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1 Synthesis of a Bone-Pol yner Conposite Mterial

This application clainms the priority of U S

Provi si onal application no. 60/402,998, filed August

12, 2002, the entire contents of which are

i ncorporated herein by referencq. 5Field of the

I nventi on This invention pertains to the

synthesis of conposite naterials for use in orthopedic

appl i cati Synthesis, of® BomsePolyinex CompasithMateridesi s

of bone-reinforced polyner matrix conposites.

Background of the Invention 10Vertebrate bone is a .
conposilihés aeplication dymsodedpBIrity npilileS hyErvdsiguab atnpligation no.
c I8t I e[ ns.
P95, A Auh 2 H0 . F Vil SHRGRY BLRIRHE MRS mePorated
c abreebpradgessed into an inplantable biomaterial, such

as an allograft, for exanple, by renoving the cells,

| eavi ng behind the extracellular matri x. The processed
bone biomaterial can hiieddgl i 1 15 properties,
dependiries HRERd geﬁaq% bd e BARRSSSScasbsitE §RLERAE For use in
applied to 1t, and may i ncorporate characteristics of
otontbppdifio amilieniiass and, trhonehspedificallyi, $o thendyintteedis dfdrone-reinforced
exampl e, Qone-deered bi omateri als may be processed

i ROO ™MD S SPPRY P ner al i zed grafts that support and
integrate with the patient's bone or nmay alternatively

be processed into sqdckerdldibdt the Phvdntionabl e

dem neral i zed bone bromatertals that have 20t he ,
abi | i t Werigbiatrioans iaacempositermatertli oegnposeshefigwure hydroxyapatite,

Th f.b . f i '
TS, Bhang VRS 3RS AR B bt

WadhétentCails.r 6021ebfaa¢ Boid t4i0bd pideesskd e tancimpdintsbi@biomaterial,
tissue, fractures and other orthopedic injuries take a

| SHeh epnn pograly for gramplewSycremardns dhfe ceUs uisaring egind the
S%Qﬁggeﬁlu%gyﬁhﬂx()g'fhé % 58 Weahio%eﬂéial S@a{ne\%“%e Z31”@'c11‘ie’ty of
meshes are frequently required to repl ace the
npehpatiaalefendini upos thé spatjific pobcbsaeandoestinents applied to it, and
is significantly stjffer_ than bone. Use_ of .netal .

i FAYAREQPHie shetasfarisies ﬁé}f@%}é@aﬂs’aﬂé vatnuhichy i35 gempyned. For

t RgampR B‘ﬁ‘ﬂ{e-(?érfv%d Bt dtSidd £S5 DeDRORb L RBko 16AH-bASIME N iReralized

metal "1 nplants are pernmanent”and unable to participate
i gryfisy that bagpioctabnd ertegletei wigh the patient’s Bmgedrsmeg| dliginatively be

heal i ng ,processes i ng, bo i ssue..f ornation .

o SRssPRaBhOSEROTRIb R ool JortBegs Ll P Agtpabials that have
g e nmﬁceatcswbﬂ%anﬁgkésﬁonse.erm’t bone grafts and
certain"bone substitute materials to renodel into

endogeridgsisp of bonh grafts sind bepe subistitiite matrgigissinathep¢die medicine
t I}se w%lili ior\}v%l. ' V\h%?le Vo%%’wgul}l s 38 rggengr%peew%flglgtttﬁe if(??'rmation of scar
tissue, fractures and other orthopedic injuries take a long time to heal, during which
the bone is unable to support physiologic loading. Metal pins, screws, and meshes
are frequently required to replace the mechanical functions of injured bone.
However, metal is significantly stiffer than bone. Use of metal implants may result
in decreased bone density around the implant site due to stress shielding.
Furthermore, metal implants are permanent and unable to participate in

physiological remodeling.
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51limted by the avail abl e shape and size of grafts
and the desire to optim ze both the nmechanica
strength and the resorption rate. Bone substitute
mat eri al s and bone chi ps are qui ckly renodel ed but
cannot i muedi ately provide nechani cal support. In
contrast, cortical bone grafts can support
phyS| dB@gfsceﬂllumrrleahg piagesses gl bqnedwsye fqm@tlorp@y@stoblast
294, 187, 332,779 294, 041, 6
Sels Gogsiatewish Shies e raftyEorde by REial tellos perpiy, bone
Cﬁ@ﬁ@Eﬁcﬁc&ﬂ(alrﬁﬂ)dneoguth&r}nﬁéﬁalb RS BnfisileBirsl ehdgehusiBone that is
reference, describes nethods forEFreparlng conposites
|aimbstd1nrd§tlagmd@@rﬂ &ropoithe pogings e Hawavendhpaueiqigbone grafts is
rtho cC a iycatiaon | S I
tesrf E% H’&t anvgig?bl% Slit%aé)er%fi S %grécfs gigsoérlrr{pdat?le %e&?q&o%iﬁﬁﬂ%@both the

|1’ﬁ§dh%ﬁ§:lan Srdn3th shd engtdioplioh hetel NBenastibstnge \mdtd&natlsh end bone
matrix material. 15Sunmary of the I nvention
ohepseasp geicklyprmoriplod Ry W@@Ww&tﬂwrﬁdep%%i%wpoﬂ In

b
OAAECLATEL ORISR o i B OISy oy
t he boUss. [Pafeht Nes 2&41;1?87&6;536%7@; @2%&;@41506 1231,(‘]31 5, 899 939,

o s P04 IO A i sitegs < 2} O whishgre insppporated
%ﬁerggwqgfe%dcé et#:sé‘i%s QSIY (BLHR irﬁ?dcmlt&alhﬂuﬁin%sallogemc

e partrcles nay e obtarne romone or nore of
Claoriei foahsebimnlead beamgl drthwpedionpplications. c B-is desirablegtgsincrease the

bone. addi t. | the so e of the

aasreag@nqnj‘@ne SFinEges CmRRSHEdRETeagpe BSRErelahst g nigpections
%itﬁ'&%sﬁatnk'?néi&% enbodi ment, the bone particles are

about 1- 25% about 26-50% about 51-75% or about

76% 99% by wei ght of the conposite. 25Alternatively or

in addition, about 6Bwmamaryieéthenvientien npy be

el ongat e. suy f of_ t.h e i.cles g

modi fi on?: ngeec)t(,Qt 1nv@§t§ao atﬁeﬁg@gal ofP Otdhglhg a %M%Eglymer

atdmsdiad. t Phé hﬁeth@%oﬁl@h%d:sc ties steﬁ'dﬁef sprb‘admgcmmhnahg/ of bone
agent i ncl udes an active group that is incorporate

i Pﬁrﬁckﬁéoﬁ‘@ln}lﬁé e, BenenRAzt WlﬁFr?ep%]WP]i/Ere@Wé?Fp qwgemzmg
282?"%18 gg ﬁz{?ﬁ&eé’@ % E{l{rmé%l zg@,gr{%fif:rﬁné él?%ﬁi %Eg%tu'xﬁﬁe of both
bi@aikiavieed ged honderiaaralival bonc ahﬂtlylea,ctThﬁebmm pantlales may be

anrnor anic materi al al, or an onbi nati on
opbtaipsd %rﬁswnesorn@yr%e a?&tlag'hé ahes Ganggllo %%ﬁgnepéto iqrggeetlous
epbier daldﬁﬁﬁ)})l ﬁxe‘%ufc@ U bIREnS) beARoSRHeRs, AN g@HE Menogenic,

In ad ition, noi ety added to the bone partlcles
narysdme r:asmbmpnnmab%ﬁhesmt In m‘weerpbﬂd)memtr thedbopie patfiodesrare ﬂbout 1-

B, 1550, Mg CONRL SN 5 NODEOUUERY i o g omposc

ap\lt@ﬂﬁtﬁé{&fo? GEaRfitidh8bdR r@@%’@ff thé parEisled iRy DeRldp@ard.
The coll agen fibers may be frayed or cross |inked. The

exposed& swidcaggnthe itoae snarmyest;@auéaer madifiedd Kgrtgxagple, a silane
| ecul & a ti t
n8?1u 18| G B aa'ct{aw{;/mCi greri'oa Jﬂé%q%sn org%gﬁ‘% couBling agent

MafcBideglan adtivd @ﬁfu@ thatOis 1ﬁ@i‘§orﬁ&ﬂﬁnﬁ®ahe @olyoferizbé swonoftee  The
bone particles nmay al sg be washed i n_phgosphoric aci %
ARgtsien ZXouPelmay hise MsBREMSHPRA c PodIEfingHOR At dff @R ¢ ficmative

! Q&be&lnrér? a BHGEHESR! o BRER LIPS HHucGOERLARh M BioRgicaly

quantity ot polyner precursor st a
par:tt\reomaeﬁal; he iv@genit anatenta, a mieersl, ioriaay combietion of ¢lic above
the bone particles may be infiltrated with the pol yner
precur sor.
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The pol yner precursor may form a bi odegradabl e or

non- bi odegr adabl e pol yner or copol ynmer or a copol yner

of bi odegradabl e and non- bi odegradabl e 15 pol ymners.

The m xture of the precursor and the bone particles

may be placed in a nold before pol ynerization or after

pol yneri zati on has been started but before the

pney be atachied tc dnpbatesdaytiged gitter idrectly @ thervught thg eilgne coupling

the m e. of _the pol equr s th t he bane

et F cinedlafiep. e TpRDeten S Mg durotlyeutpf gRfforaicd into
¥> BRMeEBE Pﬂ:o@xrsoﬁf)rt 1@iketi ABerbl by @Jvaﬁh@@ﬂ«ﬁ(ﬁl@bveﬂ@& ilegBtions.

partially polynerized. In 20 one enbodi nent, vacuum

oin swithernembasfiment; gpllagen ﬁb@ssa@rtbe sarfagreaf ther bongs particlss are

SRBSEEE 5 L5 D 2 508 LU BL AL BBk

Sur
NEYer &amlcfeheﬁlz%ﬁtvﬁfh PoloyiREduta tai satall helecdy anpbastiva agent, a
portion of the surface may be oxidi zed, etched or
rnghlempalm pétiyieo neateriad, a@anrgw ewaiedal, pi gBETale or some
a c

"SR I B8 ORGP G ARPBE AT g sia

thﬁex@&hﬂﬁ? [ tﬁél bohe patiighee nna’}gbe Ehaied: ovithothe tpelyrmy fdrecursor before
machi ned 1 nto a predeterm.ned. s e follown

pbripgeembined grith alasgerraiantity P Fﬁ PREEUTBOT, c‘gél“%}ya pytion of
f ﬁl%tvg&%ﬁiartagg %tgﬁ{ltlalfs% fexemhe o %ﬁ“ﬂ@i@s AdhesivRraRd with the
nechani cal fastener, ftrasonlc bondi ng, or sone
cpoipmenpicomrsai t he above. In an alternative

enbodi nent, the conposite e 30. ma

part i clB% pé?H@ln?foPﬁ?F §%re8139' 0 ﬁwtﬁﬂdet%?(gh{énﬁﬁ I&ﬂ? %mﬁ%radable

v Y BRolghRALAT bibddbadhbR0Bhd sibn-bisdegradable
e 8@%§§%h(% en égﬁut go 00 and]a%%%% 4 60, OO% psfgr
| polymerse nBlodimiente, oft the pmmpem&echﬂmm@mcéespfaw pelpaged in a

WB@%%&%H%%@%&%%@%% gp{e?l%? éo?l’lzl:l{ao,g% e star n% but Before the
V‘?ﬁe@u@mb ESOE&HEI telphslypiciged., Altdrhatvely, Ithe fmixture of the polymer
|

asticizer ostatic, biocidal %ent surface actjve
agmqm;sot)lvaﬁbltb@ Ubame parsicles nsRECRR @ladst oic @y EnRlgeinite before

o SrTe S AR TRa8bahSSA gf b SRR gzt 1

Wehe | edtolmert vaduudd toer sodsteny énfindation, npmessurgtorl emtara used to
portion of the conposite is heated.to a tenpera{ure at

whnlmep Bleyirgiraripwasthe PRy Pressor BHe fheiong PRRUCISEd
conposi, ¢ i anof Be R AGHosiE ﬂ%'b@pﬂn@@ltﬁeﬁ'atf%r BiRh&ization. For

coollng er aspect, e tnvention Is a
C erpnple! hoportonmti e ngirfacy Imkt}albe toxidized, Gettbwde or roughened. A

ﬁg;é%{l}aceus?}rsgr% %ngglu?efn%r p%?egg%% %go%%Fomgglatlbn of the above

?ﬂz{y‘ BL | XeaRRLY IR the r@é@%%@t bp e iROAddIEIn tOVIBE &ixidation or
at east a portion o bone particles are

c Wﬁéhenmey Tat tcambesitet may he rrpollnyncé inte e pradetsoningd shagfefeHowing

merj zi.ng i Z ol ynmer .pr I
Pl pt i L R ﬁgplg SFay (DeRerBR j1ggether, for
g%%bf%e%m b Jdﬁéﬁ&@%dcﬁaﬂlﬁﬂ fasremdrahltfasgnic Gﬁbndfngt foe some

raw ng, in which
combmgatlon 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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Figure 1A is a schematic of two nethods of

i ncorporating a chemcal noiety on a bone particle

into a polyner according to an exenpl ary enbodi ment of
the invention; and 20Figure 1B is a schematic of a

silane tether for use in an exgnmpl ary enbodi nent of

the invention Definitions " Bi onol ecul es": The '
t6B[000" fxi.0 MRl @cuteBodimeat, Uke domprasia, compasits pavtidésnsrses void

O e Sk e DS AE F5 pRTEbERS may e

HERinred \Htﬂiadﬁiocé}ﬂﬁétg)@@ bidel, Mller IY&GO IR GLES biostatic, biocidal
T poprotelns, steroids, etc.) that are commonly found

iagente btusacenattive sgeaats biondedvde, mimdl molesulel dioacheqraggnfeQr any
are naturall y-occurri or artificiall reat.ed Q.
W“g‘y?ﬂ“ﬁgtquc%?) ra%P‘é%or’F&g RHPOFES I%xglsc s rﬁ%’? afe%)%(‘ abre}epfo(er?l e8'into an

RisRERhAIGH! BEwkdRYHEe  InRtal@ffitine embbdiniead at Geastenpymiea,of the
receptors, neurotransmtters, hor nones, cyt oki nes

wekipositsisdsed o ditemperetusaiatvaish palygreslonss akhecit deaghpprtially

ch tactic. factors, antibodi ) ' -hapt ens,
t%‘glgﬁsﬁon}pﬁfl& &y gﬁ Y !ac?cpgloazn Ve zgh’t 5%??&?%%?8 hg jent s,

pl asmi gsano@M¥Aaspieel tRhvention is 4 Boagosifiad icbingtising heplurality of
term "bi oconpatible," as used herein is intended to
dwmerpaséclemtandi alnolymgsopreaiiethifel £5EMRls, Anmopqraer, ggepolymer,

t_i.nduce [ € .t QR 1 at least
G T e ISR Sy, i
nepEtioalos tied Boreapeeticlad sretdoablentity ntiabhed talére polymer precursor or,

E@g{si ol ogi cal conditjons t(i) forma product that can be
es Belyesaings todhe pelyagrigrd PRIVRCHRITEYE 0 or gans.
Bi odegradabl e materials are not necessarily

hydrol ytically degsqdahlseripfion SRvhd Bfing enzymatic
action to fully 10‘@%%%%6551% material s

al so iTied uention ds i desarittedawithr isfdsenskete dhonpevaral hiignres of the
c(‘fl l's. . .."Mneral": As used herein, a "mneral"” is

29RN NS 1 W)iBecurring i norganic solid having a defined
Cryst apjoaté YALSA Scifnthtid of RRehRalods OREEipotingalvhbmivay moiety
be exact” or variable in its conposition, or a :

nert arltaink ypasicde into rigpelyiried aggosdiagtto apsexemplary embodiment of the
"Pol ynucl epotide," "nucleic acid," or

"OVPYEHu & ot i de": The terns "pol ynucl eoti de, "

"nucl eFpugei B "isOf scnhgienutlaesillamdetetiteef for use i an exemplary
pol ymer of nucleotides. The terns "pol ynucl eoti de",
mg‘bcém@nb@flthe INVREPN o i gonucl eoti de", may be used

i nterchangeably. Typically, a polynucl eotide conprises

at | east three nucl eoti despeddidsnand RNAs are

pol ynucl eoti des. The pol yrfer_may 1 ncl ude

“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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20 natural nucl eosides (i.e., adenosine, thym dine,
guanosi ne, cytidine, uridine, deoxyadenosine,
deoxyt hym di ne, deoxyguanosi ne, and deoxycyti di ne),

nucl eosi de anal ogs (e.g., 2-am noadenosi ne,
2-thiothym di ne, inosine, pyrrglo-pyrimdine, 3-

nmet hyl adenosi ne, C5-propynyl cyti di ne,

@boewptho ,ﬁwtqrw md| dhcm@ta@ﬁ‘, Hactomsurantibedics, vaccines, haptens, toxins,

uor o i odour.i di.ne t hyl i di ne,
TR At andsenss SgES MBRHGE TR, R YA
8- 0X 0 EAGPMPIRIbISE~ OXRILAAODi B mpA(iH); et l3¥d @it Rentended to
and 2- thiocytidine), chemcally nodifjied bases,

isiesdribgimatetials, mpen Rlminigzasien ip g, do relk nguserEdestblesipng term
é&gercalated bases, nDdlfled sugars (e.g.

