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

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

i ncorporated herein by reference. Field of the

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

appl i cati ogs nd rg spegificall to th nthesis

of bone- r epKnes of 3 Bong-Palymer Coypposiedaaten
Background of the Invention 10 Vertebrate bone is a

CONMPOSi ;s R fCAfRn Sﬁ%9%§9 Hﬁ'forﬂtmr ﬁ.sl?yﬂfo@féi/cﬁﬁ?tagﬁﬁoation no.
col | agen, a a variety o oncol | agenous protelns, as
web(/46% 9y fdddl echgastd 1 2,a21081 ¢wt etk |contever efewhimheary ommrporated
ca]rg b.egjpr ogessed into an i nplantabl e biomateri al,
sutRBIYdREMCBgraft, for exanple, by renoving the

cells, leaving behind the extracellular matrix. The
processed bone bi omat ergigld éfafie bdvé&@t@nvari ety of 15
properties, dependi ng upon the specific processes and )
t r eat mehbi§ inpgtioadderiginstto thaynthasis ioh cempepitg gaterials for use in

LG 15 B g g A bl e

bepgymeemarik donipesité@ad- bearing m neralized grafts

that support and integrate with the patient's bone or

may alternatively be_processed into sqoft, nol dable or

f1 owabl e deni ner al i zBackgound ok ghe lnvegtian 1 hat have 20

t he abi ' : | I ) :
Log o7 bitrk ROUEE ARl gt EabpBI A SRRy Sepuic
or ¢dipgedi andredvaiane ofi songelligeanneavprotvihs,| es yorile anoumistdded and

can,.regenerate w.thout the formation of scar .tj .
£ rAETAE SOl VaHFRup e B e TPrstid o R fraplanfaBfSomaterial,
tifRht & BRaklloghtt,i 9 Mhihflle, bPaeheR@pl heUbAR! Qedving behind the
support physi ol ogi c | oading. Metal pins, screws, and
mestimselhlara meatfix.e oAt precesseflibogel hiemppihcen e a variety of
mechani.cal , fungtions qf inj.ured bone. However tal, .

| SPIOPGNER i demrt e b s, PPHLR Mot isnd Tty pbiic to it and
| MphaMcoriRMe CREEétEristicd of L RivathtdRNew R RGidhyit & uitdned. For
the inplant site due to stress shiel ding.

g . . .
FuPiemilndrac-deaYel bipmgleaiatsanar ke propsrasrbito lad-hopring mineralized
t Oz L thdt! ﬁ%@ﬁ '81d integrate with the patient’s bone or may alternatively be

processed into soft, moldable or flowable demineralized bone biomaterials that have

the ability to induce a cellular healing response.

The use of bone grafts and bone substitute materials in orthopedic medicine
is well known. While bone wounds can regencrate without the formation of scar
tissue, fractures and other orthopedic injuries take a long time to heal, during which
the bone is unable to support physiologic loading. Metal pins, screws, and meshes
are frequently required to replace the mechanical functions of injured bone.
However, metal is significantly stiffer than bonte. 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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physi ol ogi cal renodeling. 2 Bone's cellular healing
processes, using bone tissue formation by ostobl ast
cells coordinated with bone and graft resorption by
osteoclast cells, permt bone grafts and certain bone
substitute materials to renodel into endogenous bone
that is al nost indistinguishabl% fron1the ori gi nal

Ho f ft it by th
a1 aoPUen by e BRE o shopde Bong B foiargn iy ostoblast
OPdcllf cbBrddRitdd Whth bIRCARNLGR! reSéiHABIY GbclRE cells, permit bone

resorption rate. Bone substitute materials and bone
chgrpés amfbcthm Rone subsiitis watetials te semerdel inesudegeapys bone that is

A PSRl APPSR R gfone st

r elﬁ’ﬁﬁlﬁi b$ tievdwailable ShapRadndrsizeNsf. grift? el the desife B3ehtiffi9%e both the
6, 294, 041, 6,123,731, 5,899, 939, 10 6, 478, 825,
6 ma@aawaf stEgigts and e 1esorntine tatsnt Bape sebstityte roaterjpls @pd bone

S BORIRRR) o bEA Ll Labtor BERIANSS S GEPEEPRie oo, I
bonmatrﬁnr carieal iboné gafts baasupport (phyhopgd:abstftpsﬂslbuatdtmlsl slowly.

bone. r SRt GAEEE Nob s s o210y e SPEOAY 6128 73hg 3899939,
ofg &71?8251 %944@04440 B8d 5W0Y 1318 Ne Which% dpatl?{)] e@hjch]a"i’e incorporated

Summry thé I'nvention In one aspect I nvention
i Shfaem@weﬂf@te plesclitess mgeﬂwdsdmeprppwmommmpmémg allogenic

Rt e B b5 PR PR iR gl o nersse e

p aftiteh %ﬂh@f’f bOhé-eiAfoBIdYIPRIpoBTQMH/ iBelcadig tHRK AR of ithdinteractions
it. e bone particles may be dem nerali zed,

notidle fierreataikimaterialor a mi xture of both 20
dem neral i zed and nondem neral i zed bone parti cles. The

bone particles may besu r(l?ﬁleffan nor e of
cortical bone, cancel¥ous %gn-e—cm-gn-co- cancel | ous
bone. IIn amlazlla‘spann the heveanioncs afmtthed haingrodaginpea bone-polymer
aut ogenous, _al | ogenj c, xenogenic, or sone conbi nat.i

of°°PH’é’§’ée ﬁhf‘oﬁée SEmREsRS, then¥eRsoAk Pﬁ%‘ﬂ@’i"él %éﬂ'éﬁaléty of bone
%0
7 % 9091’%/% géél\?/%}lg t l%(%@r@ c{é:l)esa‘ggH:ae&]‘ yré% i?Bd ternati \P Jlymerizing

orit.i ﬁh@U@ldpmlem@wbe 6él%mfalnzh:la npadéminkwizerh pr bemxture of both

el pngat e suyfac ne ticl be .
sl P paiErSheiiad S PSS! Thelhtit Srrtiglepavay be
atdbi‘ﬁﬁ&ﬂ floth bhe o?%@repﬁr &drﬁéaﬁ%on@h BartklIRebERY RbHS- ca:ncellous
ent includes an active up that is i ncorﬁorate
t]mgqon

opet e agditignethe sewceroh ¢ Tpey be autogenous, allogenic, xenogenic,

or some combination of these. In one embodiment, the bone particles are about 1-
25%, about 26-50%, about 51-75% or about 76%-99% by weight of the composite.
Alternatively or in addition, about 60% of the particles may be elongate.

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

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



10

15

20

25

30

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

b ougy bggv?@gg do mf;}?%%dnda@%g?}m ggeﬁ:tlﬂe@y th{(ﬂ&%dthg gllane coupling
POI¥AER TnZRdit RS HeAgiEtylddbd KB HoR8 paER1DM AN RBpoPdied into

noncoval ent interacti ons. I n anot hér enbodi nment,
cah¢ aglefmehmbp@cmson Wdlrdqqdﬂlmetocﬁy qowelebmrmq@aﬂalmt @feractions.

ar.e 5 d.,.Th fib or .

o B Do R Rioar R, SRAn s AT ufe Tfadred ) B particles are
defkbysdl ZBR Jilhferdfibere gf&tﬂr@ed dr srek link&d. ew& &xpoded collagen
bi oacti ve a ent a non- bi ol ogl cal y active materi aI

arﬁbeﬁ%mgﬁhﬁ expratizedl avith abiemedscale, a small sneleculordhipagtive ggent, a
|l eg
ohsbAgPce, AR FREL 55, TeRE pREAET Sl or some

mnﬁﬁnﬂ@ﬁtcﬁf&h&!et hTHefﬂﬁnﬁ(ﬁayuifHés Pag alsossy wheiedrie phBsphoric acid.
being combined with a |arger, quantjty g poﬂyner
préaigpasely, Altle pengpargiclss nihyohe Baled Wuh e BRIATET @Repursor before
|n e S
| e §Er,dal:{ﬂ!)el t?;luact]aﬁ‘ée‘? qgﬁfrmt:i_rg%fgﬁgﬁn rEéLﬁ’é > %‘l’é Sa/%frga portion of
priee vassolar amyuftmimﬂ studaegrfdikabére mrtlcles may be infiltrated with the
non- bi odegradabl e pol ynmer or copol yner or a copol yner
ofp%ﬁéﬁg%%i e and non- bi odegradabl e 15 pol yners.

The m Xpher 8oRinek rﬁe&ﬁ%“ﬁlﬁ rfofAth HiicRRRgbIRad hét-BRodegradable
may be placed in'a nold betore polynerization or after

paiojyreen gncopelymes obeenoptlamere gl thindegedable andenon-biodegradable

B2 P Re S PR ot PR Bl g placed in o

PahbldWeEsre FRYyrikeiAatiae OF aftér @lymaﬂ@ia@@.h Hak beeb@hAédbut before the
pol ymeri zation or after the precursor has been

paEGUASATyis pempieieiyzeelymenzego &%éﬂ@#ﬁ@m hen tnixtygge of theo polymer
S%Lrgcqﬂéor EI I.Jh!tt ato' ratl?agi{lchoi Lﬁ%ﬂﬁfe b%r ﬂiﬁ@& i’ &n ﬁggarﬁ?sw before

ance t ofyrer 'pretur

t hlaatzansh tdrcalﬂes thebp@lymfeﬁpﬁscofsot hes bemjppesmale;r palynieeized. In
nodi fied after polynerization, For exanp d%@rtlon

ofOEhEMERMiRsHb Yﬁﬁyu‘Be%iﬁ’lé{F%te@ﬁ %%tmed)resawer Stidif@hdte used to
{ r
SRR E R Faa Rl e AL b sanie ¥ BoRlicle g

t he surAamefawsatf ahel oofnposite maydok asinfied aftbnepobyr@atzatmm For
pre@ag]lp fn]a[e %lgjgpogh ggghq? g %‘Sﬁ: {pgy l?g ogi%izrég,c rf]:{cﬂeeg o' rgug%ened A

biomolecule, small molecule, bioactive agent, or some combination of the above

=

may be retained on the surface instead of or in addition to the oxidation or
roughening. The composite may be machined into a predetermined shape following
polymerization. A plurality of machined pieces may be fastened together, for
example, with an adhesive, a mechanical fastener, ultrasonic bonding, or some
combination of the above. In an alternative embodiment, the composite may be
machined into particles and compressed to form an osteoimplant. The compressive

force may be greater than 1,000 psi. For example, between about 2,500 and about
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pol yneri zation. A plurality of machined pieces may be

fastened together, for exanple, with an adhesive, a

nmechani cal fastener, ultrasonic bonding, or sone

conbi nati on of the above. In an alternative

enbodi nent, the conposite may be 30 nachined into

particles and conpressed to forman osteoi nplant. The
si,., For

co ssiwve. force y be greater than 1, 000 )
ex@%f?eoepﬁbe{wgﬁ CERSHmLSE REPTaEE COFPOBYS Bﬁﬁélﬁgia.re a void
| nydiGe B RMLL | Man 316 BORIRS @&ﬁ?{%sésﬁ@%’gﬁ’éb&ﬁpm%tﬂaﬁic@é may be

are a void~ volune not greater % Before T
corpprtessl with 4 bcouppiolsle thendsar filler, dibenmpjadtieize dndsitatieg biocidal
with a bioconpatible hi.nder filler, fiber, . .

o1 358 RYBF Bt PR sty bl qetleeliE Josge asent, or any
aCddnmtnaANSE thel HFRE.eCrHeCcorfpBritt PAPU@SGURY dNoOBE dveed into an
agent, or any 5 conbination of the above. The

c orReInplanpby wietlavingralp a1 dismrasive sihediment.catdpast a portion of the

os | t- ' i v .
eri5 R ¥ Heaftt T e fhaffe ot AR (ERARERMS: S atIgost parially
heatlesl doanpsitenfagbatpliuced &t animpdintRe Pefote ddoding. The at

| east partially nelted conposite may be placed in an

i npl ant INs3noghes aspsch ke dnysagon it a £RBIPREiHion spBFising pplurality of

[ ti ' |1 rd.si pl,u '

DGRBS, QTR PRSGOR 0 app diphbk, Goepoymer,

exBowpdbde palymencnmgrartighygmdymened biddonyabible poiymerewhein at least
artially-polynmerized bi oco tibl e pol r, erein

bt padion ot B Hore efitices e Biratp et 48 T polsmer precursor or,

COMRY BBy inedf ¥RE pbRmicRiePROIYHRI pREGSH, SO Or

after polynmerizing, to the pol ymerized pol ynmer

precursor. Brief Description of the Drawing 15 The
invention is descriﬂﬂdﬁbﬂ&ﬁm | r he several

figuresyof .the.. dr.awin PN i C igure. 1A |

schema?lT }3:6 SFvepligh ﬁ%%a%%begf W:Rﬁcrg?%%&gt #)n gheaé%dﬁg%a%%fr es of the
modrgdvihg, Gwhichone particle into a polynmer according to

an exenpl ary enbodi ment, of the invention; and 20 ,
Fi gur e Higur&14 isa pewmatic obtwamsthodp el insprerating ghgmigahmoiety

an . . ¢ . ‘i i e o
LSRN WAL FR0P e ALy e o
heine¢rmjony éiers to classes of molecules (e.g.,

protei g, arm o ,aci ds, peptides, POl Ve 82138 an cxemplary

embodiment of the invention

Definitions

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

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

gl ycoproteins, lipoproteins, steroids, etc.) that are

commonly found in cells and tissues, whether the

nol ecul es thensel ves are naturally-occurring or

artificially created (e.g., by synthetic or

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

i ncl ude, I ot limted to, enzwnes recentors :

nolip S a2 el o Bk A vari e dsBledy conins

moigltekfefums, SbeAmis, ti-@hedrddentsaslhanils MAC ARIRNaGL i C

factors, antibodies, vaccines, haptens, toxins,

i nt er f erBjacompatiRley:ndée tegpt higearapatihlis n s used| igggin ds intended to
1 " i i - " L .

b e Rpnls, BACRERIS AR i vHE dbHolinduce ynesirable long term

dedfticisbe materials, upon adnministration in vivo, do

not indyce undesirable long term .5 effects. , .

"Bi od _egﬂglﬂg‘fﬂréﬁ?blﬁs'_ lﬁﬁsselépeﬁg]legnh’ blqﬂeg@g@l?lgd Qlsiterials are materials

MBh&Y IdRbRJET EaddP Sysickicd NAIndHRME2RE HREISL product thay can be

physi ol 6gi cal condi'tions to forma product that can be

menetbbdlized dr excreted vathedt dirmdgsub odgamag Biedegmdghlesnaterials are not

i egae PR el 4oy G PR acton to fully
acddefle! OBidekpadaBle aaiALR- alR st dnb R TRae rd'tre;]l!b?oken down
I n

also include materials that are broken down w
cevitlyn celg.neral ": As used herein, a "mneral" is a

nat ur al . 0 rring. iperganic. .solij.d having,a defi.ned .
cryst al MRt o A° Sne BEERG & niRetal s SHAWEY o Erifig gnorganic
besoli@Xa®ing0s defihddablystal RridtGreCHMPIThenAl cOMmpdsition that may be
natural ly occurring solid elenent. 15

" EFRGAT vRERRIP dbits corpResitig ohe pafurallyoccurring solid element.
"ol i gon vde »Th -1 PO yn he: .
%Ilﬁﬂfdﬁ&?igf i, z‘ﬁuEﬁfcmsﬁcld . !()Jre" lﬁrfig?@éélgtgldae :  The terms

“nucl ei ¢ acl I gonucl eot i
pdipphancledtidajucinecteicdasid, The tadigoruclpaidelurdf@ots de' polymer of

"nucl ei.c acid", and_"aoligonucl eotide", npy be used -
i rﬂugleeﬁé?ﬁgeéfgw:%mpp%lé{mg%oualegolWfﬁ& 86 ded GApRBlsotide”,
atmh£88 Lisdd eEchMYERP! U%§all%l?ﬁ‘ﬁl% cBhfprises at least three

pol ynucl eoti des. The pol yner may 1 hclu 0 natura
nuskotices DNAg and RISAs siragolmugiepddese, Thagmdgneremay include

UL el e SRR S b NG S 8ne. widin,
anfbe@flchesith, dedx ARVMARARSES ri‘l@&k)%ﬁan&iﬁeb R4 QB HGine), nucleoside

i nosi ne, pyrrolo-pyrimdine, met hyl adenosine, =~
csnplogpyagl cdreiniioagenosiep R dhipthymidingi mesine, pyrrolo-pyrimidine, 3-

EATRL A S ek S -G
C5-fluorouridine, C5-iodouridine, C5-methylcytidine, 7-deazaadenosine,
7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine, and 2-
thiocytidine), chemically modified bases, biologically modified bases (e.g.,
methylated bases), intercalated bases, modified sugars (e.g., 2'-fluororibose, ribose,
2’-deoxyribose, arabinose, and hexose), or modified phosphate groups (e.g.,
phosphorothioates and 5 "-N-phosphoramidite linkages).

