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1 Synthesis of a Bone-Polyner Conposite Material This
application clains the priority of U S. Provisiona
application no. 60/402,998, filed August 12, 2002,
the entire contents of which are incorporated herein
by reference. 5 Field of the Invention This invention
pertains to the synthesis of conbosite materials for
use in orthopedic applications, and, nore

ol yror  mtvReHeBis AFaEhO T Rl EURPSIRRTER Y,
10 Vertebrate bone is a conposite material conposed of

| npur e Thigrpyefahi t8ims €N pABAR: oANG.SA Pravisdhyl @pplication no.
noncol | agenous proteins, as well as enbedded and

adifét02:A98c diled Augustt 2802, therratice gonfents rad cekisle @re jncgrporated
aﬂgi rri%arr]t 1%I e biomaterial, such as an allograft, for

e Fred y %‘3 P&frovi ng the cells, |eaving behind the
extracellular matrix. The processed bone bi onmateri al

can have a variety of Xeldrofpk¢ Iiveatiodependi ng upon
t he specific processes and treagment? appli.ed to Iaf .
and  nmebhis AESNHER PEEAIER dp bt eyHBesic el Gpmpesite materials’ for use in

bi ik Ak HChokd spleki ki i£3P B Ereinforced
booggl-%hgdrl# \% Egh%iluéﬁsé%gllri’l Q'Ioget i e§1f§gﬂ%rt§0 esSed | nt o eHioTee
| gatiyheanatfig compesiedsi zed grafts that support and

integrate with the patient's bone or nmay alternatively

be processed into sgft, nnlgagle or flowabl e
deni neral i zed bone L e 20 the
abi |1t ywigebrtd¥6ke R SC@nlgdsAé nhARShi SnfRsPeNERpurd R9diés Gapatite,

of bone grafts and bone substitute nmaterials in
orcoblegandi andne dvacietye of i rongelldgeReusnprotains,| a8 isHe asvsmigdded and

¢ e ERE RS s efetkie dorh s b PTour R Blo &5 BariahaB lomaterial,
tighBn R Beallloght | 08 Mainple, §y1@chog i the U] Geaving behind the

support physiol ogi c | oading. Metal pirns, screws, and
nesiresclpdara matriy. e qlibaitirgcessagu bpesl biemptefinlacen theye a varety of

mechanj.cal, functions of inji.dred bone. I .
T SargHire centiEil ke i Pl Bose B g HpRRRs iR o i, ang
| 'FRARINCSTpIRMe ElRfttéristich oflebECHsadtcbialavidewhich)it Broottibined. For

t he inPIant site due to stress shielding. . . .
Fuxemplerbpee-derived| biompierials snayrhe nraearssdinto load-berring wineralized

t oger%g Eﬂa?isﬁﬁoq't iaHd iRJ%é&ite%%i ﬁ@lpaﬁgﬁ@@ %ﬁé‘ 9r may altemnatively 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 decrecased bone density around the implant site due to stress shielding.

Furthermore, metal implants are permanent and unable to participate in

physiological remodeling.
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2 Bone's cellular healing processes, using bone

tissue formati on by ostoblast cells coordinated with

bone and graft resorption by osteoclast cells, permt

bone grafts and certain bone substitute materials to
renodel into endogenous bone th is al nost

i ndi stingui shable fromthe origi However, the use

of boneg Af LSnilF khg‘g}&gssgy Jsh{:? 9&9‘:‘ i]h ?oﬂh%@ﬁ ANEktoblast
size of grafts and t esire to optimze

mechamoorlinatd et borenahd: pefir esappon oy wmoslaSBodb permit bone

Sg&%’{ﬁl }’%{je rrat é‘-’lﬁﬁﬁ%li’ ﬁ?t?}ﬁ?elggtggglpg &BQ}:? iiént ﬁ%g%gléﬁ bone that is

SUipgktt mdisﬁngﬁ@l‘ihtbﬁ@%m G bligahl. b‘l{lﬁbv@/%ﬁfﬂlé W&eNof bone grafts is
support physrol ogical stresses but renodel sl ow

Y.
U. I8nit&@hbetite dNailalge 2@@6]@71 sigg, @3rafrsyend ﬂ,‘lezl@air@tmoptmlze both the

o BeHaltal st and i csretigh ety B agpacte hat@ils and bone

| NGAWPRE dhRAly BfbaEIRd Bit daﬁﬁ&rlﬁﬂﬁéﬂaatéi?wm@@ﬁwmﬁlﬁm Support. In
for ‘preparing conposites includin I ogeni ¢ bone for

usenrast] epatical ban¢ gxafis parhmgrt@haaplog@at $tEPﬁ%€S buf rqmiodel slowly.
desira t eaSHy t ne-r rc
ﬂjgs P%&‘m?i\f:reasu nlrgk%t ﬁ?ggt%?ghrﬁ%é @ﬂt §125759] 899,939,

conpos
| N8 878819, F¥40,444; bnd BSOTRIB) Dhermh&htsadf alllof Shm}merry 1mforporated
thelnventlonln one asp ect thelnventlonlsagﬁ ({

ing allogenic

of haprindeP eenge sisseriyssIngafiards fEOPISRTHECOMMRSIALIN
t f |
COfIle! 57 5se 45084 BB B B AiBhe” Al i BhIOR Rercase the

I nIrng one a po yner
prfeu gt baae-réiafor sl dofpegites By 1n&'haas1h9ﬂ&: penpthadfake irmgractions
be denlnerallzed nondem neralized, or a m xture of

boVHh s iRk meatElialzed and nonderi neral i zed bone

particles. The bone particles nmay be obtained from

one or nore of corti CQJ: of SR hRleh@Ys bone,
cortico-cancellous b he source of

t he bonia oay abpec&utlmgmemtmn i hogethiod  ofxpredgeingca bope-polymer
sonme conbi nation f t hese. one enhodi

pafATRASHE aﬁé d fom?g%s otiEPH 8! %%nﬁg‘ﬁoﬁtﬁ%??%‘s&f bone
Or p2HRAYY, czﬁ%hgﬁg/ "t}@’bcﬁﬁ clé’éC withe s @ﬁplteﬁursoﬁ&d polymerizing

Alternatlveyor In additi about O%of th
palrt t irhe benenpartities mlay) hg glcmmemhszad frméemfnetmecbmﬁ@ mixture of both

e R L e paginganzed, Bind BETRIEEh s B Pagigles may be

Th&t&hb@@'ﬁm@ %9'drrhﬁoﬁg@f‘tzoﬂlbﬂc‘b&ﬁe%mwma@é b¥ee, gostid-cancellous
that is incorporated into the polynerized nmononer. The

ackdnge Igraddisionathe iseurep 06 therkomie anas boutaganops, Alegsparenogenic,

I nor‘r’lsnorr‘;’leI ct:oerrrllgllggﬁo\ﬁeof 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
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30 enbodi nent, a bionolecule, a small nolecule, a

bi oactive agent, a non-biologically active material,
an inorganic material, a mneral, or any conbination

of the above 3 nay be attached to the bone particles
either directly or through the s&lane coupling agent.
In addition, the noiety added to the bone particles

MB¥aPBe LsHR W Qllieeﬁloﬂen;];aQticlEJ‘ EitRe | dHeBly 3£ hrNBCHE SARnEoupling
l inKed thereto by coval ent or noncoval ent

i regentaclni agidgtion, the rapietyhaided i Buti rak tparticdes| mage he fridogpogated into

b B PR Bt G908 BOEL GoBp et RRa inpgoton.
eXROofRfthe OdrhigdiRment! icBBigenBderb Gt B¢ isuAhdeZ 8Fl th bbnd particles are
bi onol ecul e, a small nol ecul e, a bioactive agent, a

norpbiedt ofiecenllagerafbéry mayereefravetl or gross digkefhnil be exposed collagen

al - L . ! o~
ToRb ey 58 DR e PO SR A5y PR ogent o
aGidh-biokgicanpahdtiel Ynatdrig BANeopgdnid CheerifRya beimedl! est some

with the polynmer precursor before 10 being conbined . .
Wi Whanqt’é’fﬂg(@%/théﬁ?a nthe Yonsrpasielonmay @lsechs washed gp phegphoric acid.

3 : ; ' . e
o ROEDLE o O VIR a0 Lt i bt v
pdeyiecoribiacd RSt a 1affe quahtytyest plwnfiet mecursay AbDleastaa portion of
bi odegr adabl e, or non- bi odegr adapl e pol yner or . X

capergselar gnd intersiial pHrasturstofiho bensrreatigdpeman ge infiltrated with the

n | ble 15 polyners. The m xture of the
AL ireaag

prec t he bone particles may be placed in a
mol d beTlr polymiey nedirsdri may dormaf 4 dodegtadablei aranbwbidizgradable

been started hut before the regursor is conpletel

paIHRR 26 oPTET Qt3 sergliueh el Hodegrable BHL npygadsble

pr asf ."Mietrgix?ﬁ'@ or Qﬂee})fé@ﬁfsblcﬁrﬁ_ﬁthmnp SaRtichG8Hay Be Plhced in a
efore p the

i mplant site ol ynerization or after
pahylderefare qolyserizatias obefier paymentatipngas oeen stagdd blnbefore the

20 one embodi ment, vacuumor sqJvent infiltration

ISR, S GOy aP S HERE o MISHRINER. o mirture 8F the polymer
| frbdurict WO @fe HBBe PRINEBY RAe Bl pked ThOak Nienfl@iesite before
particles. A surface of the conposite may be nodified
affidymerigajion rar 2dier ohe pHlymer presusoe has bersy parballppolymeerized. In

surface be oxi di zed tche r__raoughened.

o1 B B e o PR ithlony, PYERERT or foa g used 1o
C iR th® hiratidio fAROYElyRer prayurber ik tht BEsk Sattitlee

surface instead of or I1n addition to _the oxidation or

r oughend rigrfagh @f cthensonipesiteymaybee meadifierk 4itph pelymerization.  For

N e
f iomolecule, 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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exanple, with an adhesive, a nechanical fastener,

ul trasoni ¢ bondi ng, or sone conbination of the above.

In an alternative enbodi nent, the conposite nay be 30

machi ned into particles and conpressed to form an

ost eoi npl ant. The conpressive force may be greater

than 1,000 psi. For exanpl e, betfween about 2,500 and

a 16050 c :
e oot l” i Hle oo e FERALIRT bom bl BEREES SRE  void
t hMurBQ%Bgfemree a6 sBeforp cddmﬁessmg;mbd tempesitt ipattedes may be

floagﬁun% W Iab %@&m{:&;@g?}l oq%g %&Jgraﬁ)llz{]sgg{g% fl:!nl)sltatlc biocidal
S UlEAC Quatdd ¥&ivRGReht, HRoRERLAE UdRall %@édulé@ﬁ&:ﬁkf@’agent or any

bi 6acfive agent, or any 5 conbination of the above
Trn@rrﬂmmqmom Qfeﬂlpaabbwc;l dheneompaisge padiclasr mey alset be formed into an

RSB D tvo e TR A eBREGE <Fieniiinidsisba perton of the

h %ﬁ%sf‘t@ls%eﬁéﬂ'ﬁg ra%h‘rif)&'aﬁﬁe Whivkizh %l}&ﬁ@rﬂ(fvd'sov‘ﬁle atN&as@bartially
| east partially nelted conposite na aced in an

i mtleadicogiposithmpp be ploed i impland sise g@?prmoéng t he

i nvent i a ,conp ition.conprisin

16" bondaa i pBeE Tt iy 2R R Brdsifla Bpbink blurality of
eXip | ffartidedUHANE lpol yihé PHHeyifesr, fof eRuAplee ambmﬁér,, fépolymer,
partial |l y- pol yneri zed bi oconpati bl e po %l wherein
atflaveabde polsmgi ror ipariiady-pohanesyed bincompelible pahéner wherein at least

ORI oY B DIRIEAIR LSO L BHERYE BRI p Bl precursor or,

polyner | yANL
pragetpslgmeriBinigeo tﬁ&g@lyhﬁﬁkwpcﬂﬁnbﬁy&ea&m ng 15 The
invention is described with reference to the several
figures of the dravvln irJ vyhich Flgure 1Ais a
schematic of two netREiALeses =288 a cheni cal
noi ety n Y a

T 1r§remng{s és?’i‘l'éédri%'eg dvﬁﬁ%?cr&f&l: 13 the &%’gfﬁg Oﬁg%:éso of the

an exenplary e I nent o I nventi on;
Fidgawhag,‘LiBW]siclaa, schematic of a silane tether for use in

b eer et 5 350eFE0% b ey ok SRR BTl ooy
h%eé Bond ﬁﬁﬁfc& i @ Oﬁﬁ?fﬁ& a&Br d1B} &5 Yh &xefnPlady ’embodlrnent of the
proteins, amno acids,” peptid pol ynucl eot1 des

num’mbn,dani 25 car bohydr at es sygars l'ipids,
nucl eonkol % % 9% SOBLSEE 15 dil-ROPERLE'S usS i€ o Wemplary

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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etc.) that are comonly found in cells and tissues,

whet her the nol ecul es thensel ves are

natural l y-occurring or artificially created (e.g., by
synthetic or reconbinant nethods). For exanple,

bi onol ecul es include, but are nof limted to, enzynes,
receptors, neurotransmtters, hofnones, cytokines,
C%waflﬁsf&qgéeaﬁﬁ) PkhRtRtis UﬁPto?ss ahtibB AR l@a&ﬁ&éso "2p@Ad toxins,
chenotactic factors, antibodies, vaccl nes apieng,

t drienferons, nitbcenyfnes,cansi; sensetn:gc;rumslasmds iDNAnsml BYent s,

pI asm d, RNA. " onpatible’: The term. .
" bi ocoﬁ%ﬂp?qugatﬁﬂ E@g&p %gpqpnpgatlﬂﬁ oPHBSP ?itl'g:rem is intended to

d&RELAREm R 85! @Joﬁ adHH&Qtr%HH #1384, ab 'an‘lddﬁcé/ L¥Rsirf#le long term
not I nduce undesirable long term 5 effects.

" Biffedsgr adabl e" As used herein, "biodegradable”

o o e Poed B SRl prrtspe i

MehAbALEZes @Hdef X HySloRshio t Editichs RO Fofn® HI@BMKt that can be
Bi odegr adabl e materials are not necessarily

hydetabajizied aF Excreted mathabt danaags tmqygméq Bimd@g@dzlymat@nals are not

glcnfc,eISgP : Ou%ﬁifﬂ]&{%ag Yaﬁ%gl'ﬁ‘ﬂﬁgﬁile gge%?flbrlag%%ayﬁ%ﬁ% ﬁmﬁon to fully

Celebfade.” MBIRIe@tadabl&Smbteals haﬂfcﬁ lnihlucﬁ: nisttRlsAthat i e droken down
natural ly occurring inorganic solid having a defined

crwidhiaicellt. r uct ure and a cheni cal conposi tion that may
be exa vear |t .0
nat ur al ﬁ{;m%(g:‘%lur r‘{{%gl"e?o#é}%mé? ‘ﬁﬁﬁ'@'gls’ & &turgﬁy %ccurnng inorganic

" Roliyl Haeingod lddﬁned ciysal efractaei ahd a @hemical composition that may be
"ol i gonucl eotide": The ternms "polynucleotide,"
" At yarable in itheompasitingn pke &%ttlﬁaélg ocggring splifl glement.

pol ymer«pa} mﬁ%&:ﬁg"”' ag clel-Eheacfde’F NG Qﬁhbf%étﬁgﬁz gg The terms

"nucl ei c and |gonuc éot | de'

i npelvabhelagidd)! Vnudlgii aeuldl Y or a“qugbymletitﬂiat’l nbéerccnmm ipodgmer of
at | east thrgléstenucl eqt i des.
t

pAM§lOEASot iThEs'ermh ePYBMYRRAtidRmy quﬁgql%&@dzsoﬂ?fgt ‘pliggnucleotide”,
NYpdeps h%mﬁé&c&nge@?ﬁox%gﬁﬂ tah% idd %Hﬁbﬁlséheat least three

cytidine, uridine enosi eoxyt hym di ne,
dewxlegtidesos D¢As and IﬂbéAxyargltpownmeI)eptuﬂnscl a‘hsuméymer may include

d t hi ot h di
" TBuRS i 6 MaRineS BBy SHRAbe! Aftaine, widine
C%e@ﬁ%ﬁ%nfé{ td'egkﬁlér%nfﬁiao HePW Dbk, ARd dcoxycytldme) nucleoside

C5- broonour i di ne fluodrouridi ne, C5-iododridine,
Conplogh\(e.gyt3- -ainmeadenogisez 2dliethysiidiae, #®sine, py1T010-pynm1dme 3-

S RAEUANSSL e 8 OXO0ASNARE "o frod RAUARRS! s bromouridine
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, ribose,
2’-deoxyribose, arabinose, and hexose), or modified phosphate groups (e.g.,
phosphorothioates and 5°-N-phosphoramidite linkages).