Fuor or | bose, ribose, 2 '-deoxyribose, arabinose,
and heBisdepradiblendissivsed poreiipifaiodegadatps’ 1(netegal,s are materials

phosphor ot hi cates and 5' - N-phosphorami dite i %
3batpé¢grp¢q3tunéer phyweb)@mb Conélrtwﬂb ri8t 691 -2 /Ré%‘g% ﬁ@‘) e be
t,rH&al?Jl&%& Bt e)u?é{tgﬁ] Wn‘ﬂgut ?amd%g ly ?Fgghé dExodegﬁﬁQJlé Hfiterial are not

| east "t hree am no
Gleaéysﬁiﬂyl hyﬂt@g*u&ablg'eﬁ@addbie mﬁptmaj)erdqundgnzyihetid ectimn to fully
"pol ypept.i de", "peptid tein'
icf?g@deh aﬁgc@ggqag}ablperﬁgtpla@s r?i p&tegﬁlsnﬁ%} EICH anﬂ?(en down

[a% g or a collection of peptl des. Inventive
peptides preferably contain only natural amno acids,
aI t houtMimeoal’naAsinsdd ertinpa dviinkgall’iis @. natuwelip ocrvaeng ferganic

ot pccur at ur at ean. be incorpor
ol S B e AL R S R ASOSEST B hay oe
hatxta@t cfr/v‘ﬁﬂ’i%lg aPitS A hssshidRder a né’c@ﬁtﬂ& Rcéifiag S6lidelementf |
whi di spl ays structures of non-natural am no_aci ds
th at h &\néyms:mtlsla;’:’c énutlgicl acidye opporoligerudlentide”™  The terms

alrf’g’ GL o 131 ,oni%lh]%nnel ) andloqlrga{lmlgqila%gg%g%g?do ezyo?ﬁner of

Aflu%(botx@éke OheRfifs Ohollyhecledtided, aficlisc Iaﬁlda,nammVGImgdnweleotlde”
peptide may be 10 nodified, for exanp

auay b esebintercharapatnl Toncelly, %n@wn%ée%ldé &PH&E’H}?‘E& %{tléast three

S50, PISSRISHA BNy S FRMcS” OBl s

Crdtiird D aductdsidesiNG.le), 0Bddnioziat, ahymidinept g]tﬁmosmd,l fcyndme oru,ndlne
etc. In a preferred enbodj ment, the m)gl fi catl

t@ﬁ@xm‘ﬁppa@e Ao PG O STBN e e o TR, Rucleoside

a -
| n??cg g ?.aléfé‘%‘f%gﬁﬁbgﬁ Q)thlo-{_mlglglr{é?gﬁe‘jsiﬂt% E)SIHBI% PEdmidine, 3
|memlyl:)0:[(ﬁtwsme oCSE?yramnyd):yadlrrés Cépmpyh@lmedmﬁ tG@bromouridine,

nmodi ficatjons sh Id suhstantially.int rfere ith the .
d@§1ﬂ”@5°“61d8?%g| c 81“?3/ or‘iagt'ﬁé hﬁB‘H? fl \Df'éeazaalaenosme
ﬁqgﬁgﬁﬁﬁ@ﬁbdg oxoa&&fb?iﬂ@,y gfo@{b@uan%meob(@‘)ﬁ@@l‘}fgﬁﬁmﬂ@ and 2-

ete 1 ysacchari de, carbo % rate,
mhoogudmclzhahe:rdeally efedificd &agesl yhielogishlly ug’@ﬂtﬁedTl’@éSCS (eg.,

W@&%ﬁ%%ﬁ? fﬁlgéar[:elllgrtgg} 'bﬂ%e%f}%lggq%’:g sil %% g ang 1ior1bose ribose,

TYDiSA osed RMIHSRE CAAr hegoseRNpF iraedifiad plo3phiatd hgreeps (e.g.,
sugars. The polymer nay include natural sugars (e.g.,

ghbhaspberotifieaies andeS, -Nrahowhemaiditlipeees). ar abi nose,
rlbose“ QS b QL. < ]
P ek PP Herige 2 PRk A SIS Agent pvention
|“961yb®t1de£\’3“p¢§ﬁdie,1‘l er Eproteit’h eorhpzmsvs ‘asstahg ofiet lfaastl thfee amino
Is used to 25 refer to nol ecul es, whether
naturally-occurring or artificially created (e.g., via
chem cal synthesis) that have a relatively | ow
nol ecul ar weight. Typically, small nol ecules are
nmononeric and have a nol ecul ar wei ght of |ess than
about 1500 g/nol. Preferred small nolecules are
biologically active in that they produce a |ocal or
systemc effect in animals, preferably mammals, nore
preferably humans. In 30certain preferred enbodi nents,
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necessarily, the drug is one that has already been

deened safe and effective for use 7 by the

appropriate governnental agency or body. For exanple,
drugs for human use |listed by the FDA under 21 C. F. R
330.5, 331 through 361, and 44 t hrough 460; drugs for
veterinary use listed by the FDA under 21 C F. R

tidsUigtred 8egethiandor pentide dwnfier diba thyny odyreptide”, “psptzﬂei and
consi.dgre ccept.a for.use

SPEZetr. T B B e hanlao i S RaEREETERR I o Ydihabd feptice

rlﬁra%oﬂci:cud‘ﬁI TPehlidR. IGRALISE pd:}ﬁld@§ pﬂafér@bl[y&f)ﬁtralrt @nly natural amino
Tgounds or entities that alter, inhibit, activate
iast ai@mngls somhp@eal apliey agiftéie . GPTPRBISIARL (&%P&CW% pature

o¢C
AP o ECHRYG R T bV Byt e

SpSHaRGeso. calddhtydat Ldsdgrp/ﬂn‘mame'uq:tpglésg]anh si,lsplz(ys structures of
anti-viral substances, enzyne |niéﬁltors

SR PO Q1B G MY S AE HFF LU FEBTOrHAL B S gnal fon
| LD 1§)°z£n§l/or #ﬁhﬁ Mhciddla eggoarssare REM R 8t RB) Mk Batively be

hypnot i’cs, stam n l'ubricants, tranquilizers,
aeﬁﬁplogzemvml@a phe or muse lof tlnee hakmnacidsaindam fivientPerr Reptidormay be

.Sr%gﬁlt@gg?ﬁéi’ @ﬁ%ﬂ]tallg; gjb%m) tgon (?]t{' d }FEU@Q%}‘; ynchﬁcz}saanéasfbohydrate
i iSOMRR 2 fatty acid ,
bl SOPEPBASLERp, ] BUGPIT SRR SSoup. s acid v

antr - pro ozoal conmpounds
nzoﬁnmtfmr eomxigauen | fuestionalizsition) e othermpdaficsiass aiet ilpgepreferred

i nc cel rowt.h inhibitao nd .ant

e, 5L e S 50 R P bR PR R s
Oére%f)th‘ﬁlfnlf‘éyzﬂt 1¥98). S, TIRE ImdiR&tioas Shase Sncliakgdizatien of the
anti-pyretics, steroidal and non-steroida

almpudr:nthb amquatyora@@atasmn@ﬁ@lﬂs Q| HQ@% pt thegaedjfigations should
ecrl et rs t
e OhboRr e Shas oo i PRl AR R AT e Rle | o
pr OSt ag!’(ﬁ?ﬁiceﬁarld@’t [ “dﬁ@bélﬁﬁﬂ‘aﬂi Sor a‘l‘dligosm‘jchhnde’t The terms
substances anti-enetics, and inmm |n nts
Sy ancisFide &1 Pl BB 16 PUEOSH RSB JET Vs RGBT oG suars.
aagr ¢ Y&ms o Sysacd%?xqgé £ COTDhRirfte? | ald Qﬂlg@gacghé}ﬁﬁt ! f*ﬁ‘ﬁy be used

nt's an pecific drugs suitable for "use in
P& ERdngkable. nm}@malm,ya belyﬁzmuhuhdemo‘frmacmtcbaﬂtltbmb sugars. The

Subst ances: Synt heses, %ﬁ plicatio i y annose,
Arelymger élé%m‘f “élﬁdnaj‘&rﬁ é‘t‘gaEﬁq » /P %;efl“i\‘ii c &t Gtost!, m
Cgﬁ'b n%9+ ”1%05%9%% xyftg ) WBd/eK nldlﬁiﬁéﬂ vﬂéghrﬁm@gclzoqnwr@l&fse 2

em ca Bi ol ogi cal s", Edited by Susan
deaqa%omghnéhw«ﬁﬁ@ Press, 1996, and the United States

f E:r Bﬁ?ggxailsmg egulep I’I s eélo#xeéf:mgg?%v %nghirrciglggulgy is used to
R?é‘t‘éxv Ied 'rﬁolmleé%thél hat@lfanwbb@lhnag 9<>r3@1ftiﬁ@m190dfxahtedi (e.g., via

herein by reference. 8 Detailed Description of

Ceh¢rical Bméifesis) duht Bavodirplatively 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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The invention is a nethod of synthesizing a

bone- pol yner conposite by integrating bone with the
polymeric matrix at the time of synthesis or

pol yneri zation of the polyner. The bone is processed

to formpieces of a 5 predeternined size and conbi ned

W th the nmononer, which is then polynerized. The

Pl heeppropdate gapersmeatahagense o8y iﬁ%ﬁ@?ﬁl@ﬁt”@l Jrugs fordyyman use

e further far [ n .
bt IR R P G e 8PPkl i ian 4o
barags B ddtéimsy (6 Usted bynie RDA ivaler 2] GF.Buigd 308) thrsugh 589,
i ncorporated . into the backbone of polynmer 4 or bound
tigeqrreragsl Bergin by releranag porY AAsIdeRtd ARCPIRRIF fenusqp accogdance

. tve group 6 at the end of silane 8
E@%%ﬁ%ﬁ?{.wm@gﬁdo\ﬁ' The conposite of the invention may
serve “BioactivensgentdistAs uded hentinr iabactive agenis” & used to refer to

structural, weight bearing.inplant to repl ace D
pOTRRADPT swl%e%vehaq fgte&o‘ﬁgzb}to RIS rﬁb@ﬁxﬁéﬁa‘f%kﬁ‘flogwal or
SN & ReRONEodSLIMRL LRtV Ch&atd Bhy HRBdeNbRTPE HEH Idited to,
osteol nplants, for exanple, using the techniques of

oanti- AtDBosibgtanease cant-@ncer 5 sitstasaess  MbibI0LES,2 PmpgPsuppressants,
6,294,041, and 5,507,813, and ot her_techpi.que at

SBrei e gar srerisaragRe. Mg B Rcfled B hrsgse and
aNeRbis@ Rt Bsdripte SHRPRoD dsidrs inh1oed) | AtotXingl SEfibids, hypnotics,
either for machining into pieces of the correct size
asi-kis@pundso rlulfrigshisoritanguiliaers, antiicopyudsintsormpssie gelaxans and
| oads beari ng | i cations, echni . .

| AR e BT BR G Pt R EER, Shnkddfis inghuding
agnanBElZ &l@dkerss hafisticst ainlde adQ-dhskhkriies, prapeitglaucoma compounds,
osteoi nplants. One skilled in the art will recognize

t #rt-parAgites apd/opfantinrolngadl  pempewldss maydylaterspel cell-extracellular

opti o r-ding:.t.0..$€ . i Ui Slecul
B 155" DO AHENE), TR S B AL e,
desodstirgeghgahad, i omhibitbes, blie DAharRNAlI st r gmoein,  synthesis,
nmodul us, and ot her  mechani cal ygegl% erties .of th

SEHFBURFACAYVES ssYRISHKRE o fPRd oad SFRIgH ¢ FB€ afep-steroidal

d&ﬁt?—ﬁﬁiaﬁﬂmat@ﬂ&d b &tgesﬁﬁtﬁgn%iﬁé&ﬁ@mﬁ&&%, Widnh-28lefRy  factors,
surroundi ng tissle. Preparation of bone ~ The )
bamtcopgultnts| esd/enpamiflednibotic heggnte pdecat | aresthfetics e oplthalmics,

partijc] e-contai.ning conposit.ion.can b bt ai ned..fro
e R S S e E S S
Wi £0in STRYEenRE 1PS cAHH P BRAGH enflddRB&MY, Chebidadtive agent is a drug.
xenogenei ¢ 30origin. Preferably, the bone particles

ar e obtamesdcdmplatedisting od|bidnrstive agends pushenscicodrugs puitable for
Por ci.ne,,and_ bovi ne _bone ar.e .part.igul.ard -age .
t W)ee dn o}hexgﬁsagng}vgntlgl RiiEVA e f(gun% tlr?: %aﬁﬂé(%ﬂh@a@ egﬁ’t%tances.

i SSue that can be us
| BghnbRyabht¥ntor ApplicRichi nBy i el dslesumirc @fd flargeh NengehEhieme
particles. Particles are formed by mlling whal e bane

t Magsicsd Rublishipgr $99% nihs piYgrolnbidex:p dme Enexslqnedly fhdthsmicals,
b fr g . Co i 1 o

o SR IS o R ORs o,
c @hmitedtStaea Phyrmeopeie2sMN4tmnap Formderyp2(), t publiglsedoby dhe United
Sgtea%elzsf IP(}:lar?rlxc%)}e)éial Convention, Inc., Rockville MD, 2001, all of which are

incorporated herein by reference.
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The bone particles enployed in the conposition can be
powder ed bone particles possessing a w de range of
particle sizes ranging fromrelatively fine powders to
coarse grains and even larger chips. In one

enbodi nent, powdered bone partigles can range in

average particle size fromabout 0.05 to about 1 2 mm

and 10 podesailedDessyiption Hf Gentaim Prefarred Kmbodiments

t hi ckn . i f 1 A3 | £ -
dosi r od oAt} o hkE T bmdieherd £88HL-olfvlrer cmposite by
dintdgeataiyt t®nZesvitho thedpslgmeric eldamixnaite thnytilmessf synthesis or
desi rahl e si ze(s) of particles which may he present.
Agolwﬁﬂ?%10é50§§heommcor%lesh%ﬂq & Progsespdwfq fform pieces of a
CoRhEERMhE 558 Snbi ConiEndBERRANKE HordhfeE IR AE thdtepolymerized.
iﬂ%lant andsactnnof% as fﬁpﬁer. é??%kﬁ t&e conﬁ?hgﬁygﬁnze
oThdpolgnponecorpositndnay pohisedemunati dielyestucasbe Rether processed

amount of bone that is required to prepare t i npl an
RO o 3O BP o B OB BT, Tl eGAT SeRHE S o8dhg autace of
1hR&8né P&iPRS YIB! béRYpabEc18D] Hethel 17)qs ﬁltcﬁlz)%ka[t&gin%@@ ®ackbone

s

Alternaplvely, or in conbinatron with the

adipaymert 4 onlping ¢o ehehytaer, 4 duimg gedyrhércdagen.g Borexatriple, X may
characterized as .el on an 0SS ing relatively

PoH e af g Rl P T ThBtr HBR Mneas ratios can

be utiThe@EmpPediRl Hf theUReRIANERAY P hd &l BneCaBsthBte material,
readi | y obtained by any one of several nethods, eﬁ%i
bprowide] 4 stgictirals Waiginhbearing isglanhtoereplaceip pertonrad o @rrenade bone,
r iyel ect] f : | Qyhng AEN -
B SO K sF boBg s BT B ' Pdvcing

padtéditipmts; dot akarhplg, ufifg thx agihhiuediof | @@sdonaheily ovbhed U.S.
meightbggrcent of el on %Eparticles possessi ng a

ate bon : .

nBYFaR Nis- 049Gt 1r$706,291h3ﬁ1,a?@él§b5 318 adqiher Segnigves Hat exploit
. . i t. hic .0. .