LI 1)

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

e

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

ar abi nose, and hexose), or nodi f&® ed phosphate groups

| iR SRRy IR ReRs e e "Bl cpepride”, and
ACHRHtEINIMb P bt RS PMESalhgbbKENDiRle maYy feRR!tY RRREdIPRLA] peptide

"peptide," or "protein" conprises a string of at |east
t r@ecollpstivm & pepadass [nyankize pepigiss peaferphlyeptairdenl yaatsal amino

The. 1 er "pol ypeptide”. " ide". an Tprotein” .

oy e b R B PSP By Y Mbesy in navre
| gt Vitdtiadanp @Rt iklRrpdhted B0 | £ChoIOPepdide PEMin:d@Se, for example,
I nventive peptides preferably contain_only natural
arfitive’ W e, cabisahirdug rdadmpiamnatsipotei, ivhigk jdagplays, gructures of
CONRaHGE S zhﬁl?ﬂb 0f1s MRk nAGE ‘)’éen’ su &g&f{dflg iIIT'_?:OEB‘btratE(!l1 ﬂf}o ##Hetional ion
be 1'ncor pora &d i nto a po ypepgl e chain;” see, for

exchamheds) ankdfdrEntihovwasidcanlopal dseard keowh in the art may alternatively be

- dadgr p/ Unnat struct. gi f, i ch, di splays structures of
 GHIAYHr a5 PRG OB IS of E@ﬂ ARNPAGILIN Y HYEALYS PRjide may be

| NROKIRRY, ?g)r{]AIF]Sl@, b Afetddanfn dNcheaiBNNGLi) siRAHs carbohydrate

am no acli al 0ogs as are nown 1 n the art may .

al greum atphoephatdgroupplanyesyl gralisan isrfernesyl ravowp, effatthacid group,
amng acids in an inhventive pepti may,.pe .10

o B A i ta e g B L e R ean g 45 preferred
endnhBodir s N RSB FRARARYS Rk HepGdOlad 18 APMOEPhable pepﬁde (e.g.,
group, a farnesyl group, an isofamesyl group, a fatty

acgrepteyr balflife sin | vivier These omndifiggionomay include cyclization of the

funct..onal i zatio of-Qt her nodifi catl . .

or PP L fsiinurts Do B el pRCo L g edions should
penbstatidgaftctforeavitiie detiddd oloeRhi sleivite ofthe pefitidat er

hal f-l1ife in vivg@h These nodi fications may incl ude

cycl i zathobysaseharife”) 5 cpehnphydgatei har ;‘obigpsasehanidsy: of The terms

Do L 6lS « Tt fioati
SUBSPAR-REI"  EtonBRAE: Bl HDeatid S 3HEP RPa BRMcHof sugars.
acThevieinis Gpolybechapie’ dEcarbohRdlys aaal dloligesaccharide”, may be used
"car bghydrate" _or. "oligosaccharide": The terns

" dBWVg’éE%fﬁ’gbi- déypicalpy YRAFGagde comprigs; 553%%%&81{8? pygers. The
{?ﬂm&ﬁnﬁgﬁﬁ&lﬁﬁ@ﬁlaﬁﬁ‘als @sS(e.g. TQ]%;%%E HRictose, galactose, mannose,

ol'ysacchari de", "carboRydrate"

" alratgoesac cibasd, detd, xylase) baddmenhodd®@di sugersc feagag @adfiugroribose, 2'-

Typi cally, a ,polysaccharide conprises at |east three

sd%ﬁ?gqm¥ﬁé“ﬂgw§%ﬁﬁ may include natural sugars (e.g.

gl ucoseisphdll Hid1eQue 92 ARGCEeS PerdiB RO I&m “SFhAPniMIERIe” is used to

ri bose, and xyl ose) and/or nodified sugars (e.g., ]

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

necessarily, the drug is one that has already been deemed safe and effective for use
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deoxyri bose, and hexose). "Small nol ecule": As used
herein, the term"small nolecule” is used to 25 refer
to nol ecul es, whether naturally-occurring or
artificially created (e.g., via chenm cal synthesis)
that have a relatively | ow nol ecul ar wei ght.
Typically, small nolecul es are frononeric and have a

L ol Sl R0 oL BRI 9 Bl puman e

t hisdted bethe MDA uadera2 11 OFR. §§0330$34 3Bemhr6ug~f 3®1<;Tan¢ﬂ ﬂ40 through 460,
ani mal s, preferably mnmma prefer

| ndrggs Q5 Yegtinapy @Ff‘eﬂlﬁté@ béfn%cﬁ% rwnéer %é? Eﬁa|§|§ 500 through 589,
rmi'n@ b dshe"flelﬂ 'w'gefep gt S hh X%nsﬁ&géw&cﬁﬂé%lg or use i in accordance

nece arl rug 1s one t as a
deenbmméwnamdemfo‘nectlve for use 7 by t he

approprjate v rn t al nc For exanpl. e,
dr ugs. f OHORSHEEARRAE ASveed igeine PRV A X R R efer o

S%Q}nﬁ)ouﬁéslof @ﬁtﬁi@ rlhégtﬁa}fter alﬂﬂlb’fltdfgcﬁﬁ[eo%g%ﬂfe@@lse ﬂfeHQﬁmIogwal or
for veterinary use |isted by the FDA under 21 C.
Smbletrmad) sgntS8Bor exampix, bmaatlwagﬂatsemmy by ludef butemc; aot hmlted to,
onsi dered a t ab use in accordance
o HER RS DRBAERS! DRRaRoR. Sl ien  Gbiyhy Snmapg ipprissans,
USEfEi- V181l &ubstandek Oﬁﬁyin\éeinﬁlgﬁ&tss 1nch§hﬁ%8ﬁit A& B &T td Protease and
compounds or entities that alter, inhibit, activate,
orTeHRIRR iianssEipiase dehibipms| Hisicrainhiritors Hsktasening\anieids, hypnotics,
Foéfntl%%%lll%s, lfﬁt{%gi Zxaﬁ%tg ﬂ%e?i's M- CQI?VIH&SIS Q'Hﬁsc?er ?elQ)?ants and
mte o, ~anti- D S aices, "ant’i

S Udpsit Rarki@Son asubbtBh@b] Qiti-spasibiieU Qtlﬂﬂe&ﬁlaﬂéscorﬁfhctants including

antl-V|raI subst ances, enzyne inhibitors, .including

buthaprg! blogkeisd Miptissoreas @n%ﬁao ICERIEY, s @ntlrgéﬁ@emaptcawounds

[ 0 0 0 E
%hlgl%%%gt% axgdﬁ(?# %ﬂtl Jﬂgﬂ%g%ag S&ﬁmacgﬁ]r Iﬁé,ahgfgltufﬁors & QhfSxiracellular

t rraatqui intersrtions andlidiag rvelll grawtls jinhibisas end ealnﬁ)mihbs'ommdolecules

ant i rki nson substa ces anti_-spas cs and nusc
co‘f’i‘F?‘g@l"Bﬁt 28R udng O@haﬂ elP ﬂgﬁj i oﬂ’F‘Et%manﬁlyntheSIS

andnki-15peHEMEFA! CSinafRlibs, 9! ame ?S@:tl@@”p%fﬁil&al 13nd  non-steroidal
anti-parasite and/ of antl-pro ozoal' conpounds,

nodéHaflanmatdfry c edgentsxt rantiedrigingegnic nditaters, i pheseatioons factors,

:Tgﬁcéggalrgglgm?el %@g‘ﬂ'ﬂ%&lp | nh bl ! ? égsen Eﬂ}ogrfl]]t I()zilgg E.gt?clﬁmophthalmlcs

R\RoQagl RS | lﬁnﬁéd@bﬂ%@éﬁhﬁs; aﬁnpsychwa@r 5IRBIYES, anti-emetics, and
anal gesi cs, anti-pyretics, steroidal and non-steroida

aﬁtnaglnﬁfagawﬁnlﬂ@rgerta@dm@rre@ ambodimgntsg thei biodctie aget 1s a drug.
anti -seg ﬁ;g(;r rc%mfggeg ?ét?n% &P bi%gét Ve {sa.ﬂfd p%aﬁi{ch irngs sultable for

antithro oca anes I CS
use in the present invention may be found in ‘“Pharmaceutical Substances:

Syntheses, Patents, Applications” by Axel Kleemann and Jurgen Engel, Thieme
Medical Publishing, 1999; the “Merck Index: An Encyclopedia of Chemicals,
Drugs, and Biologicals”, Edited by Susan Budavari ef al., CRC Press, 1996, and the
United States Pharmacopeia-25/National Formulary-20, published by the United
States Pharmcopeial Convention, Inc., Rockville MD, 2001, all of which are

incorporated herein by reference.
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prost agl andi ns, anti-depressants, anti-psychotic
subst ances, anti-enetics, and inmaging agents. In a
certain preferred enbodi nents, the bioactive agent is
a drug. A nore conplete listing of bioactive agents
and specific drugs suitable for wuse in the present

i nvention may be found in ' Thar n&ceuti cal Substances:
25 Synt hes ) ApI i cations" Kl eerrann

and Jurgen etailo pfigh of Lertain Prefe dimey

the " Mergk 1ﬂv@ﬁ§‘c¥n 195‘3 rﬁ&ﬁ&&:lo?%%ﬂfh%sﬁfngq‘ﬁﬁh&%@mer comp051te by
Drugs, and Biologicals Editéd by Slsan Budavari et
aliniogRONEr dons #9196 thanpblyheric Umatrd #t dheestime of synthesis or

Phannaco | a- 25/.Nati pnal F | ar ljshed b
R PR R T pefRte o B abori i, iieBifd fondortn Pleces of
Rqﬁ&&dtéﬁxﬁné@ma QA4 ,corlbined§ with itEd) nfn@men OwhiE Q8 Wnaﬁﬁ?menzed

herein by reference. 8 Detail ed Description of
Cetheap@lymeszast eaepasith atfiyrienesed Trenadiajellitor wpyi ke farther processed

18 0 SRR AR B e FOTRRE 4 e o

ofths poiidieaiicled(e.g. Mnﬁ?ﬁﬁidfﬂl JFgurefl Al heinpeipyrigéd indd e backbone
bone is processed to rm pi eces of a 5 predeterm ned

@ORfeT cf‘o%hoﬁé@l whﬂwa@éerm%rpolmﬁr@ﬁu% Forggrample, X may
p e may be used
OAe)/ a({'ttlgFgT oup %Mﬁspﬁlge% Eﬁgm}g to form an

ost eoi n‘ﬂlmnd;mpcbmteomfethe nrhmehtrmnmay aer:s/iee.m g dlongrsabigtitdde omaterial,

the surface of = the e part . 9., bone

pdPYidr 8 Sﬁuct#r@uvagbtbbsanp PRRBY tﬁdFén‘t’i%%a PARignofgr a whole bone,
bagkpoiRie #fcoRGNIRT sofir@r 0P BHRY dEﬁvéJ‘ﬁaﬂi%leﬁ nﬁf' lﬂe 1n producing
during pol ynerization. For exanple, may 10

o:tstawemgluamap f@g examiie esing dlfe QaChmqeessot‘ k‘alugwpmmon@ owned U.S.

TEGRURBS h2o8h st S 8 INEN L’ SH% S S BURE (EaRORES that exploi

b &k rticragl i‘f'{tinetp@rtf&e@ RE ﬁotaalﬂ*ﬁf/st 4Btk iRk sBapdtBhtSis convenient
bone, or provide a convenient source of bone derived

pé}ftuls@ﬂ‘lb%lt}fe@ forysechimng del piskerp! the earsichpiza Andshape for fashioning

, t f
OO ifiPlf b RE b Dol G e MR SRR e WRRRes of the
5,ibGehtidh Enabld tonbearticdahfogues donade @xipdfoady sib®Bagd shape, to be
particles. Bone particles arc_not always_available in

a %ﬁ%&bp@ﬁh\%e ?Sée%@ﬁlﬁem e skilled jindhe prigyiflfesognyge that the size of
?g:f;i@? 4 1&Esosll%hﬁp%sc%{9{rn159fac%t8fc%l’?§'§() s%{rgrgl ﬁ?l‘arss HRRRling but not

shioning 1nto
| detidsle & ithgy sigp pdride shapentsf th'Ehen]ﬂfth rnlneq desredf dedradation rate, the

;%S@]}l@g&aﬁgagﬁga‘g)%uf%pg@{ ot 6:1(‘e ?nefc amca r;])yo S?'tlilerscgf t%g %ulgrf)undlng

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

the surrounding tissue,

Preparation of bone

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

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

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

shape of the inplant, the desired degradation rate,
the mechanical strength, nodul u3, and ot her

chani cal ,properties .of. the surtoundi.ng. tissue, the
e st wBGCREN DB ENY PLETHORb Moy #58 ties Poe bone
| N$2ficied. IrpScI¥y bt foARed IBZ BHAAS WheicBorld ®Sp®duce fibers, chipping
Preparati on of bone The bone particles enployed in the
pr*@g@lﬁ atangn cuftinghwhplgnbonsarfrictyrmg sdeleabpngdn liquid nitrogen, or
co -1l qn..can i ned.from,cortical, | l,ous,
Copa s A iaka 3t HoRE O ThaflkL SBh, ofARGRY R Steved 1o

auro@edeqiasticled dfagpetiéicand/ or xcnogenei c 30 origin.
Preferably, the bone particles are obtained from
corti calhdbare prrtislosogapiored & iths sompetitiomsan e Bowssed bone

b . i cul .yne ] '
o PEAFES pEELUfY poide AAYBTUIRRRUR (ARG RnPng SORIRRINGl fine
c giwdead focsvasss gsaits awbevenrlatgheciipndn opaembodiesnt, powdered bone

Particles are forned by m]lin ol e bone to prodyce
£ (EHEles £ FApRgn FBES PRk Sl%%%ﬁhﬁb%&'@t foieant 12 mm and

f r[ﬁﬁgéégiaﬂgavﬂh%leemgﬁﬂ? lén@‘tﬂ L&ergiaﬁithfcﬁﬂ@sg rat¥d of from about 1:1 to
otherw se disintegrating the bone tissue. Particles

c aaboopBilohddsyredyeposidevaidbare pastigdesochncke praded oitediffdrent sizes to

ific size. The bone.parti.cl 1 in th
R R SR R e S SRR
a pirl@ed IMAORT bRBEHE! ShBlIG] ZRS WA Honeidutd® Tedseloatte @le¥hanical
fine powdlers to coarse grains and even | arger chi

S.
| retsngtheatitrlinmdant and egbmpeedastdive. SpHr the epabimatian pﬁﬁ@@ powder
i n_aver | cl ' f . t, 1
BRI LT SOTERPYiE IR 4 S el e
t hingHae 18d reliirigated sHape domdnaitits di thd Boneaielf] sided thel folymer may
desired, powdered bone particles can be graded into

di b apldgd indp adesited shapgguce or el i ninate any |ess

desi r abjg. h&ﬁ{lﬁ)@g% c&@ﬁﬁhﬁ&?ﬁzitﬂ’fﬂiﬁé%ﬁ enlfiBn ?rﬁﬁ:rﬂowdcr, bone

As particles one becone sna they w
C opurti¢lenipenekadyschacactdrzediis Riomigatal and glosemgin P reiftitdhe high median

R SRR o 45 e, S5 SR s

anpURLARY ohRNRA ANy She’ GOMVERD nlehdds EPAT 8y ifling or shaving the

i mpl ant "and el i mnat'es shape constraints oh the goone

i tsefabe of ancatitcheonsodtyretativalyylargsesentodrd efl bpmg. Eraploying a milling

detsecizlr{n?&lue? ggg gein obtain a mass of elongate bone particles containing, for example,
at least about 60 weight percent of elongate bone particles possessing a median
length of from about 2 to about 200 mm or more, a median thickness of from about
0.05 to about 2 mm, and a median width of from about 1 mm to about 20 mm. Such
clongate bone particles can possess a median length to median thickness ratio of at
least about 50:1 up to about 500:1 or more and a median length to median width
ratio of from about 10:1 and about 200:1. The milling process may be optimized to
adjust the size of the bone particles and the size distribution. The mechanical

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

af orenenti oned bone powder, bone particles generally
characteri zed as el ongate and possessing relatively
hi gh median 20 length to nmedian thickness ratios can
be utilized herein. Such elongate particles can be
readlly obt ai ned by any one of d@veral nethods, e.g.,

mll. or sha the swyrface, of an e ebo
oy pPeR0 By WP el Sipe GRishentin pafielfig 9 of bone
mﬂdrﬂuﬂ@s uliRAANINAHE coMPBsif AW aicht Pert@f hebicddl PABRIG0%, e.g,
bone particles containing, for exanple, at |east

al#hetT 585Ve Rt 266508 erabows leTi%gataéobfo?ﬁe9%r Ry peysed.
gggsﬁfns%f?&h& @%Qécﬁl?e gé_} Ab“r‘%]ﬁ‘ng %nsg%{eotg}n??p%#ﬁcg%séggnﬁgﬁglg useful

t ofollpiddts 31 Mohe anhdpaomddlLaD0Winth Hn Aénghh, thﬁé)buﬁe ibrdfmsmg mill
t o about 20 nm Such el og?at e bonerg)art| cles ca

po%eé&éedamrm@ﬁn%wstw@ SedranNe b1 6kHA thaenreogontents of
at

ﬁe‘g]illlg.ﬁ engt E;%tmég ré’hq %(ﬁﬁ%ea?%g %ff{BF roma @qugﬂts in the
1Q3rd:dla:mnm ab dortg, 2O smps'ﬁﬁﬁchrqmlckllyg:uﬂr lenghbwisaay ptrmde tubular-like

o imzed.to he, si ze of the bone rti S .
TP rar o e TP TR TAGIE DORS PG ol B0 B frent szes

eI t@%&ddée BPEkniite AYde@cSPAHIO MY e(Sf oftﬂh?udlé@»krﬁl% n?e@rfbeqﬁesent In

tailored by adjusting 10 the weig per cent of

v arvietalls amicapmse (@bmmg:abene pamcieelcan d:leedesenlnﬁ_d) a&)ﬁldummes fibers,

particles ytilized in.the conposite. Any wei ght

abisaft SFoitusBEou trikoBs; o o,  about 1255 about

26- 50% Trabsste dﬁa}naé%reo@p@h@wy déRiRPNezeday REcdigBfle with known
Anot her procedure for obtaining el ongate bone

paatdlj earneentionat preagiatep yn yyderylo rlupgthgiy ercsgard¢ npigeral content.
of t

pr%%:{glsntg?drl]lgg?n rrfle gg%h]gvé %ﬂegtulibr érﬁc %ﬂg%g%gmganﬁt é’f bone by
Padmplbiing acidGéhdiods. Such r@a’lhdsdsear@ o:retlembsfnoﬁ theNh‘t Ghe forecxample,
I ncor porated herein by re of this

miRgddi.c @ + §796 Nawedcddy §6Fuclt978n6%i6%h@05 i ?P”éﬁnrrt]% pSwhich are
t
bonEJ}Bgﬂaﬂeﬁ?}eXelﬁ q.‘)lry fref fRQL. esﬁTehgtthfO[}{% d&d sHRMloﬁrﬁhE'sﬁﬁae of the

arti esire gate bone partic
c eronb @agrcmieilhdlthd: duiciidh ef ﬁmtdemmerahﬂaﬂhoh areatknt evib rdetermine the

el i mna any less desirable sji.ze article .
B Bl feBaepatan Refsrencs e ThF FoaphRuy ZRciadees dryapdowski
bane,;par IB&&J:&:S 1988y, Hees16906] BRBa3S371), | RETBMMtents I REHigh are also
threads, slender or narrow strips, etc. The bone
parlwrem@@ddleeel@bw‘tfn@htw demi neral | zed in accordance

\rMef:iE cg é?rP gfdalgnﬁegztlliﬁ%ﬁga g o cg %ﬁ? EOII'ICT%ZC.)I{IC & arte subjected to

DenddTedtialidzsmife@thgdéd) @eiSowLINBY en héle deitMic@@Mationstep! Alpreferred
conmponent of bone b
defatting/disinfectant solution is an aqueous solution of ethanol. Ethanol is a good

