow nol ecul'ar  werght. Such precursors are

paing rperész efl trivtyechilar thoae sarromsling Kiengoner elpakytaeeicnaif ithey do not
after conmbination with bone particl|l.es, Lo.forma

cATpeIEE P ﬁhW%l_&%%ﬁ Zorplarq/w@ ﬁnmgralléisbéb@w FoTicAlkkape). Inan
t%xteﬁl?lal?fglrb?nm{rflérﬁ,l A pOiyRIEARENITRIr {sSakle | @WNTREAE Yol of the

wel g i gorner typically produced through step

gnestuiarpeidjoreniensttiaosirucTine of thepwing particles. e werdar structure of

wi,t h an cess pf one of the diftinctional co nents
{ GOBP TR TR, PELTurgh uCh B GFOFgEniRAPE WL Fheoonl
SarEkehaiPs cAidls, Q¥MIRLUE and sithRhr ARLNAES. ©XEE SfteRfiti@Mstructure of
di i socyanate may be polynerized to produce isocyanate

t dheribene quirirlepaiojudss thhapacaselietieert tiabeaudag ond isingilar features.
dl’ﬁ*lust anilzl(l)yg{)nr(lelg %pll%%gsiasaelrt hfa ni%bub-lf;,lpeeth%ol;g%le r}%&}h‘i}& 1%f5netap fhonomer or

bone "pa onmer 1 nvol ves

M (@ Polydr i Edursdi Gor st 8 tof tiadeliefbre GEitistiniepd morigation.

The m crostructural considerations concern the degree

of i nfiYacusm Bflterion ey yseerto welpiha ppb/@l@é@ﬁ@urmmﬁtfate the

COGEAE BASLAAL, TSR AR e OB i of
M the osmpasitelonaipldBelg sifilemas itlenmideral tried fibritgyf,, foheramygé, cortical

infiltratio facflitat,es ect'bonin of tissue into

t thore, G mechanisal popresise gifee BpRe S e et st percatly
bapieh B drbpLESs YSERE sitohiing hAKBNbAARIY nbfirix will be part of the

i ncorporated into the polyner wth a strong
i rioaef aPiendtrationeofdhid onicrostructural channels of the bone particles will
maximize the surface area of the interface between the particles and the polymer
matrix and prevent solvents and air bubbles from being trapped in the composite,
e.g., between trabeculae. Vacuum infiltration, where appropriate, will also help
remove air bubbles from the composite.
In another embodiment, infiltration may be achieved using solvent
infiltration. Vacuum infiltration may be inappropriate for highly volatile monomers.
Solvents employed for infiltration should carefully selected, as many of the most

common solvents used for infiltration are toxic. Highly volatile solvents such as

acetone will evaporate during infiltration, reducing the risk that they will be
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5 not necessarily infiltration of the polynmer into the
interstices between mneralized collagen fibers. Most
of the nonomers and ot her polymer precursors suggested
for use wth the invention are sufficiently flowable
to penetrate through the channels and pores of

t rabecul ar bone surroundlng t he Pone el ements, even if

BB s DR Pl G Rt frorvns

e xedEpd/ meaﬁb@tﬂllom‘ﬁﬁﬁluddﬁiﬂ aiflﬂllc)tflﬁililtddft@ Qi 8181 1sL ¥ 8¢ EDMSO) and
infiltrate part of the vascular and/or interstitial

st ¢theralr &sds WeHdmpwmeo shoseiskilled in theeart, galygntapfiltration is achieved
st u t a

os‘%)g gléllﬁr% Iagec 3 ?gg %ahgbg%’r gﬁ% n §@gﬂ% S F’P (:L{l#ol Egﬁﬁaﬁ %Htsl,l the polymer
c aprat\esorg am&ingcwith vand dduteisbArtiont and procesding e more concentrated

i nt rstltlg 1\i}éucture of the bone particles includes
th%"étﬁ)é]éég Haplelorneet BSEUEMae and sinilar features. 15

Thus, | HnfByi 0 Yn Bfe NGE e@gp Ootgﬂlz'enﬁiéfa(;tﬁert Igt%n@z&ﬁehlstologlcal

particles in neat nonomner er polyner precurs
f oteclallgmm oxtlusting pmssubtefmi heatnmiay atiused polngrmsé ﬁmtmﬁhratlon of

infiltrat o be e the po
or D apberpigorer Site TR Roe cetiiogs. R CESsAge Pap e pay then be
d eSdniiifed tWigh GARS|untd |o|f fréélhd 884mer f preB@sho |fdﬁ”§61yﬂﬁah&ht¥on and
of the conposite conpletely infiltrates th

mi ivemaion ed ﬂEbmmBosaiﬁ , Kwemated nppparateso for cyacuunzoand pressure

OBk 15 JEFUETS Tl Ry P BABR PRELLF Epomaon.

suwagumelfmaﬂmmwnm@ame the matrix will be part of
the bone. Penetration of the m crostructural channels

of the Benaigsastionidhe pplymer withithy bena prstiales max alsgbggnhanced
g;l# P(?(atfél%&ﬁfllfvﬂﬁﬁl P&gé/\‘ﬁ%ﬁﬂc]teg %191%%'&'1)@13%@?%%1& Je)r%%'inblmng

preven vent's and" ai‘r
t réapmedith rbullh @revargoasiThe, codfing. eghancbetth\e assotmahm ofilthe poiymer

¢ GRS oyl EPBOYeqHih fle MBiEIdE: T Pl dnidbal bone
enhegl1nE fay Ben{?rw b %‘T‘Pﬁl nRfoARP 'o?\bg%oi’y%&g Rﬁéﬁ’l@m’ely, the

infiltration acuum I nf i ation may I'nappropriate
f andividyal ponopaticlee maynmerased ushind v dwnblee mbooy edrtictes and solid

o e P 55 oy 8 MipBled B conter
t Oib§ alshi W Ldedviel @at |t1€‘e patkivRat S{nsédﬁhloﬁs theaﬁﬁhel@ﬁ rfMy' élmply be
evaporate during infiltration, reduci gg%t he ri sk

t hdipped info Heuigd or Homslereddrodyraer pracuserheAlb of yirase t%nhdlques will be

a ) Exenpl ary solvents for use
vv| ?‘lﬁ%gt olf‘hs‘g’qtﬁggﬁde but are not limted to
di met hyl sul fOXI de (DMSO and
Macrostructural Considerations

Whether or not the bone particles are first infiltrated with the monomer, the
bone particles may be mixed with the monomer according to standard composite
processing techniques. For example, regularly shaped particles may simply be
suspended in the monomer. The monomer may be mechanically stirred to distribute
the particles or bubbled with a gas, preferably one that is oxygen- and moisture-free.

Elongated bone particles may be aligned in the polymer matrix or randomly

oriented. To align the particles, the particle-monomer mixture may be rolled,



ethanol. As is well known to those skilled in the all
solvent infiltration is achieved by m xing the bone
particles with solutions of the solvent with the

pol ymer 5 precursor, starting with very dilute

sol utions and proceeding to nore concentrated

solutions and finally to neat pﬁ%kursor One skilled

in_th I ni ze that

i s i o AR RerRicafly A bnth S8 PESrsty. g cloneated

Meyarfifles! 90E BOdéposit@PERo tHemboRbrhéit isa&lb? Ar@produbedl. For example,
ymer precursor into the bone particle Infiltrated

Eogr@tqslacrrtmﬂleésbonawaﬂwéqs tord tOSKbHIS afp@arawsmuah y@ligngd with one
of aﬁo&ﬁ&h IR&%%r?beﬂ{(%%oqfeét% tiqgg?ﬁfale}é 'ﬁggy 5244198 rectly from the

ion o appar at'us
5 vamuIMm ﬂae thmioases,wnto whithithdyrwili fatl in n@ightietht- bBamd baentetion, much
Vacuum i nfil trail on procesg E15Q/ E300,
u

I
asgkq glisees passing darueha plane geier. |hreductgrandens aeriangsd rpyticles is
th I I

enﬁgﬁ% ggﬁ%&%.wbybgggal??:%gﬁﬁﬁggrﬁsgglgf%rmeé aréh ?F local ahgnment

bone particles wt
t hBubldingnmay pimgarir 3 glightetprade @mbntlatlmg but foérerwise Icabud'fﬁectwely

precyrsor. The, coatln nhance ssoci at i e..

PR W Giog OF 1 BHGS:  SI Y fgnge Sffsctive to
10 Pa¥iSmeS orfeRfatiexanpl e, indi vi dual bone partl cl es may

be spray coated with a nononer or prepolyne

Al t er naFowednydemineralizedi bonad lheth blongatphpam@lewndayglﬂ@rly shaped

porfilet Sldnfehit Bp dlifee 80 PRGLENRRBuBREshid Rtfiner matix.

PaFéd ﬁ?ﬁl&rlyi@hﬁﬂddl phrdcek, Medmeaaingial rd¥pimsel Wil @metitlehetiotropic.
coat t particles. In_addition, the particles my

s. ﬁ@q glongateddastides, the effact glihe parﬂwlﬁéméh%@eﬁanwépmpemes of the
15 o:sgé Sdkeﬁ% d cgﬂ tﬁeﬂ?ﬁeﬁtattf%ﬁm:\géjﬁ %‘freg lifdn l{ea]gﬂllnhéxr matrix. If

RSN
Coﬂﬁlpiﬁ[ciktsl @e srided\haidbmily, ahierntheir elfectuonthe peachardte properties of
first infiltrated with the nmononer, the bone :
.P@Iaé%errfa@mﬁ ook gEIPfIKIIdtCW fgﬁ badgizJnade. f@é‘aﬁ BAHgles gre aligned,
St anﬂfgrf} SIth? coffrBGRSS k&g {ﬁeamn%ﬁ ropERfes of the composite
exanple,” régu aped particles may Slﬁp
sud¢pend ed both thb h)admg)rrede arifitbe divewivarof haagd. be

mechani ¢al | re .0 but e the rticles.or

20 pebbr etk PreihEnondihenl. 2t hot Gartflas i BlesefBRiS qter than
D}k fHfcind fh%epolﬁﬁerElanﬁﬂaEﬁgy BRNBadakkile iR SpoRaderatrix holds the
aligned in the polyner matrix or randonIy ori ent ed.

Topalitlgnin placg aFer example, largernrdeces of dorpmerde sticked eretop of one

naXno%serrPnl laefajfcfozrrzn and monomer allowed to flow around the bone pieces,
following which the monomer is polymerized. This allows structural implants of a

25  desired shape to be produced from irregularly shaped pieces of bone. Bone has very
high compressive strength; however, as for bricks, the forces exerted at the
polymer-filled boundaries between bone pieces will have a shear component as well

as a tensile or compressive component. As a result, the compressive strength of the
composite will not only be determined by the compressive strength of the bone but

30 by the shear strength of the composite. This shear strength is increased by the
covalent attachment of the polymer to the bone particles, which will limit the
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extruded, tw sted, or otherw se nechanically aligned.
Alternatively, the elongated particles may be
deposited into the nononer as they are produced. For
exanple, grated or mlled bone particles tend to exit
t he apparatus roughly aligned with one another.