R R A SLEARERS 0] 0T, SR bR e

nom usBfid kitkdrdog@mbehibing éntp pidcec b Lthe camedd oz8 @sd slampral fashioning

S8 g o 5 BR e vaeisShety i e dRgies of
_'Fﬁfgbx?tnﬁlinrérﬁbik bHel Parlled 'ﬁ‘gﬁi Q&o_&ﬁuré@%ﬂd 8 gndgéi%tanaqﬁéph to be

Ing process nmay be optimzed to 30adjust the
sused tofpraduee bstreinparts. cOes skatidd iththe sirtzeilldiesegniauthatothe size of

T hani cal th,.elasti dul d . .
250 By et -haitd PR o dniza Aivonting B el B dpctuting t no
10miBe tweihe hizdP 8hE RipeObs HIRE iMplahQUfic SIRIPAS dEQbOAAL Rite, the
particlul ate, etc.) of bone particles utilized in the

covplaniqab streggih, \iepdiHes, pad cshar mechapiesl properties 0De surrgunding
a - 259% 26- 509 bout ..51-75% _qr_.ahout . .
B8 2 2R R Bl a8 e FE B Sraggons v
etrengabendigntssparticles, particularly useful 5 for

pi eces of bone of up to about 100 mMmin length, is the
bone processing mll described in comonly assigned
uPpapaiion algons 607, 269, the entire contents of which

are in t kbRt Slbibyed G &h O i GorkOBsrticte-
mll rggiﬁggéiﬁ ng pf@ﬂu%?{on o?qﬁg%%l ?kin str?%s hiticle
whorthinopgi clinpositih kangbhiwbisteintd roov i cheti¢albdaacellonke and/or

bone particles. If desired, elongate bone particles .
oSl Bons ovHiRTE iy dine SsRIRE Tty (BlopRyERTBE Renogeneic
ebiginN etgerably, HRSSordeSdriadbd BreSdAfinSd O PaitAICARS of allogenic
whi ch nmay be present. In overall appearance, elongate

benginpBetcing| and hnyinevlongease ppsisdlagy advandageaus types e xenogeneic
t hreads, slender or narrow strips, etc. The bone
particles are optionally dem neralized in accordance

wi th known and conventional procedures in order to

reduce their inorganic mneral content.
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15 Dem neralization nmethods renove the inorganic

m neral conponent of bone by enpl oying acid sol utions.

Such met hods are well known in the art, see for

exanple, 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

sbﬂn@t tisows thah earsbmp@edoﬁdwrﬁelabb & I1p mmbmh@@l amspurcr@e for the bone

of .the d aI| tion

B 0RE et S BEBR 1O o Bt ol PR brethis. fagrachippine
| Whéldi Borfeg Gttt ”%oféebﬁme&éo@lrh%\/\@lﬁ[@%ﬁé in €iquéd nitreken, or
Bi omed. Mater. Res., 1996, 31: 365-372, the contents
oPthawish disinicgrrtieg ithe dopertisseel Retision sy erifamplpde sieved to

e I i zation procedure, the bone
pgh?|%{§%§§§%8%d§£%@§e to a defgtting/disinfecting
step, Tht lbonegahicl@nerdpliotied éirithe rcampasitivwvas tieppowdered bone

preferred 25 defattlng/d|5|nfectant solutjon_ is an

aRATHEIGS POBYRYRSR BideefangAdtt PaiNanYresi BngingoBamstslaiggly fine
r

B e R e} B B DR S PSR ppfdered bone

i perticled ealb cange paravexage particlasinalfiony abatt d. @%m alzdmout2 f@n and

to about 40 perce I ght er (i.. abou
oS S5t G am denelte Bredtar Hitkhis el (SRt AbAg L1 to
algRbal D), 1B0QN:E, RRvREEPES]e pdiidiBEcan be graded into different sizes to
defattlng [disinfecting solution to 30produce optim
| vedhek meermmaateainyj lekis slesifabba $ioa(s i figaiticleshwhish oraydwetpresent. As
pe d of. tinme, The erred co cen r.atiqn nge of .
PRAiElEs B g Lot SHAIE, (Fon alotnagh BB Hechanical
8§tréh§t}96'ﬂth9 ghplant ardl #0heke @snﬁiuém Shllpﬂl@fcﬁfnibﬁia}ioﬁl BPYéne/fdwder
t percent al cohol. Follomnngﬁdefattlng, t he bone
p@ndt Acodgmerr bothredviese dthe mmeunt o pepe tthates trequireiciet prepare the
Lgﬁ elgl%tda%g' cin %lf”{lltesz gﬁagg Q:@J&?nt?%h qhea{)&% fgéregﬂo rglfngi hrcé rﬁso’hﬁner may
anan@nmﬂ@&owﬁamhaymmeh can be enployed in thls step
include 5 ingrganic acids such as hydrochloric acid
and or JHRTAtERY.(R 18 Gembmatipn alkdhe efoa%wltwm Reneowgler, bone

R e T T S S AL 386607y

akedgthhte rmd&yarr i ckaedshratigs-tanTheeutiione hpwirt. iSatle sloagae particles can

T b b o R ok CED: W AGARG s o

pﬁfrfdcelo? S E&Yird Soﬁé 8f ?éﬂat%gefar SRLibE o? BBAL. tEr{i‘}Iz!%yMQtd Iilling

they are 10 used or sterilized using known net

steohtiljye, lvat oare obteimid miassgp fteh@igatel tione phictas wonteining, for example,
tili ere the .p se "s erfi.i 1 . .

e ent ol e psPeu P 35T BB piSie B cbesesving gy wedian

t RnBANS Rt lab&htEStoPHDEESF Méh 8t mb&aﬁtmmlcﬁﬁes\é@f Gdin about

percent of their original inorganic mneral content.
Tﬁ@S pm pbay 2 Ipm: encha medgenyidérefl frone gboutd mmgo ab@ltﬂ@dnmo Such

%%u{lj 3t 1§fe§“ % ?I)%%SSS at%eﬁ%rrx] ?}( td S 1‘3{1 g 1§I§n%§ss ERS of at

ordag;i At BOQ ngRatd shdik 5604l orCIQBieezﬁtd a &[Edlamhlengh rtaS@edlan width
"fully dem neralized" as applied to the bone particles

r éart@rcsf fram 3boret 19k andsplont 355 de$hs Aylling procepamay be gptimized to
PLELE! BRI izd BFSnd A AP e and'RhOUae PELEBRMiorP! THS Rlckhanical
original inorganic m content. The unno

t strangtlg ehdstie naldus dindamismpppy eﬂt}@(}nmthirﬂt han betaElored by adjusting
particles is intended to cover any one or conbination

of the foregoing types of dem neralized bone

particl es. M xtures or comnbi nati ons of one or

nore of the above types of bone particles can be

enpl oyed. For exanple, one or nore of the foregoing

types of dem neralized bone particles can be enpl oyed

in conmbination with nondem neralized bone
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25 particles, i.e., bone particles that have not been
subjected to a dem neralization process. To increase
fracture toughness the conposite nust be strong when
it isin tension. The particles of the conposite nust
be bound in the matrix so that 10he | oad can be

tb%ansf.e red fron%bone t.o polynmer etc. If t,he){ are not
finticiBhle PPGSRs Ohrtee aEoYT ahcer(eloagatgo Ratishilathc plsas el bone

LRSHARERAR M&haRImbEAR! 146 \E}\l%ﬂlg%é}cgﬁ Heéen! ]Lar’%@ 100%, e.g,
provi des a connection through Ich | oads may be
tabansi-86 Ve dbout 28-50%, abotiid - Hlheormhott 79-82%) may beused.
conposjte, al so ay.a hi ol ogi cal | e. . .
NondertHEpd FoeREd iR Pitee LBl e apinienaarisgiy vsetul
| 38 HRES oblﬁo@é’*bﬁ@?%%@ﬁﬂ OO0 nink iMMMrfHh 88 tRAYERC hRYessing mill
bone front binds to the particle surface.

Diss¢ihedaini oemmpolyeassigned di-8s Pht i 5€07:268y the entire contents of
g\!vfﬁlc}? & .‘rilrllc E}qulrgtglg t’he:r)eﬁlll &ﬁ: rlge%er%rgc%gttjcsg leqv}lstggP or},eg IIE%SEIHQ Xn the

ostedin |
forodadiiog dfdsie, this StHpstwhiciegaoryaug 16eARwRE té PRVIdERUBNE:-like
site. Both types of bone particles are gradually .
rRoms w@ngé%ah%&sg%é&@wawyb%@wamfé@s worke grededeigimdisferann sizes
(N e

na iR B2 Bl ARy IEETRARIE o AR R PRl B9 pegoent.
RorealPaggcarines cléigae: bomeppttics che bendgcitedogt fiRRrRhisy fibers,
tLIeat ed tg enhance their interaction with the polyner

dfrepds: slsRAOr SgHaVERSefiCy to the particle surface.
Whi | e : i.C fird 1o : [ ne
L AT et LS AT o
resttlr ¢onyentivmab prdcaderes fin tdrderbneedpey theil emrgmmyc nereal content.

t egflrrpng{? i%%?or%&;;&%\%ié:riextx@%g B}I%n gr?orr %ﬁat@g&ig rc]gI%pgl(l)eln¥ rg?”rbsone by
REPIbARE labidSoluiehf. 8Rr@h 'Ml’lcfdg G2l vl kRh RN i aR Ht, %9@1;9{ c@hmple,

substance that is strongly bonded to the surface
tReddbone@/., Pret dlaableadc Ssial18@2) §9:1601-1605| theorpatents of which are

enbodi t.,, silane.couplj.ng agent re. | ayed. t
PP R isree PSP ER ot FRRD T B¢ FoT TRuBYEps Quns ot he
tHoRe panRles Hn@ thé Hadgoh 36 tHatdehBAsrhliAaBn $REfM AN §ill det®Bhine the
of three |eaving groups and an active group. The

fxtany ef deminsrakiggtitye Refrrencenm dus eagardomey, be siade o hewansdrowski,

[ h I 0 egd t oup. .

eJl]X eatrlqb A %A@%ZIFE é\/?%terg 01%51, iq%gg’aggjle' n%%%!:b?’z’ He ycpnteﬁ%‘y of which are also

3néarpomtddaryein by kgferepyd. et hacryl ate, avail able from

Uni on Carbi de. The. three nmethoxy groups are the )

| eavi g agstepsd dgminardization pasediraithe bene RAstigjesoup splyected to
ted: ili t . )

craaathpRisifebi S, R i foid RARKIALEN S, 4 preferred

alefatikgdipgindeadar sslutibn as amedqueony santi@bof ethiaty Ethanol is a good

Dependj.ng. on the sol vent ed to. Jink the coypling ,

2G50 {03 Tl %\@ﬁew&rwgﬁwgmﬁﬂm%&%gn gHihg golution to

Rhb¥dte Mor8 UBYly TRY (IREBHR AFtidIEE Or8RA%HRY a0fRYRbottN®) to about

I'ength of the tether determnes the intimacy of the

cOrireseanit by Weaghio€ waten €l ¢ 04bprt 60 toaatrouk 9 matight pelsemterf defatting

particle. By providing.a spacer het n the. e .
BRP 1B anicRied) M 18 RERACTR AE Rl S e mtuion 1o
qGROMEki dptiainl bipidveeiovahend arinféRiot widiis thé shdtsPaétddChbLtime.
surface and the active group and makes the active

hsupelered carcsasalion Engook the dabHmgesolwigniin fom about 60 to about
pol ymeri zati on. ‘ .




10

15

20

25

30

13 In one enbodi nent, the active group is an
anal og of the nononer of the polynmer matrix. For
exanpl e, am ne active groups will be incorporated into
pol yam des, pol yuret hanes, pol ycarbonates, and ot her
pol ymer cl asses based on nonongrls that react with

am nes, even if_the polynmer dges not contain an am

585 Mgﬁe&fksque& MCﬁh@leepdsmoahé@fwl?lv Fheuf ﬁ@d?%é‘?taﬁeé@m “alcohol.
Fggbgggé M?ﬁ}tﬂ& ﬁ}%’ bgﬁie ﬁ&g rc)ée)%scx eel er?r«gﬂlo réc\:?ié&ve&? We% effect their
addmiwerafjzaiops The acltilam) gnsmlﬁ@:as vhet Bbrxédtybkﬁhxkgmdssew {régetatlve

be.i ncor orate into vin and ot her paly
CRITOYERN B Flpss pé‘l"iﬂ'?e‘phlf CRBe Popioyed it ths Hep iclude
nﬁ%?g%ﬁ?&r idshQkch b @ yackhveic glERluledb@rgﬁge Qb#g %ﬁélpg@{)ﬂgct:etlc acid.

I ndeed, it may be preferab e that active group
18 ftemacad tr@attmni tieodqpuinerabzbdi hone ppoiclasrereringed vathegterile water to

R 8l i AR LR Blm By o it
t Srefdrita %'edr@edpoﬂoyr@crarrﬁ)ﬂba' By DidpHEdatibRAGEIOM tlﬁcﬁﬁmteef into the

two different polyner chdi ns. Alternatlvely,
avampasiter dhp bers/pasticlos maw hestared prdsy Rerptic wonditiams intid they are

P 0

RS LS B R R AR e R B PBROtes e fien e

| mofahte 1. Sllanes are avail able from conpani es such

as Unlon Carbi de, AP Resources Co. (Seoul, South

Kor ea) As aﬁhzeéplgrelnmérp@r%Sﬁ supier figial lypdmpiaprialized” as applied to the

gl?%r% %1é%rﬁge8{lgfb%(gl%?§g les ?o@séégﬁhgta}/le%?toatgg%p ﬁf\&lé}l\éﬁt percent of

Ctthmnoo:rrgindl anﬂgambommepairdointéngl Tiss phrase I"ﬁ&rﬁtﬂé@ Idlemﬁherahzed" as
the n 20 bi oconpati bl e nnlety Is the | eavin

g‘ipé’ulﬁd tp tth?rEQH%Qaﬁ’éﬁs e 19 §ong PELISICE MOsHsHRS PR |ab1>'§ 8 to

C

N R R G S S

b'ifoﬂjorqmtmehhbzedt’ asobpplitdetod érei bartd pedicksl mﬁc&s toralyorleeparticles

m xed w th Ian S corpora djrectl )

hasEe s ks bt byt deelErBly ot R BOREheveieht Pt of their

C&?glhzﬂgn&tgﬁmg %ﬁer@ﬁé&dt&{t EBhdMitodifild H}Hr'%eﬁfnegaﬁlzed" as apphed
bi oactive" silanes and "nononer” silanes. U'S. Pate

&03@9 b@9@ p@!rrtlskﬂs os agegisdpo soversanyfonsi draupenbvardiohi cddhe foregomg
(gatlc pol ymer s an bone. Silane-derivatized
a Q?E% £ or in addition to first

Sl | anl Mlﬂgrds e c&ﬁﬁﬁxa@@{stdf@heﬁr mot&hof the above tF'pes of bone particles

N- bet a- ( At ni noet hyl ) - gamma- am nopr opyl net hyl di net hoxys
i $airke employed. For example, one or more of the foregoing types of demmerahzed

'\t&%t e Patd 01 O %Flrex{xﬁ@p%feﬁ”&&%hﬁ%ﬁ Wit OR824 YRLA2G bone

nopro hoxysi Tane

g;mlﬂﬁeﬁrmaobdsrmoyhmbleetthﬂxb{zﬁzlel @ebeen subjected to a demineralization

amma- Ami_nopr opyl t ri met hoxysi | ane
gprocess To 1n%reagc>:/ fracture toughn%ss 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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Bi s(3-triethoxysilylpropyl)tetrasulfide

gamma- Chl or opr opyl tri et hoxysi | ane

gamma- Chl or opr opyl t ri met hoxysi | ane

gamma- d yci doxypropyl tri met hoxysi | ane

gamma- Mer capt opr opyl tri nmet hoxygnl ane

gama- Met hacryl oxypropyl tri net hoxysi | ane

Vet hy| The keee aweytgil¢saire theCABPONES st Plajret rhmlygicalaﬁ@le Non-

(AR Wedoe b R STBHANR0E, 20 Bl RERHIE s MeRboonduction, in

k@hl@lilamb)dvﬁhdl Boxﬂd\/ﬁﬁht binanyd the paiti¢lo u;tlﬁacm eDeiie3lized bone
Stlan %i} en Oxim no_ Sil ane (POS) Phenyl
tpqrgclg {(W//qse @@afyyp bkcgpg}g;xln@je m pgﬁ@ng Fa@t)lt new bone ingrowth by

T@sttéomﬁ&%sihlv@ﬂ& bdE Rl are recruited from the host tissue to regenerate

bone at the implant site. Both types of bone particles are gradually remodeled and
replaced by new host bone as degradation of the polymer and remodeling of the

implant bone particles progress over time.