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

The preferred concentration range of the defatting solution is from about 60 to about
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enpl oyi ng aci d solutions. Such nmethods are well known
in the art, see for exanple, Reddi, et al., Proc.
Nat. Acad. Sci., 1972, 69:1601-1605, the contents of
whi ch are incorporated herein by reference. The
strength of the acid solution, the shape of the bone
particles and the duration of tH& dem neralization

treatment will determne the 2 tent o )

e WETE PFiEETL Ao Rl RS PIRSTATE PRHarY igh g aloohol
t OFIRMARS A MBS, theBondpartickks BlORRbrsd®htkid B&P timekd ¥fect their
31: 365-372, the contents of which are al so

i ndeoniperehzatignhelle acithyalsoedienéastsethe | iong byr kifleny eiduses, vegetative

dem neral i.zati Q rocedyre, the bone particles are :
suB|BEr R RS A AR g WD S0 sgtiayed T g sieg include
byindiafiei &idiasithas aldreohloAd asidedhd ddgiti€heids 8Gch @dperacetic acid.
defatting/disinfectant solution is an aqueous sol ution
ofA@@wrfgtrt?atlEﬁhtaH@l demynegaligsd dose pardigles pesy rinsep a8 sterrg water to
' r i |, er: t enabl :
sarrieys e AP Aol RS Al GEE Pisd B i s one Bircles are
paprefeedbds . dridddifonrdxhiipleatby éasgthildfadok, befoto iadvopdratedOinto the
percent, by _wej ght of water (i.e., about 60 to about 90
WeROgHOs R r Tk, ponst patis s WaK be storedhynde asepiie candippns yntil they are
ShReh br Rferflf£3 WRing! Erdwie nitfldl Bl betbRY BfitbiRthe them with the
solution to 30 pr §duce opt1 ma I pIrd renova an§
dirgomdnegrt i on within the shortest period of tine. The

referred concentration, range of_t ef.attj.ng, )
o ut o PUTAAGTSIBlE PRGOS oriadgisial p1deraBerglfin s applied to the
P& e %nﬂ:lléé.%félks l%ﬂ%g??ﬁﬁic%s%ﬁ@%e@ﬁhg aﬁfé@é%tabgﬁb)coﬁwgi%t percent of

percent al cohol. Follow ng defatting, the bone .
paheir @irigenad neotigame ryimdral rroawnt] Theephmpartpartallsf fdewineralized” as

t hei t. em neral i zatjon,.Th cid al.so disinfects th
oaRlipg W B bERHSderel o Pt nBEfe PRl o, ABout 8 to
arbosPI &ighf\eerent b thbir GRIZirAe irAEInNY Bfindril dohteht,Sdn@Rthe phrase
i nclude 5 _inorgani c acids such as hydrochloric acid ]

{ dlsminerglizeds asuenpligd teethgcbanec pawticles refigs dp hamegparticles

an
tr : ' ' i S, ar ' -
w RSPk 1 BB, BB, RAE AR oG £ Ry pUEBRTDE their
andigim iedryariantgeriheonidt. THeeurmonkfightein Clemingraized" as applied
preferably dried, for exanple, by |yophilization, ,
bef dhe %P?FCB%YBB]FM%H“‘?W% t9 RRVET A A ompiatigh f the foregoing
p ' e s\VA : er aseptic conditions unti
tﬁ@@%gﬁgélo ugg%dgkﬁé?gpgﬁgzed usi ng known net hods
shor t | yMbetires er containationy of beeromnbie d¢fithe atmreayms.of Bene particles
utilized Qer i?, t he Ehrase "s%gﬁﬁ%igialL% £ demineralized
d & k& CHIRIGNSg YHAPIBIT 88° PEMPRe! HEAYCpYPE NgIce St cemineralize
I &foRE Spdrcle® NRNPBE LdrghIBFedd 38 S@RMiRGIAR! WilPBbnddPHéralfed bone
wei ght percent of

particles, i.e., bone particles that have not been subjected to a demineralization

process. To increase fracture toughness the composite must be strong when it is in
tension. The particles of the composite must be bound in the matrix so that the load
can be transferred from bone to polymer etc. If they are not bound the loads are not
transferred. Bonding increases the compressive and tensile strength because it

provides a connection through which loads may be transferred.
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their original inorganic mneral content. The phrase
"partially dem neralized" as 15 applied to the bone
particles refers to bone particles possessing from

about 8 to about 90 wei ght percent of their ori gi nal

i norganic mneral content, and the phrase "fully

dem ncral i zed" as applied to thd2Zbone partl cles refers

to bon a t| cI 0SS€ SI n han

or ef o 2B tPRE SRR B SE FhrgSRS 0o Bl DigPeicg rple. Non-
Ord@hlﬂ&almdﬂ%cgﬁﬁjaﬁldlﬁsﬂﬁ{@ aboANhieN boneTﬁgrthH[b@l cfste@@onductlon in
term"dcm ncralizcd" as applied 20 to the bone

pawhlucmaésaqvgnq% baer fopobipgy & thenpartiele seriageonbreminearaized bone
0

e BEPRE R b ERAGEM (SR EAE ol bone ingrowih by

t hccst@hmluetmy,pﬁswlnéh boimec)Brare tdodsitedcasm ke hnslltmymlto regenerate

Far exaﬁ) one. or nore of ghe foregoing ty

of

deMngert i paplantisitge Both fner @ be%p%d@weogré@uﬁw remodeled and
C .
e oRe B P ER RSt R RoITeE B &y riing of the
delmnhambbnezmrholns pmgo&sesser tifoe.i ncrease fracture
t oughness the conp05|te nmust be strong when it is in
tegsion., T arti he conposite nust be bound
ﬂ’traceMJ)ﬁ;f’?% 0{%8{’9 ﬂréw?egad can be transferred

f r om boTie: BoheRattil®m#®f e optfonhiteite@E®to@ithaf@URélr ii€raction with
| oads are not transferre Bondi ng i ncreases the

c dhpPebEIsT T dAEonisRSPME nseRpestGiorthp derisie syrfaceggVhile some bone

t
PrAAIEe 3 RGBS LN DR VAL b WSS TRUBRY tied o e
al pdyerayhaaii the agirfaed of che .bohle packutesn arag| nebﬁdtobbdﬂ&nodlﬁed to

particles bring. abqut new bone ingrowth b
oseel ghtabh duRaPYRtion ntoypplypiesnt @a\fghe%&%%ﬁ@el% i@ rftone, such as

blmﬁa&meg heskme& h?dd?ﬁéa%flgﬁﬁvdg?éﬁcfi%% | adidhed fhat i is suongly

particles ew se play a biological role 1in bring
aﬂmmemmhbeméaqemg?nlmmmebyre&raﬁy eovabaldlyt i on, in vvh| ch

bone ¢ a recruit.ed fromthe host tls ue, to..
o gener e Hytaaert, 10 rhniing Keeng ARy sslink a monomer
baftenidi@dioh ntd &l iotth8 s @RI If ¥hd BaHRd eflﬁ@llﬁﬁ@hasrﬁ ﬂ’éa@?% sections,
by new host bone as degradation of the polynmer and

r earsetedf ﬂge@fleavni@ grawph samd a;ometlmgrqwl edhprastjve sgoup may be

o Shpb Py S LGS ¢ R b0 SEahf 56 o

endxenpiary Rithie béﬁp@lﬁlgCdgbﬁﬁls\/\?o-hlihlethbﬁysﬂ?lp)‘@%ﬂmeﬂla@@late available
confer _sone property to the particle surface.

sorem goren Gaabidec| e (irge mehosy Leeunsesiths I%Vt% giﬁéps and the
n%&ﬂ?crryﬁfédac?i%e %96{1%' i§ %Mecjte'dntg ‘?ﬁie Elﬁcgtpftom 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.



pol ymer matrix, the surface of the bone particles my

need to be nodified to facilitate incorporation into

pol ymers that do not bond well to bone, such as 15

pol yl acti des. Surface nodification provides a chem ca
substance that is strongly bonded to the surface of

the bone, preferably coval ently.13n one enbodi ment,

silane gouplin en are.eml oyed to |jnk nonoer

or i t 1o < BEGRL 08 Fil Bur at ehoral o Py aNSher of the
Si pélp@enasatdk. | BaslexhmpPles @etin®nstive @réifhs Will tr @eorporated into
| eavi ng. groups and an active group. The active group
neRelpenizes.ceplesthages, dolyrarbgnptiesopndh 08 inel e glpssghdased on

bym@*‘n&h%Qﬁﬁtﬁ%a&t%@l‘? L@ QUBven 1F. lilee?(?l?me?ﬁ)fessf#t%ﬁ‘fain an amine.

coupl'ing agent 1s 3-trinmethoxysilytpropylnethacrylate,

5 avHytmikieernfinaad sitares vadrie theorpblaed hte @olyatiinox ycids, polyesters,
groups_are the |eaving groups, and the nethacrylate . .
2 cHIdRihgh Belymes catfiabecmelge thygfogﬁYi%tidoﬂloge@ﬁ#SbyA{aomatlc active
pr . - . -
PN S SSRURiY Kt BSELITE REGBOLR o 40 ggmer
et frokgtherependisigat @row by radicslgrodyroerémition Itiiskot meeessary that the

OO S b R e Y A e Ay SRR oups th
10 9" 8¥Ro belhRokRRAEN RS JohBndre e ktef §lobyiidd@Sioh MR difunctional. A

intimacy of the connecti'on between the polynmer matrix,
angllanp diapmgetwgarmings.ecveByif phovd dispeprdagparome, bl webiermmate a

th n rtgcle and the.actiye , et.h .
o Sl EE TBEY hf S et "SR RE S 8, Gy, chains.
t haltpaativall eths Wefiac groap dndyhbe BRntve @ @uPidanslo FBiiSe groups in
the active group nore accessible to the nonomer
duthe BETBEY PPRt9ati on. 13 In one enbodi nent, the

|5 active %%&kazﬁarjﬁ_ﬂstacﬁaslﬂ S%attlng%HQHQMitHfthﬁt Hl%entio is listed in
pol ymer nmatri x. For exanple, amne active groups W
beTabieor.poSadred arat svailpolkyfoindesmppoesy sneit hanesion Carbide, AP

pol ycar bonat e nd, ot h | ymer_ cl ass baged .on :
OB GBr fgs}eegle?s%& Koggainged RAYE" ﬁfweﬁﬁofl%ﬁercomms a
de Ry GRNUAbOnPatiBIE rﬁ&iety%s_"ﬂig hQIWE drEEgTiN @8 be used to tether

silanes will be incorporateéed into polyamno acids,
poi pestmpatible znopouikto thel bome patichs sEsg nhrasctionghwduch the non-

hydr oxyl d nononers. amati c actjve roups Qfr

20 oo TP S S B BB 18 1 B8 R COPa g, lgatiach the
| NbigcothPatiblP @bipBiS] t&NHe QilAGS bRRIrY NBfashihf ahe GHilaMé Y the bone
radi cal polynerization. It is not necessary that the

acpartidegregadlase ofrovisthendhd sitmae is bingeweatible ormpt.pdhe derivatized

preferabl e.that activ I S 1 -
A BEEMAT oh thed Kb e 2 Rad B nsbeUBL bR o g potymer
di dddedatedalith fhe bone particles, coating the bone particles with a mixture of

25  “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.



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

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

5| oo b it B e b atho v ygpane
esour ces @pbetﬁﬂﬁﬂh@eﬂ%qwaﬁmmrﬁﬁh@ Bpfliricthox s 8he

silane caontains a entially non-bioconpatible
Di ety as the acgamea-g’nnmppropvhmm&dtmgynbad to

hona rnay

ethet a—bi UL.UIIpal ble—sormpound +he—bone padt €

sing a reaction i A*WAPEH™ OquPé'w‘?@oﬁYsbl@B?rpatl bl e
piety 1s the TeadapghdARHRprbdy ¥ RYetRGyIRaler abl € T0
fm(‘h the bioconpatible conpound to t'he silane

ef ore att achi ng tB1d3§nbﬂnneymkylmh1eylhmulfmrt| cI e,

ot. The derivati Zgzgnmgl W&BT%{WB@OWJ
iTanes that can CORRRY rhdiEetkNanent 0 T he
olynmer and reac%grél] wi th tt@é@gne Dartyllscl éas coati ng
he bone parti cl g&nmat(ﬁlymdnxmrupydtmﬁetﬁéxy!sﬂamct ive"

aan A" nmo 1 A 200
H-anes—and—rprorer Patent—6—399--693

i scl oses conposEa- %#er@ppgﬁcg)y;l'tga}qﬂ?oggm yaromati c
ol ymers and DORGnmuINIANEery Rk Mop] th OBl S nay be
nstead of or iR alt]j’ll dition r? H\,{ E#f aﬁ?%slylnq t he bone
articles. 14 Methyltrlacetoxysﬂane (MTAS)

haot a- ( Ana A t \: r v 1| : et !nr\)/\lc

e AT R N T ey aiane (TR e et hexys
bet a- (AT MoeT gLk AT ARG AR Tehi TRROSyyST rane

amma- Aimi nopr opy| Tnet hyl di et hoxysi
at nma- Am nopr opyI t rMetthb@meharSelane (MOS)

anraonvl tr.i oyveail

Ts(3 1 o éi'\ﬁo%‘ﬁﬁlﬂ;ﬁl%'E'IBﬁth%’éﬂrksE%llme%ﬂane (MOS)
arra- 10T 0P OPYL (1 G IS eme) Silane (POS)

anma- Chl or opr opy t t'hoxysi | an
amma- d yci doxypr opyPhesnylré)b(hnmysSﬂaama’OS)

Ai-rha-Mercaptoprop t i et hnvuel | ane
ulll LAY VL TGO

at nma- Met hac ;P%eBWBF &'B?’ihb’} ?thiéltlf?éﬁ??@io) arne (POS)
[ETNyTTTTacet OXYST T ang of MAS)ysilane (TEOS)

Tetra (methyl ethyl ketoximo) Silane (TOS)
Tetramethoxysilane (TMOS)

7_'_"0_"OQU)""'OU)3“O'QJJC""Q""ZUQJ""

(@) © QO 1 LQ

=

Vinyltriethoxysilane

Vinyltrimethoxysilane

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

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

or may be used to attach a second chemical group to the bone particle. For example,
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Met hyl t ri met hoxysi l ane (MIM5) Methyl tris-(butanone
oxinme) Silane (MOS) Methyl Oximno Silane (MOXS) Met hyl
tris-(nethyl ethyl ketoxino) Silane (MJXS) Phcnyl
tris-(butanone oxine) Silane (POS) Phenyl Oximno

Si | ane (POS) Phenyl tris-(methyl ethyl ketoxinp)

Si I ane (PCS) Tetraet hoxyS| I ane (FECS) Tetra (net hyl

et.hy keto Si | ane Tt th n
VR P Bl Wt AR, & FEYEbAE bl Y is ot
t rdcinrhOdiafigonQilee i) a Siliuﬂ:DQhe( \:ﬁaﬁbm\e’r mydy BXiabtathed to the active

Silane (VOS) Vinyl tris-(nethyl ethyl ketoxinp) Silane
(\&BYP-Tabl e 1 The active group of the silane may be

| ncor poah ffll KAGH hal NI ﬁéﬂan@% R profficd B RS of the

to attach a secon cal group
pailnt/érctioa Héolexanplanlseqyaﬁﬁes will ﬁ)rmamvaleni lamdmritbrhydroxyl groups

riz h a functlonal tha ot
c?tgﬁm ﬁ?%ﬁ%atgg csraal?sa ?1 névr %&@PWA on
at ﬁmﬁyagtdmet P&Né’é}tpa\fﬁcleg hgﬁg ISd\és}ma)étﬁﬁﬁlemaew@ » rfqnh World

al so be” enpl oyed to produce The Conposites of th
i nBientaterials Gongressamv@wzwmgl,atﬁ%eé" oyanitd, €A). nﬂmvalmanchors

th hydroxy rou on the sutrface, of
o homan et limneath i Gihse Sgebrd Shndhspee tggilanes, may
PMAuesa td"ﬁﬁﬁ&%ﬁﬁ)ﬂaﬁﬂei ndtouoey tl‘Babéﬂerﬁﬁc]éféldi}gto attach chemical
| socyanat oet hyl net hacryl ate, " Fifth Wrld

Bi grrapse thas | wil nlgr@srglenﬂmwrzmmm@ﬂyl@% a polyorroside group.

or R DRSS Ros, sl hEOGF of FRE ABHAY sccondary, o

Si feAf¥$ , aniiBys, 1\011b%lsUSBﬂdt witAt bak fthﬁﬂft@lm?ﬁarﬁﬂl@ Qiffact Gand many
the bone particles or to attach chem cal groups that
wi PR apd \pelener sidosronsh -Redvasniges pRd gpeRnatep &'%Ynl?:f'r obtained

S1 fEmH1GHR.

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

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

particular metabolic response or to attract cells to the implant site.
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Pol yam nes, organi c conpounds contai ning one or nore
primary, secondary, or tertiary amnes, wll also

bind with both the bone particle surface and nmany

nononers and pol ynmer side groups. Pol yam nes and

i socyanates may be obtained 15 from Aldrich

Alternatively, a biologically adﬁive conpound such as

a bio ecul e, or,a.bi pactive agent
7t t A o B waroren s, At bisheRRE aghiia fey also be
Fahcorf¥@ttalifto tABpSIFRIP iatrdN eﬁ)r\@xlallnpfeeﬁﬁhy Whifib 4di® have reactive
sulfur atons in proteins to attach them to the bone

papidei GihélnSAm Rl ethendly diropy | ait dairosied hesrbrsry expletied to form

orrbraoollet o iBOALy ks "eb Rl hos bl (BGRpRke, r at,
t hﬂ‘yﬁﬁﬂt@&ﬁ?ﬁeﬂ@o[’g@:aﬁfoh&@ﬁ@’ackﬁoﬁdﬂﬁobm&& ‘p@d‘ddbt-lpaly(ammo acids)

Bi ol ogically active nol ecul es can npd

&?Slr%% alfr cipmgdisple applicptigns, h%wpelofwwsu 192a532:1 4] 5417, and
d [13 |

oSO L o1 LA O TRA G B0 e i i B8 a1

artytonmle&mt ealiation®f plstide@oppliig techrﬁqlﬁdé ”de@mmdede and Compatible

-i nfl tory _co unds, enbedded .w t hi h }
Agt’rpdwrﬁe?ﬁm 11013233400 they gagire: Eteits, of W@@pﬁbﬁ‘gﬁwﬁm incorporated
affefdin b ?%efeﬂér&:é)al Afn@ﬁpga§§sﬁcﬂ ds W?élﬁ‘é‘%?%lhfﬂ@ drBi‘ﬁ%(séne, proline,

Conposi For ‘exanple, 1f a piece of The conposite _
f randt bydrex ypeviercahlsudieis midior gionpd and aré essentially tri-functional.

i mpobi |i zed compo nds will reduce th |nt nS|t

| Pt Gray R PoStoie whicyhg® B S Betnbai eigir 4 sl afiHrional
C ffch NHAGind Cﬁcﬁ'ﬁ%@gdﬁe taRE e o Ml kPAnt difd ﬁﬂpmsé 8%ie 08Awo active
Conmpounds may al so be i nmobilized on the bone that are

dﬁb‘g}waﬂ@léfqrcn@rﬂora@mw%mp@mt abol i ¢ response or
to attract '
bi ornoIIgcuP10?0‘(="lc‘(’lrrﬁflE\c l}fr% eg%agg& ag%‘%gk?eg)aga hlg\ggg 5he bq(ne particles.

nﬁ%raé)@ﬁlpb@ mm@@pmeal@ﬂlmem@t toremp@icyioaily aatvel pxamaeg may be
exanp % am no aci ds have reactive side chains
6

Tr?étaﬁhf'élnfel they b Pasicloy sk ac fednigaen deserbert hayer Jf a material,
14 Io‘ﬁ? r Dkt cﬂuﬂ)tt Be: prt?tﬂgfd as g silane or other group

po y| T nocar o es see Pulapur a,
" Tisto s¢ans- elethi vﬂchupoIphommmataﬁmMBahkrbmehetwmg iagent may be

pseudqQ’. - po aci. desi gne o/ . bi.onedi cal
a;}mm@ale%eén@y hegf) Psﬂurfi%@r%{] SBovedh 0 Ko 4 ghgate with the
HORRRTor chlsted! As tth@AEelQ %éo?oe'&oﬂﬁE@ﬁél Qféﬁbg‘rﬁ@abflé RMAR are still

natural amno acid a-L- tyrosine: an eval tation of
peptibded cloerpl il tisechnitques, l’latljl'al Bngtab,qehw eprmses allowing the

ocl%at b ePf Elgelt ﬁ&&wem{l@ Ehs Feémip 8'6r 333%#8%? partlc ¢5 fo be tracked

using standard medical diagnostic techniques.