¥ G

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

LR 1Y

a “polypeptide,” “peptide,” or “protein” comprises a string of at least three amino
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thiocytidine), chemcally nodified bases, biologically

nodi fi ed bases (e.g., nethylated bases), intercal ated

bases, nodified sugars (e.g., 2'-fluororibose, ribose,

2' -deoxyri bose, arabinose, and hexose), or nodified

phosphat e groups (e.g., phosphqéothioates and
-N-phosphoram dite |i nkages) 0 "Pol ypepti de"

m | n r t: At 33

i %g{ﬁt ]i(ijrg(ﬁ’d BEeth@! l?} glé[gu}e 20 B! di'e}{é?tlc[érﬂ B&Vﬁé}gﬁgt’ peptlde and

c dippotemEsmay be nisafdglmdrclaingbzéﬂlﬁt Peﬂtrdeenqmelﬁer t6 anandm‘siual peptide

i nked h ide b

Lﬂr%ﬁefﬁé]tﬁg c§1te@fe pepBé ‘téentlgs ﬁglg]tgd?eﬁ p&{%@rlahly coH%l,n B%lYng"BHal amino
| NdcdsC Qlﬁﬂﬂl%ﬁ Qbﬁanaﬁﬁﬂthqﬁo HEMs fzf‘ef Qfon{ﬁ%uﬁ&‘s hBCdY hétusteur in nature
peptide or a collection of peptid I nventive

peptti that gnefber adoyparatad ainto oml yolmmpnldal chainnsee,adbrsexample,

R Tt ST, s o

i rﬁdﬂ-ﬁmﬂﬁi HRRBLACHR (R Hals b&%%ucéé%fuﬁﬁ%’ﬂéhﬂ)rated into functional ion
http://ww. cco. cal tech. edu/ -dad nnat'struct. gif,

\A/mh@hnqilff)sqmdéygnnsino wetdusnadogsfas afe knewnun dhe arhm@)y al’;ﬁ:rd@twely be
that en _successf ul.l or 0] e

[ ORI RREN of/E Hiat o 'dle R’ RUSHES eBive peptide may be
arodified\fot Bxdrigle by tHeBadd@tidnesMathendicdl daeity awdhl 2y chrbohydrate
Al so, one or nore of the amno acids in an inventive
peSioTRI@ Rheyphate groupmifamesyl Srpup, adsefamesyltgjoum a fatty acid group,

ada%ﬁlie? [i}or {?nglﬁ‘;aﬁ?ﬁn fﬁﬁétloﬁgﬁiaﬁ %5 S&C&hf}‘cﬂn@mg%{tﬁ)glg ¥Ar ahe preferred

ar nes

i Sdmﬂ:&idilﬁ&jtl t@rmum,ﬂcaudmt dfythaqjeﬁu@f twap to aambore kmablef mptide (e.g.,
conj ugatiaon, functionalization, or other nodjfication,
otEeat halffiferiarveq)  disesdmadificatipns maydincluds: pyshigagn of the

t

M TR ﬁijBﬁﬁ’?aeth?n& [l inc 3, B DRbYEE I sodifications should
[ rmbsxahmerﬂyfahﬂczfatelmnh tife dehleed]]ﬁo]ogmhl gheivity lo€ the peptide.

ncor ation of ”a n C etc.,

a1 CHBhsAEctRr o Teathsdatteal py oHEeeRht o The torms
9g§)bfﬁ£’ccﬁhﬁ(ﬁ@’g“&a§$o}§'ﬁfﬁé’ * by “QlgosenBRRY irdRr to a ﬁolymer of sugars.

l'ysacchari de” bo ydrate or "ol igosaccharid
Tﬁﬁlet erms “ppﬂ@rchshmdméi,r I'ehehchydcde’h ahg doligesatcharide”, may be used

"al {‘?E%%&%]“E Ig}ﬁ%}F?l fe%rpo ﬂ@ﬁ‘f}% gg@gglfsesgqlﬁ &t three sugars The

qulﬁﬂ&aﬁlﬁb EIﬁéIEi&e naf®y RaldS@L., AlcdB! Eetdad ggzﬂwtc‘{se mannose,
Typically, a polysaccharlde conprlses at | eas hr ee

s@@i@sexmopﬁa@duylnw gndddruniedifigd usughrss(egar & -flaorpribose, 2'-
dg@ ebo Lar@ Qse, gal act ose, nmannose, arabi nose,
¥ §\5%59 and/or nodified sugars (e.g.,

-fl UO‘S@iﬂlbﬁﬁﬂecuﬁe” AgQisyd hbRSE, the Aem €XRSAE molecule™ is used to

refer to molecules, whether naturally-occurring or artificially created (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
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"Smal | nol ecule”: As used herein, the term"small

nmol ecul e” is used to 25 refer to nol ecul es, whet her
natural l y-occurring or artificially created (e.g., via
chem cal synthesis) that have a relatively | ow

nol ecul ar weight. Typically, s | nol ecul es are
nmononeri c and have a nol ecul ar i ght of less than

abpithe ]aﬁﬂgpngl/e BV ernfrlehlaf 5§1§1€|¥ %FBMy nFHree%h'llnﬁﬁ éfu%s for human use

bi ol ogical [y active 1 n that produce a | ocal” or
sylﬁt@hb)cthefﬂmk tnder 2ArCheR. 5§ 3}&095 éB hihrgugiainta land 449 theough 460;

CrvHE e LcHITRg v lied o B A B8 B CGF o 90, e 599,

t hﬁé&{aoﬁ%d heR8f 8§ Tfetdnle, 811 Bbntidr&d w&eptmetfoms% in accordance
al ready been deefred safe and effective for use by

th@lﬂaﬁmmpﬂenhmﬁelgmrnnent al agency or body. For

exanpl e, dr for n u t he u e

21 C o pond el RO e el abochr AT refer 0

46dmpohdigor Eftitiodahar 1R yihibse a&tiﬁteed;r kbmdrwge@&cuamgmal or

21 C F R 500 _t hrough 589, |ncorporat ed herein by

r éﬁ’@ﬁ’é‘?ﬁé gvenis.eFon example ibipackive ageatsonayms lfd@r byjsase ppt limited to,
th S en . Bi;

B R s

r eafrmnwm subamu,nﬁﬁyme 1ﬁhﬁbitb]t5§ﬁ101dﬁﬁﬁg atut ©6t, lirnhéd B brotease and
activate, or otherw se affect bioglogical or, chemnical

eViEKEse tperipiaappniaibiterso fision, hiioRt ewEjoxing | QRigids,phypnotics,
agmnlﬁgtahﬁﬁ‘gst %rgcgnts hm‘f‘%% m%&mﬁsed‘ﬁts qﬂl&%‘lec 8\Gkdnts and

stances, ant otics, I nmunosuppr essant s
am1—1?/arkakom abitamae s, anﬁrspysmommlabdt ansclei padtradtang  including

bu ted tQ protease an reverse t.ranscriptase

rﬂ&i‘?B‘Ffilo cketisi BHPYGhi2Be ¢ PU-ChalinFrgicy x iant: g?%}ﬁpexadscompounds
hyﬁl’ﬁ- aﬁ’d)&l o Sr63Y: Scoﬂlﬁ%'dga o?lulat?rs of cell- cxtracellular
tran UI | zers, anti-convulsants, miscle relaxants and

antitriRainkdrassions sodlediag e, grawth uﬂpblm dind sangipatihesisn [meolecules,

contragctants includi ng. chanpel ocC m oti cs. and .
an‘faﬁmﬁf?&rﬂsneﬁfp@s kBt tors| atto A%P% Wﬁﬁﬁﬁdsm protein synthesis,
angnki= Iﬁ@%ﬁ&iﬁ@esan%gfgeﬁ%' - BAR ?)91%9@& CORRAGNIS and | non-steroidal
modul ators of cell-éxtracellu matri X i nteractions

i mludﬂﬁ@ﬂﬁmw gagentsh | anti- mamgﬁmcand!‘a@ns; ) adhss«rrcwry factors,

nmol ecul e dlla ents ors .
Ry, | GG RLUPEBIE, Fecplsp olotel hipsBen ophthelmics,
a"tﬂbﬁ@gihﬁ‘cﬁns a@hh -dejfFeSdanfsS, asi-pE5Rhea tanesy; Sbﬁtﬁ-@hﬁﬁbs and
anti-inflammtory agents, anti-angi ogenic factors,

arimiagigagents:  a cecteirpyefeped ambpdimegts, thetbioaghiug agent is a drug,

o RTRRE Gt S SE BT 53, BR L S o

suiet aNaks, pragint -i@0&ItHoAS magNde 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 et 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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I magi ng agents. In a certain preferred enbodi nents,
the bioactive agent is a drug. A nore conplete listing
of bioactive agents and specific drugs suitable for
use in the present invention may be found in

"Phar maceuti cal Substances: 25 Syntheses, Patents,
Applications” by Axel Kl eemann and Jurgen Engel,
EEL;SFOI';ES #diledubdskFiptios of é%?l%in Ppéfell"ﬂyﬁr]iﬁﬁb&ﬁﬁfe)ﬁ'ts An
Edi t ed Bye BusatioBixlavaethodtof adyhthe@mgm bssﬁ-palggﬁ;r cam;dnosne by

the, United States Pharnmgcopei a- 25/ Nat i
FoRIFBTALRG- 267 piith SHoPBYEE. DAFCec G e of synthesis or

I]ﬁﬂv\ﬂﬁ&%'n@h $30 YL b ]y | MGe, bSRRC ke ipkdcRs¥D, to2@kin paddes of a

ch are 30 incorporated herein by reference. 8
Denraqiqt@rmlm gize pnil mempinedewithithe proapmer,eyhichtis dherepelymerized.

poie S eltE R h< b MhAER Y B8 b s fortg processed

Pab)foRh b obebimplard! Ih Bfe Emﬂﬁdlﬂ‘fenﬁ )érdlﬁﬁ‘ﬁttaii gfdup X on the surface of
pol yneri zati on of the pol The bone i s processed
t dhe bpwa prrdeles(eas., bons pe.rt@ﬁ@z drigaradd) 45 meorparatedhints thedackbone

ool pebitfer Rt e SRt Bl Bl ARG 2HGy. PdiBample, X may

beébefanrdctiee grupGes siedend of sflamed (Rigwetl®)i npl ant . I n one
enbodi nent, a chem cal group X on the surface o[)
bone paths EmROsite Qf thegkentionr mAK serve, ascz Jone sy ﬁ)tuﬁesmatenal

| 35?8{;-89 E%Frﬁgtu}d“ 1! Dei gfrn‘tleoéﬂﬁﬁ% Pﬂﬁer fant Bfre %ey E'E&rtﬁm‘?ﬁ‘ opgqﬂ%le bone,

e poly ng p |zat exanpl e,
meor prb®ideea aoneadrtient esogroaupf Bom dbheecbpdrtmtessfolrame i producmg
(F| re 1')§ The conposi,t e of |nvet|onma erve
6 OSEEOBPIANIS, st AR vt ity 1 tec QBGS 85 OHF SO ¥ gwned U.S.

Wq’agcmts Re&r 62941189 @}@94 081, 68 |535Qﬁ 833200 bR (@hnRfue@that exploit

whol e bone, " or’ providé a’conveni eni source of bong .
ddrong e:drtmmst iBrdne paftwlesuse notalyaydarzilable i stsbq:amhms tcopvenient

for usi t.he. techni of our.

oieTE) ey SR RIRE (S regedy 41a eorrech izt AR fpffashioning
5,iR7 aB kdiphinfl oPtBLusé 98 hB:!lcﬂHﬁﬁ'mgh@ﬁ)h@a’ﬂHIﬁ' t Th&Bmiques of the

particles. Bone particles are not ‘always available In

a igyenientdnableitone grasteiiseiom any mmuandemﬁm siggand shape to be

machi ni ng i nt o pi.eces. of .th and sh

rored B ARgT G RiReERi onpnafiet ikt o B R A TRR the size of
| apslbreagarfidesdtdlldcmt éﬂﬁlﬁzedﬂ‘&oﬁﬁ@ﬁ' sqvi@sl fattotd) éncluding but not
i nventi on enabl e bone particles fromany source and o

ar{ymquzg) drl szRage, shagepef the imepdant; éhquigq;@éedegradatlon rate, the
i %é%c?l%\ lllg{uzezlg%]fo@fodﬁmsl, l:ﬂ?c{j o{h%r Mé%hﬁﬁéal \%rﬂ].)ﬂerﬁgsc&g& Zsﬁrroundlng

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

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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the bone particles should be optimzed according to

several factors, including but not Ilimted to the

si ze and shape of the inplant, the desired degradation
rate, the nechanical strength, nodul us, and ot her
mechani cal properties of the surrounding tissue, the
expected | oad magnitude and direCtion, and the desired

I - . ]

prishEFEpI O i B g ORIy QLR ARORATIES soprces fof the bone
prpsptéeles. iRarticdés alecfobmert bpamillimg sholobdrmi toi prgduce fibers, chipping

co sition can be, optai ned. fromcortjcal, cancell ous,
SRR By i nbaR B HTTgs Bolin ot ibfluid Hidgen, or

AU RERIRU disifbdrAGR tke HOAL AlssAESNPHRAIRE anﬁo%;ﬁ{dngiljﬂ-be sieved to
Preferably, the bone particles are obtained from

c grodurzlpaltonies affa spbéifigeec origin. Porcine and bovi ne

bone ar rticularly advantageous types of xenogeneic
o "bonel 14 Bats Berlcs (P Ee, SEaN RaryPitaR (o9 i PRvaered bone
CofHpfidled bOSeRtngsS QUWERSraBE dfMSarki€lB&sizaRafahfidkeffom relatively fine
Particles are formed by mlIling whole bone to produce

f insevders eHioppse rinsvil evepderger eips ilh gnopivbedipeib powdered bone
fracturing whole bone in_Ligui.d pitr ,

oL £y DRk Ve, Boreele i, Bop] AL 0Bl 10 phqugd 2 mm and
C dset iaf Nvetage ifediare gt @ mediah Qlidkeespastid of €notbéut 1:1 to
specific size, The bone particles enmployed in the

c AbgBs i Hrdespd o wsisiadebang nesirdes ¢airhy greded pie diffaenigpizes to
. . . . g

PR 0860 AL PRI BRI LS e, s

| pativdese 0P dabineetdcomeonsislied thegnevill pantribttedessato  ttengmchanical

in average particle size fro bout,. .0, 05 to, ahout 1.2
ATAREEY £ Chsoaant and a5 ampree Hisa il (e GombingtoR of Gorie powder

t hy t 1. '- f
B ety Shylemetibindof it 18RV s bl prru
diifripdeme ahd eliméimtésoshape dorseramits e thie buateditsalfy sihess the polymer may

desirahl e. si ze(s) .0 articles which may be present.
€ IB‘S‘B?‘?W%%%?J@S&E@P%eCOHE snal ler, they will
cont i bat&nkiBsBy, P id %@Wﬁﬁgﬁ ftf)feﬁ{b%ignéﬂ‘ bdniég)o_wder, bone

i mpl ant and act” nore as the conbination
ofpaittnies gemechdly charaatedized po elpngate hod possessiog selotinely high median

anmount .of hone.that is.required.to, prepage  the .
et mediaE thischiee Sick e be it BiriRe SBRH PiRResys Rerticles can
I tb%qeﬁmlﬁbmeafg? A9 OHTRIT &Ptal PRtHFRY ALS, bPinfillthg or shaving the
desired 'shape. Alternatively, or in conbination with

t irurfa¢ope ar wnlitsriame o rrelapueldarge sgetion of bone. Employing a milling

technique, one can 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, elastic modulus, and anisotropy of the implant can be tailored by adjusting
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particles generally characterized as el ongate and
possessing relatively high nedian 20 length to nedian

t hi ckness ratios can be utilized herein. Such el ongate
particles can be readily obtained by any one of

several nethods; e.g., by mlli ng or shaving the

surface of an entire bone or rell®tivel y large section

of . S chui ,

oS g Rl B e Datibhf Snap S ORIE, rARRIGAR, o) of bone
f gparilegplikzed iatthé @amipositto MinyoReight ghtemeretesdn dfand 100%, e.g,
el ongat e _bone particles possessing a nedian 25 | engt

of2bopbnlate abows 260 b puto’ v Yrabrat B-2% ongy & used.

t hi ckne

ot an- o BPEREC R obtfinila AéhAR el SRS MRufary uscful
el fongaices bbbeng af updbebouthl(p ass s derptiveidi the bore grdresong mill

s s, GRS RIS (S uPaf NG o 269 Tugictfre Contents of
Wiwl%i_ﬁh & ihQri¥ratel Q{Btr)ag refeledcc?NhealiOthls BOE #ill TB&ults in the

mlling process may be optimzed to 30 adjust the size
of profhectioorod 1greg; thin [sepsavidch haickiyxarldiesgthivisgttd providghaibular-like

hani cal h | ast i dyl d | sot :
o DR P Tritsa Tt RO HloTeafs B PRYF i BTy toremt sizes
Wetb GBduc 8F BMinaed ardyBss\fEirAB1S sizE@PSSp4StIeNER{cR may be %resent. In
particlulate, etc.) of bone particles utilized in the

comsoal eppearpe.wipagate pene particlsetoapdre desgmbed) andijaneengs, fibers,
about ,1-25% about 26-50% about 51-75% or about

7%?1%@%’ Sﬁ‘&é Sl eEgY S%%%Sl’ ﬁ%r procedure for obtaining

el ongat ehd bR patitles bRSoptiaally Ayndieralizdd ek WkcorBardc@rwith known
pi eces of bone of up to about 100 mmin length, is the
bowd pryeetiaiah prefeires dasufemied radyce SheibMareens mine@l content.
Y. Semin@fatiz s bhs A@ioyt QEe sﬁgrgﬁlﬁc Ctﬁ]%él%ﬁ] tc?»mﬂg}meﬂml)f:gone by
are 1 ncorpora ed herern by referénce. € 0 I'S bone

m dohplogiap latidl sofutiohe. Suehamkibédsatic ofelllkambgn ih Mhaarstsee s example,
whi ch qui ckly curl | en?t hw se to ir ovi de tubul ar-1ike

borldbat e FEac Nor. deash Pere, 1562 obaeR!-befie theapaniente el which are
c . r S r

ool - B sy SR, B wape of
Witk paeticldseangrths daiatioh of tlevdendhérahpiearnsateent svibnigtrmine the
bone partic|les can be described as fjlanents,, fi tters, :
t s of demingepdization. Refsrengedn thip segaed piay prdnasisre Lewandrowski,
\FI’M?e{tthdz.E |ﬁ%’i¢%§dh3%t'e9'ﬁés!,y19ggnﬁﬂe§6"5|-372§%é Eoﬁﬁ&grd?av?lg% are also

nown convent'i onal “procedures in order

r edewporatediheréinby gefeenceri neral content. 15 .

Do o A5 STRYE NS ARk ILIE Shicwt 1o

ey AeTakSin@/desiBétind iy Tolldwdd By &4 hoid TRAIARAIANBSA BB, A preferred
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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Reddi, et al., Proc. Nat. Acad. Sci., 1972,

69: 1601- 1605, the contents of which are incorporated
herein by reference. The strength of the acid

solution, the shape of the bone particles and the

duration of the dem neralization.,treatnment wll

determ ne the 20 extent of dem neralization. Reference

|ng ki e b e

! 5BI gﬁglgeft %ﬁ%egte ?Rﬁ%@saﬂ@%stt Brekﬁ'mggisb_ggf;z{) vﬁ%gﬁt ﬁércent alcohol.
c dfﬂlb)mlsg dcfamgctheahoae alugigles mrecmnpcnsat mchchboeir minhyto effect their

f. de I t
th e%i}ggrg 1|of1| glgégﬂgé{l @f]@rg% h?otlaozng | oﬂll?rgogguses vegetative
d%ﬁ:ﬁf&drgﬂﬁ $1 dHdeglokdrg ﬁEﬂ&wﬁ@h'cﬁﬁ\% Mpl%?e@% ¢his step include
demi neral i zation step. A preferred
d eparepis gicHissiualh eg haﬁmcwohgtapldmndsorgmnaqq@a guchsad perpentic acid.