I nstead of being collect ed the Farticles may be

de#i&%igg hoqltﬂ% §31‘g,’\},>ﬁf’1t &% | nanra?lﬁ%a]u%g Ft EOdlg n€9 TR surfaces of the

or baretpraikticdes areruellmnelraliged ﬁﬁl@ﬂ&&:xpaé?aﬂlcﬁﬂagdﬂf@i\ﬂhcéntmoﬁﬁ 9art1cles
grater. Pr odu0| ng randomy oriented particles is

di §iremically, linkedhasing: e @ehlrlﬂil%go fuevraganymply e Wi Patent No.
Of 6 hogak, %ngmgtgomﬁﬁ R@etﬁ@yfoﬁ* @Maﬁp fl.lré QFé entire contents
ut ot vel'y

war ds” drienfation erw se can
r a@ﬁj\@hm]z eretlheorponamdtlr&témbyoéfeﬁehee particles. Agi tation
may als be e tive to 10 random.ze, orient

For non THénk'H | FRRP TR, ﬂbeolcﬂmEP%Wg%ﬁ ahpug #Q:’ﬁ’ gRolymer by
aanfgﬁQ“']ﬁbleﬂdﬁ@ 3Rede 191?[3&1& G1&Sthi shﬁ;t)é Bf ﬁfeaﬁcﬁlet 5‘5@110163 and the

stiffness and fracture toughness of the pol yne
rrammhamcaFamd degradlationypreperpes op thret mefrias jt mhp be desuab]e to use a

nic res i1l general.ly, be isotropic. . .FEaor.
ol DR Edo e VPRt EactaneodRGRE e Femps ey Rkl in the an
t h@ilrRehaNiChlt MeQRRINd BictRh dffiBe ASlyRRITRPS HE}%nﬂQﬁQHQ density of
on the orientation of the particles W|th| n the pol ymer

nethepRlymer. the particles are oriented randomy, then
their effect on the nechanical properties of the

ngéé( Erzﬂﬁ{o%'%’tﬁ%oj\dﬂ{}l gdepend on the | oading node. If

articles”are ned or nearly so, then their

cont r i bAfieothe boné¢ partiokes heniobdingd witle (el edyraér pridqursor, the matrix
conposite. depend on both_the | oadi ng node and the
di ' %fﬁ'lzﬁa pfgwxa@@ le, 3 Bovahls aplvst andyobs fether pphanerized or

b PRfdHC! S

ot AR DS ABAC: Dol i MR e B is ptached covalently
t He ‘@lollym'er pfrratlles x Hicthel palyraeriziag u)irezduridmeplrmcé)jnd:m calcium
ex | ar ces of bone be st acked on :

o R, iRy FES Bhbon o o her o o etied BEore being
flmaﬁmﬂhm@n&%ﬁerpase@@&medfa%{f@w ng which the

mononer is polynerized. This allows structural

i npl anténbfmq@omat:{blgmomn@htap}eb@ olst;btcpfco-qu@@mcfsntgmccordmg to

B e MM T S

f qFolpseoeE keswatn thefield A \paBmdrid lﬁlsﬂlaﬁﬁdﬁd@éﬂtﬁﬁled drug release
bet ween bone pieces will have a shear cogponent as
3

wetd tisgye sngineinge(ses. fobapranlsi Ue. dompenbine. 6,583,427, 5,804,178,
r .h e tre f 0 i

T A s
St5,20y590 ob Alsett)ohedhurs;36 55)4’ 3t7$165§h|9,600 Stior Bhgdish 0899,665 to

ar?ecl)' 12)%79-”” %Omeag O% lgggttoh Riofl If{] 94{6 9a2s9e?o ’Atrrtlo?e; and
4,800,621; 4,638,045 to Kohn; see also Langer, Acc. Chem. Res. 33:94, 2000;
Langer, J. Control Release 62:7, 1999; and Uhrich et al., Chem. Rev. 99:3181, 1999;
all of which are incorporated herein by reference).
Preferably, the polymer matrix is biodegradable. Exemplary biodegradable
materials include poly(arylates), poly(anhydrides), poly(hydroxy acids), polyesters,
poly(ortho esters), poly(alkylene oxides), polycarbonates, poly(propylene
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coval ent attachnment of the polynmer to the bone

particles, which will limt the 23 novenent of the

pol ymer chains. In an alternative enbodi nent, the

surfaces of the bone particles are dem neralized and

t he exposed col | agen of adjacent bone particles

chenlcally i nked usi ng the tecﬂﬁlques of our commonly
ent |

o Bl oM RN} oo PR kb s, polyacetas
engdlyiacted®df ent pofygBloMddsch ﬁgey(mﬁmegt ed helydydroRybutyrate,

ref erence. Inapreferrede nment, the conposite Is
abléﬂl hysisog09hyBry Rely(Hpyl meirglidonele bied earadpbim pofieyanoacrylates,

t
h cd%lIb arPghgle%trﬁa at Flgén %ng a@&[}%a@?r Iht(i hgﬁ‘erna\ét?’lli\lsjodilggllt he
[ tddg&;daben pashicgbhdudobiosaive mhb@ﬂarblomolwuhﬁ sweallghblecules, or

fratlon of polymer in .the, co .te. One skilled in
g ich maggras thalgRsgtigipae HRBELDRUC BirENES {MABPER fof tyrosine-

B

papreparbdabyacﬂtmgrabllne;dome-ﬂeri\md dphenct compandrsidn phedgene or a

mat.ri.x s po i zed. For_.e |l e I | owabl

K 19?,@ r(HHBEFE‘b Lgﬁ ?Pﬁ@f‘rapég%ﬁgﬁlﬂ Eﬁcﬁmﬂges may ge used to prepare
Ccr a8 ddikebasedUhbritind?® lof rfﬁﬁérzﬁhingnaad@ﬁaﬁﬁé Y8Rfive side chains,
preferably is attached covalently to bone

paneiudingsminds, athimep cﬁhlylﬁecucz Nog- tpo@ftgm@b}e rddeers maytlyeche used

! oot Rl ooy, BRRRRO et R B Sapi iSO PaBRBRf e, and derivatives

C ofiBrieD £ ChrdVi 1fsBfifl NEleFtRARHRY poRindle Skl Red @hRMe: vﬁnyge from the
bi oconpati bl e pol yner nay be used to form conposit

actgpaeneys theneoty @ReimmyEnt iQfher porrhiadsgradable, yet biocompatible

b d d

o ofiaERY AR RaET BoRroed g BRARLARIC JORANRIs,  polyureas,

bi prip(ettyienk svinglo adetat), qﬁlﬁmmrlerml, qm@enetlmmiylhies $obyethylene, and

o TP\ G Megomes thbira u3ed g presics sy of Iipsispolgaers are

toea¥ ¢has@ G 1dBipanied ik Ok Pglf@é’l@ﬁéers' Sigma and Scientific

590 99 o Anseth: B 666, 175 5. 514, 378." 5513, 6

t oPd\WﬂnesProﬁuagg Tﬁﬁﬁe smuezsmahc ar-:twall rBodhére3id this 1Danrbz<emplary,

500167t Ron: ?‘ to d'Am’éef and . ot Co-

4 Bhet S%I?pre ERSEYS, dkfts 9{8 ADROPHASHIOF 4 o appljeations.  Co
ERSmiddredand2ffifdcts Jfand8hovelpol a8 R4 B% %@Sﬁed with the

62:7, 1999; and Unhrich et al., Chem Rev.
1919961’1t103ll of which are incorporated herein by

referengg) polymers of the composite may form by step or chain polymerization,

One skilled in the art will recognize that the rate of polymerization should be
controlled so that any change in volume upon polymerization does not impact
mechanical stresses on the included bone particles. The amount and kind of radical
initiator, e.g., photo-active initiator (e.g., UV or infrared), thermally-active initiator,
or chemical initiator, or the amount of heat or light employed, may be used to
control the rate of reaction or modify the molecular weight. Where desired, a
catalyst may be used to increase the rate of reaction or modify the molecular weight.

For example, a strong acid may be used as a catalyst for step polymerization.
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Preferably, the polynmer matrix is biodegradable.

Exenpl ary bi odegradable 30 materials include

pol y(aryl ates), poly(anhydrides), poly(hydroxy acids),
pol yesters, poly(ortho esters), poly(alkyl ene

oxi des), pol ycarbonates, poly(propylene 24

funerates) poly(caprolactones)2 pol yam des, pol yam no

ﬁg &pﬁ%%’?fgg@ %ft&ﬁ%{ogg%gggs;pgg g)lr %%sgﬁgun%easg’ents may also

quey sl QY MRliMERttBe ROV MithsiBY T I Phi GARA) polymerizations, the
bi odegr adabl e pol ycyanoacryl ates,” bi odegradabl e

pcﬂo;zmréltahgm ef aanhdmpwl y@a@@hm the@sononterbaae patbisls misfere may be

b PR e R el WL s, o other

such et ehiAdry tiRRfatdar aieCi RAE® M mbﬁg@ol O@ian s Principles of
processes. Nbnoners for tyrosine- based

i rfalymerégtisns CabEdition: {34, Newp8Pa J?hl’aWég}’&ﬁ@ Sons) and available

ar eagt
P o XanacE Sl s JPIREIAIR B Snl £ AERRE0y, polymerized or
a padiadly polihectipal mat<db;m#3ubeapupased 1BV, llS‘m;riﬂ]iarowaves or an

techni qyes may be used to prepare 10 amn

RS ﬁi}eam tB PFRdFHeRSY H0E RISt F Frgetinge {(qnpes oo B ar witl

Ch@tdbhize HoWEA Liﬁ?&lgy th‘cﬂ?s@hnﬁ'Heﬂﬁ totcBhQJ)lSthe ﬁit@ of degradation and
gegr ada wel I

Non- b1 o e polynmers may al’'so be used
Fdhe ekifipdseof el ypmposiice, Egamphing nstlesis fm@lgmltmhlmge&le rate of

S&%%%@a?h%\é‘nei &}?t I?‘S{S’ﬂ@fﬁ \%Btj?gﬁg pirt?%ﬁ,f %tlirgga 50 élescnbed in Odian

endogpniie eniRNntcAtssT WHIRH Rtincoshdieted herein by reference.
non- blodegradable yet bi oconpati bl e 15 polyners

i ncl udeThsokgmpgsienaiaynbs mlm@gﬁeédmba@y PR&r eE¥aplary shapes

pol yureas L t hyl ene vin t
0 it é;lburi% p\i\/r" th(HROllrxlgi%y nné tahélhceregﬂp %te i F%ét%hheiree,nsétrand 801led strand,
p dapil R E®Rek, Oﬂ]lnﬂeﬁber Nﬁ@ﬂﬂ&ﬁﬂ( tcha¢, redecws afin,t @rew, tube, tooth,

produce any of these éners are easily purchased
f rtepthcowpal r@sorsaelﬁloasoﬁv Pies Y lge o, Ptigieel Wedge, cylinder, and

S I I t
B S e ey AR
c drpirghthn sshupe of asxiesméd pmj:mrﬁar appnplel habeldfroay ba shaped as a

vi vo .appl.i cati ons nmers, mxtures,  an duct s
b POPHET 36 G\ BORORS 982 iRl B Mgt T el Plckhve [he Shape may
| NYEHhPRR- a THgpHRRIY TRIpPar®f ah hﬁte?&ﬂﬂ?’?s'o{f eann%ﬁrdcn%dmlgﬁ(/ implant.

step or chain pol ymeri zation. One skilled in the aft
Wi Exemréwgnnzsethahmy bbeenlared using it y:nbnqlmtqf dle voriiqh include

SN ) R T RN R -,

thﬁmaﬁqIvéﬁeﬁa,b%@acnﬁvérteﬁfae$umﬂd}azea€&tan§acanﬂ Kb, Nslerifim, clavicle,
radi ca
scapula, humerus, radius, ulna, carpal bones, metacarpal bones, phalanges, ilium,

ischium, pubis, femur, tibia, fibula, patella, calcaneus, tarsal and metatarsal bones.