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

level of surface treatment. Agitation will also increase the uniformity of the
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10 herein by reference). Am no acids such as |ysine,
argi ni ne, hydroxylysine, proline, and hydroxyproline
al so have reactive groups and are essentially

tri-functional. Am no acids such as valine, which has
an isopropyl side chain, are still difunctional. Such
am no acids may be attached to tKe silane and still

| eave one or two actiye. groups available for :
in fa%lswa??té_rﬁtl?n& Bivideal RIS a0t 49 BRITE Spple of particles.
acThy BhéBphéiid &id sHRYioR k&R sBRitR iHeaAR R LOmbHSrP 8P &ie bone to coat

particles. For exanple, radioopaque, |um nescent, or
matheatartodds witlcalcwmen plosphak.eshighyndyencrgateabhetfintity aflthe surface

bope .parti.cl es .usi ng the .techpi qgues, descri bed above.

"7 i et e g & R R bl EQ Bgnent of the
Capdiposhe. MPHsEEEbave, TrSilrtRe nly B PRtialy @Rinckdldded to expose
reacts with cal ci um phosphate ceram cs, then a

chiegpllagendthert atithgpaséclauifeasobi | i zed on the bone
particl he t%ﬁa%%ﬁ g?gg&hés%iﬁﬁ& c{)e&iﬁé%ﬁl@aﬁoﬁ g?elbtg’él%a%éég%[ively inert

the atom or one I's resor

nobutthavd egfn@dadpbedamh @b adldsresidaesthal ban pativipad hremstions. The
the tissue site by natural metabolic processes,

al PYlBRIy M e raRdfredimeroTsasver irelTpang thertriglfchelindl structure of the
g v L T

G SR B ing el g AR B A o R, BE b B gt Mhino acid

al tesrdned. iThes enbady neatases e bofeee paca aclilabls Uibf abemicsl reactions

hem [y .t d bef bei derivati zcd ) ;

0 IS Siah B, Sipdr B v uaty

degghiefagkéz ﬁgnebﬁgﬁcfé@ ik a6 B8alIRYsoRRioh! WE ﬁ‘athtlJ‘ colla§813/ fibrils.
0

phosphoric acid, e.g., for | to 15 mnutes in a 5-
soFetdxemplyy bound particleThney be skipehdad inrwatéret apt ofi about 10 for about

i hat , th | at | f bone. icl. .
it PR Es e iR ol s isheBretion ple st g fofigpeosnize
usedt s tifn@aferibl enBOREinRASabdICHeSocreadRY 1PR1j @R théTk:ABEL of fraying.

depending on the desired |evel of surface treatnent. .
Agfenttioon for lekamplso in mer elirgeonih dathnimay aeduge ghe tphecessing time.

tr - : [ .0di Vi ti.cl C
SRR 0D 0 e L Sy O3 orsome
sotambiamidgresthd&sew th t he mineral conponent of the bone

to coat  the particles with cal ci um phosphate, which

may i ncAEERRUYHE B OHAESR Bhers MAYSRR fragslinkedy A variety of cross-
ool agE VERERHE, IR RIBR R RAE Iy AR R SN art. For
t hexamyplé,aceompyunide plaite i dhdtlyylels(B-dienaihylamthopmpgRposabodiimide
e U RN RN TN g
t YRiIE @tdsHidkebAlda¥e lay phiA88ibgic or slightly acidic pH (e.g., in pH 5.4 MES
buffer). Acyl azides and genipin, a naturally occuring bicyclic compound including
both carboxylate and hydroxyl groups, may also be used to cross-link collagen
chains (see Simmons, ef al, “Evaluation of collagen cross-linking techniques for the
stabilization of tissue matrices,” Biotechnol. Appl. Biochem., 1993, 17:23-29; PCT
Publication W(098/19718, the contents of both of which are incorporated herein by
reference). Alternatively, hydroxymethyl phosphine groups on collagen may be

reacted with the primary and secondary amines on neighboring chains (see U.S.
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but have sone exposed am no acid residues that can
participate in reactions. The collagen may be
rendered nore reactive by fraying the triple helica
structure of the 10 collagen to increase the exposed
surface area and the nunber of exposed am no acid
resi dues. This not only increasé8 the surface area

aval | abl.e 7 ,cal reactions .but. for nechanical :
AR on e oL W6 ol e B g ittt TRGAHEE nrein by
Pakferarcty SemdhmiecidssARdingongemar fckl @ mbBnén and dialdehydes,
al kaline solution will fray the collagen fibrils. _ For .
eDANFPEXY PRRROYSEs: tranias ages nsludingmealmedent mejgllie pxiies, preanic
t
0

P insa%ﬂt ot%lQr B.B} %QI%' d %ﬁen%lig.o ides, %fl tﬁcawhfo? hesfepﬁ"lcation or
S ution 1s néeutrali zed. € SKi Eéln e art w
I eaf@Rk grouph @blldwiddsby rametige miithchydayzidetd fiemeasedtedracyl azide

decreased to adjust the. extent of fraying Agitation, .

f growRadisyeloneryl sarheitmidsomd it dethvativey 2 ek heobitunctional
pr : . [ e '

A SRS SRS, b Sro R HRbtankly aR TSt ARy R BE usod 10
c amgms+ ki tbe collagehe Jbe b0 phtielenatd theh washdiatogeinbug elh leachable

fibers be cross-linked. A variety of cross-

| TG e RIS R THBE Eroyiinking S, Q5 Porsed. One
arsgi|elih teRWRill Basti®e@ble-to AofermB% @H@b]?imﬂ(mﬁ&%ﬁﬁﬁﬁons of cross-
i ke 1-ethyl-3-(3-di nethylaininopropyl) carbodiimnde

h;lﬁﬂcgtgﬂwnﬁs dad ilmubg?em tihemfor gre denirebddgrersafi copssviinking.
N- i ni NHS i | ink .cal |
N s SRR B it Y BE5 L B e,

2réptlifen inifatok, aaﬁi/&eﬁiomgcbagy RicAVd or andtételcaipyunds, including
occuring bicyclic conpound including both carboxylate .
arfiit iy r bmajied geobiggiolensiesa bigpctive ngeefst sm@Homelqcplsr, mnorganic
C halips J,, | - et . I '

CPHEAER, mFUENS R, PR Sy oy opite! ARALER il st o
stlgdind,i azgibiren hodrokilysine, pe@ting,casl, HydBi:oiped hreo LMappiners that link
Bi ochem , 1993, 17:23-29; Pg% Publ i cati opn W98/ 19718, .

t a2 SSRtROPYBCAAtgR RaY, Feagh el e IREGr FHtsaY'a N Spaf feactions
b n . nat i , y

el Rl L RS e iy Pt R er, poppumers. that
priohgmerizariy daoopalsmyrizationgsajoreactew inbesé aginchasidesat the double
(see ,U. SV.lq Pat ent No., 5,948, 386, the enti rle . by chai
cAfdnt s VERYIWRURMES ‘imrﬁico(i’tﬁ?fr APUWTHRT effRt ppolymerize by chamn
r AcAlion &t At0vigd BRS¢ hihle RsAEE Metr SHEtivedfendant groups,
mono- and di al dehydes, ol yepoxy conpounds, tanning
adeavirg thaofind igraypdoteyto obymenzet al | i ¢ oxi des, organic

A nop RS M S RE AR b0 sove o

f atdaom@ds RycH aaGtdhdiy Walyhbdyigkdard deréade ftie Rudiadel weh et surface

acr)cglllgh?l%alssdgf the bone particles. Such treatments increase the interfacial strength of

the bone/polymer interface by increasing the surface area of the interface and/or the
mechanical interlocking of the bone particles and the polymer.

Preferably, surface treatments of the bone particles are optimized to enhance

covalent attractions between the bone particles and the polymer matrix of the

composite. In an alternative embodiment, the surface treatment may be designed to

enhance non-covalent interactions between the bone particle and the polymer matrix.
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groups, dicycl ohexyl carbodiimde and its derivatives
and ot her heterobifunctional crosslinking agents,
hexamnet hyl ene dii socyanate, and sugars may al so be
used to cross-link the collagen. The bone particles
are then washed to renove all |eachable traces of the
material. Enzymatic cross-1inki A8 agents nay al so be

used. e 10 ski ly.

GabierARY meCalslenfantefhehing, Hiclyde oot tie) biafing; harogen
a%ﬁﬁﬁlﬁaqﬁ-ﬁoﬁﬁuhﬁéﬂa@tﬁbﬂsl Megn f@r Wl daictfRUofggaRe Mbchanical
cross-l1nkin Both frayed and unt rayed col | agcn

f iiplerlacking: E@r geanplat ifZeproigin lor gordyseecharide épanyabilized on the
' rﬂo‘h& %%%[cle ‘r‘lﬂglcﬁagn? 4 ltlgeg{)&g'lﬁey ln?a?];l)% Yxﬁllq;ec%rﬂg%ﬁﬁgal y entangled

nclu ecu
b i v@&ﬁ tthe doRg &hhids @ﬂl’ﬁid biadbgicall pslymien isgaiel Cp(ilﬁmerlze Charged
mat eri al s,. mnerals, through reactjve am no aci ds

t @oag]ama@@ﬁ op; the ,suré'qugwfége bp% PrRduced By wyashing the bone particles
hXﬁi fb%lfi)é' éﬁl‘tIBﬁ’ Wﬁf thérQ@c’ witl) qﬂ@é’ﬂﬁ&ﬁfy Bh@ lcbr%@x r%?g@ﬁsspresent in

pol yneri zation may react
t lmaam/ bm:mp&d:ldspowmrs hespsaaigy rtmtbascds ont dmimogdrids. The pi-

AT O PR PR AP T GPRGS TR TRt e double

r%ﬁ&s Wd SofbBS groApt Hﬂhé%b%eﬂnattﬂib@ doubl e 20 bond.
Vinyl nononers and ot her nononers that polynerize by

chain polznerlzatlon may react with these am no acids

viGombiping theeBend H@tzp@m@atﬁta BelpmgrsPrecisavi ng t he vi nyl
group f £ nerlze ditlo y..or
al ternati \?)Oerfnyﬂp emg?fltfa’att:h Aﬁrﬁ‘eea IHeltg aresc?:rrnlbgleg a]bh 7 polymer

Ofpreduk ! MBRIp1AY @0 lyRTer iréduirdd@s MRudeemorsdter] partigity ﬁal@ﬁlenzed
the surface area or surface 25 rouqhness of the bf
parolyragre owahle ol et PRPREROIYIET- e AskOlyREr may e flogyakle because it

SLEANG, deo ast MR Bgﬁl%?ﬁgeglﬁ{t”&r bedh& It oér}y ?%tg&ﬁ&?slbﬂgmolecular

t he sur area o |nter ace an

rmwehglitl GRichipn¢cauwrdons kienglpherided bydiaehgaerdsstihking amgotymeerization
pol Preferably, surface treatnents of .th

DT Eprsbinain B Bins M HUSIRHANES COTPAIG i hich e polymmer is
at&?ﬁ@ﬁﬂ?ﬂﬁk&ﬂd“ﬁl%rb&ngepamgs par ﬁﬂeﬁ&l?ﬁle@‘i‘sdatlg'\@ ROYITRI weight

matrix of the 30 conposite. In an alternative
endhigdineetypicatly @ralmpéch&mougthwthymérIz%@ng féd prepolymer is

3? eg(f \gqg%gcq%ﬁ%sg) pg}hg&'ﬁ}ﬁa(f % Hoxlag%%@gﬁ%{tsgfoy rodtce molecules

nQBat‘h@é’Ql'l R in R RE theOamel gr6hp) dBoredxamiple) 8 Idadliagd an excess of an
interactions, hydrogen bonding, pi-bond interactions,

Vahiseesianatg anay bmp@lmnmsh@ praWemalwﬁt@; tgrminated prepolymer that
SRR SRE S LByl " o @

The combma‘uon of the bone particles with a monomer involves both
microstructural and macrostructural considerations. The microstructural
considerations concern the degree of infiltration of the polymer within the bone.
The macrostructural considerations concern the arrangement of the bone particles

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

present in ny. bi gconpati bl e pol yners, especially
tr@lﬁé@&mﬁ’ﬂé&w ids. The pi- orbitals on
ar omat ifg EBINRS, HERRIYH InfRthiRR Actiess BakibhflCofMidsue into thin

interact with double 10 bonds and aromatic groups in
t Iséicgro fgrericneatapick obsamdsiomi ngﬁmh@feBott@ Pang ipaft@deswilsdd in the

o AFLrHPE Sy BRBP AR 1R A ROfofeg VR g PEpRERFinteraction
Bf@mke@ésyarﬂ? liiyferatit 8€ u{esﬁgcnﬁnw flte AR HGONRE between mmerahzed
partl rrerl ze yner, flowabl e pol yner,

preePag ers e mmontfés adoQiBl RolaeRprsEUTSers fgggested for
V\@lt%e *%91 { ﬁl% ngﬁtlo}nt dte rgﬁkf{mé}glypﬁ(%v%bég rt% Bgﬁeq}é‘?e tHr&u aﬁleadﬂlannels

extrene | ow nol ecul ar precur sor

pozlnylrpamsz@ﬂtrbbecﬁmr thoae smrr@lﬁﬁimgwmen@omrelaﬁbmaewena&‘lm do not
after conbination with bone particles to.form
c PepeEdte &t theyraterulan éorﬂarcy% mllp@ral%k/%wﬁ of yomcﬁlkléale) In an
t | g% I

WS ERFIROERAAR, B pOLRIERRCHIRT isbate (BMAHNLRE Ba of the
gmvﬁiharpmkl&umnﬂerzs&halo&hrucfﬂne ofthefwing perticles. ﬂﬂlef\mswcéat structure of
wi.th an cess gf one of thg di ftinctional onents

r

t POPF oHIGHIEHOTIER U FEICTUTER oFUCh 85 ASEOLEF ﬁ‘f&f“"e@d Y?{S%e"a"als

SafRk ShatPs cdills, SHRTRIE and fHhik SRENAS. eXRESfeRitiA Structure of
di i socyanate may be pol ynerized to produce I socyanat e

tethwnbnac eartinlespoiciurdes théspacesdietvecrc tiabéoudag snd lingilar features.

st 8 ARG RSN ANR L HE RN, BlndGronomer or
mdﬂﬁ@%wﬁér%éﬂurs@ﬂ eorRea lof HifdeWefdre @Iﬁﬁ&h@%cﬂﬁh@ﬁﬁanon

The mcrostructural. considerations concern the
degr ee Ycuhmrinfiftraiion snayobe vvd thGE\pribe PalyT Precuesop gHdtrate the

Thgcdﬁg LoP %&%?St ki{gl(g,l 16‘ ﬁgﬁlsedgﬁ{e %{18{&%110 ‘i[l@e%”{f‘tﬂ@ Bollymer matrix of

arrangenen one par

2@hdtenpssite wolipladly Gofiisi e tiad mdiesalizad fibsitsad fodyr example cortlcal
thorou%g infiltration facilitates sectioning of ti
i oges FermedppisaProgerties Of dRc BpR PYBSIES o BR. Contrast &5 greatly

5 PR3 L5y 0 b SO o
i rtoaef aPemdtrationeofichd amicrostructural channels of the bone particles will
maximize the surface area of the interface between the particles and the polymer
matrix and prevent solvents and air bubbles from being trapped in the composite,
e.g., between trabeculae. Vacuum infiltration, where appropriate, will also help
remove air bubbles from the composite.
In another embodiment, infiltration may be achieved using solvent
infiltration, Vacuum infiltration may be inappropriate for highly volatile monomers.
Solvents employed for infiltration should carefully selected, as many of the most

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

acetone will evaporate during infiltration, reducing the risk that they will be
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5 not necessarily infiltration of the polynmer into the

interstices between mneralized collagen fibers. Most

of the nonomers and ot her polymer precursors suggested

for use wth the invention are sufficiently flowable

to penetrate through the channels and pores of

t rabecul ar bone surroundlng t he2bone el enents, even if
e tra

ek i RSl bl Sue R UBTHRE E5tnafotvents for

eXRERIR the @ﬁ%ﬁﬂbﬁﬁmudctm@ alRQloy WRfiteR t6 AHHSRYIshIfoxdd @NISO) and
infiltrate part of the wvascular and/or interstitial

stathanolir 4s af weh dnpwnéo pimsc sliglled in thearty salwentapfiltration is achieved

SSLS468 oG04, 00, AL Sy s

quradtﬁsorcﬁﬁﬂinlgcwlitlh vaRddisitéisbRtioss A proceslingl femore concentrated
interstitial structure of the bone particles includes
t Heluione and fintliydtemeat peEi'ae and sinilar features. 15

Thus, i¢,mayiral ¥ ¥ Bfe nzﬁ'{s%ﬁla%/co%ﬁlzé nﬁ‘lﬂf%ttﬁert figndoq ehlstologlcal

partlcles i n neal nmohoner or YyIMer precursor
f aeclmiqes, mdludingt prossuteedar beat,may bt Iuslgi rmohyrmsa thatinfblcation of

Vacuum infiltration y. be used t oI. r
Ei’: RPUBEET PrRCIISPF it thethong geﬁlﬁgf‘é ngltre %{m sinjay then be
dec%h{b%%d bt GaRahubiubE- frésﬂdﬁ&%ef fprEaﬁscﬁol‘df”BcBlyﬁ%h&Aﬁbn and

of the conposite conpletely infiltrates t
mﬁnenaiqnzecﬂ thi bearhmsoé., Momatamlmmaa@r tfcprc ahcuum) and pressure

oot iOR GRS oS Bisgfen B Yk oo Shmen B 0iaR B fvgrmsoo,

Stﬁvﬁﬂaﬁlgﬁﬁﬁmdmn@@ﬁa]%e t he matrl X WI Il be part of
the bone. Penetration of the mcrostructural channels

of the Bsnistesationef she pelymer yithithd banetigeticdes may: alse be gnhanced
of yt Qoatfnggrel&lwd%gl Fone ven%?%u%aﬁlg }%?eggﬂgc ¥ Beford 'E%fl‘nblmng

r-x a preven s "and al rom

t rtaél’ﬁesdnh bullh @reeoRpRSiThe, codbing eghanche v adsotintidie OﬂltI&Epolymer
Vacuum infiltration, where appropriate, wll also help
r hppRongRtroffhe ppmpositeayith e honspagidles. Hoi sxampke rndmdual bone

W@g{fﬁgn e {Pﬁa‘u E@a&é@ nl%ﬁoagp bﬁ}sgegogmg ﬁﬁéﬁsﬁwdy, the

un1|n atlon may I'nappropri ate
f andividyial bon/eopz&twlleE nmyrtmm:famd ustigy ¥ ewrhslee Apboy partitles and solid

|nf|Itrat|on shoul d efuII sel ected, .as .of th
oRYTaEY TEBFHERAT 250 MAled lageiit tockoat heinariclis: oh Mgjdized bed coater

t Q%L alshl kvl @l ki pRliVRET S SHaRioRS th@ﬁﬂl@l@? nYHyI élmply be
evaporate during infiltration, reducing the risk

t hcbppadu info higuid br ppndelrepqm@tm@r pracuwsarheAlh of yirese t@hnllques will be

nt ed i nt b . Exenplary solvents for use
mﬁ ?Q%g %fhgﬁltﬁ8¥ﬁde but are not linited to
dinethylsquOX|de (DVBO) and
Macrostructural Considerations

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

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

oriented. To align the particles, the particle-monomer mixture may be rolled,
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ethanol. As is well known to those skilled in the art,
solvent infiltration is achieved by m xing the bone
particles with solutions of the solvent with the

pol ymer 5 precursor, starting with very dilute

sol utions and proceeding to nore concentrated
solutlons and flnaIIy to neat pﬂ%cursor One skilled

LN SIS T R T U p—

fTEbértliLQesUﬁl@ﬁ beQUebbsifed AR &B%M&mértd’s&héyﬂﬁ.\reqﬁodﬁdés For example,
pol ymer precursor into the bone particles. Infiltrated

bcﬁif@teé@rml&lbfébomyaltlhl@ﬁ tand toce iappatatup renghly ahigned with one
h
b TR TR RLSEILARE ROy TR0 )00 00ty om

v aﬁﬂm tBithop61@8s Yh® whith tHel/rvatlifaihin akhigehd Senclorisittion, much
Tek VIP Vacuuminfiltration rocessor E150/ E300,
a\,lli‘”rel ckBtse PRFoRg thaRushe pepeesler. Prrducmgaandandy Qeientsd particles is

or@oh%f'ﬂaqgw Mécﬁéﬂ?cap%ﬁﬁm%a ](hjﬁgleﬁlbonxesahl%g %Ielocal alignment.

ance coating In e particles wit
t r&ﬂqdndlhg mady pmearnt ras slight efperaed sc onditationg butt bibrwikd leatd wiffectively

precursor. The coatin nhanges the .association of the.