O A AR RO bR b B0

S Geniibive Residual PEVEHE B AT HERBY Yaikd R O;sme TRMdne particles are
artl cI es. Odiparily, at |east about 10 to about 40

peﬂr% FRbDp fArigdi dRt expmples dry (lyopémhzaa%ube@os tincaaperatedonto the

S S50k 0D SOH P S B0 it ey

S(lisEkl Iomrstdrmzed) uRin@dikivevro piethovdk shblmydbd‘f&m&ﬁhblﬁﬁ@ them with the
di sinfection within the shortest period of tine. The
pre?¥ERLd concentration range of the defatting

sol uti of {,8rdel ht

per cent 12{] q{%&#g,%n% ?1%6% eu@@ﬂwal ﬁer%i& aSﬁPphed to the
pehone partigles obigts to Henk Ipetictey pda‘eemng algbeastt labomcm)ewelght percent of

ticles are innersed n acid er. ti
$it Sriginal SRS o6l SPRENn e Birals i deineralized” as

b‘&Bﬁh&V td<tHel btk f!érﬁl:'l%?%efe?éeﬂ)eﬁﬁf n% 101% ‘13598%5631?% 'ﬁ?ﬁ Sbout 8 to

and spores. Acid can oyed h
| rbpwid) Welghbpgamtoofethcldsmgunahlrmsgdn;odmumhilmonmnaczind the phrase

h t id
e B SRz o8 AT ABGh8 Rspambrle aelte & (ecepricies

WigbbseSdifg 1ds€ tNBY Sout @, pFeRdaYS 1E&SThdY aboRTDURE
ar?g thergéb; rai se otuhe BH. Thg bone par(tjl cles lg}rltolgerééh%fthm

pp@mhmoygwq emleralmonmaﬁ‘meemmﬂlﬁeﬁdpm I'deraineatized" as applied

b ted

pdr AP RERAEENSRple e S8TRER o SomBrtarion et s foresoine
thﬁ}ésaf&eﬁﬁleﬂﬁﬁédﬁéncﬁﬁﬁﬁélbd zed using known net hods
shortl&before combining themw th the nononer. As

uti | i z&dixREeeeTEomtiations g§ene @up@uequéheaahoye types of bone particles

S BEEALI SRR F 3PP, 5 nb e B BRoR bk g

WebghtpapiisleeRtn Ofe - eilpléyedotd gﬂoﬂﬁhnaltlﬁﬁrﬂ'ﬁﬁl fiontieRfthéthlized bone
cont ep The phrase "partially dem neralized" as
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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15 applied to the bone particles refers to bone

particles possessing fromabout 8 to about 90 wei ght
percent of their original inorganic mneral content,

and the phrase "fully dem neralized" as applied to

the bone particles refers to bo 2 particles

possessing | ess than about 8, préeferably |ess than

about 1 t g | ,i -
i mer al | Soeean RIS I, B PREkSe MSORRY, o 1MG0ERA| Fole. Non
asdmpperahzbdZﬂqu:arttuéesﬁung ghant hor bend migrawthiyewtaogonduction, in

Covﬁlg Y OP&}% bg% 0 g\t)l[ngg |t(gf§het 0 {:l‘ﬁ): glgto gDerxXl?erghzcd bone

C%@hél@é !1126@15@pr$3“§ b‘i’(ElDé‘i@ﬁ.lero‘l)f!c id Bﬁng’ih?%oﬁﬁ’ﬁ’éﬁ whe BostBwth by
particles can enpl oyed. For exa one or nore

ofosm@endt@h@gdnn@u@ly bene exfllsceeriresauitad; rem thebpst tissue to regenerate

s i ol s B P PR bAPHeR druaty remodeled and

p%bla@écf—‘ﬁ tR héR\nd dégﬁﬁaﬁdfbbﬁ‘ﬂieeﬁoléﬂeﬂ and remodeling of the
dem neralization process. To increase fracture

t otrpie bene patielenposrase ongIdimde strong when it is in
tension. The particles of the conposite nmust be bound

in can be transferred

f r%%og&{f&ﬁ%ﬁ i?eﬁ%e %Bﬁw t hey are not bound the

| oads &Tle: e pat*trcatmﬁe;.r bedptiddaliyltraged ttcerﬂmrmsthelh énteraction with

conpressive and tensile strength because
prtavlpeﬁgnea Qifdﬁn:@af o SATETORRIRY Rhihe P Hi%urﬁ%vy pWhile some bone

L ﬁsgy i %cgé%@&?%ﬁﬁé%&hﬁé&ﬁgﬁ%ﬁ%&@@g' fifkced to the

qrdlymélemahux ntj;lead]mfabe révthe doae | pagtices malyyneed to be modified to
In_ which an adv

conducti on,, ncin
%ﬁ@% IRGLPUALPR dnle BelygHse th met %PP@ IL dhe Rcbone, such as
paﬂcﬂ%’lﬁétﬁﬁsl | oS ?nd?ilﬂé'atl%n ki:lr@h@@é E%heﬁ]fbla? stbbtdAce @Eﬁt rig strongly

about new bone I ngrowth by ost eoi nduction, in which
bdrmadedtd the auréaqeerfrﬂuﬂ tand, pmﬁanahlheo‘raé@lﬂyt i ssue to

regenerate nt site. Both t S,.Of

ooe "o dhe cabediniens, sfans PP Akt ane Sl ¥R ifk  monomer
bYornB8italtR Shol SRS 103he dRGERAThOBorR] THSIRA HARt I&@Rftwo sections,
renodel i ng of the inplant bone particles progress

oV sett ofmiuresdca‘vm glsmnbsfandam @ntl‘(ﬁ gBDll?e Fdet acdivesgrogp may be

The bhone i cl.es naI a

Crineley RS he SRR 36 AR bY A [fRerty; figr group. An
ccxﬁ%ﬁ%l&p SHaiy 0pling :Ig@mt tse3—m:hbmskﬁ11§gﬁzﬁ@ﬂ@ethmyme available
sone bone articles wll interact rea with the

nofAEsnign @déovﬂmeemrwmerh@v@cgrwmt He th@éﬁaym groups, and the
n%éﬂigr:ryfapeea&ﬁ'f% TG RiohlletddABGhREESEL LR EPY pRGSA tdtffer group.

In a preferred embodiment, the leaving group is an alkoxy group such as methoxy or
ethoxy. Depending oﬁ 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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facilitate incorporation into polyners that do not
bond well to bone, such as 15 polylactides. Surface
nodi fication provides a chem cal substance that is
strongly bonded to the surface of the bone,
preferably covalently. In one enhodi nent, silane
coupling agents are enployed to I¥i nk a nononer or

initiat roﬁ@érﬁpbﬁiﬁle{@ thdGeiue %{%&ﬁ iQfanta{?ﬁ]o%?&te e M6nomer of the

silane has at [east two secti a set ree

| egolimer guattins Bowd emample} iawdnegyrotive gidvps aeill be grompprated into
may be 20 co(gnec&lgg to ﬁhe silicon at minlthe aliél anq3 d
byPUAYENIGRY RUWERRREy PIAPONARS hiplpfTafigsses based on
COMBhA A&k 3BR Headt Svif %ﬁd@%&gﬁﬁ? ey hAIyRBY HOR! st CovitaRd @n amine.

avail able fromUnion Carbide. The three nmethoxy
grBydrexptamtitred eifariengviljiteuipsorparated nto pabvetvamy grids,epolyesters,

e B Ry OGP B A AP s

| e@dipOordcAYe grsupdRvit dtbYe B Rvifl elindsporatedants Whylfolymers
e?%oxlglgo Depengiknggon t he sol vent used ?gpl i nk the yidlym

c candl dthey redaners that erew bynadical pplimegyization. Hiik ppt gacessgsy that the

such as nmethyl or. ethyl erve as i .

or e EropeanBifuahen dhteshl PRy R L oive groups that
| ndrk TG @EorfpBR&ONE Polypier &idveep polnerPatiyinde difinctignal. A
and the bone particle. By providing a spacer between |

t redlape havinggmoj anigenriyer hEoBR 1S § sexpmdary, amine. wai{ met terminate a
al It C 1 cals r t oha
CETghEE A SOFPERL ARY RRL SR TIPRE Tl BRI chains
t h&ltérabtivedy,ghe aptivegeup atsessblahehddootgrevide nworeactive groups in
during polynerization. 13 In one enbodi nent, the

achp PEIRFORSINHAN. an anal og of the nononer of the

pol yner ot Li ' i i is listed i
be incor po%gl?éﬁr{ﬁ%to&)ggo ﬁg}rﬁtgggfﬁ%gﬁ?u‘??tl %lgér?é@?mm 18 asted
pdTatdaribonBilass aeadavailiide fohyomnpatias sesh laasEnionnCarbide, AP
nmoponers that react, with am nes, _ev i1 £ the pol.ymer .
dREORESES it (SEALa SOl Rore AR BASE ¢ eWWa@stIYwe contains 2
Si AAGRRIYHoh- UG JnRABRINGES SsithE SctRR! ¥SuH, MuhBEIdd used to teth
pol+yest eysn, anghg%"ﬁer poI%r c%assg&?hat i ncl udléz_Se o tether
hyalbioxginpstére vompoerdsto the dwat ipertizbt usieg ageantion inrwhich the non-
act.ive groups w th doubl e.bonds will be incorpar.ated
RSB s B R URR oD by PRegeS R, Byatiach the
r aglb&hpRible) EBmba@id 88 thd silhfe Beford QHESHAE thé Nilnd RE the bone
active group be nonofunctional. Indeed, it may be o
prigiiéslabiegandless ofiavhiethst gheosilase iih hiocampatitde op g  The derivatized

o 5 S an B mitec R Toal s i SRaRRrEE GGl P 88 potymer
| Sand e ALY tHRMbAR, pattitlks, NRhLtiAL tHE Paieepaticles with a mixture of

“biocactive” silanes and “monomer” silanes. TU.S. Patent 6,399,693 discloses

composites of silane modified polyaromatic polymers and bone. Silane-derivatized

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



pol ymer chain but can react with ends of two different
pol yner chains. Alternatively, the active group may
be branched to provide two reactive groups in the
primary position. 15 An exenplary list of silanes that
may be used with the inventionis listed in Table 1.
Silanes are avail abl e fron1conp&ﬁ|es such as Uni on

S PESEHCTED oLy S

non- bi oconpabéth(Aminsctiyl)-aaminhendtéprogylgimethoxystlane

S| tible r'\nnr‘nnunrl i s

hould be used to tether —a bioconpati
tlhe bone partl cIWﬁ?ﬁ‘@“‘&@@ﬂbﬁ@%‘%’lﬂﬁﬂ\%yﬁ@@he non 20

broconmpatibte-Toie TS Ity be
desirable to attac XT iAlgﬁogwitﬁ%?eﬁﬂonpound to the
sii | ane before att gamngAtdicopsopyamiendttoxysitarizone

particle regardless of whether the silane is

b oconpatl bl e or rvs(3-tinhonysiiviprepylerasylfidenes may be

IIXEU V\IILII bllalll:b L 11 UC UIIEblly
ilnto the pol yner %mma'%hct?ré’ar ﬁy{fﬁg@ﬁ%ysg%ﬁé particles,
doating the bone pammLCRBroPrépyIRnBikdkRarRl 25

"lniocactive" silanes and "mnoner silanes. U S _Patent

g, 399, 693 di scl og@ymac@h‘pkﬁlgxmgpxﬂfnrwth@néllmu fied

l]‘_. vattzed

pr0| yat onattt |JUI YIIET'S O DONe .
ol yners may be SR giegcrapglpr?pryﬁggﬁ,ﬂ?oxg "6 first

)

_{(I.

P

i ['ani zi ng the aMéthh&&l%&ypr@aﬂyltnmethoxys1lanc

N-bet a- (Am noet hyl ) - gamma- am hopr opyl net hyl di net hoxysi
llane Methylmacetoxysﬂane (MTAS)

|\ hat M v\r\r\{- nnnnnnnnnn \“. : n

a_ [ A not PR
da rve- A N nop rop %EI W@#@E@TMg

g arrrra AT nopr opWrkih{BHk W%dn%'?ﬁume) Silane (MOS)

amm- Am nopropyl tri net hoxysi [ ane
Bi 3(3 triethoxysi I yIMemgyD)(nmnD&lahé (MOeS)

f‘hl or.ony 'r‘\t‘\\l\ll‘i I lalaVal

gamma- Chl or opM%’é ltt‘f‘? tﬁ%ﬁ(‘i’éﬁ’”‘ﬁf’é‘lmo) Silane (MOS)
dganma- G yCi doXY Ppi hene] POS
amma- Mer capt opr oov?t [l thoxv Qﬁilaﬁj; ane (POS)
anma- Met hacryl oxypr Bhgriyl Oxireiro®Biiane (RDS)

Tetracthoxysilane (TEOS)
Tetra {methyl ethyl ketoximo) Silane (TOS)
Tetramethoxysilane (TMOS)

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,




10

15

Met hyl tris-(butanone oxine) Silane (MOS) Met hyl
Ximno Silane (MOXS) Methyl tris-(nethyl ethyl

ket oxi no) Silane (MOS) Phenyl tris-(butanone oxine)
Silane (POS) Phenyl Oximno Silane (POS) Phenyl
tris-(nmethyl ethyl ketoxino) Sil 32e (POS)

Tetraet hoxysi | ane (TEQCS) Tetra (1 thyl ethyl ketoxinp)

tr| T@rxysn Fane d\’ly}%ﬁ ri mt@%&tﬁ?a\lf %r;/)up that s not

t raomrﬁd{mtaﬁycnmlabda res)a Sildreen éhd WOBpmelinmay bOsttathed to the active

Silane (VOS) Vinyl tris-(nethyl ethyl ketoxinp) Silane
(\VERYP- Table 1 The active group of the silane may be

| ncor poggh-eflafdl ik ﬁﬁay Q<8 5@81115’[8&66"% %roﬁﬁcé"ﬂﬁé donpéssk of the

to attach a second chemical group™to t bone

panvéntioe. Feo Bxamalﬂpls@qyamﬁes will forpanovialent tondswitnheidroxyl groups

poI rizes t nctlonal r t ha
i ecndfits o Bdf RS SofaBiiL el Bl hahonar kg BhgMA on
atﬁﬁ(ﬁhﬁ?ﬂphﬁzet P@w@&tpay@cleg ﬁﬂﬁ%’ Is0¥Q Ao dtRyl Mettabkaits, ”F!‘c'lﬁh World
al so be enpl oyed to produce the cogp05|tes of the
0

i riviematasials angrewaMﬂ}ew TenscyaHifoe J orgmte, €H)- mlwvmaé%@nchors

E;‘gﬂ% tgﬁl? gf{tg’)é n?lgart JOﬁgﬁefcﬁﬁF:@%h%sg}e{:t to silanes, may

PNM%@&I td‘Mﬁidth%ﬁaﬁlbi ala?@g&dw tHeabdrieC p&ticles i orgto attach chemical
| socyanat oet hyl net hacryl ate,” Fifth Wrld

Bi erarse thas | willchink reovalently or oupnzegvelently 198k 2 pehwRaroside group.

ng%ol} %;la‘ll’}g&r%f %’#%éédsdgévgr ewgr resp@"ElJ hli&b secondary, or

Sideﬂﬁeys anﬁ’ﬁbs 1\0111balsUSE1ddtﬁ1tﬁtEcﬂh} hhmimnﬁeparamlal agfact oand many
the bone particles or to attach chem cal groups that

wi NPIOMFTR 288 el aRer| dc8ronBh R Beft PRA (BPEYRnAlep SP4)inps obtained
sigle,Hg4p,  Pol yam nes, organic conpounds contai ning

one Or nore prinmary, secondary, or

Altematively, 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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tertiary amnes, will also bind wwth both the bone

particle surface and many nononers and pol ynmer side
groups. Pol yam nes and i socyanates nmay be obtained 15
fromAldrich. Alternatively, a biologically active

conmpound such as a bi onol ecul e, a small nol ecule, or

a bioactive agent is attached to1 the bone particle
throughsdie pibhaReyled; ¥malP¥Rutes, TRA ORBPAASE| ARAS t«Maﬂ;' also be
react wth the sulfur atons in proteins to attach t

t antdtreotaltmﬂantmathe polymer mtmpat Eor, exayghten n}dnataguno agids have reactive
car | at ed | anes react, 20. vvlthavvldev t

e S, ShpoPicael amph B wEPRY s “hep b Yo form
OpidIfdafRshatedl pdifRylaREP amAd pbRimBosirbasdied (b tFlﬂaﬂi@:Deet al.,
particl e. Blologlcally active nol ecul es can nod

ﬂmmﬁm&d nnlm@érqnat@s Bacldnn@e-m@dtfmés |pt5@1®s-140ily(a§nn0 acids)

SRR P Sopl TR PR, PRS00 07 o

angcsﬁzﬂr ant o5 tBiphéndlid emEITES idefivéd idm deghded amino acid a-L-
Anti -infl ammat ory conpounds enbedded wi thin the

coirpRsiiet an ayalnatioasipeptide goapbing teghnigugse oh diewtive atygd Compatible
af)t-’c‘ﬁ3 %mgtt}e lbgdrloaixﬂrfﬁ?)o %S&tfrg cbﬁtght@%;f%to 08¢ 9;111&11h§e mcorporated

e conp
f rlmiélnl‘t@&eﬁdi‘m)il A‘nﬁﬁdiamdﬁ Eﬁih asi Iygihe ndrginire) hydroxylysme proline,
i mobi | i zed corrpounds w || reduce the intensity. of ANy tional.

i nAndahyrtpEYRFol naf'egbenlgaéfe IeAgHen8rouBh3Bd i 4re sppqntally tri-
COﬂHlﬁBJ%uﬁsosu@ﬁ% 4 et Wh qul P%ig%oghﬁﬁ)l §1|%1@ RGAS 283 i1l FWrunctional.

Conpounds nay a so e bone that are
deSuchnaninbaaciédsi may ba atqaettddl toutharsilamt afbktilt lears poese two active
to attract ceIIstothel lant site. 16 Sone

bi SRBPLREale farararpargiier i@ 8 POYMFrhi oact i ve agent s
may al sgof: %161@%951&%&%@ %dtﬁ{a@s e aRBIDL R KT b the bERY particles.

exanpl e, nany o acids have reactive side chains.
Theorphremle, glraduqumquet yurogiestent g Megrctlealw @itied paticles may be

Lg‘{ {Eﬁﬁfﬂg@?ﬁvgﬁg{%@ 1c e§5%5réjil§| & ef’cpg%Jl r&gﬁcnbgd above. If a material,

" Thok @RArfifte A2 biieY A Gtdif on @R.eieprt,@hﬁ& beB6dkeAGs Agiahé 6flother group
"pseudo” - pol y(am no acids) desi gned for bionedi cal

apbet ceactsomght’ c&cnmlglwept@te _r.g@mcsszthemal <chefating agent may be

Ho.0 et. al iC d fro

AR g i . POREPERTe) SPE 80T SRR m  Yelel® with the
Pepbmds chtd?! iAXtht 86RN sGERbed, dhesBuORBidd¢gradilile materials are still
Conpati ble Polymers, 1995, 10: 327- 340, the entire

cORMONES Gembdheh tissuantiteh byr Batiyd omp@baltved)rwsm efllpwing the

by((lf{g%(d%@lg %ﬁ)ethe Bg?a/pt%r aGh 95e ?&Sﬁ)tﬁﬁ 48k Wone Zi)'éﬂicmsnt% be tracked
using standard medical dlagnostlc 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 135
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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and hydroxyproline al so have reactive groups and are

essentially tri-functional. Am no acids such as

val i ne, which has an isopropyl side chain, are still

di functional. Such am no acids may be attached to the
silane and still |eave one or t\gc} active groups

avai |l abl e for incorporation intc‘a polynmer. 15

’\btge'a%&g%tﬁ ald Md’u‘%l Rles aa!nﬁ d8Poks aa!nséhtf?@ s@hpRCshrticles.

to the bone par es or exanpl e, radi oopaque,
| ubienplespindric and migtnmt re@ets Ivgatlamenmaeqahmmpdamt ofithelbone to coat

attached,to the hone particles using the techpi que

o8 PRBELFs QHth SRR BHSRRALF. e Ty ey he At el ghe surface
at B iRrgdiid! 55@11 g%%&ﬁ@%u@leas%ﬁﬂé‘scﬁﬂ 35 tife ﬁdlkﬁ@ﬁc&ﬁponem of the
ot her group that reacts with cal ci um phos

C ecroe:mostte tﬂsemtai abwsieathiensyrfage mayriwypaytialo dcmmgmljzmi @l expose
ontt bon H,%ltﬁzlesrfaeand allowed to form a
C RS B P Est er . As the bone is

resor befﬂhe écmag@ ABds kkpsted bodehliRralBhagsn axle&y%it:ﬂl}sfdldtively inert
renmoved fromthe tissue site by natural netabolic

privg é@g@gomalemwed gumine acidagridaes: thahcass pﬂtm@‘,ipﬁt@l ipppgctions. The
0 UB0%, 5 Bt B hote ) Eat OB BRI ML IE b IRGHHREGFe of the

al dotlap@t toMBcreadeat BYsed silrtacbana apdrkd ﬁlirﬁbéi‘wﬁeﬂp@ed&nnno acid
chenmically treated before being derivatized or

Cdﬁﬁlﬂ‘h@d ist ROotondy deieases ﬁ@rsug;aa%{e@ avgiphle for chemical reactions
phos Bf‘f:)f %écﬁ%c%oﬁ?erﬁ’cqfoh' &/#tﬁls‘th??()l)?ﬁerr AOSRA. m”l%ﬁkmgs ﬂ?SeO s%amally

oric acl mnutes in a

scrleutmﬂ‘ahibﬂ Nd)ie%ﬁhcl&’hilﬁ&n&lﬂiahh&doluﬂoh hellafriy Wid Eollagen fibrils.
gni ze that rel ative vo| ynme of bone [

|
ﬁ%rﬁﬁaglaﬁowl@ Péeﬁlcﬁessrmw SHepeRsied Amyatr Akd p@@%bﬁt {05far about
USSQHO\gQ dffef %mgﬂﬁe Q&ﬂﬁor?%rrfehﬁ‘h d; O urs#cglfed%tthﬂﬁ &A1 recogmze

dependi'ng on t desired Teve ce treatnent
Aghstathisoimevipttiodihmy Lenocreased dridecreasddoordijust die d:}hentlcff fraying.

treat nent both al on i ndi_vi dual rt| cl es, and acros
rfg%‘F?t“PPe %raﬁ’fﬂ“ép Bf g“paﬁlt‘} frpsogic b eniﬁéfogfﬂﬂfc‘ﬁ d‘aﬂ g&qcassmg time.