Surface Modification of Bone Particles

The bone particles may be optionally treated to enhance their interaction with
the polymer or to confer some property to the particle surface. While some bone
particles will interact readily with the monomer and be covalently linked to the
polymer matrix, the surface of the bone particles may need to be modified to
facilitate incorporation into polymers that do not bond well to bone, such as
polylactides. Surface modification provides a chemical substance that is strongly
bonded to the surface of the bone, preferably covalently.

In one embodiment, silane coupling agents are employed to link a monomer
or initiator molecule to the surface of the bone. The silane has at least two sections,
a set of three leaving groups and an active group. The active group may be
connected to the silicon atom in the silane by a elongated tether group. An
exemplary silane coupling agent is 3-trimethoxysilylpropylmethacrylate, available
from Union Carbide. The three methoxy groups are the leaving groups, and the
methacrylate active group is connected to the silicon atom by a propyl tether group.
In a preferred embodiment, the leaving group is an alkoxy group such as methoxy or
ethoxy. Depending on the solvent used to link the coupling agent to the bone,
hydrogen or alkyl groups such as methyl or ethyl may serve as the leaving group.
The length of the tether determines the intimacy of the connection between the
polymer matrix and the bone particle. By providing a spacer between the bone
particle and the active group, the tether also reduces competition between chemical
groups at the particle surface and the active group and makes the active group more

accessible to the monomer during polymerization.
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Tetra (nmethyl ethyl ketoxino) Silane (TOS)

Tet ranet hoxysi |l ane (TMOS) Vinyltriethoxysilane

Vi nyl tri met hoxysil ane Vinyl tris-(butanone oxine)

Silane (VOS) Vinyl Ox mino Silane (VOS) Vinyl

tris-(nmethyl ethyl ketoxino) Sifzane (VOS) Table 1 15

if a particular nonomer polynerizes through a

f unct | Bhane gmbodimenhtthe fcivt govme i alalog af ticl mphamersof the

SP%IEJB@{] E%arﬁlgle | gglg %Fl?lﬁgfga}énﬁﬁe %E{i\‘rflec I%g(gupté g%flg%g 3&%%%%rated into

ers nmay al so
ppoigiarics, npolgOrNAREY, glpfaridnated, hitl @fter QPolydé@f classes based on
exanpl e, isocyanates will form coval ent bonds with

hiP@RoRGTS thrtoigpe woikth emanesygYeacid thg Polymep dgespaat qoatain an amine.
c é > ol : i .

F%?xo@;(( -g%léf?ﬁ%tgg Jﬁ)igan gﬁwx alﬁ 1Iné: gf'e%ésc? %gg) %aﬁﬂno acids, polyesters,
| srak ythea polytiiey Ichtdsathaty inatude "hyBidxtylatadh rodoBesmaA esmalcsactive
Congress, May 29-June. 2, 1996, Toronto, CA)., . )

| %@3%%%@5&%&1%9% ?fﬁfér‘@ﬁah?dnmwédgfl@u\agyl polymers
e i ; .
B b R o Rl Yels b ESary tha the
pastive gray wrmowofandtmohl. dnéedds #imayr muprsferdbde thai ddtiveigndups that

P B ety RRrRBL G PELARGr Yt T RSHRGPR PR BRetial. A

NEilBe Mab iRl tho SBHENAREN if Bhe 1Lh tsb@MagMMBS,; witl hbt &rSthate a
bind with both the bone particle surface and many

npeimer schaind iyl garerreadtdavidr sugs . ofPdwyaiffesentapdlymer chains.
! 2&8%%@\%1}%Sthenaagti\peegr%% %Ilz{]yege branched to provide two reactive groups in

the primary position.

An exemplary list of silanes that may be used with the invention is listed in
Table 1. Silanes are available from companies such as Union Carbide, AP
Resources Co. (Seoul, South Korea), and BASF. Where the silane contains a
potentially non-biocompatible moiety as the active group, it should be used to tether
a biocompatible compound to the bone particle using a reaction in which the non-
biocompatible moiety is the leaving group. It may be desirable to attach the
biocompatible compound to the silane before attaching the silane to the bone
particle, regardless of whether the silane is biocompatible or not. The derivatized
silanes may be mixed with silanes that can be incorporated directly into the polymer
and reacted with the bone particles, coating the bone particles with a mixture of
“bioactive” silanes and “monomer” silanes. U.S. Patent 6,399,693 discloses
composites of silane modified polyaromatic polymers and bone. Silane-derivatized

polymers may be instead of or in addition to first silanizing the bone particles.
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particle through the silane. For exanple,

mer captosil anes will react with4the sulfur atons in
proteins to attach themto the bone particle
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peptide coupling technigques, * J. Bioactive and

Conpati bl e PoI yners, Tetraethoxysilame TEAP) t he entire
contents of L heremrn
by reference). bf,émgrgm\é%gil%}hwfet# Fﬁé&dzﬁs r gi ni ne,
hydr oxyl ysi ne, prol |m,amamdxwmh@(<m0§)l ne al so have

reactive groups and _are pccpntlnllv tri-functional
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be attached to the Bénﬁfpﬁﬂvm%ﬁé@w(V@KDexanple
\A+
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the techni ques described abpuge1!If a material, for
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[
 TRE) bt RGP, R0 AR PSR lq B Crample
bone is resorbed, these non-bi odegradable material s
are still renoved fromthe tissue site by natura
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. polynmer and the resorption of the bone particles to be
tracked using standard nedi cal diagnostic techniques.
25l n an alternative enbodi ment, the bone particle
surface is chemcally treated
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bef ore being derivatized or conbined with a nononer.

For exanpl e, nondem neralized bone particles may be
rinsed with phosphoric acid, e.g., for 1 to 15 m nutes

in a 5-50% solution by volune. Those skilled in the

art will recognize that the religti ve vol une of bone
particles and phosphoric acid solution (or any other
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18 Patent No. 5,948,386, the entire contents of which

are incorporated herein by reference). Standard

cross-1linking agents such as nono- and di al dehydes,

pol yepoxy conpounds, tanning agents including

pol yval ent netallic oxides, organic tannins, and other
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5 wth the Iong chains of the biol ogical polyner as

t hey pol ynerize. Charged phosphate sites on the

surface of the bone, produced by washing the bone
particles in basic solution, wll interact wth the
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15 Thus, it may only be necessary to incubate the bone

particles in neat nononer or other polyner precursor
for a period of time before initiating polynerization.
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Vacuuminfiltration may be used to help the polyner
precursor infiltrate the | acunae and canals, and, if
desired, the canaliculi. Indeed, if the polynmer matrix

of the conposite conpletely infiltrates the

mneralized fibrils of, for exagple, cortical 20
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ciRRaTer Aok, et ol Rislp R0y 1l ik SO Hones ipctuding
sphtvest linfifed! td didRslebBeAChiba}iRe Hyents, Xdnigl Eﬁtﬂedﬁme inorganic
particles with solutions of the so vent with the
pmagmmls sningrelsc tirrobgh reackive iamingviacids\asr hedpolipgen fiber such as
ut| ons .and. pr n e
G SRR B BRI SADEGPEAL S i ik

Sl&iaI 36 pbyniehieatddrt mak rbadt edidgtticge atohdd acitih efa bea:tadﬁr @actions
hi st ol ogi cal techniques, including pressure and he
niyoush ydueh ey PEbEEIEet he/ MW MOPPRIETHANS T Othte monomiers. that

p [

DB RE P R BolnflBab I Rk i Db htil) e double
oboiid. eshvingl ymenornesc and oothbor mpobmemsr itizat ipolyneemicte by chain
formation, of the conp Aut omat ed Parat.us fo

v BelY s iaaiPnIRaY &%%Witﬁfdw AEPRY ﬁ‘r’rﬁﬁ m@% fEAStYe B%‘E{Sm groups,
T pY; ocessor E150/ E300,

a\%ivggg? e@i?l%%ygg%% ?%%@tgré% Inc. The interaction of

t he polAyld&ronmhly tort dleerimsivelypahe isotfese mmegtnzdngo dpssribed abOVC or
enhanced 15 coat i n nd| Vi gual bone,.particles wt £

t FEapsRiFnech pe}se%tﬁ}l“g% rm Sr%eé FOPHERY PR WS 1 Bu ?r Burface

pE&f‘gﬂﬁ&@ lof tHdWoreQRkHidIek. ESRANERndieindfaacihatintefacdhl sileBgth of
| ymer conponent of the conposite with the bone

po
paretbcmle/@s»lynm rintextagrpibeincreasing itipusir fape Asa 94 the igfeaiceragd/or the

e P SIS B TR e hEPPFEC oy e

coat ed Pugfbraplyasuredth h@htmenosfthp dotid gdriisleaimd dptilviizbd20 enhance
pol ynmer precursor are tunbled together, to coat the
p&?‘t’ql?ﬂte%ﬁrawoflﬁ Urely <8 thsebonco apdiF lepeApdalis oPHumes arptip of the

c %%PE)Q% ah aftbf8tivd 39(an hOhe du c@ﬁéitfn%#ﬁ%a?@éf designed to
si'npry Be dippe nto rqui d or powder ed ymer
p legleancs aon-cév dlern ﬁnteﬂaetmstbetwmh dheelsongt ;jattldb@arfcbﬂti: bplymer matrix.

those skilled in the art.
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Macrostructural Considerations 25Wether or not the

bone particles are first infiltrated with the nononer,

the bone particles nmay be nmixed with the nonomer

according to standard conposite processing techniques.

For exanple, regularly shaped particles may sinply be
suspended in the nononer. The nononer may be
rE¥dvenipyany-cealent claterastions tinglpde elechestpia tinteragiionsy hydrogen
blych%ltmteg,j ewf 15cbnda g%%ctlgﬁsgz S/égglg%re %gal% hﬁiltterhc%lo%(y 9H4- m%@lganlcal

aintegldeking N Hdﬂ&:xﬁmb}émﬁ? a pedtéinXoral pdSl@M@lﬁdrweQE Inﬁﬁtoeﬁlzea' @n the
align the particles, the particle-nononer m xture_ my
beoneararacle, Ptho zchaipe rafclbe po XS5 tradfrix oy ilobgsemi algsically eftangled

c g t

M Rk AL IRE e MORERA pUGilr o'tk BORAIGRRe, Charged
aplespliael sm:scbn fHarsuEfxehmﬂ e bgnatprddwed iyl Wa:—sﬁlrigdhe bone particles

particles tend toQ exit t ppar atus .ro al i gned .
P G tuiog: el SoEriet wih of CHEPRY 261 Petratice BREps present in
pfﬁ%ﬁy %lx&%nfﬁb{bll@epdjﬁlnb E%Cﬁllgletﬁ&ey bésre@rﬁnt Ql%ll’% %1!14 t”I‘?le pi-
t he 'nononer, onto they Wil in roughly t

serbiale roneammatucngroummltmbblkeedCMEebenenwsmlﬂ gvitl mtonagwah double
ﬁ%ﬁg@aﬁéater ProdUCIﬂ% ndon1¥ .oriented particles is

S gfig promAtic SIS AR HIFRAY R4 Xy usual Iy produces

area of local alignnent. Bubbling nay inpart a slight
UOYRb S8k BohaPhatiBUbiok Pehes Bréanssf fectivel y
random ze the orientation of the particles. Agitation

may al o fown dhe semposit, dha hpamaericles a5 icembanedowith a polymer

Fﬁr{gc@rggul X ngt})ei&ﬁ) aﬂo%gxg €ur ggtnl;]clf# oﬁ%@érggé @Q&Euh 1§ pgfymenzed

tlc es W

spolfineg Thwabtt ﬁdlﬁmteu o ptapug,lmessx pblytriee nfagl benlowable because it
matri x. For regularly shaped particles, the nechanica

rwp@ﬁ%d RSt ltsg gkding poinher |b§%ﬁu|5% o has iy eXEpBEly Jowmolecular
I

raeh S Gae A plim PR REEBRIuYR o pepperizaion

t mermmmmmbn omtloboﬁdwmmaes tocfoem a/wdrhpmute he wihidhythee rpolymer is

matrix, the particles .are orlent random vy, h n
CHrofeleniy ke i T BoR R RER Ak PRBpBI S oGP, fpglecular weight
lellé’dﬁ?Jr tﬁ&ill})ﬁarg@uééﬁtthlgﬁﬁ?ﬁgp S whh oﬂyﬁéﬁkﬂ%n@ﬁ pré;folymer is

the particles "are aligned, or near?y so, then t
c mmed vathi amexcess dleonveithn drfamctxpn@lg@mpossntsﬁo pméuce molecules

PRESF e R IBY bt BPup of LA Do AR Higacess of an

b@x'i‘s%c?ﬁfaté Bhede |p61311ﬁ1=§126@ f@?ﬁ)ﬂh&b isb@lahige tériafated pr\zﬁplymer that
reinforcing the yner nma carry the | oad, l'e

t ey po Icymbmeda\tlﬂl exdlhbﬂo(:fgrm reoparsthanices i n pl ace. For
I
g?agﬁe%g% octoi;{ﬁ)%altlﬁl Z&e h ngI?n ng@é@ Qv?thsgaﬁ%lél?&n%n %rIV%Rfes both

f vostreuiel t el b@(ih@rd%trﬁ@tﬁﬁa,l foohsidsvatignswhi Cfl‘hé henicrostructural
nmononer is polynerjzed. This allows structura

i poIsideralions canceyms thee degreel of hafpliration B th ealma Vithifpthe bone.
[

conE PRt ARL R AHER (et aARGAR of Uy B particcs
f oithastheypelyhed at the pol yner-filled boundaries

bet ween bone pieces will have a shear conponent as

well as a tensile or conpressive conponent. As a

result, the conpressive strength of the conposite wll

not only be determ ned by the conpressive strength of

t he bone but
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30by the shear strength of the conposite. This shear
strength is increased by the coval ent attachnent of
the polyner to the bone particles, which will limt
the 23 novenent of the polynmer chains. In an
al ternative enbodi nent, the surjdpaces of the bone
partlcles are den1nerallzed and the exposed col | agen
ptromg cl es chemically |inked using the
techm

e G, B P SO TR EEAES eglisaibe of s into thin

Mafees a6t UhRrostbific edtskivatiERNt BBevaOfthaboad pHi€cles used in the
i ncor porated herein by reference. In a preferred

eviyertioneney be msomeniies inte thespohyyper witis 2 39pg sy fasial nyeraction,
V\ﬁdtqgég%ses% g/e?ﬁit 08 Q)fttgg Phgﬁie?”{% 8;:#‘% arf‘te%sﬁ‘“e S g\gge a{mnerahzed

peciaged Fibsrs 0Mdd ©fmbtmbxxom¢1ts an@dythee pdl@zﬁidr pbdcarsbms duggested for
hi gher or | ower weight fraction of polyner in the
ciepwuh the mygBLQK AYS %&ﬂﬁ@ﬁntbh Howpple 1t9 IW‘quat? élérsagh $he channels

LRA1 pdiae of fHORuAL B! QBroBhaihBend b Blenithis) oAEPEHePRo not

ensity o e pol ymer I'ymerization o
Mpdnietrate into the AbbeuldeHer oo éhepairteralized fiariks (lfmmbtldahtione) In an

b PR i, SRS S P BMEE 5o e

p@Aswiaf b6k Bferéltﬁxa? Emuﬂelomkﬁ@bo&g;arme@ ommsbalaf lRture of
the pol yner preferably 1s attach covalently to

boore paaledesl elsuh ISfrutthESpe‘qubrT@BI gitearypsr deamser Hwesmnocanals

bijng to caIC| at e, conpound

oY plkstonnE? HAlE RSRRNR, SRRE SR irst- o The G bRk setre of
WHehbdiae émﬂl@gqﬁelu@é‘s fes§labfedet@ReY @rabbbMac and similar features.
blOCOﬁp&?lb|e olymer may be used to form conposites

a&m di mgy oly20e negessany éntiricobate Ahanbertseparti¢les in neat monomer or
PLRLeNAEPLERNE BB AASALARNLR Bl RERIBAV KR fation

bi omat ¥aéding infll@Ridomb R de @Eétgtorlﬁllﬁﬁfs%o&tﬁdeﬂ pré&uiéor infiltrate the
engi neering (see, for exanp S. Patents Nos.