D ORGHRER 7 dBfSREROOB oL 6 RENTIES | (ASHROR RS 6nge cHective to
PahhddThiss oriERbtigxanpl e, individual bone parti cl es may

be spray coated with a nononer or prepolyne

Al ter nﬁqr\mlnydemm@ahzaddbanedbatﬂl dj@m@tqdapm@begndmgguwly shaped

ooy LSt Uh £ a0 (PUBE HRETP B tfole hbiter matix

pa[rdrlré%ﬂ&ly fhapkd |pdﬁﬁ:%§ hrdnédahiRhl reBfs@MER goferbBE be idiropic.
coat t articles. In addition, the g}ertlclesma

si Eqsw;mgéted depista. thacHeetiod l!ihQJIPQS‘FlCIB%O\E éﬂe%myaﬂmmpemes of the
f
ItO E)C% 83125 gféﬁnbegl tlhé %ﬁ %@tagrlfgp iﬁl}(a%g?%ts% ur aﬁhg ?)'Eﬂ) 'matrix. If

Cahs paic B afnsriettedihatd dialy, tennbdir effect bﬁ nie ﬂﬁbﬁamdaﬁgropemes of
are first infiltrated with the npnoner, the

pdhe pelvesT marindo aptdapeni o thloadips srpde. dE %@r@%ﬂ& ge aligned,
t t
S cﬂ%ﬁ:ﬂg s6 012 %h(flfe cmﬁ ﬁ:ﬁﬁé{on@xe &Jﬂgﬁlggieﬁ'oﬂprﬁés gf the composite

exanpl e; regul ar articles may 'si
s ulspemtiadbaeth tlndﬁbadmgmceie and lee doetoeof loag. be

mechanical ly _stirred to distribute he. particl es, or
Bubb edn PITeTLrboskBed s Sog artialeh in e SRTBRLS Zpfer than

n%ﬁltf&f:ﬁgfth@ Eolﬁ‘&r EhRRQateE, BeNSad) Wﬂllecﬂﬁ $olyRer Bfatrix holds the
aligned in the polymer matrix or randomy” Oriented.

Tpagtidlemintiiacep dior ieshmple, lahger piaces ef oneonanes sta¢kedianetop of one
naa){loﬁl%r rlloll ell epclrléfcnzm and monomer allowed to flow around the bone pieces,
following which the monomer is polymerized. This allows structural implants of a
desired shape to be produced from irregularly shaped pieces of bone. Bone has very
high compressive strength; however, as for bricks, the forces exerted at the
polymer-filled boundaries between bone pieces will have a shear component as well
as a tensile or compressive component. As a result, the compressive strength of the
composite will not only be determined by the compressive strength of the bone but
by the shear strength of the composite. This shear strength is increased by the

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

I nstead of being collected, the2particles may be

delivered directly fromthe 5 nill .to the.nmononer
POV AT PRy e ey T A ABtRY U FHEURS T surfaces of the
OrHoRB pakicRR ardéhinctalik&l SIHEBE exPRSE colageh 0P UgjRceht BbRSarticles
grater. Producing randomy oriented particles is nore
didhpimegally lintied Histisclie tsehiniquen pf psu omymanly guaied [&Se Ratent No.

Ofﬁ 1%1 @Jﬁtjit%ﬁl édimgﬁ#?%%ﬂi%tﬂsﬂﬁoi Mab?%%@ﬁ?e ;entire contents

upwards orientatl on erw se can e

r agTavhitlz gre i@ rgorhied hateibly ffferbhe. particl es. Agitation

may al so be effective to 10 random ze orientati on.

For norhdemreersd icrmhedppee, thsotemersiagstdupariioer dglymer by
S PRE DRERP R R (Bl 18 Tl S8 Re ifictes, and the
mathedhanicalFard dexgadasioh yprepeagiesdofpthetrhattiesit thipebe desirable to use a

chani cal response will geperally be isotropjc.. .Fqr
gﬁag}&miﬂ‘ﬁ%ﬁw lsﬂtefga}ctm@f BPDET B FRERSSHE Ehné sigfed'in the ar
U R@IINREAN CRAt tRE 9BRIntd B&tieh of B8R PolyReMRABadRNE SR ¥ density of
on the orientation of the particles " within the pol yner

methe padymief. the particles are oriented randomy, then
their effect on the nmechanical properties of the

p nmer .matrix dg . not depend on the |oading node. If

t(r?%e(}ijb'ﬁ?rﬁ%%%g}@legdgr?gned, or nearly so, then their

cont ri bafiéraRe bend im§mr¢bﬁmﬁneﬂr\ﬂm&kim§nﬁr pré@rsor, the matrix
e

conposite, depend on both the |oading no and the ,
diip @ebmessized. |Fongxample; g flownbls pelysgt aryoRs fether pplygerized or

b ches. | ' :

¢ ol Tifideho i PATBERKE Bolyifth WRitpleBAs gttached; covalently
t e thelbumerparatled. X Ifahe polymeeriday prechssr idoephat dindFor calcium
exanpl e, |larger pieces of bone nay be stacked on .
ofPhgRRhate;eRIpPRYndp.fhen S}Gel?%erﬁaaﬁlfggWﬁbﬁ?érsuaﬁ%mef{ éfore being
| Qi HAQURTh RS AR rPAs%ﬁéibedfaPH@W ng which the

mononer is polynerized. This allows structural _
i mpl antAnypbioso®Patitds ipobunes hrage b sk top faruhucmepdsitesraccording to

cohpitudtiob & RBAGTo! Rivegersbiagng dRrghip el biocHmpaible
f QobRfer8 a8 kdlyiin Eﬂéeﬁellﬂ’@EXSBBﬁﬂéﬂc' BiSMaRANRI@drit@®Hed drug release

bet ween bone pieces W | ave a shear conponent as
wednd tisgee anginessinge(ses; feompmmei VS. Fotaptnbips. 6,183,827, 5,804,178,

r ' h ess) trengt h of _orgpé)ﬁi ..
vﬁs’ﬂq’t%]ti oﬁﬁgggﬁ’dgﬁégﬁoae{? g&‘cfuﬁé g@g‘g#ég’si ve ’7t5§ to Shastri;
St3,e07y59% oF AMRtHyoReodurs; 38, 5by,374e53hBa00 Stor Bk 3899,665 to
the conposite. This shear strength is increased b&/ t he
Barrera; 5,019,379 to Domb; 5,010,167 to Ron; 4,946,929 to d’Amore; and
4,806,621; 4,038,045 to Kohn, see also Langer, Acc. Chem. Res. 33:94, 2000,
Langer, J. Control Release 62:7, 1999; and Uhrich et al., Chem. Rev. 99:3181, 1999;
all of which are incorporated herein by reference).
Preferably, the polymer matrix is biodegradable. Exemplary biodegradable
materials include poly(arylates), poly(anhydrides), poly(hydroxy acids), polyesters,

poly(ortho esters), poly(alkylene oxides), polycarbonates, poly(propylene
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coval ent attachnment of the polynmer to the bone

particles, which will limt the 23 novenent of the

pol ymer chains. In an alternative enbodi nent, the

surfaces of the bone particles are dem neralized and

t he exposed col | agen of adjacent bone particles

chen1ca||y i nked usi ng the tecﬁﬁlques of our commonly
entitled

731
O\Qq] an?&é{%&pfﬁgém&%f po}ylagllt?‘fgnup qlypmme  pgjds.  polyacetals,

erﬁd]ﬁ@ctﬁe@t ent ﬁo@g@rﬁolwiysch ﬁg@ly(di&@maﬁé ted pelBRidroRybutyrate,
reference I n preferred enmpodi ment e conposite Is

BJXB’@%Y{%‘# y el (vl m@ﬁon&b@pgd@re@b&] pelyeyanoacrylates,
mec{;l%:%% Pfeal‘qa yélgegtﬁaggem%{ I}otl]gsa cq}qugsart h(gf‘e’ e??b%dhﬁ&t the

at 1 on I es’ of
| tdegRidatien ﬁﬁ)ﬂhét@b{h&ud@bluscﬁwa m:her@l@l’mmdlem suallghdlecules, or
fraction of polymer in the conposite. One skilled in

¢ Hahersuch majgrials th@degmlaaée traetabelic Rrgpesaes- fiYlaRamen fertyrosine-

R AEPATR b RS O 1 g o

pqm:pmédeby aasaetmgmblmmiomd tertvied Meylnbcormcemd rvgitit phdsigene or a

Cf{ MﬁH{JégpggLa/Qge h.l g}lrapgﬁg%.eﬁagiﬁar fsf &lse%vgay Be used to prepare

C r25806 | e Shse P Addch PO bY Gelkdr Zé?iﬁlh@ rbcuishﬁa‘ﬂl?é Yé&Rlive side chains,
preferably is attached covalently to the bone

pan¢ludingsmiric, atrtmeesp ohiglspetc.z Nog-tpodegradgblie pobasernotayblsede used

to cal 0s hat co oun hen t .bgne N
paP e B AORRF it Gt o PRORPRRe, and derivatives
C QHBYeHE GrdM sBful f@edﬁb@@tﬁw poBRnAieSELt bad EhkeMa. vAlldge from the
bi oconpati bl e pol ymer may be used to form conposites

ac@éf’ﬁﬁﬂ@gs thpne 20 pheimpharnt Bher porrbiedegradgble, yet biocompatible

gﬁ'g%rgd gﬁéelﬁ‘li( A ganlg’grﬁre?zﬁ 0 dﬁ&{-ﬁgﬁg#rgdﬁilé) ﬁggﬂﬁ}étlﬂlﬂ%s polyureas,
b| Pt dyledb svingloadetal) ¢dlyromgy/l¢me] eagmeﬂmdylhues pubethylene, and
engi neering (see,_ for exanple, US. Patents

6 g Sty en sXBieh, Mpgomers 1n¥icir 4594 1 prsbiog 1y OB bpsepolymers are
E,‘%‘@? Bliasdt 330 (BHpaied ot PRIBREL' Bigmys, snd Scientifc

t ddifrkesProBn@8.9; Tﬁ6§e dkolled5n Bag e vall rsqc@ih&,e(SHeﬁ this 1Dam‘e),(emplary,
5,010,167 to Ron; 6,929 to d' Anore
4906 BoTPTeRens: disk of doRae aBIéfé’PﬂP@ofOEd’ﬁdé‘f" appligations.  Co-

B8 Smixdred dand2iidlets df QH:Q SovepobRnés %a E@ 88 @&ised with the
6 1999; and Uhrich et al., Chem Rev. 99:3181,

19996nt10al | of which are i ncor porated herein by

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

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

Exenpl ary bi odegradable 30 materials include

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

oxi des), pol ycarbonates, poly(propylene 24

funmerates), pol y(caprol act ones),2%ol yani des, pol yani no

acjil‘gﬁ.gw{égla gofl'ln %qleﬁmél acil desplgf) o#cgoélscl?rlﬂgmg agents may also

pobey hysdd opey ngdrydsat the Qfﬂs%(lﬂk nd/énsﬁ’yr r %t deHa®) polymerizations, the
bi odegr adabl e polycyanoacrylates bi odegr adabl e
pofSNSFRIF AR darhenpeal BisiatoR an theemonqmerdhrncaepine mixure may be
th r {ioactive
gdér:fslta g)Iﬁ%ﬂ%mg{%eg%ﬁg&i%&eéﬁ?‘Hggecul es, or other
such naEeemplhsy t mitiatp@r tarei ﬂmteé iin r@éoaml Odlian’s Principles of
r SSes. I\/bno s.for r03| based pol yne
png?lgfalﬁﬁ@afm (318t dﬂﬁlcma tlgéi ﬂy%%@%& gons) and available
POfr¥HAE AR &SsudRY: a
L-tyrosine- Ejée%r ?d\(}g Sd| phe %EQS{:%?&J?{{%%E?W%IL&%E Olymenzed or
a patialy @OKylfkfmpecﬂ matedd; mﬁﬁalbapumsedlﬂgm l@hm Itnmrowaves or an
m no.aci.d

oS Bas piey T hER R A O SO GEie DA art win

C higkBgnize hdie tdehoRTy tHE d?@s%-,hrﬁ(rﬂe:ﬂ@l%! tol Jﬂin&bﬁbhe ?4t€ of degradation and
Non- bi odegr adabl e pol yners may al'so be used as well.

Foﬂlee%téﬁa@s% of ¢ wpyPeiee, ﬁgi@tqvémylmctbgds sl WMHOblptgeﬂ@ rate of

ag;?olﬂ:gleﬁz a%§ élﬁt NSl giﬂ Aefi gglézl Rrp% %%eoa § 4dsEribed in Odian

e n@@g en ﬂit%nh%lﬁ)rﬁ@lts’vl@f Wwhigh @fbtmccﬂ)bh@fed herein by reference.
non- blodegradable yet bi oconpati ble 15 polyners
i ncI udeTRRICPaPPFitn éna}’n b - mﬂlme@zeédabwey pﬁlayﬁr eEnemplary shapes

a 0 |
S};fgrﬁgpgz t}é(r)]lg[ i t?ltl gl’gere};l fc éfskh?rg,n (setrand goﬂed strand,
pwap(lhtyly]bmk,oﬂhﬂ,eﬁberl\/bm]nredlsk tdibab mﬂe cm@qﬂnl screw, tube, tooth,

prodyce any of these polyners a eaS|Jy p r chased
f r'R Lﬁc ﬁ@é@s%@eﬁ%olﬁ%%cw e P@l’"@ﬁa(’fu Widee, cylinder, and

Scﬂi?erzlﬁécf Ic hn(Pe?l Yr{r%ﬁe eﬁ%ﬁﬁﬁéﬁ #H088in itlsllg%é)'l)ﬁg%rﬁgdaihta mold

wil | recognlze that this I1s an exe ary,

c omyirghthesitape of msdesuf:d pmpyamar@r w;xpmpm laaneldf may ibe shaped as a
Vi Vo..a I|c tlons ure duct s

v AR Bt BonOrs s ikl KPEs, B TR Shipe may

i néﬁéﬁinb@ﬁ a TiepRalaY "Biptarf ah hi%téi@dﬁ}?S Iotr Car B frAMIRY, implant.
step or chain polynerlzatlon One skilled in the art
W| Exem@@wmnz%&@hwy tbReeraed vsingghe {pebniquestafdhe ytvoutieh include

| t
A A ALIE R A -
t h&rﬂrlﬂ:ﬁﬂ wegteblrap thogachayértedl £ JumBiieveaigbtan bacnine, Kb,rkdexﬁflm, clawcle,

radi cal ) o
scapula, humerus, radius, ulna, carpal bones, metacarpal bones, phalanges, ilium,

4

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

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

condylar plates, clover leaf plates, compression plates, bridge plates, wave plates,
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initiator, e.g., photo-active initiator (e.g., W or
infrared), thermally-active initiator, or chem cal
initiator, or the amount of heat or |ight enployed,
may be used to control the rate of reaction or nodify
the nol ecul ar wei ght. Were desired, a 30 catal yst may
be used to |ncrease the rate of 2|6eact| on or nodify the

ou Faftal B s vDhs BRCTREE il 4 BN AL ST e Cinposite of

Triht afnedntion 2l TIRNEbMERRE niay 5156 e Qﬁédhﬁﬁ’d tBOBAARIaS & all of a hip
cross-|inking %ents may al so be used to increase the

crigadant; lnkludmgsr ¢ ytemFb¢adc prd/or aselapular fumt W nsedrer the cup, the

?rglﬁ%%g}rle{ lmrPe har @?E? Pgem %?Thi a{ @6': Ereg %Lpt cu'laélo Srﬁ an%l e.g., plastic or

mede@U| etitr féigt febaémemtl (i%@ideﬁfna\yveiﬂﬂfﬁeneﬁt frx@he dckiniques of the
initiators are listed in George Odian's Principles of
Poly#REtoNz at i on, (3rd Edition, 1991, New York, John