SO,
MRt i)y UBGR ROG M Br com

meppnibmeatioasd these af finity of the surface for

[ h I d th
LE?’;%&A]E@&%%%& e TR TR A oA GRe  ABR, o cross-

ﬁﬂ&%’fe@l@tﬁqﬁ@%ﬁuﬁ@bl@%ﬂ @dic Hbﬂﬁﬁ@'ak@%llﬂ&o%ﬂﬁ%ﬁe art. For
| agen fibers at the particle surface.

ccﬁXB@Qbﬁa f4omegoynds pdiked b;cﬂu@ﬁ(ﬁ@meﬂwmﬁprapél) carbodiimide
aiPRERblsfider efior e REFY bamive SRR FORRIRgnge oms)
Theill crosshnk collagen at physiologic 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, et al, “Evaluation of collagen cross-linking techniques for the
stabilization of tissue matrices,” Biotechnol. Appl. Biochem., 1993, 17:23-29; PCT
Publication WQ98/19718, 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.




10

15

20

25

30

col l agen may be rendered nore reactive by fraying the
triple helical structure of the 10 collagen to

i ncrease the exposed surface area and the nunber of

exposed am no acid residues. This not only increases

the surface area available for chem cal reactions but

for mechanical interaction wi th Bhe pol ynmer as well.

Ri msi h rdol-a j [ i e

A SPINGDS BT o enfiRARRY (R SRS RAEbpElaRY hikein by
Farefeeamep| e,Sthalas] paodsHlolking nepgnise swabs @endedoi nandatdealdehydes,
at ? %{Iof about 10 for about 15,8 hour%, afteg.mhL&h .
t ROTERORY COMPPUIdse [FRPLIR; ARERYS RGTUIIRE PPIVEReRtEtRdicdes, organic
W bhnih€CAANbARr pldRtdetifid phbiBicPXilad dRemidi®s FRCEL@fRdtion or
or decreased to adjust the extent of fraying.

Agiartaxiyb groupe rfoldomerh b redctionrwith hydrazide ¢o ermh actiesjed acyl azide

reduce the ocessi.ng,.ti.ne. | ter.natively, th . .
oD SR REE eyl and th RHP D Sl ot Gpperobifunctional
al GeRfihking agEARE hexepibthIdid @ikoRfaralte98d sdfars may also be used to
Alternatively, the coll'agen fibers nay be

craygss-linknthe ¢ollagonarThetbpnopaiclassure fhenkyashed tctemoyged leachable
SULPLE L0 mllE 02k, ARRILCLL O SoUEL BB deMused, One
1-sxilhed in 3hd &t QiilNeidily! bRbROrde Ry ninehE bpknkNdod€entrations of cross-

hydrochl ori de, either alone or in_conbination w.th
N- Ik ageatseaid ingabgon tumey foripq desipd degrphnl ¢ross-Uigdng at

physi ol Qg i ndi e A .

08t 1899 ey ShA AL B o o ey B nomer,
ogagolpaehiiafiatarC andiopbisiukidaliy! asdive @r ihattive canpoxudstiecluding
and hydroxyl groups, my al so be used to cross-|link | )
c It aBRIn linkited ts b(%éeosﬁ(%dﬂ%%m@f agentsy spuall galeyless inorganic
c cr: = | hki e

S?Jg%)t?ﬁ?lg,a,ﬁnge;tﬁlg? 'tlit}?% ucreéar%rg{t?{i ces, aE%E oﬂgﬁn%?uagz% pf'rb.er such as
Bi lysihe nargini®) dydibzyR3m29prof@d, arfdubydrosgproine\OdBMmbAEtSthat link
the contents of both of which are incorporated _herein .
by"13§1eP R L YRREZALON ANRY FASE WY FS%?BF&%‘(‘& Kipy the same reactions

PRARRIBH "GhPHOURS ABIYARKHEAICWIRAY mBRomERAGHE hikdr! thonbBRiers that

pri mary and secondafy am nes dn nel ghboring chains

( gmdyrakrize WBchalapelymehivation, 1948 1<@6iGwith ieese aminceacids at the double

cqntents . pf which are ingcorporated herein b . .

" diBfonc Jvisaenpmes oA cothet PGS it o felymggize by chain
anchtigh ahAeRydasith (L ¥RR*A6idONR I foacti A pérddnt groups,

agent s including polyvalent netallic oxides, organic

t deaning theamay] @rdwgy fred tapolyaesrizged phenol i ¢ oxi des,

chem cal s,.f.or .esterificati.on,or 5_.carboxyl groqoups
f o v aliStas b e RLERD 4R, i) BoenfL SR ned, goove or
acydatraénitsl &ucty 2 Washingl nyCho isedy ko emr&@dithénsdefadndreat & surface

derivatives and ot her heterobifnnctional ) )
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.




10

15

2op

25

crosslinking agents, hexanethyl ene diisocyanate, and
sugars nmay al so be used to «cross-link the coll agen.
The bone particles are then washed to renove al

| eachable traces of the material. Enzymatic
cross-linking agents may al so be used. One 10 skilled

inthe art will easily be able tl§ determine the
Opﬁkéglg%lmg"ﬁ?f QE\Feﬁ‘ dt ﬁ?eﬁé’c,fuggéé qﬁ%i dé g&@@g@&g@& GRtethcfOfE, hydrogen

crimsasling, nji-end Bntei‘acfmmj eWaandeuriVaay edlterad:tlcmg,e rand mechanical
fibers may he derivatized with nongner epQ

| i ieebg. b smBlRoliby P%mera?ct)?lv%acebarfiﬁdétlF%%%ﬂized on the
C oYMl fE! dl'HinQ bf tFH&[zDFWAerl thifkk Sl QecGhﬁnﬁlﬂg%&H 1¢$ntangled

bi oacti ve agents, ecul es, inorganic
rmtvﬂhl thk slongi clmil sf thhrlnoilggmab@obmm amitiay polyterign. Charged

RIFBREALS SR PIRHTIAGE O/ie DAY BRSHAED Y LA g parices
t hl"fltbajsic%lutiﬂna wifl @ReRe! WiTRthe BirbOry1 TR JafRi ?]/la‘% bfbups present in

t hese am no aCI ds via the sanme reactions
whingty tbmpnm@tﬂylnepqlzmers,\/pmpmaﬂwhm basafhd)rbamerro ac1ds The pi-

BB Bp P e e e} Rttt Y58 WGP double

VHRMMsﬁﬁﬂﬂﬁﬁhﬁc%ﬂﬂqﬁﬁﬁ&kIﬂmﬁﬂaﬁﬁﬁnkhat pol ymeri ze by
chain polynerization may react with these am no acids

via their reactive pendant groups, [|eaving the vinyl
greermbiningdhe Bope Pyrhsias with plalmes Reaqusosr

a1 T natd G nd UEnBULIA T, bEEADIRRIE AEIGHIBRA GRS polymer
or tre s such &t Ch o ‘nCreasé

t hﬁ'eauncfraCExem}ﬂaqulﬁﬁéff Iaealrs&5 mm@meﬁ@neﬂ, puhiallpgoéymerized
particle ncrease the int [

stl?céﬂﬁ?lh %@WF}%OE{?%%; gggﬁﬁ%etmeﬁt er p%léf@lebylawﬁ)&f @%"ﬁ%beﬂwsa it
Hégtg}c ‘f)aﬁrﬁsar‘lﬁitknltghngmh?[)? hE §e M H4Ln ﬁ'eme low molecular

anlc I nter t he bone partlc es a
poslvg/lgblr SiRhefreuaiuiry arespulmenezairlgaﬁmﬂmt srosdlinking drq:téymerization
particles.are optimzed t nce coval ent
atach’eMPT“gHBauB’ét%’e PR A pQREPsHA 11 meigibthypolymer is

”Béoﬁlhl)énﬁfr 1nREq tPtheC oﬁdﬂl&es Iy ?fé#giyhferr nehi Y& molecular weight

nbodi nent, the surface treatnen y be designed t
e rﬂimr twncﬁky\mbchmed throeghestep gnosrtippolymerizatine. kjﬂmeprepolymer is

ticle. nmer. mat.ri x.. 1 Exenpl.ar

s S Xt G P iR o coBtPOERS b produce molecules
i r\h@tra&@ il eHninYERRARe sRRNSHLOEL FH exdagipe, 'arth@lf@ﬁtdn%k@ess of an
Van der Waal s i nteractions, and nechani cal

i rdl@pcmmengay o polyrenipecbto producepisenyehate dermanated prepolymer that

PN RCEIBHEr A DR b SRt ooe 2o

physi cafhey/ cembaiafib®of the bone particles 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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5 wth the I ong chains of the biol ogical polyner as
they polynerize. Charged phosphate sites on the
surface of the bone, produced by washing the bone
particles in basic solution, will interact with the
car bonyl and carboxyl ate groupszﬁresent in many

bi oconpati bl e pol yners, especially those based on

A NQodGiclSal dGidRiatioft bi tal s on aromatic groups
im%g'l—%&zed—cn—%cﬁe— rticle will interact with
doubl e In]lﬁisﬂotu@s tlimrdugr onfdtrationg faoiljpates sedtivaingob tissue into thin

rm Conbi ni t he Bone Particles a Pol. yner .

i S0 TGRS (RSCE T VSt Chb 1B rsdPResed in the
ar1ﬁv&@1%ﬁ'rﬂz%ﬂbé"fnﬁ8rp@ra@&i iPthe pol Rt Wit a s ke fakial interaction,
pol ymer preéecursors include nmononmer, partially
paioy rmcesz@’dy 1pﬁ;]t1ynmm of theopelymer p’db tha mtergmcqgrt@p@q:epmnerahzed

neg, nay, pe e becau eat e
DfledTCtgtEy M pb R TorBEE B Skt pAw Y Rrel iR B uegested for
| Qe RkIE 1 Aiventiddl SHBIsuffRIGNIPASREBIE ¥ peétfat® Br¥iEH tikeehannels
by further crosslinking or polynerization after

c i rared oh trabadlas dyeoe QHITPW@J% theobénsr elementonpeas fdhey do not
\Sgalre%le%%tggntg %%Eelbeg}lrcéﬁégrol\ﬁ nt | %e}%ngf H 1111(3 otfr&Srt%t%flgone) In an

ecu ar wel
ol dxgmigRiry teniiodahbnt, mn@@umrt;h{eaug&r &t e!ﬂegvoommtrate part of the
pol yneri zation. The prepolynmer is 20 formed with an

e»@é@éaromdémenf@fsmnlem#% ef ﬂtﬂw‘%ﬂned@#b%%e nths Yageular structure of
pr Cc S a a a t
OB RIRRE Aok Syl SR B dn s,
dlvamaﬁﬁi eariny caralieli yamdrsiméak §tmcpxremluﬁ‘he iistersyit alagtencture of
term_ nated prepol )(ner that nay be conpi ned wi

h. a,
dithe hoge rrsrtsles psilydes dhp haces TRRIWEShitiaReRu 3 sirfidar features.
boﬂﬁlspﬂrrﬁ 51?1 B@' ﬁé&e&a{épﬁoﬁ@ﬁbzﬁ@iﬁél o r@?ﬁdﬂges #Pneat monomer or

mcrostr u ostructural rations.
Tttehenpml)@s&rrrmeduwm tfor a:pnmﬂd:e’ tiadel tefisre mnahgpdlymeﬂagme

of infiltration, of the hj e bone.
macr ost Y CLY tE"’(S’I?§|‘H \Xgﬁﬁ&g&&’c Fﬂi’or rgewéﬁ%ﬁllfrate the
Ofla&ﬂﬁe Reqe th&) i# Hesitidt ﬁierbahﬁl?cuﬂmmgé’é'd if2fle ﬁolymer matrix of

M crostructural Considerations In histology, thorough
i rthe bmmmsltercoﬁmtatblyuaﬁle:atasehet mineralized flibtilsefudor example, cortical

e, e ok R B O e BBRS YRy Bt B greaty
| RERH RRY ;%B?Qﬁéﬂ"&f’th% RErBANARE mai PecBusd the Mehtrix will be part of the
i nterfaci Interaction, 5 hot necessarily

i rifonkt r Renesration ohéhmmymtruq:tmab ghasndlntadr Biei bewre particles will

bentle\l’)v(elr?ﬁ]ze e su%ace 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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col l agen fibers. Mdst of the nononmers and ot her

pol ymer precursors suggested for use with the

invention are sufficiently flowable to penetrate

t hrough the channels and pores of trabecul ar bone

surroundi ng the bone el enents, gﬁen if they do not

penetrate into the trabecul ae ( into the mneralized

f ' lﬁéér&aéra%fd 1?19; fub %lynl?é?%}l i gﬁn%a i3 B %B@y aE¥emplary solvents for
nbodi ment, the pol'ymer precursor i1s ab

i nfsne Iwithathe xm\aantlomﬁncﬂlhb buy agongdt dimiteddo dﬂnethyleulicumdq: #PMSO) and

structure of t bon 1.es. e vascul.ar

Sty Ssgt well dng e e SEUET in Bl 39 B hityrign is achioved
O e X 2 t@cﬁﬂﬁé’paﬁﬁi’e@.r MiBNsdAiHsS of ﬂ\@'slﬁﬁr@ﬁtnﬂnm the polymer
canals, cCanaliculi and simlar structures.

i mreewsdrt ptaitingt witk tveredibifte sphitions aad pmccq:chn@éo Mo goeesntrated
the sdoaces 5 msen ttrabecul ae and simlar features. 15
HT YO58 IEM ¥ ary to i ncubate the bone

part i C| Ofe | RiIRYAn TROOHE Wil reddichioe #al WiRér Bfafd4d SRistological
for a period of tine before initiating Pol ymeri zation.

vaeehmauess includgng prassyes ansbhept,anay be h1é1=dp ineregen theenfiltration of
GBS oy pllcbtchl 6 ufd¥one SEHRAS. HfaaRaHohs pBR1ce shay, then be

of conibigedc O tvslummof efeeshy polyfriet tpragu@sort fsr polymerization and

m neralized fibrils of, for exanple, cortical 20
boREMatige ohetR apATERASEY ofRHeMEed IPPARENS Eofe VBRI Ands pressure

detntion 8& QHélﬁ&‘éhea‘f’lg&[eeﬂll X1 \hlluﬁﬁemﬁit %ht rSéesQJr E?ﬁ)/moo

surroundi ng mat ecause the matri x w
t heyailiide éonPeak@i s Bineek, It. t he mi crostruct ural channel S
one particles Wi | | urface, area

f th t he
of the 1b1?ﬂ @rqr%@nwé%@ﬂymﬁ%wtiﬁm fmepatinles mey BtP Aephanced
W &Bﬁtlﬁ? qnﬁ?ﬁﬁﬁﬁﬁo@#%ﬁﬂ%? vﬁfﬂdﬂl@'ﬂob@%rgéug&od@f&%' ddthbining

pped 'n the conposit en trabecul ae.
Vathemnwnh]fhullk pecusor. \#her @atipg renhanca& d:e wésbtiadrs of Hikd polymer

renove air bbl es from:t 0 OSl n ano
emsmomofqﬁw?m??%w M%sn%&e T§§PJHBP€ Hdivifpal bone

I rHawlélésaﬁiagv rbe WH&HMWIMJ ﬁ{dneﬁlefr%i/ PPe“polﬁﬁ&PrRREﬂnﬁﬁ'@ely, the

for highly volati’le nononers. Sol vents erpl oyed for
i rifpdividuat bome sdrticles! noartef mateyl wingpe twublens bone particles ad solid

e ERTHIPHT RS R i foctoat, i mabichds, oA sRbiiggd ped coater
evappaRbeduledn® doaf kid patitled. Iheddiiond tﬂehﬁarﬁtlek nidj/ailmply be
they will be 21 incorporated into th ymer an

i ripRedt gty lignid or m@wawsl pOwamrmLyscyowlg At these :techagl@es will be

th nve 0 de but are not linmted to
I%T@tﬂ ?ﬁ%tﬂoﬁ%%g%&wﬁgﬁé and ethanol. As is well
knovvn to those skilled in the art, solvent
I MMhdrbstaidngal Consaddnitne d

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,
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by m xing the bone particles with solutions of the

solvent with the polynmer 5 precursor, starting with

very dilute solutions and proceeding to nore

concentrated solutions and finally to neat precursor.

One skilled in the art will recagni ze that other

standard hi stol ogi cal techniques, including pressure
angthRRd » twiB¥d R& d{ﬁ&gvige%kélﬁﬁﬁﬁgf aliBfed. nj\ltleﬁl'éﬁ%lﬁnthgfelongated
t he pol yner precursor 1nto the bone“particles.

| nfarti¢clenirag Heodwpopited intd dx meyorhéress they hee prdhiadedFor example,
W th vol of fresh pol yner .precursor for X )
pofgisdear Tnile o aarticlps e Bret therppeigsgegly aligned with one
AU € th 3R] i BB i
infiltration i rfgfe u eJO?Eg¥$ﬁggggﬁ$§ﬁ%l P Vaeglgsrr%d directly from the
i nfill torthe momomen eatswhick ty/ vE3I0B in songhlyabe earfie orfentation, much

o BB i LBk G154 b S ot
Combiendiffibglt.Vi Négharh@ estRARg shflfy Yrddhcb@rddObY TBfal alignment.
precursor before conbining themw th bul k precursor.