Sla e rot cenlncurca Hlesisods s ainaliout. 7isgess o the pobenerauatix of
t 9

(e M e
S5b AR i metan?&al Baspeetiad; of5the Hond particbesDaay nob ciikfhstl 67 greatly
L Bitkahh prpediea %{%@%A@nﬁ%ﬁ% ajixgiT beoe of the

P&‘&er  Pehetrst®H 08! (hEehGaSE bR cli'a%ﬁgls SN ehdBEAE hafticles will
a Chem Rev. 99 3181, 1999; all of which are

i meginpiee dhesurfee ellrera &»@/theeﬁ@rfam bytween the particles and the polymer

e Y DisverdePation Sopubtes Feg FHIEF yaaved i the composic
%y (RiEwtt 88ecure! YU UMAAH88on, rwﬂeyé Ry oM Nte A/l Slso help

yesters,
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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poly(ortho esters), poly(al kyl ene oxi des),

pol ycar bonat es, pol y(propyl ene 24 funerates),

pol y(capr ol act ones), pol yam des, polyam no acids,

pol yacet al s,

pol yl acti des, pol ygl ycol i des, pola(di oxanones), pol yhydr o
Xybutyrate, polyhydroxyvalyrate,. polygvinyl

ppeerppiathgnialo, theipe aodbmplaptsdyiaipdhe hedyy | Bxenaplary solvents for
bi odegr adabl e..pol t.hanes and .pal [
PRSI BRI, AR SRR 550 (9S8
béthael.i Me i§raeR knawa to haeeekitled iethe astyBblvertahiieiatios is @hieved
ot her. such materials that participate in metabolic

P c B theyBapagiclesy withr gdutirnspak e seivgnfedth the polymer
AP Sns Sty 0 el A RE sbAuA MRS YR AP R more concentrated
Lsoliytioms iane fiddiy wagtadprpliesol conpound wi t h phosgene or

a diacid (Hooper, 1995; Puylapura, 1992).. Sinilar . :
Cechni QUes i Bb tisedt rwhibisenize1Bob/AtHG Sendd phisielpsica
CROHTRIS, A} QiR BUPRLASMEZ b ted (P lolS: fdfilration of

Nébn pblynthe grevdesor entp theytrome partijesallgbltfatedimed pagiclgsInhay then be
For .exanpl.e, pol rral pol yani | i nes, pal yt hi ophene
SRR vl bl ofr fesht bl preREey fue prlyifenzalion and
PRMABSS drhdk dsit@ns MittoMatell g af A @MEH & 2 QNGO BAO Pfessure
bone to an inplant. O her non-bi odegradabl e, yet

binfilieatioatinplude 118 Tiseney el ¥V IP ntacydm péiltyaitoprrraecssor E150/E300,
non-.bi.odegr adabl e. yur et hanes, pol yureas,
ﬁﬁ%&%@?ﬁ?&éggﬂg?ﬁ§¥g%C§Fate), pol ypropyl ene,

pol ymethamftoth@ion, ofiid yelihyt e, thebshepsirtydies iy @13 be enhanced
oxi de). Mononers that are used to produce any of these

ply pessing individigl brye putielsagath theqalaperiIRrwaorRedere Lombining
Pol vsoi g , 4. Soi g '

GHCOLET AR 2APTR, R S, T MBEE OIS pomr
acorgpirpl 6ff the cdfipositt whh clonporehensdlese, Fdriexample, individual bone
pol yners appropriate for. _in vivo applicaﬁions. )
CopbPgtrars DéTIEy ceded ith & RARDIST GF PrHROIARGy Altematively, the

g&g}&g@aﬁ?’ HORY pd i%%ﬁgﬁaegﬁeegoa%(f Bib 8 thAYRPL iBRe particles and solid

t
yners nposite may formby step or
cpeliymeppieyumor aratiobled @petiekitd taad therpartidesar A flvidized bed coater

recogni ze that the rate of polynerization shoul d be .25
CBAY (010 B 188! tonchat 2R PRl Mol e paficles may sifmply be
P@IpBEE {18 HghRNordRRRIRAL pdIPRBChrebBSHANA R t18dsE CEHBR U Will be
the i ncluded bone particles. The anount and kind o

r faciibal toithdseiskilled in thegut, phot o-active initiator (e.g.
W or infrared), thermally-active initiator, or

cRgm & lmhpﬁ oa&8&aﬁ85;the anount of heat or light

e o control the rate of reaction

or modiWhettidier il Be o paRiciitare Wifse irefildesd rweith tha monomer, the
30catal yst may be used to increase the rate of )
r Bera PaHClsF mAYdPE (rixgde Wi the gReomAgagearding 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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For exanple, a strong acid may be used as a catal yst
for step polynerization. 25 Trifunctional and ot her
mul ti functional nononers or cross-1linking agents may
al so be used to increase the cross-link density. For
chai n polynerizations, the congegntration of a chem ca
initiator in the nononer-bone particle mxture may be

adjtuded dwistedymmiothararise mephaically aligiedc uhlgmaisielhtthe elongated

SExenpl ary .ini tiatar. Cstod | feght
T e R T —
Yahted of HMiMedbbay patfidleSedsR]) toadsh ¥ abpabiue rbughly aligned with one

conpani es such as Pol ysci ences and Sigme, . .

Amoghenalnisiean pf bpeyredpsted dhopargles mﬂyﬁﬂy dsbverae dirsely from the
[ : | : . an

PUEE! A SFPEDER G Pl Sh ROl

I gaCdhieedepassng tiskudh ©plahé gtabee. @eddusingl raddbmlyeciegred particles is

how to nodify the cross-link depsity to contrPI tTe.

raee grtiedhr alieehancahdiring uskalpt REsliceY afggeof local alignment.

C It I i : :
PR oy THBM AP, LAGER, DY RHegyy Raf Ubciively
praadetaize ahe aleatatidesafi theephrticleQdi Agitatib@9thpy adldve bemffectve to
contents of which are incorporated herein by

r BPEQTBICE QNCHIRROY oposi t e may be pol ymeri zed in any

shape. p EXeIPd &Y e NARESonkD bolhNAbtieed PartiBRYand regularly shaped
limtation, a sheet, plate, particle, sphere, strangc _
cpartidds st amuease apé Istitngss rmod visackure ftowghness ¢fethe pabgher matrix.

. sk one,. rod, cu i n cre t ube, t.poth oot h .
e fag sotesh el Bie aeEn ALy R gL towopie.
VESIG8ondatekdipaftfiles, BRREfeb SraHefartiyles BA ee médhafid€l properties of the
enbodi ment, the conposite is polynerized in a nold

heonpagite dependagyetheforigngdien of dhe pastielas withisy thepehypnes magrix. If
e be shaped. a i f . .

s oa s de SRR Bae Ry, Mhb B Fon P BSEi Pircerics of

efhe PIBATE ndatk AP s Heent Al tAe loadiig rhddec € deayayticley aranmligned,

intramedul | ary inplant. Exenplary bones that, nay be )

r epRepEly Fou dienghein SoREEHHAY E%nﬁﬁedveqm@calnv@ﬁ?nu% °¥ Ha grpgposite

e i : , i pi.ta petal,

ARl S bR Ropic AT rR4 BdcBion P RHE 1 o

ver t ebimaa ptdfatalémbadiment) tite bonengraticloeit b rcampssita, uather than

rib, sternum clavicle, 25 _scapula,. hunmerus, radi.u
!J{e!ggprcg& %xg!po%ﬂgsr’ngtﬁlét SULY Bxg logcg .ﬁgg}e ‘_@ﬁ o Juatrix Sholds the
Icg HBes iRl n?’orféligfrr]l ler,rzf : Miedel BF Bond miYba stabiédd®dd @p of one

caneus, tarsa arsal bones. In one
ealnolirman g, prefoemc eng osortaemdrsalimyadeth dovwa apluatiethgr bone pieces,

simlar s ort, including but not. limted to an .

! fdloxie WHIcBahn meoaieh i REGROTSE: HIF U9 SHAER) implants of a
dgfeel ShapR t6'b6 g?&i%e(ﬁﬁ‘ﬁﬁﬂn%gﬁlaﬁ* BieHped pick& dfHdne.aBone has very
rectangular bib for defects including 30both the

bhigbatoraprdssivenguerigtlzl hawever, ps dges brigkstthel fopgs | exgrted at the
8058 DRTBRuRTS Sy P B 3 L NG bt s ven
Phah @msile 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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26 etc. Partial tubular as well as flat plates may be
fabricated using the conposite of the invention. The
conposite may al so be machined to formpart or all of

a hip inmplant, including the stem head, and/or

acet abul ar cup. Wen used for phe cup, the machi ned
inplant may be lined with a desired articul ation

neabdemeant of meg)olyrpbraehains dn ab raﬁtranlativambmdijn@htntthe surfaces of the
repl acenent gui ces it. . from.th .
B AROLS a6t SPReT B e exposed coligdeR BE aicent pong paptictes
C&féﬁﬁ’&ﬂlltyehm}l LQ?ngatH%' eetnigiatofl urettheig owte@ 1@.S. Patent No.
desired shape after polynerization, as described

bel 2373 1, ktathedaDsteoimplany end Meduidfentts Mansfagiine g entie contents
nto the e 10 and polynerized in

§%?J%%APFéP%5?®3EP3gﬁ?%éyH%%gﬁer may be partially

pol ymemi zgflefeRt® éntydepenty mey cahpevitenisxabogt 2SBAA qmalymer by

poured or injected into a npld or |nplant site whe

pw;gh’er Dga@n o5 theipplankdite, the shesople enWeuaamcles and the
Tﬁxe%fcalz Hgérhéat}ogeprgécerﬁg{ Xfrﬁlren%ﬁtrﬁ ﬁel’g%l]% 8E (féSlp#)itl({(go usec a

prepoly serted | site
Sﬁl@ﬂ&afrdmbaﬂﬁelghbﬁrhctttdntcﬁ' polyresri ialtse cofipasite. One skilled in the art
merization is conplete, the 15wound zlte

aWHYWéong?ft that the gpBmh g on AL dppPoRYIES Wil agne,ng@nttﬁ Gensity of
rﬁ&?bgm%ge conposite in the inplant site.

Pos ynerization Treatnent of the Conposite
After polynerization, the conposite may be renoved
fP@@mmhannmkﬂﬂ&wddehther used innediately or

| h h F
0.t heA g tis BEREpFist ARy b et o B g matix
SR pitherseddaort é?(a%%alﬁ S60E18 holyheer R4y bE FurgRipdBmddtized or

accelerate the initial deconposition of the inplant.
Ttresslmfedc Dwing palyinayization, theypohanerquefseabiiis aiiaglepd covalently

cleal Bone UGy o0 AR Y S Ry YBUally FIBY o catoium

f phRPhatdlcampBuRisC hed the bend p@hhlys ﬁia@hﬁdsurﬁée treated before being
mechanically pitted, for exa y sand bl asting. 25
Fermbinediith thamaposes é%d%avb%ahor«i% shape of the

desire I

oo Ao bR Rl 15 cSUEE 15 ot EGREES scoontin o
atheai@Rent{png r20 Wbk of dﬂ«sde@mlab)lbh:md horobiolegradabde Ibmcompatlble
bi oconpati bl e pol yners are wel | omn to. those

. aolva@ma%rﬁ knpyp 1@)85%&?’@ Oftnpéwe?ﬂ% lomaliaks coR Y%Eg A&lég release
TBsu! gﬁ@mﬁl{% s%@dﬁ)gé: Fxﬂpl%u'(f@%té[ﬂé RokEagh3 87, 9804,178;

|onD ecu or 30bi oactive agent 'may
bé&,7a0 gathed3did7actd, 16,404 e Yaaoti we09S1iMBace8dh 712 ta Shastri;

5Dl B0 R An TS 0k, 75! 1 90uh° 5] 2 bCRS UkEE' 850,665 10
Barrera; 5,019,379 to Domb; 5,010,167 to Ron; 4,946,929 to 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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27 6,119,028, the entire contents of which are

i ncorporated herein by reference). For exanpl e,
anti-inflammatory agents or antibiotics nmay be

attached to the surface of the inplant to reduce
inflammation and the risk of inkection. Alternatively,
growth factors may be attached to attract osteoblasts

t fantehues) nppalplcapiolatanes), o pstyiamidest e pphyembpy ogeids.i drelysicetals,

Ll . ternatively, th i t
aRRdEs o apelsRbERior T REVEEFPEE oo Rel R R ate,
i | f@hldwalty&t@,dﬁelwm Byrrdleiony), f Gi6@ediydablen pekehangenylates,

dasion, Or othef nechani snms known to those skil]led
i bioddgeadable. pPharghareaceandfpalysacesiigesi t dn nele [sgibodiment, the

treate for, exanmpl o) |.a . ] Ldat |

e B o T By TR T ElsBe MRk eutes, or
| SIEECRTE nitr B B aRfLRcipaks ¢h BefpolidprocssseLt Mon@ders ifort tigmsine-
conposite by electrostatic interactions. [

Wi ] e the
Comboneldmerty InbgoRgi ok Hjicals AW A PP BRbpRatgRgay be
chosen,to inft. e i nLtial i ' | i
CHRR: bt B SIS ] S A RSGSR o
phiysid gHoep&E Al 9% Puiapnreenpol)s Siesiar tdoheiquashmay bplusatt to prepare

may al so _be machi ned according to techpi ques wel | . ,
KB 40611 Basel JRNORETE [ PUNGT PGy FROBRYING TRV R gide chains,

e%@@*@gﬁg&%e%{@& g1 %ﬂcl h&fh-HiBa&ridi81 pONAR&E nia also be used

fac bny ingrowth or to provide channels for =
s wellngFor ssamyslef polyperdlappelytnilings; grotpdhiopldng, apd derivatives

conposi te shaped as a .bl ock ma e. nachj d.int

GBeTeops HaFB FREFUING BAYEY PHb GRapuin dplaf fom te

Z%g{? endd? n?éﬂee ks GaNihPhhed d@abh@dndislicptdaatle gl pitRbinpatible
e a

bl ock to be shaped into conpl ex
t holgmers nimokide n alolyaQyreteap @enibiedearidable c nolascthaiesp| pajyureas,

an t.her contours.. Such a shape omnj

PGS O S oL PUBRS BB BYRLS Tef i, and
CHSRRRSNER dBYe)PMGionaehadt e aRtoastolierany Dif fgse polymers are
nmechani'cal fasteners such as dowels, pins, and scr

ews, .
abasilyf pwhhashd nfsgmbeompasiqsc aitchd 2§ FOMSCIRBCSo P8t én%vfgsmnﬂﬁc

the, i nventjon. tradii.i L.Qi . .
that th lary,
¢ ! TRt g oViste shVBTE VAL R sy syt
baoeiRjoaechedsias, hifieoMpalhmesdaprqeis foreinassempplaitions. Co-
Alternatively or in _additjon, the nmachined p&e es m&§fh h
beolyms, crikiess end eARFY of BRELAOPAYPCISTERY @ 8ﬁ’& ysed Jith the
bhg%g ti bl e adhesive may be used to attach nmachi ned
pi'eces to one another. Exenplary bioconpatible o
adhesi @8 pohehatsef heooconpait: bhay yarpastey loackan polymerization.
epoxy-hbased conpoungds, dental resin sealants, .dental
oL o e e Mg 5 S B iF BFAEs ! BODJLHERRY Should be
1“?671 | 8 @at (9 Ohk WRIROtubon polymerization does not impact
ggpa |%¥resofhinglg?ggnaldehydelgluéé,wgollagen-based )
gmeehanical otrgssas on tizgincluded bone particles. The amount and kind of radical
initjator, 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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bondi ng agents such as zinc phosphate, nmagnesi um
phosphat e, and ot her phosphate based cenents, zinc

car boxyl ate, and protei n-based binders, including but

not limted to fibrin glues and nussel -derived

adhesi ve proteins. U trasonic kgnding may al so be
exploited to attach machi ned pi eces of the conposite

t Brifimeti@mad thé pthes muBifenitieial monkages areyosatlmgingeagents may also

chi eved by causi t he chi ned pieces,to crpss-1ink
\?\}i"? HSEHh e'0a HTFET .tﬂgfcrf’ﬁséﬁ@( & eé‘Slg’Bne%B%rclhflgll ggpyg%entzﬁtéons’ the
secaatatRh drhecHepiRShitigtor i@ MBorR&-HonB padiclomdiigre may be
ot her using standard cross-1inking techniques,
opliugserhtol parapulate tiefinal erdequiatydght- Al ternati vel y, the
machi ngd pi.eces. be pla et.ch oxl:dl.zed
then t ﬁ’ée"g}f}ﬁlalsi W&ﬁa Ur fceesﬁcg:lig%seug ?ge 0? it mégﬁlggs s-f?ﬁ%gles of
10oRateviesivnt (Bd BaRtid, @0%S Nw Yordshn ®iley and Souf) dndeavailable
arrangenent of the bone particles within the conposite
i Gomnearapanigsi gich Asi Radyscimeenand: Srgieisi dtemafively, polymerized or
a | . ) i . . ‘.
P REFRL Pk B Akl MO bR, GpBscd LPEH. T2 microwaves, or an
| alyereh bebhetol ppyeds enayy fe infef-skedin bgacB0ns. B0ne Killadrinblye art will

sonme ather angle, so that. the bone partjcles appear.t.o
f EASHZ BOW &pinpdity fhﬁféﬁﬁﬂl@r@nﬁ%@w@&wg@s Fe Ofiggradation and
| ALY 0P&hd Qo%ﬁ%h@.' HIQHS IR YmQhodOFA! Sshtidllhg the rate of

configuration in successive layers are T .
cpoltymetigatiinyandfths etoldeylas ereeghs o€ dicf preduad arer 2lsaidescabeyl i Odian

fr the preceding | r . In ot her enbodi ment,
Uk R eoni s 6OV B st mprap PHR et By PGS

gr oundTHE CRLHoBE tayt BE AGRABHENEC S Qb 4aBel | Bxéhiflary shapes
section entitled "Preparation of 20 Bone," above. The
sheluld, withouintmitetionyi 4 skett.cplase Patticlgpherel sandagolded strand,

conbjned in | d.havi ng, a,desired sh

cERTgTrastraR, P O R e BB P tapvpishe, oot
aRRVIE rodNBofd B8 SREdIO of Bofie,aweddd or poadndoNetige, tdydinder, and
teachings of U S Patent No. 6,294,187, the entire .