In one embodiment, the composite is molded as a plate or similar support,
including but not limited to an I-shape to be placed between teeth for intra-bony
defects, a crescent apron for single site use, a rectangular bib for defects including
both the buccal and lingual atveolar ridges, necutralization plates, spoon plates,

condylar plates, clover leaf plates, compression plates, bridge plates, wave plates,
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initiator, e.g., photo-active initiator (e.g., W or
infrared), thermally-active initiator, or chemca
initiator, or the amount of heat or |ight enployed,

may be used to control the rate of reaction or nodify

the nol ecul ar wei ght. Were desired, a 30 catal yst may

be used to increase the rate of26eaction or nndify the
nolecular ht For a st

usee Aartigl %‘Jgﬁr;ﬁét‘vqﬂo‘i‘s ﬁ%t tE%PW ?gaé?ﬁcusz%g © composm of
Trihf WehbgRa THRNGnRIRE léléct Ug%dcﬁﬂﬁh tTF0RE®af &fall of a hip
cross-l1nking agents may als be used to increase the

c rippdant, inkludieg $he ;;tethnadphui/w quiabmialr ¢upatWhers pseder the cup, the

ottt dpr s D5 $Rh Ao pliculdiphdfaterialos-e- plastic or

miﬁétﬁl“ @ih%r jd?ﬁt &bﬁééméﬁi'd%@ﬂéb@ﬁqa%lsﬂfﬂenetﬁ fF4R TR Richiques of the
initiators are listed in George Odian's Principles of

Pohyerdionzat i on, (3rd Edition, 1991 New Yor k, John
W | d |.abl -
B I N Yl

pashbpoditet ppBmYdTRElicE ds dBdceibed@beloRy be exposed to W
light, mcrowaves, or an electron beamto provide

ener gy o alisrtive eanbedineqit.s the Maonogye lekhqrg%mﬁmtheﬁalplant site
q atr?éivﬂo yyr?élgzeﬁ%‘ﬁ 9‘9{) ?ﬁtepﬂ)a\f\fvgf} ;H%gdégﬂongat | Eéﬂtlaﬂg golymerlzed

O contro rate
stinfo 4 pepslyndertdfier adxing sintl eherEp(@ll’ﬁﬂ ar ynj mmmﬂs afroold or implant
controlling the rate, of ﬁ |zat|on and % e :od until
mofectiress apen igp he mongragy Max bejRokgnerzed unti

' c di d
45Dy ATy T o et o

pcﬂlb;tritkrel ﬁadiardwbmws@ap@ miEsegials) aAgtelspdpmsrizaLEm is complete, the

i nclu W t_ hout sheet ate, particle, .

S HRIE S oartal 6 M GULtF SRS MHREE RereRarRe o Fetain the
fldoﬁ’ﬁpofsitéiﬁftheﬂﬁﬁlfant $icsk, cone, rod, cup, pin, screw,

tube, tooth, tooth root, bone or portion of bone,

wedge or portion_ of medge linder, and threaded
cyPashtabmerigatinhel reatmsat ﬁé’ﬁ? otesitonposite is

P%%’gﬁ[Aﬁ%dPelgrn%n%loql tﬁ%a¥+l'ﬁgos§#3q'g§ Eereﬂlf ed a%gt?éjmold and

p ogi thieo Gisedf imAndaidatel yaur rﬁmlmlmﬂedlchelhmaﬂy oh atechanaelyn gFor example,
repl aced. The shape nmay_. enconpass a di aphysi al

¢ switacesn{ th {raplany may be gxdiged; yHneahERIUFIL A 2o Hpbigak some of
. ecﬁw gﬁ%{ 6% ddithccBRYatd thd ﬁﬂ{lﬂ‘:&‘éoﬂ?bﬁﬂoﬁ RE the 1mpl|ant The

the invention | hnmoi d, fronta
nasiaface ofthe pmphht mppbe edn@hpnttcelmmg etbndar(htwdhlbqeqs to promote bony
maxi | | a, )ﬁgomatl C, cer cal

var e, FpgRimeler therEac ot g p? miy 8% REdEd, filed, plasma
cl @ieal éhemically etched, or mechanically pitted, for example, by sand blasting.

For example, composites having the shape of the desired implant may be
further surface-treated to promote a desired cellular response. Techniques for
attaching growth factors and other biomolecules to biocompatible polymers are well
known to those skilled in the art. For example, the of the composite may be plasma
etched to render the surface more reactive. A biomolecule, small molecule, or
bioactive agent may be attached directly to the reactive surface or to a silane

coupling agent attached to the etched surface (see U.S. Patents Nos. 6,033,582 and
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25 scapul a, humerus, radius, ulna, carpal bones,

net acar pal bones, phal anges, ilium ischium pubis,
femur, tibia, fibula, patella, calcancus, tarsal and
nmet at arsal bones. In one enbodi nent, the conposite is

nol ded as a plate or simlar support, including but
not limted to an |-shape to be2 BI aced bet ween teeth
{ o LI OB e EHE r Py SROFRpBREAAR 1Y AlliEhce). For

Use; "a rectangu I NC

batxmphe abmiiﬁﬁ?dmﬁﬁlﬂrj ag@mbr ﬁitib@:ﬂioarmzty B¢ &sached to the surface of
neutraljzation plates, spoon plates,_ condylar _plates
cItB¢ #pplaphio rsﬂ%ftee@ﬂalawa%élgql the mikepfdafecipr.dgdiepmatiyely, growth

Waf\!u.e[ogl Iﬁ5€§B &? a}geﬁttg apthof Bét%bl&é‘ﬂfﬂ} @k i laWF bite ?rc‘toz ﬁgﬁulate the

'ates ma rlcate using t econ'p S|teo
|rpredudt10nof6dsﬂm@mrrp03| te rmy al so be machi ned to form
part or ant, including the s

o, G iehe i BompO bt FRSRe iay NG the desired
t rt%mﬁéﬁﬁ@'\ﬂﬁgh '1§Tchﬁﬂatd BMsHS dn't@ﬁﬁ:{ St falle By ijcﬁlséﬂcﬁﬁlée diffusion,

articulation material, e.g., plastic or 5 netal her
j airmther erpﬂCh@teﬁBﬂkn@@w ta:@ssend«yllql indhdanelThe stnfagmof the composite
the invention fernati

A |
Egﬁ@gk F ﬁ‘ﬁf%&xﬂanrg%@kplpﬂg? etc mﬁaocft? c]éa f{htf)dngease its affinity

defst el compamel af tifdreme! MAREE 2@dd. OTheaforRiRAMmb | f@eﬂétamed on the
below. In an alternative enbodi nent, the nononer

champesit Ry sledvestatiplintaracionse Wiileathe cpuIppped Wéddqswb shortly
;Io‘(‘}tf%ﬁgﬁﬂ%lg%ﬂg]% llv\%@/ Choﬁs%e té)ﬁﬁﬂl%ﬁ%r %@%xtﬂ? Qﬁ’ﬁs‘i&l giaflﬂ%?ﬁsgr?nse to the

Pdthpeeht OThis) rsid eehoqutto@ iA amhwomgldanaiv@nhmeﬁu 1ts des/ifablee
pol ynerizatiqn is conpl eted. The nononer

pol yrrerT}keeHnHJmt may gle bﬁrf@ﬁfémgﬁﬁieafccp@% "s?e‘i?f’%‘ﬁﬂ‘ﬂ"é well known to
pL{BBs)é s e st a%&ghé{ rFEJchﬂﬁX beFdrne?{‘?Jrﬁ)?éj HoldsC gyvﬁ%u&tqlled into the

one substitute teria
pahmﬂzen it ficiloate ibonyg angobetheor tb ipeovide mhamndls dort sitursng' tswstids to the

?g({jng E}?il I %ft@r@%ﬁ% Viea{ :gg Hgs:itﬁ\gg %ﬁ%’ ggla élp ualyr gg ngachmed into a
PQRkir QPIRAPE, rlhélﬁ&i'ng Nny o€ ﬂ{é’@ﬁf)esqgst&f‘ﬁ)o@@ ”@Bﬁi erAbh®blled lathes
pol yneri zat’i on e cConposite may be renoved fromthe

nrmnd chet equiinrhent cnslld a biveklitabe [ shapad mmqptrauplaﬁ ghiree-dimensional

m ca mechani,cal,l For..exa
soPemsldite, TRERaNEHY w0 bRE Rt RGoh Cahmsmay be
Orcugt@&uﬁéa b aek meieaf infphmt ek y MEies€ MadcRfed Wdmponents may be
accel erate the initial deconposition of the inplant.

Trdtackadtp sae appthenrusingmprehanicalaipstsecrs sudasHowelrs pig. and screws,

Sta?f‘gf‘{»%m%eﬁﬁy L AUEBrdLed BNPHS J%?rﬂ%sne of the invention. Traditional
joints such as tongue-and-groove, dovetail, or mortise-and-tenon may be employed
as the machined pieces are assembled.

Alternatively or in addition, the machined pieces may be chemically attached
to one another. For example, a biocompatible adhesive may be used to attach
machined pieces to one another. Exemplary biocompatible adhesives include
biocompatible cyanoacrylates, epoxy-based compounds, dental resin sealants, dental
resin cements, glass ionomer cements, poly{methyl methacrylate) (e.g., bone

cement), gelatin-resorcinol-formaldehyde glues, collagen-based glues, inorganic
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on-growt h. For exanple, the surface of the inplant may

be sanded, filed, plasma etched, chemcally etched,

or nechanically pitted, for exanple, by sand bl asting.

25 For exanpl e, conposites having the shape of the

desired inplant nmay be further surface-treated to

pronnte a desired cellular respéBse. Techniques for

atta n rowt.h factors and other. bi onol

oS RSEAEPTF SUSFb R AEF BhShp B P et AR R o B difer phosphate
S Kdalsédi‘ demBntb N @ind! Earb&BlateX an® | RoteiniPased Hihders; Ofﬂﬁﬁﬂiﬂge but not
may be plasna etched to render the surface nore

r émltqdv@ ﬁhnlbugbtﬁélaedunessels@mwedrﬁdh%m grotejps. 3@/ltrasonic bonding
b'n?%%lﬁcy fe 01{edq93§tt 8 BhdK "iﬁ?&ﬁg Cou lo\()m%%sﬁé"l?) one another.