Thukhbiagi may emparn oe slight cuprsds prientatior but bthepwisy men effectively
co f the conpgsji,te w.t,h the bone parti.cles. .
CYIREREOR B HRGGRIDIbCrbt s, RPROS, BRY LS B gt o

C Gahdnisk bHe@ati®@noner or prepolyner. Alternatively,
the individual bone particles may be coated using a

t unbl erFor negrdempinenalizgdelongy fothoslpagaral patiglesand regularly shaped

rect sl - ther ticles, .
R LR (TR N M
pdrdriregdarly bltapad daitiolss, tHeh@edhanichicleggon¥@yviligehenillP®e isotropic.
diPppeg@ignt Q liquid_ or l,][éowcler ed pol ymer precursor. Al
of FH I aﬁﬂé@ﬁﬁ}%e@eﬁf ft gfdhe parHeles an thegneqhgaisakuppertigs of the
i : r - ans .
et AT oGO AR, 88 G, 1
t Htbe pomiokee are drivnteduandomby thealtibar effgct lbe the wechanidah pidperties of

rocessin

moponer accor di to,standard conposite g ,

t éﬁ%ﬁ&mg ma 3@%3%@@113 PRY lerdipe sredse aF PrRariaqlessare aligned,
LAP! At : ‘ r :

@ R e SHP SSRABRT ol B (FRBRTERL prOBEEPBP IR composite

parep

¢rgl @sbash thaulobdieg nwideand thgadirecporedbtloadhl y one t hat
s oxygen-_and isture-free.. 30 El pngated bone |
parti clglgf PF&?F“&QD %‘Pst? ?Pti ethpme B er MfaE CPEPEte. rather than
r 3pidsFtMg tRE bERARE malidx, Alang the NeadP Whtil'e%c?golyh{b‘? matrix_holds the
particl e-nmonomer mxture may be rolled, 22 “extruded,
t Wagicdes, inplacst ior ekaaplazlotgen pisatd of tne gnasdbe stacked on top of one
Ala}lg{hglatif’l V& -|p¥ef01t'nr1] ean“(:'iI 911%%%}11%9 allowed to flow around the bone pieces,

following which the monomer is polymerized. This allows structural implants of a

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
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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particles may be deposited into the nononer as they

are produced. For exanple, grated or mlled bone
particles tend to exit the apparatus roughly aligned

with one another. Instead of being collected, the
particles may be delivered dlrec2 ly fromthe 5 mll to

t he nmononer, onto which they wilF fall in roughly the

S GfiBveNidnE BE ﬁ{e' ot ‘yrgwﬂms! 'Ihgn%,l%ﬁﬁvé’é&ﬁﬁbdl&eh{‘ UG faRes of the
pllane grater. 'Producing randomy oriented particles Is
mivoae gafticiasidrd derpetrtined and the iekpésad callagahlof agiaoehi bese particles

alr[ﬁ%g of llgolpgcﬁflal i nrﬂgﬁcm{%\%f@gégﬁx@ﬁgart a@ %em No.

r gy e eﬁt‘&fed@ét@d’if@idn@ anPfVIeﬁﬂﬁ BRIt MahBfctufs)ith@édtRE contents

may al'so be effectiv random ze orientation.
Foxf wioeh atennampca‘hiedédrdunh}eref@onw el ongat ed particles

and re IarI articles will |ncrea t

atitin e oGy o CLHRISie B B gy 0% polymer by
MRy &i bkt DEpéndEﬁgJ Bh ahé YmpRAPSiEE, RAE h4jleest thelbone particles, and the
mechani cal response wi | eneral |y be isotropic. For

e|ra¢@am@eil wu d¢ga@@ontm@peéﬂ¢5e@ﬁ thefmatHg, Baney bp lssiggble to use a
t rlﬁglﬂg ?&gn A 1§fé)t019§ 1toi1 gpg g'n{l éilge év:fn) o%ﬁbt %es'l%ﬁféq in the art

mayilli pécogdnlize thiethp abluntd fsction %fﬂ[el iyl Wﬁhdith& onttneaensny of
their effect on the nmechanical properties of the

phgrelymeat ri x do not depend on the | oading node. |f
the particl es are aligned, or nearly so, then their

altlgge%{%et gmgechanl cal properties of the
03| t

on both the | oadi ng node and the
d| r ect i Aftercdhe bowdpar@€led area:ombafednmddtker]b@dnermrtqurﬁdn,ethe matrix

bane par Jcle in the co rat her tha }
¢ o AP BFIgL L T GEmpRlsr P bl ot Bt gpppgivd o

tfb@og@qlmr g dymﬁﬂé&% M %e Bﬁg&-ﬂe‘f o efam}pisaﬁﬁcheﬁoaovalenﬂy

exanpl e, larger “pi eces o stacKed on to
ofto athe boemnopdlrmles n I1& the @bbrrmmmg poxcorser dakd me@ntdo to calcium

it S e e TR paciqles, Ak BE sitthéeiredl&d before being
| riahditied With %e%ﬁﬁ%rrﬁdiemﬁ ab&vde produced from

irregul arly shaped pieces of bone. Bone has very high
corrpr e sy biosompatiftle polyowsvazy, begsédto Frincéampasites according to

ceseert d_at. the I filled houndarj
babe ARy e Amlbnt i PROHTEAL eng FomaRRIdBR, biocompaible
Welollym: &§ afe kitdion LEtHR! fidl@ BP HEESeYR lﬁ@ﬁ’f@@ﬂ@l@t con‘l’ﬁ)lléd drug release
resul t, the conpressive strength of the rgo&

wiand tissue engigeasiagdeee o meample, Uife P@t?ntsrlé]g% 823,727; 5,804,178,
Sty LRO0L. Of 736‘?1%?2,%1&%4 39 %c&{lﬁ 818681 481 seé?agt?'%zoh Shastri;

t hé conmpositer’ ‘ear stren I’s”tncrease
COVRIXS0 & tAaneiens, 6911‘1151165 H0d, ym;rstsozso@ tbONEkos; 5,399,665 to

P artena;” 5,018/378 "o Dlolmbl Solo, 18 . Rom 4946929 1o d*Amore; and
4,806,621; 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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23 novenent of the polynmer chains. In an alternative
enbodi nent, the surfaces of the bone particles are

dem neral i zed and the exposed col | agen of adjacent

bone particles chemcally |linked using the techni ques

of our commonly owned U. S. Pat egzt4 No. 6,123,731,

entitled Osteoi nplant and Met hodfor its Manufacture,

th e t er

by RPULDS BOB] Bl Sactoty), M IgHRRLG, | TRBGRANG! LI polfaccials
i spadplectide®5- 30Pwlyglygnbdeshy \pehgdmmmwndu ngnotyhydtoe;ybutyrate

i npl.ant, site, th f th t d t
RS A VR o 5P BAEY o RSP BAREL s R eagatle melffivghoiinylates,
'tblﬁﬁ'é/grﬂfhbﬂ;'e%idlyaﬂétﬁaﬁéa 4a@ poly éh'c&f&fde@f ITRWBHie WthBdHiment, the

fraction of polyner in the con‘posnte One skilled in

t hdegzadation pwdulctsrle@lu@enblpectmamatpmls,vhipmnbcukamabhm@kcules, or

oot R Bl 9GRFGRP id RERERT Plobaben, MPRgmgis far vrosine
pawdse@b@l f<2 ire QM B riot tifhite € payw&tesmhawtﬁmnmaemay be

matrix 1s polymsrlzed For exarzr(g a fl owabl
paprgpased B Feasding @ntlrbrrogiag-gderbyad nh@pl cqmgpound with phosgene or a

or R0 (PG 150 KRR N TE0 A F -G BT B used o prepare

paarhing| &3d- bdsell hBom@hers®Ifi hérgaminecavido having Teatvive hiided chains,
to cal ci um phosphat e conpounds,. then the bone
paIPF]i“élnéé“W&%? yaingy,thiglse eler Nonghiodraradablenglypers may also be used

- e 450 d derivati
bi ‘oconpat | I é %@%g@gﬁ{mseﬁo@ ﬁlrléos’ ?’ S %%5’3@?“ erivatives
acthenedf rage tusefi? Ocletteoactives ol yomers Athauw’a&rtralfsmu voltage from the

bi o radabl e and non- iT ode dabl e_bi oco tible

poq QS TOUS bong iy Am; RS- £ (UPeT gen-bds marakle, yet” biocompatible
| o] d a

o ATREEE 3hapa OBHOEhHEL, BHAIOLGAIR I AR ERMS, polras

6, M2Pc TR TeneSViBPU akTBe), [BITPFOIVIGR, [I}IBEhSTPatc pplB1iadenc, and

6 5 5,837, 752 Sh
5 T SERB e oX el MitoineBuhatyird ool § piodig ani of thess pefymers are
t OeaMly %ﬁmcﬁsé’tﬂ%’&@% adies BREch eisaPoﬁfsgé@oe§7%1§rﬁa Dy Scientific
67 to Ron 946,929 to Andre; and
4 %ﬂﬁnelzlirodnctss FhossskiBedkiatthe aﬁe’ellerbmgnuartg@rtlnmsan exemplary,
.Rel e

ST 2 Corengisive, y[¥F OB POl TS APPIBHASHRY 7 gdves peications. Co-

199%ymer] mighredhifdad¥ubts ITARE BOSWRL RAlyhers Ghdl B¥o be used with the
reference). Preferably, the polymer matrix is

bilg¥ayioRidabl e. Exenpl ary bi odegr adabl e
The 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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30 materials include poly(arylates), poly(anhydrides),

pol y(hydroxy acids), polyesters, poly(ortho esters),

pol y(al kyl ene oxi des), pol ycarbonates, poly(propyl ene

24 funerates), poly(caprolactones), polyan des,

pol yam no aci ds, polyacetals, %%Iylactides,

polyglycolides pol y(di oxanones)%” pol yhydr oxybut yr at e,

D O ¥4 KRS B RNl oDl 0 king agents may alo
pobey wised Mnmrmd thol ymas:hhlardamelsy I Eoorrélaan‘m@diymmztanons the

the5derad n ducts i.ngl ude bioactive
Q@R PITRAOR 5 Gy ReBUAl AT Rt e apRRTfTaRONe farticlg pixture may be

Sugdiudiad t%&hﬁhﬁum@@ﬁe ﬁﬁz{ltﬂl&e&@&%lg}unﬂ abol i c

processes. Mnoners for tyrosine-~based polyners
i ncl udi Bgertiplarynoinitiators t exe t disted| yiar yhergs @dithn’s  Principles  of

bR Serid el A5 NS Yot AT i spos ang available
a fréthacdnthantdRORIGH »as I pscidnbésA R Slgtﬂ@gzﬁlltenﬁltﬂ?egﬁrpolymenzed or

techni ques may be used to prepare 10 am no aci based
rromw}}s polymsriged r@ﬂwrmi may ds expesaigta é&étlighb micgewaves, or an
N egPEl e SRR R S8 faglint o ot ar wit

F%c@?j@i&ﬂcﬁv tdomb& tHter@ss 1R deaﬁw folRatroPdk )‘itB o P a@ation and
and derivatives er eof are useful electroactive

pdhg redifEiessh af th%ﬁompaﬁ?m Expwplasy; engthedn fafecontrolling the rate of

BRSO AR ACn AR AP Bl ofllroduct g so described n Odian

I N@Pothethe@nyifd oohesnes ofmmclb eedegirpstakddicpon Yy rdtRaces,
pol yureas, pol y§ﬂet hyl ene vi nyl acetate)
pol yproﬁ}q SABPOFE WAt Radialymézedpin way rﬁnae%e Ex¢mplary shapes

poih%l(l@é hw)(zitﬁ&ﬁ ﬁ’ﬁ‘n ¢S, &S 5te! Eﬁﬁ S H&@ds&%d coiled strand,
produc€ any of these’po ynérs ar aélpy pur chase d

f raapiloyrpatwosk, ﬁlmhﬁlm ekl stiske wors,, ro8] gum, pianstrew, tube, tooth,
SCIe%tIfIC PoI ggcts %se skllledlnthe?}1

wi PP @@&gmnfeo nalftl%? PRE: Atk eHpPRtiPn PoWRgEe, Fylinder, and
CORRAENE @?111‘(&%1‘ Id She %ﬁb@@{lﬂéﬁ?r ﬁleatfb% Itk 8% %’gli“?gﬁ%ﬂﬁgcltnsa mold

vivo applications. YNETS, res
ofhawvineg ﬁnbcshepqaof yrx&ssedmyplahts @ob@xamp]@ ‘anmdnldtmey be shaped as a

[ i Th I f.th t
< (R O e, B Ak el B P Y Bt EApeRdy b Fhape may
Vi drooBRRORI B AR ibiburk 20 lerdMryeE | 2R LAeERNEHy implant.

be 25 controlléd so that any chang& in vol ume upon
pcﬂ)sﬁmlwémmthdbmy ho replaq@dcmsmsﬁhmwnhmauesstf ithe moventgon include

| yded, b t h
¢ i, WORfa 50, B Sinlo RabBroinaRRles ikl zygomatic,
( &eBiical W¥rtBbral tHoFRIEricbid) @iiBdrl Wertebial YR #ibdt€um, clavicle,

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 alveolar ridges, neutralization plates, spoon plates,

condylar plates, clover leaf plates, compression plates, bridge plates, wave plates,
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or chemcal initiator, or the amount of heat or |ight

enpl oyed, nay be used to control the rate of reaction

or nodify the nol ecul ar weight. Were desired, a 30

catal yst may be used to increase the rate of reaction

or nodify the nol ecul ar wei ght. ,_For exanple a strong

acid may be used as a catal yst Fgr ste

PQhy ”Pﬁt‘tl%.ﬂdbﬁ[br adelllds AMNALEORAY lﬁnﬁbﬁ’&ﬁ&f using the composite of
mul ti functional nononers or crosS-1inking agents may

altla@ invsetions e Fheconositaseyt die be asahined ko dernsipay. orF@l of a hip

ai tions, the concetratlo

e s e 205 S e TG AP B e B led for the cup, the
mriﬁdhhﬁbdﬁmplaﬁﬁ mAdbdI Eh&DwAtR 2 @Rirbdl hAicalAibe rhitbdl, g pl , plastic or
nol ecul ar weight. 5 Exenplary initiators are |i ste
Gevetale @fienjvizt Teplapeneit deviees mpp lalsadienefit from, the Qachmques of the
th{,% Z‘@ 1991, New York, John WIley and Sons) and
aval Pe from conpani es such as Pol ysci ences and
Signma. Altegfatiaély vk Yomposiwmby bed Hdck ar isindchined into a desired
pol ynerized material nmay be exposed to WV |ight,
misEARSRfleE Polysrerizations (ag eescHhcheAt 0 provi de energy for
inter- I :
r ecogn|cﬁzl2]!“231treﬁ?ﬁ%’l=3 %gfﬁ)lp g é’sdé% %@gf‘le Il<g gengélrét I)?\Mt oﬂe &H)Iam stte
c cintl rplyrhdrézed ak girmf Pdfbgtaﬁdaltyl the rﬁmtbmdrhﬁa)sbé phimaHg pofymerized

t he conposjte. empl ary thods contrpolling the .

r 0@ HPrepp "2511%‘185 234 dhgoneo BEHU%FFG 9 Prtm%lg or implant
t NGe RIR4AY ﬁBl fa"t# lbt@& d 112 fHhGHler 1(1%9 B¢)pol @rlzed until
entire cont 0 relncorporated erein

r etheptepolyme’fhsaa senmohdl pﬂttyragt‘hb prepolyyrme mayelokt mlaerwulymto a wound

shape, Exe I es 15 i.n W.t hout . .
B ke e GqnsERBSGRtn Gaceals | AT PUHeHEstions gamplete, the

C%élﬁﬂ ﬁferﬁn@et” faPhd h@thér RELARY, \%kwr {rdpPingd isbx%ﬁulré'ﬂe&h retain the

di sk, cone, rod, cup, pin, scre tube, tooth, too
rmompob)mwtbc:lmmannm of bone, wedge or portion of
wedge, cylinder, and threaded cylinder In one

TR e FeP ke SRt 2 Eor Meamml 6,

ol d meayfidepsimBaLhtiag, thelorgsitt GhaPbe 3eMoOv& Gonfthedmold and
whol e bone that is bei ng repl aced. The shaﬁ

erfibapased lmnmﬁdaqéﬂys:iranammiatarﬂapherawaﬂhpérr@a aam;ﬂlgfocharﬁxalnple
I %% QTes lé” e 111{1@%&%@5 be g%l%%d%{s bo&ﬁ‘?entt I?)?ga:??oy b gk some of

r epr acea dsing ques of I nventi 6n 1 nc

etthepblmer rdhainalandra&albrat@qw mtiaatldec@ﬁmseﬁ@i of the 1mplant The
tenporal , mandi ble, maxilla, zygomatic,. ceryvical

véﬂffévef'rtaf the aplant way be faughgned usfgaiangard tephniques e prpmote bony
M R erShal nﬁp} B}%I:@illac hE: su?fgcesgiiam% ﬁ'gﬂﬂt”}%! e s.'{n%lg&l Uftted, plasma

ul na car pa netacar
[ Ieltctlm:l chemically etched, or mechanlcally 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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i schium pubis, fenur, tibia, fibula, patella,

cal caneus, tarsal and netatarsal bones. In one

enbodi ment, the conposite is nolded as a plate or

simlar support, including but not limted to an

| -shape to be placed between teeth for intra-bony

defects, a crescent apron for sigle site use, a

regi ?5‘92% thlﬂ‘efc%hteﬁﬁsf &Gk Rich A& HidbARratel hE}QH‘b§ R&ference). For
buccal’ an |ngua veol ar ridges, neutralizatlon

pl aeple, sptanflghaatsy agcmwt antilpodtigsanay b attachellgafthe surface of

o) B EBp1aSEI s BailioR and e e B, Bisetinn " Affgmatively, growtn
Pl REREs ABY bR tthaRil 16 aesht %%maétmo SRRt Ritelor t& B®mulate the

invention. The conposite may al so be machined to form
pa(rrodun‘tloaldfcolﬂa@nm p inplant, includi ng the stem

head, [ or ag n_used for t up

the " s pRBGR e fpRhagtmey DRdmTIrres o naQHghor the desired
ardonfpbuall] WRicHas @Il(bvaéd tofaddorb dHt@SHd surfike By iBi 8kchafikd)Qliffusion,
joint replacenent devices may al so benefit fromthe

t etmnﬁh@zfu@@h@mm émown\ueﬂloswﬂllﬁd inghe axtj J&p purfageeof the composﬂe

y. I n
S QRP B YGP aechf hE oM 8 g s sty
befodthe Icﬁn@auﬂd tog rinerehseesigfiee ire® Nt Thet bempoua@niy retsined on the
charged into the inplant site 10 and polynerized in

si GoIIPoAlte Sy rRiedtipstalic inteEackemo miYhileatic sompanngd amay, desorb shortly
POy gl%ﬁgtloﬁ QE 8901%581994 %ﬂFécfm%];tﬂ?% éﬂn?ﬁgll% ealf/\%gébense to the

poure I'nj ec Into a

pampiatti Tahg, mipld deswopitinehachhydibbgimahemwronnmeyit iselesirable.
polymsrized nt|I e _prep Iymar is.a semsolid

putty. é‘Ho‘P?/?fréE hehifeskascPling 1 oamppgyell known to

S'tthc| blﬁﬁe@ ﬁ)‘i&ggcrg%ﬁgtﬁ%bsﬁitéﬁaﬁmpﬁ@tlﬁﬂé@ y be Bd Hﬂ[led into the

pol yner zatl 0 e 15 wound sit
anchphaont ftel fa;cﬂﬁatedmng nmgrgwdr omogpevide chmbd’ur Slédﬂlll@tlssues to the

retain th S|te|nthe| ant Po
poFPEY: AAPERIEA FERPOSE 1B %aﬁﬁo@f){ﬂé g By machined into a

lee\éHEd 5%t BBludindemnG ATRRSiHaBed Bl e dve n@bﬁ&bu&ér%&laﬂed lathes
mol d and “either Used | nmedi ately or mani pulated

crmh athén squipmenscinabliecablogk t6be sbapathintg comgleméree d1mens1ona1

g g e Lo o BB OBITA s i & ShiSE may be

acaz@ioaﬁ@édeta e al pirfidi24r HEALANOE! t TIRRe GhachiRdi didhknts may be
The surface of the inplant ma¥ be roughened using
ag

stajiaghadtotone ﬁn@tbare@mg;mpqﬂ@mb gners suen agrdeweehs, PRty and screws,
f Ieﬁ‘fgg% %frs)f %12 %r fta Bnca?ed tfr Jchgpéo%gosﬁg %f Qﬁe ?@éﬂﬁgn 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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etched, chem cally etched, or nmechanically pitted, for
exanpl e, by sand bl asting. 25 For exanple, conposites
havi ng the shape of the desired inplant may be

further surface-treated to pronote a desired cellul ar
response. Techniques for attachj,ng growh factors and
ot her bi onol ecul es to bioconpati®l e polyners are well

k WII{ DadefRSRICR 4 E e q)thbHafbe nf'&gﬁesuﬁﬁr he MR, @nd bhRr ghosphate

t he conp05|te may be plasma " etched to render the
s updsed eccments, rzéc carpexylatehiandopretain-basednbindensp liedduding but not