Wley ang. %%E]f@@ c%}ﬁﬁl'okﬁ) Gy bk'a \C/’Jff:cﬁ@{ﬂﬁ?‘{g'yrﬁéc“ Zﬁgnt% a desired

Pol ysci cnccs an Nati
paﬂmpahﬂgqmmhnmﬂmnmadsMBkmmeadewy be exposed to W
light, m or tron beamito OVI

r onwaves, c
enar gy i FiRrastive Ao haspl it (6 OO 18 PRI, erignplant site
ar dnd"hdiymdl,diSH ! Znchiutvesy, MRhbiothemsy 88 pabiallf polymerized

density to control the rate o6f degradation and _
stinfd & metspsalsmﬁertaf@r mumgsmﬂdhelEnelnpdl ar ynedehods afroeld or implant

ronscthare TRBRTZB i eomPigiaicr e SonpBg Hey oF iplynrzed unti
Odiha prepol@ferlid a stRG08 ﬁuft?ecmetp?éﬁo r Y BHirdEfed into a wound

i ncor porated herein by reference he conposite may be

potiigniga stanflardy bglp:pySngﬁgblée nEEs aAﬁegpglmnzqﬁrg)n is complete, the
Isn‘&!)lﬂgﬁ sit Wlst ‘tkg%’l’t i F&e g’%'(ﬂ#e? rl:ov%‘l Sle(«\fr:«'l}g:} ‘?/é {.ﬁgfréd ?A ?etam the

phere, % r°an r and, api |

fidmmmﬁub&nhemﬁghmtﬁwsk, cone, rod, cup, pin, screw,
tube, tooth, tooth root, bone or portion of bone,

wedge or portion_of medge linder, and threaded
cy??Sﬁa@@merlﬁamT@W ﬁéﬁ’?ﬁ oNMpesiéormosite i s

pol ynerA&&de@ﬁnE@k& tﬁ@ng?@gosﬁéeeﬁﬁp%@ere ved %%h &ﬁéimom and

I mpl ant e” sh ape as a
p oentheo nse(olf mand:lhatelyoar ragnipuiafed| cheﬂmmﬂy toin anech&nmllyn gF or example,

S ViR 204 Ay oo GRSAR, RSB PILAR 55 g some of

Extﬁgﬂﬁzlo%ﬂerb&ﬁﬁﬁ dalccBRYatdehd ﬁﬁ!ﬂ%oh‘l?bﬁﬁoﬁ Re the implant. The
t echni ques of the invention include frontal,

nasslaface otidie pinplint max be e@uﬁhen@cbm sthndaphteghuifees to promote bony
TS5 AP RER s, ESEASEse RO mh B8 35, 1. plsma
cl édtied| hemically etched, or mechamcally pitted, for example, by sand blastlng
For example, composites having the shape of the desired implant may be
further surface-treated to promote a desired cellular response. Techniques for
attaching growth factors and other biomolecules to biocompatible polymers are well
known to those skilled in the art. For example, the of the composite may be plasma
etched to render the surface more reactive. A biomolecule, small molecule, or
bioactive agent may be attached directly to the reactive surface or to a silane

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

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

nol ded as a plate or simlar support, including but

not limted to an |-shape to beZ2gl aced between teeth

for.j -bony. defects .crescent apron for .single

o1 bl DAL B P eFnERsrot i 67 el perPindihfiepe). For
badxaniplte aRHGEAMMmMMBGr bfGHAbr MRQAIRMAY BEafached to the surface of

neutralization plates, spoon plates, condylar plates,
clthe énplaphfo silvacdaflamorrpoe 98d dre pikaefagfechien.dgéteplatively, growth

Y508 47 st LR R o b e

I ptedidtion of thitageanposi te may al so be machined to form

part or all of a hip inplant, including the stem .

head, ahUFBptivebntthe GPapositgpmahe dmyessedi Bra sfution, g the desired

t [ is j i j coe

o Eraas DR (T RIAN B cr OB e By REPLRlhge, diffusion

j corrtthereydchaisme knoker tcthesasiyllal mohdemeThe sdnfaedf llee composite
i.nvention. ternati

technj ques of _the ely, the . .
cdﬁ@bb? freatﬁiyf%sxaanm}ﬁdakplﬁﬁaf CfC8IngeRI ) O?inﬂodnarease its affinity
ek g coﬁlﬁﬁﬁrgc} 3t tifkrepRl %&: zatd. OMpheasorSsikll Reftained on the

d
below. I n an ternative odi nent, the nononmer is
c hangedité by cledosiatiplisiatacionse Widleathd qoolppied nraydddsprb shortly

LT i S DR AT T gRGS e o e

POkfRsht OThid)r§5:48 G&sokptid i agﬂhkfﬁolb"gidam%hmeﬁf fs@evildIe

pol ymeri zation is conpl eted. The nononer may be

pol yrer Theetinplpnti thay else berapadiinadetccprling teterbmpues well known to
-k : be. i ' -

PHpA e B SR Bl ok TSR AP B R e o e

P ol it &dciliteibdng digebwtteor tolpeoviBe vhdnndls bt eutirdng' 8808s to the
and no further covering or wapping is required to_, )

r éplants halteraativsdsi 4 60mpositseshappdl anta Rlpgle may be machined into 2
PonfétsfrpcPLIYa ,ri&lgﬁﬁ%l%rhngro?%é@ﬁéesolfist&ﬂfoo@@.mﬁg}u?er-%fohﬁ lied lathes
pol yner i zat’ on, e conpositée may be renpved fromthe

nodnd @thet eiiprhart anakle 4 hiveklitatel shaped mbo cpupkek ebiree-dimensional
cheni cal | nmechani cal | y. For exanp| e

or , he
s (FRSe sTuding: SHRYsFaAtTRles 308 GIheRCoBPs f@lﬁﬁ 3 shersmay be
Ol @Rmit& B ek Seiduff intdientP9leY MRliest NRddRfe@Gmponents may be
accelerate the initial deconposition of the inplant.
Thestackagr toane apthehesin gnpkeranicabiastsaens sughesrdsavelss phg, and screws,
Stzﬁp gfa (wv%ictl-legqgglb%uﬁgrittsa?ecp from Eh% (‘Po(r)rrl] osite of the invention. Traditional
joints such as tongue-and-groove, dovetail, or mortise-and-tenon may be employed
as the machined pieces arc assembled.

Alternatively or in addition, the machined pieces may be chemically attached
to one another. For example, a biocompatible adhesive may be used to attach
machined pieces to one another. Exemplary biocompatible adhesives include
biocompatible cyanoacrylates, epoxy-based compounds, dental resin sealants, dental

resin cements, glass ionomer cements, poly(methyl methacrylate) (e.g., bone

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

be sanded, filed, plasma etched, chemcally etched,

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

25 For exanpl e, conposites having the shape of the

desired inplant nmay be further surface-treated to

pronote a desired cellular resp@8se. Techni ques for
at.tacghin rowt.h factors and ot her. bi ofnol ecul e 0

b1 BRGBRe b Py e SMaEA e PPEN NP0 g othér phosphate
Skiasé® GechBnishQirRl barb5Pflate X aRP| otelBasell BiRgers OTRARAEL but not
may be plasma etched to render the surface nore

r daoiied/to fipripighwas| andumassebderivednasthesivg eroteins.3@ltrasonic bonding

bi LV N Y t t,ach dir I o th

e BREMd B BB i BURRARH S TN Spleshefp one another

at t acheGhdnicilngnkate f0 baaehibwdebeimsingathe mshMed pieces to
6,033,582 and 27 6,119,028, the entire contents of

wHiress-litke wilicenp apethed Hertbers ¥y hasrepateles at gbp surface of the
e . i =i ' r t s i bi i G.S. .

o RS 0, L ARE Qloh RS BPRIRY L) i echmaues
[ rdp{tl\ita:]nﬂi@]tc iaﬁfr ahdlimdirelkijzai:isit(.t oﬁ&éﬂegfate'eelbz? nhe Adtmchhredt pileeés%/ may be
gr acltors, e che .0 atfract osteoplasts

L plesme-sirBidroxdired B ‘en Déionnpsipe i iges Sﬂuﬁ?%m@fm&wss-hnks
OlboROLdAEE o et &l dIRbingBlite, Lhe compasite may be

i mer se olution"of the desired conmpound, which
i s all diwiet groangdmontoofotht donhdparsivles adthitb thei ompexsith snayasotropic,

di ffusi or ot.her mechani s no to.thas ilJ)ed.
S ot CSEORlh Moot ASERIED H SIS i fajopahe direction of
t rRhBfion foP th EXSED 2418V isRIfBSNBet R 1a8rsO I THXa Gt iy be offset
to increase its affinity 10 for the conpound or

i rtor #is60% GOF at by apma othen englongsotbatithe ope partisled appear e form a
cQ ' vi.electrostati g interactian ).
comBEE i abing BB RS [Tt WBHEPLY 83T a b dfpy or rotated
Wagsly cdopsigiiration i iaf WHRIAC sudcBBivenidyeR| aehy&itiduogle alffset by some
respaonse to the inplant. Thus, rapid desorption in a
pripesiBpd et @afonppgledinm Hic nrecedur lay®l e, The i npl ant

may al sq alﬂ?gfgfﬁgbgﬁq]s?lﬁ fa(e}@gwgf fh@ c%&%%%é&ﬁﬁt%mﬂﬁnﬁ& be milled or

known to ose s I'n plasti I'ning. ¥For
exgopldeacchalies torde teehrdgues|cadiredtio théeection@inttiéd tPreparation of

facilifate b i ngrowth or tao ovi de .channels fo .
s diter _n"’g’of“Ps Thé shavgdc graund. g mified COPPRNH RATUF synagbe combined
COAPLIJIE mabRBes dBdrd flapElor r%ﬁﬁ?@raﬂ@ﬁﬁinﬂﬁ@idg"‘&rﬁ/ 8f the shapes

desired shape,” 1 ncludi ng any of tThe shapes |isted
abitzseibeGorbout.cande pressed| foefdrinad elkd asevddiogHerthe dedchimgatof U.S.

CHA donar onsr. 35 SRERaeriahls of EeE dre decorpprajslcterein by
andfepdid8! 1 @ Pr&Birsd cRYSMnRNE M MAFILItE Barticles incorporated into the
pressed shape have the size and shape described in the ‘187 patent. The composite
particles may be mixed with additional biocompatible components, including
biocompatible binders, fillers, fibers, platicizers, biostatic/biocidal agents, surface
active agents (e.g., surfactants), biomolecules, small molecules, bioactive agents,

etc., prior to, during, or after compressing the composite particles.
Particles of the composite may also be reassembled to form an implant by

wet-laying according to the techniques of U.S. Patent No. 5,507,813, the entire
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custom zed to fit a particular inplant site. These
machi ned conponents may be attached to one anot her
usi ng mechani cal fasteners such as dowels, pins, and
screws, all of which may be fabricated fromthe
conposite of the invention. Traditional joints such
as tongue-and-groove, dovetail, 28r norti se-and-tenon

BB Ak g B DOPIGIT R CYAEIeE | B EoTRBRS e Regicles are
Pi eeisd MRy et BaiE 3hd ¥astbh AABEA sudiPasoNBataNe4tNBlesh &@éen, or a
exanpl e, a bioconpati bl e adhesi ve nay be used to

atthegetdimgagddnal ethod. ec ekhet diquite mapot imelude Exddipyoral y biocompatible

bi ocq i.bl e hesi,ves. i ncl.yde i Qcompal i bl e - -
oy RBARAYD orE AT Ryl MG Bhecdh Spaps,in panict
s ealtgletnent €t BblpsS ther fagil inpRAtRtasn it9blaps. Fafbemidhesion between
cements, poly(nethyl nethacrylate)w%e.g., bone . o

c &R RPPOStE| PaEtichesrBRL b pgitvel B g luding ga adhqsivg in the liquid or by

c - eS [ PR
o LSH AR ARE Lo SIS Tt WNARR dhack o (RN PRI Ing the liquid
p hos tisd entartpksiadasdyenicsum or Beapoadtionx VA letrestivalydbr in addition, the
proteiF-based i nder s, includin%rgut not limted to,

f i Hanglsg Mass ahQOMAEE PUFIEY SiPYaBR SuRIGRied 1o Ao porapressive force
U dui R QR afeDQBdL g s alB%r B#hRO tHRENSARY PhrkitRs iPhRhd A5,

machi ned pi eces of "the conposite to one another” 5

Cheni cah #n nkagetivagridbodiondnt, theheanpdied yeompositegs trimelted and

machi.ned pieces to crass-link wth one anpther. I1f .

¢ HEge fubisciied Spant oliepmopiaitbelyRists S IRG vpon'heating and
CORRPBE treshabOEWiKBY1 REcRIhAkEATROpONBPHRST bdIBIIREA or extruded to
standard cross-1inking techniques,” optionally after

depimer partigwlen ghape A treelded inv Bieyshaph ef pelshirete inplpietc eg discussed
be | aspa- et ched or oxidized and th the .

o bof P F R AL R B, s huRRle I i T Bty melted and

behyerd iftBantinpldpt sieebefofe coliP@SAlternatifel,emachined polymer may

arrangenment of the bone particles within the conposite

i PediwpisdbrigBy ¢o redype ustace ptrespes cagssldyy theardiinganachining.

assenbled in layers in which the direction of

o i ent abipah ebodinRAIEHP HVehbE Wil Be Apbael: BIHYRSRilled in th

| ayers. %hemﬁagérsnnay Be ofkset l%ye%%ﬁ, 60", 90 éf e

byars mm othesidaatgineof e sphaficitiom droprectpardfi the esveappe alisclosed

tq forma 15 .spi t hr ough t stacked | ayers. The .

| Yy Hdn F’H‘Eﬁ‘? il ﬁ%ﬁuwgﬂ%morb anflopxgpiRies ey considered as
C Rk AbhYNwith (N ¥rfedlscdps P sHiNEofl tRY Bivent®Fbeing indicated by the
continuously offset by some specified or random angle

f rfolvving ggimsedi ng | ayer. I n another enbodi nent, a

bl ock q&haﬂgcﬁﬁgggggte material nmay be mlled or
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ground according to the techniques outlined in the
section entitled "Preparation of 20 Bone," above. The
shaved, ground, or mlled conposite particles may be
conbined in a nold having a desired shape or
configuration, including any of the shapes described
above, and pressed to forma solid according to the
teachings of U S. Patent No. 6,294,187, the entire
contents of which are incorpo(?ted herei n by
reference. In a preferred enbodi nent, the conposite
particles incorporated into the 25 pressed shape have
the size and shape described in the '187 patent. The
COAMsite particles may be mxed with additiona

bi oconpati bl e conponents, including bioconpatible
ﬁinders, fillers, fibers, platicizers, o

i ost/afethodiod pradiring g dApG POLYTHICT eriaposHe CPYRrisigsnt s

(e.q. : 'é¥gyi | es, small nol ecul es,
bioaé¥?§g&§3§%??P§%£Pgﬁ, pr?%# to, during, or after
conpreesbining thedosopptieles withaptdcutsesof Bigodampatiblegwlymfer; and

t he g)% oesrizgne thfgolal SO rbe regsierrbllt)sd to,.form an n

i npl ant’ By C PAVIIRGPS AN 3P A O POA P TRRY

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

2hi ¢ Whemecthottafi qlamalt, evhetvén polpmbyzing fherpehder pfdtarsor comprises one

conposite rticles are lurried in.a sujtaple liquid .

i &3 ato7s RE Gopiing 6 pabnifpreirson e SiSngdfe Solastit Weight of
or a théd oBend pROFEA Bnd "EBksting T B&val dnfl Wodd§MBMkinC tied Bolymerized
addi ti onal bi oconpati ble conponents as descri bed

abov @olymss pigstitspayith $hedtope pattickeasul ts in particle 5

entangl enment that helps the final inplant retain its

shap e[-‘hle Rwth st Rfhes W@reﬂ?ﬁl\é’%_@ﬁme} géc&‘a&lﬁ’i@ §é.a]%]&ed from_a monomer,

particles may be achieved by i udi ng an adhesive in
t he laipgepodyrogr, dflowalsle polyoiet,aad o wagtialy poliymgrizetholymer.

wet-laid mass is then dried by renoving the liquid

Arom : - ' -
A ¥ ore i B et TR s ASID AR RehRHer grecursor int
conpadbd taecyar dnddhtesstitiastroetuses bf thethede particle onpr essi ve

force 10 during or after wet-laying and/or while the

Ss of ticles.is hein ied. In.an alternatjye
Smpodeafhbd Bt Sih arata dh Boic b8 AR im the grou
mol dedndifiing of Wademe@rtibad BoneThatisTeR | REfinGal0l WaBE Particles, and
will flow upon heating and nay be reshaped w t hout
machi®™EiEes hHecfpol ymer may be rolled or extruded to
forma particular shape or nolded in the shape of a
glesi g rhdARP olaias], diksdis 9R0boke pRRRYR ard HbtAifed from a member of
al ternative enbodi nent, the conposite is at |east
par t ithf grpupEensisting pkicorticnd benes garcallens bene. eprtigatcangelleus bone, and
bef or g, 6oRlidg,s Al ternatively, a machined polynmer may

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

mixtures thereof.

8. The method of claim 1, wherein the bone particles are about 1% to about 25% by

weight of the composite.
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be heated briefly to reduce surface stresses caused by
shear during machi ning. O her enbodi nents of the

invention will be apparent to those skilled in the
art froma consideration of the specification or

practice of the invention disclosed 20 herein. It is

i ntended that the specification and exanpl es be
consi dered as exenplary only, with the true scope and
spirit of the invention beingﬂjndicated by the
followng clains. What is cldined is: 30 CLAIMS 1. A

nmet hod of producing a bone-pol yner conposite,
& OMDIIRIAGhod Hf QYihAl NoheReiR kﬁérﬁlin'eﬁa)irtﬁfes RenshoReséd; ¢ §Bout 50% by
conmbi ning the bone particles wth a precursor of a

bi ocorpghtiobthe qeuippsit:; and 5 pol yneri zi ng the pol ymer
precursor to forma bone-pol ynmer conposite. 2. The
B2 NOfheQherfibbiUidim FARIELR RUHEIBLLF|AArd SHouPS1 K T bbout 75% by
precursor conprises ’‘one or nore of cross-linking the

pol ymegighgo thercemppsitencr easi ng t he nol ecul ar wei ght of
t he pol yner precursor, and creating coval ent bonds

i nki t o) yreeri zed .pol yner precursor. w o
Wone T8 51 L R PG sl afloptt tibe i hous 99% by
t he podighref therceaiposiey. | S sel ected froma nononer, a

prepol yncr, a flowable polyner, and a partially

BT SERUTEES 2 i, TP by S B b o, s e

i nt o eldrp@tevascul ar and interstitial structures of the

bone particles. 5. The nethod of claim1l, wherein the

bhone particles are selected fromthe group 15

Fonsitei mgther efotlaismi Inefbthsr eammising pidifyioges surface of the bone
der nipgladsi zed bone particles, and mxtures thereof

6. The nethod of claim1, wherein the bone particles

are obtained froma nenber of the group consjsting of
or t i heimeshedeof daine &1, Ivdigsein aredilyins at susfacacemensispopftaching a silane
bone, ] r . : : f ' .
1" eisefEhe ekt {8 bbhepRAttes Shofe IREsRL WD g froA Bomprises

menben aofive grhep graoispneoprsated ingthe fpobuienigedpel gmbioprecursor.
al  ogeni c bone, xenogenei c bone, and m xtures thereof

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

multifunctional.