reacti ve surftace or 0O a SI prrng-a

at t achathenficdlNkeie hag Hs¢ B@ﬁﬁllé\&ﬁﬁ)yl.baﬁismgahe miggchiNed .pieces to
6, 033,582 and 27 6,119,028, the entire contené of
wmrtaﬁﬁ lipke withc o anethery HEMRSTR By hosecpasticley al gy surface of the

r r | hni
be gﬁogtﬁﬁ%%wﬁ sur#tgcc}ef1 oé tuﬁlelglsﬁ%ﬁ gllr?tbd rtQ%JS I?E{d{%ﬁeéc Aues,
[ rdphalntm iaftar alnrﬂlmdnﬂiztatierk ofAltenfade¢lyonhe Abdachinedt pigedsymay be
g actors ched to attract osfeoblasts ..
Pt s 2 8 B B opte st b GuiRb GUGHR Sis-tinks
OfhefPddndBERvo ﬁ'e&%rdﬁbin\f)ﬁ&ﬂé the conposite may be
imrersed in a solution of the desired conpound, which

is all dfide wngdmomtbofdhc bonpartiches aatimbgheucempeim&r@esotmpic

:ji Eif{:%sziognl‘lle G(f-ﬁlgO%l rP‘&é’e egggﬁeﬁjzﬁ §< e%soirg E@é&b Kl ldll'%&lon of

t r&ﬁh@ﬁonfo@&heem@maﬁemclbylsmfﬁen@etete&hla@erso THeXh gkt iy, be offset
to increase its affinity 10 for the conpound or

i hor 8560 4Pt atky apea oliFhanglenssolinidthe donepaitinles 2ppear fpform a
¢ Osﬁ% Cfﬁlrgg%hg Lt%&&e[c)ﬂﬁ#&g "i‘hla rl]:{a% sa&‘f'lﬁ* BE%n a\%tx nﬁlnotulé] I?)tly or rotated

ortly 'anta
wasy ajmﬁgmratlonlmf {vhehcalct:mmenlatyeral amhymtmhougal}z affset by some
response to the inplant. Thus, rapld desorption in a
W@lé%@ﬁl@&ﬂ%ﬁ%%&%ﬁmrwég@i P¥1 e. The i npl ant

may al Sig aﬁ?gl@%hggﬁgfﬁf %Orggél{‘gf Q¢ ﬁ@t‘]m&ﬁﬁt@nﬂﬁnh be milled or

known t I n plast I ni ng or
e@mfﬂdaaccbnh@ tavehe tbehndlquick lomtliredtio thdeectionehtiied t‘Ereparation of

B BE g BT S NGNS e combin

C QAPP f’dotlc? nabaRed dasired Hapélor %ﬁﬁ?ﬁaﬂ@& hinBREingNi 8f the shapes
desi red shape, 1 ncluding any of the shapes listed

biwmbe@mbpuc,emdcmmedl toeforinaa ivelid aamdmg Herthe geachingmtof U.S.
et ofsonepnar 36 SHRRGCrIA of MR lre ducompras drein by
angfeadnier I apreiirsd embedinns MRPENMPYSitE Particles incorporated into the

pressed shape have the size and shape described in the ‘187 patent. The composite

particles may be mixed with additional biocompatible components, including
biocompatible binders, fillers, fibers, platicizers, biostatic/biocidal agents, surface
active agents (e.g., surfactants), biomolecules, small molecules, bioactive agents,
etc., prior to, during, or after compressing the composite particles.

Particles of the composite may also be reassembled to form an implant by

wet-laying according to the techniques of U.S. Patent No. 5,507,813, the entire
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custom zed to fit a particular inplant site. These
machi ned conponents may be attached to one anot her
usi ng mechani cal fasteners such as dowels, pins, and
screws, all of which may be fabricated fromthe
conposite of the invention. Traditional joints such
as tongue-and-groove, dovetail, 29r nortise-and-tenon

I d .25 ' i . :
A PRRBIS R eSO T O ERIF iR, T B e WA Rl are
PisREAS MY siHRbEIRITHIE ahd Yastbh aFH9H sudhCisQNat 3R NBEsh ftlden, or a
exanpl e, a bioconpatibl e adhesive may be used to

atthrgeidimensédriahemiofsh ecddiet diquide ramotinelpde Bdsitianat ybiocompatible
b'c%&gugﬁg}t% blse 18dREE) Vﬁ%)v»'a.ml’ltﬁ%ewema %@%ée?% Yesults in particle
cyanoacry ateS € Oxy-basSed ‘conpounds,® dental resin

s eatanglementitiat BdlpStherfifal nslen@sdiadm itQilags. Fonksrakhesion between

cenments, poly(nethyl nethacrylate) (e.g., bone, o
c dReFRMPOSHE PaKticles ﬁ’é@fok?ecqchtﬂvﬁg By m)haéﬁ%%aﬂ}e@é@ in the liquid or by

c %Skl%glﬁ{}a&?l&eg?{gﬁﬁjﬁis Th R%$A8 nfasé $s H‘Eﬁ A% ﬂ‘g}vﬁ%the liquid
such™as zi nc phosphate, magnesi um phosphate,” and other
p Hosp ket emtangbsladass dyenatsym o ecapoaativox Wiktetivelydr in addition, the

pr ot ei p-based pinders, including but not |limted to.

F oBIAA S  TBS o EOTHBRSIE! PAIERIFY BHHY b S GRIeG 9 pref Qapressive force
Ul 4utias 8P b fferlPRdbife aABYr #h3O1HRGnAX BF PAdiBHs Isheid @edal.

machi ned pieces of "the conposite to one another. 5

Cheni cdh #n mkemetiveagpmbbdinent the hicavdeted ycormpusitngs treraelted and

machi.ned pi eces cross-link with one another. If _ .

¢ RGeS u® ol ooy cQemopRetebplyes SR BRE pob heating and
COABROBE r&hapddeWwitiBit ﬁiﬁcﬂihiﬁﬁ.edTHeOpaﬂﬁieﬁHh@fdeﬁdlIéﬁ or extruded to
standard cross-Ilinking techniques, optionally after .
ddrimar pariigdan dape Ar mealdest in/deyshapaef pulepirgemplantc as discussed

e - h el ' :

o al8 niPaf g MR Bk SthoBe by ekl iatty melied and
behsweed intbantinplapt Sedsefek coORMOSAltematifely, hemachined polymer may
arrangenent of the bone particles within t e,cqugsLte

i dedispisd brighy to redusq prlice pirespes @EIRIIYT shearfyyinggnachining.
assenmbled in |layers in which the direction of

or i ent Qﬁﬂh@ﬁefﬁﬁo&iﬂﬁn{a%ﬁh@ AvehGdPwill Be agﬁzﬁgﬁt 1B8hYRaRilled in the
| ayers. The layers may be offset by 30', 60", 90' or_
byartstrme o ttesideantgineof the sphaficativa dyoprectpardfithe esvenppe gisclosed

tq forma 15.spiral .through t st acked | ayers. The .

| el T aRRI sl PR OBEE B A PRI By onsidered as
C QREMPIHRALAIYNWILR (N ¥ned s cBPE SR SHiNEL I tBY BiventRintbeing indicated by the
continuously offset by some specified or random angle

f riollowing glgimsedi ng | ayer. In another enbodi nent, a

bl ock q&h&ngc&ﬁggfggte material nmay be mlled or
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ground according to the techniques outlined in the
section entitled 'Treparation of 20 Bone," above. The
shaved, ground, or mlled conposite particles may be
conbined in a nold having a desired shape or
configuration, including any of the shapes described
above, and pressed to forma solid according to the
teachings of U S. Patent No. 6,294,187, the entire
contents of which are incorporgted herein by
reference. In a preferred enbodi nent, the conposite
particles incorporated into the 25 pressed shape have
t gL siM8 and shape described in the '187 patent. The
conposite particles may be mxed with additiona
onponent i ncl udi n bj oconpat.i bl e

oconpat i
blttdersAn?eﬁtoﬁét%QTOdPPlﬂgﬁ ongspalymer SQIpRosite, comprising:

bi ost atgr&/iling GipliahliPIeBbie pattlldsace active agents
(e.g., surfactants), bi onol ecul ¢s, small nol ecul es,

bi oact iopmbinjegthe bonespasticlepywith o pragurseef, afjocapmpatiblegolymer; and

conpre P

oeP e LA 0° PR PO ShEPn R RRI LR Bhmod min
i mpl ant by theepoliragtizeg pabet graogrsbowith éhetbead pargries of

u. S. Patent No. 5,507,813, the entire 29 contents of

t f
comos: 18 AR BRUBLEEMRGFhe R P e i varst Bepiaspr symprises
and casine @@ rAort WITBrédddihkag taefﬂoghn@hﬁatmsomahresﬁﬁ@m molecular
or a three-djinensional nold. The liquid i ncl ud

addi t i OVaghtpPlodSPAMST dPrecuEepofich cteating gexdpnphends linking the

above. rticle 5
oot ang TSk bAYR 0o REGERS A BPUACHIIBAT | L5 € P

shape. Further adhe3|on bet ween the conposite
pakrti cllés mathodeofaduimededvistein tes palymgr amecueve g veleptad from a

the 11 St edl, DG 4 R3O 00K B My ptymered

from t lpelyamxtrangl ed mass by vacuum or evaporati on.
Al'ternatively or in addition, the entangled nmass of

copposi tic subj ected .t e, a.conpressi

PO ARG ST REREEA ARURGFETR FROPE mecumr
mass ofintpakd vaabtetsr dnd iletsfigaldtru@tres bNihabond pafiElad. | ve
enbodinent the conpl et ed conposite is renelted and

ded i.red sh i C po r.s
W F T e REGin . WRGein the Bt Dasa 8 SaleH G Gom the group
machi n'oBﬂsnstfH?;%f @t@hdé%ﬁﬁerﬂﬁz\éd%né ﬂirh@l@s @Emﬁ?&?dliig@goﬂecbamcles and
forma particul ar shape or nolded in the shape of

desi r ednixiypesdhereofas di scussed 15 above. In an
alternative enbodi nent, the conposite is at |east

pag ti althy ABhILSF @nth 1, 'vﬂfe?élﬁ% hdie Patftids TR A¥thingd B8m a member

bef ore cool i ng. Alternatlvely a chi ned pol yner may
of the group consisting of cortical bone, cancellous bone, cortico-cancellous

bone, and mixtures thereof.

7. The method of claim 1, wherein the bone particles are obtained from a member
of the group consisting of autogenous bone, allogenic bone, xenogeneic bone,

and mixtures thereof,
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be heated briefly to reduce surface stresses caused by
shear during machi ning. O her enbodi nents of the
invention will be apparent to those skilled in the
art froma consideration of the specification or
practice of the invention disclosed 20 herein. it is
i ntended that the specification and exanpl es be
consi dered as exenplary only, with the true scope and
spirit of the invention being jndicated by the
followng clains. What is claifed is: 30 CLAIMS 1. A
meg hod 1fe RERGWET AFin? 1 PRBG=RGLY BBfe FRIRES hk&bout 1% to about 25%
conprising: providing a plurality of bone particles,;
conbi nibygveigl oftheecopwosiiecl es with a precursor of a
bi oconpati bl e pol yner; and 5 polynerizing the pol yner
PIECUT Sfife mith! 6 dfiPY A iRALin RRNBIhe Fafticl Q1afPEbdul B about 50%
t he pol yneri zed po?yner precur sor th the bone
par ti clbysyeight of he awetposite. of cl ai m 1, wherein
pol yneri zing the polyner precursor conprises one or
re ofqGr -1 i nkij. t I I o o
ol acti PR bR afertR ol FonglPafiibs 36 shout 519% to about 75%
pr ecur $9rweight@f eleedhipogitecoval ent bonds |inking the 10
pol yneri zed pol yner precursor with the bone particles.

3.,,The net hod of . cl.ai wherei n the. pol r o

orHeur s pahad et Tiswa tolsie paicrs ot St 7o ahout 99%
fl owablag,vp@gmrw{he O@ﬁ@ogmoarti ally polynerized

pol ynmer. 4. The nethod of claim11, further conprising

infiltrating the _polyner precursor 15 ipto the )
valeul aheaehod o8 CLa i Arhessis gt feapteabopt 6 %eofbfgﬁé'»one particles are

parti Clgshgafs: The method of claim1, wherein the bone
particles are selected fromthe group consisting of
nonder ni neral i zed bone particles, dernineralized bone

pat i cl'hs, mathad ofickaimr bsfurtherr easpprisgig medifyipg Hogprgee of the bone
clain1imn%%%(ein the bone particles are obtai ned from

a menber of the group consisting of cortical bone,
cancel | ous bone, cortico-cancellous bone, and

m Kt ur et thethed ol climThe whetdio dnasiifyoigas mwfacewweamaises attaching a

the bonm a eacr:ctmlp llnge Séggnrteto q}?et gcljﬁeegarfiélgsrp»ale?gmﬁer silane coupling agent
comprises an active group that is incorporated into the polymerized polymer

precursor.