- cpiie i Hrin FuB0R oV A iRy heAsHlE bonding

athag BRE bk explBReEioCHRh ﬁiﬂblﬁﬁ@&ﬂ fesafthSoniisds@d t¢ oMognother.
6, 033,582 and 27 6, 119, 028 e entire contents of

V\:hl ch a%enmelohlpl@gatw #lso b rachigvedeby p@m@ themgpchined pieces to
AP 3] e BEE: 088D BREDE 4 63 ke of e

l rkfdnﬁ;ﬂﬁﬁé ithey mad behaked skof oth&rf eixig s?uihdaé‘cl tesndhking ltachniques,
gromh factors nmay be attached to attract osteobl asts

t coptivaallynafigntdesperakization. sviltermasivelys Hee machinady piecey, may be
Of gé?ﬁzlt gtgﬁ&l oﬂﬁ@%gﬁﬁﬂ&/ﬁ e %éﬂgogiﬁ?plgﬁ AcbE cAR¥d gaefo\%l cr%ss -links

mier sed I A & Sol gtion o esl npoun
|sbadvémmelt\t/®p&dsmﬁboﬁmo©1té he surface by |on exchange,
di ffusign or other pechani snms % to those skill

ed
in the Hrthe arangemispt afctbe bone partic if ghe spgPasile is anisotropic,
trgatedr thorco g;?% ShayP¥e Ris e NLfGs Gh @l’ﬁ'cﬂ ahé Qfirection of

to Increase it inty 10 for the conpound
[ rm’ieam'mns:lf rthelbeneapﬁacleél' lseoffaen’petmdn ilarerset’ﬁhmkagtem rmzt}hb;e offset

I Le ctrostatic inter o s. Wi |
0 e B edher apilonta Gt inaois Paticlss appear to form a
Wa@lt‘éf‘ﬁﬁ@dght tHe 'sﬂif:ﬂcéﬂeﬁ @rst Ip[‘?ne'lé‘,\}e}é ﬁfan BRYE aQoRBh&ds ply or rotated

ponse to the . rapfd desorption in a
pmlsl mn(ﬁgucmbn eimv MmhnEMCes.swed byjersabtee cortinmoisip| efifiget by some

al.s ch|n ordi ng,. t technlques wel |
e g o Rt gt R el fe machi ni no.  For
ex anpl e HelRs chidydieentrd blo& of ﬂk%o&g:@sué fatepial ma9 be milled or
facilitate bony |ngrom¢h or to provide channels for

s ugrovidh according ¢ theotecluequﬁsmlamd in/the epqtion| apgitlgd “Breparation of

ostte shaped, as 0 e machi ned. i,nt o
G ERRS e TR AR Seoa, b Tied R BRI BE R dh 3 be combined
abiave mdl@ Havingr a @esitddobaps dractdihﬁguraﬁsﬂ ﬁﬁzhﬂingeﬁlw PIBRE shapes
enabl e a block to be shaped into conp

t Heseribpdnshoxeopud pmS%lh@p&m ﬁéph@llaﬁ%’fémgv@sthe drapbings, of U.S.

arlsjat&ltt Blg{) v 8%%%1,3?"718 the] glitire c%%?&?s?_owmgﬁ Sl{gépf}ﬁbé%‘& h&ein by

caﬁfwmet $n ﬁq:yetbﬁed embodiment, the composite 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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attached to one anot her using nechani 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, or nortise-and-tenon régy be enmpl oyed 25 as

t he machi ned pi eces are assenbl Alternatively or in

a e

at neibe e TRAAL IR AREn TPk RRercbSTh Soimboste papictes are
addharsied én armwtdbée hquad and ca&ttoacahformrauth sl flpt sheets rrteeh e¢reen, or a

o Bt el ikt o, DR bid ey M ndka SR Ficompatibi

d%@on@ﬁ%' s %ﬁ‘e?&rﬁféﬁsab@%nt afheggvé&-@%hﬂg C&H@é’é& Sresﬁl'tsaSﬁ particle
i onorer cenents, poly(nmethyl nethacrylate) (e.g., bone

c emntanglemeyé ithat lhnlps dwofinal moplaptretean ite Shape. @uabsr adhesion between

JH; %ggllr)]gsikf%iiagaf.%%ﬁ& EI n%é%ﬁg?%dz wgg%l esn%nla tﬁ? ligyid or by

pPhasihatk@sor@ BEAUIEE MEMe Swet2hiACmEsal 1D Med @i bRRéoving the liquid
protei n-based binders, including but not limted to

fi Mmrﬁh@w@gl@d@am‘@cu@@mw@mﬁm i Aléerpatiiely orsin addition, the
Ul L rians c C bon 08'?‘1’{3?% 4 B%Jl%%i brftaé/e P |591 egtgd t aatc&%él%sswe force

e ano

Chﬁﬁ‘hig&:lr aﬁbﬂk’alglayﬂig)andﬁoﬁ o/hile tl&clhass\tﬁ@abwssaysmﬁg dtibd:
machi ned pieces to cross-link with one another. If

t here a]ﬂ’ealb@ﬁéﬂwﬁﬁ ieqbodimgnt; the complged ¢gmpasie is remelted and
strgﬁ@ar &r o!sfegsti,r ?‘%S twﬁ"%?ha%@%88@‘“%%’5%5@?”‘2{@?61963&113 and

dermm ®e akshaped Mthoﬁi triathiainigy eTle pblytherandy be dolfhidesresxtruded to
pl.asma- et ched or oxidized and then the .
p%ﬂ@.%@w@avlﬁraél@@e@aug@éed in fh?r Taps 6% 8-despird implgnt, as discussed

0
b ng & ially melted and
areatrb\gﬁgen%% afg%?-ttﬁxé %ﬁ?}e[ﬂ%gﬁ?)l cl es p\%sit%]ﬁsnétp ﬁ%ﬂ B%“r#%o% in%ee e an
[ sinm;%elddnuoqm 1|mplan$ bm@m\?\ﬁcoﬁhe% cAditpnmtlvdy raalylfadﬁned polymer may
ass i ayers in ich the direction o

e?rﬁaﬁﬁﬁwﬂafto foducs SHErch siesses gussdbyiesrdurhg madiing
| ayers. The layers may be offset by 30, 60, 90 or by

SOMe Ot hfer BABLEMAR 6fhtﬁe il RBLHEP ST %rabbﬁjeﬁtstoatﬁﬁﬁ%kﬂl&i in the
forma 15 spiral through the stacked | ayers.

I aa}’eﬁsrmayconmdarmum obtiti spaaﬁsatpilyompractmemfeﬂhe 1pr5ntlon disclosed

cﬁﬁ{f- 3615 ienedl 6 GEstialon 0 Bl songidered o
M BhES ®4th e 1ray §lope hild At Hthe aivRAGbIBeIhg irdlicated by the

bI ock of the conposite material nmay be mlled or
griellpwingcdaimsi ng to the techniques outlined in the

secti onwcﬁn{ cia%%ed Preparation of



20 Bone," above. The shaved, ground, or mlled
conposite particles may be conbined in a nold having a
desi red 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

i ncorporated herein by reference. In a preferred
enbodi ment, the conposite partjocl es incorporated into
the 25 pressed shape have the size and shape descri bed
in the 187 patent. The conposite particles may be
mleAdM$ t h addi ti onal bi oconpati bl e conponents,

i ncluding bioconpatible binders, fillers, fibers,

Pt o B BRI By Rk Ahericte SRR

nol eculpesidibg o@htralugoﬁ@@mtmmclcet cC., prior to, durl ng,

or after [ osite articles.
O e e SR B SRl gobper: an
form anoiyiRhigie Y | pridungbraGaeer g ihRrfabe b the b

> t echni qges ofﬂ% poﬁeﬁtﬁl\b é 507, 813, 1t he ent Ftyge%9 ° o
cont enpartistesand éh¢ polEmérived pobmner @@cwpéxswhwctenzed by mechanical
refere r 0
Lo ErERERIF FOTRIRUAD A hgLAmetin: AL AL kel o
sheet , wuigh of thedene-palymar cdriysosse.di nensi onal nol d. The
l'iquid may include additional bioconpatible

d bed ;ab h
Rl & g AERrresBRn g hene PR RITER precursor

10 f i nal lcmbﬂgas diet i Molet & Gbanmkidguht Rlyredh®eduwsor, increasing the
bet ween the conposite partlcles may he achi eve b% _y
i ncl udirRjecatar Fegieh of Ehei ROLITAY ATPYINOH a9f cpgting gpyadent bonds linking

ul trasop $oné Sartibign dried by
renovi ng @%999%%2%8b£$§8ﬂ£ﬁ%gpgﬂ%g%glgdﬁﬁﬁss by vacuum
or evaporation. Alternatively or in addition, the

erdt angléethethad scairdingipolsin d, whmexndhepolnmer precunspy is seleeted from
to a cql ressive for o] 10 ur| t
Pre the ?Fﬁ% TF pa?1 Jb ahd éar{@)ﬁ} P%lymemed

and/ or & éln
15 an al t ephaterve enbodi ment, the conpleted conp05|te i's
remel ted and nDIded into a desired shape.

Thernnplastl 'LI | ow. upon heatin y
bé" r eshapEdR g L PWH%PBWV%% H&g}g%@g e polymer
rolled p?quFsiﬁ ﬁl‘t@ﬁ@ vﬁé?:ula? Qﬂcmn@erﬂﬂfai stfilehRés SFRPBorRparticles.
nol dedin the shape of a desired inplant, as dlscussed

15 above. In an alternative enbodi nrent, the_ conposite

i 9 at |Pealgt110§afs‘tqrémg§o claint dwhiTein theERsie RaRiclsaeEe seiected from the
i mpl an t%ogﬁgtﬁgeoﬁgﬁhrl Hin ﬂl&ﬁr Rghd \C’;%!rﬁfclesa IBGHEEREd bone

polyne ate y to redu surface
20 stresse@nmEESHdlnyushﬁhmEer|ng machi ni ng.

6. A method according to claim 1, wherein the bone particles are obtained from a

member of the group consisting of cortical bone, cancellous bone, cortico-

cancellous bone, and mixtures thereof.




O her enbodi nents of the invention wll be apparent to
those skilled in the art froma consideration of the
specification or practice of the invention disclosed

20 herein. It is intended that the specification and
exanpl es be considered as exenplary only, with the

true scope and spirit of the invention being indicated

by the following clains. Wiat is clained is: 30

CLAIMS 1. A nethod of producigg a bone- pol yner

conposite, conprising: providing a plurality of bone

patti cliesettodnbioriing tb lokrithdnehpairt ihelbese partiklea are obtained from a
precur sor .of bi oconpat.i bl e pol ynmer; .and i .
Dol y e e of 1 SBaiR ar s picR ISP Hous R Alogghie bone, xenogeneic
i nt er f agRe Rl WaRKrd ARrlANe particles and the

pol yneri zed pol yner precursor is characterized by

nmechani cal penetration_ and infiltration and, whe

t e borferysihadi asrerdingrte daimy e yderein shagone, partipigs ¥ o fast 51% to

5 bone-pgb&ﬂgggcgﬂgg% {&thﬂgﬁggﬁghod according to claim

1, whereln poT re-zing t ymer precursor 10
conprises one or nore of pross-linkin%@the pol ymer .
précur omethadczcsaringtot ¢tlaim fpwhergingthe \popg pertisiestFie about 76% to

polyne%bgh ?%%?%Sﬁﬁﬂ%“ﬁé89%%£gﬁcovalent bonds 1i nki ng

t he polyneri rprecursor with the bone
particles. 3. A nethod according to claim1l, wherein
t H®. polA/ nethodraecatdingtto clains &) whedreid af leashabantrfi®fyoofthe bane particles
prepol yner, a flowable polyner, and a partially
pol ymer&8an84 ol yrrer. 4. A nethod according to
claim1, further conprising infiltrating the pol yner

10 Prigcur $9inckitidoackrdingas Cldiay 1, afadhdr otpsikingirddifying a surface of the
structures of the bone particles. 5. A nethod
accor dibege p&tieleai m 1, wherein the bone particles are
selected fromthe group consisting of

nopdem pehahbd edchong Rathing! BS witedh nabdifjired b@ffe comprises
20 particles, and mXxtures thereof 6. A nethod ) _
accor diattgching @l silawe 1couplieg eenttthethp dreme particles, eshegeip the silane

obt ai ned froma .nmenber of t Nolge! C i st .
corti Cézlouglgllge’ag%rg nEaIpprises %10212‘519{ dg?@.llpc gﬂeﬁcgsn élgl?)r;g%%ted into the
15 bone, gatymearkkd pelsmichpreeator.

13. A method according to claim 12, wherein the active group is monofunctional or

multifunctional.

14, A method according to claim 11, wherein the step of modifying comprises
attaching a attaching a moiety selected from the group consisting of a

20 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.

15. A method according to claim 11, wherein modifying a surface comprises

attaching a silane coupling agent to the bone particles and attaching a moiety

25 selected from the group consisting of a biomolecule, a small molecule, a
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31 7. A nethod according to claim1, wherein the bone
particles are obtained froma nenber of the group

consi sting of autogenous bone, all ogenic bone,

xenogenei ¢ bone, and m xtures thereof. 8. A nethod
according to claim1, wherein the bone particles are

at least 51%to 5 about 75% by wei ght of the

conposite. 9. A nethod according to claim1, wherein

the bone particles are about 7g%to about 99% by

wei ght of the conposite. 10. A nethod according to

cl ai m bjcasher egentat Homgsologibdly a&d% viterinke dmoimerganic material, a

particl es re,elongate.. 10..t. . A nmethod, accorgin

Pr el m i R e TR gt s b Py RohE e Finting fetel

bone particles. 12. A nethod according to claim 11,

whet ei A iethiodydcogrdimgsiordamel 5 avhpreis @ silkh¢ acdfiling agent includes a

si |l ane coi)pl [ g% al?qe t to the bone particles, wherein
the si [PQRDOCBEBL ﬁgeaéi’&grﬁm’@onpri ses an active group

that is incorporated into the 15 polynerized pol yner

Prigcur $0methbd. actorili e dlapf aardt 130 wherefil @k Mciety iyviRbMotated into
the actjve group is nonofunctional or .
mul tif @hﬁ:mpgmﬂrl.zeq polymereptsenyseic eb ke te othe | pglymarized polymer

wher ei _Q;récﬁf‘sof'ﬂf g F&Blb@fgf J&(r%lglgtra(ﬁﬁ %ﬁ-icﬁ'@aﬁent HiEAEUALY 2

attachirng a nol ety sel ecte om the group consisting
of a 20 bionolecule, a small nol ecule, a bioactive )
adént , 4a nmthedopesioong 4t Iclaimct §, vweharein empdifying ghe surface comprises

inorganic material -.a mneral. an conbinati on of

the Sbdveose Al fike I frpel e RRRIAS

according to claim11l, wherein nodifying a surface

cddpr i ¥esnethdd acturdigg atos tlamn el 8¢ dighérngoragyisiig thayingethe exposed
bone parhiclﬁ and attaching a noiety 25 selected

from t K&YF8 ‘E’e@onsi sting of a biomolecule, a small

nol ecul e, a 32 bioactive agent, a non-biologically

agii ve AiieBiodadccordihgl tB AGRAN G filfee cbbrisiAg cfisfihRing the exposed
and any conbi nati on of the above to the silane

coupl i setlaggaAibersi6. A net hod according to claim 15,

wherein the silane coupling agent includes a

21. A method according to claim 18, 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.

22, A method according to claim 11, wherein modifying a surface comprises

washing the bone particles in phosphoric acid.

23. A method according to 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.
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non- bi oconpati bl e | eaving group. 5 17. A nethod

according to claim14 or 15, wherein the noiety is

i ncorporated into the polynerized pol ymer precursor

or linked to the polynerized polymer precursor by a

menber of coval ent and non-coval ent interactions. 18.

A net hod according to claim11l, wherein nodifying the
surface conprises exposing collagen fibers at the

surface of the bone particles.;310 19. A net hod

according to claim 18, further conprising fraying the
exgosedh nreﬁiddaagemrdfdgtterdalmzn whierere tthe dhoacmer di prgpélymer forms a

claim18, furt onpr | S|ng cross-1inking the e
col | agoRFiEersas] TR o (EROR oF BRSRTEG | O RgpePhocsters)
furt hepoRQMRseS,) nﬁolﬁﬂhﬁa\fﬁéé Zi ﬁtﬂyﬁﬁﬁb@plﬁ&ﬁﬁ§3dpolz@1kylene oxides),
collagenflbers W t nmoi ety selected fromt group

consi sPPivpretes), prilvEpheedes, palvéhsrexynaidyypelyegters, poly(ortho

bi oact i bi

an i noregtgﬁ?ge%%'er |0%?{%S %lg@%ﬁi ?&Heya%e% mﬁsﬁgﬁc%mlacmnes)
of the palyaumdes,ZZpolﬁanmbhamch,c cml;daqagds; opo]yiactrdesl, polyglycolides,
wherein i f a su rlses hi ng,t he .
bone. papbrapiionth o, BUheEFoaERHe S gon i midivgg.  polyviny!
accor dlps}ﬁoﬁame} aslmngradmler RilfeyaRsacBeA Y BYibde@fhdable YpByurethanes,
precursor is a  polyner selected fromthe gro

consi sﬂ)plygacehartﬂe@de@frae%b@e ndwlmq:redegpldgmm%) poly(amlme)
co- pol | e

non- bi'o grgga]% ‘e %g{ wrr@r% 5, H&O%XH% aP&mf% gw %ﬁgn%s polyureas,
bi odegpaljyédhygemndinyd mcetbiehdp:gmdpjdém gnﬂymﬁhamylﬁ(é p@Hyethylene,
A nmet hod, accqrdin laim1, ere t he. nono

o opol FBFRYPp e el TR s ohERgs Bl

consi sting of poly(phosphoesters), polysulfones,
pQByfumarIaétan snbidoaphalainmes, fidhey ( drgyieme placing the bone

oxi des), ryl ates), ,poly(an i des)
pol y( h?ﬂ‘ﬂ’é%’ﬂi@‘?}é’f CCUBSr 9’@@&’@&% a n&iﬁg E?féﬁﬂmefé?ﬁl%‘i' 's),
pol ycar bonat es, pol ypropyl ene funerates),

p%)’(C@Pﬁm@ﬂh@&E&?ﬁcﬁﬁ to, &ﬁhﬁ’fimcoxﬁﬁhﬁ 0 aci ds,
pol yacetal s, polyl actl des, pol yglycol i

pol y( dup@alaﬂbnelymenmgﬁmmﬂwmwmsan
pol yhydr g %Igalrxolﬁtwelth {RE gé’r{ié’l:lyggoggné’% 'a{téjna‘i‘e%afi

blodegra e polycyanoacry odegrada
pol yur ebiapledsg polymerization to form the bone-polymer composite.