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

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

17.  The method of claim 13, wherein modifying a surface comprises attaching a silane
coupling agent to the bone particles and attaching a moiety selected from the group
consisting of a biomolecule, a small molecule, a bioactive agent, a non-biologically
active material, an inorganic material, a mineral, and any combination of the above

to the silane coupling agent.
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8. The nethod of claim1, wherein the bone particles
are about 1% to about 25% by weight of the conposite.
31 9. The nethod of claim1, wherein the bone
particles are about 26%to about 50% by weight of the
conposite. 10. The nethod of claim1, wherein the bone
particles are about 51%to about 75% by wei ght of the
conposite. 5 11. The nethod of claim1, wherein the

bone particles are about 76%.t0 about 99% by wei ght
of the conposite. 12. The nmetfod of claim1l, wherein
at | east about 60% of the bone particles are

| on t{ho -clal her :
lgbnp??lgslﬁgt%ﬁ%doﬁ?gfﬁg 12, gxlfjl‘f%%eélg etﬁel(:_) ][EhéxheeEﬁJ&{@@ zﬁm includes a non
par t ibidcempatibie 1eahimg igeadpod of cl ai m 13, wherein

nmodi fyi ng a surface conprises attaching a silane
1@9Up|"[’hggm9@1?5‘toft 8ai§1{‘%b81“ff7,p%kfeﬁl G n{é@&%% anﬁf T, te{i into the
sil ane coupl'ing agent "conprisés an actlve group TRa

i s i pobhmpozat paymet pretireorpurllinked iozthe pphyimenteed polymer precursor by
precursor,. 1?. Tpﬁ% nef hod of cl.aim 14, wherein the

act i NGRS BT POvalighh So3AlgNt igteraciiglsy, | ¢ i f unct i onal .

16. The nmethod of claim 13, wherein the step of
200di fThe ngethodofi deisn AT adiidhg rodiBingA et BgfRe N@n®irides exposing
sel ect ?d fromthe group consi sti % of a bionolecule, a
smal [collagsn &ibgrsat thy sprfereof thecbong @afticles non- bi ol ogi cal | y
active material, an inorganic material, a mneral,
2and  amy neagdl gTlaifR0ofurthBecoriRidBglif hd&PRsed collagen fibers.
particles. 20 17. The net hod of gl alyirgg?&&%erei n &

nodi fT¥1i ng a surface conprises attaching a_ silane
2ouplTirrdighehet chuim R, demher samprising cressdinkingalbpexgosgd collagen
noi etgp.sel ected fromthe group consisting of a

bi onol ecul e, a small nol ecule, a bioactive agent, a

non-bi ol ogically active material, an inorganic
28at erihg| methodriof efadm, 2Gyniyrthery caraprisingadétdratioing tthe capespd collagen
to t I l 8

ol ai 0T VIl E rETED B AR i o eonbdBn BE ' Bfrcute, o small
non- nhilantypatbidacevd egstitng asmbiplogically active material, an inorganic

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

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

particles in phosphoric acid.

25.  The method of claim 1, wherein the polymerized polymer precursor is a polymer
selected from the group consisting of biodegradable, non-biodegradable, co-
polymers of biodegradable polymers, co-polymers of non-biodegradable polymers,
and co-polymers of biodegradable and non-biodegradable polymers.

26. The method of claim 1, wherein the monomer or prepolymer forms a polymer
selected from the group consisting of poly(phosphoesters), polysulfones,
polyfumarates, polyphosphazines, poly(alkylene oxides), poly(arylates),
poly(anhydrides), poly(hydroxy acids), polyesters, poly(ortho esters),



19. The nmethod of claim 16 or 17, wherein the noiety
is incorporated into the polynerized pol yner
precursor or linked to the pol ynerized pol ymer
precursor by 5 a nenber of coval ent and non-coval ent
interactions. 20. The nmethod of claim 13, wherein
nodi fyi ng the surface conprises exposing collagen
fibers at the surface of the bone particles. 21. The
met hod of claim 20, further nprising fraying the
exposed col |l agen fibers. 22. “The method of claim 20,
further conprising cross-linking the exposed col |l agen

10 fi T ofe cl.alm 2 .
conpnpig 5{"% o%te}?sl’ vgtglly gﬁh}gq%hee fg:l)q(l Sg‘g@j %f{(%gﬂ%t?l}eg)ér S olyamides,
\t/)vi th pialyﬁmiimi yacgis| q:fnlﬂse?dethlso moltlﬁactigi:sggpolczgl_wsd)lstes,n gobfdigxanones),
i ompl ecul.e. A s ecu a actjve agent, .a
non- BOBPSYeSER A, PR DR IS rR R} grigohe) biddegradable
mat e fpoBlcyardatfylidsabiodagaddry peigaiinaads, polyedcchdiklesgtttine-based
15 24. The nethod of claim 13, wherein nodifying, a
5 surf FeymsshpraokdRylehi gl aBlinsdn epolyithipphangl jpelystyrene, non-
phos phoya Ld. net clal er gj
%g@d@ﬂé %% ethBffes Ghreds, gdlggﬁghaewg il acetate),

t he rized yner precursor is ‘
sel epoburdpytemet hpolgmethperylatesi polyathytshebi palpgthyliab| eoxide), and
non- bi.odear adabl e, .co- pol rs of biodegradable
poIyﬁ%%g?g%%gﬁ%?fwgfg1§ﬁwﬁ%ﬁ-eﬁggegradable pol yners,
20 and co-pol yners of bi odegradabl e and
27on- Ahe dagthad adfl daipolly fetlsr @mprising ple¢ihg dhofhood giarticle/polymer
wherei n the nononer or . prepolyner.forns a pol yner
10 dal cBFRUTSPF BT RN § o begiraebensrizaten
pol y(phosphoesters), polysul fones, polyfunmarates,
230! y pithe st dTefaimiIQ fyt(het kopheridéngoXi des) ,
poly(aryl ates), . poly(anhydrides), poly(hydroxy
aci d¥ptiadypobEicazg opsl Bt MerERers), 33
pol'y %ﬁa.ggfgfst RSl A He gg@gu& BEGmEMNPRI AL ESA; and

pol y(ca act ones), am dés, polyam no acids,
pol yzempketisg pplymgfizasionde formpbe hoteypaymeiezomposite.
pol y(di oxanones), pol yhydroxybutyrate,

ol yhydr |\ at:e. (P i oyvErali: , :
15 0L 80 ALY B RHEL AUASNEY sgpe priclcpolmer
pol ypreutsanasxtuedh yshaehsalectdé sront the geivpeohsstag df a bone, a section

pol yners, pol yrrol e),. .poly(aniline),. .
Dol o (R bt espy BB whoifo s kil sy gepillry network
pol y i@t RBEE Snesi AliskU EERS pir) 8érv&etubY, RPEto6tH) Ydoth root, strut, wedge,
acetate), polypropyl ene, gflynethacrylate,
pol yé’Pﬁ}ﬂﬂéﬁé‘{f’d%IWﬁ@iGﬁW@ﬂ deyiiader, andrigd.
20 30.  The method of claim 1, further comprising partially polymerizing the polymer
precursor, putting the partially polymerized mixture in an implant site and

completing polymerization.

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

mixture in an implant site before polymerization.

25 32.  The method of claim 1, further comprising modifying a surface of the composite

after polymerization.
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m xtures, adducts, and co-polyners thereof. 27. The
met hod of claim1, further conprising placing the bone
particl e/ polymer 10 precursor mixture in a nold

bef ore pol yneri zation. 28. The nethod of claim1l,
further conprising: partially polynerizing the

pol ymer precursor; charging a nold with the partially
pol ynmeri zed material; and conpleting pol ynerization
to formthe bone-pol yner conﬁ95|te 15 29. The net hod
of claim1, further conprising shaping the bone
particle/ polymer precursor mxture in a shape

338l eghedndih @bt BRIArPURVHERAS 'tlﬁt 589 P mHiRARes sﬁrface comprises a
section of a bone, sheet, plate, particle, sphere

st r angmbeniof dee grovannsisins bf axidizieg woldast afnortrﬁn of the surface,
fibe

kol s 308 O 5 Sk SR 90 e
t hr e addsiding\d bllﬁhefecuiamﬁ the gurfa26, fﬁ:ﬁumf[gle smatlhodeofle oh ghensurface,

oty kg, CBRCE SERRY h o T 5 PEPhe e o 0
M Xt YlrPack Tefrbhih g P hiktralDnlife @Rfice, aA@RAPEdrInation of the above.
pol ymeri zation.” 31. The nethod of claim1, further

conprisin puttlng the ﬁolyner,precursor article
3fh xt dhe methogrof; digmaht fugheretonprising peahinig fefopppsitepigio a shape

uqﬁé f urt her conprising
m)dl ?‘_\;}F‘)n mggtre OfEL g# %'gmglonpo& te after
ol ynerization. 34 33. The met hod of claim 32, wherein
36he Jhe pedodrad ¢laityidtgwhersimthagape sriglerisd Srom thengryeercoasisting of
the I C e
¢ AORHE, £ R80T b} Bho, R bifile Bherk *8haroPREAR, capitlary
Surf aetevorle tiitini filgeramesile @Bate dlsb,ocrome,m‘m,cs&retwh mbeumﬁ)anmth tooth root,

retainin bi onol ecul t u retai

snal pt%%g BOTgAn £ E(e r?%\@ger ?ﬂ B@?gfﬂf r’&“"gf ct ive
agent on the surface, retaining an inorganic material

36N t Mhe hHsthdB6E cldimt 34, MuABeracompiing fa@RninBea plirdlag exf machined
and any copbi nati on of the above. 34. The method of

cl ai Bictes ¢iigpmmeritedBggiPs'si ng machi ni ng the conposite

into a shape follow ng the step of polynerization.

335. The pimtdast MfimCledinieth thaheicRingd Pﬁ@ess'ﬂé‘ BRtensd together with a
sel ected fromthe group consi stin bone, a

sect membst of ordhesiveect meshamioat | fastengshalt@sone rhgnding, and any

coi | e8mBhh AL o HERVEATY

38.  The method of claim 1, further comprising machining the composite into particles

after polymerization and compressing the particles to form an osteoimplant.

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

force greater than about 1000 psi.

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

force between about 2500 and about 60,000 psi.
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network, film fiber, nmesh, plate, disk, cone, pin,

screw, tube, cup, tooth, tooth root, strut, wedge,

portion of wedge, cylinder, threaded cylinder, and

rod. 36. The nethod of claim34, further conprising
fastening a plurality of machined pieces of conposite
together. 15 37. The nethod of claim 36, wherein the

machi ned pieces are fastened together with a nenber

of an adhesi ve, a nechanical ,fastener, ultrasonic

bondi ng, and any conbi nati on>of the above. 38. The

nmet hod of claim 1, further conprising machining the
40P b2l dAl il I\ﬁﬁl%relr?fﬂeed'o Pésk’meédngﬁ)tslt@ Parﬁ@l@s have a void
conpressing the particles to an ost ant

39. Volemeewhgdatef theh 32% 38, wherein the conposite

particles are conpressed with a force greater than

bou h I
?h e tg’l&%p %geglllcfb‘z bf cl%ﬁn . E gulgir%é Qg%lﬁpgmg c%é‘ﬂrﬁ[?% M@@ﬁlte particles
bet westh aatmniberZSDﬁ V\aattdlga:tgant, b ppetils ibind8f, flller, fitee, plasticizer,

met hod of Ial 38, wherein the co sed, co
var t poratc Rk, 3ept N GrD SO  S5Pk bR, S50 molecul,
42. Eﬁactmta%@ﬁi ai‘d AlydbfibiRtiod of thd §Bove BIRTE Sdrfigressing,

conmbi ning the conpoSite particles wth a nenber of a

wet ting agent, bioconpatible binder, filler, flb?
431 asihe megod of clsimsBapherris Be FRrmPrese sPmPetierarticles have a shape

acti ¥8e Q4L ftom MCS%ﬁFQHﬁS%tIng r@'d bm %Céélcl%n oPhOREE] ¥Ret, plate,

agent, and any c I'nat 1 on bove before
conppatisiengphend suThd aedleh stiansk calpllalalm B3workh &ilrej fibethanesh, disk,
conpressed conm

fr onC9a P R OSI Be ok tt!)ogk e?oo@ Sot astﬁnaa%d%c?] %Jg?t?cglegf wedge,

oup Co SIS one, sect
bonecﬂﬁhbﬂﬂneﬂkﬁbgmuknamﬂt@ie, sphere, strand, coiled
strand, capillary netmork film fiber, mesh, disk, 10

th, t t
fogE B SHim b Bpeliige pech R 38%89189%&% ip particts
and Eﬁlﬂweﬂlﬁ%m@ﬂlﬁe PN Fome hipdsido | CFIfamrt her conpri sing

machi ni ng t conposite into part and met-laylng

t he artlcles to forman osteoinplant. 45. The nethod
48t cITaf mnathog of toaim éorﬁwl}eglqﬁ’glpﬁléaﬁl hegting 4t dgast ayportion of the

pO”b&H @g‘uewgte@ﬁr&.ﬁ%%hfcﬁtﬁeop &TRFFAt ure at which
the pol ? 46. The neth of claim45, further

conpr|S|n i mplanting the at |east partially nelted
46.  The method of claim 45, further comprising implanting the at least partlally melted

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

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

precursor.

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

volume not greater than 32%.

49.  The method of claim 47, further comprising combining the bone particles with a

member of a wetting agent, biocompatible binder, filler, fiber, plasticizer,
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conposite into an inplant site before allow ng the

conposite to cool. 47. The nmethod of claim1, further

conprising conpressing the plurality of bone

particles together in a predeterm ned shape after

conbining themw th the polymer 20 precursor. 48. The

nmet hod of claim47, wherein the conpressed bone

particles have a void volune not greater than 32%

49. The net hod of cl ai m 47, f@gther conpri si ng

conmbi ni ng the bone particles th a nenber of a

wet ting agent, bioconpatible binder, filler, fiber,

pl astyigdi&RYbiodal the?ﬁ atgl g ggtl“(i.al f\ﬂerﬂlomélggljl@c%mall molecule,

active agent, biondlecule, snal ec | oact1ve

agentbioaghitle agﬂylt @odbitneanilgnatish of Iti@ apbve/ befbyefcompressing,

conpressing. 50. The nethod of claim47, wherein the

§(P”prﬂ§e51%9th98 g Hakdt h?l %ﬁelgﬂlvﬁleac ﬁg) ed ﬁglll eﬁ&rﬁgleg ha a shape
group consisting on of “a bone,

S heetselepiedtfmm She grd.upodoaslsm[g]ef e ,boat raed:,tlon cdf | 2tone, sheet, plate,

strand api || ar il m ber, di sk, .

coneP abﬁe S?b?rgwé/tr b%m éﬁran{l,o@pﬂiaq GBHpr o@fn @’FF’ (pesh, disk,

wedgeon®Opih] edte®f nRAWEp, o6t itBAR Moot @fra@deéag@yiubﬁdﬁrof wedge,

and rod. 51. A conposition, conprising: a plurality of

bone Cﬁh?@qud@ﬁ@ﬁﬁ@dawlpﬁ a pol yner precursor

selected froma 10 nononer, a prepolyner, a flowable

i OC%E&hb&Etﬁmo%rMﬂ%ﬁn .and a partially- polynerized
bi oconpati bl e 52. The conposition of claim

51, wheluelity af Bbl@alsétmdewmmbmcd Mthtmpolmlepmunsomeé@ted from a

AL e e T

a porti on pofynidiieed bioesrapdtiblepolyniér. and vascul ar
structure of the bone particles are infiltrated with

rec 54. The osi tion | ai m .
17 Vel riporRt B REShaty Mopd ar gk Gnat ot e op garices ar
gr ouRotslagiyslinked tothe poRaRFbRen bl zed bone particles,
dem neralized bone particles, and m xtures thereof.

The canposi.tion ?f claim51l, wherein the bgne
%artl cSSTRPRIRh Ok eI of FIBI 41 Werhiera! Gest heoipp @b th ntorstital

consiali Mecthr cRAdEAT BRNBond PRTRIS 4 iRANRGedC Rith! 8- polymer

precursor.

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

and mixtures thereof,

55. The composition of claim 51, wherein the bone particles are obtained from a
member of the group consisting of cortical bone, cancellous bone, cortico-

cancellous bone, and mixtures thereof.

56.  The composition of claim 51, wherein the bone particles are obtained from a
member of the group consisting of autogencus bone, allogenic bone, xenogeneic

bone, and mixtures thereof.
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cancel | ous bone, and m xtures thereof. 56. The
conposition of claimb51l, wherein the bone particles
are obtained froma nenber of the group consisting of
aut ogenous bone, all ogeni c bone, xenogeneic 25 bone,
and m xtures thereof. 37 57. The conposition of claim
51, wherein the bone particles are about 1% to about
25% by wei ght of the conposite. 58. The conposition of
cl ai m 51, wherein the bone pg@tlcles are about 26%to
about 50% by wei ght of the osite. 5 59. The
conposition of claimb51, mhereln the bone particles
re 7 0
%’onpg{gl?tggrr%sﬁﬂn_?_ ngegdg{r}p%s ?\?f?e%n ‘gfe' E(fﬁe %’tléll&e%:ea;bgliltnl % to about
t he Bébebyparcightdfdke eomapasbout 76% t o about 99% by
wei ght of the conposite. 61. The conposition of claim
1, rej . - u % '
Fe 118 SriboBlioh 3P Sy ai bl B oA pAROEs B Bt 3556 to about
wher &0t Isuwtightas' the cdnfymshane partlcles are nodifi ed.
63. The conposition of claim62, wherein the surfaces

bone rticles e .deri ya ized W 3
Boupi g HGalioh oF il nanSin 18 vobE Papfeletiefe ipbf 3% to aboun
si | are% eoupight @ (ROSHpRRAP! | Ses an active group that
IS incorporated into the polynerized 15 pol yner

B irrg i o SSOTRI Lo 812 O, WSS Do, i about

mul t iobust WeIBR{ of tRdeordfRit&OMposi tion of claim 62,
wherein t'he surfaces of the bone particles are

derivatized wiith a npiety selected fromthe group
®donsildeicappetitien pf Jawt aburherein ablyasphpyt GH5H egmeém%\pamcles are
bi oagijnygeagent, a non-biologically active material,

an inorganic material, a mneral, and any conbination

of the above to the_bone articles. 66. The )

6o np ddie cpwposiiorcefzlaimed, mesunfaedsef shertfone partighes atggnodified.
bone particles are derivatized with a silane coupling

gent’[’h@%nﬁ%@fﬁ% Nofl BGint 'dZa bl Hgé Egrfg&g g fh@ bone particles are

erlvatlz a nolety selecte romthe

considstivatigedfvith ﬂasldnmeloeuplh% agenB® the bone partlcles, whereln the silane
coupling agent comprises an active group that is incorporated into the polymerized

polymer precursor.

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

multifunctional.