c Bweasied scybndathile tongrambadimepotha eempRsitei iy ayyymerized in a mold
SFORERRE b0 P 0SB TR Gt LIBORPROTK et s o
t pertivhzef arndnshaps desiwlé hede ithatt Bebdidd Tepatednt Thd lskape may
conposite particles. may be nmixed with addi.tjona .

b ERCBMIaY i HEPRBTgo HBRIRY, annEYIRIaRAY> Mot ipEiefullary implant.
bi ' ' | @61l Lihé 8cBniques of the invention includ
blbggl?gftsd%g) 46(%??333? a]‘ylal}g%gl{f.?}tgqg(,:éasur fggce act liq\lllgS %ge%tmsven ron ne u. ©
( ethenaid, sfmerftaic hasat, cciplthlp petietel, tesporsiymidndibdd, exaxildes ,zygomatic,

o rabydt nectag sl Tyibet Simed. sorbumt Fiby g, clavicle
tRenGRMRARIchR, FRudlube, RevhPRSRRTHRRalal bokdl) Bhalanges, ilium,
I mpl an we

-l'aying according to the techniques o
UisshiuRgtpebis, fiowur,531t840 7ib8 g patehe celsangue, tapgl andrmetptarsalgfones.

which are incorporated herein by ref nce, .The . .
conposit &"p SF'?)P@I"@@E’ tg% cglinﬁ?srlfee% rpcﬁld%& gﬁ%tpé%? *é ¥ |s1|rra1lljalr gupport,
anet16ast benét fiAred $8/6h 1ahase {d BE pHdee®betwees hedk feethtra-bony
or a three-dinensional nold. The Iiquid may include . .
adefecison areseand @pippaior Binalecigpsien restangulge bty fop dgtects including
a eq T - ' . i Nepartiel e

B e sl bl o PHEP i B A s Sppon plates,
s hapdylarmpintehedloed Hesl piatef atongressionepleesposigeeplates, wave plates,
particles may be achi eved by including an adhesive in

the liquid or by using ultrasonic bonding. The

wet-laid mass is then dried by renoving the liquid
fromthe entangl ed nass by vacuum or evaporati on.
Alternatively or in addition, the entangled nmass of
conposite particles my be subjected to a conpressive
force 10during or after wet-laying and/or while the

mass of particles is being dried.



10

15

20

25

30

In an alternative enbodi nent, the conpleted conposite

is renelted and nol ded into a desired shape.

Thernopl astic polynmers will flow upon heating and may

be reshaped wi thout nachining. The polynmer may be

rolled or extruded to forma pagticul ar shape or

nol ded in the shape of a desired inplant, as discussed
15c. aBervigl tubnlaaras atdleasnidtiplaeemay dierfebricatedhesing thswinpesite of
is at least partially nelted and inserted into. an :
e iyeptich ; P eogmesli B Ao B fuaeREEH yEtgm Ro R ke e
RRIpY AR in&BYinB ehd\@ath kbl A driactiabilediipe Wheéd @ee for the cup, the
stresses caused by shear during machini ng. Q her

erktm | i qqleimpéarﬁfm&yh linsdewith @rdesited apiculahpa meaierial.oc g hpkastic or
5 in.t t f \ i - '
el rou IR P ehratf ol ARk AR Ak, B icpimiaups of the

Zavéeioai n. It is intended that the specification and

exanpl es be consi dered as exenplary only, with the )
true sédtsmaginelysihecompesite may ﬂ?ﬁ\?éﬂ‘f‘ikoﬁha%‘éi’??ﬁi‘m?@ iilg etsired

b%aé@?ftgrg)lo ﬁ#l‘[}gtlg‘ljl % ﬁgscribgcpb%! M5 1. A et .hOd of

produci n one- pdl'ymer conposite, conprising:

Er ovi dinngh sltephativalertbpdimfierivothe nparoiet lieshargainininfhegmiphemnt site
one particles with a precursor of a bioc atible :

pardypalymenized 8 sEy A ferAtVELY: f’f@ THOTQRAE MHY 5@8?@8& pglymerized

f4 , : i ta: i . .
S BRI R MR CELISLAEL SO or mplen
naiteewhdre qrobsserlZatitn ngcdngleted] yHer mpneroen way be polymerized until
i ncreasing the nolecyl a i ght of the pol yner .

G GTObTerdna SERERH RAT ol 2F GHPODEIASnY PTG Chigto o wound
PSIYIEY $tZ5fhrd BbYITRIbSRARE Hiak@ialsM ARet PSlyRRALatiRAN icolSote, the
provided that the pol ynmer precursor 10is not gel atin.

Avoeicheite &ctsst dinsigne durthesi cevaringvie MERIPINg & fsaHijeeefo retain the
TSR R RECARY o parcially pol ymeri z6d pol yirer.
Post-polymerization Treatment of the Composite

After polymerization, the composite may be removed from the mold and
either used immediately or manipulated chemically or mechanically. For example,
the surface of the implant may be oxidized using a solvent or gas to break some of
the polymer chains and accelerate the initial decomposition of the implant. The
surface of the implant may be roughened using standard techniques to promote bony
on-growth. For example, the surface of the implant may be sanded, filed, plasma
etched, chemically etched, or mechanically pitted, for example, by sand blasting.

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

coupling agent attached to the etched surface (see U.S. Patents Nos. 6,033,582 and
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A nmethod according to claim1, further conprising
infiltrating the polyner precursor into the vascul ar

and interstitial structures of the bone particles. A

nmet hod according to claim 1, wherein the bone

particles are selected fromthevygroup consisting of

nondem neral i zed bone particles, dem neralized bone

p@ai 19,628 she entite wbntents e which ewf incgypmetddokreio dor wiarenoep For

claiml1l, wherein the bone particles are obtained.fro
e A BB PETO ) G NG S Bos Fs e g ghae Mfface of
CREGBHIAUS RARL infPniiaGoE aRE el 1kSo AARLH 0rd N A 118t U1 @ Sgrowth
thereof A nmethod according to claim1, wherein the

blasterpany e latiacher go abtast agdotilasnicathaamiblant sife oo Giaipe the

consi stin aut ogenous bone, all ogenic bone,
%38%5%88Pg°§@ M- and mi xtures thereof A nethod

accor dANEmhtvely, ah&cdmpvhiRr @by bk ignkesd ipar tdlafi@sofitle desired
about 1% to about 25% by wei ght of the conposite. 31 .
geompaynd Hubich it allawsrgiotasisenbaanie the syRafeby ighexchapgs, diffusion,

parti cl . 63 ] % b i :
DO PR RGeS EHL0ARALY OB B s
t ey ES Iﬁ%?ﬂ@&,rhfo'r ekanplas gy plaauh efhiigtar cddatibon 7o%ntrgase its affinity
wei ght of the conposite. 10. A nmef hod accordjng, to

ciosithe romprEndof lpﬁ@aq@oﬁg?aﬁgrwau Caf ANBHE: 157’%%1‘?% on the
a b [ : 0 i fe.

2B AN 1l O B8 cobony S oy
t ffeer mpRnpaon,icives clarsen &l infigatoe the itiah physidlogical response to the

accar di to claim11, further. co I si.ng_nogdi fyi.ng, a
SR 1965 e SeBbRio AR S oD R s i aER bl desIE

accor drpdithSlakd Rkiaiké beWAgEEAdY AREIdivg R¥teBhSikiidsal€ll known to
conprises attaching a silane coupling agent to the

boee phitled gh gdastinhmadiiming.heFasi ¢xample omés mgy dipefrilled into the

f ﬁ@é{i}ftg a]]rllt?% to'é\éﬁg%rggzﬂg?rtetgfﬁtrg\igae ic gn%%ﬁ%xagquﬁﬁéq{iéjsues to the
implant. Alternatively, a composite shaped as a block may be machined into a
desired shape, including any of the shapes listed above. Computer-controlled lathes
and other equipment enable a block to be shaped into complex three-dimensional
shapes including curves, dimples, and other contours. Such a shape may be
customized to fit a particular implant site. These machined components may be
attached to one another using mechanical fasteners such as dowels, pins, and screws,
all of which may be fabricated from the composite of the invention. Traditional
joints such as tongue-and-groove, dovetail, or mortise-and-tenon may be employed
as the machined pieces are assembled.

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

cement), gelatin-resorcinol-formaldehyde glues, collagen-based glues, inorganic
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15 14. A nmethod according to claim13, wherein the

active group is nonofunctional or nultifunctional. 15.

A net hod according to claim 12, wherein the step of

nodi fyi ng conprises attaching a attaching a noiety
selected fromthe group consi spgng of a bionolecule, a
smal | nol ecul e, a bioactive agent, a non-biologically
domiding zentatsechi ad zinaphpspbrigamiagnesate phegphatg, aridnethen phosphate

oo GmEnt 6l Al R dnd M Bt PERS ineldine, byt not

nditéd/ i 8bAn Phidsasd HOsLI-i&eedaddhagiié Peptéinsi [Glrasonic bonding
coupllng agent to the bone particles and attaching
e

roreeljo Bepxdeita! tPradach Machinahipcess 9é fharGomposie i one Another.
bi ool & e%lxigal lﬂ}ﬁggl aynﬁgoeg laaiie‘?e’dzlggkelﬁﬁgl ;}t‘ﬁg.n%ﬁﬂl‘éd pleces to

non- bi of ogrcal'y®actrve nmateri a ani c

rmbgsr]liirad ,wlim shdranather. arid thery @entmneaparacleofat tthe satfese of the
to the silane coupling agent. 32 17. t hod _ . .
RERgihgheomay ke ke o herasher Wi %W@ﬁgg%ﬁﬂﬁﬂﬁ%techmque&

| A= Bl pCOo ' I [ URhecck8
SR 00ROy T AR ey b
nuiksrha/etiched oromxigieedareidthemthe dppesipg byifeees gadedwl fprrecross-links
precursor or |inked to the polynerized pol yner

SHHEELY 186 FY R PSR AFBIPOSES coval ent and non- coval ent

i nter aﬁttlix@gr??n RrenfoMBE 1RHe BatiRledvlthit teCddhgBsiteis anisotropic,

wher ei n no Ing the surface conprises exposing

coicka@érthé doemssite nidyebs tasseadedfin timyery meviyel tthe |dersction of

2 e BRI AT 1A' e SO R Pt

319}(390“_';* 609y d0° of bzisﬂin%%thécrléhgié,eéo SaneitdhBParticles appear to form a

Csrp?rsfﬁ t}lr:n?glﬂ t?lg s%acl?edeﬁl?/grss.e qfhe layers may be in a continuous ply or rotated
ply configuration in which successive layers are continuously offset by some
specified or random angle from the preceding layer.

In another embodiment, a block of the composite material may be milled or
ground according to the techniques outlined in the section entitled “Preparation of
Bone,” above. The shaved, ground, or milled composite particles may be combined
in a mold having a desired shape or configuration, including any of the shapes
described above, and pressed to form a solid according to the teachings of U.S.
Patent No. 6,294,187, the entire contents of which are incorporated herein by
reference. In a preferred 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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coll agen fibers. 22. A nethod according to claim19,
further conprising derivatizing the exposed col | agen
fibers with a noiety selected fromthe group

consi sting of a bionolecule, a small nolecule, a

bi oactive agent, a non-biologicedly active 15materi al,

an inorganic material, a mneral, and any conbi nation
Ofcohtdfts AIPMMEch &3 inddrpiRhtb® HeRGLHY fHfét8nded THealompbaite particles are
wherein nodi fying a surface conprises washi ng the bone
pahurried insa suitapledigubandecagiconia form sush ge e Higtishect @regh Agreen, or a
t | at ‘ erejn t pal.y: |.ze . C Yy :
L ot ST LT DAL 5 ) TR RE S mpai
bicogponadahise deseeibed 2bobé.odabe adablagingc pravedsy nesoks dfi particle
bi odegr adabl e pol yners, . co-pol

[ mer.s of )
nenipEmegt habbiles the|fipgbinpland ﬁ%‘a’é‘dﬂp‘g‘ﬁ%e?‘é“w adhesion between
bi - hi . 25, .
e
prsing yltresonfooborelimg. pThy met-lad ness édthen dned by rgmowing the liquid

Sﬁ?cf;% M@d"rﬁ%&%@ hogrs %‘%@?@8{213 @%@ﬁ%ﬁg 0% it addition, the

OXdy %?eg RsY §AENHAE8R) parthQby LR MWAEI&Sd to a compressive force
pol y(Rydroxy acids), polyesters; poly(ortho 33

estueing or afiel watdayiogardier whidé theprasp of particlesiisdicingedsied.

pol y(caprol agt ones), pol.yan des, . pa ' id

pol yac %a‘l‘% ,aﬁf)‘B'f‘W agmgagléfe%o flg‘fo@ncdgt%necg%p%&e T remelted and
Pahylded MaRoNeEd sy Mptbasylasticypdyers will flow upon heating and
pol yhydroxyval yrate, poly(vinyl pyrrolidone),

bim@beésc aedibped pithgetymadhiing) a%(l@spolwnéﬁ B Rfatpligd or extruded to
pol yur et han I ' i_nesb: :

o ogioénrrear ar?}%g?%/ ?hgiyg :%6 ﬁ?&&%g{ glggs?]lm)e% %{-_\ ?’%egl?ed @Asfsht, as discussed
padby b E.hio plh enehativeodnyisddymente thervomposiods it dehabpaztially melted and

ggllé%/%{eg;gt%ggﬁw %gglkjf‘;e Sfeﬁggb%éf Aggl'lll‘lgl]?\%tl%i’anl}g&llchined polymer may
g l?eta{&’ilbgfr%gy t& Pédﬁ%@glm’a!c@ e GBled BN Geld diﬁhﬁg‘?ﬁachining.

uct's, co-polyners thereof. 26.” A netho
according to claim1, further conprising placing the
bone 10ptet embedipwhisnethe inscotisnwillbs tappasentrio ghefs| illed in the

bee]:r? Front’ glc%rrlrs?(rielrgt%r{ oFthe specification or practice of the invention disclosed

herein. It is intended that the specification and examples be considered as
exemplary only, with the true scope and spirit of the invention being indicated by the

following claims.