27. A method according to claim 1, further comprising shaping the bone
particle/polymer precursor mixture in a shape selected from the group consisting
of a bone, a section of a bone, sheet, plate, 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.

28. A method according to claim 1, further comprising partially polymerizing the
polymer precursor, putting the partially polymerized mixture in an implant site

and completing polymerization.
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pol ysacchari des, tyrosine-based pol yners,

poly(pyrrole), poly(aniline), 10 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. 25. A nethod according to claim

1, further conprising placingqshe bone

particl e/ pol ymer precursor mxture in a nold before

paymerA zasthed.acddrdiag. toAchirhh b,d ﬁaﬁreo rabnipgising phmnm the polymer

further conpri si art|aII i Zi t .

ol y e BB PR miRGRGAG blBl SRR PReRton | y

pol yneri zed naterlal and conpletlng pol ynmeri zati on

t @of or M frieehodREorpi Mmlaxﬁqqmshdr @omprisind nigelifyti a surface of the
according to claim jg. further conprising shaping the

bone ZOMPAFiIEiAEEEPABNGHARIORr ecur sor mixture in a shape
selected fromthe group consisting of a bone, a

seql i O (et d 8t8rdisd €6 (claim ?G Swhd&h! the | Lep %P Ii‘ﬁfc@fymg a surface
strand, coiled strand, «capillary network,

fiber, cnmpnsescm ra¢mber ofi e goup, consisiing oftqmbmng atpleaStt a@ptiion of the
: g?teg dre'gr ace Lsoturgﬁlenhn \Aaﬁgga%t a Bglrﬁltglll %gth%f %gg%:glg% él.ll ﬂqutra oportlon of
cl ai m 1he imzfath&etaﬁﬁﬁgaa ibfdntdequde 6n el sprfacd, yremaining :ngmnlih enolecule
25 pol yne ecursor, puiting the parjiall .. . )
pol e PSR SUage. TPatTng & hioRFHYeASEn G e SufAte SSHHiag i fporganic
pol ymemh£&{al OR thedrfads: retﬁnﬂi:gtar}%eﬁl@ SR fPfat&) afll @hytdmbination
further conprising putting the pol yner

precur 9bthephpyd.cl e mi xture in an inplant site before
polynerization 30. A nethod according to claima1,

f upt her i s [ : - :
L $2hocih ERPLBLOP ST, Rl L4558l Hining o compsic
accor diintg atshapel failowing thevdn@rcﬁ'pnl}mmizsuicap of nodi fying a
surface conprises a nenber of the group consisting of

oxldi zi,n t .l east. a rface

F Stgher Mgt Fauting 48 Slaim 2B Rberepyibe SinedE Seteeed fomyhe srow
at | easbnsistip@rdfiatibnef a séokien i aftRae, sheet pmﬂclegs;ﬂlere strand, coiled
bi onol ecul e on t he surface, retalnlng a smal |l nol ecul e

on t he SS¥ik serillanyeetiy orkndl g fthepdneshy Blaiey disk. eqne; R, screw, tube,

Surfaceyy R, NoBh Abel BRGOIAARe 1 forBh it Bleagd)

%}hﬁld@l‘ threaded
surface, retarning a m neral e sur ace,
conbi naylmdwr apfl radhe above.

34. A method according to claim 32, further comprising fastening a plurality of

machined pieces of composite together.

35. A method according to claim 34, wherein the machined pieces are fastened
together with a member of an adhesive, a mechanical fastener, ultrasonic

bonding, and any combination of the above.

36. A method according to claim 1, further comprising machining the composite
into particles after polymerization and compressing the particles to form an

osteoimplant.
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32. A nethod according to claim11, further conprising
machi ni ng the conposite into a shape follow ng the

step of polynerization. 33. A nethod according to

claim 32, wherein the shape is selected fromthe group

15 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, tooth, tootdy root, strut, wedge,

portion of wedge, cylinder, threaded cylinder, and

réd. 34 metired hadomiimgortdi clgimt 036 | eheane2,thd uondpesite particles are
conprising fastening a plurality o 0 machi ned
piecesCB?ggﬁﬁ%dgﬂ{%&FﬁbgFﬂgﬁLmééwu 100Rbd accor di ng

to claim34, wherein the nmachi ned pi eces are fastened

t aget hex mkthBd aacveribey 16f claiin agf)eahyin ah¢rendhdokital particles are
fastener, ultrasgnic bonding, and any. conbinatj on of

the ab&o@preseed withafomescheatecsraipwe? 508 2ad byl ﬁf?sOPQP%lher

conpri sing machining the conposite 25 into particles

afdoer ROMEIRId ZR5RTE BNIaifOP8)WWReLiAGhd BSmPratdel CoRPosif particles
forman osteoinplant. 35 37. A method according to

cl ai m 38ve aweidephimerot graisotiand2parti cl es are

conpressed with a force greater than about 1000 psi.

38 A ' CA@IARARE iRz RoBfing th it
c%ﬁbos??gﬂﬁgpsﬁgﬁégﬁggéﬂﬁgbﬁgresse§°§?ﬁﬁ gr&gorcé]1g ® COMPOSTe
bet wee paaivtegtwitb 8 tnemtetr abeutetthify 4t fdécontpaBele binder, filler, fiber,

met hod accardin . ¢lLaim 36, wherein the conpressed
conposiPENYET ibgqsggwﬁ’m@ 28481 QUL AR FESYr é’é‘fné‘?lewle’ small
than 320lechih, BidaBIROGgAEC Ol Nyt QombiAbfion36of fthé t KtRFve before
conpri sing conbi ni ng tﬁe conposite particles with a

menber CORIPEESHBE-t i ng agent, bi oconpati bl e bi nder,

filler, fiber, plasticizer, biostatic/biocidal agent,

suif acey Afkiodes » to 1 QHP3 € Gl efein SRR EImpEssBcBfpb&ie particles
bi oacti ve agent, and any conbi nation of the above

bef or e havoaphaps selected 4rbm the rgeupordnsisiing off mbonep a seetiom of a bone,

36, whejein,the conpressed, conposi rtigles _have
Shape. Shebibt BB sRieS AT Coned SRRy apfilafy pesHBHS fitm, iber,
sect i omnegh, dis)enids, pin Bee, tubd, 2 todB) thbliréot, SANESW&Ige, portion of
strand, coiled strand, capillary network, film fiber,

wedge, cylinder, threaded cylinder, and rod.

42. A method according to claim 1, further comprising machining the composite

into particles and wet-laying the particles to form an osteoimplant.

43. A method according to claim 1, further comprising heating at least a portion of

the composite to a temperature at which the polymer flows.

44. A method according to claim 43, further comprising implanting the at least
partially melted composite into an implant site before allowing the composite to

cool,
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15 nesh, disk, cone, pin, screw, tube, cup, tooth,

tooth root, strut, wedge, portion of wedge, cylinder,

t hreaded cylinder, and rod. 42. A nmethod according to
claim1, further conprising machining the conposite

into particles and wet-laying the particles to form an
osteoi nplant. 43. A nethod according to claiml,

further conprising heating at |east a portion of 20

the conposite to a tenperaturggat which the polyner

flows. 44. A nethod according to claim43, further

cafpri A mgthodptandingdp ¢lhim 41 fuktherscomppiamigi calripyessip g tleedplurality of

COP O b bt e e EnE S St A SR e wit e
claim %olﬁd&-{,ﬁ@ﬁmmn’pri Si ng conpr essi ng the plurality

of bone particles together in a predeterm ned shape

Aot hoUmaEESAehnE 8 Eh i DaSh SRR drorHRFGER B R G have s
bone p%;di&)hlgﬁ%g%\ggea@erﬂﬁm\ggw vol une not greater than

32% 47. A nethod according to claim45, further

conprising conbining the bone particles with a nenber

oft7a wet mistepdageserding tocaaigntdSh ferthr mpanprisig pespbining the bone
ot ve PSS il £ Rispeat BER Shsefen bRl PhcotiYle bl ARk, fber
agent , phasticiasty bossmabicdiicidah agéntf berfabcacevd efzemte bidhfolecule, small
conpressin 48, A. nmethod according to claim4

wher ei ﬁ‘otl??g‘]ee oﬁ‘ﬁ?@é‘?e&g%n ea“éaraflyc?%‘?glﬂgw ot gﬁﬁeap%bove before
sel ect @gmprceihg.he group consisting of a bone, a

s;ectl (cj)n or la (kj)on;e, sgeet, _ Io: at e, p?rtl El e],t_ Isphe1[ _eb

strand, coiled strand, capillary network, film fiber,

mé8h, Admsthod ggeradingite,claig A8, whereipdhe eqppressgd ppne pygtiles have a
r oot teel ool Gfom BRY & st deliBEIBE a bone, sheet,
t hr eadgggpgysle}e\r%%gr, a%%rg%]c%}suiéggﬁp%%gf’taﬁ%ﬁ, 8 botie, shee
conpr i plate pasicid, spherd, stramk chitedestrpad, tchpillay; netwatkafilm, fiber, mesh,

pol ymer,. precursor sel ected from a nononer .
pr epol r SO0E: Iy WEhT™e t“E‘?’o nﬁ%(}%’bﬁogﬁ’pﬁqoit/r%'{t’ ¥gdge, portion of
\%lrtl alwkelig§ QK NARE, thReddd tindeadndabeé 20 pol yner,

erein:

49. A composition, comprising;

a plurality of bone particles; and

a polymer precursor selected from a monomer, a prepolymer, a flowable
biocompatible polymer, and a partially-polymerized biocompatible
polymer, wherein:

the composition is adapted and constructed such that, when the polymer
precursor is polymerized, at least a portion of the interstitial and vascular
structure of the bone particles is infiltrated by the polymerized polymer
precursor, and wherein the bone particles are at least 51% by weight of

the bone-polymer composition.

50. A composition according to claim 49, wherein at least a portion of the bone

particles are covalently linked to the polymer precursor.
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the conposition is adapted and constructed such that,

when the polynmer precursor is polynerized, at |east a
portion of the interstitial and vascular structure of

the bone particles is infiltrated by the polynerized

pol yner precursor, and wherein the bone particles are

at least 51% by weight of 25 the bone-pol yner

conmposition. 50. A conposition according to claim 49,
wherein at |east a portion of syhe bone particles are
covalently |linked to the pol ymer precursor. 37 51. A

c ohposiAt commpoaitionackonding @ dhim 49, 4eherain atrledsna abrtioe af theanterstitial

portion of the interstitial,and vascul ar.struyctur. f

Phe. bored paras uetiof i pEapafitsy off M Sl e potymer
precur pfdcursé2. A conposition according to claim 49,

wherein the bone particles are selected 5 fromthe

group consistipng of nondem neralized bope particles,
defi nerafBRAFIIHACEOTIHIE octlag 3%, iheasintths Bong pufieles are selected

53. A eoppasi b Qi St9ndrielritdizAP bodd hrBic s, Bénineralized
bone parti cl ef%rjogl?g %ﬁt ar\llgned nfreom a merrbgr gf th(sé’ sratiee
group bowspasti¢lesy and midwues thateobone, cancel | ous bone,
cortico-cancel | ous bone, and m xtures thereof. 10 54.

part ] ooty AR RS b bl Y Gl JEIRORE obrained

consi sftiong aomhembiéroge theeu gronp nevnsiating @€ rottichbbene, cancelious bone,
xenogenei.c bone aq% m xtur.es thereqgf. 55. A
conposF?‘F‘B?]‘cﬂlcég?‘Ei G289 QpEURS AeFreqfher ei n t he bone
particles are at least 51 %to about 75% by wei ght of

t B, compashpRitiohacbéiding t6 UEIRSEY, veHdredf GRS BhneCpaitic1€d &k Mhtained
49, wherein the bone particles are about 76% to about.
99% by fijay gHpengher (o dhe grppseansisting of AuEgpRYS ibongrallogenic bone,

accordkag)ggigeigt 'eﬁrﬂlgnﬂx\f‘d}ﬁgﬁla&oﬁt | east about 60% of

the bone “particles are elongate. 58. A conposition
according to claim49, wherein surfaces of the bone
pabti cAeeorapasitiontacaendinigi todclaifn 49, Avheseipabe thooe particles are at least

accor di o clakgn,H8. .wherein the surfaces of the
bone pgrttgit% eosuté}g °ebyd“é?lé\é\;é)tfi?hzee°8nﬁ°fl " a silane coupl i ng
agent to the bone particles, wherein the

56. A composition according to claim 49, wherein the bone particles are about 76%

to about 99% by weight of the composite.

37. A composition according to claim 49, wherein at least about 60% of the bone

particles are elongate.

58. A composition according to claim 49, wherein surfaces of the bone particles are
modified.

59. A composition according to claim 58, 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.
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sil ane coupling agent conprises an active group that

is incorporated into the polynerized pol yner

precursor. 38 60. A conposition according to claim

59, wherein the active group is nonofhnctional or

mul tifunctional. 61. A conposition according to claim

58, wherein the surfaces of the bone particles are
derivatized with a noiety selected fromthe group
consisting of a 5 bionoleculegga small nolecule, a

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

ar60i norAgacompasitoar iaatqrdmgmtmeclahn a®d vereyeinoths rextivongroup s
of the aboye ne particles. 62. A conposition

accor dinﬁ‘°¥‘B“ f:‘?’?ﬁl %Uﬂfggg?ln the surfaces of the

bone particles are derivatized with a silane coupl i ng

agant  ancompwitRinctditingith alaém 68 whérsig thé Surfagendf ths bone particles

derivatized with a ety selected. fromthe
consi staffi'l egffatgzeg, gﬁ& acippisty Seleptedl | Erﬂza g@u|£oupa consisting of a

bi oact iyEnQE&MN,  a 3R "m0k %dcﬁv@ggeﬁfea fLbIoglcally active
an inorganic material, a m neral and any conbi nation

of the naﬂ:berwé, anGBorgAnic angteral td winesad caonddiny gonbinatign of §1E above to
or cIa| \é@ ein the noiety is incorporated into

t he pol yn%orqe? 1c{f’éﬂ ymer precursor and |inked to the

15 pol yneri zed pol yner precursor by a nmenber of

c@2al et cdampﬁrtamtdcmdmgno okaim 68 awhertinithe surfaces afithe bamedparticles

any conbi nati gn of . bove. 64. A conposjti.on, . .
accor dlaFFgg?rbvaEF%ﬂ il 8'1 é’}equJTlprg g -Vﬁgggﬂéb@sﬂane coupling

expose%@:& fgf&nvét%eﬁaﬁﬁh Qf nohey REIB&edFFdnh Ghé SroupSeconisting of a
conposi tion according to claim®64, wherein the exposed

col | agdiemelpeules & small apolpeulg.eel bigstives agatip 8 sianralogically active
accor d'nﬁﬁgerla? a?ll ﬁ&rﬂ%rﬁﬁwaé@ﬁ%%'nﬁg@ﬁle afid W&%b?ﬁ&twﬁ%? ﬁlc above

fibers are crossli osI'tion accordi
to claim64, wherein the exposed coI | agen fibers are o
deédi vatA z:edlpw';itibn axccmdiagytosélaim:tﬁédorf claimt éi whaep the moiety is

consi sti ng of 0 smal | nol ecul e,,.
b1 oact IYETREGERT, e 1B BT e a Py R roRiRR B9 dirRed to the
an i NnQopatHre drg)bsmar Srecdurdr NS1 8l merdhd @yovaluibiine@iacOehs, non-
of the abqgve.

covalent interactions, and any combination of the above.

64. A composition according to claim 58 wherein collagen fibers are exposed at the

surface of the bone particles.

65. A composition according to claim 64, wherein the exposed collagen fibers are

frayed.

66. A composition according to claim 64, wherein the exposed collagen fibers are
cross-linked.

67. A composition according to claim 64, 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.
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68. A conposition according to claimb58 wherein the

bone particles conprise a coating of cal cium

phosphate. 69. A conposition according to claim 49,

wherein the polynerized polyner precursor is a

pol ymer selected fromthe group consisting of

bi odegr adabl e, non- 5 bi odegradabl e, co-polyners of

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

bi odegr adabl e pol yners, and coygol yners of

bi odegr adabl e and non- bi odegradabl e pol yners. 70. A
Cdi8posiA icompegiter diqvgling telctinm O wheiear gienbaneepaptidlgarermprise 2

is selected f th up consisting of
poIy(pﬁﬁgﬂﬁﬁgg?gbgﬁghﬁﬂﬁﬁgulfones pol yfumarates, 10
pol yphosphazi nes, pol y(al kyl ene oxi des),

pady (ary| Cﬁﬁlﬁﬁ)si,tloﬂ oicytéﬂmtg/dcs i dligify) A9 P abhetdiy dhexpolanenie)l, polymer
pol yesters, poly(ortho estgrs) pol ycar bgnat

pol y( pribBHERE & qtssgey 551 0E $F°BI aEL BES] biodegradable, non-
pol yamgi&s aH%lé!%B? I?ﬁl'eﬂsof blBQé Iea Slymers, co-polymers of non-
polylactld pol ygl ycol 1 des, i oxahones)

pol yhydmkgtad@lglﬁ apelymge, yhiydzlr ngéwmt@f lp@qlgg(aﬂahlyl and non-
pyrrol id 5 _Dbi odegr adabl e pol ycyanoacryl at es,

bi odegrbél0 agﬁ)adabéopsl&me{shanes pol ysacchari des,

tyrosi ne-based pol yners, poly(pyrrole), poly(aniline),
pAally (t b\ omhpositjon quobrdiigyto celm:m %o whbicodéag pabjaler és selected from the

ggle%/g{ %h“%ggé‘ﬁpﬁﬁol gur aSPOMF %g@ &bqegsg\jlféul%lncs polyfurnarates,
pol yet Wl)}%ﬁ@sphaﬁﬁé (ﬁ&i%ﬁh@l@e%m&? gdlsﬂ(a?mteg)r efoly(anhydrides),

adduct s, "and co-pol yners ther eof osition
accor dumbfﬂnxslr@xyau eil9), wplbestans.t hpoly(aithgl i esters}), bpelycarbonates,

parti Clp?%/@lrxﬁ%leﬁeo fﬁ?ﬁ&ﬁéﬁ)d gél&@:?ﬁé{&ﬁefctdn@s)apgfygﬁ%gr&IQ:SHmO acids,

shape. onpositio
wher ei lpotylaeeta:ls,rrpr es pelylaptaddsi cl es pblg&giycahdasm d vqloly@ioxanones),

not grea r n 32% 73. A i on ac 0 gto

claim?? Y%V }aﬁl&}tyréﬁn'pr i@lﬂ’é’gﬁ?%‘ﬁﬁﬁ »of B yé’ 9 " Byrrolidone),
bi ocompaideptagatiit nde rpol)fdtyhﬂcﬁfzryld‘tésber HibREhakdsbléer , polyurethanes,
bi ost ati ¢/ bi oci dal agen surface activé agent,

bi onol @emswch@rmws,l mp@n@b@ed bi RdENEe 2gBMRYTAIAd @ely(aniline),
comnbi n d’@lopﬂg‘ne m T}g%\/\ﬁie &, 49011? de@;}&gfgj%’lﬁﬁ anes, polyureas,

accor di ern ape 1I's se

f r om a pshégikylewd etivedicéarein pdigpopdei:, cpzﬂmsthamrglamt palyethylene,

bone, cii.on of. baone, shee article
pofc’y?etfljlflene OXIdES and mlxtures a&ducg amdI co-polymers thereof.