15.  The method of claim 14, wherein the active group is monofunctional or

multifunctional.

16.  The method of claim 13, wherein the step of modifying comprises attaching a
attaching a moiety selected from the group consisting of a biomolecule, a small
molecule, a bioactive agent, a non-biologically active material, an inorganic

material, a mineral, and any combination of the above to the bone particles.

17.  The method of claim 13, wherein modifying a surface comprises attaching a
silane coupling agent to the bone particles and attaching a moiety selected from

the group consisting of a biomolecule, a small molecule, a bioactive agent, a
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of the group consisting of autogenous bone, all ogenic

bone, xenogeneic bone, and m xtures thereof. 31 8.

The nethod of claim 1, wherein the bone particles are

about 1% to about 25% by weight of the conposite. 9.

The method of claim1, wherein the bone particles are

about 26%to about 50% by weight of the conposite. 5

10. The method of claim1l, wherein the bone particles

are about 51%to about 75% by, weight of the

conposite. 11. The nethod of azain11, wherei n the bone

par t1 Clygs 1ad18aielRH hoth 8 b Rrigh Ol in8RehicOYoaWFhON rBherCnd any
conposite. 12% The nmethod of "claim™, wherein at | east

about Govboftiomef the akovsde thesilers coupling&gent. ongat e.  13.

The method of claim1, further conprising nodifying a

Sulf ac f PRt . a.Th f; }
oIS 152 TAG R8PPSR k" oy Qe ncludes 2 non
at t achibigompatble &maeing@upipi ng agent to the bone

particles, wherein the silane coupling agent 15

c ri ses an,aeti.ve.qr tbat ;i s.ipcorparated i .

CHS” poryrer T8 o S b 8p 2o redin BECHBRREI fekBhfhuge nto he
cl ai m bélynvwdiized polyinee preilisoreordinked td thepohahenized polyaler precursor
or multifunctional. 16. The nmethod of c¢laim 13,

wher ei PYaeabe of spvalagh pnd nonocavalspl INCECUGRS: achi ng a

20 attaching a noiety selected fromthe group

Consi stihgdn&thod oPicRif! B Wireid ndfifying Mk @akh& céinprises exposing
bi oactive agent, a non-biologically active material,

an i norcghasen fibgastab tegirface ofitipchoape pagislesany conbi nati on

of the above to the bone particles. 17. The nethod of

clxim nEd £ iof ¥ yﬁ%‘fﬁ . lagen fibers.
atZ?achi]IﬁlS a sﬁﬂ;ﬁ%ﬂ?&%@ﬁ’g&%t‘%ﬁ% t he %gﬁg&d collagen fib
particles and attaching a nmoiety selected from 25 the

gridup ddmgnetbodef dainn2Gifurtiar semipesing censedinking thecenpesedecollagen
bi oactigye agent, a 32 non-biologically active

nateria1, an inorganic material, a mneral, and any

23.  The method of claim 20, further comprising derivatizing the exposed collagen
fibers with a moiety selected from the group consisting of a biomolecule, a small
molecule, a bioactive agent, a non-biologically active material, an inorganic

material, a mineral, and any combination of the above.

24,  The method of claim 13, wherein modifying a surface comprises washing the

bone particles in phosphoric acid.

25.  The method of claim 1, wherein the polymerized polymer precursor is a polymer
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.

26. The method of claim 1, wherein the monomer or prepolymer forms a polymer
selected from the group consisting of poly(phosphoesters), polysulfones,
polyfumarates, polyphosphazines, poly(alkylene oxides), poly(arylates),
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conbi nation of the above to the silane coupling agent.

18. The nmethod of claim 17, wherein the sil ane

coupl i ng agent includes a non- bioconpatible |eaving

group. 5 19. The nethod of claim 16 or 17, wherein the

noi ety is incorporated into the polynerized polyner
precursor or linked to the polynerized pol yner

precursor by a nenber of coval ent and non-coval ent
interactions. 20. The net hod g@ claim 13, wherein

nodi fying the surface conpris exposi ng col |l agen

fibers aty(atlah?drméﬁ)‘ agIfh drB%b(&BﬂsParﬁdlﬁﬂs@ﬁs Ilydrtho  esters),
The nethod of claim20 ¥urt er conprising fraying the
exposedolerbersies, obEpPToPYlone fumerapst, HraY(S#PTelagiPRss0 polyamides,

furth 1
1 ber o POSARR, 340 GRSpls, Do R PR R B nones),
deri vapola/hyryotﬁelt)empose¢0b¢b’ﬂ1@§m1yrﬁﬁeber oly(vinyh pyrrohdone)

E)ni3 IC) regZ)Iy 8?9@%‘;:%%33}?% 1;nra|0 HJ]O%E??}%r N Fﬂt zon S | gggr(’iﬁ@)ée age rﬁolyugethanes,

non- bi 9b1@vgaceladri¢és,actyrus@nenmsedl qjolylﬂasl NpsIgEsINGle), poly(aniline),
material, a mneral, and any conbi natjon of_ the above.

24. Theokehieshersi, dqo!;ysmepg Rehiadsgradahles )pphareéhanes polyureas,
surfac e
phosphg)?l @ aEC|r%. %%‘P%% )rrel%lﬁ%lgggyfq o'rif‘,]hﬁétﬁa%ryel{\‘tg rI;Olyethylene

t he popylyGathden qxode)raad nuxecesy ahincns,sand cpepiojymegrs thegeol.
sel ected fromthe group consisting of biodegradable
n bi p
g?y meﬁgg 9‘5:%9"3%’15?%%1?‘2 lb non- Emgﬁﬂgé gga%g'lgatﬂg Remde/pdymer
and C oppolugoemixtnt iba adédbaioa pobmsnidativon - blodegradable
pol yners. 26. The nethod of claim1, wherein the

one or r epal mer fornms a pol ymer  sel ected from
?ﬁg'g ﬁﬁ@'EPY oﬁm%gﬁ?Pgﬁg hoest ers),
pol ySU:pfu@lﬁBﬁpol?ﬁleﬁﬁh eI phE pr ecnfsbyphOSphaZI nes,
pol y(al kyl ene OXIdeS poly ar¥lates)
pol y( akbdraingadagid wits tbf( iwgp waepey maé%}ﬂ}seaélfler s,
pol y(o g e
Pol V{OcbiReRst Spkei R EALPANG S RAGIERRRTE
aci ds, polyacetals, polylactldes pol ygl ycol i des,
p&Py ( dﬂgg angdask ot clplm ghﬁlmhgy(ymplyqim ghaping the bone particle/polymer
po! yhygfeggﬁa%tlahl\f{t&fe . 4 9111 Ggi.]egéﬂorns) Itllledgx%ﬁg 'consisting of a bone, a

5bi odegr € po ycyano cry
bi odegsadiahlof pobonky etehiapiae, particle, sphere, strand, coiled strand, capillary

network, film, fiber, mesh, disk, cone, pin, screw, tube, cup, tooth, tooth root,

strut, wedge, portion of wedge, cylinder, threaded cylinder, and rod.

30.  The method of claim 1, further comprising partially polymerizing the polymer
precursor, putting the partially polymerized mixture in an implant site and

completing polymerization.

31.  The method of claim 1, further comprising putting the polymer precursor-

particle mixture in an implant site before polymerization.
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pol ysacchari des, tyrosine-based pol yners,

pol y(pyrrol e), poly(aniline), poly(thiophene),

pol ystyrene, non-bi odegradabl e pol yur et hanes,

pol yureas, poly(ethylene vinyl acetate),

pol ypr opyl ene, pol ynet hacryl ate, polyethyl ene,

pol y(et hyl ene oxide), and m xtures, adducts, and

co-pol yners thereof. 10 27. The nethod of claim1,

further conprising placing the zpone particl e/ pol yner
precursor mxture in a nold betbr e pol yneri zation. 28.

Thea, methRdn&hodbadlalinly, thrid B@rhpﬁﬁ@ﬁqb&ifﬁﬁg a smweloaltﬁeycomposue
pol ymeri zi ng the pol yner precursor: chargrng a nol

with t réepee Vﬂ@mﬂympolynerlzed material ; and 15

conpl eting polynerization to formthe bone pol ymer

c oSifg. t 0 Ig

compr: oy namiiod ohElalfE 32D kst Pl of st a surface comprises a
precur smmlmrﬂf uhe giomp a:oahap*g ofedadivied at ﬂ@m 4 lpertipnaafpghe surface,

o ate. puheRinec 188ha Bricy P18 wuflaed PO et o portion of the

capi | | auyfacepedtiibing, a biohidiectich®r the HaShce, dtSilkingCGORAall molecule on
[ cup, tooth, tooth root 20 strut,

pin, sc t ube,

wedge, {%F‘P‘f R wﬁfﬂm@a Jebioagive @R, ony fhecHtfaes, 69‘]31%?11 inorganic
and T 0Gnaidihl of ke §RFBO CrletQi‘mr@ ffletal oh'hd E@facgodﬂﬁﬁh k&8bination
partially polynerizing the polymer precursor, putting

t he parofihedbpveol ynerized m xture in an inplant site

and conpl eting polynmerization. 31. The nethod of

clgim ]:Fhefllﬂg%g of Ccfl) [ 'ls ep%ﬁlhlqﬁ%é e (Somposite into a
precur sor - par t mxture |

before sbaﬁe;fnﬁmwmgtheoanep Eol@erizatien. met hod of cI a| m 1,
further conprising nDdifying a surface of the

C oSi zatl ...33. The t hod of ..
OB o g8 s IR B 5 IR A fhedroup consisting
conpri €% Bonenardéeﬁorof)f tahtng/ shegt, GARRIE tsphgte, Oﬁtrand coiled strand,
OXIdIZIqﬁ at | east por i on OE the surface,

r oughef§P &aré(tnqt@%u £% GRESBf Pletee diskr Fonse Pnbtse%dube cup,

at | easéorR, (B b RNt drafSyede€lcyl

bi onol ecoul e on theS surféag p%?tgt al nlerﬁlggﬁlﬂd&%%a?ed cylmder and

on theodurface, retaining a bioactive agent on the

surface, retaining an inorganic material on the

sulf ac n

54! aCGne " LA Blafty T "EERLr SftorlifngHEEARE 2 AOAIBNYE machined
pieces of composite together.

('D

37.  The method of claim 36, wherein the machined pieces are fastened together with
a member of an adhesive, a mechanical fastener, ultrasonic bonding, and any

combination of the above.

38.  The method of claim 1, further comprising machining the composite into
particles after polymerization and compressing the particles to form an

osteoimplant.