27. A nethod according to claim11, further conprising:
partially polynerizing the polyner precursor; charging
a nold with the partially polynerized material; and
conpl eting polynerization to formthe bone-pol yner
conposite. 15 28. A nethod according to claim1,
further conprising shaping the bone particl e/ pol ynmer
precursor mxture in a shape gselected fromthe group
consi sting of a bone, a sectionh of a bone, sheet,
plate, particle, sphere, strand, coiled strand,
caeppivigry network, film fiber, nesh, disk, cone, pin,
screw, tube, cup, tooth, tooth root, strut, wedge,
portion of wedge,. cylinder, threaded ﬁglinden, and

g ,
rbd. 20 mathod fRryang @ OGREPAYMELCARROSHT: FOmMPTTRer
conpr i shiingRdiMiNGr8osiipd@q&s; of the conposite after
0"A

pol ymerization. 30”A method according to claiml1,
wher ei epmtiaing thepooé partidlies yith g peecuiser efciebieesmnatible polymer; and

por 1 oro p PR Ry ERF BBl da R i e el Lo pRT

of ]E hewhdreihakesteped ol yigerzing thapolymepmeturson cofpAges loee or more
surface, retaining a bionolecule on the surface, .

r et ai n?frfgosa-lgmgltgwlgeeﬂ FE%‘HW%“%%?P%E%WI%W&T WPigh' of the
bi oact hy{emagRaturdR, dnb@rdathd 85Rlent KInds NhEifg 812 poRaddgied C

34 material on the surface; retaining a mneral on the
sur f aceolymprpregwysor giithithrlbang paricles Haowped, Bat the polymer precursor

is not gelatin.

2. A method according to claim 1, wherein the polymer precursor is selected from

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

3. A method according to claim 1, further comprising infiltrating the polymer

precursor into the vascular and interstitial structures of the bone particles.

4. A method according to claim 1, wherein the bone particles are selected from the
group consisting of nondemineralized bone particles, demineralized bone

particles, and mixtures thereof.

5. 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.

6. A method according to claim 1, wherein the bone particles are obtained from a
member of the group consisting of autogenous bone, allogenic bone, xenogeneic

bone, and mixtures thereof,

7. A method according to claim 1, wherein the bone particles are about 1% to

about 25% by weight of the composite.



31. A nethod according to claim1, further conprising

machi ni ng the conposite into a shape follow ng the

step of polynerization. 5 32. A method according to

claim 31, wherein the shape is selected fromthe group

consi sting 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, toot 1root strut, wedge,

p@ft ' Oﬁl rﬁéthwg&%rdl dé’ltd BElRN 1, WheRACAR sk ipadRIcs @Ebout 26% to
10 . A nethod according to claim3 further

conprl@mngﬂﬁébv@WH&@OﬁmQPQH@@ﬂwy of machi ned pi eces of

conposite together. 34. A nethod according to claim 33,

erei | 0

S renpar oo RACO e ELERES, SHEcPBTRE polR R aBk31% 1o

ul t r asahoiut 7496 bgliweight afitie amypossiebi nat i on of the above.

15 35. A net hod according to claim1, further

risin chin I
D 3O EAPRS R SRR R RS Sy e
f or m agboasP®EaibyPteight of 56 cémpaditeod accor di ng to claim
35, hmhe;ein t he conposite particles are conpressed
a for er, than ab
t] hodAa{E%tg‘?ddﬁ%ﬁar 1% @ |°E%“Pn‘3 Résinan gﬁaﬁ‘pﬁtﬁ’ﬁ%t @Jﬁﬁg@‘f" {gne particles
parti cheslangeconpr essed with a force between about
2500 and about 60,000 psi. 38. A nethod according to

claim 35, wherein the conpre
Y t&n%d composite cﬁ? rlrtlgl g sgéace of the

hage aAviBrtiod ascording it clams i PhefpsbeRe mo
bone particles.
13. A method according to claim 12, wherein modifying a surface comprises

attaching 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.

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

multifunctional.

15. A method according to claim 12, wherein the step of modifying comprises
attaching a attaching a moiety selected from the group consisting of a
biomolecule, a small molecule, a bioactive agent, a non-biologically active
material, an inorganic material, a mineral, and any combination of the above to

the bone particles.

16. A method according to claim 12, wherein modifying a surface comprises
attaching a silane coupling agent to the bone particles and attaching a moiety
selected from the group consisting of a biomolecule, a small molecule, a
bioactive agent, a non-biologically active material, an inorganic material, a

mineral, and any combination of the above to the silane coupling agent.



39. A nethod according to claim35, further conprising
conbi ning the conposite 25particles wth a nenber of a
wetting agent, bioconpatible binder, filler, fiber,
35 plasticizer, biostatic/biocidal agent, surface
active agent, bionolecule, small nolecule, bioactive
agent, and any conbi nation of the above before
conpressing. 40. A nethod acc?% ding to claim 35,
wherein the conpressed conposite particles 5have a
shape Aeh&RSEHccorRmg th@aitl P6PvERER RS bik@le @buplingigent ifcludes a
section of a bone, sheet, plate, particle, sphere,
st r andporceipt@epatibled eryinggpwl-1 ary network, film fiber,
mesh, di sk, cone, pin, screw, tube, cup, tooth, tooth
r t’ t . . | i I in
B e ndad T e s O R g i oorpostod ino
cl ai m the pelymbrredcpotpmies ipregursac tor nlinkgd t teetheopgipaetized polymer
10i nto_partigles an t-layin e rij. . form

an ost E%FWB?TS%% m‘zf’ﬂger%? ﬁ%‘faﬁéééa‘glc%og Fcéle' %Sﬁﬂtlg!egﬁ%g{)r% 1,
further conprising heating at |east a portion of the
CONpos At method aact@dingr @t clnien 42, whereh tiodifpiol the suffhasweomprises
43. A net hod cordin claim further. conprising
conpr eg)gqo,qlggtca]iagﬁp %‘k’%ﬂg iai @’e S‘Fr?glfS r‘?itl’ﬁa?r(’f‘? E‘i"é%le?' oget her
in a predeterm ned shape after conbining themwth the
15p0l y AeinefodC tdcoling 4¢t-cldimmed hadthac comgiisigg t foayiigitha exposed
43, wherein the conpressed bone particles have a void
vol unecolbeeyfibgiter than 32% 45. A nethod according to
claim43, further conprising conbining the bone

10P31 t i ClARettoll Rc@rABERS Elafth 19, MPthéd EtEnpBaIY cross-linking the exposed
bi oconpati bl e binder, filler, fiber, 20 plasticizer,
bi ost acoltagbn 6bérslal agent, surface active agent,
bi onol ecul e, small nol ecul e, bioactive agent, and any

copbi nat o 8fact S8inB RO \CGaitACI o) e tise? TBRBASIhE Werivatizing 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

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

23. A method according to claim 12, wherein modifying a surface comprises

washing the bone particles in phosphoric acid.

24. A method according to claim 1, wherein the polymerized polymer precursor is a

polymer selected from the group consisting of biodegradable, non-

20 biodegradable, co-polymers of biodegradable polymers, co-polymers of non-

biodegradable polymers, and co-polymers of biodegradable and non-
biodegradable polymers.

25. A method according to claim 1, wherein the monomer or prepolymer forms a
polymer selected from the group consisting of poly(phosphoesters),

25 polysulfones, polyfumarates, polyphosphazines, poly(alkylene oxides),
poly(arylates), poly(anhydrides), poly(hydroxy acids), polyesters, poly(ortho
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46. A nethod according to claim43, wherein the
conpressed bone particles have a shape selected from
the group consisting of a bone, a section of a bone,
sheet, 25plate, particle, sphere, strand, coiled
strand, capillary network, film fiber, nmesh, 36

di sk, cone, pin, screw, tube, cup, tooth, tooth root,
strut, wedge, portion of wed cylinder, threaded
cylinder, and rod. 47. A conpusition, conprising: a

plurality of bone particles conbi ned.wth ol r
precur$trS)s eP%]é(?aéB‘gfaF%m RO (RrembTHeT | fuglefﬁ't?go P@ﬁ'}é&,gprglacmnes)’
f 1 owabl gy @60 MpalyRiR PRIKTEDolyadtthid polylactides, polyglycolides,

partial |'y-pol ymerized bi oconpatible pol yner, provided .
that toedy(@exgrases)pr eobhydioxybutyrgte, galobhiydroxyealyrate,  poly(vinyl

conpo ?%?G?Iﬁéé’c g{c))giéé}g%atrbﬁ g{ﬂ &%&Lryl%? rlﬁb&g?a{dla!ﬂ% 3ﬁ;ldyL?ethanes,

porti S are coval ently |1 nKe 0

t he lququm](c:chalriéezsur gprosingbastd. Apdympissi trobripyacder dipely(aniline),
to claj . aiim 47. wherein at |east . a ' f

the' i v Epogier. advdeitr apn BlodsBRTbu kbR, potyureas
par t i chag(ettiyRent Nfihylt sctads), WolybrdpRnaopolsmethpereiate; gotyethylene,
50. A conposition according to claima47, erein the

bone pRAlY(ERIvisge gride)s é‘P‘E’E‘E’%‘e%raéﬁi"}clt% ARy RE R eting

of nondem neralized bone particles, demneralized

15poneapaiditel @Scording 9 Xdlatmed, t fueth@Ofcombrisilg placing the bone
conposition according to claim47, wherein the bone

par t i chasticlepelysist BieRegOTRIBHra eRpldbelre pplymgrzten:

consi sting of cortical bone, cancellous bone,

COf t i CREANSEILO 0 Rim ANRirthbrdomp@Singher eof 52, A
conmposi tion according to ciaim47, wherein the bone

par t i chagallrpolyhergingbe pObMSRPECHENDer of the group
consi s C
Cors 100,01 A48 SRR BN B RrboBR

completing polymerization to form the bone-polymer composite.

28. 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.

20 29. A method according to claim 1, further comprising modifying a surface of the

25

composite after polymerization.

30. A method according to claim 1, wherein the step of modifying a surface
comprises a member of the group consisting of oxidizing at least a portion of the
surface, roughening at least a portion of the surface, etching at least a portion of
the surface, retaining a biomolecule on the surface, retaining a small molecule

on the surface, retaining a bioactive agent on the surface, retaining an inorganic
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53. A conposition according to claim47, wherein the

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

the conposite. 54. A conposition according to claim

47, wherein the bone particles are about 26% 25to

about 50% by wei ght of the conposite. 37 55. A

conposition according to claim47, wherein the bone

particles are about 51%to about 75% by wei ght of the

conposite. 56. A conposition %@cording to claim47,

wherein the bone particles are.abaut 76% to ab ut 99 0%

by viei BAETERON e SEaBoSIATRE & T Bip LR gHfa sy COmbination

accor dyge bsbvel ai m 47, wherein at | east about 60% of

the bone particles are elongate. 58. A conposition

agfgor di‘\ NGethBd %&Jr@ihé% cmﬁrﬁ'fﬁn%rcfo%ﬁﬁ&ngfmﬁdﬁﬁu MR composite

particles are modif . A conmposition according to

claim 51&2 a sitape éqllwtmethsnﬁepaée@ymﬁnw&én bone particles

10are derivatized with a silane coupling agent to the

b%}e PRI LLELE §c00¥¥ﬁ§é % aalfrx{1 ?hsxbllxe?éiﬁ 15P4RbE R%eRRRArom the group
nprises an active IS incorporated into

t he pobgnmtmg eﬂaﬂnohg;ruesrecmrecﬁm bore, SE@L p&r’tmrppbﬂr@,lsmand coiled

accordin a|n159 n the a u
nonof ut 36Y nFOrs v}ﬂ ﬁbslh gjosh, g at%’ n%é3 II%"tscroenw tube,
accor dggg t"()chC|t6d>tH1 231, WAL Qleligd, sbriat foﬁC\eédg@I ctlneler, threaded
bone partlcles

cylinder, and rod.

33. A method according to claim 31, further comprising fastening a plurality of

machined pieces of composite together.

34. A method according to claim 33, wherein the machined pieces are fastened
together with a member of an adhesive, a mechanical fastener, ultrasonic

bonding, and any combination of the above.

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

36. A method according to claim 35, wherein the composite particles are

compressed with a force greater than about 1000 psi.

37. A method according to claim 35, wherein the composite particles are

compressed with a force between about 2500 and about 60,000 psi.

38. A method according to claim 35, wherein the compressed composite particles

have a void volume not greater than 32%.

39. A method according to claim 35, further comprising combining the composite

particles with a member of a wetting agent, biocompatible binder, filler, fiber,
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are derivatized with a noiety selected fromthe group
consisting of a bionolecule, a small nolecule, a

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

an inorganic material, a mneral, and any conbination

of the above to the bone particles. 20 62. A

conposition according to claim58, wherein the

surfaces of the bone particles_are derivatized with a

sil ane coupling agent and mhei%in the silane coupling
agent hisqflek} Vibd&Rbiviad %eﬁ@'s@?ﬁ(ces sdiRet £end HasmhéIB&ile, small
group consisting of a bionolecule, a small” nol ecule, a

bi oact invkecdgerttigactivéoageht, ok @yl lcpmbbration oftthe i slove before
an inorganic. material, a mneral, and any conbination

of the“gﬁggggg'SS precursor by a nmenber gf coval ent

i nteractions, non-coval ent interactions, and any

cébrbi nAtmethodhcdohing bovieim 648, wheeimtbs icompressed conghosity particles

to claj m58 wherein collagen fibers are.exposed at t

sur f a6 hARE 15 ‘?‘féedpﬁ?r{l?% goup onsisting O, ﬂ'égg‘?’ £ Sggtlon % bone,
accor diHagt, pRites partiBleSéphereh e idNcdilee seadp sapilllaep hbid@ek) film, fiber,
fibers are frayed. 66. A conposition accordinq to )

cl ai m ®ash, diskr@ne RimacERp Bbed-uPoloply ket jogk slgutawedge, portion of
cross- | iLaked ki cording to claim 64,
mhereihhgﬁﬁggygéégﬁhﬁggpgggﬁ’?ﬁ%ggs are 1lOderivati zed

with a noiety selected fromthe group consisting of a )
b#tbnol Acmktbod acemding tensladmul, durtherslogmeisingemaghanng the composite

ot ccuts Pl Al TR Bl AR AR oBBOflent o

68. A conposition according to claimb58 wherein the
bahe pArmethbdscoontimg tosdaien tdatthergooiprisial dicating at least a portion of
phosph

%te%omposite to a temperature at which the polymer flows.
43. A method according to claim 1, further comprising compressing the plurality of
bone particles together in a predetermined shape after combining them with the

polymer precursor.

44, A method according to claim 43, wherein the compressed bone particles have a

void volume not greater than 32%.

45. A method according to claim 43, further comprising combining the bone
particles with a member of a wetting agent, biocompatible binder, filler, fiber,
plasticizer, biostatic/biocidal agent, surface active agent, biomolecule, small
molecule, bioactive agent, and any combination of the above before

compressing.

46. A method according to claim 43, wherein the compressed bone particles have 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,



15 69. A conposition according to claim47, wherein the

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

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

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

and co-pol yners of biodegradabl e and non-bi odegradabl e
polymers. 20 70.A conpositioqxgccording to cl ai m 69,
wherein the polynmer is selected fromthe group

consi s§ikin%ont, 1519,' YBROBBBOESS, absth, tdoe Ysotl ftanmesedge, portion of
pol yfumar at es, pol yphosphazi nes, poly(al kyl ene

oxi desyedgsotyinderythaaded cylindery prghivgdr i des) |

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

P9}y CaROABLGRon BOLMGREPY! ene Turpraies) -

pol y(caprol actones), polyam des, polyam no acids,

25p§)| yapletaitys o floing [padicied esmpivied glithcopalpraer, greduyiod sdsederbrom a
nes), . .

5 pol yhydr oxy BRI & BSPYHGEH ok A PIaPicRBPYHRS MPRyFy 2 2
ol i done), @Bially-polymerized biocompatible polymer, provided that the polymer
bi odegr adabl epol y¢cyanoacr.yl at es, bi odegr adabl epol yureth
anes, pon§§@Eﬁ%¥F%%§gg¥9?osine-based pol ymer s,
pol y(pyrrole), poly(aniline), poly(thiophene),

P8y St X &Afbosifion-a8¢REIRY 1t Eatine ) avherdie ah &astsa portion of the bone
pol yur eas, poly(ethylene vinyl acetate),

pol ypr pasti¢lenase coalepth dinked t}?ltéft RolyBeN BFetUsene,

5pol y(et hyl ene oxi de), and m xtures, adducts, and

10 €49 PO! %%B‘%ﬁ&ﬁ@ﬁ eQordidd to AaifPHRAS 40 WIREGS bileit atpdrtion of the
claimd47, erein the plurality of bone particles are
conpr eswastittabgad esculan stuqtvredettbe boneparsiplgp are ipfiltrated with the
conposi tion according to claim71, wherein the
conpregggamﬂgF?F%FES have a void vol une not greater
t han 32%

50. A composition according to claim 47, wherein the bone particles are selected

from the group consisting of nondemineralized bone particles, demineralized

15 bone particles, and mixtures thereof.