71. A composition according to claim 49, wherein the plurality of bone particles are

compressed together in a predetermined shape.

72. A composition according to claim 71, wherein the compressed particles have a

void volume not greater than 32%.

73. A composition according to claim 71, 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.
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sphere, strand, coiled strand, capillary network,

film fiber, mesh, plate, disk, cone, pin, screw,

tube, cup, tooth, tooth root, strut, wedge, portion of
wedge, 5 cylinder, threaded cylinder, and rod. 75. A

| oad- beari ng osteoi npl ant produced by the steps of:
providing a plurality of bone particles; conbining the

bone particles with a precursor of a bioconpatible

pol ymer; and pol ymerizing thegool ymer precursor to

forma conposite of a polyner and the 10 bone

pamtic Iﬁeeqmpdsii'roai aacdriimgitotlein ahewltm&invém"shapaeis seleated from a shape

gﬁ;tr iagltsgé?tgggt ﬁ%&%%ﬁ%? lé%é)p%trai %ﬁt‘lﬂc u%ts aobone sheet, particle,

infilt rsgﬁér@nsnaﬁ& co‘?lédcsﬁhﬁpldipiilaﬂi nét@6£K, dilfg fiber, GhedhMplate, disk,
75, wherein polynerizing the l'ymer precursor

conpr i $888: g SFeWrTHRS: &pp,cﬁoegls Ifrqﬂh keGigStiHe Wpdgey mattion of wedge,
precur %9ﬁnder]tﬁreh&léar<§zﬁgaé?gaﬂdf}8d nol ecul ar wei ght of the
n

pol ymer ~ precur sor creating coval ent bonds
l'i nking the polynerized pol yner ghecur sor with the
bde pak loadibearingrateonnplaniipseduepd bnthestepoetii ng to claim

T PSSy PP ARAP |2 oo eoted (roma
par ti alcbibinied fre0ohzLatigled witkes pre2@rs8180f a»%’io@ﬂi;ﬁﬁblﬁ'ﬁdowmer and

according to. claim75, wherein, fore the p
pr ecur S8HVMEZNgIhg pebeE grecursel @tfgnpéa%qmpg% Pf A gbgper and the

the vascul ahoadflarifeE Wtfekdih Me Dlerfded BER et theltdhe PARIes and the
particles are infiltrated with the polymer precursor.

79. An ost eglypictired apelpmei npreewsel ab meacteizedeiy t trechanical

bone parti cl fromthe group consisting
of nondening§§w%5§a%5%ﬁgt%§9?lcles, dem neralized 25
bone particles, and m xtures thereof. 41 80. An

oS6e0i Ml asttoiaptoat dicegding 1! daim 75, wldamumpnlymtmzbrgnﬂle polymer
particles are obtained froma me f the

consi sPFYSEF CBPIFSaP HMe™oa eqr?sé pofymer precursor,

corti C%&é’dﬁﬁl%'ﬂl@ﬂﬁle@ﬂlﬁﬁwe%ﬁﬂoﬂﬁlé SivaRr faf&@ﬁt@&f an®dreatii} covalent
ost eoi rrpl ant _according to claim 75 wherein the bone

particl egdSaltréimgjhap@lmer@edmOémm prgcEser with theeong pariisles.

consi sting of autogenous bone, allogenic bone,

xenogeng Bstgﬁﬁﬁn’lan? rh@c&h?ﬁ%u{oe Slair} efs¢ Qfherein the polymer precursor is

selected from a monomer, a prepolymer, a flowable polymer, and a partially

polymerized polymer.

78.  An osteoimplant according to claim 75, 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.

79.  An osteoimplant according to claim 75, wherein the bone particles are selected
from the group consisting of nondemineralized bone particles, demineralized

bone particles, and mixtures thereof.
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82. An osteoi nplant according to claim?75, wherein the

bone particles are about 1% to about 25% by wei ght of

the conposite. 83. An osteoinplant according to claim

75, wherein the bone particles are about 10 26%to

about 50% by wei ght of the conposite. 84. An

ost eoi npl ant according to claim75, wherein the bone
particles are about 51%to about 75% by wei ght of the
conposite. 85. An osteoi nplantyaccording to claim 75,
wherein the bone particles are about 76%to about 99%
by8Onei gl oﬂéoimbhncmpﬂhﬁng ®. cldim BH whAreimﬂ:ted:mjnmphnmtes are obtained

accordi claim 75, wherein at. t aboyt 60% of
e bl 50 pentben ol dhe, Moy pohsting AT Sorie (Hopeniarakious bone
accor dloeambcz;aﬁé@lbﬁaﬂ&e Ma%ﬁhﬁessmerfeapes of the bone

particles are nodifi ed. 88. An ost €oi npl ant accor di ng

to claim87, wherein the surfaces of the bone
palt i clAssosteaimplant yesprdingtoblaim %, syhersie thehope ipﬁ@wk-'@ d@Ff obtained

to the png ﬁ@ﬁ‘nﬁérclﬂe&e E@ﬁs‘ﬂstﬂhﬁeofsiult RouzObtle! Qﬂodgemc bone,

agent conprises an acti%e grou ncorporate

into th@mﬁahwnbpne89dnﬁnnn$thmnqﬁﬂ ant according to

claim 88, wherein the active group is nonof notiona

Orgsmul t RS j 0
t 0820| AI{ @#gonirl\lﬁﬁ% accort%h 9t§ ﬁ} i 73 S‘svggreltnh 3 E%rﬁgga?@c[igsl 418 about 1%

parti Cltesb(thS%ElfylWﬁglhtzﬁdle\mlohfpoatelml ety selected from
the group consisting of a bionolecule, a snal

ecule, a hio t|ve e i ol.ogi cal | actlve
er i i oflrotmARnY afoLte fa lelin F3n hers She bane palngjes e about

conbi ng6lpid Bbuil 308 BPRERIE &F thdcdhigoshgne parti cl es. 91.
An osteoi npl ant according to claim87, wherein the

surfaces of the bone gartlcles are derivatized with

a
si¥tane “gb OPFIIRP!aRE AFROTHAG touskaina| 19, trhsTedR thenkonecRattitlpsgre about
agent 'SSI‘V&jt%ra'bE{@tt?S@fG’yWe%ﬂ cﬁﬁﬁfo s3gl ected fromthe

group consisting o a smal |l nol ecul e,
a bioactive agent, a non- blologlcally active 10
méer | din oacplmlﬁmgamocdlnatt@plaan 75a wheredn die, bengopastigles are about

combi nat.} f tdae Aaboyve An ost eoi npl ant
accordﬁ%équgdﬁg%ﬁékf@%¢t?a|n1 poshﬁereln the noiety
is a

86.  An osteoimplant according to claim 75, wherein at least about 60% of the bone

particles are elongate.

87.  An osteoimplant according to claim 75, wherein surfaces of the bone particles

are modified.

83.  An osteoimplant according to claim 87, 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.

89.  An osteoimplant according to claim 88, wherein the active group is

monofunctional or multifunctional.




10

15

menber of incorporated into the polynerized pol ynmer
precursor and linked to the polynmer by a nenber of

coval ent interactions, non-covalent interactions, and

both of the above. 15 93. An osteoi nplant according to
claim 87, wherein collagen fibers are exposed at the
surface of the bone particles. 94. An osteoinpl ant

according to claim93, wherein the exposed coll agen

fibers are frayed. 95. An ostgoi nplant according to

claim 93, wherein the exposed collagen fibers are 20
Cr90ss - |Am lostdoinfpbant Mcmﬂtngotorrp]amtS?aonlmrdh niye tsmrfatesi of the bone

93, mherej t he ex | | age ber,s. ar .

Gor i ndrSclps e A RERE R 2uP D cts iarfith dhe, migup consisting of a
consi sthidubleful® PisRED! B6letBe, R bisBd aQEﬂteﬁl«ﬁcﬁl,—b@lofgwally active
bi oactive a ent, a non- blologlcally active materia

an i narRILANTReTEARI| Materiak avainsral, apdny epmbispm af thrrbove to
of the 7 An ost eoi npl ant accordlng to
JFRE padilcd

claim reirn the bone particles conprise a

coati ng of cal ci um phosphate. 43 98. An osteoi npl ant

a@tor difmyg osteoinipkintn a?EQrdimgetoeblnimrfé’ pﬂhweﬁsrthb susigtascolethe bone
fromthe u onS|st i ode da | e

non- bi UG RS AEvaige S sy CHHpRag dify pag) wherein the silane
pol ynekcsupli@-agedtN§edrivatfedvoith Hhoitegiciaadd forh HeydrliSconsisting of
and co- pol yners of blodegradable and

non- bi adégma’&alﬁpea serY rreplsculs pbioagtiyeagerlianinabiplogically active
accor dighge1,9 aﬁlu%rga Smal¥ia, 9 F@?,&ﬁéwfnmuaﬁ betHeeove.
ns

from the group c Isting o hoesters
pol ysul f ones, pol yfunmar at es, polyphospha2|nes
P&y ( alﬂwbﬁmmplantj e@pr&m ko g]anp|9§t @sglaim 91, wherein the moiety is a

Bg: zg g;ﬁ?%fgb es gfpopagef%/ ﬁl& &be )r% gnz%ﬁ?sﬂoh@t?ér p?ec’cﬁ.l?srorc‘ and linked to

f umer a&l&sﬁgolymei y{ capembacsOo®a)ent mémaidnd,eﬁon-mia;eammeracuons

aci ds, cetals, polylactides, polyglycolides,
poly(d@%ghﬁgﬁégFa'Uﬂblyhydroxybutyrate
pol yhydr oxyval yrate, poly(vinyl pyrrolidone),

biga de g adsdtmpahty &% RNACHOYIARES?, WHeRIE 9618aR fBers are exposed at
pol yur et hanes, ol ysacchari des, tyrosine-Dbased

pol ynethe sufersefishe besneeprticlest y (ani | i ne) ,
pol y(thi ophene), pol ystyrene, non-bi odegradabl e

Plyyur m%ﬁnplaﬁj 266 to claim 93, wherein the exposed collagen fibers are
frayed.

An osteoimplant according to claim 93, wherein the exposed collagen fibers are
cross-linked.

An osteoimplant according to claim 93, 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.

An osteoimplant according to claim 87, wherein the bone particles comprise a

coating of calcium phosphate.
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15 pol y(ethyl ene vinyl acetate), polypropyl ene,

pol ynet hacryl ate, pol yethyl ene, poly(ethylene oxide),

and m xtures, adducts, and co-polyners thereof. 100.

An osteoi npl ant according to claim75, wherein the
conposite has a shape selected fromthe group

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

plate, disk, cone, pin, particle, sphere, strand,

coiled strand, capillary netwask, film 20 fiber

mesh, screw, tube, cup, tooth, tooth root, strut,

weidge, Apoostewmpbint wedyling tacylio 36y wherkinethd golyanydri is] delﬁcted from

d 101 An ost di
Sher or 116 91, Pt pE b iR fE Pl HioliPeridabld’ dpotymers of
conpOSlbﬁ@ie%fadﬁms ipblyatkrs, £8olydero 5F aon-blldagradatie polghiees, and co-

toclaim1l V\herelnthe ortion of the surface is a
25 mentpelymsrs e Ep@n -piedegrndabla ralyaers-

roughened, etched assom ated with a bionol ecul e,

a3yocl %?Qst%ifn’ﬁlaﬁt 8Bkdind®] SGith 98, RRSLH b §IvMhdrNs Relected from
bi oactive 44 agent, associated with an inordganic

mat er i dhe g consigthawiof hpcdy(nhw@hmsterﬁncp fones, polyfumarates,

conbin - a st eqj .
accordi g}'% p OS%B’# 7@%@%{3&6 rern® ?ﬁg@ﬂpﬁ%t poly(anhydrides),
conpr i peby(laydrglyur abidb)( oﬁolpeseﬁgs pcf»ly(wﬂipos biters)‘ aspelgedbonates,
together in a pr e?et erm.ne

ost eoi RBIVARPPYER fHRSHEfe Jopely T poHs §neiln o ARidepcpolyamino acids,

pi eces yafya6QAROSI t epalyRictidast ene%oh%ﬁ_,%ﬁh&rs W' t h Rly(dioxanones),
menber o an adheS|ve a nechani cal’ “fasten

ul t r as ealybydronghutyrateand Rehyhydroxtyy aimeicon d?OlY(NQthOVIB’IrOthIle),

105. | ant n o cl g erei

t he cé%ﬁogﬁ%éﬁ%gaqqg shd] 3%9%1 rﬁ’gall%icl e?’léﬁeﬁ%dv&were otl)ﬁuéethanes’
parti clpeBrsaucRarideepr e;&sﬁﬂle-basea Prctyiaés rrpnl@@;;&i‘mq:)s pbDy(aniline),
106. An g{iéeo' gant accordi ngh to.cla 105 rein

the cokf maLYShEenep oRqh-Ripdegr %’F {5Psu ReLyureas,
not gr ?@E@éthﬁl@@en vesoablte), Aﬁbl?ﬁ%ﬁﬁbﬂ@' ﬁi?#m&ﬁ&‘i’j}lgien $olyRthylene,

claim further “conpri sing
bi ocorrpa}yi(ftihjelelm m@er)aanﬁunukwes addueis, aq@castqlmqr@thereof

bi ostati c/ bi oci dal agent, surface active agent,

bi I . t t
clolﬁg‘lona :Jéﬁeo@g%t ?‘ﬁ’é‘ﬁ% g§ é;lﬁhlggﬁﬁ e\’v};{tﬁelﬁgtﬁg cm@@giteaﬂé(s a shape
conpr esaleetgd fibBthe Aroupstomsistiqyt aféd bown mmectsmmgf a hone, sheet, plate,

plural Idgs)é, 85118?}0)1[}16 p rtlcieI %;lﬂlee?e stragd coiled strand, capillary network, film,

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

cylinder, threaded cylinder, and rod.

101.  An osteoimplant according to claim 75, wherein at least a portion of a surface of

the composite is modified.

102.  An osteoimplant according to claim 101, 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 bi oconpati bl e polyner, wherein the bone-pol ymer

interface conprises at least a portion of the

surfaces of the interstitial and vascul ar structure of

the 20 bone particles, and wherein the bone particles

are at least 51% by wei ght of the osteoinplant. 109.

A conposition, conprising: at |east one individual

bone particle coated with a polymer precursor selected
froma nononer, a flowable bi ggonpatible polyner, a

prepol yner, and 25 a partially polynerized

bi oconpgdni, hismcpmd:cymh an \iveganinmatehiel) assbeiated Iwithea mineral, and any
precur sor %— J W%L ﬁ%ﬁ the interface between the bone

parti cFYbiationolthe ghoves| yeri zed pol yner precursor is
characterized by nmechanical penetration and

i O3 t raat &Mmplaﬂt waslrdaig%ot dginb P3| ewlpéihithd 6StedifPlaat comprises a
| east 51% by weig the conposition., 110. A

conpos PHy&ERY SEEIS?%OR? gomBOSétP dastAned) @ge&ﬁ%ma predgiggmined shape.
interstitial and vascular 5 structure of the bone

pqonl Clag d)s@eo?thp]'aﬁta&,tcofé@r[gt ioafl:llu)h 'lﬁ‘f '\irﬁe'%éihfiﬂe Piek &l éfh&)mposne are
pol ynmer — precursor. . A net hod re arlng bone
partic rt"zt,ste@gdrﬁosfrthﬂowﬂhc@mppmbﬂn gf @@aﬂ vg,t al mghamqah efastener,
I ndi vi %ﬁ%sor\l%:ggnﬁ [ anre?r c‘toHn{bma%lo of ﬁ‘lte aBgéley mer

precur sor, er el yIer precur sor

pol ynmeri zes, an interface betmeen the bone particle

ants.t hénléstgnimplants an’co'rcﬁng: @ chih €15, »deirdiy tive nempesiteam shaped as
and infil.t wherein the bone . particles.are

a1 ealitibleS s el R BRIl sl predetdiintd Shape.
conmposition. 112. A nmethod according to claim 111,

f uoé. hemcwmfuhpiaﬁgamﬁﬁgﬂ itd’lglaﬁnpﬂOlS[ alheteyh e cdimpiessed composite
particles w a second ner precur sor and

pol ymePiirlss ?‘ﬁ’ea ‘fq1‘§§‘?1“%‘ﬁdl° st Orer precursors

to forma conposite. 15 113. A nethod according to

cligy m hhlosidi@pRhh a(@c‘&ﬁhﬁ’? hy @Pﬁﬁmpf(ﬁc%% cbﬁalp%%!ngcat &f¢mber of a
froma nonomer, e bloconpatlb e

pr epol pivepmpatibde hmdprarftllem fier,pplastiviger, Zd @lstmo&;@ﬁﬁdt agehie surface
pol y”eﬁctﬁxﬂeﬁaﬁexﬁ‘ ﬁ%ﬁlﬂfégul%"s%%ﬁﬂh&@c&l&tb?% i Jgg]e?n a}ﬁ‘ﬁ‘%f&&nbmauon

coati ng conprises spray’ c
or usi ngthaaﬁéwtélfdredletw@of%mjaﬁsmg\ met hod accordi ng
to claim 111, further conprising infiltrating at |east
2108.  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 bone particles are at least 51% by weight of the osteoimplant.

109. 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
polymer precursor polymerizes, the interface between the bone particles
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portion of the interstitial and vascul ar structure of
the bone particle with the polyner precursor.

110.

111.

112.

113.

114.

115.

45
and the polymerized polymer precursor is characterized by mechanical
penetration and infiltration, and

wherein the bone particles are at least 51% by weight of the composition.

A composition according to claim 109, 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
polymer precursor polymerizes, an interface between the bone particle and the
precursor is characterized by penetration and infiltration, and wherein the bone

particles are at least 51% by weight of the bone-polymer composition.

A method according to claim 111, further comprising combining a plurality of
bone particles with a second polymer precursor and polymerizing the first and

second polymer precursors to form a composite.

A method according to claim 111, wherein the polymer precursor is selected
from a monomer, a flowable biocompatible polymer, a prepolymer, and a

partially polymerized biocompatible polymer

A method according to claim 111, wherein coating comprises spray coating,

tumbling, dipping, or using a fluidized bed.

A method according to claim 111, further comprising infiltrating at least a
portion of the interstitial and vascular structure of the bone particle with the

polymer precursor.