39.  The method of claim 38, wherein the composite particles are compressed with a

force greater than about 1000 psi.
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10 34. The nethod of claim1, further conprising

machi ni ng the conposite into a shape follow ng the

step of polynerization. 35. The nethod of claim 34,

wherein the shape is selected fromthe group

consisting of a bone, a section of a bone, sheet,

particle, sphere, strand, coiled strand, capillary

network, film fiber, nesh, plate, disk, cone, pin,

screw, tube, cup, 15 tooth, taqQth root, strut, wedge,
portion of wedge, cylinder, thteaded cylinder, and

ro@. 36rhe HghdBSMNPANCI8, GRie B cofpbdiRSIarttchi¥Rid Sditessed with a
fastening a plurality of nmachined pieces of conposite

t oget hdprce Batwedinebave £ Hbrndfabeuti0H08®si- wher ei n t he

machi ned pieces are fastened together with 20 a

megyber ¥ 382 o g ite particles h

T s A JAREAE BP Slak 35 HEFERE Her BrmprASLF Bfbpgsie furistes have 2
38. Theoitetdhade ot gréaddrrthdh, 3204r t her conpri si ng

machi ning the conposite into particles after

poj,ymerdk.zat i.on conpr i ng.the particles [ .
oY oo B LB 35 3R b B i s oliBbtle parices
wher ei withemeabposti d wetfifg hgent, dSocanpatilslapinds:s ditlenvifibbr, plasticizer,
force greater .than about 1000 psi. 35 40. The nethqd

of cl ai%mssﬂélg ol agepty Sutlaifp adiveeagsah  Piomeleculee smafl ‘molecule,
conpr e5&@tivé 4din@ ah PEBORRENRIBR oA iR Wbo vt ord RImBRMHg.

60, 000 psi. 41. The meéthod of claim 38, wherein the

conpressed conposite particles have a void volunme not
gri8at erTheragihadof chim 38, pherei thowpramessed pampgsite particles have a

further loR Ll ' ibh 6F €% heet
e AR i RS UL, PR f 0ne, s
bi nder pldté, lpasicle, Splizes, strmdasoiladi strand, capillary network, film, fiber, mesh,
bi ost atj ¢/ bi oci dal agent. surface, actjve agent, .

bi onol éf&ﬁ?ﬁ &M% i 59 ’e@ﬁ?’e‘fup’ g?ogl&c&’f)b’em esﬁfuft’ ‘é‘{ﬁ%geaﬁ)?mon of
conbi nafddgs Rfinddrehrb@decyiai@r sndaeapr essi ng. 43. The

met hod of claim 38, wherein the conpressed conposite

particles haye.a . 10 shap el ected.fromthe grou ..
coflsi stﬁ‘ﬁgm_ﬁ od ‘lfo%'é‘,mal’ groﬁorg?n%n%%fung]ge ° Bomposite  into
pl ate, mAlldsahs Weﬁﬁ?ﬁ{g&he ?‘érlgél@éjt’o 62h b Bst&dimphls.

iFm i

capil l ary network, er, mesh, disk, cone,
pin, screw, tube, cup, tooth, tooth root, strut, .
wedge, Thermethed @f claim 1, further comprising heating at least a portion of the

composite to a temperature at which the polymer flows,

46.  The method of claim 45, further comprising implanting the at least partially

melted composite into an implant site before allowing the composite to cool.

47.  The method of claim 1, further comprising compressing the plurality of bone
particles together in a predetermined shape after combining them with the

polymer precursor.

48.  The method of claim 47, wherein the compressed bone particles have a void

volume not greater than 32%.
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wedge, cylinder, threaded cylinder, and rod. 44. The

nmet hod of claim 1, further conprising machining the
conposite into 15 particles and wet-1laying the

particles to forman osteoi nplant. 45. The nethod of
claim1, further conprising heating at |east a portion

of the conposite to a tenperature at which the

polymer flows. 46. The nmethod of claim45, further
conprising inplanting the at I%ast partially nelted
conposite into an inpl ant sité before allow ng the
CQIPOSIThE rie@hddlsT! clair%QWflﬁth‘&)nﬁiﬁTsH@CEoﬁ‘fbhﬁh?{H@bbne particles with a
further conprising conpressing the plurali ¥ of bone .
part i cimegnbep gt mevetiing 2epnte biccernptitde birdepelillen diber, plasticizer,
conbi ni - ' e y p r

met hod b(rabg’ ta‘(i:lP@lmr%mfg TLgE érsgllq%!et E&;ng oé%?lgs@ggmggﬁg’ T molecule,
parti chbemctrevagent, vl ahy ooolbiremtion of thg mbartedrefdrh aomB294in3 6

49. The nethod of claim47, further conprising

c I ni { one particles wth a ne r_of a

WSt ng e gislfod B Balih i, FafiEimib, SePoreRiEh apS bpflisise heve o shape
pl ast i gelegted frohi s tggduipcédakieinglal a bae)ta, sestivrf Gteboad shet, plate,
agent, biopol ecule, small nolecule, bioacti agent, )
and anym&@{%ﬁmqs atiansh coiffd shiam é’a_B@Pﬁ’rféﬁtWEﬁﬁfp}ﬁE%’s&?&. megh, disk,
50.  TheofE 0 ey, GhisY, i, /oot &Jof oot NGt ONBIRS peifion of wedge,
bone particles have a shape selected fromthe group

consi stykngenfthrgadedsalindersndrodn of a bone, sheet,
plate, particle, sphere, strand, coiled strand,

cgq! [ qyon%gﬁ%gycocédsm :fi ber, nesh, disk, cone,

pin, screw, t ooth, tooth root, strut,

wedge, aphurtlitgof béneyedigees; awd/| i nder, threaded cyl i nder,

and rod. 10 51. A conpositio conprising: a plurality,

of bond BEVFCPEeTsa delzetsd orm @ gheomictor Repdipgy @ Nowable
froma nmonoBRkompatilePRIIREY . artl fal @aRINIG-polymerized biocompatible
bi oconpati bl e pol yner, and a partially-polynerized

bi oconpat i bPRIYNEBIWHSEHY: wherei n: 15 the conposition is

adapt egh ARGy Qgilﬁ%rf li'&.taﬁgpéédma!ﬂdt%Emé%lﬁ@u&f‘%d@,%%@ﬁrthe polymer
precursor Is polynmerized, at |least a portion of the
bone parti cpesumoris payaksrad] nt ddastae pedidnoof He bone particles are

pol yneri zed c \Pallégﬁ?;rattggh%& @ %rpblymerized polymer precursor.

52.  The composition of claim 51, wherein at least a portion of the bone particles are

covalently linked to the polymer precursor.

53.  The composition of claim of claim 51, wherein at least a portion of the
interstitial and vascular structure of the bone particles are infiltrated with the

polymer precursor.

54.  The composition of claim 51, wherein the bone particles are selected from the
group consisting of nondemineralized bone particles, demineralized bone

particles, and mixtures thereof.
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52. The conposition of claimb51, wherein at |east a
portion of the bone particles are covalently |inked
to the polyner precursor. 20 53. The conposition of
clai mof claimb5l, wherein at |east a portion of the
interstitial and vascul ar structure of the bone
particles are infiltrated wwth the polyner precursor.
54. The conposition of claimb51, wherein the bone
particles are sel ected fron1t§§ group consi sting of
nondem neral i zed bone particlés, dem neralized bone

235par trhe lc8mpodiish BT ¥laith 83, Whefe@Pihe bdhe pahiclekhfe obtained from a
conposi tion of claimb51, wherei n the bone particles

are obigthey of rthengioure peysistiBg of rroriigab bene ofpargiaqup Joge, cortico-
cortic , : cortico- cancell ous
bone, gﬁggﬁg§#ﬁ?§g&? éreof?ﬂggﬁzThe conposi tion of

claim51, wherein the bone particles are obtained from
a 565 nmEhbepmpbsititre ofjeloim Sdomdissin thg hohe partistpsrage obtained from a

bone, I j , enej a 1 xt -
ther eoftersF B fhe B col ARG 6 apital Bond Up il s henogencic
bone paoid, ah@émiaues deeasf. 1% t o about 25% by wei ght of

the conposite. 58. The conposition of claimb51,

reig,.the bone i.cl re.ahout 26%1tp aboyt
500 by TREFIRPORFoT He WG oA B5: Pofh 4ot foghTrio sbout
cl ai m 339, pyhesightivfithecdagusitgarticl es are about 51%to
about 75% by wei ght of the conposite. 60. The

oD ¢ ol ai 1 wh : .
S0 bt FuiS SR Sonep i Dot o R s 367 o o
conposish®; hylweifitof Econp¥R@si tion of claim51, wherein

at | east agﬁﬁ?géﬁbbof t he bone particles are

el ongate. 62. The conposition of claimb51, wherein .

sdPf acdbe semporatigiopeldimy, 1l whergingthe bogearticlegare gbout fje to about
conposiykd ol g rein the surfaces of the

bone pg§#ﬁgfgég§fgh&g%%1ggﬁ%atized with a silane

coupling agent to the bone particles, wherein the

sitPane The apnpositicagdriaimcrip wherein the bawg parkcley ayapbeuid6% to about

s ”095‘90033/%8&116 ortutl% ctorﬁ%)osite.

61.  The composition of claim 51, wherein at least about 60% of the bone particles

are elongate.

62.  The composition of claim 51, wherein surfaces of the bone particles are
modified.
63.  The composition of claim 62, wherein the surfaces of the bone particles are

derivatized with a silane coupling agent to the bone particles, wherein the silane
coupling agent comprises an active group that is incorporated into the

polymerized polymer precursor.

64.  The composition of claim 63, wherein the active group is monofunctional or

multifunctional.
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pol ynmeri zed pol yner precursor. 64. The conposition of

claim 63, wherein the active group is nonofunctiona

or multifunctional. 38 65. The conposition of claim

62, wherein the surfaces of the bone particles are
derivatized with a noiety selected fromthe group
consisting of a bionolecule, a small nolecule, a

bi oacti ve agent, a non-biologically active material,

an inorganic material, a n1n§$ and any conbi nati on

of the above to the bone ticles. 66. The

C@RPOSiThE QBn@Bmﬁbl@'omcﬁl%n W‘Qﬂ%ﬁ“@n e s&?&cé@@?ﬁleoﬁoﬂeh@amcles are
bone particles are derivafized with a silane coupl

agent divaiped with ameictyisklaeted Gompht stpupgengistingsf a blomo ecule, a
der i ya%fn%ﬁd e&lﬂg angio%t%es gé&?t gd 4 19810%[1:%11? ra%ﬂge material, an
consi sting o 0 ecul’e,

bi oact inoeganire ntaterial, rominzrs)) agi a:r@} bgmla:nnmoneoﬁrmaeabnad: to the bone
an 10 ino&ganic material, a mneral, and any

combi n8PU6T0of the above. 67. The conposition of claim

65 or 66, wherein the noiety is incorporated into the

P@by Memhé Qdmpa&lme bf RIAELES (Wheﬁeﬂﬂ thd Blceded of tlitebone particles are
pol ymer.i zed, poI precur sor a menber of .coval ent

i nt er adeitged Wﬁhﬁcé@aéleé?ﬁﬂpliqﬁ a@,egthqdo\ﬁ]gerelgﬁ]ae silgpg coupling agent
conmbi n gstzde\?ﬁa@zedt\ﬂﬁl Ql\é ;le'é% A8rom 1 g?&%ﬁ&ltsﬁr@bf%fbmmolecule

claim ereln co ers are “exposed at
surf ace snafll nivdecblsne p@actml agent, 69 nofrfmeolcgwquls atttwsnmeiferlal an

claim 68, wherein .the.ex e are

Fr ayec momgiendefl SBufHA RS SpuPiher oOFR IR’ he
exposed col |l agen fibers are cross- linked. 20 71. The

C 6fiposiTht oompésitidradfnl&ify 6 wnedte iwhetdne thexpaiseds dalolmgeed into the

fibers e .deriv tized with a sel ted from
e or BABTEGAS] SOTVIEE 0P rehuish dBRe kel 15 T gpiirerzid. polymer
ol ecubfxcuBoPbP aGhdvier 3 BYalerd iMeActdm! AGH-6Rlalent BfidrhdtPns, and
material, an inorganic nolecule, a nineral, and any

conbi n&eY enmbinationet sabeve.72. The conp03|t|on of claim
62 wherein the bone particles conprise a coating of

23gcal ghimPPOSRIA & 1aid%2 wherein collagen fibers are exposed at the surface
of the bone particles.