65.  The composition of claim 62, 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.

66.  The composition of claim 62, 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



smal I nol ecul e, a bioactive agent, a non-biologically
active material, an inorganic nmaterial, a mneral,

and any conbi nation of the above. 67. The conposition

of claim®65 or 66, wherein the noiety is incorporated

into the polynerized polyner precursor and |linked to

the pol ynerized pol yner precursor 5 by a nenber of

coval ent interactions, non-covalent interactions, and

any conbinati on of t he abovg 68. The conposition of
claim 62 wherein collagen fi drs are exposed at the
surface of the bone particles. 69. The conposition of

cl ai mAb&fiEl ' ; :
{r 2y I b g EHRAEEnp RGN, hARepabal, am inorgani
t he @xma@éﬁlumkﬂégmﬁaﬂybHN@naK@Idﬂnsﬁmwtnked. 71. The
conposition of claim®68, wherein the exposed coll agen

6f7' berﬁle %roﬁi QSE&Y %E 'cfaﬁﬂ 65"‘611&3 E{vle?élﬁttHe a'iegﬁrgsle &cEfp%FQted into the

rml ecpulymenaecb pm]gnier pﬂacmge:nand Bnkedre the bmlgmeﬂtddypcﬂymbn/precursor
materi al, an.inor nol ecul e, a mneral,

5 Conbitiafi BIBE (o A SSsnS, AT EOIGS: PRGHR. and any
cla|Qbﬁghwh@{gﬁﬁemﬁ@ebone particles conprise a coating
of cal ci um phosphate. 73. The conposition of claim
51, wherein the polynerized poI recursor
6'§o| y@p ceppesitigyok ¢laim @}]@rh@r‘e ]@5% 5 A eaposed at the surface of
blodggnﬁgggw%ckgpn bi odegr adabl e, co-polyners of
bi odegr adabl e pol yners, co-pol yners of
non- bi odegr adabl e 20 pol yners, and co-pol yners of
68i oddde serbpsstiemef o5 Whergmham@swcgﬂﬁwsﬁbwarc Traged.
conposition of claim 73, wherein the polyner is

10 ﬁ)el e%@ %&E@éﬁéﬂ‘& iR w‘ﬁ%ﬁf thé bﬂ%s&f collagen fibers are cross-linked.
pol y(phosphoesters), pofysulfones, polyf uﬁarates
_folyphospha2|nes polygalkylene OXIdeS
Pol y (e whmpesition pbtlpinn Abywhdreiaghe exnsised p@l@g@xi}b% jagpsgerivatized
PO Y &1L o) XHRLLY %P UEL SrowP UAERNPNL Homolecule, o smal
pol y(propylen uner ates capr ol act ones
pol yamleteds, 0 dligaative anﬁj dSnOIpbiO}Ctgdmllgll &tive mater1a1 an inorganic

pol yl acti des, . po i des oxanones),
pol yﬂfﬁ?cﬁgeyﬁmlg}%ﬁt é‘% H%%?E\?gﬁ\%rah?vg pol y(vi nyl
pyrrolidone), biodegradable pol ycyanoacryl at es,

15 701 odaue agatposition Of Yldigit SBR@Srei ﬂiey&ﬂﬁth’;lﬁ&léke Bomprise a coating of
tyr05|ne based pol ynmers, poly(pyrrole),

pol y Caisium PROSPhat®| v (t hi ophene) polystyrene,
non- bi odegr adabl e pol yur et hanes,

73.  The composition of claim 51, 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

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

74.  The composition of claim 73, 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),
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pol yureas, poly(ethylene vinyl acetate),

pol ypropyl ene, pol ynethacrylate, polyethylene,

pol y(et hyl ene oxi de), and m xtures, adducts, and
co-polynmers thereof. 75. The conposition of claimb51,
wherein the plurality of bone particles are 10

conpressed together in a predeterm ned shape. 76. The
conposition of claim75, wherein the conpressed

particles have a void vol ume , not greater than 32% 77.

The conposition of claim75, Pur t her conprising a

menber of a bioconpatible binder, filler, fiber,

pl astL&i ' at i i QCI toei RUTN ti :
B gent AEPIacuR, ChSRBIAE, FelpRERT woidy REReaR! | Miytacides,
agentplyghuolides, cpetbidnatnarshf pohdydiosyeityra®, pokyhydroxyvalyrate,

conpqgsj.ti.on of cl.aim.75, .wherein the . shape i5..sele
fronPabbyiahe "bafalloly” rRErRED: by RaaRG IS cRb§radabie
bone,pgamfm | lesgn pf)ly@eg:bﬁmﬁle;,f:reﬁbsin@aﬁsie't10| p?l_ylﬁmkse][ _e}tj)oly(pyrrole),
stran coll ed stran capillary network, fi i ber,

e h PO ine).ging ,(t%&mhsvggim}yst%@}eemport-@aé?gr le 'polyuirethanes,
t oot h Uty ord d

cy 1 RO R A oR e 98 ymethacrylac,
| oad-pbbyathylege.o pobybithylbrentoxjslehd and dnixjures eadsiuetgs apd : co-polymers
pr °Viﬂ%ir5‘ a plurality of bone particles; conbining the

bone pafticles with a precursor of a bioconpatible

pol ymer; and polynerizing the polyner precursor to

7Sor mTae compusitioa bhatlaiims 54, rvberein ethof pluralipy | ofirboneanrticles are
the bone particles. 40 80. The, gsteoi nplant of claim

79, W‘?E??dﬁ%gmﬂ %P]i?getie%nﬁ%? r precursor

conpri ses one or nore of cross-linking the polyner

7Bl eC (Ths eempbdiisreaiildigh 19 ehereii e vbrpreveet phiticled hhiviea void volume
pol ymer precursor, and creating coval ent bonds Iinking

t he  PRbEGHET 8RB0l yner precursor with the bone

particles. 5 81. The osteoi nplant of claim79, wherein

trhe Aok YosRipoities WE SRimi 35, oGt @thprisiig) & mefibRo BEla, bidcompatible
prepol yner, a flowable polyner, and a partially .

pol ywides efillgrel §heer plastquzer,hél%@flé/blqﬂﬂagrﬂgeﬁf spifagemadidve agent,
W BidinolO&AE Sihali oI RAloY BBECRE SEUR S ah§ coRBmYE dificlabove.
the ate l'east a portion of the Vascular”an

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

from the group consisting of a bone, a section of a bone, sheet, particle, 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.

79. 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.
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bone particles are infiltrated wwth the pol yner
precursor. 10 83. The osteoi nplant of claim 79,
wherein the bone particles are selected fromthe
group consisting of nondem neralized bone particles,
dem neralized bone particles, and m xtures thereof.
84. The osteoi nplant of claim79 wherein the bone
particles are obtained froma nenber of the group

consi sting of cortical bone,4 ancel | ous bone, cortico-
15 cancel | ous bone, and m xtures thereof. 85. The
ost eoi npl ant of claim79 wherein the bone particles
re ain i r . : L SEN 0
. IRIOR! erdift SpdiiRbtiifi N | g
8gut oé@‘%oﬁ%ﬂ %]wiéig{ng?l%gem c’ bor%,1 ipen%gené[?éc) %?r? , én r‘ecmsor
m xt womprisdsesreodr nRGe of hrossdinkoignthicapdlymér ptesimsor7 dncreasing the

Sl RSAE o LR3PS0 kbl STRH porPimn e

of chaiyMefed phlgher prebiltoriamanpbadd pakigesar € about 26%
to atl):ﬁguytwl 50% by vve}?ght of the conposite. 88. The

S e S eico B ens O PhVEBm RS BASTSY Proqlroor 1s sefeed from a
COMPQ&drofrer, Alpr&dlynidiea ASH AL BRlARE, 208 a%'aﬁfalﬁr pSlymerized polymer.

wherein the bone particles are about 76%to about 99%

by wei ght of the conmposite. 90. The osteoi npl ant of .
82} ai rhbzo ostogimplanh oft claims (79aehereisodietore tthe pelywer precursor is

parti %bgr?eri\%ﬁ? th& L.t%rlgﬁ¥ & portiof1of tﬁ@@ s@ﬁl‘éle%m!te"i‘ﬁftiapgtmcture of the
clai m ) érein surfaces of t e%one particles are
nodi fboeelparfides dtk enfdsated wiihl thepolphergpredunscdl, wher ei n
the surfaces of the bone particles are derivatized

ith si |l ane upld 0 en h tj.cl
Sther s E2MFEG (8 297 R b SBE S RRE L€ BBt from the
gr ouréupadonkistingefxiopacrainechliced Borehpartjpddsy damnineraBzed Hoae particles,
ost eoi npl.ant of claim 92, wherein the active group is
monofif &ixyraIthesot 10 nul tifunctional . 94. The
ost eoi npl ant of claim 91, wherein the surfaces of the
gaone MRr shiBplant Bf cB@hi WAWhEREh Wet Bore pRticlty afebb@ined from a
fromthe group consisting of a bionplecule, a

smal | ,
ol ecureher aofbihsagtaupe conseting of ReHICHi bptsyi CaFIIPIEROMGe COTtICO-
mat erc'aﬁc!ello@bdn@%n@%‘xﬁues thereof.

Y

85.  The osteoimplant of claim 79 wherein the bone particles are obtained from a
member of the group consisting of autogenous bone, allogenic bone, xenogeneic

bone, and mixtures thereof,

86.  The osteoimplant of claim 79, wherein the bone particles are about 1% to about

25% by weight of the composite.

87.  The osteoimplant of claim 79, wherein the bone particles are about 26% to about

50% by weight of the composite.

88.  The osteoimplant of claim 79, wherein the bone particles are about 51% to about

75% by weight of the composite.
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material, a mneral, and any conbination of the above
to the bone particles. 15 95. The osteoi npl ant of
claim9l, wherein the surfaces of the bone particles
are derivatized with a silane coupling agent and
wherein the silane coupling agent is derivatized with
a noiety selected fromthe group consisting of a

bi onol ecule, a snall nolecule, a bioactive agent, a
non- bi ol ogi cal ly active nater%gl, an inorganic
material, a mneral, and any nmbi nati on of the above.
20 96. The osteoi nplant of claim94 or 95, wherein the
$P! elhhe Sutddi HH{e&f cq;im *7551%{0?85‘% ﬂe{}ﬁa&iél&earﬁ about 76% to about
pol yneri zed polyner precursor an I nKed to the

pol yri¥% by wemghheftbe coroposiieval ent i nt er acti ons,
non-coval ent interactions, and both of the above. 42

. The osteolnpl .0foCl alm. 91, ' ol -
T ey D SRR U o AL o U 0 RO paricts
part i dbgpgte. 98. The osteoi npl ant of claim 97, wherein
t he exposed coll agen fibers are frayed. 99. The

RS MR AR T

claim 97, wherein the exposed collagen fibers are

gfer i VEHd d@éebimplanh ol di@iinedy, wiéreit thd §urfagest bE tigr boye particles are
consi sting of a bignolecul.e, a small . nol ecul e, . .

bi oa qrwlzgamai} aéﬂﬁlﬁw@%‘iplﬁ%ég?’élt‘? jhekaneRartiflise sifgyein the silane
an | NG Sen A an @08 BRGBhat HHRGRT AR obfiner.

of the g%%%%?nlol. %héﬂbsfeog%p aﬁt ofcc a?n191, v

wherei n the bone particles conprise a coating of 10

Kl ciThe pyienipmelane of vipm Fhewbeeiaothgpicine 25urcisamengfynctional or
wher el ikieapghymer is selected fromthe group

consi'sting of Dbiodegradabl e, non-bi odegradabl e,

co- pol ymers of bi odegradable polyners, co-Ponners of

%¥on- blhedegecioebine of allaimeP ks, wherdinc thepsiripaesr of dfe bone particles are
bi odegr.adabl.e and naon- bi I e

The o'% lg%tllzr?f)ll“éln e o aSFfr)%gt%gﬁ %\?ﬁlgr%r?%!’ ﬁ%ﬁsé’aﬁg?ﬁé?bq?%"lew’e’ 2
sel ecinedll tholetalt hebighalil ageNs nsi-bivfogdfally active material, an inorganic

pol y(phosphoest ers),. pol ysu| f gnes ol yfunarates, .

ol y pHESHlas FisEal, Gty cHPRIPEUSTROIRS fesip 1o the bor partiles.

pol y(aryl ates), poly(anhydrides), poly(hydroxy acids),

o| y Pl bsteoiRPlant F tdMame st elvidreinP ey GRfab&NBF @e bone particles are

ol ropyl ene funerates ol y(capr ol act ones),
Sol zgfs)ﬂﬁdgél,ﬁpbﬂﬂy arsilens ta:@%:hg apw}/(?% g’[hgqe'gl’ the silal)le coupling agent is

pol yl AL EEART 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.

96.  The osteoimplant of claim 94 or 95, wherein the moiety is a member of
incorporated into the polymerized polymer precursor and linked to the polymer by
a member of covalent interactions, non-covalent interactions, and both of the

above.



20 pol ygl ycol i des, pol y(di oxanones),
pol yhydr oxybut yrate, pol yhydroxyval yrate, poly(vinyl
pyrrolidone), biodegradabl e polycyanoacryl ates,
bi odegr adabl e pol yuret hanes, pol ysacchari des,
tyrosi ne-based pol yners, poly(pyrrole),
pol y(aniline), poly(thiophene), polystyrene,
non- bi odegr adabl e pol yur et hanes, pol yureas,
pol y(et hyl ene vi nyl acetate),zpolypropylene,
pol ynet hacryl ate, 25 pol yet hyl"ene, pol y(et hyl ene
oxi de), and m xtures, adducts, and co-pol yners
g7her effe osthdi éﬁ of BRirf 91 SohdTRL 3Bflagdh bbAIR Sosed R IR dhrface of
t he conposit as a shape selected fromthe "group
consitke bang peftickesbone, a section of a bone, sheet,
pl ate, disk, cone, pin, particle, sphere, strand,

. ] g .
B+ oo pleBbn APLLEY, DRI exblaclep R ool Hayed.
portion of wedge, cylinder, threaded 5 cylinder, and
Yod. TheSstedimeplas oé oiaim PArwheodin thexixppsed collgsn dibarsgre cross-linked.
| east a portion of a surface of the conposite is

di f4.ed. i f j ek Berivat;

5 e puFteshinafi\} EhaR, DA 08 ediidh Ditdon (HERIEL rivaiced
consiwith ngmofetpsklditzé drom othg hgogd coatistingdef asombkted, a small
with a bi?nnl cule, 10 associ a eg with a smallt o] . .
mol ecBPlEcNIE s JuPacHRy 3RPRth & PER-BHLRR ALY a g material, an inorganic
ass0Ghateq, Mnideral AhdiafP teABInGtiddfaké oveassoci at ed
wth a mneral, and any conbi nation of the above, 107.

The osteoi nplant of claim 79, Mhﬁ%?jn the,fsteoinplant . ¢
W npriheeestepimplantef ¢lgimyP1. wherewsthe bope parisies £oMpareAdgating o
t oget ] det erm ned shape. 108. The

10 osteé?ﬁ%?gg?é%?&glain1107, wherein the pieces of
conposite are fastened 15 together with a nenber of
HR. adResosiesimplaneehalaing 319, fdsteimdre, pelymem osflected from the group

bondi Ng,: - l;pat.jon: by - ofl dabl
o 0y A T B SN oW
shapqmlyaﬁzrp,amipolmés fufd n_ombbdeg’hradfolﬁe ﬁgﬁm@;ﬁl esd agoepolymers of
conpressed jn a pre rm shape. . The
osteJPW%EHﬁ@Q%FnEPQ?ﬁvﬁﬁﬁ? ™ *he conpressed

conposite particles have a 20 void volune not greater
15 tdzan BrY%stéolmpihheoOelkiewil 0P| whéreiaf the lpalymact GO sclbeted frem the group

conprising a menber of a biocqnpatible i nder, )
fi |1 etonsipingest Poby(Raespbosisss). AR s Rgbphosphazines,

surf 4eu@kilede SE8&, poly(arylates), poly(anhydrides), poly(hydroxy acids),

polyesters, poly(ortho esters), polycarbonates, poly(propylene fumerates),

poly(caprolactones), polyamides, polyamino acids, polyacetals, polylactides,

20 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,

25 polyethylene, poly(ethylene oxide), and mixtures, adducts, and co-polymers
thereof.
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bi onol ecul e, small nol ecul e, bioactive agent, and any

conbi nation of the above before the step of

conpressing. 44 5 112. An osteoinplant, conprising: a
plurality of bone particles; and a bi oconpati bl e

pol ymer conbined with the bone particles, wherein the

bone- polyner interface conprises at |east a portion

of the surfaces of the interstitial and vascul ar

structure of the bone particlgs. 113. A conposition,
conprising: at |least one indiVidual bone particle

coated with a pol yner precursor selected from a

Ianonrge 'os@oﬁﬁﬂﬁiﬁ Bk lalth 96 A0RALK B Ec Gk iBRas Bshape selected from the
prepolymer, and a partially polynmerized bioconpatible

pol yigeup d@nsisting of e b@lcmwosactmm i of beneaisheet1 Blatantskskeicane, pin,

the AREISUbILE R SASPULAL SHENGL WEBAE HIAE OBpIResn, screw,

partl eTs ’I"east par
pol ynwbe, mup,cwbﬂprtootﬁlr'ﬁot Atrnetvmige Oporfibe pdrwélgeacyloner, threaded
particle, co tion, conprising coating at |east one

i ndi WYdRdsr ¥ ﬁ partlcle with a first pol ymer
precursor. 116. The nethod of claim 115, wherein the

108] Y HREMPISAT of elasal B twibréif O 18ast 1D poRIOANET a s@rface of the
fl owabl e hi oconmpati bl e polyner a prepolynmer, and a

par t ic8MPgsitegpmpdEicized bi oconpati bl e pol yner 117. The

met hod of claim 115, wherein coating conprises spray

1@8at g, osfeHmﬂ:Llhrﬁgyf clatth PR nQ’her@ﬁl tHe Eeﬂloﬁ ol girfedisdefhember of
118. The method of claim 115, furt npri si ng

i nfi [the gropp eonsisting aoxidized rr@ﬁ@gnegif, etchgs, aggmated with a biomolecule,
i nter §ﬁtoc}a'te%| Vhlﬂ{]% sﬁ{gﬁsﬁl%ﬁe%ﬁ]eséss&%t% &/ltﬁ bﬁ&%tlpeo&%nt, associated with
e pol'ymer precursor.

part ¢l Wt
an inorganic material, associated with a mineral, and any combination of the above.

107. The osteoimplant of claim 79, wherein the ostecoimplant comprises a plurality of

pieces of composite fastened together in a predetermined shape.

108. The osteoimplant of claim 107, 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.

109. The osteoimplant of claim 79, wherein the composite is shaped as particles, and

wherein the particles are compressed in a predetermined shape.

110. The osteoimplant of claim 109, wherein the compressed composite particles have a

void volume not greater than 32%

111. The osteoimplant of claim 109, 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.
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112.

113.

114.

115.

116.

117.

118.

An osteoimplant, comprising:

a plurality of bone particles; and

a biocompatible polymer combined with the bone particles, wherein the bone-
polymer interface comprises at least a portion of the surfaces of the

interstitial and vascular structure of 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.

The composition of claim 113, 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.

The method of claim 115, wherein the polymer precursor is selected from a
monomer, a flowable biocompatible polymer, a prepolymer, and a partially

polymerized biocompatible polymer

The method of claim 115, wherein coating comprises spray coating, tumbling,

dipping, or using a fluidized bed.

The method of claim 1135, further comprising infiltrating at least a portion of the

interstitial and vascular structure of the bone particle with the polymer precursor.