51. A composition according to claim 47, wherein the bone particles are obtained
from a member of the group consisting of cortical bone, cancellous bone,

cortico-cancellous bone, and mixtures thereof.

52. A composition according to claim 47, wherein the bone particles are obtained
20 from a member of the group consisting of autogenous bone, allogenic bone,

xenogeneic bone, and mixtures thereof.

53. A composition according to claim 47, wherein the bone particles are about 1%

to about 25% by weight of the composite.

54. A composition according to claim 47, wherein the bone particles are about 26%

25 to about 50% by weight of the composite.



10 73. A conposition according to claim71, further
conprising a nenber of a bioconpatible binder, filler,
fiber, plasticizer, biostatic/biocidal agent, surface
active agent, bionolecule, small nolecule, bioactive
agent, and any conbi nati on of the above. 74. A
conposition according to claim71, wherein the shape
is selected froma shape 155e%fcted fromthe group
consi sting of a bone, a sectioh of a bone, sheet,
pastic g 1R 472 Uhsfelrpihe bospirtidlay ate 19
ngé vvorJli‘%om?%g(B aC(;éf;dax?gnrrﬂéschéi p4l7:t e&tedr skbocone,lé %rrérf about 31%
scr ew, totabbet, 75¢ulpy weight ¢f the eaoesitoot , st rut wedge,
portron of wedge, cylinder, t hr eaded cylinder, and
r 7 0
Pps Breoftyp s REBKLACIARHER TR n BERGHEREY L Sbouc 76%

corrbr niorpot O Ybbneeigat ¢fithé esnpusith a precursor of a
bi oconpati bl e polyner; and polynerizing the polyner
precursor to f.orma it h d

S paTymen rosHEn BeeTRRRG relE ey Sherel & P ME 6B, At he bone

pO'YHEpaﬁuegm%b&ngﬁbyner precursor conpri ses one or
nDre 25 of cross-linking the polynmer precursor,

P ur SePPANHOR AT O U i BEHGS TRl b paticles are

pol ymepjoggdpol ymer precursor with the bone particles,
provi ded that the polynmer precursor is not gelatin.

40 76. An osteoi npl ant accor dj to.cl ai m.75, erein_ .
t BB poYIRBIPOBIER AFCOBHNg O Jalfrets ShersiD HESUHARS ﬂgﬁ’e bgne particles
oPrepol Xﬂ%etfegrvgtlzfehqyﬁpla QilRR! dWUBling &Rt & MRIMHohalphiticles, wherem the

polynerrze mer. 77. An osteolnplant according t
clai m §1&nemeplmg1agebéﬁ@nmﬁeh @nmﬁtlyﬁrrﬁfouprtéétulrs§690rp<§ated into the
Spol yneri zed Sa3f a portion of the vascul ar

and i nP%%eP%‘Tdé? %Q?erd)c% ure ‘of

60. A composition according to claim 59, wherein the active group is

monofunctional or multifunctional.

15 61. A composition according to claim 58, wherein the surfaces of the bone particles
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 to

the bone particles.

20 62. A composition according to claim 58, wherein the surfaces of the bone particles
are derivatized with a silane coupling agent and wherein the silane coupling
agent is 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.

25 63. A composition according to claim 61 or 62, wherein the moiety is incorporated

into the polymerized polymer precursor and linked to the polymerized polymer



the bone particles are infiltrated with the pol yner
precursor. 78. An osteoinplant according to claim75,
wherein the bone particles are selected fromthe group
consi sting of nondem neralized bone particles,

dem neral i zed bone particles, and m xtures thereof 10
79. An osteoi npl ant according to claim75 wherein the
bone particles are obtained f§0n1a menber of the group
consi sting of cortical bone, Tancel |l ous bone,

corti GR=GaRk B! LHEmBANSE corRigntnietaeti6ss, hbee@ient leritions, and
ost eoi npl ant according to claim 75 wherein the bone

part i cinysombimation ef theabove. froma menmber of the
group consi sting of autogenous bone, allogenic bone,

éé%fen_o‘g %pglh?m@&p&cat?ln t@c&#rﬁs‘wﬁejﬁ&ﬁ %Qlflag%ﬂr ﬁ%@rrs] are exposed at the

eoi np accor to claim 75, wherein the bone
parti cduefcaofthabaetpaft¥di¢sso about 25% by wei ght of the
conposite. 82. An osteoi nplant according to claim?75,

53581 B SRR BLE 3 B SR B R s P s o

accor dfriygdt o cl aim 75, wherein the bone particles are
about 51%to about 75% by wei ght of the conposite. 84.
ost eoi npl ant according to claim75,.wherein t
b8 pirerpraton AEoRBe o setn B WhhR oS daf ien gpers ar
t he cogmgsiidked. 85. An osteoi npl ant according to claim
75, wherein at |east about 60% of the bone 25particles
are el ongate., . . . .
67. A composition according to claim 64, wherein the exposed collagen fibers are
10 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.

68. A composition according to claim 58 wherein the bone particles comprise a

coating of calcium phosphate.

15 69. A composition according to claim 47, 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.

20 70. A composition according to claim 69, wherein the polymer is selected from the
group consisting of poly(phosphoesters), polysulfones, polyfumarates,
polyphosphazines, poly(alkylene oxides), poly(arylates), poly(anhydrides),
poly(hydroxy acids), polyesters, poly(ortho esters), polycarbonates,
poly(propylene fumerates), poly(caprolactones), polyamides, polyamino acids,

25 polyacetals, polylactides, polyglycolides, poly(dioxanones),
polyhydroxybutyrate, polyhydroxyvalyrate, poly(vinyl pyrrolidone),



41 86. An osteoinplant according to claim75, wherein
surfaces of the bone particles are nodified. 87. An
ost eoi npl ant according to claim86, wherein the
surfaces of the bone particles are derivatized with a
silane coupling agent to the bone particles, 5wherein
the silane coupling agent conprises an active group
that is incorporated into thespolyner. 88. An

ost eoi npl ant according to clai'm 87, wherein the active

group pigddRarbinct i po1dyaRbachihted, f UNChib@paddabl89. Apvlyurethanes,
ost eoi npl ant according to claim@86, wherein the .
sur f acedysstcharidesporfarosingdessdc| pRlYRES, dAOIXRITYed iobyaniline),
a noie d 1 154 1

o1 omol S FROAEhEL pAITEHE, HERYRAERRILE: Ry s polyureas,
non- bi pdlP@Ethyéenk yviayit noetateyntpelypeipyleas polymgtha¢rylate, polyethylene,

mat eri al,, neral, and. i, nat | f th b
Sl er Bk oR S SR A P b R
to claim 86, wherein the surfaces of the bone

15par t AQogpositién akebidigd foZotdmwi 7, vherei thaphiraity pf borg particles are
agent and wherein the silane co phing agent is

der i vatemRIgssei togetheipiadi§icleEmEet 8PPr om t he gr oup

consi sting of a bionolecule, a small nolecule, a

biz9act W&naRsitibn adcordiig b Ok CalheteiaGhd Y@nprassed badicles have a
an inorganic material, a mneral, and any conbi nation

of t heveldyolmegm! grateodre@d?Ypl ant according to claim

89 or 90, wherein the noiety is a nenber of

2@k nconp . N | hze :
10295 nconpagat e dntQ.otdife RO! AARY 77,2 durRR} YORIriBhE Clnfdber of
0ang Ilﬁkedﬂko the pé#yﬁ%r ribhg oo
biocompatible binder, filler, fiber, plasticizer, biostatic/biocidal agent, surface
active agent, biomolecule, small molecule, bioactive agent, and any combination

of the above.

74. A composition according to claim 71, wherein the shape is selected from a shape
selected from the group consisting of a bone, a section of a bone, sheet, particle,
sphere, strand, coiled strand, capillary network, film, fiber, mesh, plate, disk,
cone, pin, screw, tube, cup, tooth, tooth root, strut, wedge, portion of wedge,

cylinder, threaded cylinder, and rod.

75. A load-bearing osteoimplant produced by the steps of:

providing a plurality of bone particles;

combining the bone particles with a precursor of a biocompatible polymer; and

polymerizing the polymer precursor to form a composite that is a mixture of a
polymer and the bone particles;

wherein the step of polymerizing the polymer precursor comprises one or more

of cross-linking the polymer precursor, increasing the molecular weight of the

polymer precursor, and creating covalent bonds linking the polymerized

polymer precursor with the bone particles, provided that the polymer precursor

is not gelatin.
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by a nenber of coval ent interactions, non-coval ent

i nteractions, and both of the above. 92. An

ost eoi npl ant according to claim86, wherein collagen
fibers are exposed at the surface of the bone
particles. 42 94. An osteoi nplant according to claim
92, wherein the exposed collagen fibers are
cross-1linked. 95. An osteoinp|ant according to claim
92, wherein the exposed collagen fibers are

deg i vaph ZatohflBntaad®Bidalgy ¢ Rlapat B WhaBI! he SHIAHE precursor is
consi sting of a bionolecule, a 5small nol ecul e

1 a- .
bi oact selesiedgfeem a mopemerpadirergilaas ¢ flawableepolymes jagg a partially
an ino L€ j.al, a mneral, and any conbination
of the&g§§§%?ggés&kﬁ ost eoi npl ant according to claim

86, wherein the bone particles conprise a coating of _
c@l.ci ufmn phtesipiptantaccorlingin ctaimddi whéraint befersdhaipaigmergprecursor is

claimZ? wherejn th ol [ far. :

o oup, BBRHEERn e a1 Bal bt B 4R a5 g AR Fructure of
co- pol feBbse gHrtidesade fifigadd with ceypolymser pesugsol. ymer s of

non- bi odegr adabl e pol yners, and copol yners of

bi odegr adabl e and non-.bi odegr adabl ol rs. 98. An
e ) e 3 SR J5 B TR e e st
pol ymefroinSthe &t @&wl‘sﬁ@%nof Rend@iniHEraledShont i pagiokds, demineralized
pol y(phosphoesters), polysul fones, polyfumarates, 15

pol yphbenstraticirssandgeixiprel thgeethe oxi des),
pol y(aryl ates), poly(anhydrides), poly(hydroxy acids),
P 9% yeshg rﬁfeoﬁrgh%ﬁ QELR@NE IS Elati 75 RAYGRAHROMMAE Particles are obtained

pol'y(propyle mer atesS), poly(caprol actones),
pol yanfrdmsa mohanifintheagious copsistingcest geréical bone, cancellous bone,

pol yl act i.des | val ycal i de I i oxanones),
pF!ghy&?ﬁ%ﬁﬁﬂ?@ﬁ%%%?%%FV%?%?gfsggﬁégate,poly(vinylpyrr
ol i done),

80.  An osteoimplant according to claim 75 wherein the bone particles are obtained

from a member of the group consisting of autogenous bone, allogenic bone,

xenogeneic bone, and mixtures thereof.

81.  An osteoimplant according to claim 75, wherein the bone particles are about 1%

to about 25% by weight of the composite.

82.  An osteoimplant according to claim 75, wherein the bone particles are about

26% to about 50% by weight of the composite.

83. An osteoimplant according to claim 75, wherein the bone particles are about

51% to about 75% by weight of the composite.

84.  An osteoimplant according to claim 75, wherein the bone particles are about

76% to about 99% by weight of the composite.

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

particles are elongate.
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20 bi odegr adabl e pol ycyanoacryl ates, bi odegradabl e

pol yur et hanes, pol ysacchari des, tyrosine-based

pol ynmers, poly(pyrrole), poly(aniline),

pol y(t hi ophene), polystyrene, non-bi odegradabl e

pol yur et hanes, pol yureas, poly(ethylene vinyl

acetate), polypropyl ene, polynethacryl ate,

pol yet hyl ene, pol y(et hyl ene onge), and m xtures,

adducts, and co-polyners thereof 25 99. An ost eoi npl ant
aggor diARthsteBirkpldtMcdordingh8 tRiif Ash@heRIPASTat& d¥asie Bone particles
shape selected fromthe group consisting of a bone, a

sect i opregfiodifigsone, sheet, plate, disk, cone, pin,

particle, sphere, strand, coiled strand, capillary

ngywor i, I)ét%]d'ﬂn 1ol aldoPBhe tHE3m 86 GferellBfe sBRes of the bone
toot h, toot rgot, strut; wedge, portion of wedge,

cyl i ndeatticleh readenvatiyéd mddr 2 sdant eoylingd @gentAe the bone particles,
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15 104. An osteoinplant according to claim?75, wherein

the conposite is shaped. as particles, and wherein the
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by a member of covalent interactions, non-covalent interactions, and both of the

above.

92.  An osteoimplant according to claim 86, wherein collagen fibers are exposed at

the surface of the bone particles.

93.  An osteoimplant according to claim 92, wherein the exposed collagen fibers are

frayed.



107. An osteoinplant, conprising: a plurality of bone
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98.
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polymers of biodegradable and non-biodegradable polymers.

An osteoimplant according to claim 97, wherein the polymer is selected from
the group consisting of poly(phosphoesters), polysulfones, polyfumarates,
polyphosphazines, poly(alkylene oxides), poly(arylates), poly(anhydrides),
poly(hydroxy acids), polyesters, poly(ortho esters), polycarbonates,
poly(propylene fumerates), poly(caprolactones), polyamides, polyamino acids,
polyacetals, polylactides, polyglycolides, poly(dioxanones),
polyhydroxybutyrate, polyhydroxyvalyrate, poly(vinyl pyrrolidone),
biodegradable polycyanoacrylates, biodegradable polyurethanes,
polysaccharides, tyrosine-based polymers, poly(pyrrole), poly(aniline),
poly(thiophene), polystyrene, non-biodegradable polyurethanes, polyureas,
poly(ethylene vinyl acetate), polypropylene, polymethacrylate, polyethylene,
poly(ethylene oxide), and mixtures, adducts, and co-polymers thereof.

An osteoimplant according to claim 75, wherein the composite has a shape
selected from the group consisting of a bone, a section of a bone, sheet, plate,

disk, cone, pin, particle, sphere, strand, coiled strand, capillary network, film,
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113. A nethod according to claim 110, further
conprising infiltrating at |l east a portion of the
interstitial and vascul ar structure of the bone
particle with the polymer precursor.

100.

101.

102.

103.

104.

105.

106.

107.

43
fiber, mesh, screw, tube, cup, tooth, tooth root, strut, wedge, portion of wedge,

cylinder, threaded cylinder, and rod.

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

the composite is modified.

An osteoimplant according to claim 100, 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
agent, associated with an inorganic material, associated with a mineral, and any

combination of the above.

An osteoimplant according to claim 75, wherein the osteoimplant comprises a

plurality of pieces of composite fastened together in a predetermined shape.

An osteoimplant according to claim 102, wherein the pieces of composite are
fastened together with a member of an adhesive, a mechanical fastener,

ultrasonic bonding, and any combination of the above.

An osteoimplant according to claim 75, wherein the composite is shaped as

particles, and wherein the particles are compressed in a predetermined shape.

An osteoimplant according to claim 104, wherein the compressed composite

particles have a void volume not greater than 32%

An osteoimplant according to claim 104, 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 before the step of compressing.

An osteoimplant, comprising:
a plurality of bone particles; and
a biocompatible polymer not including gelatin, combined with the bone

particles, wherein the bone-polymer interface comprises at least a portion
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109.

110.

111.

112.

113.

44
of the surfaces of the interstitial and vascular structure of the bone
particles, and
wherein the biocompatible polymer comprises one or more crosslinks, or the

biocompatible polymer is covalently bonded to the bone particles.

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, provided that the

polymer precursor is not gelatin.

A composition according to claim 108, 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, provided that the

first polymer precursor is not gelatin.

A method according to claim 110, 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 110, wherein coating comprises spray coating,

tumbling, dipping, or using a fluidized bed.

A method according to claim 110, further comprising infiltrating at least a
portion of the interstitial and vascular structure of the bone particle with the

polymer precursor.