69.  The composition of claim 68, wherein the exposed collagen fibers are frayed.

70.  The composition of claim 68, wherein the exposed collagen fibers are cross-
linked.
71.  The composition of claim 68, wherein the exposed collagen fibers are

derivatized with a moiety selected from the group consisting of a biomolecule, a
small molecule, a bioactive agent, a non-biologically active material, an

inorganic molecule, a mineral, and any combination of the above.

72.  The composition of claim 62 wherein the bone particles comprise a coating of

calcium phosphate.
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73. The conposition of claimb51, wherein the

pol yneri zed pol yner precursor is a polyner selected
fromthe group consisting of biodegradable, non-

bi odegr adabl e, co-pol yners of bi odegradabl e pol yners,

co- pol ymers of non- bi odegradabl e pol yners, and

co- pol yners of bi odegradabl e and non- 5 bi odegradabl e
polymers. 74. The conposition of claim 73, wherein the

pol ynmer is selected fromthe oup consisting of

pol y(phosphoesters), polysul fones, polyfunarates,

pai3y phaspasipbsition PO EMAISKywB&inOke $6BAnerized polymer precursor is a
pol y(ary] ates),. poly(anhydrides), pojg(hydroxy

aci ds) ’pob@qey e §f:]§q;t§c’l %rgp;},( et HEBowWst engipling of biodegradable, non-
pol yca ; r . R }
poly(cgggg ag?g%égs@ggﬁégéﬁf%éggf%%ngﬁgﬁgégbf%g?bnwﬁ;Ofnon
pol yac éimlegradgt y pelytmietie s anpotorgblynsisi des biodegradable and non-

pol y(dioxano ol yhydr oxybut yr at e,
poIyhygFggg@gﬁéggﬁégmﬁbly(vinyI pyrrolidone),

bi odegr adabl e pol ycyanoacryl ates, bi odegradabl e
pG4y ur dihh aneppsitipo by skata ITar wdesin thy pobinme-ibadeded from the group

ol yners, .pol role), poly(aniline), 15
oLyt Krtinis ok o ey AN AL ol lopsee  polyfumarates
pol yur eblipR&dhaiddsy UpsaGlkyldae! ¥kied)y! }Iﬁﬂgﬂaﬁ&'}ﬂé@), poly(anhydrides),
e,

acetate), polypropyl ene, polynethacr{ a

pol yet B9IyéRslroxyp ojagidek hypalyestessi dpgly(oshe nestersk espolycarbonates,
adduct = T | B :
of ol sy BRSPS RNIRES, bOG ERolactips); BRYGAIRE b BHino acics
are conhresaed t ogptlylectdes, a pr @dbebiolidesd shapely(difxanones),
76. The osi.tion of claim,75 ereint . .
Comor oSBT eRR ha e R et T ig¥bar dpyrolidone),
t han 32%dédraddhe COofRB&lircabrylitesC! ai iodegrafislé her polyurethanes,
conprising a menber of _a bioconpatible %ﬁnder o
fill er Pobpassharidss.astyresinebasedi gaalwuners,) bpe(Ryaiolelge pply(aniline),

surfac lobBeR8E L.anol ec lﬁﬂﬁhf 2 1

bi oact ?\9 ag0 n%l,%g’a ﬁ}glygﬂgé@b ﬁg{% ?ﬁﬁﬁiet e 2@{45] IV A
78. Theoly(atindsie voryl gtetalehi pol¥iopylems; giodymétbacsylatee pplyethylene,
sel ected fr a shape selected fromthe ou

conei s PPRIFEeS BRE g HExfReso b ek b BB ereor.
particle, 40 sphere, strand, coiled strand, capillary
ngowor Khe f ddnipositioh esf, clais 91, phladrein e siuralicopE bope rparticles are

h
LT T R

76.  The composition of claim 75, wherein the compressed particles have a void

volume not greater than 32%

77.  The composition of c¢laim 75, further comprising a member of a biocompatible
binder, filler, fiber, plasticizer, biostatic/biocidal agent, surface active agent,
biomolecule, small molecule, bioactive agent, and any combination of the

above.

78.  The composition of claim 75, wherein the shape is selected from a shape

selected from the group consisting of a bone, a section of a bone, sheet, particle,
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cylinder, threaded cylinder, and rod. 79. A

| oad- bearing osteoinplant, conprising: 5 a conposite

conpri sing a bioconpatible polynmer and bone particles,
wherein: at |east a portion of the bone particles are
covalently |linked to the polyner, and the

bi oconpati bl e polyner is not a silane-nodified

aromatic polymer. 80. A |oad-bearing osteoinplant

produced by the steps of: proyiding a plurality of

bone particles; 10 conbining t'he bone particles with a
precur g@iferOfsiand) QALARAA P cEpiRAy YRk orka Atln, fiber, mesh, plate, disk,
pol ymeri zing the pol ymer precursSor to forma conposite

of a pePReWIn, Harw; febe, lguimdopty tdoth wo!, siwereedeecpartipeef wedge,
bonds e for olymer and at |east a
portio%hgpﬂ’ﬁ@%%%ﬁg&ggg’ﬁbngg 81. The osteoi npl ant of

cl ai m 80, wherein polynerizing the polymer precursor

159c onpy osdbeaing osteoimyplant ofongrriesg: | i nki ng t he pol yner
precursor, increasi.ng the nolecgyl ar wei ght. of the .
ol yime  SBPERTIE SORPrE » SIOsATPAC I BUATER ThRsRa S28 iR Higrein:

t he pobhylemst ia?ﬁﬁioﬁ%'fﬂféﬁfon@ patidles afe colilBntlyienkd@ Rethe polymer, and
particles. 82. The osteoinplant of claim80, wherein

t he pofifhiecommatible pelymes issuat a silag-medifipdaropghe pelymes

prepol yner, a flowable polyner, and a partially

P@bY MerA Bl beAthoRRleY Rlant PRodudtfb Pk 8@paHt: ant of claim

80, wherein, be?ore t he pol yner precursor is

pol ymeprovéding ¢ hlargditeof kansparticlpsr t i on of the vascul ar

and in L r . riicl. .

ot 11 By @ o BBl Sl o plel s 7S tRRHRUAE pByfher;and
ost eoi pplyatrtiziaf thd polymédprecurSél, tovthen ai dontpoeitdcine polymer and the

particles are selected. from 25 the group consistin

of nonden nBrng P%%%&W@r%mafqnbg@dgém 5PSd Pt irolymer
particles, gRflatbast #p&8ok Bﬁ!h@%ﬁniﬁéhicl_@s'?- The

ost eoi npl ant of claim 79 or 80, erein the bone

particles are obtained froma nenber of the grou

cShsi stThagstspinaplpiti efaslaigy $8, whsrsi PphTsTigngethe polymer precursor
corti cQsmphGs! i 6. indB8ine h
o21 o SEPEAEE PR 110055 A, PRIRLRE S iRE SPleyr B nfRing i
parti cimedecalee weightpfithd pobyniar pnecarser rbeé cregfing pevatpnbbends linking

consi st,i ng,of autogenous bone, | L ogeni ¢ ne
tthe l%lymenze polymer precursor with Jhe B5he particles.’

82.  The osteoimplant of claim 80, wherein the polymer precursor is selected from a

monomer, a prepolymer, a flowable polymer, and a partially polymerized
polymer.

83.  The osteoimplant of claim 80, wherein, before the polymer precursor is
polymerized, the ate least a portion of the vascular and interstitial structure of

the bone particles are infiltrated with the polymer precursor.

84.  The osteoimplant of claim 79 or 80, wherein the bone particles are selected from
the group consisting of nondemineralized bone particles, demineralized bone

particles, and mixtures thereof.
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xenogenei ¢ bone, and m xtures thereof. 87. The

osteoi nplant of claim79 or 80, wherein the bone

particles are about 1% to about 25% by wei ght of the
conposite. 88. The osteoi nplant of claim79 or 80,

wherein the bone particles are about 26%to 10 about

50% by wei ght of the conposite. 89. The osteoi npl ant

of claim79 or 80, wherein the bone particles are

about 51%to about 75% by wei,ght of the conposite.

90. The osteoinplant of claim79 or 80, wherein the

bese pahkidelebingli® dihdaiin 76%r 20, whbeH tR%Béndpari@hire obtained
of the conposite. 15 91. The osteoi nplant of claim79

or 80, figHereMamAer PEaa SEWBUTONSIBURS POf taeEiggbRene, cancellous bone,
bart | ¢aticBlemrRIONARNE: and mix RS @0l Mp! ant of claim

79 or § , wherein surfaces o% the bone particles are

modi fied. 93. The osteoi npl ant of claim 92, wherein _

t 6. sulbacesowiplatieoftdsim phor 89| whergine the d@ng anerticdasi sre (pbtained
Wi th acs| pld n . ticle -
mhereig% gqg? g%ékbﬁggﬁﬁﬁb&géﬁﬂﬁ§§5%%?§g§§@gﬁﬁég?kﬁgnctmn@
group Kkhadgendc boveo apbmaiteds theteof.t he pol yner. 94. The

ost eoi npl ant of claim93, wherein the active group is

fupeti I | 1] i | .. 95. Th .
08 mor i aRE Y af He, R Bh oFfrrei e tine edsrers hpwt 1% to
bone pabddtQB%%yawagﬂQj'finitw th a noiety sel ected

fromthe group consisting of a bionolecule, a snal
Lecule, a bioactiye agent,_ a non-:biologically actjve _
mdter gli? Ogffoiny @éﬂ?*é“ P8 ajherein (e hapgparticligiarg ghout 26% to

conbi ngbd B0 byl RERRT VIR go%fogi@e‘bone 5 particles. 96.
The ost eoi npl ant o? claim92, wherein the surfaces of

the bone particles are derivatized wwth a silane

cdlpl i e ageeimplang oflaie?hor §b wiereihide beupparHglcngegpout 1% to
is depjyabk oerg, \%lgﬂ tﬁ@#o%ﬂ()si%é?l ected fromthe group
consisting o bronol ecul e,” a small nolecule, a

bi oacti ve agent, a non-biologically active material,

af0. 10 The estgeiniptantraf dainal9 onStyiwieres the dnue particles are about 76% to

combi na{ | f. the above. 97. The osteoi npl ant of
claim g@&ugr%g)&yw ‘%’?‘é’?ﬁhﬁ oénpr?%lil-g]ét y is a nenber of

91.  The osteoimplant of claim 79 or 80, wherein at least about 60% of the bone

particles are elongate.

92.  The osteoimplant of claim 79 or §0, wherein surfaces of the bone particles are
modified.

93.  The osteoimplant of claim 92, wherein the surfaces of the bone particles are
derivatized with a silane coupling agent to the bone particles, wherein the silane

coupling agent comprises an active group that is incorporated into the polymer.

94.  The osteoimplant of claim 93, wherein the active group is monofunctional or

multifunctional.
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i ncorporated into the polynerized pol yner precursor
and |inked to the polyner by a nenber of coval ent

i nteractions, non-coval ent interactions, and both of
the above. 15 98. The osteoi npl ant of claim 92,
wherein collagen fibers are exposed at the surface of
the bone particles. 99. The osteoi nplant of claim 98,
wherei n the exposed col |l agen fibers are frayed. 100.
The osteoi npl ant of claim 98, erein the exposed

coll agen fibers are cross- |inKed. 20 101. The

0s)se0i Mpk ydteoPhplidi MRS 9NNRRRER hd QuiaRO D dhes Bbledfficles are
fibers are derivatized with a noiety selected from

the gr depvasigrd withianpoiet salepied fiomede Beoupgongsting of a biomolecule, a

erI eCUl ﬁl’all amBieB&‘l%t ! Vﬁmﬁ&%ﬁ%t éht ngnngﬂ 910&)%‘ %ﬁ&l eti tﬂnXt@nal an
or gani c t 87 & ﬁ d

corrbl nanarg{mcofnatdml &bnm&:ral,lﬁhiﬁ aﬂ')h eombmmunmpf thet aboire to the bone

claim 92 Fherein the bone particles conprise a

coat i ng¥§€I°S25 “cal ci um phosphate. 43 103. The

osteoi nplant of claim79 or 80, wherein the polyner is

s@bect qile fosBiniplant GIfadigimC 92 Swikdréin Ghe kulfaces @@ tke Bdieeparticles are

non- bi odegr adabl e, co-pol yners of bi odegradabl e

pol ymedsnvatiged ity aetlancouiRe geBldr B dhestpphequpling agent is

and co deﬁ@tﬁg@ﬁvﬁh gfm@bt?@@l%t@&' ﬁ@hﬁth@?ﬁ)up consisting of a biomolecule, a

non- bi odegr adabl e pol yirers. 5 104 ost eoi pl ant of

cl ai m 308l mhksceen at h@aweyﬁgent,l 8 swl-biotogiraily omtlwhematerlal an

group ;€0 nsi. S of h

polysuf? oS ate1qyf ﬁﬁ@g %“ﬂﬁﬁ'ﬁg%Lgég gghﬁgxwe

poly(alkylene oxi des), poly(arylates),

p&7y (afdhy drstehénplant pblclajrhy@ir @x;BGaovlnbsem tbelryca'stlyeissa member of

Fimer at Oty Yt LS RTURa B st PY R HE G TAEY Anrcpolimer

aci ds, v¥@ rﬁ@h%%%adra%em BRéMtREE] iiRScovMehtigteyeabhsd 88d both of the
poly(dloxanones) polyhydroxybutyrate

ponhy@W@@yvalyrate pol y(vinyl pyrrolidone),
bi odegr adabl e pol ycyanoacryl ates, biodegradable

peRyur qt;h %E‘t@& 1P by aﬁ‘iﬁ:&b‘?rxﬂfsi;?e?m c(;IYa';g@l% fib&s BRS&Posed at the surface
pol ymers, poly(pyrrole) pol y(anilinfe),

poIy(thfﬂﬁﬁ@n%pmﬂﬂe$ystyrene non- bi odegr adabl e
polyurethanes pol yureas, 15 pol y(ethyl ene vi nyl

p p ;2: ﬁ*)aF o?k%)ﬁiﬁa%%f QB 9f) WneFiRE IR ekYdsal Collagen fibers are frayed.

100. The osteoimplant of claim 98, wherein the exposed collagen fibers are cross-
linked.

101. The osteoimplant of claim 98, wherein the exposed collagen fibers are
derivatized with a moiety selected from the group consisting of a biomolecule, a
small molecule, a bioactive agent, a non-biologically active material, an

inorganic material, a mineral, and any combination of the above.

102.  The osteoimplant of claim 92, wherein the bone particles comprise a coating of

calcium phosphate.
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pol y(et hyl ene oxide), and m xtures, adducts, and
co-polyners thereof. 105. The osteoi nplant of claim79
or 80, wherein the conposite has a shape sel ected
fromthe group consisting of a bone, a section of a
bone, sheet, plate, disk, cone, pin, particle,

sphere, strand, coiled strand, capillary network,

film fiber, mesh, 20 screw, tube, cup, tooth, tooth
root, strut, wedge, portion of,,wedge, cylinder,

t hreaded cylinder, and rod. ﬁg The ost eoi npl ant of

cliaBm The @kteSPaplMISTRIAIMAtY 1SR twiRdrdd® ke Iﬂﬂylﬁér i@ selected from the
surface of the conposite is nodi fi ed. 107.

ost eoi Bffiuintooatisiéiea) ¢h ttoedegrideble; nnqrhléoilﬁmdabw ofo-pplgmers  of
: FO
oxt o 5 Cip eI BemeR? o oA JEOHE BRASIRWpdtmers, and co-

bi onol eclylers ta‘slmxtegmﬂelde wnd ombisdegridabisl podymhes.
associated with a bioactive 44 agent, associated Wi th

aqojlno&%a?%tg?l%ane“ ]ﬁlm Zé dCI aetre_le}géhvg ! I] a m & fr%{;'"tdthe group

any =~ co Ve e0|np
of cl aiconsidingr 86f Wheilgpiosphesseed)eoi mal)amllfom,rrpr |psl§/§umarates

a plura f piec o nposi t ten oge
in a pP@GBP‘é‘Pﬁ? s??iﬂé ky nﬁog’ﬂdﬁie aﬁi?bsarﬂo i‘mhydndes)
cl ai m 108 (hyhsh el 'ﬁcﬁi@e p[bcﬁ%ﬁarsof ﬁél?(@)?tﬁbt eeﬁér@) polycarbonates,

fastened” t'ogether Wt mber of "an adhesi v a
mechan peMmmécmﬁmerm&)r a@mamolab@n@ﬁ)n golyammlea mplyamino acids,

Con‘pl n%éf gpetqg% th e?&?lagttlc}]%lo Tg oly glycgl%egpl ant pgf;r(dloxanones),

claim e conp I'S Shaped™a

partigbesmymﬂﬂﬂMMﬁNEJn qhgmgamkyﬁﬂﬁﬁware]nmﬂpmgss$¢yhbﬁmnm)

a predet ernmined sha 10 111, The oste nt o

Cl oi m DRYCERRHG PRYCHBIBPEES A comRSSERERIa, ¢ | doburethanes

have apﬁf%ﬁcﬂeﬁ{dége RRbsit-BALEN ﬂc)l‘ﬁﬂer@zo/‘pél%ﬁ)m-glﬁ r[;gly(amhne),
er

ost eoi ipl'ant of clai'm 110, further conprising
of a biPebGRerhens).e pobishiene, Martbiedegradabler polyurethanes polyureas,

| asti cid t t
Bgont , OB Sl LEelleR b roBHE potioREENEE p¥cthylene,
and anyolkyGatioylereet dxide),cfndtnhigtuadspadiuctt landeb grodmdre theteef
of conpressing. 20 25 113. An osteoi npl ant,

Cqus’ | %lhg %:steoimp}ant of claim 79 or 80, wherein the composite has a shape selected
from the group consisting of a bone, a section of a bone, sheet, plate, disk, cone,
pin, particle, sphere, strand, coiled strand, capillary network, film, fiber, mesh,
screw, tube, cup, tooth, tooth root, strut, wedge, portion of wedge, cylinder,

threaded cylinder, and rod.

106. The osteoimplant of claim 79 or 80, wherein at least a portion of a surface of the

composite is modified.

107. The osteoimplant of claim 106, wherein the portion of the surface is a member
of the group consisting of oxidized, roughened, etched, associated with a

biomolecule, associated with a small molecule, associated with a bioactive
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a plurality of bone particles; and a bi oconpati bl e

pol ynmer, wherein the bone-polyner interface conprises

at least a portion of the surfaces of the

interstitial and vascul ar structure of the bone

particles, and wherein the polymer is covalently

linked to at least a portion of the bone particles.

114. A conposition, conprising: at |east one

i ndi vi dual bone particle coat mnth a pol ymer

precursor selected froma nDn a flowabl e

bi oconpadnt HsgycRAEYWRE an c"mc@gzﬁﬁmﬁﬂféﬁﬁh a@BEiated v 4 hﬁﬁe’reﬁ and any
polynerlzed bi oconpati bl e pol yner, wherein, when the

45 ~ poFymbinatigneefiihe#hovpol yeri zes, coval ent bonds form

bet ween the bone particle and the polynerized

PrIBEUT SRE -ostbbRnpldflSofCATRD Tt 41080, Ohh&GLiR! 1L IokfboiifiGhiCEdinprises a
t he bone partlcle is covalently linked to the pol ynmer

pr ecur pbwality ofi pieces D corwopesite Sistaned tagkthet i amrﬁmﬂcmnned shape.
wherein the interstitial and vascul ar structure of

t bo | I 1 ihal L i

WiEh ¢ Rge Sty o R, RS R W ik, o8l ar fastened
a bonetqgathet ovich aompmbert obran adhwpive.s h ngedhanicaln fpstener, ultrasonic
| east .0 I ndi vi dual. .bone rticle with a first

pol ynePo‘flfﬁ’é%lﬁ‘Fgﬁli‘ycm}l@}"H bOK&  first pol ymer

precursor is polynerized, coval ent bonds form between

t heo.bomae ok&oﬂﬂ]ﬁlhﬂltc be chird Ther B, wikidid etle woﬁmamsa) is shaped as

118. The nethod claim1l7, wherein t
pr ecur B@ticies, and w@e{%thﬁ PaHicles aFFoﬁ?SH?’é‘?SSGJ;mfaI nss%*&qr@med shape.
bi oconpati bl e polyner, a prepolyner, and a partially

pah ymermhg ediebing IRt dIBhe 100 WABEIn1thE . cofdpeest®Rt Bofipdifte particles
claim 117, wherein coating conprises spray coating,

t urbl i Haye a vad yplymicmgt Zsaterdamd2% f | ui di zed bed. 120.
The nmethod of claim117, further conprising

inh) tgt b&gm 1dn€858aith FRT i BRr O6mprng 4 FleRbEL 6ftd lﬁl}compatlble

and vascul ar gkructure 0 bone artlcle W th
pol ymebindpr, ddler.sfber, plasticizer, blostatlc/blomdal agent, surface actlve agent,

biomolecule, small molecule, bioactive agent, and any combination of the above

before the step of compressing.

113.  An osteoimplant, comprising:
a plurality of bone particles; and
a biocompatible polymer, wherein the bone-polymer interface comprises at least
a portion of the surfaces of the interstitial and vascular structure of the
bone particles, and wherein the polymer is covalently linked to at least a

portion of the bone particles.

114. A composition, comprising;
at least one individual bone particle coated with a polymer precursor selected
from a monomer, a flowable biocompatible polymer, a prepolymer, and

a partially polymerized biocompatible polymer, wherein, when the
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45
polymer precursor polymerizes, covalent bonds form between the bone

particle and the polymerized precursor.

The composition of claim 114, wherein the bone particle is covalently linked to

the polymer precursor.

The composition of claim 114, wherein the interstitial and vascular structure of

the bone particle is at least partially infiltrated with the polymer precursor.

A method of preparing a bone particle composition, comprising coating at least
one individual bone particle with a first polymer precursor, wherein when the
first polymer precursor is polymerized, covalent bonds form between the bone

particle and the polymerized precursor.

The method of claim 117, wherein the polymer precursor is selected from a
monomer, a flowable biocompatible polymer, a prepolymer, and a partially

polymerized biocompatible polymer

The method of claim 117, wherein coating comprises spray coating, tumbling,

dipping, or using a fluidized bed.

The method of claim 117, further comprising infiltrating at least a portion of the
interstitial and vascular structure of the bone particle with the polymer

precursor.



